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Introduction

R. Lorenz!

This, the 21st volume of Advances in Neurosurgery, contains a selection of papers
presented at the 43rd annual congress of the Deutsche Gesellschaft fiir Neuro-
chirurgie (German Society of Neurosurgery), held in Frankfurt am Main, Ger-
many, from 10 to 13 May 1992. R

This annual meeting had five scientific themes. The opening cycle of lectures
concerned structural questions and problems in and around neurosurgery, and arti-
cles will be published in the Zentralblatt fiir Neurochirurgie, no. 4 (1992). The
neuroscientific themes - spontaneous intracerebral hematomas, hydrocephalus
malresorptivus, problems of neurosurgical intensive care, and peripheral nerves —
are represented in this book. It contains 60 contributions selected from a total of
107 papers, 50 posters, and 12 morning seminars given at the congress.

Neurosurgery started in Frankfurt am Main in 1934. The young doctor Traugott
Riechert, some decades later to become well known because of his work on func-
tional stereotactic neurosurgery, finished his medical studies in 1931, became a
doctor of medicine in 1932, and worked for 2 years in an ophthalmology center,
before coming to Frankfurt as an assistant at the neurological clinic in order to es-
tablish neurosurgery at the medical faculty of the Johann Wolfgang Goethe Uni-
versity of Frankfurt, nowadays (since 1967) in the state of Hesse. His chief was the
neurologist Prof. Dr. Karl Kleist. With the support of Kleist Traugott Riechert
started training with the neurosurgeon Withelm Ténnis on 1st September 1936 in
Wiirzburg and later with the radiologist W. Lohr in Magdeburg. On 1st October
1936 he started "Operative Neurology” in the building of the Neurological Clinic
and served additionally as a (neuro-)radiologist. From 1st September 1939 on-
wards the "neurosurgical department” was housed in the clinic of surgery. By this
time, Riechert could report on 212 brain operations, 32 operations on the spinal
cord, 1070 encephalographies, and 223 carotid angiographies.

In 1980, Traugott Riechert was awarded an honorary degree in medicine for his
fundamental work in neurosurgery by the Medical Faculty of the Johann Wolfgang
Goethe University of Frankfurt am Main.

After the turmoil of World War II, the Department of Neurosurgery did not
have a chairman until 1951. At this time two departments were established, one in
the clinic for surgery, headed by Bertold Hiibner, and one headed by Hugo Ruf as
part of the neurological clinic. Hiibner, was a pupil of Gerhard Okonek in Got-

1 Neurochirurgische Universititsklinik, Schleusenweg 216, W-6000 Frankfurt, FRG.
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2 R. Lorenz: Introduction

tingen, was hired by the surgeon R. Geissendorfer, and Ruf, a pupil of Riechert in
Freiburg, brought in by the neurologist Jiirg Zutt.

In 1965, Hugo Ruf got a completely new, extensive clinic for neurosurgery with
135 beds and many facilities for basic research and special neurosurgical — stereo-
tactic and functional — work. It was the largest clinic in Europe, situated in the
neighbourhood of the neurological clinic and the orthopedic institute in Niederrad,
and near to the other clinics of the medical faculty to the west.

In 1968-1970 the universities all over West Germany were changed and re-
structured. The department of neurosurgery at the clinic of surgery was closed.
Bertold Hiibner went to head the department of neurosurgery-neurotraumatology
in the Berufsgenossenschaftliche Unfallklinik Frankfurt (Employee's Liability
Insurance Association Clinic for Traumatology) at the request of Contzen, the suc-
cessor to the well-known spine-specialist Herbert Junghanns. The neurosurgical
clinic took over the department for neurology, headed by P. A. Fischer, the number
of beds being reduced to 70 and the research facilities shared. So three departments
were formed: the Department of Neurology (P. A. Fischer), the Department of
Neurosurgery (H. Ruf), and the Department of Neuroradiology (H. Hacker). As a
subdivision of the Department of (General) Neurosurgery, a Department of Func-
tional Neurosurgery was founded, headed by G. Thomalske. After G. Thomalske's
retirement in 1990, stereotactic neurosurgery became reintegrated into General
Neurosurgery because of the reduced role of functional neurosurgery in favor of
drug treatment of most functional illnesses.

Since the retirement of H. Ruf in 1979, the Department of Neurosurgery has
been chaired by R. Lorenz, a pupil of H. W. Pia in Giessen.

We were all pleased and honored to host the 43rd Annual Meeting of the
Deutsche Gesellschaft fiir Neurochirurgie and to welcome so many neurosurgeons
and guests. Especially, we were delighted to receive a large delegation from the
Polish Society of Neurosurgery, including its president Prof. J. Bidzinsky from
Warsaw and the president elect Prof. J. Wronski of Wroclaw. They have taken an
important step in promoting the friendship between the Polish and the German So-
cieties of Neurosurgery as a continuation of efforts on both sides. As special thanks
they were accepted by the German Society of Neurosurgery as corresponding
members.

On behalf of the organizers, the board of the Deutsche Gesellschaft fiir Neu-
rochirurgie and the program committee, I would like to thank all who contributed
to the success of the 43rd annual meeting, especially the speakers and lecturers.
Prof. Margareta Klinger has had the arduous task of selecting the papers to be
published here according to the votes of the chairmen of the individual sessions
and the program committee. She has done it, as ever, in an excellent and successful
way. Most of all, she is to be thanked for the timely appearance of this book.
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Spontaneous Intracerebral Hematomas:
Clinical Appraisal of Surgical
and Conservative Treatment

B. L. Imielinski! and W. Kloc!

Introduction

Spontaneous intracerebral hematomas (ICH) present a major problem with a high
mortality rate and a significant functional impairment in survivors.. The pathogene-
sis of hemorrhage is heterogeneous and complex, but whether hypertensive or of
other origin, it constitutes a devastating cause of neurological damage [5, 6]. Surgi-
cal treatment of spontaneous ICH is still a matter of controversy. Since the report
of Cushing [2] in 1903 on a surgically treated case of hypertensive ICH, many
other reports have been published [1-5, 7, 8, 13].

Clinical Materials and Methods

Over a period of 7 years (1984-1990) 145 patients with spontaneous ICH were
treated in the Department of Neurosurgery at the Medical School of Gdansk.
Bleedings caused by trauma, neoplasms, and blood dyscrasias were excluded. An-
giography was restricted to patients with lobar localization suggestive of
aneurysms and was performed in 67 patients (46.2%): in 48 hypertensives and in
19 patients with undetermined etiology. Of the total number of 145, hypertensive
etiology was established in 109 patients (75.2%), while in 36 (24.8%) the cause of
bleeding remained undetermined. There was a distinct prevalence of males and
only a slight preponderance of the left-side localization (Table 1).

The mean age was 51 years (55 for hypertensives and 38 for unclassified pa-
tients) with the peak within the fifth to seventh decades of life. Arterial hyperten-
sion proved to be a frequent finding within the limits of the same decades. The
youngest hypertensive patient was a female of 24 and the oldest one — also a fe-
male — was 78 years of age. The majority of patients (75.8%) were submitted to
surgery (Table 2), and in 40.9% of them (45/110) the localization of hematoma
was lobar. Complete evacuation was never attempted, tough parts of the clot were
left behind. Among the patients treated conservatively, half the hematomas (18/35)
were located in the basal ganglia. The total mortality (Table 3) reached 40.9% and
was higher in patients who were operated on (49.1%) than in those treated

1 Department of Neurosurgery, Medical School Gdansk, ul. Debinki 7, 80-211 Gdansk,
Poland. ’
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Spontaneous Intracerebral Hematomas 7

Table 2. Relation of alertness on admission to mortality

Mortality

Glasgow Surgery Conservative Total - Total
Coma treatment Surgery  Conservative

Score treatment

) (%) () (%) ) (%) %) (1) (%) (n) (%)

4-9 61 8 69 43 70 2 25 45 65
10-15 49 27 79 11 22 2 7 13 17
Total 110 75.8 35 242 145100 54 49.1 4 114 58 40

medically (11.4%), and in hypertensive patients (53/109, 48.6%) when compared
with unclassified patients (5/36, 13.9%).

The consciousness level appears to be an important factor in determining risks:
patients with a lower level had a worse prognosis than alert ones.

Another important agent proved to be age: below 60 years of age mortality was
37/110 (33.6%), while above this limit it was 21/35 (60%). For the hypertensive
group it reached 32/76 (42.1%) and 21/33 (63.6%), respectively.

Computed tomographic (CT) scan, being the safest, fastest, and most accurate
diagnostic method, also provided important data to calculate the volume of the
hematoma. This was done by the use of "the best-fit method" [9].

Table 3. Analysis of mortality depending on mass effect and mode of treatment

Mortality
Surgery Conservative Total
treatment
(m (%) n (%) (n) (%)
Volume of hematoma
<50 cm3 15/48 31.3 2127 74 177715 227
> 50 cm3 39/62  63.4 2/8 25 417710 58.6
Medial shift
No shift 1032 31.2 0/19 0 10/51  19.6
Up to 10 mm 29/53  54.75 4/15 26.6 33/68 48.5
Over 10 mm 15725 60 0/1 0 15/26 57.6
Basal cistern obliteration
No obliteration 726 269 0/23 0 7/49 142
Slight obliteration 1739 435 2/9 222 19/48 395
Complete obliteration 30/45 66.6 2/3 66.6 32/48  66.6

Total mortality 54/110 49.1 4/35 114 58/145 40.9
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Table 4. Results of treatment in Glasgow outcome scale (GOS)

GOS Surgery Conservative treatment Total
(n) (%) (n) (%) (n) (%)
I 21 191 18 514 39 269
I 27 245 12 343 39 269
i1 7 64 1 29 8 55
v 1 09 0 0 1 07
\% 54 49.1 4 114 58 40

In the group of patients with hematoma below 50 ml in volume, mortality was
lower than that in patients whose hematoma had a volume above this value. Mass
effects were manifested by ventricular collapse and deformity as well as by a mid-
line deviation, which was regarded as a more ominous symptom in proportion to
the degree of the shift. Certain prognostic meaning could also be seen in obliter-
ation of the basal cisterns, depending on its intensity. These parameters indicate an
increased intracranial pressure (ICP) and consequently an unfavorable prognosis.

The relation of timing of surgery to mortality revealed that among the patients
operated within 24 h, mortality reached 64.7% (22/34), in the group operated be-
tween the 2nd and 3rd days — 45.5% (15/33), for the group operated between the
4th and 7th days — 46.2% (12/26), and after 8 days —29.4% (5/17).

Discussion and Conclusions

The distribution of patients according to age, sex, and lateralization does not differ
much from that indicated by data from the literature [2, 7, 10-12, 14, 15]. The at-
tributable risk of hypertension for ICH indicates a high proportion of hypertensive
patients in this series and in the literature [5, 10, 12-14]. Hypertension accounts for
about 50%-75% of ICH and is known as the most common risk factor. In the cases
where hypertension is not the likely cause and in the lobar localization angio-
graphy is necessary to exclude vascular malformation or a tumor [12].

Advancing age not only correlated positively with an increasing incidence of
hemorrhage [5], but it also influenced the results of treatment, including mortality
[1, 7]. The consciousness level in ICH varied extremely but was important in de-
termining risk [3, 11, 14]. It was the best guide to prognosis. The mass effect must
be defined as an active process which incorporates the failure of a compensatory
mechanism to maintain functional and organic equilibrium (3, 4]. The dislocation
of the ventricular system and medial shift bear a significant relationship to the out-
come [3]. Certain prognostic value can also be found in the obliteration of the
basal cisterns. These CT parameters should influence the decision towards surgery
(3].

To sum up, the survival rate and the quality of survival are higher when the pa-
tients are preoperatively alert or somnolent, under 60 years of age [1, 7], and the
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hematoma is of a volume below 50 ml [1, 3, 4, 9, 10]. When the patients develop
signs of increasing neurological deficit in spite of medical therapy, surgical re-
moval of the clot is indicated [4, 7, 12]. Cerebellar hemorrhage causing a life-
threatening syndrome requires prompt surgical treatment, even in a deep coma [8,
10, 15]. Opinions regarding timing of operation are not uniform. Some authors ad-
vocate delaying operation by 48-72 h after the ictus [2, 14]. Mortality in groups of
patients who have been operated on nevertheless remains high, and many survivors
are disabled even after prompt surgical evacuation [6, 7, 10, 12]. It seems that the
optimal time for operation should be chosen depending on the clinical condition.

Evaluation of surgical versus conservative treatment is widely debated in the
literature [14], and most neurosurgeons agree that the operation should be carried
out, at least in selected cases [3, 6-8, 14]. However, it would be a difficult task to
elaborate uniform criteria or standard rules to indicate whether -conservative or
surgical treatment is preferable. The patients who benefit most from surgical re-
moval are those with subcortical hematoma [10, 12], especially of hypertensive
etiology [2, 7, 12, 14]. On the other hand, at least part of this subgroup can be
treated medically [15] and will make a good recovery without surgery [14]. If the
patient is developing an increasing neurological deficit, surgical removal is indi-
cated [14]. But in a thalamocapsular type of hematoma, in which increased ICP is
absent, no significant differences in outcome between medical and surgical treat-
ment were noted [7, 11, 12]. One should also take into account the damage done by
surgery, depending on the localization and accessibility of the hematoma [3].

The comparison of late results in surgically and conservatively treated groups
does not reveal clear differences [7]: or, as in this series, morbidity and mortality
are higher in the former group. One should not forget, however, that patients in the
surgical group were generally in a worse condition and had a larger hematoma than
those treated conservatively. Because of that, any attempt to compare will be not
free from bias, taking into consideration the specific selection of patients referred
for surgery {3, 16].

It seems that formulation of clear-cut indications for surgery is not possible.
Our opinion is consistent with the views of Benaim [2] and partly with those of
Ronsohoff et al. [14]. Surgery should be considered in the case of:

1. Progressive neurological deficit
2. Functional impairment persisting longer than 1 week
3. Development of intracranial hypertension.

Surgery is not indicated in the case of:

1. Absence or regression of neurological deficit
2. Deep coma
3. Vegetative disorders

On the basis of CT scan information, surgery should be considered when the
hematoma is characterized by:
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Large volume
Superficial localization
Increasing size

Mass effects

On the contrary, surgery is not indicated in the case of:

1.
2.
3.

Small volume
Absence of mass effect
Deep localization

Keeping in mind the two fundamental aims of saving life and preservering func-
tion, the surgeon must make a correct decision on whom and when to operate.

References

10.

11.

12.
13.

. Auer LM, Deinsberger W, Niederkom K, Geli G, Kleinert R, Schneider G, Holzer P,

Bone G, Mokry M, Koerner E, Kleinert G, Hanusch S (1989) Endoscopic surgery versus
medical treatment for spontaneous intracerebral hematoma: a randomized study. J Neu-
rosurg 70:530-535

. Benaim J (1983) Hypertensive intracerebral hemorrhage in South America. Progress in

surgical treatment. In: Mizukami M, Kogure K, Kanaya H, Yamori Y (eds) Hyperten-
sive intracerebral hemorrhage. Raven, New York, pp 123-145

. Bolander HG, Kourtopoulos H, Liliequis B, Wittboldt S (1983) Treatment of sponta-

neous intracerebral hemorrhage. A retrospective analysis of 74 consecutive cases with
special reference to computer tomographic data. Acta Neurochir Wien 67:19-28

. Broderick JP, Brott TG, Tomsick T, Barsen W, Spilker J (1990) Ultra-early evaluation

of intracerebral hemorrhage. J Neurosurg 72:195-199

. Brott T, Thalinger K, Hertzberg V (1986) Hypertension as a risk factor for spontaneous

intracerebral hemorrhage. Stroke 17:1078-1083

. Bullock R, Brock-Utne J, van Dellen J, Blake G (1988) Intracerebral hemorrhage in a

primate model: effect on regional cerebral blood flow. Surg Neurol 29:101-107

. Fujitsu K, Muramoto M, Ikeda Y, Inada Y, Kim I, Kuwabara T (1990) Indications for

surgical treatment of putaminal hemorrhage: comparative study based on serial CT and
time-course analysis. J Neurosurg 73:518-525

. Kanaya H, Saiki I, Ohuci T, Kamata K, Endo H, Mizukami M, Kagawa M, Kaneko M,

Tto Z (1983) Hypertensive intracerebral hemorrhage in Japan: update on surgical treat-
ment. In: Mizukami M, Kogure K, Yamori Y (eds) Hypertensive intracerebral hemor-
rhage. Raven, New York, pp 147-163

. Kloc W, Wasilewski W, Imielinski BL (1992) A trial of evaluation of the ICH treatment

results according to their volume calculated on the ground of "the best fit method" (in
Polish). Neurol Neurochir Pol Suppl 1:283-288

Luessenhop AJ (1983) Hypertensive intracerebral hemorrhage (HIH) in the United
States: update on surgical treatment. In: Mizukami M, Kogure K, Kanaya H, Yamori Y
(eds) Hypertensive intracerebral hemorrhage. Raven, New York, pp 123-131

Ojemann RG (1983) Spontaneous brain hemorrhage: what treatment should we recom-
mend? Stroke 14:467

Ojemann RG, Heros RC (1983) Spontaneous brain hemorrhage. Stroke 14:468-474
Omae T, Ueda K, Ogata J, Yamaguchi T (1989) Parenchymatous hemorrhage: etiology,
pathology and clinical aspects. In: Vinken PJ, Bruyn GW, Klawans HL, Toole JF (eds)
Vascular disease. Elsevier, (Handbook of clinical neurology, part 2) Amsterdam,
pp 287-331



Spontaneous Intracerebral Hematomas 11

14. Ronsohoff I, Derby B, Kricheff I (1971) Spontaneous intracerebral hemorrhage. Clin
Neurosurg 18:247-266

15. Yoshida Y, Shinkai H, Ooneda G (1983) Morphogenesis of microaneurysms and plas-
matic arterionecrosis in hypertensive cerebral hemorrhage. In: Mizukami M, Kogure K,
Kanaya H, Yamori Y (eds) Hypertensive intracerebral hemorrhage. Raven, New York,
pp 181-190

16. Zierski J (1980) Hematoma in hemispheric lobes. In: Pia HW, Langmaid C, Zierski J
(eds) Spontaneous intracerebral hematomas. Springer, Berlin Heidelberg New York,
pp 135-140



Prognostic Factors and Surgical Indications
in Spontaneous Lobar and Putaminal Hematomas

A. Kronel, M. Glaser!, D. Pfeuffer-Hess!, U. Bogdahn?2, I. Haubitz3,
and E. Hofmann#4

Introduction

Since McKissock et al. published their historical study in 1961 [9] which showed
no benefit from surgical wreatment, the role of surgery in the treatment of sponta-
neous intracerebral hematomas has remained a matter of debate. After the intro-
duction of computed tomography (CT) still no generally recognized criteria for a
surgical indication are available despite several recent studies [1, 4, 5, 7, 10]. Fac-
ing the ethical problems of a prospective randomized trial the following questions
were investigated by a retrospective clinical study: What is the impact of clinical
and radiological factors on patients' outcome? Are there subgroups defined by
these prognostic parameters which are significantly different after conservative or
surgical treatment?

Patients and Methods

The files, questionnaires to the general practitioner, and CT data on all 152 patients
with lobar and putaminal hematomas who were admitted to the Departments of
Neurology and Neurosurgery, University of Wiirzburg, between January 1982 and
July 1990 were analyzed retrospectively. The follow-up time was 1 year. The
hematoma volume was calculated as the sum of the clot volume in each CT slice
by multiplying the surface area of the hematoma by the thickness of the slice. The
surface area was determined by planimetry of the hyperdense hematoma arca
(Evaluskop; Siemens, Erlangen, FRG). In all surgical cases conventional cra-
niotomy and transcortical evacuation was performed. Hematomas due to vascular
malformations, trauma, tumors, and plasmatic coagulation disorders were ex-
cluded. The activity of daily living (ADL) classification [6] was used to grade the
outcome.

! Neurochirurgische Klinik und Poliklinik, Universitit Wiirzburg,
Josef-Schneider-StraBe 11, W-8700 Wiirzburg, FRG.

2 Neurologische Klinik und Poliklinik Universitit Wiirzburg,
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Fig. 1. Prognostic value of the level of consciousness in 112 conservatively treated patients
with lobar and putaminal hematomas

Results

The mortality rate was 35% for lobar and 45% for putaminal hematomas. In lobar
hematomas surgery was performed twice as frequently as in putaminal hemorrhage
(37% versus 18%). The level of consciousness proved to be the statistically most
significant prognostic factor regarding survival (p < 0.01, chi-square test) among
clinical parameters. After conservative treatment over 90% of the patients survived
if they were alert on admission whereas almost all comatose patients died (Fig. 1).
In stuporous patients the prognosis was uncertain. Among CT parameters the
hematoma volume proved to be of highest prognostic significance, followed by in-
traventricular hemorrhage. A linear correlation between hematoma volume and
outcome was found (Fig. 2). To determine the critical hematoma volume the dis-
criminant analysis of Dirschedl was applied. Here a volume of 44 ml was calcu-
lated as representing the value which most significantly discriminated between
survival and mortality rate by using the chi-square test. When the untreated pa-
tients were excluded (n = 24) and the data split according to a hematoma size of
44 ml, no benefit from surgery was seen in hematoma volumes of 44 ml or smaller.
Patients with hematomas larger than 44 ml survived significantly more frequently
(p <0.05, chi-square test) after surgical treatment (Fig. 3). There were more pa-
tients with poor results in the surgical group because of the increased number of
survivors. The relative number of good results related to all surviving patients was
about the same as in the conservative group. Only stuporous and comatose patients
with larger hematomas seemed to profit from surgery (Fig. 4). Patients with im-
paired consciousness and a hematoma size of greater than 44 ml survived in less
than 20%, and not a single good outcome was found in this group. Comparable
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Fig. 2. Correlation of hematoma volume and outcome in the same group as in Fig. 1

surgical patients had a survival rate of over 50%. However, good clinical results
(ADL 1-3, independent life) were as rare as 13% within this group.

When the conservative and surgical treatment groups were compared for pa-
tients' characteristics, they were found to be well balanced for mean age (55.6 ver-
sus 56.4 years), sex (86% versus 82% men), hypertension (64% versus 61%), mean
hematoma volume (70.5 versus 69.7 ml), and midline shift over 5 mm (86% versus
79%). There was a tendency to better clinical performance on admission in the

Fig. 3. Treatment results in 128 patients with lobar and putaminal hematomas. Asterisk, the
survival rate is significantly higher in the surgical group with hematoma volumes over 44 ml
(p < 0.05, chi-square test)
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Fig. 4. Treatment results related to the level of consciousness in patients with hematoma
volumes over 44 ml

conservative group: 18% versus 9% alert, 50% versus 61% comatose patients. Sig-
nificant differences (p < 0.05) were found for the 1-year survival rate (29% versus
58%) and for the ratio of lobar (32% versus 64%) and putaminal (68% versus
36%) hematoma location. Therefore the results for lobar and putaminal hematomas
were evaluated separately in addition.

A critical volume of 50 ml was calculated for lobar and one of 36 ml for
putaminal hematomas. Above the critical volume the survival rate for patients with
lobar hematomas was significantly higher for surgically than for conservatively
treated patients (74% versus 33%; p <0.05%, Cox test). The small number of
operated putaminal hematomas (n = 15) did not allow any conclusions regarding
surgical indications in this group.

Discussion

Although evacuation of spontaneous intracerebral hematomas is common practice
in neurosurgical institutions, uncertainty still exists concerning the criteria for sur-
gical indications. While studies based only on clinical factors showed no benefit
from surgery [8, 9], additional CT parameters seem to allow better definition of
subgroups who may profit from hematoma evacuation [2-7, 10]. However, most
studies suggesting surgery for certain subgroups are criticized for various reasons:
lack of control group [7], exceptionally high mortality rate in the conservative
group suggesting selection bias [1], and ignorance of hematoma location [10].

The present study confirms that generally available clinical (level of conscious-
ness) and radiological (hematoma location and volume) parameters are statistically
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powerful prognostic parameters. There was statistical evidence that for subgroups
with hematoma volumes above a critical size and impaired consciousness surgery
significantly improves the survival rate. Functional results in these patients were
mostly poor, but the few good results were found only after surgery. One small
prospective 5] and the large cooperative study in Japan [6] support these results.
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Assessment of Prognosis and Indication
for Surgery on the Basis of Cluster Analysis
in Intracerebral Hematomas

H. G. Hollerhage!, M. Zumkeller!, M. Proschel!, and H. Dietz!

Introduction

Although the surgical evacuation of intracerebral hematomas is rather common,
there is still considerable controversy regarding the indications for this treatment
[2, 4, 5, 7]. The clinical trial of McKissock et al. [3] more than 30 years ago sug-
gested that conservative treatment is preferable in most cases. Their conclusion
was mainly due to the rather poor surgical outcomes of that time and not at-
tributable to particularly successful medical therapy. In the meantime, the diagno-
sis has been facilitated by the availability of the computed tomographic (CT) scan.
This has led to the improvement of the operative treatment owing to the better
assessment of size and location of the lesion by CT imaging. Less invasive tech-
niques, such as small craniectomies combined with stereotaxic or ultrasonic re-
trieval necessitating only minimal cortical incisions, have been developed. It can
be assumed that this progress has made the results of this early clinical trial obso-
lete. However, more recent randomized trials are not available. Therefore we per-
formed a retrospective study to answer the question of when to operate and when
to treat conservatively. Like all retrospective trials, our study has the inevitable
deficiency that no randomization was performed. To compensate for this, we per-
formed a cluster analysis. This statistical procedure allows for objective grouping
of the patients on the basis of clinical data. Thus it is possible to compare the re-
sults of conservative and surgical treatment within homogeneous groups of pa-
tients.

Clinical Material and Methods

The records of 125 successive patients were reviewed. Of these, 70 had a traumatic
and 55 a spontaneous intracerebral hemorrhage. We entered the relevant clinical
data, such as age, clinical grade on admission, location, and size of the lesion,
presence of a midline shift, pupil reaction, type of treatment, and final outcome,
into a database for further statistical analysis.

1 Neurochirurgische Klinik, Medizinische Hochschule Hannover,
Konstanty-Gutschow-StraBie 8, W-3000 Hannover 61, FRG.

Advances in Neurosurgery, Vol. 21
R. Lorenz, M. Klinger, M. Brock (Eds.)
© Springer-Verlag Berlin Heidelberg 1993



18 H. G. Hollerhage et al.

Statistical Procedures

A statistical package developed at the University of Linz (Austria) (ALMO Statis-
tik-System, Prof. Dr. Kurt Holm, University of Linz, Austria) was used. This in-
cludes a software implementation of a generalized linear model [1] as well as the
procedure of cluster analysis. Using the generalized linear model we performed a
stepwise multiple regression with the final outcome as target variable (criterion)
and the other clinical data as predictors. This allows for the identification of rele-
vant clinical data which significantly influence the outcome. In a further step of
our study the cluster analysis was performed. By this procedure the patients are
grouped into clusters on the basis of their similarity. There are many algorithms to
calculate similarity and no incontestable standard has been established. We used
the implemented standard procedure of the above-mentioned_package without
changing the algorithm by special options. This warrants the highest possible ob-
jectivity of the analysis. All clinical data except the outcome and the type of treat-
ment formed the basis of clustering. The program allows the user to decide into
how many clusters the original group should be divided. However, the resulting
size of each cluster depends on the degree of similarity within the cluster, so that
the program cannot be forced to generate, for example, six subgroups of the same
size. We subsequently divided the original groups of spontaneous and traumatic
intracerebral hematomas unless the number of patients in the smallest cluster fell
short of six. Within all clusters, a comparison of the results of surgical and conser-
vative treatment was performed by calculating the biserial tau coefficient.

Results

Tables 1 and 2 specify the relevant prognostic factors of spontaneous intracerebral
and traumatic hematomas. The effect parameter is a quantification of the strength
of the influence of the respective factor in the multivariate model. Interestingly
both for spontaneous and traumatic intracerebral bleedings, the surgical treatment
has a significant beneficial effect.

Tables 3 and 4 show the results of the cluster analysis. The group of sponta-
neous intracerebral hematomas could be divided into four subgroups, the group of
traumatic intracerebral hematomas into three subgroups. Further subdivision of the
original groups led to clusters of fewer than six patients. The tables show the num-
ber of patients and the assessment of the value of surgery within each of the
groups. In the group of spontaneous intracerebral hematomas, a subgroup of 24
hematomas could be identified in which surgery had a highly significant beneficial
effect. Interestingly, although the location was only one of the seven variables
upon which the clustering was based, this subgroup represents all lobar
hematomas. Further analysis of this cluster revealed an average patient age of 44
years, an average lesion size of 27 ml, an average Glasgow Coma Score (GCS) of
10 and an average midline shift of 3 mm. Within the group of traumatic
hematomas, the assessment of the value of surgery by calculating the biserial tau
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Table 1. Factors influencing the prognosis of
spontaneous intracerebral hematomas identified by
a stepwise multivariate regression analysis with the
outcome as target variable (quantified as GCS)

Factor Effect
GCS below 8 -0.51 *
Volume above 17 ml -0.35
Midline shift -032
Pathological pupils -0.38
Surgery +0.39 *

Multiple correlation coefficient r = 0.73.

The values are the effects of the analysis of vari-
ance with dichotomous prognostic factors. Adverse
effects have a negative sign, favorable effects a
positive sign. Significant factors are marked by as-
terisks.

coefficient revealed no significant result in any cluster. There was a tendency in
favor of operation except for one cluster. Further analysis of this cluster showed
that it contained deep-seated bleedings of the pons and the midbrain. Surgery was
done in these cases only when a younger patient was in extremis but proved to be
unsuccessful.

Discussion

As a more recent controlled study of the value of surgery is not available and not
even underway, retrospective studies have to do. The main deficiency of such
studies is that they do not control for patient selection and are therefore inherently
biased. We tried to overcome this by using a multivariate approach which corre-
lates not only surgery versus conservative treatment, but takes variables which

Table 2. Factors influencing the outcome of trau-
matic intracerebral hematomas

Factor Effect

Age above 50 -093 *
GCS below 8 -034

Shift -03
Pathological pupils -0.35 *
Surgery +0.57 *

Multiple correlation coefficient r = 0.66.
The interpretation of values and signs is analogous
to Table 1.
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Table 3. Number of patients within each cluster after
division of spontaneous bleedings into four clusters

Patients Surgery Significance
(n)

1. 12 + *)

2. 8 + *)

3. 24 + *k

4. 1 + *)

The sign in the column "Surgery" indicates whether
the effect of surgery was favorable (+) or adverse
(-). * p<0.05; ** p <0.01; trend.

usually influence the selection into one or the other treatment group into account.
The second step was a cluster analysis which divides the patients into more or less
homogeneous subgroups according to their clinical and radiological data on admis-
sion. The multivariate analysis shows a significant beneficial effect of surgery for
both spontaneous and traumatic hematomas. In a similar analysis by Portenoy et al.
[6], these authors could not establish surgery as an independent prognostic factor.
However, they do not give the exact number and the exact level of significance so
that evaluation of their results is difficult. The cluster analysis shows a tendency in
favor of surgery in nearly all subgroups except for deep-seated traumatic pontine
and mesencephalic hematomas. We could show that the group of lobar hematomas
presents a rather homogeneous entity in which surgery has a highly significant
beneficial effect.

We conclude from our results that, as long as controlled trials are not available,
surgery should be done in doubtful cases to be on the safe side. Such cases may be,
for example, large hematomas of the basal ganglia, whereas in lobar hematomas
we could prove a clear indication for surgery. This result is so clear that challeng-
ing it by a randomized trial may be ethically problematic. Probably only one clear
contraindication for surgery exists: that is deep-seated traumatic pontine and mes-
encephalic hematomas. The well-established opinion that desolate cases are no
candidates for surgery is not affected by this study.

Table 4. Number of patients within each cluster after
division of traumatic bleedings into three clusters

Patients Surgery Significance
(n)

1. 6 - (™)

2. 13 + *)

3. 51 + *)

The numbers and signs are analogous to Table 3.
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Intracerebral Hemorrhage. A Clinical Presentation
of Dural Arteriovenous Fistulas of the Anterior Cranial
Fossa: Diagnosis and Microneurosurgical Treatment

B. Huffmann!, A. Harders!, L. Mayfrank!, G. Laborde!, J. M. Gilsbachl,
and J. Reul?

Introduction

Approximately 10%-15% of intracranial arteriovenous malformations originate
from arteries that supply the dura mater [13, 27]. Mostly they drain into the trans-
verse, sigmoid, or cavernous sinuses. Patients often have benign symptomatology
with headache or pulsatile tinnitus [2]. About 50 cases of dural arteriovenous fis-
tulas (DAVFs) involving the base of the anterior cranial fossa which have been
published so far seem to form a distinct subgroup with an unusually high incidence
of intracranial hemorrhage [1, 7, 8, 10, 12, 14-19, 22, 28, 31-35, 37, 40, 41]. We
report on eight further patients.

Patients and Methods

The clinical, radiological, and surgical features of eight patients with DAVFs of
the anterior cranial fossa treated in our department since 1988 are summarized in
Tabie 1. All patients underwent plain computed tomographic (CT) scanning and
selective bilateral angiography of the internal and external carotid arteries. In three
patients, enhanced CT scans and in four patients transcranial Doppler sonographies
(TCDs) were performed. Surgical elimination of the DAVFs was carried out in
four patients. Intraoperative Doppler studies confirmed complete fistula oblitera-
tion in all four cases. Postoperative angiography was not performed.

Results

All patients were male, ranging in age from 23 to 79 years, with a mean age of 56
years. Three patients presented with an acute intracerebral hemorrhage (ICH). Two
of them showed the classic clinical presentation of a frontal lobe hematoma. The
third one was found to have a parietal ICH quite a distance from the frontal DAVF.

1 Neurochirurgische Klinik, Klinikum der RWTH Aachen, Pauwelsstrafe 30,

W-5100 Aachen, FRG.

2 Klinik fiir Radiologische Diagnostik, Klinikum der RWTH Aachen, Pauwelsstrae 30,
W- 5100 Aachen, FRG.

Advances in Neurosurgery, Vol. 21
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Fig. 1. Two successive contrast CT scans show frontobasal enhanced areas (arrows), coin-
ciding with a dilated tortus draining vein

In the other patients, neurological and radiographic examinations were performed
because of generalized seizures (two patients), nonspecific headaches (two pa-
tients), and a basal ganglia stroke (one patient). In the latter patient, the frontal
DAVF was an incidental finding not related to the stroke. One patient with a gen-
eralized seizure was found to have a frontobasal hypodense lesion on CT consis-
tent with a former hemorrhage.

On contrast CT scan, small frontobasal enhanced areas, suggestive of vascular
structures, were seen in three cases without an acute ICH (Fig. 1). Selective an-
giography proved that the enhancement coincided with dilated draining veins.

Four patients investigated by TCD displayed increased flow velocities in the
anterior segment of the circle of Willis.

In all cases the angiogram demonstrated the DAVF located on the cribriform
plate in the region of the foramen caecum along the base of the anterior cranial
fossa (Fig. 2). In seven patients, the main feeding arteries were unilaterally or bi-
laterally enlarged ethmoidal branches of the ophthalmic artery. The internal max-
illary artery participated with additional feeders in one case, the middle meningeal
artery in another one, and both together in a third. In one patient the primary
source of arterial supply was a branch of the anterior cerebral artery.

The draining vessels mostly consisted of superficial cortical or pial veins with
drainage into the superior sagittal sinus. Additionally, in four cases, subfrontal
veins drained towards the basal vein of Rosenthal, which was in one patient the
main venous drainage. The draining vein consisted of a dilated vascular sac in two
cases, one near the cribriform plate and one near the superior sagittal sinus. Both
patients had a history of ICH.
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Fig. 2. Left internal carotid angiography demonstrating a DAVF in the anterior cranial fossa.
Lateral projection. Ophthalmic artery is large (large arrow). Ethmoidal branches are also
hypertrophic and feed the dural AVF. A cortical vein (arrowheads) drains towards the supe-
rior sagittal sinus, a subfrontal vein (small arrows) drains via the basal vein of Rosenthal

In one patient the angiography demonstrated additional large arteriovenous
malformations involving the parietal and temporal lobe (patient no. 7).

Surgery was carried out in four patients. A 23-year-old patient showed a spon-
taneous obliteration of the fistula during angiography. Surgical intervention was
not considered to be indicated in the patient with multiple arteriovenous malfor-
mations. Two patients refused operative treatment.

At surgery we preferred a right-sided high-frontal craniotomy approximately
3 cm before bregma and an interhemispheric approach in front of the genu corporis
callosi in order to obtain a good view perpendicular to the floor of the anterior cra-
nial fossa and to the cribriform plate. Intraoperative Doppler sonography revealed
in all cases an increased flow velocity in the fistula. Once the fistula was
coagulated near the cribriform plate, the dilated pial or cortical vein collapsed.
Complete obliteration was proven by Doppler examination. The patients recovered
without new deficits from surgery with the exception of the first patient, operated
on in 1988, who exhibited a postoperative unilateral anosmia.

Discussion

The mean age at onset of symptoms in our patients was 56 years. This corresponds
with the age of patients reported in the literature, as does the strong male predomi-
nance [25, 38]. DAVFs can present with a wide clinical spectrum of signs and
symptoms depending on their location, size, and venous drainage [3, 21, 24, 39].
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Only two of our eight patients presented with a classical frontal ICH. Martin et al.
[25] described five out of eight patients with a frontal lobe hematoma and a large
venous aneurysm or varix at the venous side of the fistula. Two of our patients also
presented with aneurysmatically dilated veins and ICHs. So the presence of long
varicose draining veins might increase the risk of an ICH [13, 30]. DAVFs of the
anterior cranial fossa can also cause remote hematomas (patient no. 3) [5, 25], per-
haps because of elevated venous pressure or venous thrombosis. On the other hand,
DAVFs had been found incidentally in two patients suffering from headache and in
the patient with cerebral stroke. TCD study as well as contrast CT scan were useful
in detecting those lesions although angiography is essential to prove them [6, 9,
26]. The previously reported angiographic findings are quite similar to ours.
Frontal DAVFs usually involve the dura in the region of the cribriform plate. Bi-
lateral arteriograms of the carotid arteries should be performed [37] because bilat-
eral ethmoidal arteries can contribute to the arterial supply of DAVFs. Angiogra-
phy of the external carotid arteries is necessary to demonstrate additional feeders
from distal branches of, for instance, the internal maxillary artery and the middle
meningeal artery.

As there are no prospective studies regarding the natural history of frontal
DAVFs, the real risk of bleeding of such lesions is unknown. However, 60%-80%
of reported cases presented with an often massive and life-threatening ICH [25].
Although single cases with spontaneous thrombosis or regression of DAVFs have
been observed (patient no. 1) [4, 11, 31, 38], treatment with the aim of exclusion of
the DAVF should be performed. At present, surgical elimination of the DAVF is
the treatment of choice to prevent further hemorrhages [20]. Endovascular tech-
niques can also decrease or eliminate the arteriovenous shunt. Yet in cases with
multiple feeders, interventional techniques are probably less successful than
surgery in obliterating all arterial feeders or the fistula itself [38].

At surgery we preferred a high-frontal parasagittal craniotomy to a frontobasal
trepanation because the frontal sinuses do not have to be opened using this ap-
proach and a straight view of the fistula can be obtained.

In conclusion, DAVFs of the anterior cranial fossa should be included in the
differential diagnosis of intracerebral frontal hematomas particularly in elderly
men and should be eliminated surgically in order to prevent (re)bleeding events.
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Monitoring of Jugular Venous Oxygen Saturation
in Patients with Intracerebral Hematomas

A. Unterberg!, A. von Helden!, G.-H. Schneider!, and W. L. Lanksch!

Introduction

Perioperative treatment of patients with intracerebral hematomas is still a chal-
lenge in neurosurgical intensive care medicine. These patients often present with a
chronically elevated blood pressure, and it might be surmised that regulation of
cerebral blood flow is altered in these patients. Titration of arterial blood pressure
is a special problem in these cases since normalization or lowering of blood pres-
sure is essential to prevent rebleeding. As in other acute cerebral lesions, such as
severe head injury, monitoring of cerebral blood flow is an unfulfilled request, es-
pecially in unconscious patients. Recently, monitoring of jugular venous oxygen
saturation enabled at least an estimate of the quality of cerebral blood flow [1-3,
5]. This monitoring is performed by a fiberoptic catheter which is positioned in the
jugular venous bulb [2]. Desaturation of cerebrovenous blood indicates an increas-
ed cerebral oxygen metabolism or a decreased cerebral blood flow [1, 3-5, 6]. Ce-
rebrovenous oxygen saturation below 55% indicates a critically decreased cerebral
blood flow desaturation below 50% definitely indicates cerebral ischemia [1, 3, 6].
In this study, jugular venous oxygen saturation (SJVO,) was monitored in pa-
tients who were unconscious due to an intracerebral hematoma. Cerebrovenous
oxygen saturation was monitored before, during, and after an operation. Special
focus was put on episodes of desaturation, their frequency, and causes. Moreover,
it was studied how hypo- and hypercarbia, i.e., hyper- or hypoventilation, affect
cerebral oxygenation and whether "cerebral autoregulation” is preserved, i.e.,
maintenance of oxygen saturation during alterations in arterial blood pressure.

Material and Methods

In 16 patients who were unconscious due to an intracerebral hematoma, SJVO,,
intracranial pressure, arterial blood pressure, and cerebral perfusion pressure were
continuously monitored. The Glasgow Coma Score of these patients was between
4 and 8, the median was 6. Patients' age was between 36 and 82 years, mean age
was 57 years. Cerebrovenous oximetry was performed for 1-9 days (mean dura-
tion: 4.2 days).

1 Abteilung firr Neurochirurgie, Universititsklinikum Rudolf Virchow, Freie Universitit
Berlin, Augustenburger Platz 1, W-1000 Berlin 65, FRG.
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Hypo- or hypercarbia were induced by changes in ventilation. Autoregulation
was tested by lowering blood pressure with intravenous urapidil.

Results and Discussion

Preoperatively, STVO, was between 55% and 50%, indicating a critically reduced
cerebral blood flow. Figure 1 depicts an original tracing of SJVO, before and dur-
ing evacuation of an intracerebral hematoma. Immediately after trephination, oxy-
gen saturation increases to above 60%. During the following evacuation of the
hematoma, oxygen saturation slowly increased further (Fig. 1).

After the operation, oxygen saturation in the jugular bulb was brought into a
normal range, i.e., above 55% in all patients. Normal SJVO; is'69 +4% [2, 6].
There were, however, episodes of desaturation in the following course. These are
defined as saturation values below 50% for more than 15 min [3]. During these
episodes, cerebral blood flow is definitely insufficient. Forty-eight episodes of
spontaneous desaturation were observed during 67 days of monitoring in the 16 pa-
tients studied. The episodes occurred in all patients. In most instances, an insuffi-
cient cerebral perfusion pressure was the cause for such an episode. Figure 2 gives
an example where elevation of arterial blood pressure, i.¢., increasing cerebral per-
fusion pressure, normalized SJVO,. Next, hyperventilation was an important rea-
son for these episodes. They were mainly observed during the first 2 days after
evacuation of the hematomas.

The effect of hyperventilation (hypocarbia) was studied in eight patients. Arte-
rial PCO, was decreased from 35 to 28 mmHg. This maneuver led to a decrease in
oxygen saturation, indicating a diminished cerebral blood flow. In six patients,

6PH OXIMETRIX 8PM  Fig. 2. Desaturation episode SJVO,
——100- ' < 50% for more than 15 min) in a pa-
Ceg - - tient following evacuation of an intra-

cerebral hematoma. This episode indi-
cates an insufficient oxygenation of the
brain. It was treated by increasing arte-
rial blood pressure

30 -
1 1 1 1 ‘ 20 ) ; 1 1
oez7oT 0 —gEz7a
CPP 72 53 68
MAP 84 68 78 [mmHg]

ICP 12 15 10



32 A. Unterberg et al.

80 80
T 70 \ 70
g; 60 60
>
B 50 50

40 40

pCO; 35 28 [mmHg]

Fig. 3. Effect of moderate hyperventilation (from 35 to 28 mmHg) and SJVO, in nine pa-
tients with intracerebral hematomas. In all patients SJVO, decreased due to hypocarbia. In
some patients moderate hyperventilation even caused a critical reduction in oxygen satura-
tion (< 55%), i.e., cerebral blood flow

oxygen saturation was even critically decreased to 50%-53% (Fig. 3). This is a
strong hint that even moderate hyperventilation might be harmful in these patients.

In normal patients with intact cerebral autoregulation, hyper- and hypotension
within certain limits (mean arterial blood pressure, MABP, 70-160 mmHg) does
not alter cerebral blood flow and thus cerebrovenous oxygen saturation. In nine
patients, MABP was decreased from a mean of 100 mmHg to 80 mmHg by i.v. in-
fusion of urapidil. In eight patients, this maneuver caused a decrease of oxygen
saturation, in five patients SJVO, even decreased into the critical range of
50%-55% (see Fig. 4). This demonstrates that autoregulation is disturbed and that
a cerebral perfusion pressure of 70 or even 80 mmHg might be too low to maintain
a sufficient cerebral perfusion.

90 90

80 T80 80

70 \ 70
60 § 60
50

50

SIVO; [Z]

40 40

MAP 103 84
ICP 13 12 }[mmHg]
CPP 90 72

Fig. 4. Effect of a moderately decreased arterial blood pressure (by i.v. infusion of urapidil)
on cerebrovenous oxygen saturation. If autoregulation is intact, there is no change in cere-
brovenous oxygenation. In patients with intracerebral hematomas, however, SJVO, fell, in
some patients even into the critical range of 50%-55%, though cerebral perfusion pressure
was always above 60 mmHg




Monitoring of Jugular Venous Oxygen Saturation 33

Summary and Conclusions

Measurement of SJVO, enables a continuous monitoring of cerebral oxygenation.
In unconscious patients with an intracerebral hematoma, cerebral oxygenation is
critically diminished before the operation. Evacuation of the hematoma leads to
normalization of cerebral oxygenation. In the following course, there are, however,
episodes of spontaneous desaturation which can often be prevented or counter-
acted. An insufficient cerebral perfusion pressure and hypocarbia were the most
obvious reasons for these episodes.

Therefore it is advisable to tailor and control hyperventilation. Moreover, it be-
came obvious that arterial normotension is often insufficient to provide a normal
cerebral oxygenation.

It is to be hoped that recognition and therapy of episodes of secondary cerebral
ischemia will ameliorate the outcome of affected patients.

Acknowledgement. The editorial assistance of Ms. I. Brookes is highly appreciated.
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Lysis of Intraventricular and Intracerebral Hematomas
with Tissue Plasminogen Activator

L. Mayfrank!, B. Lippitz!, K. Schmieder!,
G. Laborde!, A. Harders!, and J. M. Gilsbach!

Introduction

Recent experimental studies [2, 3, 14] as well as clinical investigations [4, 11, 15,
17] have demonstrated the efficacy of intrathecally administered tissue plasmino-
gen activator (rtPA) in lysing subarachnoid hematomas. Encouraged by these re-
sults, we performed local fibrinolytic therapy with rtPA in eight patients with
severe intraventricular hemorrhage (IVH) and three patients with large intracere-
bral hematomas.

Patients
Patients with IVH

Patient Population. The clinical characteristics of the eight patients with IVH are
summarized in Table 1. All patients were admitted within 24 h of hemorrhage. On
admission, the level of consciousness was severely depressed in all of them. In
each patient, computed tomographic (CT) scans revealed hemorrhage extending
into all ventricular chambers. Seven patients had, additionally, an intracerebral
hematoma in the caudate nucleus or thalamus with a mean diameter of 2.6 cm.
Pathological ventricular dilatation was found in six cases. Patients with intracranial
vascular malformations were not included in this study.

Treatment. Ventricular drainage of one or both lateral ventricles was performed in
each patient within 24 h of hemorrhage. Fibrinolytic therapy was started within
24 h of the onset of symptoms in six cases, and in two further cases after 48 h and
5 days, respectively. A total of 2-5 mg rtPA was injected through the ventricular
catheter, which was then closed for 45 min and reopened for drainage against a
gradient of 0-10 cm. Injection of rtPA was repeated one to six times at intervals of
6-19 h until CT scans demonstrated a substantial reduction of intraventricular
blood.

Post-treatment Course. CT obtained daily showed a marked reduction of intraven-
tricular blood and a reduction of ventricular dilatation within 24-48 h of the onset

1 Neurochirurgische Klinik, Klinikum der RWTH Aachen, Pauwelsstr. 30, W-5100 Aachen,
FRG.
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of rtPA treatment in all cases. Representative examples are shown in Figs. 1 and 2.
Resorption of accompanying intracerebral hematomas did not seem to be improved
by intraventricular rtPA injection. After elimination of most of the intraventricular
blood, the ventricular catheter was temporarily closed and removed if intraventric-
ular pressure remained normal for 24 h and subsequent CT gave no evidence of
ventricular enlargement. It was possible to remove the ventricular drainage after
3-10 days in all patients. During the observation period (mean duration 15 days;

Fig. 3. Intracerebral hematoma. CT a few hours after the onset of symptoms (above), after
partial stereotactic aspiration of the hematoma (middle), and 48 h later after injection of a
total dose of 6 mg rtPA into the cavity of the hematoma (below)
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range 4-26 days) all patients survived, and the mean Glasgow Coma Score rose
from 7 (pretreatment) to 11 (post-treatment). No complications related to the rtPA
treatment were observed.

Patients with Intracerebral Hematomas

This series included three patients ranging in age from 58 to 64 years with large
intracerebral hematomas located in the basal ganglia and the internal capsule. An-
giography did not reveal vascular malformations in any of the patients. Before
treatment, all of them suffered from severely depressed consciousness levels and
hemiparesis. Therapy consisted of stereotactic puncture and partial evacuation of
the hematoma, performed within 24 h of hemorrhage. Thereafter, a CT scan was
performed. Fibrinolytic therapy was started 1, 17, and 19 h after the end of stereo-
tactic surgery, respectively. A total of 3 mg rtPA was injected through a silicone
catheter placed intraoperatively into the residual hematoma. If considered neces-
sary, rtPA injection was repeated. The total tPA dose administered was 3, 6, and
9 mg, respectively. Follow-up CT scans showed rapid reduction of the residual
hematoma after administration of rtPA in two patients. One case is demonstrated in
Fig. 3. In the third patient, however, a slight increase of hematoma volume was ob-
served after the first injection of rtPA. In this particular case, fibrinolytic therapy
had been started very carly, only 1 h after the stereotactic puncture.

Discussion

The prognosis in patients with IVH is directly related to the amount of intraven-
tricular blood, the degree of ventricular dilatation on early CT scans, and to the
pretreatment level of consciousness [1, 6, 7, 10, 12, 13]. The mortality rate in pa-
tients such as those treated by us, with severe hemorrhages extending into all ven-
tricular chambers and with a high incidence of ventricular dilatation, has been re-
ported to be higher than 80% [1, 6, 7, 12, 13]. Increased intracranial pressure and
ventricular enlargement may result from space occupying clotted blood as well as
from obstruction of cerebrospinal (CSF) fluid flow at the foramen of Monro, the
aqueduct of Sylvius, or the fourth ventricle. Simple external ventricular drainage is
of little benefit in patients with severe IVH as the catheters quickly become
obstructed by clotted blood [5, 7]; furthermore, ventricular drains have no effect on
solid clots within the ventricles.

The most important result of our study on IVH is the ability of rtPA to lyse
clots within the ventricular spaces. A considerable reduction of intraventricular
blood was observed as early as 24-48 h after the first injection of rtPA. This is
much faster than what would be expected for spontaneous hematoma dissolution.
During the treatment period, the ventricular catheters never became obstructed by
clotted blood. Thus, continuous drainage of bloody CSF and rapid reduction of in-
tracranial pressure and of ventricular dilatation could be achieved in every patient.
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Survival rate and clinical improvement during the early post-treatment period were
very good compared to the reported prognosis for severe IVH as cited above.
Evaluation of long-term results of a larger series is now in progress.

To our knowledge, there has so far been only one case report on lysis of intra-
ventricular hematoma with rtPA [S5]. The authors described a case of severe IVH
from a ruptured aneurysm. They observed a rapid reduction of hematoma volume
and normalization of ventricular size and intracranial pressure. In one reported se-
ries of six patients with severe IVH [16], fibrinolysis was performed with intra-
ventricular infusion of urokinase. Rapid elimination of intraventricular blood, a
good clinical outcome of the treatment group, and lack of complications related to
fibrinolysis were the main results of this study.

In summary, our results and the studies cited above prove that ventricular
drainage and fibrinolysis result in rapid hematoma dissolution.and normalization
of intracranial pressure and ventricular size, and indicate that this method may im-
prove the prognosis of severe IVH. The range of rtPA doses used in our study
proved to be highly effective without causing apparent side effects.

Stereotactic hematoma evacuation has been introduced during recent years for
the treatment of IVH as an alternative to traditional craniotomy. Injection of fibri-
nolytic agents such as urokinase into the cavity of the hematoma has proven to be
useful for lysis and subsequent aspiration of solid clots [8, 9]. Our preliminary ex-
perience in three cases with large basal ganglia hemorrhages treated by stereotactic
puncture and stereotactic drainage of the hematoma after injection of rtPA into the
cavity indicates that rtPA may be efficient in lysing intracerebral clots. In one pa-
tient, in whom the first injection of rtPA was performed very early (1 h) after the
stereotactic operation, CT after the first rtPA dose revealed a slight increase of
hematoma volume compared to the immediate postoperative CT. Larger series of
patients are necessary in order to assess the efficacy and safety of rtPA in the
therapy of intracerebral hematomas.
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Prognostic Value of Initial Median Nerve
Somatosensory and Brain Stem Auditory
Evoked Potentials in Patients

with Spontaneous Intracerebral Hemorrhage

M. S. von Haken!, H. P. Adams2, and K. Rieke?

Introduction

Median nerve somatosensory evoked potentials (MSSEP) and brain stem auditory
evoked potentials (BAEP) provide essential information to the clinician. A close
relationship between evoked potential (EP) waveform and specific anatomic le-
sions could be demonstrated. Beside specificity and their ability to reveal conduc-
tion defects, exactly EPs are very resistant to alterations by anything other than
structural pathology in the somatosensory pathway. Commonly used drugs in in-
tensive care medicine and anesthesia (except volatile anesthetic agents) do not af-
fect EPs [6]. Neurologic examination is often limited since the majority of these
patients are noncompliant, having been pretreated with analgosedative drugs or in
coma.

Our study was initiated to establish whether BAEPs and MSSEPs are an objec-
tive diagnostic and prognostic tool in the primary treatment of patients with spon-
taneous intracerebral hemorrhage (SIH). Therefore we examined our patients with
SIH using MSSEPs and BAEPs and correlated EPs with clinical outcome.

Clinical Material and Methods

From April 1988 to February 1992 110 patients with SIH, admitted to either the
neurosurgical or the neurologic intensive care unit at-our institution, were exam-
ined using MSSEPs and BAEPs within the first 48 h after hemorrhage. Patients
with vascular malformations, secondary hemorrhagic infarcts, SIH located in the
brain stem, and hemorrhage secondary to a tumor or trauma were excluded from
the study. The study population therefore consisted of 61 patients. The 30 female
and 31 male patients ranged in age from 18 to 75 years (mean 55 years, median 59
years). The duration of treatment varied from 1 to 64 days (mean 16 days, median
13 days). In 17 cases the hemorrhage was located in the cerebellum, in 22 a lobe of
the cerebrum was affected, and in 22 patients the thalamus or the basal ganglia. All
patients were rated using the Glasgow Outcome Scale (GOS) at the time of dis-

1 Neurochirurgische Klinik, Universitat Heidelberg, Im Neuenheimer Feld 400,
W-6900 Heidelberg, FRG.

2 Abteilung Neurologie, Universitit Heidelberg, Im Neuenheimer Feld 400,
W-6900 Heidelberg, FRG.
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charge from our hospital and the Barthel Index [2] after 6 months or more. For sta-
tistical analysis grades of outcome from coma were classified into three groups:

— Group I - patients with good recovery (patients who regain the ability to con-
duct a normal life or, if a preexisting disability exists, to resume the previous
level of activity) and moderate disability (patients who achieve independence
in their daily lives, but retain either physical or mental limitations that preclude
the resumption of their previous level of function).

— Group II - patients with severe disability (patients who regain at least some
cognitive function but depend on others for daily support).

— Group III - patients in a vegetative state (patients who awake, but give no sign
of cognitive awareness) or with no recovery (patients who remain in coma until
death).

Ranking of EPs was done according to normal, unilaterally by normal, or bilater-
ally pathologic EPs. Latencies, amplitudes, and side differences were evaluated.
Limits for ranking were as follows: BAEP — interpeak latency I-1II < 2.50 ms,
I-V <2.20 ms, I-V < 4.44 ms; MSSEP — interpeak latency N13-N20 < 6.30 ms,
amplitude N20/P25 > 1.10 uV, amplitude difference N20/P25 < 47.6%.

Limits were established by testing 30 normal controls with the same stimulus
and recording parameters, which is mandatory [1]. For statistical analysis of our re-
sults we used Fisher's exact test and the contingency coefficient.

Results
Localization of Hemorrhage Versus Outcome of Patients
Results are demonstrated in Table 1. As expected, infratentorial lesions had the

most favorable outcome, while data for hemorrhage in a lobar localization or in the
basal ganglia/thalamus did not reveal any differences.

Table 1. Localization of hemorrhage by outcome. Fisher's exact test of independence:
p = 0.00603, contingency coefficient: 0.367

Localization Cerebellum  Lobi cerebri  Thalamus/ Total
Outcome basal ganglia
(GOS) (m () (n) (n)
Good or fair (I) 11 4 7 22
Poor (I) 4 10 9 23
Vegetative/dead (III) 2 8 6 16

Total 17 22 22 61
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Table 2. MSSEP ranking by outcome. Fisher's exact test of independence: p = 0.000000328,
contingency coefficient: 0.551

MSSEP ranking  Normal Unilaterally Bilaterally Total
Outcome abnormal
(GOs) (n) () (n) (n)
Good or fair (I) 12 9 1 22
Poor (IT) 4 13 6 23
Vegetative/dead (IIT) - 4 10 14
Total 16 26 17 59

Outcome of Patients Versus MSSEPs/BAEPs

This is the most important result from our study and is demonstrated in Table 2. It
is of note that none of the patients with an initially normal MSSEP had a poor out-
come (group 3). On the other hand, there was only one patient with bilaterally
pathologic MSSEPs who survived and was graded as having moderate disability.
The correlation of the MSSEP result and the outcome of patients was highly sig-
nificant (p = 0.000000328, contingency coefficient 0.551) while BAEP and out-
come of patients were not dependent and data were nearly equally distributed
(p = 0.627, contingency coefficient = 0.218; Table 3).

Outcome Versus Barthel Index

We interviewed all patients after surviving the initial clinical phase (minimum 7,
maximum 49 months after hemorrhage) using the Barthel Index to analyze the in-
dependency in daily life that patients had gained after they were discharged from
hospital. It became evident that only a few patients died after having survived the

Table 3. BAEP ranking by outcome. Fisher's exact test of independence: p = 0.627,
contingency coefficient: 0.218

BAEDP ranking Normal Unilaterally Bilaterally Total
Outcome normal abnormal
(GOS) (n (n) (n)
(n)
Good or fair (I) 9 4 7 20
Poor (II) 7 3 8 18
Vegetative/dead (IIT) 3 4 8 15

Total 19 11 23 53
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acute stage of illness. The cumulative mortality equals the average mortality of the
normal population [5, 7]. The correlation of MSSEPs and Barthel Index
(p = 0.000000384, contingency coefficient = 0.564) was nearly identical to the
outcome results at the time of discharge of patients and MSSEP. Outcome, judged
by GOS and results from the Barthel Index analysis were clearly correlated
(p = 0.0000000108, contingency coefficient = 0.627).

Statistical analysis neither showed a correlation between MSSEP and BAEP re-
sults, nor did it confirm an intraventricular hemorrhage by computed tomography

(CT).

Conclusion

MSSEP and BAEP studies have proven useful in a number of disorders as diag-
nostic and prognostic tools. The neurologic examination of patients who have suf-
fered an SIH is, at times, difficult and unreliable. EPs provide a noninvasive,
reproducible, and objective method to evaluate these patients. They can be used to
establish objective evidence of an abnormality when clinical signs and symptoms
in these patients are equivocal. This makes therapeutic decisions easier since we
always have a tool at our disposal to estimate the later prognosis of the patient.

We found MSSEPs to be clearly correlated with the early and late prognosis of
our patients. None of our patients with initially bilateral by normal MSSEPs died
or survived in a vegetative state.

In the group with initially bilaterally pathologic MSSEP recordings outcome
was poor or vegetative except for one patient. This finding very much corresponds
with the literature for outcome of patients from coma and the prognostic relevance
of EPs 3, 4].

We could not demonstrate the prognostic value of initial BAEPs in patients
with SIH. BAEP changes are caused by compression of the lower midbrain, and
therefore these changes can only be expected prior to transtentorial herniation.

For the interpretation of MSSEPs recorded within the first 48 h after hemor-
rhage, the absence of N19-P22 bilaterally remains one of the best prognostic pa-
rameters. In these patients clinical outcome will be a persistent vegetative state at
best.
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Computed Tomographic — Stereotactic Evacuation
and Fibrinolysis of Spontaneous Intracerebral
Hematomas

M. Mohadjer!

Introduction

Spontaneous intracerebral hematoma (ICH) has become easier to diagnose as a re-
sult of modem diagnostic imaging techniques. A number of generally accepted
opinions regarding the age and frequency distribution and the so-called typical
courses of the disease and prognoses have had to be revised [1, 8]. The appropriate
mode of treatment, however, is still under discussion. Neither conservative therapy
nor conventional neurosurgery, even with modem microsurgical methods, has been
able to improve the unfavorable course and prognosis of ICH [6, 9]. Since 1985 we
have used a different approach which consists of the image-based stereotactic
evacuation and fibrinolysis of the ICH.

Surgical Methods

The operation is generally done under local anesthesia. Only in cases where the
patient is restless, confused, or suffers respiratory insufficiency is intubation anes-
thesia necessary.

After a burrhole has been made according to the location of the hematoma, the
hematoma is punctured under sterotactic conditions and its contents are partially
aspirated — sometimes as much as 30% of the original volume — under continuous
irrigation. This allows a rapid reduction of the intracranial pressure without putting
additional strain on the patient and without causing a large lesion (Fig. 1). The im-
plantation of a silicone catheter (2 mm outer diameter), if possible in the center of
the hematoma cavity, ends the brief procedure. The position of the catheter can be
verified by computed tomography (CT) during or after the operation. During the
following 24-48 h, 5000-10000 IU urokinase dissolved in 5ml physiological
saline solution can be administered through this catheter to fibrinolyse and evacu-
ate the residual hematoma (Fig. 2).

1 Abteilung Stereotaxie und Neuronuklearmedizin, Universitit Freiburg,
Hugstetter StraBe 55, W-7800 Freiburg, FRG.
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Fig. 1. Increased intracranial pressure rapidly dropped to normal after intraoperative partial
aspiration of the hematoma. The pressure level remained almost constant after the placement
of continuous suction drainage

Patients

From October 1985 to February 1991, a total of 117 patients (78 men and 39
women, mean age 58.6 and 60.2 years, respectively) were treated for ICH with CT-
stereotactic surgery. The most common concomitant conditions and risk factors in-
cluded cardiovascular insufficiency (32%), obesity (30%), alcohol abuse (29%),
renal insufficiency (20%), and diabetes mellitus (15%).

In 39% of the patients the hematomas were located in the lobes, in 38% in the
basal ganglia and thalamus. In 17% the lesions were in the cerebellum or brain-
stem, and in 6% the hematoma was only intraventricular.

The initial state of consciousness of the patients was assessed on the day of ad-
mission using the Glasgow Coma Scale. Impaired consciousness as a result of an
ICH should be regarded as the sum of all the important clinical parameters relevant
for the later course and prognosis. The neurological symptoms were dependent on
the location of the hematoma. Accordingly, hemiparesis and hemiplegia were the
most frequently seen symptoms, followed by speech disorders and aphasia. Inva-
sion into the ventricle, which was determined in over 60% of the patients, compli-
cates the course and worsens the prognosis [2, 3, 11].

Results

Forty-eight hours after evacuation of the hematoma, the consciousness level im-
proved to normal in all the patients. More than 60% of the patients had regained
orientation by this time and showed appropriate reactions. This fast recovery al-
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Fig. 2a~d. Hypertensive hemorrhage in left basal ganglia of 55-year-old patient prior to
stereotactic puncture (a), directly after aspiration of 18 ml blood (b), 24 h after two
fibrinolysis procedures using 5000 IU urokinase each (¢), and condition 6 weeks later (d)

lowed the patients to move and to resume normal intake of food soon after surgery.
It also reduced the elaborate and costly intensive care period.

Within the first 60 days after the operation, 18 patients (15.4%) died, probably
as a direct result of the ICH. After a relatively long mean follow-up of 39 months,
another ten patients died of diseases unrelated to the ICH. The cumulative mortal-
ity was thus 24%. The quality of life of the surviving patients according to the
Kamofsky Performance Scale can be rated as good to very good in 54% and mod-
erate in 16%. Only 6% have deteriorated and require continuous care (Table 1).
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Table 1. Long-term results after stereotactic partial evacuation and
fibrinolysis of spontaneous ICH (mean follow-up period 39 months).
October 1985 to February 1991; n=117

Current quality of life according to Karnofsky

100%-70% 70%-50% < 50%

Good to very good Moderate Poor Deceased
(n) 63 19 7 28

(%) 54 16 6 24

Mortality within the first 60 days: n =18, 15.4%

Discussion

Not all patients with ICH require surgical management. Not until the ICH become
space-occupying and thus a danger for the patient is surgery necessary. However,
despite this seemingly clear-cut indication, differences in judgment exist in terms
of both its urgency and management.

The goal of any surgical treatment of ICH is to quickly remove the space-occu-
pying lesion and reduce the intracranial hypertension, especially before the forma-
tion of delayed perifocal edema which increases the intracranial pressure even
more. Although in the case of superficial hematomas this goal can be effectively
reached using conventional neurosurgery, using the method for deep-seated
hematomas still carries many risks, despite refined microsurgical techniques. For
these deep-seated spontaneous ICH the CT-stereotactic operation represents a new
treatment as an alternative to craniotomy [2, 4, 9, 10].

The neurotoxic effect of the fibrinolytic agent urokinase on the parenchyma of
the brain and ventricles and in the subarachnoid space has been ruled out by means
of light and electron microscopy [5, 7]. No provocation of bleeding has been ob-
served [7]. The CT-guided stereotactic surgical method for ICH carries a low risk,
is only minimally invasive, and is precise. Precision is of particular importance
since the center of the hematoma should be reached for the fibrinolysis. However,
the good results obtained can only be considered a trend at this point and require
confirmation in prospective and randomized studies with clearly defined selection
criteria, as well as standardized follow-up observation and documentation. Table 2
lists the selection and exclusion criteria recommended for use in indicating CT-
stereotactic evacuation and fibrinolysis of ICH.

In addition to the selection and exclusion criteria, follow-up observations
should also be documented using a standardized and uniform system. Not until
prospective studies conducted according to these rules have been evaluated can the
optimal treatment for ICH of different types and locations be determined.
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Table 2. Selection and exclusion criteria for indicating CT-stereotactic evacuation and fibri-
nolysis of spontaneous intracerebral hematomas

Selection criteria

1.
2.

Current level of consciousness according to Glasgow Coma Scale > 6

Size of space-occupying lesion
Mean diameter of hematoma > 30 mm or, volume of hematoma > 20 ml

Patients with ventricular involvement as special group

Exclusion criteria

1. Severe concomitant or previous disorder: cardiovascular decompensation, clotting dis-
order, metabolic dysfunction, etc.
2. Brainstem compression
Hematoma in brainstem
4. Hematocephalus: complete ventricular tamponade, according to Graeb et al. [2]
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Spontaneous Intracerebral Hemorrhages in Childhood

J. Behnke!, I. Grohmann?2, U. Stephani2, B. Rama!, and E. Markakis!

Introduction

The nature and distribution of intracranial hemorrhages in 56 children including
premature infants, mature infants, and pediatric patients under 17 years of age are
presented in this study. The different etiology of the hemorrhages and the different
diagnostic and therapeutic regimes in respect of operative indications are also dis-
cussed.

Patients

In the time from 1986 to 1988, 35 premature infants suffering from spontaneous
intracranial hemorrhages and in the time from 1986 and 1991 nine mature infants
and 12 pediatric patients aged 3-17 years were treated at the University of
Gottingen.

Group 1: Premature Infants (n = 35)

All of these premature infants suffered from periventricular-intraventricular hem-
orrhages. The known pathogenesis of periventricular-intraventricular hemorrhages
is related to intravascular, vascular, and extravascular factors [1]. The neu-
ropathology is characterized by bleeding into the subependymal germinal matrix
with subsequent rupture into the lateral ventricle.

Ultrasound scanning of the head was utilized as a diagnostic method to identify
periventricular-intraventricular hemorrhages. The grading was done according to
Papile et al. [2].

The following parameters were evaluated: the rate of premature infants with
periventricular-intraventricular hemorrhage depending on their gestational age, the
distribution of these premature infants according to their gestational age, their
mortality depending on their gestation age, and the grade of hemorrhage, the rela-

1 Neurochirurgische Klinik, Universitit Géttingen, Robert-Koch-StraBe 40,

W-3400 Géttingen, FRG.

2 Abteilung Pidiatrische Neurochirurgie, Universitit Géttingen, Robert-Koch-StraBe 40,
W-3400 Géttingen, FRG.
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tion between grade of hemorrhage and gestational age, the operative indication,
and the relation between outcome and grade of hemorrhage.

Group 2: Mature Infants (n = 9)

Between 1986 and 1991 nine mature infants suffering from intracranial hemor-
rhages were treated in the pediatric department of the University of Gottingen.
First all hemorrhages were diagnosed by ultrasound scanning of the head; only
those infants with intracranial hemorrhages differing from the typical picture of
periventricular-intraventricular hemorrhage underwent a further diagnostic regime
(blood coagulation analysis; nuclear magnetic resonance, NMR; and/or
angiography depending on the localization and character of the bleeding). The
indication for neurosurgical intervention and the outcome of all of these infants are
described below.

Group 3: Pediatric Patients Aged 3—17 Years (n=12)

Between 1986 and 1991 12 pediatric patients were treated at the University of
Gottingen. In all patients we intended to clear the bleeding by means of the full
neuroradiological spectrum including cranial computer tomography (CCT), NMR,
and — should the occasion arise — also angiography. In patients presenting in a bad
neurological condition NMR and angiography were not done (n = 2) before emer-
gency operation.

Results
Group 1: Premature Infants

Between 1986 and 1988 415 premature infants were treated in the pediatric de-
partment of the University of Gottingen; 35 of them had a periventricular-intra-
ventricular hemorrhage (8.4%). There were 11 premature infants with periventric-
ular-intraventricular hemorrhages in the group of 25 infants born before the 28th
week of gestation (44%), 11 in the group of 45 (24%) born at the 28th/29th weeks,
seven of 65 (11%) born at the 30th/31st weeks, five of 107 (5%) born at the
32nd/33rd weeks, and one of 131 (1%) born at the 34th/35th weeks. None of the 42
premature infants born at the 36th week had a periventricular-intraventricular
hemorrhage. Eleven (31%) of the premature infants had a gestational age below
the 28th/29th weeks, eleven (31%) had a gestational age of the 28th/29th weeks,
seven (20%) had a gestational age of the 30th/31st weeks, five (14%) had a
gestational age of the 32nd/33rd weeks, and one (3%) had a gestational age of the
34th/35th weeks. A total of 77% of the immature infants suffering from
periventricular-intraventricular hemorrhages had a grade I or II hemorrhage; the
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remaining infants had a grade III or IV hemorrhage. We found grade III and IV
hemorrhages only up to the 30th/31st weeks of gestation, but we did also find
grade I and II hemorrhages in older premature infants.

All the infants suffering from periventricular-intraventricular grade I hemor-
rhages survived, but two of the 14 with grade II (14%), one of the three (33%) with
grade 111, and all of the premature infants suffering from grade IV periventricular-
intraventricular hemorrhages died. Looking at the mortality depending on the ges-
tational age, three of the 11 born before the 28th week (27%), four of the 11 born
at the 28th/29th weeks, and one of the seven (14%) born at the 30th/31st weeks
died; the remaining infants born after the 31st week survived.

Half of the infants suffering from grade I hemorrhages and 43% of the infants
suffering from grade II hemorrhages had a normal neurological development. Six
of the 35 premature infants suffering from periventricular-intraventricular hemor-
rhages developed a hydrocephalus requiring treatment, but only in three cases was
a shunt necessary.

Group 2: Mature Infants (n = 9)

The hemorrhages were localized as below:

~ One grade II periventricular-intraventricular hemorrhage (1st day)

— Two grade III periventricular-intraventricular hemorrhages (1st day)

— One intraventricular hemorrhage with tamponade of the ventricles (7th day)

— One intraventricular hemorrhage caused by coagulation disorder (1st day)

— One gross intraventricular hemorrhage, primarily suspected to be a tumor
(intrauterine)

— One hemorrhage of the posterior fossa caused by coagulopathy (1st day)

— Two intraparenchymatous hemorrhages:
One HbS heterozygote (1st month)
One vitamin K deficiency (1st month)

The three infants suffering from periventricular-intraventricular hemorrhages were
examined by ultrasound scanning of the head. The infants developed normally
without any neurosurgical intervention. The 7-day-old infants with exclusive tam-
ponade of ventricles required ventricular drainage for 3 days because of severe
bradycardia. Despite a typical onset of the bleeding, an angiomatous malformation
could be excluded by NMR. The infant developed normally without any further
neurosurgical intervention.

The infant with diffuse coagulopathy and multiple intracranial bleedings was
operated on. In addition to the ultrasound scanning, a CCT was performed before
evacuation of the space-occupying subdural hematoma. However, the infant died
as a result of the multiple bleedings.

The infant suffering from a gross intraventricular mass suspected to be a tumor
underwent NMR and was operated on. Intraoperatively gross intraventricular
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bleeding was found and was partly resected. In the further course the infant re-
quired a shunt.

The infant suffering from space-occupying bleeding into the posterior fossa had
a good outcome without operation. Angiography did not show any angiomatous
malformation. The two infants suffering from intraparenchymatous bleedings un-
derwent also angiographical diagnosis which proved to be normal. The infants had
a good outcome without further neurosurgical intervention.

Group 3: Pediatric Patients Aged 3—17 years

Five hemorrhages were supratentorial, six were multiple hemorrhages and in one
child they were supra- and infratentorial. In eight of the 12 children we found an-
giomatous malformations, two children suffering from supratentorial hemorrhages
had coagulation disorders without any operative indications. In two of the three in-
fratentorial hemorrhages we did not find any angiomatous malformation intraoper-
atively. Two required acute operative decompression because of their bad neuro-
logical condition. They died in the early postoperative course. All the other pa-
tients we operated on had no postoperative deterioration. We operated on most of
the children after their first bleeding, but three patients were presented to us after
their third bleeding. We operated on two of these children with a good outcome;
one girl with eight bleedings has not been operated on yet because of her parents’
refusal.

Conclusion

In the group of premature infants the only diagnostic regime is the ultrasound
scanning of the head and the only neurosurgical function is treating the hydro-
cephalus if necessary. We prefer first to implant a Rickham capsula and perform
the connection to a permanent shunting system when the infant has put on weight
and the fluid is clean.

In the mature infants the management is the same as in the premature infants if
the bleedings are comparable to the periventricular-intraventricular hemorrhages.
If there is any deviation in respect to their localization or the time of onset, we plan
further neuroradiological diagnosis. If there is no acute indication for an operative
intervention, we wait until the infant is in a better condition.

In the group of older pediatric patients, we perform the whole spectrum of neu-
roradiological diagnosis after the first hemorrhage, remembering that the preoper-
ative condition does not allow any delay.
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Therapy and Prognosis
in Spontaneous Cerebellar Hematomas

U. Neubauer! and B. Schwenk!

Introduction

Cerebellar hematomas threaten patients in a twofold way: first, by the local mass in
the posterior fossa which may cause a significant brain stem compression and, sec-
ond, by the concomitant hydrocephalus in many patients with increased intracra-
nial pressure (ICP) in the supratentorial space [4, 5, 8] (Fig. 1). For the treatment
of cerebellar hematomas we have three options: (a) evacuation of the hematoma by
a posterior fossa approach [1-3], (b) CSF drainage by a frontal burr hole to control
the hydrocephalus and ICP [6, 10], and (c) conservative treatment only. Criteria for
the decision as to how to treat the individual patient may be the size of the
hematoma [9] and the patient's clinical condition [7].

Fig. 1. CT scan in cerebella
hematoma. Hyperdense mass ir
the left cerebellar hemisphere
and vermis with occlusive hydro-
cephalus
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Here we report our results in a retrospective study of 37 consecutive patients
with cerebellar hematomas treated in our Department between 1986 and 1991. A
total of 31 patients had a history of arterial hypertension; patients with vascular
malformations or tumors were excluded. Three patients were on anticoagulant
therapy. While other authors recommend operating in all cases [3], our attitude is
to observe patients who are fully alert and to operate in all patients with reduced
level of consciousness or secondary deterioration.

Results

Of our 37 patients 21 had direct evacuation of the hematoma, 10 were treated by
CSF drainage only, and 6 were treated conservatively. Twelve of our patients died,
which means an overall mortality rate of 32% (Table 1). The main factor in mor-
tality was a low score on the Glasgow coma scale (GCS) prior to operation. In 22
patients with a score between 3 and 5 the mortality was 50%. Only one patient
with a score of 6-8 died (25%) and none with a score of 9 or more. In patients with
a poor preoperative condition the best results were achieved by direct operation of
the hematoma. In addition to mortality, the quality of survival was also strongly in-
fluenced by the preoperative condition (Table 2).

The hydrocephalus in patients with cerebellar hematomas may be interpreted as
an indicator for brain stem compression leading to obstruction of the CSF path-
ways but also acts itself by the increased intracranial pressure. In our series we
found an effect of the hydrocephalus both on the GCS and on mortality. From 25
patients with hydrocephalus 10 died (40%), in contrast to only 17% in the group
without hydrocephalus (2 out of 12). Of the patients with hydrocephalus 68% had a
GCS of 3-5 but only 42% of those without hydrocephalus. The higher mortality
rate in patients with hydrocephalus is only partially due to the higher rate of a low
GCS. Analyzing only the 22 patients with a GCS of 3-5 we still find a higher
mortality in patients with hydrocephalus (53%) compared to those without hydro-
cephalus (40%).

Finally a major factor influencing outcome was the size of the hematoma (Fig.
2). With increasing size we found more patients with a low GCS, while small cere-

Table 1. Mortality in spontaneous cerebellar hematomas

Evacuation of hematoma  Ventricular drainage No operation
GCS n n %o n % n %
3-5 22 6/15 40 4/6 66 1/1 100
6-8 4 1/4 25 0 0
9-15 11 0/2 0 0/4 0 0/5 0

Total 37 7/21 32 4/10 40 1/6 16
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Table 2. Preoperative Glasgow coma score and final outcome

GCS n Died Vv SD MD G

3-5 22 11 0 1 5 5

6-8 4 1 0 0 2

9-15 11 0 0 0 4 7

Total 37 12 (32%) 0 1 (2.7%) 11 (29%) 13 (35%)

V, Vegetative; SD, severely disabled; MD, moderately disabled; G, good.

bellar hematomas generally had clinically a higher score. However, even huge
hematomas of more than 25 ml may be well tolerated.

Concerning mortality the critical volume in our series was 15 ml or a diameter
of 3 cm. No patient with a hematoma smaller than 3 cm died, but 50% of those
with larger hematomas did so.

In conclusion, in all cases of cerecbellar hematomas with a GCS lower than 9
and/or hematoma larger than 3 cm in diameter the hematoma should be evacuated.
In patients with a GCS of 9 or better and a hematoma below 3 cm the patient may
be watched closely and operated on promptly if deterioration occurs.

outcome
G - XX XXX X XXX X X X
MD X XXX X X X X
SD X
V —]
died — XXX X X XXX X
| | ] | | 1 | | | | | >
3 9 15 21 27 33 Vol.(ml)

Fig. 2. Size of hematoma and outcome. With increasing size the final outcome becomes
worse. G, Good; MD, moderately disabled; SD, severely disabled; V, vegetative
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Spontaneous Cerebellar Hemorrhage:
Acute Management and Prognosis™

D. Rosenthal!, G. Marquardt!, and T. Sievert!

Introduction

Although spontaneous cerebellar hematomas only represent 1%-13% [12] of all
intracerebral hemorrhages, their reported mortality rate varies between 50% and
80% [7]. With the introduction of computed tomography (CT) as a diagnostic tool,
diagnosis and localization can be done very early. Since then, and using different
therapeutic approaches, a higher rate of survivors has been achieved. Despite this
fact the management of this affection is still controversial and different procedures
such as conservative treatment, ventricular drainage, and direct or stereotactic clot
evacuation have been advocated [1, 10, 13—16]. We have reviewed our cases in an
attempt to clarify the management and improve the outcome of these patients.

Patients and Methods

In a 10-year period (1980-1990) 398 consecutive patients presenting with acute
primary intracerebral hemorrhage were admitted to our department. All patients
were explored neurologically, had a CT scan and, as far as the clinical condition
allowed it, angiographical examination on admission. The size of the hematoma
was measured volumetrically [18]. Special attention was paid to the form of the
quadrigeminal cisterns, the presence of intraventricular hemorrhage, and the size of
the lateral ventricles (Fig. 1).

Patients with traumatic, aneurysmal, angioma, or tumor bleedings as well as
pontine hemorrhages were excluded from the study. Treatment was decided ac-
cording to the clinical and radiological findings. Outcome was assessed using a
four-grade scale, divided into good if the patient returned to normal life with no or
slight neurological deficits, poor if the patient did not return to normal activities
because of a moderate to severe deficit, vegetative if the patient was in an apallic
condition, and dead.

* Dedicated to Prof. Dr. Dr. h.c. R. Lorenz on his 60th birthday.
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W-6000 Frankfurt am Main 71, FRG.
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Fig. 1a—c. Typical findings in grade I (a), grade II (b) and grade III (c) patients
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Results

Sixty-six patients presented with cerebellar hemorrhage, but only 44 (66%) met the
previously established criteria for inclusion in this study. These included 19 fe-
males (43%) and 25 males (57%) with a mean age of 53.9 years (range 12-82), 28
(63%) of them being between 50 and 70 years old.

Among the predisposing factors arterial hypertension was the most frequent,
with 22 cases (50%), nine patients (20%) had cardiovascular disorders, four pa-
tients (9%) had diabetes mellitus, seven patients (16%) were taking anticoagulants,
and two patients (5%) had renal disorders. Onset of symptoms was acute in 38 pa-

Table 1. Clinical symptoms on admission

Clinical symptom Cases

(n) (%)
Headache 40 91
Nausea and vomiting 33 75
Loss of consciousness 20 45
Dizziness 12 27
Ataxia 5 11

Dysarthria 2 5
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Table 2. Neurological signs on admission

Neurological sign No. of cases

Level of consciousness

Alert 14

Stuporous 10

Comatose 20
Absent corneal response 17
Conj. eye deviation 12
Babinski response 11
Nystagmus 8
Miosis 8
Hemiparesis 6
Ataxia 5
Dilated fixed pupils 2
Decerebration 2
Respiratory disturbances 2

tients (83%); the clinical symptoms and neurological signs on admission are listed
on Tables 1 and 2.

Patients in a comatose condition were admitted at a mean time of 20.35 h after
onset of symptoms; alert or somnolent cases arrived in our department 30.25 h
after becoming symptomatic.

A CT scan was performed preoperatively in all cases (Table 3). Angiography
was done preoperatively in 24 patients (54%) who were either alert or somnolent;
in contrast, only eight (18%) comatose patients were examined preoperatively and
three after surgery. According to their clinical condition and radiological findings
the patients were divided into three different categories (Table 4). Fourteen pa-
tients (32%) were classified as grade 1, ten as grade II (23%) and 20 as grade III
(45%). Treatment comprised conservative therapy, external ventricular drainage
only, craniotomy and direct hematoma evacuation or a combination of the last two

Table 3. CT findings

Gradel Gradell Gradelll

Mean size (cm3) 8.5 17.8 28.5
Location
Left 7 5 8
Right 5 4 8
Vermis 2 1 4
Hydrocephalus 6 5 16
Basal cisterns - 3 16
(compressed)
Intraventricular 1 1 10

Hemorrhage
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Table 4. Initial clinical and radiological grading system

Grade I Alert
Basal cisterns normal
Hematoma volume up to 10 cm3

GradeIl  Stuporous
Basal cisterns compressed
Hematoma volume between 10 and 20 cm3

Grade Il Comatose
Basal cisterns absent
Hematoma volume bigger than 20 cm3

Table 5. Relationship between treatment, grading, and outcome

Grade QOutcome

I 1 I Good Poor

Dead

1. Conservative 5 5
2. Ventriculostomy 5 4

3. Decompression

4. Combined (2 + 3) 4 3 1

1. Conservative

2. Ventriculostomy 2

3. Decompression 5 4 1
4. Combined (2 +3) 3 1 1

1. Conservative

2. Ventriculostomy 8

3. Decompression 4 2
4. Combined (2 + 3) 8

W NN

Table 6. Causes of death

Cause No. of cases

Herniation 72

Pulmonary
Embolism .
Pneumonia (sepsis)
Adult respiratory distress syndrome

— NN

Cardiac
Infarction 1
Valve clotting 1

Bone marrow aplasia 1

2 One supratentorial bleeding 1 month after treatment.
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procedures. Overall results were good in 19 patients (43%) and poor in 10 (23%)
and death occurred in 15 cases (34%). Details of the relation between grading,
treatment, and outcome are shown in Table 5. Death was directly related to surgery
in 12 cases (Table 6), one patient died due to bone marrow aplasia 3 months after
discharge, another died of a supratentorial hemorrhage caused by a angioblastoma
7 weeks after decompressive surgery, and the last patient died 1 year after surgery
due to clotting of an artificial aortic valve.

Discussion

Although surgical evacuation of hematomas is nowadays widely accepted as the
treatment of choice [15] there are still reports of isolated cases where good out-
come has been achieved either with conservative treatment [1] or with external
ventricular drainage only [3]. The aim must be to recognize early the patient's
grading and select the best treatment out of the variety of therapeutic possibilities.
Taking the clinical status as well as the hematoma volume and compression of the
basal cisterns (both from the CT scan), a fairly good classification can be achieved
and used as a treatment guide. Different classifications have been published, most
of them dividing the patients according to their clinical state [3, 6, 7, 13, 16] or CT
scan findings [11, 15, 17]. Our approach is to make use of both since they com-
plement each other. In our experience a patient grade II, drowsy, with only slight
brainstem compression signs but with partial obliteration of the quadrigeminal
cisterns and ventricular dilatation, will deteriorate if treated only with external
ventricular drainage instead of also evacuating the hematoma, as happened in two
of our cases, both with a fatal outcome. Acute diagnosis and treatment are of cru-
cial importance since mortality increases markedly in comatose patients [4, 7, 8,
13, 15], reaching up to 95% in some cases [15]. Although coma and decerebration
signs worsen the prognosis, they are not a contraindication for decompression: two
of our grade III patients admitted in this condition recovered completely after de-
compressive surgery. The combination of coma and abolished corneal response is
also a prognostically relevant feature (7 out of 15 patients admitted in our series
with these signs died), and some authors have suggested that this is a probably ir-
reversible state [11, 12]; however, we and many others encourage aggressive
treatment in these cases [4, 7]. In experience, patients may recover and reach a
functional life if decompression is performed quickly.

Isolated ventriculostomy is, in our opinion, the treatment of choice for small
bleedings without signs of brainstem compression that are due to hemorrhage ex-
tension or occlusion of the fourth ventricle leading to occlusive hydrocephalus. In
this case, if pressure is high (over 25 cm H,0) we place the drainage first at about
the opening pressure level over the head, reducing the distance at a rate of
5 cm/h until 5 or 10 cm has been reached. Ventriculostomy alone is still being sug-
gested by some authors as the treatment of choice [3, 14]; this may be contraindi-
cated in large hematomas because it does not decompress the brainstem, resulting
in a danger of secondary upward herniation [2, 8, 12]. Indeed, results of cases
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treated in this way have a high mortality rate [8, 12, 16] comparable with that of
conservative treatment [6, 15], and even worsening after ventriculostomy has also
been reported [12]. Kniipling et al. [S] described deterioration of consciousness
after ventriculography in patients with posterior fossa pathology which improved
after direct brainstem decompression, or died if decompression did not occur. In
the last group microcirculation disturbances were demonstrated in the mesen-
cephalopontine area as a sign of upward herniation. Taking into account the results
achieved in this study, we suggest direct brainstem decompression, if necessary
combined with external ventricular drainage, in patients of grades II and III.

There is general agreement that hematomas with a diameter greater than 3 cm
are related to occlusive hydrocephalus [6], tight posterior fossa [17], obliteration of
the quadrigeminal cisterns [15], or intraventricular hemorrhage [13] and should be
evacuated. Looking at the anatomy, the total volume of the posterior fossa is
160 cm3 and the total volume of the cerebellum is 140 cm3 [9]. That is why mass-
occupying lesions of about 9 cm3 (calculated from a hemorrhage of 3 cm) exceed
the compensatory capacity of the posterior fossa and lead to brainstem compres-
sion.

Taneda et al. [15] demonstrated that hematoma size is a determinant of severity
of brainstem compression or a predictor of outcome only at the extreme end of the
volume range (when compensation is exhausted). This correlates with our findings
in four grade I patients where decompressive surgery had o be done because of
clinical deterioration although the hematoma volume was under 10 cm3. Using
hematoma size as the only parameter can lead to wrong surgical indications, as
shown in the report of Bogousslavsky et al. of two cases of large spontaneous cere-
bellar haemorrhage treated conservatively with good results, probably because
both patients (75 and 80 years of age) had marked cerebellar atrophy and were able
to compensate the mass effect caused by the hemorrhage [1].

With the aid of this grading the main goals of treatment of spontaneous cere-
bellar hemorrhage (detection and removal of brainstem compression and obstruc-
tive hydrocephalus) can be matched, helping to improve outcome and reduce mor-
bidity and mortality.
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Cerebellar Hematomas: Prognosis
and Risk of Upward Transtentorial Herniation

R. Firsching! and A. Kleindienst!

Cerebellar hematomas are no longer an almost exclusive postmortem finding since
the advent of computed tomography (CT) [1, 2]. They are not particularly frequent
either.

Patients and Methods

We encountered 44 patients between 1978 and 1992 at our Cologne hospital. Age
ranged from 13 to 88. The probable cause of the hematomas was hypertension in
15 patients, a head injury in ten patients, anticoagulation in five patients, and an
arteriovenous malformation in one patient. In 13 patients the probable cause re-
mained unclear.

There were four alternatives for treatment: conservative treatment was preferred
in eight patients; a ventricular shunt was placed in 28 patients (particular care was
taken to maintain a positive intraventricular pressure of approximately 10 cm
H,0); the hematoma was evacuated in five patients; and in three patients it was
evacuated in addition to a ventricular shunt.

Results

Mortality was quite variable (Fig. 1), ranging from 12% in the conservative group
to 66% in patients in whom the hematoma had been evacuated and a ventricular
shunt had been performed.

Mortality was also variable with the initial state of consciousness at the time of
admission. In five fully alert patients there was no mortality at all; with clouding of
consciousness it was 28%; in coma grade III, i.e., coma with extensor rigidity,
mortality reached 87%. Among patients with wide responseless pupils there was
no survivor (Fig. 1).

Location was also associated with outcome: mortality was 20% when only the
hemispheres were affected, while it was 66% when midline structures were in-
volved.

1 Klinik fiir Neurochirurgie der Universitit Koln, Joseph-Stelzmann-StraBe 9,
W-5000 Koln 41, FRG.

Advances in Neurosurgery, Vol. 21
R. Lorenz, M. Klinger, M. Brock (Eds.)
© Springer-Verlag Berlin Heidelberg 1993



70

R. Firsching and A. Kleindienst

Ventricular
. Ventricular |Evacuation of dr%sp‘gge
Conservative drcl_noge hcemggomc evacuation of
n=28 " hcenr;xg:r‘omc X Mortality
alert 8 §
5 0%
clouding of 8 8 ® © b
consciousness 5 28%
coma © 8 o b
grade | |4 20%
8 i o ® [ J
I1 ? 10 37%
°c 28
11 © 1 83%
® ! ®
IV 100%
Total 7 1115 132 3|1 2| 44
Mortality 12% 46% 60% 66%

Fig. 1. Synopsis of level of consciousness, type of treatment, and survival. Open circles, sur-
vivors; solid circles, died; circles in parenthesis, died of unrelated cause

Evoked potentials were also correlated with outcome (Fig. 2). When a bilater-
ally normal somatosensory evoked potential (SEP), a brainstem auditory EP
(BAEP), or a transcranial magnetic EP (TMEP) was recorded, all patients survived

n=17
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responses responses responses
QOO0 ® [ 1] 00000
QOO 0000

SEP |88

BAEP &388  ®|°° 3 -+

22 O
n=
TMEP |85° < RO ++

Fig. 2. Presence or absence of evoked potentials as related to outcome. Open circles, sur-
vivors; solid circles, died
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Fig. 3. Size of ventricles and intracranial pressure as assessed at placement of shunt and re-
lation with outcome. Open circles, survivors; solid circles, died

with only two exceptions. By contrast, when there were no reproducible responses,
all patients except two died.

The most frequently taken measure was the placement of a ventricular shunt.
Data on the size of ventricles and on the intraventricular pressure at the time the
shunt was inserted are based on subjective assessment rather than on measure-
ments. Only in two patients was the pressure measured and found to be higher than
20 cm H,O. The relation of intracranial pressure and the size of ventricles was
variable (Fig. 3). Enlarged ventricles were found with normal and with increased
intracranial pressure. No patient deteriorated in temporal relation with the place-
ment of a shunt.

Autopsy was possible in seven cases. Particular care was taken to find signs of
upward transtentorial herniation (Fig. 4). This was the case in two autopsies and
only in addition to cerebellar coning, in one of these cases after evacuation of the
hematoma, in the other after ventricular drainage and evacuation. In five cases
cerebellar coning within the foramen magnum was noted without upward
transtentorial herniation after ventricular drainage only.

) Ventricular
Vgnt'ricular Evocgfahon drainage
rainage and evacuation
haematoma of haematoma
Coning XXX
Coning and'
transtentoria
upward X X
herniation

Fig. 4. Postmortem findings and preceding neurosurgical procedure
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Discussion

Management of cerebellar hematomas is controversial [1, 2] and associated with a
high mortality. Results from this analysis suggest a high prognostic value of the
initial state of consciousness, location of the hematoma, and evoked potentials.
Upward transtentorial herniation seems a rare occurrence and not necessarily a
phenomenon associated with ventricular drainage.

Ventricular drainage itself appears a safe procedure, as long as ventricles are
adequately large and a moderate positive intraventricular pressure is maintained.
Evacuation of the hematoma seems warranted in comatose patients and in deterio-
rating patients with clouding of consciousness.
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Posterior Fossa Haematomas Secondary to Occult
Angiomatous Malformation (Cavernomas)

L. Symonl

Although Luschka [2] in 1854 gave a description of what appears to have been an
intracranial cavernoma, the first clear description of the entity was in 1928 by
Walter Dandy [1]. The true frequency of symptomatic cavernomas remains hard to
establish, but they are uncommon and probably represent only some 5%-13% of
all CNS vascular anomalies, and estimates for the proposition below the tentorium
vary from 10% to 23%. This report deals with our findings in 13 cases of brain-
stem haematoma related to confirmed cavernoma in 9 and probable cavernoma in
the others, 12 lying within the brainstem and 1 in the superior vermis of the cere-
bellum. All were managed by direct microsurgical approach with evacuation of the
haematoma and, in the majority of instances, verification of abnormal vessels con-
sistent with cavernoma within the wall [5].

Characteristics of Cavernoma

Cavernoma is substantially a diagnosis nowadays based on magnetic resonance
imaging (MRI). While the tumour itself consists of a well-defined purple or dark
red lesion, the vascular spaces often visible to the naked eye form a honeycomb of
unequal blood-filled spaces with no abnormally large feeding arteries or veins
draining the lesion. This accounts for the largely negative findings at angiography.

The discovery of these lesions usually attends an episode of brainstem dysfunc-
tion consistent with an acute haemorrhage. Computed tomography (CT) character-
istically shows a moderately hyperdense nodule with occasional modest contrast
uptake, and calcification is observed in up to 33% of cases. MRI not only displays
the lesion but gives evidence of current or previous haemorrhage. The nodule itself
may show up as a multi-signal lesion with associated haemorrhage appearing ei-
ther as high or low signal intensity depending upon its exact age. Older absorbed
haemorrhages leave haemosiderin deposits in the gliotic border surrounding the le-
sion, and these show up particularly well on T2-weighted high-field imaging.

While angiography shows no abnormal circulation, we have found in two of our
patients a co-existent but completely separate cerebellar venous anomaly, the so-
calied venous malformation, an association recently noticed by others [3].

1 Gough-Cooper Department of Neurological Surgery, Institute of Neurology, The National
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Advances in Neurosurgery, Vol. 21
R. Lorenz, M. Klinger, M. Brock (Eds.)
© Springer-Verlag Berlin Heidelberg 1993



74 L. Symon

Clinical Findings

The best illustration of clinical findings is the description of a typical case: a 22-
year-old woman who had four episodes of transient diplopia at the age of 4 years,
at 9 years with sudden onset of hemiparesis which lasted for 6 weeks, and at 20
years, a left facial weakness, right hemiparesis and right hemisensory disturbance.
She was found to have sixth and seventh cranial nerve palsies and CT and MRI re-
vealed the cavernoma. Angiography was normal. A fourth acute episode occurred
19 months after the third, with sudden exacerbation of her facial palsy, loss of sen-
sation on that side of the face, recurrence of the diplopia, and decreased power in
the shoulder muscles on the left side. CT again showed a region of high density
with calcification in the left pons. MRI revealed on T1- and T2-weighted se-
quences a well-defined multi-signal intensity lesion in the central and left pons sur-
rounded by a rim of hypodensity which clearly indicated previous haemorrhage.

Surgical Approach

The surgical approach depends on the location of the cavernoma. In general the
cavernoma should be approached from the nearest surface pial or ependymal. Thus
in the case described above the approach was made through the lateral aspect of
the pons. In other cases, a mid-line approach through the fourth ventricle has been
used, the floor of the fourth ventricle being opened over any evident area of dis-
colouration, care being taken to avoid the acoustic striac and the abducent collicu-
lus. Identification of the seventh nerve nucleus is possible by direct stimulation of
the floor of the fourth ventricle recording from the facial musculature, and it is also
possible to determine the situation of the hypoglossal nuclei, provided recording is
made in the tongue musculature.

Discussion

The overall lateral history of cavernomas remains ill defined. In cases which pre-
sent with recurrent episodes of haemorrhage over many years there is little argu-
ment that such lesions are best excised if possible. It is less easy to advise surgery
where there has been a single episode of haemorrhage with complete neurological
recovery. Operation in the brainstem in the complete absence of neurological
deficit requires careful consideration. Steiner [4] has recently indicated his view
that cavernomas are not suitable for stereotactic radiosurgery. Stereotactic aspira-
tion of the haematoma alone without removal of the causative lesion is of no value,
and direct exploration is in our view best.

Modern techniques of microscopic neurosurgery render what might have
seemed an impossible task some years ago quite feasible now, and in our own
cases while there has been a transient exacerbation of neurological deficit in 3 of
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the 13, progressive improvement has thereafter occurred in all, with no recorded
further haemorrhage in a follow-up extending from 6 months to 5 years.
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Brainstem Hematomas Caused
by Vascular Malformations:
Results of Microsurgical Therapy

N. Klug!, T. Betten! and G. Hildebrandt!

Arteriovenous malformations involving the posterior fossa represent treacherous
lesions not only because of their propensity to hemorrhage but also because of the
vital structures when located in a small confined space like the brainstem.

Because of the common use of magnetic resonance (MR) imaging [1, 6, 7, 12]
intrinsic cavernous malformations of the brainstem are detected as another source
of hemorrhage with increasing frequency. In such areas these lesions present a
growing challenge to the neurosurgeon [2, 3, 8, 13, 14] who has to weigh the risks
of a recurrent bleeding or growth [7, 10] of a brainstem cavernoma against its low
bleeding rate in other CNS locations [1, 7].

To help clarify these issues, ten patients presenting with brainstem hematomas
were reviewed to evaluate the results of microsurgical treatment aimed at the pre-
vention of progressive morbidity.

Patients and Methods

The review included the historical, clinical, radiographic, neuromonitoring, and
intraoperative data of ten patients with new or recurrent hemorrhages intrinsic to
the brainstem (Table 1). The follow-up period ranged from 3 months to 4 years. In
those in whom a definite pathological diagnosis was not obtained, highly charac-
teristic MR images of cavernomas were deemed to be reliable, e.g., an inhomoge-
neous hyperintense signal surrounded by a hypointense ring on the T,-weighted
sequence [1, 6].

The neurological findings were classified into long tract and/or nuclear signs,
obtained at basal state, 4-6 weeks postoperatively, and at the latest follow-up
(Table 1). The surgical approach was chosen according to the relation of the lesion
to the pial surface in order to minimize traumatization of eloquent nervous tissue,
e.g., foci within the cerebellar peduncle and lateral pons were reached via the in-
fratentorial supracerebellar approach [4] (Fig. 1). Intraoperative neuromonitoring,
including somatosensory and brainstem evoked potentials, was applied in each
case. Ultrasonography (Kontron) with a conventional transducer (5-7.5 MHz) was
used in conjunction with a small metal clip to determine the shortest distance

1 Neurochirurgische Klinik, Universitit Kéln, Joseph-Stelzmann-Strae 9, W-5000 Koin 41,
FRG.
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Fig. 1a-d. Preoperative MR images of cases 10 (a), 3 (b), 5 (¢), and 9 (d). The cavernomas
were removed by the transvermian, transventricular approach (case 5), via cerebellopontine

angle (case 10), by the supracerebellar, infratentorial (case 3), or the subtemporal approach
(case 9)

between the lesion and pial incision in cases 4, 6, 9, and 10. Cavernomas were re-
moved bit by bit using an ultrasound aspirator, forceps, and bipolar coagulation.
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Fig. 2. Pre- and postoperative
neurological signs after evacua-
tion of brainstem hematomas
(n=10): early, 4-6 weeks post-
operatively; late, latest follow-
up

Results

A total number of 19 symptomatic episodes associated with progressive morbidity
formed the indication for surgical treatment with different intervals between last
hemorrhage and evacuation (Table 1). According to postoperative MR images, to-
tal removal of the underlying vascular malformations was performed in only four
cases (Table 1). It was felt that complete resection in cases 1,2, 4, 6, 7, and 10 was
prevented by the firm and fibrotic surrounding nervous tissue containing dense fi-
brillary gliosis and extensive calcification [10].

This rendered the finding of a cleavage plane difficult. Nevertheless, no recur-
rent hemorrhage was observed during follow up (Table 1). Figure 2 outlines that
the neurological performance had improved at the latest follow-up when compared
with baseline findings.

In no case was an association of a cavernoma with a venous malformation ob-
served intraoperatively [9, 14]. Cases 1-4, 6, and 7 experienced a psychoorganic
syndrome lasting up to 2 weeks postoperatively which consisted of hyperactivity,
depression, or cognitive impairment. No serious alterations of somatosensory or
brainstem evoked potentials were recorded intraoperatively, despite occasional and
transient neurological dysfunction during the immediate postoperative period (days
1-7).

Discussion

Using clinical evaluation, neuromonitoring, morphological data provided by ana-
tomical landmarks [5], MR studies [12], intraoperative ultrasound localization
techniques and different surgical corridors including combined approaches [11] the
distance between pial incision and surface of a vascular brainstem malformation
can be minimized. This strategy results in an acceptable morbidity in the early
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postoperative phase, prevention of recurrent bleeding, and increased neurological
performance at late follow-up (Fig. 2) as is shown by our own findings and those
of others [2, 13, 14]. Potential candidates for removal of brainstem hematomas
with underlying vascular malformations are those with accessible lesions, associ-
ated with growth, symptomatic single or multiple gross hemorrhages and/or re-
peated episodes of distressing or incapacitating symptoms [14].

An unresolved issue remains whether complete removal of a brainstem caver-
noma is feasible in every instance, whether this is an absolute prerequisite to pre-
vent progressive neurological deterioration, and the timing of surgery aiming the
optimal period between increased risk during the peak of acute illness and the
point when cleavage planes are lost due to evolving firmness and adhesions of the
perifocal nervous tissue. Moreover, in our hands intraoperative neuromonitoring
turned out to have little predictive value concerning additional postoperative neu-
rological deficits in the immediate postoperative period. It remains to be shown
whether the intraoperative identification of various nuclei under the floor of the
rhomboid fossa by electrophysiological means results in a better operative out-
come.
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Spontaneous Intracerebral Hematomas:
Considerations in Atypical Presentations

M. Westphall, D. Winkler!, N. Freckmann!, J. Freitag2, and H. D. Herrmann2

Spontaneous intracerebral hematomas may present with a wide range of clinical
symptoms and neuroradiological appearances. Upon presentation of a patient with
an intracerebral hemorrhage (ICH) it needs to be decided whether there is time or
necessity for further diagnostic procedures after the initial computed tomographic
(CT) scan, which is still the most frequently used diagnostic tool. Apart from the
clinical decision as to how urgently an evacuation of the clot needs to be under-
taken, the decision for or against further diagnostic procedures has to be made if no
underlying disease is known and the CT presentation is different from the typical
ICH occurring in hypertensive patients.

In this context we present a series of 245 ICHs seen in the past 6 years and try
to relate the diagnosis to the frequency of atypical presentations associated with
intracerebral vascular disease and the specific neuroradiological features. In 29
cases, the clot was due to an aneurysmal rupture; 27 cases were associated with a
cerebrovascular malformation; and in seven cases tumor was the cause of the
bleeding. It is apparent from this analysis that in a high percentage an atypical ICH
will be due to a neurosurgically treatable disease. The rate is 25% in this series.
Therefore, whenever time (the clinical condition of the patient) and departmental
organization permit, an angiography should be carried out. In this respect, special
attention was focused on atypical presentations of clots. This was arbitrarily de-
fined to be present when the clot was peripheral, was in connection with the syl-
vian fissure or other cerebrospinal fluid (CSF) cisternal spaces. Furthermore, lobar
hematomas were considered atypical as were hemorrhages seen without mass ef-
fect and with clinical symptoms which were inappropriately insignificant in
comparison to the size of the clot. This arbitrary definition will exclude most ICHs
due to hypertension. The decision for further diagnostic procedures is based on
clues from the patient's medical history. Arteriovenous malformations (AVM) as
well as cavernous hemangiomas are frequently associated with seizures. An
aneurysmal ICH, which may well occur without subarachnoid hemorrhage (SAH)
(Fig. 1), is often due to a second aneurysmal rupture, and upon scrutinous inter-
view of the patient or the relatives, a history of a previous SAH may be extracted.
The lack of blood in. the subarachnoid space complicates the distinction from

1 Abteilung Neurochirurgie, Universititskrankenhaus Eppendorf, MartinistraBe 52,
W-2000 Hamburg 20, FRG.

2 Abteilung Neuroradiologie, Universititskrankenhaus Eppendorf, Martinistrafie 52,
W-2000 Hamburg 20, FRG.
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Fig. 1a, b. Two temporal hematomas with close anatomical relationship with the sylvian
fissure which were due either to an aneurysm (a) or to an AVM (b)

hematomas of other causes such as AVM (Fig. 1). Finally dural fistulas are often
associated with a pulsatile bruit.

Histological examination was only inconsequentially performed. Two patients
had amyloid angiopathy and one of these presented with several successive hemor-
rhages in different anatomical locations, which is in agreement with the reported
high frequency of multiple ICH in these patients [7]. Only in seven cases was a
tumor the cause of an ICH. It was interesting though that three of the tumors were
oligodendrogliomas, which in our series seem to have a tendency to hemorrhage
more than the other histological types of tumor.
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Table 1. Intracerebral hematomas and underlying disease;
disease association with ICH

Disease Clot Total in series
(n) ()
Aneurysm 106 663
AVM 26 176
Cavernoma 11 35
Dural fistula 15 89
158 963

To support our findings, we also used another approach and determined the rate
of ICH in our series of aneurysms, AVMs, cavernomas, and dural fistulas (Tables
1, 2). Of 663 aneurysms seen in our department and documented over the past 7
years, 106 were accompanied by an intracerebral clot. Patients with an AVM had a
clot in 26 of 176 cases. Cavernomas were also frequently associated with an acute
clot or evidence of a previous clot (11/35) which, however, was only rarely the
reason for an immediate operation. Among 89 cranial dural AVMs, 13 either pre-
sented with a hemorrhage or had a hemorrhage in their past history. It was ob-
served that the risk of hemorrhage is close to 70% in the presence of a cortical ve-
nous drainage of the type seen in the carotid-cavernous sinus fistula shown in Fig.
2 and reported in the literature [1, 4]. All of the 13 fistulas associated with ICH had
such cortical venous drainage. Among these four disease entities, the rate of intra-
parenchymal hemorrhage is 16.4%. Other vascular disorders which may be the
cause of an acute clot and are revealed in angiography are moyamoya disease or
venous thrombosis.

Neuroradiologically, cavernomas often present with a clot which appears irrele-
vant to the surrounding brain [10]. Angiography is usually negative and, together
with a history of seizures, the diagnosis of a cavernoma is more likely than any-
thing else. It has been stated in recent series [2, 11] that the risk of cavernomas
bleeding is very low and this is especially true for a rebleeding, which is the main
threat to patients with either aneurysm or AVM. Thus magnetic resonance imaging
should be performed to further secure the diagnosis and distinguish from an ICH

Table 2. Cause of intracerebral hemorrhage in 245 surgical cases

Cause Total in series
(n)

Aneurysm (r) 29

AVM/cavernoma (n) 27

Tumor () 7

- Glioblastoma

3
- Oligodendroglioma 3
- Sarcoma 1
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Fig. 3a, b. Two typical cases of "inert" small intracerebral clots. In one patient, the remnants
of a recent frontolateral, superficial hemorrhage are still visible but also a thick ring of de-
posited hemosiderin indicating frequent earlier bleedings at this site due to a cavernous he-
mangioma (). In the other case, two images, 6 weeks apart, show the resolution of a small
inert hemorrhage in the left parietal region close to the cortex with no signs of hemosiderin
at the time of bleeding and very little later, which is seen on another lower cut which is not
shown. The tubular structure seen on both images already indicates that the hemorrhage was
due to an AVM which had bled for the first time

due to an AVM (Fig. 3). When the decision is made to evacuate the clot or to
remove the lesion, it is permissible to wait for the optimal time point, which is in
the postacute phase in which the hematoma has liquified and drainage of the fluid
during the procedure easily provides further space for removal with least traumati-
zation.

It is concluded that an angiography should be performed whenever time permits
and a lesion is atypical for hypertensive hemorrhage or no coagulopathy due to
leukemia, liver disease, or medical anticoagulation is known to be present. This in-
formation is essential because, according to the literature [5, 8], the rate of antico-
agulation in ICH is about 14% when trauma, tumor, or aneurysm are excluded.
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Prior angiography allows the choice between therapeutic options, among which
interventional neuroradiological measures are to be considered and, in the case of
dural fistulas, should be preferred to surgical intervention. In the presence of an
aneurysm, an approach would need to be selected which allows the exposure of the
main arterial trunks in case of a rupture of the aneurysm during evacuation of the
clot.

Upon presentation of an ICH, the decision about the immediate necessity of
surgical intervention is made in accordance with the established rules [3, 9]. Care-
ful analysis of the CT in respect to the size of the clot, its location, and its impact
on the surrounding brain, together with the medical history of the patient then pro-
vide further clues for possible underlying causes and will improve management of
intracerebral hematoma by allowing the selection of the appropriate surgical or
neuroradiological treatment option and strategy. It is to be expected that atypical
ICH will become more frequent due to acquired immunodeficiency syndrome and
substance abuse [6].
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Morbidity and Mortality of Patients
with Spontaneous Intracerebral Hematoma

J. Nadstawek!, J. Zentner2, U. Rutal, S. Albrecht!, and B. Kaden?

Introduction

Spontaneous intracerebral hemorrhage accounts for about 10% of all strokes and is
associated with high morbidity and mortality [4, 6, 10]. The initial level of con-
sciousness, hemorrhage size, and intraventricular extension of blood have proven
to be accurate predictors of outcome {2, 5, 8]. Predisposing factors are hyperten-
sion, treatment with anticoagulants, alcoholism, and coronary heart disease, all af-
fecting cerebral vasculature (1, 3, 5, 9]. However, the influence of these factors on
the course of the disease has not been established so far in the literature. Therefore,
this study was designed to clarify whether risk factors predisposing to spontaneous
intracerebral hemorrhage are important with respect to the prognosis of these pa-
tients.

Patients and Methods

This retrospective study included 242 patients, aged 10-80 years, with computed
tomography verified spontaneous intracerebral hematomas who were treated in the
intensive care unit (ICU) of the Department of Neurosurgery, University of Bonn,
between 1982 and 1990. There were 101 women and 141 men. The average age
was 54 years. Patients with hemorrhage resulting from trauma, brain tumor, or
vascular malformation were excluded. Data analyzed in particular were those of
medical history and current diagnoses with special regard to risk factors predis-
posing to intracerebral hemorrhage such as hypertension, diabetes, coronary heart
disease, treatment with anticoagulants, and alcoholism. Patients were divided into
to groups depending on the presence or absence of these risk factors as evaluated
on the basis of current findings and the patients' histories and/or information from
their relatives. The course of disease and outcome was assessed using a modified
Glasgow Outcome Scale (GOS) [7] and evaluated for both groups. Observation
time was at least 2 months after initial treatment. Data collection and evaluation
were computerized (dBase III+). The nonparametric test of statistical significance
was the Mann-Whitney U test.
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FRG.
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Fig. 1. Frequency of different risk factors predisposing to spontaneous intracerebral hemor-
rhage in 127 patients

Results

Of the 242 patients, 127 (52.5%) had risk factors predisposing to intracerebral
hemorrhage. The most frequent condition was hypertension, found in 74 patients
(58.3%). Of the remaining patients, 8 (6.3%) suffered each from coronary heart
disease or diabetes mellitus; 14 (11.0%) were treated with anticoagulants. Alco-
holism was observed in 18 (14.2%) patients. Five patients (3.9%) had other risk
factors such as hepatopathy or renal disorders (Fig. 1).

The average duration of stay in the ICU was 9.6 days. Patients with risk factors
had to be treated in the ICU for an average of 14 days as opposed to 7 days for pa-
tients without risk factors (Fig. 2); this difference is statistically significant.

Fig. 2. Duration of treatment in the ICU of patients with and without risk factors
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Table 1. Outcome (GOS) of patients with and without risk factors

Without risk factors With risk factors Total

GOS n % n %o n %

I 3 2.6 1 0.8 4 1.7
I 10 8.6 8 6.3 18 7.4
111 11 9.6 15 11.8 26 10.7
v 18 15.7 17 134 35 14.5
A" 4 3.5 16 12.6 20 8.3
VI 69 60.0 70 55.1 139 574
Total 115 47.5 127 52.5 242 100.0

I, Complete recovery; II, moderate disability; IIl, considerable disability; IV, severe disabil-
ity; V, vegetative status. VI, death.

The outcome of our patients with and without risk factors predisposing to in-
tracerebral hemorrhage is presented in Table 1. Ninety-six (60.0%) of the patients
without and 70 (55.1%) with risk factors died. The others survived with outcome
scores from I to V. Among these there were 4 patients (3.5%) without and 16
(12.6%) with risk factors who survived in a vegetative status (GOS V); this differ-
ence is statistically significant. The remaining patients, showing outcome scores
between I and IV, were distributed nearly equally in the two groups.

The cerebral situation was the main problem influencing course of disease in
the ICU in 34 patients (29.6%) without and in 38 (29.9%) with risk factors. Inter-
nal medical problems were the principal disorders in 18 patients (15.6%) without
and in 35 (27.6%) patients with risk factors (Table 2).

Discussion

Many reports address epidemiologic, pathophysiologic, and therapeutic aspects of
spontaneous intracerebral hemorrhage [2, 5, 6, 9, 10]. There is general agreement
that several factors such as hypertension, diabetes, coronary heart disease, treat-
ment with anticoagulants, and alcoholism may predispose to hemorrhage [1, 3, 4].
To our knowledge, no report exists addressing their influence on the course of dis-

Table 2. Main disorders in patients with and without risk factors

Without risk factors With risk factors Total

(n=115) (n=127) (n=1242)
Main disorders n % n % n %o
Cerebral 34 29.6 38 29.9 72 29.8

Internal medical 18 15.6 35 27.6 53 219
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ease. Therefore, this study was designed to clarify whether these risk factors are
important with respect to the prognosis of these patients.

Our results show that the duration of stay in the ICU correlates strongly with
the presence or absence of risk factors (14 versus 7 days on average). Moreover,
internal medical disorders were the predominant problem in 15.6% of the patients
without but in 27.6% of the patients with risk factors. In general, we did not find
significant differences in the groups regarding outcome. However, it is remarkable
that only 3.5% of the patients without but 12.6% of those with risk factors survived
in vegetative status. This difference is statistically significant.

The total mortality rate (57.4%) of our patients was higher than that reported in
the recent literature, where numbers ranging around 35% are reported [S, 9]. This
results from our selection of patients since we considered only patients primarily
treated in the ICU; obviously these patients were in a relatively bad condition.
Therefore, our figures in terms of mortality and morbidity are not representative
for all patients with spontaneous intracerebral hemorrhage seen in our institution.

A major problem of this study is that the criteria for assignment of patients to
one or the other group (with or without risk factors) were based mainly on the his-
tory obtained from patients and/or their relatives. It can be assumed that these data
are unreliable to some extent. Some of our patients assigned to the group without
risk factors may have had distinct internal medical disorders that remained ob-
scure. However, in our opinion it is very difficult or even impossible to evaluate
unknown risk factors at the time when severe impact on the life resulting from the
hemorrhage itself interferes with preexisting disorders.

In conclusion, risk factors predisposing to intracerebral hemorrhage may influ-
ence the course of the disease and, at least in part, the outcome. Therefore it seems
essential to include these risk factors in prognostic evaluation and decision making
for adequate treatment (surgical versus conservative) of patients with spontaneous
intracerebral hemorrhage.
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Stereotactic Evacuation and Local Fibrinolysis
of Spontaneous Intracerebral Hematomas

K. D. Lerch!, D. Schifer!, and J. Uelzen!

Introduction

Since introduction of computerized tomography (CT) by Hounsfield in 1974 [4]
soft tissue differentiation in the imaging of brain lesions has become self-evident;
the differential diagnosis of the origin of stroke — infarction versus hemorrhage or
versus hemorrhagic infarction — can be made immediately after the onset of the
uniform symptomatology indicating a clinical entity. However, having obtained
the concrete diagnosis of spontaneous intracerebral hematoma (ICH) the discus-
sion as to what kind of treatment would be the best-— conservative or opera-
tive — still remains controversial [3, 12].

The main problem is that nobody knows whether a patient with spontaneous
ICH in the basal ganglia who is primarily in a good condition and for whom a con-
servative mode is adopted may remain in that stable condition or may deteriorate
later, so that the decision for conventional open surgery might increase the risk of
this tendency to deteriorate with the well-known poor results; on the other hand,
open surgery traumatizes the surrounding brain structures and tends to fix or even
to increase the preoperative neurological deficit so that no surgeon wants to make
the decision for surgery when the patient is still in a good condition. In this
dilemma the stereotactic evacuation of hematomas through a small burr hole, or
even by percutaneous trephination which was first described by Backlund and von
Holst [1], offers a true therapeutic alternative. Through a special evacuation canula
(hematoma evacuator), designed on the principle of an Archimedes screw, up to
50% of the volume of a hematoma could be removed [8].

The operative procedure proved to be less traumatic than open surgery, espe-
cially where deep-seated hemorrhages were concemed. With technical modifica-
tions [13] and the introduction of local fibrinolysis using urocinase [9, 11] it is now
possible to liquefy remaining blood clots and to remove up to 80%-90% of an
ICH.

1 Neurochirurgische Klinik der Stidtischen Kliniken, MiinsterstraBe 240,
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Materials and Methods
Patients

From April 1988 to October 1991 58 patients with spontaneous ICH (34 male and
24 female) underwent stereotactic hematoma evacuation. Eighteen patients pre-
sented with lobar hematomas and 40 with hemorrhages in the basal ganglia. Intra-
ventricular rupture, mainly from hemorrhages in the basal ganglia, occurred in 21
cases. Preoperative conventional or digital substraction angiography (DSA) was
performed in order to exclude a vascular malformation as the source of bleeding.
In cases of a localization and a patient's age which are atypical of a spontaneous
hypertensive ICH, an examination by magnetic resonance (MR) was also per-
formed in order to identify angiographically occult angiomas. Patients with exten-
sive brainstem herniation and late midbrain syndrome regularly were not operated
stereotactically. Volume of the hematomas ranged from 10 to 113 ml; mean vol-
ume was 35 ml. Patients anamnestic data revealed the primary disease and thus
also the cause of bleeding: in 26 patients arterial hypertension had been known
over several years, five underwent anticoagulative therapy for different reasons,
eight were chronic alcoholics, and in six an extensive vascular encephalopathy was
found by CT, while 23 cases remained agnogenic.

Study Design

The level of consciousness was documented according to the Glasgow Coma Scale
(GCS) [5] and neurological deficits such as hemiparesis, aphasia, and others were
documented according to the recommendations of the British Medical Research
Council [2]. Before hematoma evacuation and during the first 2 days after opera-
tion, neurological examinations were carried out every 8 h accompanied by CT
volumetry.

Surgical Procedure

In general the stereotactic evacuation was performed under local anesthesia; in
cases of patient intolerance because of confusion and in cases of respiratory ob-
struction or depressed respiratory function, patients were operated on under neu-
roleptanalgesia with laryngeal intubation. First of all the basic frame of our Dort-
mund Microstereotactic System [6] was attached to the patient's skull and then a
CT examination was performed under stereotactic conditions. The rectangular
(cartesian) coordinates (X, y, z) of the target point were read directly by means of
target plates. In additional, coronal and sagittal image reconstructions were made
in order to determine a trajectory leading right through the mean axis of the
hematoma. The initial volume of the hematoma was measured digitally by the CT
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Fig. 1. Performance of stereotactic operation in the gantry of the CT. The couch has been
pushed through the aperture to the back of the gantry. Percutaneous trephination with Stein-
mann's nail

scanner's "region of interest” in order to obtain a basic value for comparison during
the postoperative follow- up.

In order to control the success of evacuation immediately intraoperatively under
the same positioning and scan level, we aspired to perform the operation directly in
the gantry of the CT (Fig. 1).

The approach can be planned according to the Centre-of-Arc principle, or the
aiming trajectory can be defined by two points (entry and target points). The next
steps are percutaneous trephination with Steinmann's nail (4 mm in diameter) [7],
which is driven by a hand or air drill; introduction of an aspiration cannula with a
frontal hole or a side window along the aiming trajectory, which corresponds to the
mean axis of the hematoma, and stepwise aspiration by manually controlled gentle
suction; intracerebral pressure monitoring with the Camino intracranial pressure
(ICP) device (Fig. 4). CT examination with volumetry has to be repeated some
minutes later in order to exclude rebleeding. If 80%-90% of the hematoma can be
removed, the cannula is withdrawn, and the operation is finished. If the residual
blood volume is more than 20% of the initial volume, a silicon tube (ventricular
catheter) with a multiperforated tip is introduced into the middle of the clot for lo-
cal fibrinolysis with urokinase. For this purpose, 5000 IU urokinase dissolved in
2 ml saline solution is instilled. After 6 h we aspirate again and control the result
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by CT; this sequence is repeated up to six times until the hematoma is almost com-
pletely removed (Fig. 2).

Results

The ultimate goal of stereotactic evacuation is to achieve an extensive but subtotal
removal of a space-occupying ICH in order to decompress the surrounding recu-
perative brain tissue, thus favorably influencing the perifocal vasogenic brain
edema and the local cerebral blood flow. Aspiration alone was sufficient for almost
complete evacuation in eight ganglionic and in four lobar hemorrhages; local fibri-
nolysis became necessary in 46 cases. The mortality in the postoperative course of
2 weeks was 10% and the operative morbidity 5%. Rebleeding, which occurred in
seven cases, was responsible for mortality in two and morbidity in another two
cases. The follow-up of patients’ consciousness (GCS) and the development of
neurological deficit during the postoperative course is shown in Fig. 3 in the case
of ganglionic bleedings. The graphics for lobar hemorrhages look quite similar.
Focal neurological deficit such as hemiplegia/hemiparesis improved in 46% of
cases, and aphasia in 60% of cases. The response curve of perifocal ICP
measurements shown in Fig. 4 demonstrates how the pressure is decreased by
stepwise aspiration of the hematoma.
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Fig. 3. Development of consciousness evaluated according to the Glasgow Coma Scale
(GCS) in 40 patients with spontaneous basal ganglionic hematomas from preoperative state
(dots) to 7 days postoperatively (black arrows). Diagonal arrows, course of the focal neuro-
logical deficit: upwards, improvement; downwards, deterioration
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Fig. 4. Monitoring of ICP in frontal subcortical location of the affected hemisphere during
stereotactic aspiration of a large putaminal hematoma. The mean pressure decreases from
initially 15 mm Hg to 2 mm Hg after aspiration of 25 ml coagulated hematoma in five steps
over a period of 15 min

Discussion

Analyzing the lethal factors of spontaneous intracerebral hemorrhage, the volume
of the hematoma, the localization, and the extension of the intraventricular rupture
are revealed as the most decisive criteria. The critical volume in the case of supra-
tentorial localization amounts to 30 ml; above this value mortality increases dra-
matically to about four times [14]. Conventional open operative decompression
could not produce decisive advantages compared with conservative treatment, es-
pecially in the case of ganglionic location. Operatively induced additional brain
edema as well as direct damage to brain tissue while penetrating the cortical and
subcortical structures with consecutive accentuation of the neurological deficit
were reasons given for the unsatisfactory results as far as mortality and morbidity
were concerned [3, 12]. Summarizing 13 papers published during the post-CT era
[101, conservative treatment revealed a mean mortality of 35% and a mean mor-
bidity of 13%, while open neurosurgical treatment showed a mortality of 30% and
an operative morbidity of 17%. The same author reports a mean mortality of 11%
and a mean morbidity of 10.7% in his own experience and that of some Japanese
study groups in stereotactic evacuation of spontaneous ICH. These results coincide
with ours. We are also in almost complete agreement regarding the indications for
stereotatic treatment; also we prefer to decompress the hematoma as early as
possible! In addition, hematomas with a volume of more than 30 ml which were
initially in good condition have been evacuated and liquified in order to avoid a
secondary deterioration. We can conclude that the minimal invasive stereotactic
evacuation with consecutive local fibrinolysis has become not only a therapeutical
alternative but probably the method of choice in treating spontaneous ICH. A
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prospective multicenter study is now being planned to provide a precise evaluation
of this hopeful tendency.
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The Solved and Unsolved Problems
of Hydrocephalus Valves: A Critical Comment

A. Aschoff!, C. Benesch!, P. Kremerl, M. S. von Haken!, A. Klank!, M. Osterloh!
and K. Fruh!

Introduction

Four goals should be aimed at with an artificial shunt: (1) The intraventricular
pressure must be kept within physiological ranges, especially during intracranial
pressure (ICP) crises, independent of the body position, coughing, crying of chil-
dren, external pressure, and flexion and torsion of valve or shunt components. (2)
In venous shunting, reflux must be strictly excluded. For peritoneal shunting this
aim seems less obligatory. (3) Ideally, a shunt system should offer the possibility
of reestablishing shunt independency step by step, or a very close approximation to
this. (4) Design, material, and surface of a life-long implant should produce opti-
mum biocompatibility, stability, and durability: In 25 years, a valve must poten-
tially resist a billion opening and closing maneuvers, caused by cardiac actions and
breathing. When a valve is pumped, pressure peaks of up to 2000 mmHg, a maxi-
mum flow of 2000 ml/h, and a suction before the valve of —330 mmHg occur.
Shunts are surrounded by a chemically aggressive milieu and threatened by pro-
tein, calcium precipitations, and detritus around the clock.

Does the currently available shunt technology enable the achievement of the
outlined goals?

Presently, in the Federal Republic of Germany we have a choice between four
technical principles (slit, membrane, ball-in-cone and needle valves), 54 different
valve constructions, about 180 pressure ranges and 200 prefixed configurations of
valves, tubes, and devices: in other words, at least 500 options. What should we
prefer?

The first precondition is accurate function. We can basically measure the hy-
draulic properties of valves in two ways: Either we produce a definite flow and
register the flow resistance before the valve or we simulate pressure and measure
the resultant flow, including the opening and closing points. Both tests can be done
with isolated valves or with complete shunt systems and with simulation of hori-
zontal or vertical position.

When we are buying a car, every brochure offers 50-100 data on the perfor-
mance of the "complete” car (speed, acceleration, size, load, fuel consumption,
etc.), as well as data of "isolated" components (power and torque of engine) which
were measured in test stands.

1 Neurochirurgische Klinik, Universitit Heidelberg, Im Neuenheimer Feld 400,
W-6900 Heidelberg, FRG.

Advances in Neurosurgery, Vol. 21
R. Lorenz, M. Klinger, M. Brock (Eds.)
© Springer-Verlag Berlin Heidelberg 1993



104 A. Aschoff et al.

When a neurosurgeon is making a decision on a lifelong implant, with far-
reaching consequences for the patient, the valve industry only informs us about the
resistance of isolated valves at flows of between 5 and 50 ml/h, according to the
ASTM [2]. In vivo flowmeter measurements have documented a shunt-flow be-
tween 0.6-116 ml/h [30, 31]. Therefore, the ASTM range is arbitrarily restricted
and scotomizes typical pediatric flow conditions. Resistance values are abstract
and only allow the user a comparison with official specifications, not with physio-
logical data such as CSF production rate. Therefore, the biological consequences,
e.g., the specific risk of overdrainage, are not transparent for the users.

Criteria and Methods of Valve Testing

The principles of accurate and reliable valve tests are [4]:

1. Saturated water content of silicon, which requires 3—-14 days storage under water.

2. Standardized pre-perfusion and long-term observation. We have tested 50
valves for 14 days and 24 specimen for 90 days. Most valves show significant
changes in the course of time, above all those with slit constructions. These re-
sults have been confirmed by other tests of 1-2 weeks [16, 23, 32, 33, 47, 51,
57, 59]. A pre-test procedure and a registration time of some hours (ASTM) are
inadaequate.

3. Strict exclusion of air bubbles. They can increase the valve resistance by up to
400% and are not excluded in the ASTM-test (open water column!).

4. Exact temperature (0.5 °C). With the tolerances of =2 °C (ASTM), failures
of up to 12% are possible.

5.Control of external pressure offset, caused by diffuse (hydraulic) tissue pres-
sure and directed (vectorial) pressure, when the patient lies on the valve (3, 4].
The subcutaneous pressure of, usually, 3-5 mmHg increases on touching a soft
pillow to 10-20 mmHg. When the valve is exactly centered on a hard board, a
pressure of 125 mmHg can occur. With 20 mmHg extemnal pressure, the resis-
tance of antisiphon devices increases about 2000% [34] and of Orbis-Sigma
and Heyer-Schulte LPV valves up to 90% (3]. In the ASTM-test the submer-
sion of valves is not defined and may vary between 0 and 25 cm. It is evident
that systematic failures are unavoidable.

6. Valves are implanted in curved regions, which can have a radius in premature
babies of only 40 mm. Some valves are susceptible to deformation (e.g., Heyer-
Schulte LPV or mini-inline valves) and even open valve lips (Denver shunt)
(3]. These properties during flexing and torsion are also neglected by ASTM.

7. Subtests with increased protein content [58].

8. Subtests with pulsed superimpositions [4, 23, 32, 33, 57].

9. Data or flow rates of valves, which neither the ASTM nor most producers offer.

10. Complete shunts in typical assemblies, including the opening and closing point
[47].

11. Tests with complete shunt systems in a vertical position are obligatory to in-
vestigate the overdrainage (neglected by ASTM).
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12. Reflux resistance: Uni shunts and Denver shunts fail in this regard, and Orbis-
Sigma valves have problems [3].

In summary, the neurosurgeon must make his decision on the basis of valve data
which are fragmentary, irrelevant for practical use, and not free from metho-
dological failures.

The accuracy and reliability of most valves is disappointing: Only every third
valve of 120 specimens tested was found in acceptable accordance (£ 30%) with
manufacturer's specification. Similar experiences have been published by many
authors [16, 23, 32, 33, 46, 47, 51, 57, 58, 59]. The ball-in-cone constructions often
show the best values, the membrane valves vary more, and the slit valves are
widely scattered.

Overdrainage and Flow-Control Shunt Technology

The driving forces for shunt flow are pressure differences (ICP vs atrial/peritoneal
pressure) and hydrostatic? pressure in the upright position [17, 22, 41, 44].

Using an in vitro simulation of a common pressure in a vertical position
(30 cmH,0), nearly all valves show an absolutely unphysiological flow of 50 up to
3450 ml/h, which is 2-170 times more than the normal rate of liquor production
(Table 1). Only defective valves, intact Orbis-Sigma valves, and some hydrostatic
valves offer a relatively normal flow rate in an upright position.

Indeed, for a correct analysis we should remember that a valve is only one of
five to six resistance components of a shunt system, which consists of the perfora-
tion zone, the distal catheter, valve, sometimes an antisiphondevice, the proximal
catheter, and the outlet zone. The resistance of each shunt component contributes
to the total shunt resistance, and each can vary significantly3. In particular, the in-
fluence of the silicon tubes is underestimated: the Hagen-Poisseuille equation in-
cludes the internal diameter as the fourth exponent. The consequences for shunt
flow are dramatic: With a pressure of 30 cmH,0 and a length of 75 cm, a catheter
with an internal diameter of 1.3 mm shows a flow rate of 923 ml/h, one of
1.1 mm 442 ml/h, one of 0.8 mm 105 ml/h, and one of 0.6 mm 37 ml/h. Addition-
ally, the flow is directly proportional to the length. The consequence: After open-
ing of a valve, up to 80% of the flow control may be caused by the tubes, not by
the valves! It is evident that the common internal diameter of 1.1-1.3 mm supports

2 In calculation of hydrostatic pressure confusions are common: Often speculations of
70-80 cmH,O pressure are made, the distance to the pouch of Douglas. In reality the ab-
dominal space is comparable to a water-filled tank. Therefore, the zero point is at the highest
level, subphrenic in an upright and umbilical in a prone position. Obesity or marked tension
of the abdominal wall may cause additional pressure. In summary, the peritoneal "siphon"”
may be similar to the atrial shunt conditions with an effective hydrostatic pressure set-off of
30-40 cmH,0 in adults.

3 We have often observed that new and explanted distal catheters with lateral slits and
closed ends have the properties of additional valves sometimes with a higher resistance than
the main valve. Similar findings were confirmed by Richard et al. [47].
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Table 1. Flow rates of valves without catheter at 30 cmH,O hydrostatic pressure

Valve? Pressure rangeb Flow rate¢
(ml/h)
Orbis-Sigma ITI¢ 0
French-Neuroned Normal 0
Holter-Hausner N¢ 2
French-Neuroned High 5
Orbis-Sigma IV4 6
Spitz-Holterd Normal 6
Phoinix4 Normal 7
Phoinixd Medium 12
Hakim Lumbar I (vertical) 18 (1367 horizontal)
Orbis-Sigma I 21
Orbis-Sigma II 25
Sophy Hydrostatic I (vertical) 27 (2713 horizontal)
Denver Standard 50
Heyer-Schulte on-off I High 59
Sophy Hydrostatic IT (vertical) 81 (2787 horizontal)
Holter-Hausner Paediatric Medium 140
Denver Low 203
Heyer-Schulte LPV High 261
Spitz-Holter Medium 240
Chhabra 4-Ball (vertical) 393 (1853 horizontal)
Medos-Hakim Programmable I 200 mmH,0O 436 (1517 with 30 mmH,0)
Hakim Lumbar I (vertical) 444 (1255 horizontal)
Medos-Hakim Programmable I 180 mmH,0O 454 (1567 with 20 mmH,0)
Luisa Shunt (Phillipinian Shunt) 556
French-Neurone Low 570
Holter-Hausner Medium 575
Heyer-Schulte on-off IT High 598
Sophy-SU-8 I High (170 mmH,0) 605 (1800 with 50 mmH,0)
Medos-Hakim Nonprogrammable 130 mmH,0 715
Hakim Lumbar III (vertical) 720 (1260 horizontal)
Pudenz-Schulte Medical CSF Flow I Medium 817
Heyer-Schulte LPV with ASD I Medium 832e
Pudenz-Schulte Medical CSF Flow Il Medium 910
Medos-Hakim Nonprogrammable 100 mmH,0 970
Heyer-Schulte Burr hole High 1020
Heyer-Schulte LPV with ASD II Medium 1134
Sophy-SU-3 High (160 mmH,0) 1200 (2047 with 50 mmH,0)
Medos-Hakim Programmable IV (90 mmH,0) 1210
Hakim Lumbar III (horizontal) 1260 (720 vertical)
Hakim Lumbar II (horizontal) 1255 (444 vertical)
Hakim Lumbar I (horizontal) 1367 (18 vertical)
Sophy-SU-8 1 High (170 mmH,0) 1380 (1950 with 50 mmH,0)
Heyer-Schulte LPV Medium 1387
Medos-Hakim Programmable I1I 130 mmH,0O 1389
Hakim-Cordis I Medium 1500

(80-120 mmH,0)
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Table 1 (cont.)
Valve? Pressure range® Flow rate®

(ml/h)
Pudenz-Schulte Medical Delta Level I 1554¢
Pudenz-Schulte Medical Delta Level I 1632¢ Hakim-Cordis II
Medium (80-120 mmH,0) 1650
Heyer-Schulte Burr hole Low 1750
Sophy-SU-8 IT Low 50 mmH,0 1800 (605 with 170 mmH,0)
Chhabra 4-Ball (horizontal) 1853 (393 horizontal)
Chhabra 2-Ball (horizontal) 1930 (942 vertical)
Sophy-SU-8 1 Low (50 mmH,0) 1380 (1950 with 170 mmH,0)
Codman Unishunt (50-90 mmH,0) 1960
Sophy-SU-3 Low (50 mmH,0) 2047 (1200 with 160 mmH,0)
Sophy Hydrostatic I (horizontal) 2713 (27 vertical)
Sophy Hydrostatic II (horizontal) 2787 (81 vertical)
Codman Unishunt 90-140 mmH,0O 3450

a1, II, IT = No. of tested specimens.

b Low, medium, normal, high, level I, II, 100, 130 mmH,0, etc., = official pressure ranges.
¢ Flow-rates of isolated valves: connecting tubes with negligible resistance (3—5 mm internal
diameter) —, (distal slit valves, last 5 cm of tube with slits): mean of three measurements.

d Obviously defective valves.

€ Without "siphon": no hanging tube distal to the valve. Prepressure = 30 cmH,0.

overdrainage. A silicon tube of about 0.8-0.9 mm internal diameter may decrease
overdrainage and be sufficiently insusceptible to obstructions.

Many ICP measurements of shunt patients supine and vertical have been pub-
lished [1, 8, 19, 20, 41]. They agree in stating that two of three shunt patients show
spectacularly negative ICPs of up to -30 or -44 cmH,O in the upright position,
most without clinical symptoms.

In summary, nearly all traditional shunt systems produce overdrainage in a ver-
tical position [17-19, 22, 38, 43, 45, 53]. In concrete terms: When a patient stands
up at 7:00 a.m., with a Unishunt or a simple tube he may develop unphysiological
negative ICP 3 min later4, with a typical ball-in-cone or membrane valves at 7:05
or 7:07, and with a slit valve at 7:15. As long as the patient is upright, the ICP re-
mains negative, relatively independent of the valve type.

To prevent overdrainage, hydrostatic, programmable, and variable-resistance
valves and antisiphon devices were developed.

Hydrostatic Valves

The hydrostatic valves of Hakim and Chhabra consist of one conventional valve
for the supine position and two to four metal balls, which in the vertical position

4 Calculation: Valves including common tubes, normal ventricle size, in which 20 ml CSF
loss is sufficient for negative ICP.
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Table 2. Flow-rates of hydrostatic valves (30 cmH,O, without

silicon tubes)
Valve Horizontal Vertical
flow (ml/h) flow (ml/h)

Hakim-Cordis Lumbar I 1367 18
Hakim-Cordis Lumbar IT 1255 444
Hakim-Cordis Lumbar ITI 1260 720
Hakim-Cordis Lumbar IV 1569 943
Hakim-Cordis Lumbar V 1494 1098
Chhabra Z-Flow 2-Ball 1930 942
Chhabra Z-Flow 4-Ball 1853 393
Sophy Hydrostatic I 2713 27
Sophy Hydrostatic I 2787 81

a8 Special version of the Hakim lumbar valve: Only with hydro-
static balls, and without a proximal valve with ball-in-cone and
spring.

are progressively recruited to press on a second ball-valve. If the weight of the
balls is optimally adapted, these simple constructions can reduce the flow very ef-
fectively, the first Hakim lumbar from 1367 to 18 ml/h (Table 2). The other Hakim
and Chhabra valves contain balls which are too light and reduce the flow excess
only to 393-1098 ml/h. Unfortunately, when patients are walking the balls make
ballistic movements, which inactivate this principle. The hydrostatic Sophysa
valves function only in a sagittal direction. Lying face down or in a lateral position,
paradoxical effects occur [5].

Programmable Valves

Programmable valves were proposed by S. Hakim in 1973 [24] and realized by
Sophysa in 1985, by C. Hakim in 1986, and by Hashimoto et al. even more re-
centdly [26]. The advantages are evident: We can change the valve resistance
percutaneously with respect to the flow rate, "titrate” problematic patients, and
even undertake noninvasive therapy of smaller hygromas [6, 14, 15, 36, 37, 39,
56]. In the "low" position we have observed flow rates of 1800-1950 ml/h with -
Sophy SU 8 valves and with 1517-1567 ml/h Medos-Hakim valves (30 cmH,0,
without tube). In the "high" position, the Sophy valve shows widely scattered flow-
rates of between 315 and 1092 ml/h and the Medos-Hakim of 436-840 ml/h. With
a catheter, a representative Sophy valve shows a drainage of 168 mi/h, compared
to 120 ml/h through a Medos-Hakim valve. Confirming these laboratory findings
we have observed patients with very high positions (189-200 mmH,0O) presenting
subdural hygromas, as well as symptomatic slit ventricles. Programmable valves
are an undoubtable progress in shunt therapy, and beneficial for minor
overdrainage problems, but they can offer only a compromise between vertical and
horizontal conditions, which is not sufficient for all patients [56]. Additionally, in
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Sophy valves many details should be improved such as the design (voluminous and
edged), accuracy and reliability of hydraulic properties, resistance to corrosion,
and stability of adjustment, which is susceptible to common magnetic fields and
fast movements [5].

Antisiphon Devices

The use of negative pressure in a hanging tube as a high-resistance switch, the an-
tisiphon device (ASD, SCD), seemed a sensible answer to overdrainage problems
[44]. Clinical experience has shown a normalization of postural ICP alterations [8,
11] and a decreased incidence of slit-ventricle syndromes [1, 10, 22, 27, 29, 56].
However, serious problems with shunt insufficiency in 5-30% of patients have
also been reported, which were not clearly understood [5, 28, 34, 41, 42, 53]. The
antisiphon effect is dependent on (1) the length of the hanging tube, (2) the proxi-
mal pressure, and (3) the external pressure.

Although some authors have stressed the importance of placement in soft un-
derlying tissue, systematic laboratory investigations of the susceptibility to exter-
nal pressure have been missing for 17 years after the start of clinical use. Test
bench results were first published in 1990 [3, 34]. Recently, da Silva has confirmed
our findings in laboratory and animal experiments [13]. The excessive sensitivity
to subcutaneous pressure, which is inherent in the principle of antisiphon devices
with external switching membranes, is the crucial point of the concept.

In summary, antisiphon devices successfully limit flow in the upright position,
but the price is a potential mechanical lability of the shunt system with significant
risk, particularly nocturnal shunt obstruction, when the patient is lying on the de-
vice.

"Flow-Regulated” Valve (Orbis-Sigma)

The most recent concept is the Orbis-Sigma valve, a so-called "flow-regulated"S
construction [48]. Two tested valves worked according to the manufacturer's spe-
cification, but showed a marked hysteresis, particularly in the main working range
[51, 571, insufficient reflux resistance, and a marked increase of resistance when
physiological subcutaneous pressure was applied. One valve was fully blocked.
The fourth Orbis valve showed an insufficient flow of 5.7 ml/h with 30 cmH,0. In
conirast, during a 90-day long-term perfusion the resistance was nearly zero in five

5 The terms "flow-control” and “flow-regulated” valve suggest either a flowmeter with an
active pump or at least another kind of flow measurement with "smart" regulation. With re-
spect to the reality of physics, the term is misleading: The driving force of Orbis-Sigma
valves is (differential or hydrostatic) pressure, as in all other passive valves. The only dif-
ference is a relatively flat graph of pressure flow properties, similar to slit valves, which is
sometimes S-shaped. "Flow-control” and "flow-regulation" are terms of marketing, not of
physics, and should be avoided.
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subtests and only sufficient in one. This performance may be caused by a ruby pin,
which tends to stick to the surrounding ruby disc, particularly in both extreme po-
sitions. Schoener et al. also observed an obstructed Orbis-Sigma valve in which the
notch on the ruby pin was missing [5S1]. An inherent risk of the tiny outlet and the
filigree mechanism of all valves is an increased susceptibility to obstructions.

The crucial concept of the Orbis-Sigma valve is the coupling to CSF produc-
tion. Except for rare diseases such as plexus papillomas or bilateral plexus hyper-
trophy the CSF production rate seems to be relatively constant around 20 ml/h or
0.33 m/min in adults. What is the reality of shunt flow?

Numerous methods have been created for measuring shunt flow in vivo. Cold
transfer [10, 35] is inaccurate with valves with temperature-dependent resistance
(3%/1 °C). The clearance of isotopes [9, 39] requires an invasive procedure and
only shows the shunt flow for 10-20 min. Flow-sensitive MRI sequences [7, 40,
49] are limited in low flow, impossible in a sitting position, and impractical for a
24-h recording. All of these methods are snapshots and cannot show the real-time
flow around the clock, during sleep and daily activities.

Hara, Kadowaki, and colleagues produce gas bubbles made by intrashunt tele-
metric electrolysis and count the running-time of the bubbles using two ultrasonic
Doppler probes [25, 30, 31]. The method is the first which is compatible with daily
activities, sleep, and 24-h recording results:

1. The flow rates are widely scattered between 0.6 and 116 ml/h.

2. All 19 patients showed significant circadian fluctuations of shunt flow (relation
1:3 to 1:10").

3. The shunt-flow is maximal, not during the day, in an upright position, but
rather during the REM phases and nocturnal ICP crisis, which corresponds well
with long-term ICP recordings and is not caused by increased CSF production,
but rather by cerebral hyperemia in combination with too low a CSF resorption
capacity.

In these situations the rigid flow limitation of an Orbis-Sigma valve, even when it
is functioning in accordance with the producer's specifications, must unavoidably
lead to underdrainage. In children with low CSF production, or in borderline pa-
tients who have a significant residual CSF resorption capacity, the limited flow
rate of an Orbis-Sigma valve seems to be enough to drain nocturnal flow peaks.
Encouraging results in pediatric patients [12, 21, 48] are in contrast to disappoint-
ing experiences in some German [51] and Swedish hospitals, where 80% of the
Sigma valves had to be explanted (Ekstedt, personal communication).

In summary, the basic concept as well as the filigree mechanism give rise to
problems. The significant decrease in overdrainage may be outweighed by the in-
creased rate of shunt insufficiency.
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Conclusions

Two out of three new valves do not meet the manufacturer's own specifica-
tions.

Some valves are not resistant to reflux, external pressure, flexion, or torsion.
Shunt resistance (and the resulting shunt flow) is influenced by many factors.
Up to 80% of the flow control is caused by the silicon catheters.

No valve construction has solved the problem of overdrainage when the body is
in a vertical position: We only have the choice between differential pressure
valves, which produce an unphysiologically negative ICP whenever the patient
is upright, or valves with significant new risks for shunt insufficiency caused
by mechanical instability.

All existing valves sustain shunt dependency.

A combination of diameter smaller catheters, an additional hydrostatic offset
mechanism resisting the movements of daily life, and the programmable valve
technology may reduce the overdrainage risks to a minimum.
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External Ventricular Drainage
for Treatment of Acute Hydrocephalus
After Subarachnoid Hemorrhage

T. Brinker!, H. G. Héllerhage!, D. Fotopoulou!, and C. Gotz!

Introduction

Acute hydrocephalus after subarachnoid hemorrhage (SAH) paraliels the clinical
condition of the patient. It can be observed only in a minority of patients in good
condition after SAH but in contrast in the majority of those in poor condition [8,
11]. Modern management protocols do not exclude the latter patients from active
treatment [1, 2, 10]. In spite of its risks — a rate of infection up to 50% [3, 7, 12]
and an increased rate of rebleed [3, 9] - early ventricular drainage after SAH has
been suggested to be useful in patients in poor condition [1, 4]. The risks of ven-
tricular drainage were investigated with special regard to those patients in whom it
was done even before aneurysmal surgery.

Material and Methods

A total of 237 patients with subarachnoid hemorrhage requiring neurosurgical care
for more than 48 h, admitted to the Neurosurgical Department of the Medical
School Hannover between 1987 and 1990, constitute the basis of this report. The
charts of these patients were reviewed to obtain relevant data such as sex,
neurological grade at admission and during clinical course according to Hunt and
Hess [5], timing of surgery and ventricular drainage, incidence and effects of re-
bleeding, infection, and the need for permanent ventriculoperitoneal shunt. Re-
bleeding was taken into account only in those patients in whom it was proven by
computed tomographic (CT) scan. Infection was noted according to the
bacteriological and cytological examination of the cerebrospinal fluid (CSF).

Results

Clinical Material and Overall Management. A total of 150 women and 87 men
were admitted. The age of the women was 53.3 + 13.8 years (mean + standard de-
viation); the age of the men was 46.6 + 12.2 years. In 210 cases angiography re-
vealed at least one aneurysm. A total of 160 patients were admitted in good neu-

I Neurochirurgische Klinik, Medizinische Hochschule Hannover,
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Table 1. Timing of ventriculostomy

Group VS before VS during and  Duration of CSF  Duration of CSF
surgery after surgery drainage — all drainage before
(n) (n) cases — (days?)  surgery (days?)

H&HI-OI 14 27 69+6.1 6.0+73

H&HIV-V 41 9 10.8+7.7 99+11.9

Total 55 36 9.8+ 8.6 80x8S5

2 Mean = standard deviation.
VS, ventriculostomy; H&M, Hunt and Hess grade.

rological condition (Hunt and Hess grades I-III). In 95 of these patients aneurys-
mal surgery was performed within 72 h after the SAH; in 43 cases it was done
later. A total of 77 patients were admitted in poor neurological condition (Hunt and
Hess Grades IV-V). In 34 of these patients aneurysmal surgery was performed
within 72 h after the SAH; in 17 cases it was done later. Finally, in 48 patients no
surgery was performed because either no aneurysm was found or the patient died
prior to surgery.

General Handling of Ventricular Drainage. Ventricular drainage was performed in
91 patients for an average of approximately 7 days in good-grade patients and ap-
proximately 11 days in poor-grade patients. Ventriculostomy was done prior to
aneurysmal surgery in 55 cases. In these patients ventricular drainage was contin-
ued until definitive operative treatment of the ruptured aneurysm for an average of
approximately 6 days in patients in good condition and approximately 10 days in
patients in poor condition (Table 1). Ventriculostomy was performed preferentially
in patients in poor condition: fewer than 20% of initial patients in good condition
needed a ventricular drainage, sharply contrasting with the 70% rate of patients in
poor condition in whom this treatment was performed. Generally, a drainage gra-
dient of 10-15cm H,O was adjusted during continuous CSF drainage. Broad-
spectrum antibiotic therapy was started immediately in every patient suspected of
infection.

Clinical Effects of Ventricular Drainage. Ventriculostomy for CSF drainage was
performed in 41 of those patients who were initially in good condition but who
deteriorated within the first days after SAH. Ventriculostomy was done to treat de-
veloping hydrocephalus in 26 patients to improve the neurological condition after
rebleeding in 12, and to improve neurological condition during symptomatic cere-
bral vasospasm in three patients. Of 41 initially good-grade patients requiring ven-
tricular drainage, 31 benefitted from the procedure.

Ventricular drainage was performed in 50 of the 77 patients who were initially
poor-grade. Among the poor-grade patients in whom ventriculostomy was done,
there were 29 who recovered during CSF drainage and 21 cases who did not
benefit from ventricular drainage.
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Table 2. Frequency of rebleeding

Group (n) Rebleeding Rebleeding VS H&H H&H after Sur-
after SAH after SAH before rebleeding? vivors
(days?) (days?)  rebleed? (%)

VS prior surgery, 46 13b 9215 12+25 39+09547+08 15

no preceding

rebleeding

Remaining cases 191 31 74+83 - 28+08 38+1.0 45

a Mean = standard deviation, VS; ventriculostomy; H&H; Hunt & Hess grade.
b Not significant (chi square, p > 0.05) in comparison to the rebleeding rate in patients with-
out ventriculostomy prior surgery.

Risk of Rebleeding: Ventricular drainage was performed prior to aneurysmal
surgery in 46 patients who had had no preceding rebleeding. In the remaining 191
patients, no ventriculostomy was performed prior to aneurysmal surgery or it was
done after preceding rebleeding. In two groups we investigated the effect of ven-
tricular drainage on the incidence of rebleeding. The rate of rebleeding during
ventricular drainage prior to aneurysmal surgery was 28% in comparison to the
16% rate in the remaining patients. However, this was not statistically different
(Table 2). The Kaplan-Meier [6] estimate of the probability of survival without re-
bleeding in the group of patients in whom ventricular drainage was performed be-
fore aneurysmal surgery and in whom rebleeding had not yet occurred (n = 46) was
compared with the curve of the remaining cases (n = 191).

Within the first 10 days after the SAH no difference occurred between the
probability curves of no rebleeding in these two groups. Thereafier patients in
whom ventricular drainage was performed had an increased rate of rebleeding in
comparison with those without ventricular drainage (Fig. 1).

Risk of Infection. Meningitis was found in 13% in those 91 cases in whom ventric-
ular drainage had been performed. This complication was deleterious only in one
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patient. Closer analysis using a Kaplan-Meier estimate of the probability of sur-
vival without infection demonstrated that the incidence of infection depended
strongly on the duration of ventricular drainage: after the 1st week an 8% infection
rate was found, but after the 2nd week this increased to 21%, and after the 3rd
week a 41% rate was found (Fig. 2).

Conclusion

In accordance with Bailes et al. [1], we suggest early ventricular drainage to be the
decisive factor improving neurological condition of initially poor-grade patients.
Our data show that after ventricular drainage definitive aneurysmal surgery may be
delayed for several days. The preoperative neurological condition may thus be
improved and the risk of immediate postoperative deficits after early surgery
should be lowered.
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Complications and Clinical Course
After Shunting of Normal Pressure Hydrocephalus

J. Meixensberger!, M. Grimm!, and M. Jankal

Introduction

The classical normal pressure hydrocephalus combines the clinical triad of demen-
tia, gait disturbances, and urinary incontinence with ventricular dilatation on com-
puted tomography (CT). Despite multiple diagnostic tools [e.g., continuous in-
tracranial pressure (ICP) monitoring and cerebrospinal fluid (CSF) infusion tests,
cerebral blood flow measurements, CSF tap tests and magnetic resonance imaging
techniques] the therapeutic successes after shunting are obscured by shunt-related
complications. Besides infection, overdrainage of implanted shunt systems is one
of the problems caused by normal pressure hydrocephalus. Therefore in our pres-
ent prospective study we evaluated a well-characterized group of shunted normal
pressure hydrocephalus patients and were especially interested in the following
issues:

1. How often are shunt-related complications after shunting of normal pressure
hydrocephalus and what kind of complications occur?

2. Is there a benefit after shunting for these hydrocephalus patients in their follow-
up?

Patients and Methods

Our series comprised 55 patients (29 males and 26 females). Their ages ranged
from 22 to 78 years, with an average of 50.5 years. The clinical status was evalu-
ated and we found unspecific symptoms such as headaches and dizziness in 64.2%
and 43.4%, respectively. As classical clinical signs of normal pressure hydro-
cephalus we mentioned mental deficit in 74.5%, gait disturbances in 74.5%, and
urinary incontinence in 50.9% of the cases. Presumed etiology of hydrocephalus
was known in 29.1% of our patients (subarachnoid hemorrhage, trauma, meningi-
tis) and unknown in 60.9%. All patients had a ventricular dilatation (Evans ra-
tio > 0.35 [5]) on CT, additional signs of hydrocephalus such as periventricular lu-
cencies, and no sign of intraventricular obstruction of CSF circulation. The indica-
tion for shunting was determined after continuous measurement of epidural ICP
over a period of 2 nights and an additional lumbar bolus and infusion test. We
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evaluated mean (ICP) (increased: > 10-15 mmHg), frequency of nightly B waves
(pathological: > 20%), and calculated pressure volume index (decreased: < 25 ml)
and resistance to outflow (pathological: > 12 mmHg - min - ml) [3, 6]. Ventricu-
loperitoneal CSF shunting was performed using a "Mishler” (n =42) or a "Uni"-
(n=13) shunt with a medium (n = 13) or a high (n = 42) pressure valve. Addi-
tionally we implanted an "antisiphon device" (n=45) to reduce the risk of
overdrainage. Perioperative antibiotic therapy (cephalosporin, sulfonamide) was
performed. Postoperatively we immobilized the patients for an average of 3 days.
In the follow-up (mean: 22 months, range 12-48 months) we checked the neuro-
logical status, the CT scan, and the functional improvement of quality of life [2].

Results

Table 1 summarizes the evaluated complications after shunting. Three (5.5%) CSF
infections (pathogen: Staphylococcus aureus) occurred in our hydrocephalus
group. Removal of the shunt system and adequate antibiotic therapy guaranteed a
recovery without permanent deficits. In total ten (18%) cases of overdrainage and
hygroma could be verified on CT in the follow-up. In three (5.5%) patients an op-
eration was once more necessary. One (1.8%) patient did not suffer from neuro-
logical deterioration. Analyzing the shunt systems we found an overdrainage in
nine of ten patients in the Uni-shunt group without an antisiphon device. In the
Mishler-shunt group with an antisiphon device only in one case could a small,
clinically insignificant hygroma be detected (Fig. 1). Additionally, in three cases
where we implanted a Uni-shunt with an antisiphon device no overdrainage could
be found. One patient who first improved after shunting, deteriorated seriously af-

Table 1. Complications after shunting of normal pressure hydrocephalus

Without permanent With permanent

deficits deficits
(n) (%) (n) (%)
1. Infection
Local 0 0
Meningitis 3 55 0
2. Overdrainage (hygroma)
In total 10 18.1 0
Operation necessary 2 3.6 1 1.8
3. Traumatic
Subdural hematoma 0 1 1.8
4. Shunt dysfunction
Obstruction 4 7.3 0
Disconnection 3 55 0
Valve dysfunction 1 1.8 0
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Fig. 1. Overdrainage after shunting of normal pressure hydrocephalus and the shunt valves
used. U, Uni-shunt; M, Mishler shunt; with or without antisiphon device (AS). Open
columns, no overdrainage; solid columns, overdrainage

ter a traumatic subdural hematoma. In the follow-up, shunt malfunction occurred
in eight (14.6%) patients. After operative correction no permanent deficits were
found.

In total 36 (65.4%) hydrocephalic patients improved after surgery. Despite
normalizing ICP, 17 (31%) patients had no change in clinical condition. Only two
(3.6%) patients got worse in the postoperative follow-up as we described above.
Figure 2 summarizes the results of the analysis of the change in clinical signs dur-
ing postoperative follow-up. Headaches and dizziness improved in nearly 90% of
the patients. Additionally, our shunted patients suffered at different lower levels

LA

Headaches

Mental deficits

Gait disturbances

Urinary incontinence

1 L 1 1 L . 1 L 1
0 .10 20 30 40 50 60 70 80 80 100
% of cases

Fig. 2. Improvement of clinical symptoms after shunting of normal pressure hydrocephalus
(mean follow-up 22 months, range 12-48 months). Open columns, improvement; solid
columns, no improvement



Complications and Clinical Course After Shunting 123

Patients

25

20

15

Al el

Grade

Fig. 3. Functional changes in daily life after shunting of normal pressure hydrocephalus. 0,
able to work, normal life; /, minor deficit, able to function independently at home; 2, some
supervision required at home; 3, custodial care required despite considerable independent
function; 4, no practical capacity for independent function [2] (mean follow-up 22 months,
range 12-48 months). Solid columns, preoperatively; open columns, postoperatively

from mental deficits, gait disturbances, and urinary incontinence. At least we could
find a functional improvement of the shunted normal pressure hydrocephalus pa-
tients expressed by a lower number of patients who needed intensive care (Fig. 3).

Discussion

Risks of operation and benefit of therapy must be considered in the treatment of
normal pressure hydrocephalus. Our series comprises no mortality and low mor-
bidity with permanent deficits after shunting. Despite the fact that only patients
with increased ICP and disturbances of ICP dynamics were treated, overdrainage
exists. Here the siphon effect in the upright position could be almost prevented by
the use of an antisiphon device [7] and immobilization for some days after the
shunt operation. Additionally, in contrast to experimental evaluation of hydrody-
namic quality of the Mishler valve [8], the clinical results are convincing.

In agreement with others, ventricular shunting leads to a substantial clinical im-
provement in about 65% of patients [1]. However, despite normalizing elevated
ICP, nearly one third of our patients did not improve. Pathological ICP dynamics
cannot be the only pathophysiological factor in normal pressure hydrocephalus.
Disturbances of cerebral blood flow and brain metabolism must be considered as
possible reasons [4]. These parameters might be more predictive and could im-
prove our results in future.
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Intrathecal Infusion Test: An Investigative Method
to Treat Malresorptive Hydrocephalus
by Shunt Operation

U. Meier!, B. Reichmuth!, W. Knopfl, and A. Riederer!

The normal pressure hydrocephalus (NPH) is a clinical picture giving different re-
sults after a shunt operation [1, 2]. Because of these problems, we tried to form
groups of patients on the basis of clinical symptoms and of the results of an
intrathecal infusion test. Particularly the pictorial methods of répresentation in
neuroradiology provide additional morphological information in difficult cases.
Information regarding cerebral circulation is simultaneously received by xenon
computed tomography (CT).

Materials and Methods

In the period from May 1982 to May 1992, 118 patients (148 examinations) were
examined by means of an intrathecal infusion test. The average age of the 75 men
and 43 women was 32.4 years (1 month-69 years). The mathematical basis, the
normed conditions of examination, and the indications of the computer-aided infu-
sion test are described in the literature [4, 5, 8]. The infusion test with constant
flow and CT scan was performed simultaneously in 48 cases (53 examinations).
Ventricular volume in cell media was verified by planimetry [6]. The size before
and during the infusion test were compared. In 35 cases (37 examinations) a lum-
bar infusion test and the measurement of local cerebral circulation in the region of
basal ganglia and circulatory area of the middle cerebral artery inside cell media
were simultaneously performed by xenon CT.

Results

Hydrocephalus occlusus extraventricularis is characterized by the clinical triad
dementia, gait ataxia, and urinary incontinence together with an intermittent in-
crease of intracranial pressure with ascertainable impairment of absorption of the
cerebrospinal fluid [1, 3]. Only in the case of gait ataxia was there a statistically
significant difference (p < 0.01) between patients with normal pressure hydro-
cephalus and with cerebral atrophy. As a result of our liquor-dynamic examina-
tions four groups were formed:
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1. Normal pressure hydrocephalus in the early stages: resistance to outflow
pathologically increased, compliance normal

2. Normal pressure hydrocephalus in the late stages: resistance to outflow patho-
logically increased, compliance very high

3. Hydrocephalic cerebral atrophy: resistance to outflow normal for ICP < 25
Torr, pathological for ICP > 25 Torr, compliance high

4. Nonhydrocephalic cerebral atrophy: resistance to outflow normal, compliance
very high

These groups were compared among themselves. There is a statistical difference
for ventricular enlargement in CT scan during the infusion test between groups 1
and 2 and groups 1/2 and 3/4 (Fig. 1). The proportion of patients with periventric-
ular lucencies in the CT scan decreases from group 1 to group 4, in contrast to
those of coarse-structured sulci (Table 1). During xenon inhalation the intracranial
pressure (ICP) increases by 3 Torr on average (Fig. 2). During the infusion test the
proportion of patients with a decreased local cerebral circulation is greatest (100%)
for patients with hydrocephalic atrophy, high (64%) for normal pressure hydro-
cephalus (NPH) in the late stage, and low (25%) for patients with nonhydro-
cephalic atrophy. One patient with NPH in the early stages was examined after
shunt implantation, following slit ventricle syndrome, followed by shunt ligature.
Only this patient (14%) had a decreased local circulation during the infusion test
with xenon CT (Table 1). The self-assessment of the clinical course by the patients
and their dependents shows significant differences with and without shunt (Fig. 3).

Fig. 1. Increase of ventricular volume during intrathecal infusion test in CT. Infusion rate,
1.5-2.0 ml/min; infusion volume, 10-30 ml; * ** p < 0.01
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Fig. 2. ICP without volume-pressure load before and during xenon CT in 35 patients in bed
position

Discussion

The computer-aided infusion test provides a 93% differentiation between patients
with NPH and those with cerebro-atrophic processes. Functional checking of the
valve systems is a further indication for the intrathecal infusion test. In patients
with a classical pressure hydrocephalus or subdural hygromas, however, we do not
see an indication for this invasive examination procedure [8]. Clinical findings are
opposed to the results of liquor-dynamic investigations. The main syndrome in the
case of NPH is gait ataxia. Forecast of the prognosis of disease is possible for pa-
tients with shunt by classifying according to clinical and liquor-dynamic results of
investigation by differentiation of NPH in different stages just as hydrocephalic
and nonhydrocephalic cerebral atrophy. Hydrocephalic cerebral atrophy could be
regarded as a beginning senile or better arrested hydrocephalus. The postdiagnostic

Table 1. Results of CT and xenon CT

Normal pressure Cerebral atrophy

hydrocephalus

Early Late Hydrocephalic =~ Non-

stage stage genesis hydrocephalic
CT scan (n) 12 12 13 11
Periventricular 100 58 31 27
luencies (%)
Cortical sulci 0 67 85 91
to increase (%)
Xenon CT (n) 7 11 9 8

rCBF to decrease (%) 14 64 100 25
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Fig. 3. Self-assessment of clinical course by patients and their dependents: outcome over a
period longer than 1 year. Solid line, with shunt; dotted line, without shunt

results help to make a decision to treat by shunt operation and are critically esti-
mated by self-assessment of the course of disease.

Exclusive CT examinations do not allow a differentiation of patients with NPH
and patients with cerebral atrophy. In the simultaneous examinations the morpho-
logical substrate during the intrathecal infusion test is represented [7]. The results
obtained indicate different reactions of the regional cerebral blood flow (rfCBF) to
increased ICP at different stages of NPH. On this basis, an assumption is made
with regard to a disturbed cerebral autoregulation and the impact of ischemic pro-
cesses on the pathogenesis of NPH in the late stage [9]. Without dynamic cere-
brospinal fluid investigation it is not possible to exclude an NPH.
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Long-Term Follow-up and Computed Tomography
Cisternography in the Evaluation
of Normal-Pressure Hydrocephalus

C. Sprung!, G. Gatzounis!, and W. Lanksch!

Introduction

Patients with normal-pressure hydrocephalus (NPH) usually demonstrate signifi-
cant early postoperative improvement, but significant clinical deterioration is ob-
served in many cases. However, the majority of publications dealing with surgical
results in NPH cover a rather short postoperative period of up to several months [1,
2, 11, 14, 19]. Only a few authors have reported longer follow-up periods [5, 15,
16, 23]. Therefore, we examined patients immediately after surgery and at long-
term follow-up to determine the influence of a number of preoperative parameters
on early and late results.

More than 25 years after the initial description of NPH by Hakim and Adams
[7] no single diagnostic procedure offers sufficient accuracy to predict the outcome
of shunt operations. Of the large number of diagnostic techniques employed in our
Department [17, 18] we evaluated the results of computed tomography (CT)
cisternography performed during the period 1982-1988 since this procedure has
been endorsed by a number of authors as the diagnostic measure of choice in the
preoperative evaluation of patients with NPH [6, 9, 10, 12, 20-22]. We reviewed
long-term results in patients who had undergone metrizamide cisternography.

Patients and Methods

A 1otal of 239 patients with clinical symptoms and CT findings characteristic of
NPH were treated in our Department from 1980 to 1988. Patients with ventricular
dilatation subsequent to trauma, subarachnoid hemorrhage, or meningitis, with
cerebrospinal spinal fluid pressure below 18 cmH,0 at preoperative or intraopera-
tive examination and with characteristic clinical signs of NPH were treated with a
shunt procedure, without additional diagnostic measures in most cases. Patients
with idiopathic NPH represent a major clinical challenge, since the diagnostic and
therapeutic possibilities are still controversial in these cases. Therefore, the present
study includes only two patients with meningitis and four with posttraumatic NPH.

Cisternography with metrizamide (Amipaque) was performed in 107 patients,
who received 9.8 ml isotonic metrizamide solution (170 mg/ml = 1.7 g iodine) by

1 Freie Universitit Berlin, Universitatsklinikum Rudolf Virchow,
Abteilung fiir Neurochirurgie, Augustenburger Platz 1, W-1000 Berlin 65, FRG.

Advances in Neurosurgery, Vol. 21
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lumbar instillation. They were subsequently positioned with legs raised and head
supported by a cushion, so that the contrast medium would collect at the craniocer-
vical junction. In 80 cases CT studies were virtually free of motion artifacts and
demonstrated passage of the contrast medium into the basal cisterns, the prerequi-
site for evaluation. The criteria of a negative or normal CT cisternogram were the
presence of contrast medium in the basal cisterns and the 4th ventricle 3—6 h later
and absence of reflux into the lateral ventricles at 12-24 h. The absence of contrast
medium in the sulci and of enhancement of the cortex over the convexity (blush
phenomenon) were additional criteria for a normal diagnosis. A positive (i.e.,
pathological) result was defined by the presence of reflux into the lateral ventricles
lasting 12-24 h, stasis of the contrast medium at 24 h, absence of contrast medium
in the sulci (so-called convexity block), and the absence of a blush phenomenon.

CT cisternograms were adequate for evaluation in 80 patients- There were 43
women and 37 men ranging in age from 21 to 80 years at diagnosis, with a mean
age of 64.6 years. Clinical symptoms had been observed for less than 3 months in
12 patients, 3—12 months in 25, 1-2 years in 8, and more than 2 years in 17.

Preoperative symptoms were evaluated using a functional classification similar
to that proposed by Stein and Langfitt [19]. Only 4 patients were in group I
(indicating a mild disorder with the patient able to care for himself preoperatively),
while 35 patients required some degree of assistance, and 23 patients were
bedridden or hospitalized (group III). In addition, we ascertained whether dementia
or motor dysfunction dominated the clinical presentation (Table 2).

On the basis of the clinical presentation, CT findings, and the results of CT cis-
ternography, we established an indication for a drainage procedure in 63 patients,
one of whom refused surgery. In the remaining 62 cases, 56 patients received a
Holter valve, 5 a Sophy valve, and 1 a Hakim valve. A low-pressure valve was
used in 6 cases, a medium-pressure valve in 47, and a high-pressure valve in 9.

We classified postoperative results as excellent (grade IV) when there was com-
plete resolution of all preoperative symptoms. A good surgical result (grade III)
was defined as incomplete resolution, while grade II results involved unchanged
symptoms and grade I frank deterioration in comparison to the patient's preopera-
tive condition. The initial evaluation was performed at an average of 4.3 months
postoperatively and the second at a mean of 3.8 years (range 1-8 years) after
surgery. Patients were evaluated using a number of psychometric tests and under-
went clinical examination at least twice. In equivocal cases an additional opinion
was sought from a relative or family physician.

" Results

The results of the initial postoperative evaluation of the 62 surgically treated pa-
tients are presented in Table 1. In 17 patients (27.4%) there was an excellent initial
result and in 34 (54.85%) a good outcome; there was no improvement in 9 (14.5%)
and clinical deterioration in 2 (3.6%). At the second follow-up examination 15 of
the 62 patients (24.2%) demonstrated an excellent result and 25 (40.3%) a good
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outcome; 17 patients (27.4%) were unchanged in comparison to their preoperative
status, and deterioration was observed in 5 (8.1%). In summary, a good or excel-
lent result was documented at the initial follow-up study in 82% of cases as com-
pared to 64.5% of patients at 3.8 years. The proportion of unsatisfactory results in-
creased from 18% at 4.3 months to 35.5% at 3.8 years (Table 1).

Postoperative results were superior and more stable in the six cases with de-
fined etiologies than in the remaining patients with idiopathic NPH. Both the early
and the late follow-up examinations documented good results in the four patients
with posttraumatic NPH, and an excellent result was found in both patients with
NPH secondary to meningitis.

There was no statistically significant relationship between treatment outcomes
and duration of clinical symptoms or age at initial diagnosis.

In Table 1 early and late results are correlated with the severity of the preopera-
tive presentation. The four patients with mild preoperative symptoms had excellent
results at both early and late follow-up examinations, while less favorable long-
term results were observed in cases with moderate to severe preoperative symp-
toms.

In Table 2 preoperative findings are classified in terms of the predominant
disorder (dementia or motor dysfunction). The most favorable early outcomes were
observed in patients with similar degrees of dementia and motor dysfunction. Early
results were judged good or excellent in 73% of patients and satisfactory in pa-
tients with dementia as the dominant symptom. At long-term follow-up there was a
slight reduction in the number of favorable outcomes among patients with pre-
dominantly motor disorders at their initial presentation, but only one patient with
dementia demonstrated a good result.

Of the 80 metrizamide cisternograms suitable for evaluation, 55 demonstrated
positive findings, and an operation was performed in all but one case, a patient
who refused surgery. The results of 14 studies were classified as negative, but a
drainage procedure was performed in three cases with pathognomonic CT scans
and characteristic clinical symptoms. It was not possible to achieve an unequivocal
diagnosis in 11 cases with technically adequate images (i.e., sufficient contrast in
the basal cisterns and no motion artifacts). There was unilateral or partial filling of
the lateral ventricle in three of these cases, defined reflux at 12 h, but incomplete
resorption at 24 h in five patients and minimum contrast enhancement of the lateral
ventricles at 24 or 48 h in three additional cases. Five of these patients underwent
surgical treatment on the basis of clinical findings and other diagnostic measures.
Table 3 presents a correlation of the results of CT cisternography with clinical
findings at early and late follow-up examinations. Nine patients with unequivo-
cally positive findings in the CT cisternogram demonstrated an unsatisfactory early
postoperative result, and 14 patients had poor results at late follow-up. In contrast,
two patients with negative cisternograms and four with equivocal results had good
early postoperative clinical outcomes. However, at 3.8 years none of these patients
demonstrated a satisfactory clinical result.

Postoperative complications were observed in 17 patients (27.4%). Surgical re-
vision was required in one case with a large subcutaneous hematoma in the
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abdominal wall and in two patients with shunt infection. Seven patients required
additional interventions for correction of partial or complete malfunction of the
shunt. A clinically symptomatic hygroma developed in seven patients, although
adjustment of the Sophy valve was sufficient to obviate revision in four of these.

Discussion

After initial reports of successful drainage operations in NPH there have been de-
scriptions of less favorable outcomes, especially in idiopathic hydrocephalus [3,
14, 15, 19, 23]. Evaluation of surgical results in patients with NPH is difficult since
a wide variety of criteria have been employed. Some authors have considered im-
proved clinical findings at 3 months a success, while others have required clinical
improvement of several years duration. In addition, it is impossible to determine
whether patients who were not treated surgically might have benefited from a
shunt procedure. Hughes et al. [11] analyzed outcomes in this group of patients,
and their findings have raised questions about the value of surgical treatment. Our
series confirms the results of other authors [2, 5, 15, 19, 23] who performed re-
peated follow-up examinations and found less favorable outcomes at subsequent
examinations (Table 4). The reduction in the number of positive results at long-
term follow-up in our series is comparable to the deterioration in clinical status de-
scribed in the series published by Borgesen and Petersen [2, 15]. We did not find a
correlation between the clinical outcomes following surgery and duration of the
preoperative symptoms or age at diagnosis, and our findings concur with those
published by the majority of authors [1, 5, 11, 19], although two groups have
reported contrary results [2, 15]. There was an apparent relationship between the
degree of preoperative disability and outcome. We observed better postoperative
results in patients with motor dysfunction than in those with dementia, but this
difference became apparent only at late follow-up. Several other groups have re-
ported similar findings [1, 5, 14].

The results in our series, most of which cases were of idiopathic NPH, indicate
significantly better postoperative findings than those recently reported by Vanneste
et al. [23], who found improvement in only 15% of cases with idiopathic NPH.

Several authors have reported equivalent findings with CT cisternography and
isotope cisternography [6, 9, 101, and others have emphasized the advantages of
superior spatial resolution and reduced radiation exposure with CT cisternography
[4, 12, 20-22]. Radionuclide cisternography has achieved improved spatial resolu-
tion with single photon emission CT and three-dimensional techniques [8]. Several
reports provide correlations between the results of isotope cisternography and
clinical outcome [2, 13, 24]. However, the present study constitutes the first sys-
tematic evaluation of the predictive value of metrizamide cisternography in terms
of surgical outcome in patients with NPH, although case reports [20] have been
published, and the method has been recommended as a diagnostic technique in re-
cent review articles [1, 16].
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It should be noted that only 80 of 107 CT cisternograms were technically ade-
quate. Exclusion of the studies with equivocal findings reduced this number to 57
cases. Correct prediction of the early postoperative result was possible in 81% of
these patients (45 cases with correct positive CT cisternograms and 1 correct nega-
tive study). There were 9 false positive and 2 false negative results. The preopera-
tive cisternogram predicted late outcome in 75% of cases (40 correct positive and 3
correct negative studies), while there were 40 false positive but no false negative
results.

When the specificity of the diagnostic technique was calculated as suggested by
Borgesen [2] the result (0.83) was slightly lower than that reported by the authors
when using the constant pressure infusion test. In terms of late outcome, specificity
was significantly worse at (0.74. A possible cause of the failure of CT cisternogra-
phy to predict outcome may be the lack of international standardization for patient
position and amount of contrast medium [18]. Even moderate degrees of aqueduct
stenosis, which would not be detected by CT, would result in negative cis-
ternograms. In addition, we are convinced that CSF circulation may be affected by
movement of these patients, many of whom suffer from dementia and are very
restless.

Although CT cisternography offers advantages over isotope cisternography in
terms of superior spatial resolution and lower radiation exposure, we concur with
Vanneste et al. [24] that-CT cisternography — like isotope cisternography — "has no
advantage over selecting patients for a shunt on the basis of combined clinical and
CT data alone."

In contrast to other reported series [2, 16], there were no deaths during the fol-
low-up period in our 62 surgically treated patients. The surgical complication rate
was 27.4%, comparable to results reported by other authors [2, 14, 19, 23].

Conclusions

Patients with defined etiologies have better and more stable postoperative out-
comes than do patients with idiopathic NPH. Outcome is also better in cases with
motor disorders rather than dementia, especially in terms of long-term results. Our
series confirms the fact that postoperative results vary with the interval between
treatment and follow-up examination. This underscores the necessity of late fol-
low-up examinations for evaluation of surgical treatment.

Twenty-five examinations were technically inadequate. Of 62 surgically treated
patients 57 had unequivocal findings in the CT cisternogram. These correctly pre-
dicted outcome at early follow-up examination in 81% of cases, while 18% of re-
sults were incorrect in terms of predictive accuracy; 75% of studies correctly pre-
dicted late outcome, while 25% were inaccurate. On the basis of these findings we
believe that this diagnostic procedure is no longer indicated for the preoperative
evaluation of this group of patients. Examination of CSF pulsation and circulation
by means of MRI and measurements of cerebral blood flow may provide improved
accuracy in terms of surgical outcomes.
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Narrow Sulci at the Medial Brain Surface:
A Feature of Normal-Pressure Hydrocephalus
in Computerized Tomography ?

D. Van Roost!, L. Solymosi!, and P. M. Wallenfels!

Introduction

In computerized tomography (CT), obliterated cerebral sulci represent a common
sign of raised intracranial pressure, which is found in obstructive hydrocephalus;
the sign more or less fails in malresorptive hydrocephalus and is totally missing in
ex vacuo hydrocephalus. Whereas it is hardly possible to distinguish between a
malresorptive and an ex vacuo hydrocephalus on the basis of the sulci of the con-
vexity, the sulci of the medial brain surface seem to present themselves as a differ-
entiating feature. Figure 1 shows a malresorptive hydrocephalus with open sulci at
the convexity, but not at the medial brain surface. Figure 2 shows an ex vacuo
hydrocephalus with wide sulci both at the medial brain surface and at the
convexity.

Method

We retrospectively assessed 12 patients with a mean age of 64 (+ 14) years, who
were treated for malresorptive hydrocephalus with a cerebrospinal fluid (CSF)
shunt. Preoperatively, these patients showed the clinical signs of a normal-pressure
hydrocephalus except for a dilatation of the inner CSF spaces and preserved
convexity sulci: five out of 12 patients showed the entire triad with dementia gait,
and micturition disorders, four patients showed dementia with or without a gait
disorder, but without a micturition disorder. Three patients did not present with
dementia, one of them without either gait or micturition disorders, but only with a
vague headache and intermittent vertigo. In all 12 patients the diagnosis was con-
firmed by a CT study of CSF dynamics, disclosing a protracted enhancement of the
intraventricular CSF after lumbar intrathecal application of contrast medium. In
three patients the intraventricular pressure was monitored over 48 h. After CSF
shunt placement, a clear improvement of clinical signs was seen in eight, a partial
improvement in one and a questionable improvement in two out of the 12 patients.
On the pre- and postoperative CT scans we measured the volume of the inner
and outer CSF spaces. The outer CSF spaces were divided in convexity and medial
brain surface. For the volumetric measurement we used a stereologic method based

1 Neurochirurgische Klinik, Universitit Bonn, Sigmund-Freud-StraBe 25, W-5300 Bonn 1,
FRG.
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Fig. 1. Malresorptive hydrocephalus: open sulci at the convexity, obliterated sulci at the me-
dial brain surface

on the Cavalieri theorem of systematic sampling [1, 2]. For this purpose a trans-
parent counting grid is superimposed on the CT film. For every CT slice, the grid
points that hit the area of interest are counted and multiplied by the slice thickness.
We chose a 5 x 5-mm point spacing of the grid to measure the intracranial space
and the ventricles, and a 1 x 1-mm point spacing to measure the sulci. Finally, the
cumulative value for all the slices can be translated into an absolute volumetric
quantity by taking the CT scale into account. In order to make an easier compari-
son of the figures, however, we calculated relative CSF volumes with the respec-
tive intracranial space as a reference.

Results

One patient showed a ratio of 0.2448 of ventricular to intracranial space before the
shunt and a ratio of 0.1796 after the shunt, i.e., a change of — 27%. In the same pa-
tient, the part of the convexity sulci in the skull content preoperatively amounted to
0.0243, postoperatively to 0.0354, i.e., a change of + 45%. The sulci of the medial
brain surface participate in the skull content preoperatively to 0.0061 and postop-
eratively to 0.0108, which is a change of + 78%. These changes are the product of
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Fig. 2. Ex vacuo hydrocephalus: wide sulci both at the medial brain surface and at the con-
vexity

measurements and not very conspicious at first glance on the CT slices. Only by
turning one's attention to the sulci of the medial brain surface can one visually
recognize the increase in size.

Averaging these measurements for all 12 patients, we find, after shunting, a
volume reduction of the lateral ventricles of 19% *+ 16% and a volume increase of
the convexity sulci of 13% + 17%. The volume increase of the sulci of the medial
brain surface, however, amounts to 59% + 21%. A histogram (Fig. 3) displays even
better the relative percentual changes of the inner and outer CSF spaces after
shunting.

Conclusion

In malresorptive hydrocephalus, the regularization of the CSF pressure by a shunt
obviously produces a proportionally well-balanced decrease of the inner and in-
crease of the outer CSF spaces, whereas the sulci of the medial brain surface
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Fig. 3. Histogram displaying the percentual changes of the inner and outer CSF spaces after
shunting in malresorptive hydrocephalus. The lateral ventricles (solid columns) decrease by
20% on average, the sulci of the convexity (shaded columns) increase by 10% on average,

and the sulci of the medial brain surface (open columns) show a broad scattering around the
50%-60% mark

increase in an unproportional manner. Inversely, the sulci of the medial brain
surface in untreated malresorptive hydrocephalus are distinctly narrower than the
sulci of the convexity, and even in a nonenhanced CT scan they represent a
characteristic feature. The value of this feature lies in the availability of a sign on
routine CT scan that helps to distinguish a malresorptive from an ex vacuo
hydrocephalus and, in consequence, to indicate a shunt for treatment.
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Aqueductal Cerebrospinal Fluid Flow Phenomena
on Magnetic Resonance Imaging:

Comparison with Intracranial Pressure

and Cerebrospinal Fluid Dynamics

E. Hofmann!, J. Meixensberger!, M. Warmuth-Metz!, T. Beckerl, K. Pfisterl,
and M. Jackel!

Introduction

Magnetic resonance imaging (MRI), in contrast to computed tomography (CT),
yields not only a description of static anatomy, but can also be used to assess cer-
tain functional aspects, e.g., cerebrospinal fluid (CSF) flow. Aqueductal stenosis
and conditions with excessive CSF flow can easily be distinguished using proper
MRI pulse sequences [1, 5]. Cardiac-gated gradient-echo sequences, among others,
have proved useful in evaluating CSF pulsations [8]. CSF flow presents as a
rhythmic change in signal intensity which can be visualized on a fast closed-loop
display ("cine" or "movie" mode).

It has been stated that MRI techniques need clinical verification before being
recognized as valid diagnostic tools [3]. The present study aimed to correlate re-
sults of invasive clinical tests with findings at MRL.

Material and Methods

We used a cardiac-gated fast field echo (FFE) sequence, a gradient-echo sequence
installed on our Philips Gyroscan S15 scanner. A low flip angle (10°) and long
echo time (35 ms) resulted in T2*-weighted images with CSF appearing bright. Per
heartbeat interval, eight individual images representing the corresponding heart
phases were obtained. On midsagittal images, pulsatile CSF flow through the mes-
encepahalic aqueduct resulted in oscillating signal void (Fig. 1) which could be
measured and calculated. The resulting signal vs. time graph was evaluated.

Mean signal value over all eight heart phases was regarded as a measure for
pulsatility of aqueductal CSF flow. Fast flow corresponded with strong signal loss.
A total of 26 hydrocephalic patients (14 males and 12 females aged 18-73 years,
mean age 47 years) were evaluated. Their main clinical symptoms were headache
(16/26), gait disturbance (16/26), dementia (14/26), and urinary incontinence
(5/26). All patients underwent continuous epidural pressure monitoring for at least
24 h. In all cases additional dynamic CSF studies were performed using the bolus
injection method. '
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Fig. 1. Representative sagittal images of a healthy volunteer. Top left to bottom right, heart
phases 8, 138, 268, and 398 ms after R wave. Initial signal loss due to retrograde aqueductal
flow, subsequent hyperintensity represents stagnant CSF during flow reversal. Second signal
void due to antegrade flow. Arrowheads, aqueduct

Magpnetic resonance findings in our patients could be compared with a control
group of 21 healthy volunteers (eight males and 13 females aged 22-92 years,
mean age 45 years). Pathology of aqueductal CSF pulsation was assumed either
when there was no detectable flow or when the calculated value was beyond the
normal value plus or minus the double standard deviation range.

Implantation of a shunt was indicated when B wave activity exceeded 40% or
outflow resistance was above 12 Torr/ml per minute (n = 14). In one additional pa-
tient with only a moderate increase of outflow resistance and B wave activity,
clinical deterioration made shunting necessary.
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Results

A summary of findings is given in Table 1. Of those patients in whom a shunt had
to be implanted (n = 15), only one had an MRI study within the normal range. This
patient had typical signs and symptoms of idiopathic intracranial hypertension
(pseudotumor cerebri) in spite of a massive dilatation of ventricles as well as of
external CSF spaces. Among the remaining 14 patients, aqueductal CSF pulsations
were absent ("aqueductal stenosis”) in eight (Fig. 2), reduced in one, and intensi-
fied in five (Fig. 3).

Among 11 patients in whom shunting was not warranted, ten abnormal MRI
studies were noted. Four individuals had aqueductal stenosis, six showed increased
CSF pulsations.

Fig. 2. A 31-year-old male with gait disturbances, increased outflow resistance, and B wave
activity. No detectable aqueductal CSF flow on MRI 102, 289, 477, and 664 ms after R
wave (aqueductal stenosis)
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Table 1. MR findings in patients with and without indication

for shunting

MR normal MR pathologic
Shunting indicated 12 14
Shunting not indicated 1 100

2 Patient with idiopathic intracranial hypertension (pseudotumor
cerebri) and dilatation of internal and external CSF spaces.

b One patient with clearly pathologic findings at MRI and inva-
sive measurement was not shunted as she had only minor com-
plaints.

Fig. 3. A 59-year-old female with gait disturbances, increased outflow resistance, and B
wave activity. Pronounced aqueductal signal loss 70, 195, 320, and 445 ms after R wave.
Note synchronous flow void in foramen of Magendie
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Discussion

Before the advent of MRI, the pulsatile nature of CSF flow was a familiar obser-
vation on fluoroscopic studies. DuBoulay et al. [4] gave a detailed description of
pulsatile movements in the CSF pathways. His finding of rhythmic to-and-fro pul-
sations through the aqueduct is fully confirmed by our results and those of others
{6, 81.

Magnetic resonance imaging has attracted new interest to the study of CSF dy-
namics. On conventional "static" MRI, the presence of marked aqueductal CSF
flow void has been associated with normal-pressure hydrocephalus [2]. This sign,
however, is of limited diagnostic value as it is subject to technical and patient-as-
sociated factors. Special imaging techniques can overcome these shortcomings.
Gradient-echo sequences do not give a quantitative analysis of flow, but they are
widely used and can permit a semiquantitative assessment of CSF flow. Protons
moving in-plane lead to a loss of signal due to phase shift, phase dispersion, and
turbulence. The method outlined above is unable to detect slow bulk flow of CSF.
With cardiac gating, however, we can visualize rhythmic CSF pulsations by as-
sessing flow-dependent signal void.

Few communications have described correlations of CSF flow on MRI with in-
tracranial pressure [7]. Our preliminary results indicate that the technique is a sim-
ple, noninvasive, and sensitive method of detecting pathologic aqueductal flow. A
normal CSF flow pattern established by the above-mentioned method suggests
caution before proceeding to invasive pressure monitoring. However, we are un-
able, so far, to predict which patients might benefit from shunting. This decision
must be based on clinical findings, course, and invasive testing.
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Clinical Experience with a New Flow-Regulating
Hydrocephalus Shunt System

H. Wiedemayer! and S. Sackers!

Introduction

To date, most shunt systems for surgical treatment of hydrocephalus are differen-
tial pressure valves with fairly constant resistance. The amount of cerebrospinal
fluid (CSF) drained by these systems varies widely following variations of differ-
ential pressure. Particularly when the patient is in an upright position, differential
pressure increases extremely, leading to considerable overdrainage of CSF (siphon
effect). Overdrainage of CSF may cause clinical manifestations such as slit ventri-
cles and subdural effusions.

To overcome these complications related to overdrainage, a new shunt system
was introduced [7], which is now commercially available (Orbis-Sigma Valve,
Cordis). This shunt system maintains constant CSF drainage by means of a vari-
able resistance between certain differential pressure limits. Complications of
overdrainage of CSF should be reduced using this shunt device. This open study
was performed to evaluate the significance of these advantages in clinical practice.

Patients and Methods

Between 1988 and 1990 52 patients with hydrocephalus of differing origins were
treated by insertion of an Orbis-Sigma Valve (group 1) and another 52 patients
(group 2) received a conventional differential pressure valve, which had been used
routinely in our unit up to that date (Pudenz-Schulte Valve, PS-medical, medium
pressure).

Age, sex distribution, and diagnosis of both groups are listed in Table 1. Thirty-
five patients in group 1 and 37 patients in group 2 received their first shunt system.,
The other patients underwent operative revisions of previously implanted devices.
In these patients, a complete new shunt system was implanted including ventricular
catheter, valve, and distal catheter. Details of operative procedures are listed in
Table 2.

All the patients in both groups 1 and 2 were followed by means of clinical con-
trols for a mean of 410 and 333 days, respectively. At least one computed

1 Universititsklinikum Essen, Neurochirurgische Klinik und Poliklinik, HufelandstraBe 55,
'W-4300 Essen 1, FRG.
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Table 1. Patients and diagnosis

Group 1 Group 2
(n=52) (n=152)
Mean age (years) 322 25.6
Newborns (n) 12 11
Female () 23 31
Male (n) 29 21
Congenital hydrocephalus (1) 6 4
Hydrocephalus and myelocele (n) 8 7
Occlusive hydrocephalus (1) 15 14
Normal-pressure hydrocephalus (r) 15 14
Others (n) 8 13
Table 2. Operative procedures
Group 1 Group 2
) (n)
First operation 35 37
Revision 17 15
Biventricular shunt 1 4
Peritoneal shunt 46 34
Atrial shunt 6 18

tomographic (CT) scan was performed in all patients 3 months or later following
operation.

The postoperative complications are listed in Table 3. The rate of shunt infec-
tions was about 6% overall: five patients in group 2 and one patient in group 1.
Dysfunction of the shunt system with consecutive underdrainage of CSF occurred
in five patients in each group. In two of these patients of each group, occlusion of
the ventricular catheter was detected intraoperatively.

Table 3. Postoperative complications

Group 1 Group 2

Mean follow-up (days) 410 333

Complications
Infection (rn)
Dysfunction (n)
Ventricular catheter (n)
Others (n)
Subdural effusion (n)
Slit ventricle (n)
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Table 4. Patients with overdrainage: age and diagnosis

Group 1 Group 2

Patient no. Age Diagnosis Patient no. Age Diagnosis

1. 3days Occlusive 5. 69 years Normal-pressure
hydrocephalus hydrocephalus

2. 68 years Normal-pressure 6. 39 years Occlusive
hydrocephalus hydrocephalus

3. 69 years Normal-pressure 7. 54 years Normal-pressure
hydrocephalus hydrocephalus?

4. 76 years Normal-pressure 8. 20 years Hydrocephalus follow-
hydrocephalus? ing meningitis

2 Patients 1-7 had subdural effusions and patient 8 slit ventride. Patients remained complete-
ly free of clinical symptoms.

Other minor complications such as local hematomas or subcutaneous CSF ac-
cumulations were observed in eight patients in group 1 and five patients in group
2. These minor complications resolved spontancously without further operative
intervention.

Finally, subdural effusions were observed in four patients in group 1 and in
three patients in group 2. Two of these patients with subdural effusions — one of
each group — remained completely free of clinical symptoms (Table 4). Subdural
effusions were detected on routine CT scan only. These two patients were followed
clinically and subdural effusions resolved spontaneously. In the other patients, op-
erative treatment including subdural drainage and temporary occlusion of the shunt
system was necessary.

Those patients with complications related to overdrainage are listed separately
in Table 4. Particularly older patients with normal-pressure hydrocephalus were at
risk. Symptomatic slit ventricles were observed in one patient only. This patient,
suffering from hydrocephalus following meningitis, belonged to group 2.

Discussion

Treatment of hydrocephalus with conventional differential pressure valves leads to
considerable overdrainage of CSF when the patient is in the upright position. In
vivo studies in shunt-treated patients demonstrated a lowering of intracranial pres-
sure down to —370 mm H,0 in the upright position [3, 4]. Clinical complications
following overdrainage of CSF are slit ventricles and subdural effusions [1, 2, 5].

To overcome this problem, modifications of the shunt systems have been de-
veloped, e.g., antisiphon devices [3, 6, 8] and programmable valves.

Antisiphon devices change the opening pressure and the resistance of the valve
[4] and in this way can cause underdrainage of CSF. Shunt systems with
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programmable resistance are, in our opinion, inadequate because they do not
respond to the postural changes of differential pressure.

The Orbis-Sigma Valve is an interesting approach to this problem because of its
variable resistance that maintains a fairly constant flow of between 20 and 30 ml/h,
near the ranges of normal CSF secretion, at differential pressures of
80-360 mm H,O [7]. Within these ranges of differential pressure, overdrainge
should be avoided or reduced.

Nevertheless, our clinical experience using this shunt system is in contrast to
these theoretical advantages. Subdural effusions — considered as a typical conse-
quence of overdrainage — occurred in four of 52 patients (group 1) who were fitted
with the Orbis-Sigma Valve. Using a conventional differential pressure valve in
another 52 patients (group 2), subdural effusions were encountered in three pa-
tients. One additional patient of this group suffered from slit ventricles. Overall
complications of overdrainage were equal in both groups.

The antisiphon effect of the Orbis-Sigma Valve is apparently not sufficient to
overcome the clinical complications due to overdrainage.

Considering the hydrodynamic characteristics of this valve one can state that, at
differential pressures greater than 350 mm H,0O, CSF flow rates rapidly increase.
In adult patients, differential pressure reaches values of up to 400 mm H,O or
higher in the upright position causing remarkable overdrainage in this shunt system
£00.

Finally, complications of underdrainage were equal in both patient groups. Un-
derdrainage was related to dysfunction of the peripheral catheter in three patients
and to occlusion of the ventricular catheter in two patients in each group. Overall,
the new shunt system is, in our experience, as reliable as the conventional device
which had been used in our unit up until then.

Conclusions

1. The Orbis-Sigma Valve is as reliable as a conventional differential pressure
valve with regard to the incidence of shunt dysfunctions.

2. Overdrainage of CSF with clinical manifestation of subdural effusions is not
prevented or significantly reduced using this valve.
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Management of Hydrocephalus in Craniosynostosis

H. Collmann!, N. Sérensen!, J. KrauB!, C. Michel?2, and J. Miihling?2

Introduction

Ventricular dilation in patients with primary craniosynostosis raises several ques-
tions concerning etiology and pathogenesis, clinical significance, and indication
for shunt treatment. In a few previous reports hydrocephalus in these patients has
been attributed to either coincidental cerebral malformations [5], constriction of
the subarachnoid space [4, 8] or venous obstruction [11]. Golabi found that some
4% of patients with craniosynostosis develop shunt-dependent hydrostatic hydro-
cephalus. More often, however, ventricular dilation represents only a kind of dys-
morphic ventriculomegaly (hydrocephalus ex vacuo), as stated by Noetzel et al. [9]
and confirmed in our own previous study [3].

Since intracranial hypertension may be due to both craniostenosis and CSF ac-
cumulation, hydrostatic hydrocephalus may not easily be recognized in these pa-
tients. The objective of the present study was to obtain more information about the
characteristics of hydrostatic hydrocephalus in craniosynostosis.

Methods

During the last 9 years routine examination of patients operated on for craniosyn-
ostosis at our institution included examination of the CSF spaces. Most patients
underwent computed tomography and some magnetic resonance imaging. Only in
simple scaphocephaly was information based predominantly on pre- or early post-
operative ultrasound examination. Most patients with enlarged ventricles had fol-
low-up studies. Classification of syndromic craniosynostosis followed published
criteria [1]. Intracranial hypertension was confirmed either by epidural or
fontanometric pressure monitoring [10] or by papilledema or marked dural tension
during operation. Decompressive surgery consisted of large craniectomies or en-
largement of skull capacity using various techniques of cranial vault reshapement
including fronto-orbital advancement.

1 Abteilung Pidiatrische Neurochirurgie, Neurochirurgische Universititsklinik,
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Table 1. Frequency and degree of ventricular dilation in various types of craniosynostosis,
including number of patients with hydrostatic hydrocephalus

Ventricular Dilation Shunt
n Mild Moderate  Severe Total dependent
Isolated Synostosis 349 4 2 4 10 5
Frontal 59 - - 1 1 1
Sagittal 181 1 - - 1 -
Unicoronary 47 1 - 2 3 2
Bicoronary 25 - 1 1 2 2
Multiple sutures 37 2 1 - 3 0
Syndromes 159 36 18 7 61 14
Crouzon 38 9 6 1 16 3
Pfeiffer 10 3 3 3 9 5
Apert 41 16 5 - 21 2
Chotzen 39 4 1 - 5 1
Others 31 4 3 3 10 3
Total 508 40 20 11 71 19
Results

Prevalence of Ventricular Dilation. From a total of 508 patients — most of them
children — 71 presented with some degree of ventricular dilation (Table 1). There
was a striking difference between isolated and syndromic synostosis, the preva-
lence being 3% in the former and 38% in the latter. Additional differences were
noted in the group of genetic syndromes (Table 1; Figs. 1-3).

In 19 patients the hydrocephalus turned out to be shunt dependent. Again,
prevalence differed considerably for various types of isolated synostosis and syn-
dromes, most strikingly between Pfeiffer's and Apert's syndrome (Table 1; Figs. 1,
2).

Associated Disorders. Analysis disclosed seven patients in whom hydrocephalus
was caused by a coincidental disorder unrelated to synostosis: perinatal hemor-
rhage (three), amniotic band syndrome (one), and myelomeningocele (three pa-
tients with isolated synostosis of coronary suture); five of these needed a shunt.
Excluding these seven patients, there were only three hydrocephalics left in the
group of isolated synostosis; none had proven hydrostatic hydrocephalus. There-
fore the following analysis is confined to the group with syndromic synostosis.

Morphologic Features. Ventricular dilation was marked in seven patients; each
needed a shunt. Of 18 patients presenting with moderately enlarged ventricles six
were shunt dependent. Even in one case of mild enlargement, shunting turned out
to be the only way for effective control of intracranial hypertension. A dilated third
ventricle was noted in all but two shunt-dependent patients, but in three shunt-
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Fig. 1. Severe ventricular enlargement in hydrostatic hydrocephalus, 3 months after decom-
pressive surgery; at that time normal ventricular size (6 month-old boy, Pfeiffer's syndrome)

independent patients as well (Figs. 2, 3). All shunt-dependent patients had compro-
mised CSF spaces within the posterior fossa, but this was also found in many non-
hydrocephalic patients with craniostenosis. No case of hydrostatic hydrocephalus
could be attributed to a particular associated malformation of the brain.

Fig. 2. Moderate shunt-independent ventriculomegaly (5-year-old boy, Apert's syndrome)
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Fig. 3. Moderately enlarged ventricles in hydrostatic hydrocephalus, normal ventricles at
birth, rapidly developing intracranial hypertension (14 month-old girl, Crouzon's syndrome)

Evolution of Hydrocephalus. At birth only two patients had severely enlarged ven-
tricles. Spontaneous progression was noted in all cases of hydrostatic hydro-
cephalus. On the other hand, some increment of ventricular size was also docu-
mented in two-thirds of patients with ventriculomegaly. Following surgery for
craniostenosis local enlargement of the ventricles was frequently observed, but this
did not confirm hydrostatic hydrocephalus. The effect was most evident after
surgery of severely distorted skulls such as those with clover leaf skull syndrome.

Response to Treatment. Prior to any treatment intracranial hypertension was con-
firmed in 38 of the 61 hydrocephalic patients with syndromous synostosis. Twenty
of these received a shunt. Regarding the response to treatment three groups were
identified. In seven patients intracranial pressure was effectively controlled by in-
serting a shunt first (group A). Age at shunting was 2-14 months (median,
6 months). Four of these needed decompressive surgery for recurrent intracranial
hypertension due to craniostenosis after an interval of 5-20 months. In one case of
extreme ventricular dilation pressure remained normal for at least 5 years. Two
patients died soon after shunting because of severe associated anomalies. In six
other patients shunting was not followed by resolution of intracranial hypertension
(group B). All but one had only mildly enlarged ventricles. All were finally treated
successfully by decompressive surgery. Finally, seven patients received a shunt as
second procedure (group C) after an interval of 2 months—4 years following
surgery for synostosis. Shunting was chosen either because of persistent or early
recurrent intracranial hypertension despite adequate treatment of craniostenosis, or
because of conspicuous progression of ventricular dilation. Patients’ ages at
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shunting ranged from 3 months to 6 years (median, 20 months). Treatment was
successful in all cases. In an effort to avoid shunt insertion suboccipital
craniectomy was performed in two hydrocephalic patients, but failed in both.

Discussion

The concurrence of hydrostatic hydrocephalus and primary craniosynostosis is a
unique condition, in that opposite forces are acting upon the brain. Accumulating
CSF tends to blow up the brain and its coverings, but at the same time the deficient
skull growth restrains it from expanding. Intracranial pressure may be elevated by
both mechanisms. Hence, classical signs of childhood hydrocephalus such as ac-
celerated head growth and bulging fontanelle are not available for identification of
shunt-dependent CSF circulation disorder. Moreover, adding to the diagnostic
problem, only a minority of patients with dilated ventricles have hydrostatic hy-
drocephalus. Intracranial hypertension by craniostenosis and ventriculomegaly
may coincide, but in these cases successful treatment cannot be expected from
shunting.

Our own observations as well as the data of other authors [2, 5, 6, 9] suggest
that ventricular enlargement in primary craniosynostosis may reflect quite different
pathological conditions: primary cerebral dysplasia, for instance, in Apert's syn-
drome [2], secondary brain atrophy as a consequence of long-standing craniosteno-
sis, or CSF circulation disorder. High-pressure hydrocephalus must be considered
as well as normal pressure hydrocephalus and even arrested hydrocephalus.
Finally, various etiologic factors may be involved at the same time.

For these reasons there are as yet no reliable criteria for differentiation between
shunt-dependent hydrostatic hydrocephalus and shunt-independent ventricu-
lomegaly. Studies of CSF dynamics may be expected to overcome this problem,
but no exact data are available now [12].

Our study provides some practical guidelines. Patients with severe or rapidly
progressing ventricular enlargement should be shunted without delay. In these pa-
tients surgery for synostosis should be postponed for at least several months to
avoid the risk of persistent epidural dead space following cranial vault reshape-
ment. In mild or moderate ventricular dilation with slow progression a dilated 3rd
ventricle or a constricted posterior fossa may provide additional arguments. In
doubtful cases it seems advisable to operate on the synostosis first and to wait for
the resolution of intracranial hypertension. If necessary, a shunt may be added in a
second procedure. The remodeled skull will not collapse if the bone fragments are
securely fixed [7].
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Effect of Head Elevation on Intracranial Pressure,
Cerebral Perfusion Pressure,
and Cerebrovenous Oxygen Saturation

G.-H. Schneider!, R. Franke!, A. von Helden!, A. Unterberg!,
and W. Lanksch!

Introduction

Treatment of elevated intracranial pressure (ICP) has been shown to decrease
mortality and to improve neurological outcome in severe head injury [4, 8].

Up to now head elevation has been the first of a series of standard procedures to
control raised ICP. Though there is general agreement that this maneuver signifi-
cantly reduces ICP [1-3, 6], this practice has been increasingly challenged recently
{6, 7]. Elevating the head not only lowers ICP, it may also significantly reduce
cerebral perfusion pressure (CPP) [1, 2, 6].

It still remains uncertain which body position is the most beneficial for patients
with compromised intracranial compliance. Recently, it has been shown that cere-
brovenous oxygen saturation can be used as an estimate of cerebral blood flow [5].
Furthermore, continuous monitoring of cerebrovenous oxygen saturation has be-
come feasible.

The aim of this study was to determine the effect of head elevation on cere-
brovenous oxygen saturation (CVOS), as an indicator for cerebral perfusion, as
well as ICP and CPP in comatose patients with intracranial hypertension.

Material and Methods

Twenty-one comatose patients were included in the study. Table 1 describes the
study group.

Treatment of patients was done in accordance with international standards
which included prompt evacuation of intracranial masses, if necessary, and aggres-
sive management of ICP [moderate hyperventilation, sedation, cerebrospinal fluid
(CSF) drainage, mannitol, and finally barbiturates].

Mean arterial pressure (MAP) was measured in the radial artery and care was
taken to keep the transducer at the level of the external auditory canal. CPP was
calculated as the difference of MAP and ICP.

To monitor CVOS a fiberoptic catheter (Abbott Laboratories, Illinois, USA)
was placed in the jugular bulb on the side of the main lesion where its position was
checked by X-ray.

! Neurochirurgische Forschung Universititsklinikum Rudolf Virchow,
Freie Universitit Berlin, Spanndauer Damm 130, W-1000 Berlin 19, FRG
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Table 1. Characteristics of study group

Sex ratio (M:F) 14:7
Mean age (years) 47 (range 20-79)
Diagnosis
Severe head injury (n) 14
Subarachnoid hemorrhage
(Hunt and Hess grade IV) (n) 4
Intracerebral hemorrhage (n) 3
GCS on admittance 4-8 (mean: 6)

Initial ICP (15° head elevation) (mmHg) 22.2 + 2.8 (range 9-60)

Study measurements were performed within 72 h after admittance. The head
was lowered from 45° by three 15° steps (each for 20 min) to the horizontal posi-
tion. At each position ICP, MAP, and CVOS were recorded. Arterial and jugular
venous blood samples were obtained for determination of blood gases, pH, oxygen
saturation, as well as lactate concentration.

For statistical evaluation the Friedman test for paired values was used.

Results and Discussion

The effect of head elevation on ICP, CPP, and CVOS is given in Fig. 1. Table 2 is
a survey of mean values (+ SEM) of all pertinent parameters measured.

Intracranial pressure was significantly lower at 45° (10.6 = 1.3 mmHg), 30°
(11.6 + 1.3 mmHg), and 15° (14.9 £ 1.6 mmHg) compared to the supine position at
0° (20.7 = 1.4 mmHg). At 15° of head elevation 57%, at 30° even 90% of the total
reduction of ICP was achieved. This clearly demonstrates that, for the purposes of
controlling acute intracranial hypertension, it is not necessary to elevate the head
above 30°.

Mean arterial pressure, recorded at head level as an estimate of mean carotid
pressure [6], gradually rose from 70.6 +£2.3 mmHg at 45° to 81.0 £ 2.5 mmHg
with the patient lying flat (p < 0.001). As the change in MAP and ICP grossly
equalled each other, head position had no effect on CPP, which remained constant.
Also, CVOS remained unaffected by the degree of head elevation with an average
reading of 65%.

As parameters indicative of cerebral metabolism, such as cerebral arteriovenous
difference of oxygen saturation (AVDQO,), PaCO, and cerebral arteriovenous dif-
ference of lactate (AVDL), showed no significant change either, it seems justified
to use jugular venous saturation to evaluate the quality of cerebral blood flow. Ob-
viously the supine position has no negative influence on cerebral perfusion even
though ICP is above 20 mmHg.
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Fig. 1. Effect of body position on
intracranial pressure (/CP), cerebral
perfusion pressure (CPP), and cere-
brovenous  oxygen  saturation
(CVOS). While ICP significantly
decreased, CPP and CVOS, as an
estimate for cerebral blood flow,
remained unchanged

Table 2. Effect of head elevation on cerebral and systemic parameters

Head elevation

Parameter 45° 30° 15° 0°

MAP (mmHg) 70.6+23 729+23 765+24 81.0+2.5"
ICP (mmHg) 10.6+13* 11.6+13* 149+1.6™" 207+14
CPP (mmHg) 603+2.7 615+24 62.1+2.4 60.6+28
CVOS (%) 64.6+24 662+23 64.1+22 66.8 +2.2
AVDO, (A%) 312423 306+23 321422 296+23
PaCO, (nmHg)  33.8+08 33.6+09 337408 334408
AVDL (mg/dl) 04402 —04+02 03402 -04+0.1

*p<0.001,** p<0.05 *** p<0.01
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Summary and Conclusions

This study demonstrates that head position does not influence CVOS, i.e., cerebral
perfusion, even in patients with moderately raised ICP. In order to treat intracranial
hypertension, it iS not necessary to elevate the head above 30°.

It still remains to be studied whether head elevation has a negative effect on
cerebral blood flow in patients with higher levels of intracranial hypertension and a
more significantly reduced intracranial compliance. Continuous jugular oximetry
seems to be an apt new tool to answer this question.
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Interhemispheric Gradients in Head-Injured Patients:
Their Evidence in Epidural Intracranial
Pressure Measurement

D. Woischneck!, M.R. Gaab!, and T. Barner!

Introduction

Intracranial pressure (ICP) in clinical use is monitored by epidural sensors. From
subarachnoidal measurement, pressure gradients between different intracranial
compartments are known, mainly transtentorially and on both sides of the falx
cerebri. While the transtentorial differences are well known, the interhemispheric
gradients in brain-injured patients so far have not sufficiently been quantified, es-
pecially for epidural evaluation.

Material and Methods

In 15 patients ICP was monitored by epidural, frontal measurements on the right
and left sides, in reference to the foramen of Monro. We used the sensor of the
Geltec company. For calculation of the cerebral perfusion pressure (CPP), we can-
nulate the radial artery for continuous blood pressure recording by a Statham
transducer. Measurement started 22 h after the accident and was performed on av-
erage of 79 h. It was performed until ICP was in a normal range (12 patients) or
brain death occurred (3 patients). For analysis we divided the total time of mea-
surement for each patient into 3-h intervals. The average ICP and CPP values of
these intervals were used as our main criteria for evaluating study results.

Results

Of our 15 patients 12 showed an ICP gradient between the right and left hemi-
spheres: in 7 cases the gradient was noticed once in the clinical course and in S
cases twice. The gradient in these 12 patients averaged 15 mmHg, with a maxi-
mum of 30 mmHg maximally, due to 3-h intervals. When it occurred, we always
noticed significant differences for longer than 24 h — a maximum of 3 days in one
course.

In cases of an cerebral contusion, the side of the high or low ICP corresponded
to CT criteria. Figure 1 shows the ICP course of a 37-year-old patient with
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Fig. 1. ICP course after bifrontal
contusion (37-year-old man, mea-
surement starting 6 h after the ac-
cident). Each column is the aver-
age ICP for 3 h. R, Right side; L,
left side; VP, intraventricular pres-
sure

bifrontal contusion areas. The ICP on the right side is up to 30 mmHg higher than
on the left. This gradient occurred twice during the measurement period. In the
case of this patient, we temporarily also measured the intraventricular pressure,
which was lower than ICP on both sides and led to completely different evalua-
tions of the patient's situation. On the other hand, the CPP in cases of mainly a
traumatic brain swelling showed significant gradients up to 20 mmHg, although
computed tomography revealed no differences concerning formation of the
right/left edema.

When an acute ICP rise was induced (for example, upon coughing against the
respirator; Fig. 2), we observed a characteristic pressure curve in all patients. The
side of the primarily higher ICP showed a proportionally higher mounting, and the
plateau was reached earlier on this side. In the phase of the final ICP fall, the
higher side showed a delay in reaching the basic pressure again.

Fig. 2 A-D. ICP course in acute crisis in case of a traumatic brain swelling. A Before
coughing against the respirator. B 1 min after coughing. C 5 min after coughing. D normal-
ization
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Fig. 3. Correlation of the ICP (left) and CPP (right) with the grade of intracranial hyperten-
sion (defined by the ICP on the side of the maximal swelling or contusion)

Figure 3 summarizes values in all the patients when a gradient was scen. We
related this gradient to the ICP of the side of the higher pressure, and ICP differ-
ences between right and left showed a positive correlation with the amount of the
intracranial hypertension.

As noted above, in three cases a gradient was not observed. In two cases these
were patients with maximal brain swelling in a state of supratentorial herniation;
one was a patient with a contusion of the midbrain without significant swelling.

Table 1 summarizes the ICP and CPP values of all patients with a significant
gradient. As one can see here, for therapeutic intervention (mannitol administra-
tion, decompressive operation) this would have meant an astonishing difference in
a number of decisions whether we measured right or left.

In summary, we found right/left gradients in ICP and CPP due to the side of the
brain where computed tomography had suggested differences in ICP. On the other
hand, we describe patients in whom the results of computed tomography were dif-
ferences of edema generation, although epidural measurement revealed significant
ICP differences. In cases of such gradient, it was always longer than 24 h. Some-
times it occurred twice in the clinical course. It showed a positive correlation to the
degree of intracranial hypertension.

Table 1. Interhemispheric gradient and average ICP over 3 h

Side of ICP> 20 ICP > 40 CPP < 50 n

High ICP 99 53 57 195
Low ICP 65 9 18 195
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Discussion

ICP differences between right and left from the falx cerebri have been described in
laboratory animals especially by Langfitt et al. [1] and Leech and Miller [2]. These
are explained by different principles, such as obliterations of the subarachnoidal
space, areas of different brain elasticity, and the time-consuming process of the
formation of a brain edema [4]. Intracranial gradients have been seen in brain-
injured patients and in cases of brain tumors, as described by Pick and Bock [3].
Interhemispheric gradients after head injuries have been explored mainly by
Weaver et al. [5]. In their study, these were detected by subarachnoidal measure-
ment. They found such gradients to correspond to computed tomography findings,
as we did in our study. In contrast, by subarachnoidal recording they found differ-
ences for only 24 h at most. In our patients, 1 day was the minimum that we ob-
served. Furthermore, neither Weaver et al. [5] nor, as far as we know, any other
author has reported intracranial gradients between right and left which vanish in
the clinical course and return secondarily. This may of course be explained by the
secondary typical brain swelling 2-4 days after the trauma.

The positive correlation of the gradient with the intracranial hypertension
(Table 1) is a result known from subarachnoidal measurement [5]. The behavior of
right and left ICP during acute crisis (Fig. 3) has not been described until now.
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Improved Outcome from Traumatic Coma
Using Only Ventricular Cerebrospinal Fluid Drainage
for Intracranial Pressure Control

J. B. G. Ghajarl, R. J. Hariri!, and R. H. Patterson!

Treatment of intracranial hypertension is essential in the management of patients
with traumatic brain injuries. Patients with persistently high intracranial hyperten-
sion are likely to die [1], and treatments to reduce intracranial hypertension are
performed with the aim of improving cerebral perfusion. While mortality from se-
vere head injury has been reduced from 50% to 35% over the past 15 years [2], the
contribution of the treatment of elevated intracranial pressure (ICP) has never been
isolated from the contributions of advances in surgical management, diagnostic ra-
diology and general intensive unit (ICU) care. It is at least theoretically possible
that the prognosis of severely head-injured patients is no better with treatment of
elevated ICP than without treatment, given adequate surgical and ICU care. Simi-
larly, the question of whether or not treatment of elevated ICP simply increases the
number of vegetative survivors has never been answered directly. Commonly em-
ployed therapeutic measures to reduce ICP are hyperventilation, mannitol, barbitu-
rates, and ventricular cerebrospinal fluid (CSF) drainage. We hypothesized that
CSF drainage alone would decrease morbidity and mortality to a greater extent
than other treatments because it has the potential to improve cerebral perfusion as
well as decrease intracranial pressure [3]. Hyperventilation, in contrast, can poten-
tially reduce cerebral perfusion below ischemic thresholds by vasoconstriction [4].
Osmotic diuretics [5] and barbiturates [6] can also theoretically reduce cerebral
perfusion to a deleterious extent by systemic hypotension. These factors are crucial
in the consideration of a traumatized brain with an already marginal blood flow,
especially during the early stages of treatment [7]. However, studies of patients
with severe head injury in the past 15 years have used a combination of therapies
and not ventricular CSF drainage alone as the principal method of reducing in-
creased intracranial pressure.

We initiated a prospective study to evaluate and compare the outcome of two
groups of patients with severe head injury, one managed with ventricular intracra-
nial pressure monitoring and therapeutic drainage and a second group of patients
treated without ICP monitoring or therapeutic drainage of ventricular CSF.

1 The Aitken Neurosurgery Laboratory, 1300 York Avenue, Room LC-807, New York,
NY 10021, USA.
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Patient Population

The patient population for this study consisted of patients between the ages of 16
and 70 admitted to the New York Hospital Cornell Medical Center or to the Ja-
maica Hospital Cornell Trauma Center with a nonpenetrating severe head injury
during the 3-year period from January 1989 through December 1991. Severe head
injury was defined as Glasgow Coma Score (GCS) < 7 for at least 24 h following
initial resuscitation. Patients who met brain death criteria within 24 h of admission
were excluded.

Clinical Management

Patients were assigned to one of two groups depending on the neurosurgeon on call
for the day. Group 1 patients had placement of ventricular catheters for ICP moni-
toring and were treated by CSF drainage when ICP exceeded 15 mmHg. Group 2
patients had no ICP monitoring device placed and were not treated for intracranial
hypertension.

All patients were managed by a neurotrauma protocol that included intubation
and ventilation to a PaO, of 100 mmHg and a PaCO, of 35 mmHg, CT scans, and
prompt evacuation of significant subdural hematomas. The head of the bed was el-
evated to 30° from horizontal. Fluid resuscitation in the emergency room was per-
formed according to Advanced Trauma Life Support Program (ATLS) guidelines.
Patients were maintained normovolemic and monitored for blood pressure and ar-
terial PaO,, PaCO,, and pH with an indwelling arterial line and, if hypotensive on
admission, with Swan-Ganz monitoring. Some patients were given 1 g/kg mannitol
on admission if they showed signs of impending cerebral hemiation, but thereafter
mannitol was not administered for ICP management.

In group 1 patients a right frontal ventriculostomy was performed using the
right-angle technique [8] within 4 h of their arrival to the emergency room. The
ventriculostomy catheter was placed on the contralateral side in the presence of a
subdural hematoma or significant cerebral contusion that produced a midline shift.
The catheter was connected by a three-way valve to a pressure transducer which
displayed the ICP pressure on a monitor and to a drainage system which was set to
drain CSF at 15 mmHg pressure to an ideal endpoint of 10 mmHg. Ventricular
CSF pressure was measured every hour and was averaged over an 8 h shift. Ven-
tricular CSF was cultured and analyzed for protein, glucose, and cell count in pa-
tients who became febrile with ventriculostomy catheters in place. Catheters were
removed if the CSF culture was positive and a contralateral catheter was placed if
ICP was elevated. Ventricular catheters were removed if the ICP remained on av-
erage less than 15 mmHg without drainage over a 24-48 h period.

Forty-nine consecutive patients were entered into the study: 34 in group 1 and
15 in group 2. The larger number of patients in group 1 compared to group 2 re-
flects the larger proportion of on-call days by neurosurgeons admitting patients for
group 1 protocol (ICP monitoring and treatment).
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Table 1. Demographics and clinical features

Factor Group 1 Group 2
Patients (n) 34 15
Average age (years) 33 41
Motor vehicle accident (%) 76 53
Evacuated acute subdural hematoma (%) 29 27
Average GCS post resuscitation 5 6
Results

Table 1 shows the demographic data and some clinical features for both groups.
The average GCS in group 1 (GCS = 5) was significantly (p < .05) lower than in
group 2 (GCS = 6). In both groups there was a similar percentage of patients who
had craniotomies for acute subdural hematomas.

Table 2 shows that ventricular ICP was monitored on average for 4.3 days. ICP
averaged 13.3 mmHg in all patients, which demonstrated that CSF drainage was
successful in maintaining average ICP below 15 mmHg. The incidence of intracra-
nial hypertension (ICP > 20 mmHg) was low (10%), as was the rate of CSF infec-
tion (6%). Three patients out of 15 in group 2 received either steroids or mannitol
during their course of ICU care; none of the patients in group 1 received mannitol
or steroids during their ICU stays. The average PaCO, during ICP monitoring was
not different between the two groups (group 1, 33 mmHg; group 2, 34 mmHg).

Table 3 shows the Glasgow Outcome Score (GOS) for both groups at 6 months
to 3 years following discharge. A 100% follow-up review was obtained. Mortality
in group 1 patients was approximately four times less than mortality in group 2 pa-
tients, and the percentage of group 1 patients living independently was approxi-
mately three times greater than the percentage of group 2 patients living indepen-
dently. The percentage of patients who were vegetative or dependent was not
significantly different between the two groups.

Table 2. Ventricular ICP and PaCO, parameters

Factor Group 1 Group 2
Average duration of ICP monitoring (days) 43 N/A
Average ICP during treatment (mmHg) 13 N/A
Incidence of intracranial hypertension (%) 10 N/A
Ventricular CSF infection rate (%) 6 N/A

Average PaCO, during ICP monitoring (mmHg) 33 34
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Table 3. Discharge outcome

Status GOS Group 1 (%) Group 2 (%)
Dead 1 12 53
Vegetative 2 9 7
Dependent 3 20 20

Living independently 4/5 59 20
Conclusion

This study indicates that ventricular ICP monitoring and CSF drainage for in-
tracranial hypertension in severely head-injured patients significantly decreases
mortality without significantly increasing the percentage of vegetative or depen-
dent patients compared to a control group that was neither monitored nor treated
for intracranial hypertension.

We believe that the favorable outcomes demonstrated with our treated group of
severely head-injured patients are attributable to our stepwise approach to ICP
management, with CSF drainage as the first step. Our current protocol is shown in
Fig. 1. The efficacy of CSF drainage alone prevents us from having to resort to
further methods of treatment in most patients. In addition, our protocol uses

6 Critical Re-Evaluation
If the patient does not have signs of cerebral
herniation, consider continuing current
management.
If the patient shows signs of cerebral
herniation,despite current management,
consider hyperventilation and/or barbiturate
therapy.

) 5 Mannitol: 0.25gm/kg IV bolus/hr.
1CP225 Keep serum osm 300-310 & serum Na 140-150. I

4 Sedation: MSO4 0.1mg/kg/hr and/or Midalzolam 0.2m hr.
Paralysis: Pancuronium 0.1mg/kg/hr. gke/

it ICP225 — {3 Repeat CT head to exclude surgical lesion. I
if IcP >15—= 2 Institute ventricular CSF drainage. I
1 Head of bed elevated 30"; maintain euvolemia and hemodynamic stability. '

The staircase begins with a comatose patient following cardiopulmonary resuscitation,
emergent surgical procedures, and a functioning ventriculostomy in place.

if ICP225 —#

if ICP225 —p»

Fig. 1. The ICP management climb. ICP is measured in mmHG. ICP > 25 is defined as the
average ICP over an 8-h period
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ICP > 15 mmHg as the indication for treatment, in contrast to many other protocols
that use ICP > 20 or 25 mmHg as the indication for treatment.
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Barbiturate Coma in Patients
with Severe Head Injuries: Long-Term Qutcome
in 79 Patients

J. Piek!

Introduction

Barbiturates have been used in the treatment of raised intracranial pressure (ICP)
for more than 15 years [3, 4, 6]. Recently Eisenberg et al. [1] reported the results of
a multicenter, randomized study on the efficacy of using barbiturates in severe
head-injured patients. They concluded that high-dose barbiturates are an effective
additional therapy in decreasing ICP in selected patients. In the present study we
report the clinical results of thiopentone therapy in 79 patients with severe head
injuries.

Material and Methods

A total of 79 patients (Table 1) with severe head injuries (initial Glasgow Coma
Score, GCS [7], <8 or during the next 48 h were treated. Barbiturate coma with
thiopentone was installed when ICP rose above 25 mmHg and did not respond to
conventional methods (algorithm for therapy in Fig. 1). Initially repeated doses of
100 mg were injected until ICP fell below 25 mmHg. This loading dose was fol-
lowed by continuous drug infusion calculated by weight, pharmacological data,
and effect on ICP. Barbiturate infusion was reduced when EEG suppression peri-
ods reached a length of 10 s.

Results
Immediate Effects

In 72 patients barbiturate therapy was initiated during the first 72 h following
trauma as conventional methods failed to maintain ICP below 25 mmHg. The
length of barbiturate therapy varied from 2 to 12 days with a mean duration of 6.7
days. The average daily dose administered varied from 2354 to 3506 mg. Initially
43 patients responded to therapy (i.e., ICP fell more than 15 mmHg following the

1 Neurcchirurgische Klinik, Heinrich-Heine-Universitit, Moorenstr. 5,
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Table 1. Patient data

Age

Range (years)
Mean (years)
Median (years)

Sex
Mal (n)
Femal (n)

GCS (at admission)

Range
Mean

Maximum ICP
Range (mmHg)
Mean (mmHg)
Median (mmHg)

Minimum ICP
Range (mmHg)
Mean (mmHg)
Median (mmHg)

Type of intracranial lesion

Epidural hematoma (r)
Subdural hematoma ()
Intracerebral hematoma (r)
Two hematomas (72)

Three hematomas (n)

No hematoma (n)

Associated injuries

Thorax (n)

Abdomen (n)

Thorax and Abdomen (n)
Spinal column (r)
Extremities (#)

None (n)

3-71
29.32
27

53
26

25-180
49.90
45

2-30
11.87
10

179

initial "loading dose"). In 21 patients ICP was reduced by less than 15 mmHg, in
another 15 patients ICP remained unchanged (36 nonresponders).

Qutcome

Tables 2-4 give details of the outcome. A total of 46 patients died — 38 within the
first two posttraumatic weeks — mainly because of their primary brain injury or due
to uncontrollable ICP. Five patients died from day 14 to 28 post injury; the
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Sedation
GCS <9 (Droperidol+Fentanyl)
or detoriating to - ICP - Monitoring 4 | Hyperventilation
GCS <9 (pCO,28 - 32 mm Hg)
Dexamethasone
(100 mg i.v. initially)

ICP > 25 mm Hg CSF - Drainage -

ICP > 25 mm Hg '(\ga;g;:é;'v' -

ICP > 25 mmHg | Thiopentone i.v.
(inital dose: 5 - 10 mg/kg)|

RR (A. radialis)

EEG (continuously) ICP < 25 mm Hg --> continue with 100 - 300 mg/h
ICP+CPP (continuously) ICP < 25 mm Hg + EEG-suppression > 10 s-—--> reduce
Swan-Ganz (if necessary) ICP unchanged + serum level > 4 mg% ---> stop

Fig. 1. Algorithm for treatment of raised ICP in the study group

remaining three patients were either severely disabled or vegetative at discharge
and died due to infectious complications in other hospitals.

Thirty-three patients had a follow-up examination with a minimal follow-up
time of 370 days (mean: 663 days). At this time 11 patients were severely disabled,
ten had a moderate outcome, and 12 patients survived in a good condition.

Severe neurological deficits (paresis, aphasia) often combined with severe neu-
ropsychological alterations were the main causes for a bad outcome, whereas in-
complete cranial nerve palsies (especially cranial nerves I, II, VII, and VIII), mild
aphasia and hemipareses were present in the better-outcome groups. A better out-
come was predominantly observed in patients with initially low GCS scores (4-6),
whereas patients with initial GCS scores of > 8 and secondary deterioration o
lower scores exclusively had a Glasgow outcome score of 3. A good or moderate
outcome was observed in 20 of 43 patients (46.51%) who initially responded to
thiopentone injection, whereas in the nonresponder group only two of 36 patients
showed a moderate or a good outcome. Patients with a good or moderate outcome
in a remarkable percentage (45%) complained of severe psychological problems in
spite of their minor neurological handicaps; some of them still stayed in psycho-
logical therapy. Three of these 22 patients had thought of committing suicide; an-
other two had been divorced in the meantime. Family problems were most com-
mon in patients with severe disabilities (25%). Of 22 patients with a good or a
moderate outcome, 17 (77%) had finally reached their pretraumatic socioeconomic
status, whereas only five of 11 patients with a Glasgow Outcome Scale (GOS) [2]
score of 3 were in same job following their trauma.
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Table 2. OQutcome in 33 surviving patients following high-dose barbiturate therapy
for raised ICP

Responders? Nonrespondersb Total
Dead 12 34 46
Vegetative - - -
Severe 11 0 11
Moderate 10 0 10
Good 10 2 12

43 36 79

a [CP falls more than 15 mmHg after loading dose.
b ICP falls less than 15 mmHg after loading dose of barbiturates.

Table 3. Results of follow-up examination in 33 surviving patients: cra-
nial nerve deficits

Cranial Incomplete, Complete, Complete, Total
nerve one/both one both

(n (m (m (n)
I 2 1 5 8
I 10 4 1 15
m 4 4 0 8
v 4 2 0 6
\'/ 3 3 0 6
VI 3 3 0 6
ViI 5 4 0 9
111 15 1 1 17
IX 1 3 0 4
X 0 3 0 3
XI 6 3 0 9
XII 0 1 0 1

Table 4. Results of follow-up examination in 33 surviving patients: other findings

None Mild/moderate Severe/complete
(n (n (n)
Hemiparesis 25 5 3
Aphasia 17 11 5
Akalkulia 17 7 9
Agraphia 19 9 5
Neuropsychological handicaps 16 11 6
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Discussion

Following the pioneering work of the San Diego Group from 1975 to 1979 [3, 4,
6], barbiturate coma has been widely used for ICP control in severely head-injured
patients. In numerous studies it has been shown that barbiturates are effective in
controlling elevated levels of ICP. Concerning long-term outcome, however, its
use compared to conventional therapy has been doubted [5, 8].

In three controlled, randomized trials by the Richmond [8] group, in Toronto
[5], and recently in Galveston [1], only Eisenberg et al. [1] could show a beneficial
effect of barbiturate coma on ICP control and short-term outcome in head-injured
patients. In the Richmond study a patient group was defined which was believed at
risk for developing elevated ICP; in Toronto the effect of barbiturates versus man-
nitol was studied. Therefore high-dose barbiturates were given as an initial ther-
apy. Only Eisenberg et al. [1] could demonstrate a beneficial effect of high-dose
barbiturates when they were administered after conventional therapy failed. In
their study approximately one third of the patients in whom conventional therapy
failed reacted to additional doses of barbiturates, which is fewer compared to our
study. In their study only one patient whose ICP responded to barbiturates died,
whereas in nonresponders only three of 22 patients survived 1 month. In the pres-
ent study the percentage of deaths (27.9%) and severe outcome (25.6%) is higher
compared to Eisenberg et al.'s patients but is mainly due to a longer follow-up
time.

From our results and the literature, we conclude that high-dose barbiturate ther-
apy in patients with severe head injuries should be initiated whenever conventional
therapy fails to control ICP, but should not be used as a primary therapeutical in-
strument. In this situation approximately 30% - 50% of the patients will respond to
a "loading dose" of barbiturates with an ICP reduction of more than 15 mmHg,.
About half of the responders to barbiturate therapy will have a moderate or good
outcome, whereas a favorable outcome is very unlikely if a reduction of ICP is not
observed following an initial loading dose of thiopentone.
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Pre-hospital Airway Care and Control of Ventilation
in Patients with Head Injuries:
A Retrospective Analysis in 1623 Head Trauma Victims

E. J. Wahjoepramonol, J. Piek2, and W. J. Bock?

Introduction

Emergency care of a head-injured patient is based on the principles of rapid diag-
nosis and treatment of the primary injury and early and aggressive management in
order to prevent secondary insults to the injured brain. Frost [4] and Frost et al. [5]
showed that even patients who seem to ventilate adequately are often hypoxic with
PaO, values of 65 mmHg or even less. Experiences from the Traumatic Coma
Data Bank (TCDB) [2] and from previous studies [3, 7] have shown that hypox-
emia as well as hypotension and hypercapnia significantly worsen the prognosis of
a patient with a severe head injury. In San Diego County, Klauber et al. [6] have
shown that improved pre-hospital care improves the outcome of patients with se-
vere head injuries.

To evaluate the quality of pre-hospital ventilatory care of patients with head
injuries, we retrospectively analyzed the admission data of 1623 head trauma vic-
tims admitted to our department from 1981 to 1989,

Patient Group and Methods

Admission data [arterial blood gas analysis, admission Glasgow Coma Score
(GCS), pre-hospital care data) of 1623 head trauma victims admitted to our depart-
ment from 1981 to 1989 were retrospectively analyzed. Hypoxemia was defined as
an arterial PO, < 80 mmHg, hypercapnia as an arterial PCO, > 50 mmHg.

Of these 1623 patients, 1136 (69.99%) had a severe head injury (GCS < 9). In
148 patients (9.12%) the severity of head injury was moderate (GCS 9-12) and in
339 patients (20.89%) only minor. A total of 28.65% of the patients had multiple
trauma to chest, abdomen, spinal column, or multiple fractures of the extremities;
whereas 71.35% of the patients had isolated head injuries or head injuries with
fracture of only one extremity.

A total of 35.3% of the patients had been transported directly from the scene of
accident to our hospital, either by helicopter or by ambulance, whereas 22.36% had
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Fig. 1. Admission blood gas analysis of 1623 patients with head injuries. Hypoxemia (solid
columns) = PaO, < 80 mmHg; hypercapnia (shaded columns) = PaCO, > 50 mmHg

been transferred from other hospitals in Diisseldorf, and 42.20% from hospitals
outside town.

Results

A total of 19.4% of all patients with severe head injuries were hypoxic on arrival to
our unit; 6.1% were hypercapnic. The corresponding figures for moderate head
injuries were hypoxemia in 14.8% of the patients and hypercapnia in 1.9%. The
corresponding figures in patients with minor head injuries were 5.7% for hypox-
emia and 0.2% for hypercapnia, respectively (Fig. 1).

Further analysis of the admission data explained this high rate of hypoxemic
patients: whereas 78.10% of all patients with severe head injuries had been intu-
bated at the scene or for transport to our hospital, controlled ventilation was per-
formed in only half of them (Fig. 2). Therefore median values of PaO, were

Fig. 2. Ventilatory care depending on the severity of head injury in 1623 patients with head
injuries. Solid columns, total intubation; shaded columns, intubation and spontaneous venti-
lation
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Fig. 3. Ventilatory care (i.e., intubation) depending on the severity of associated injuries in
1623 head-injured patients. HI, head injury; TX, chest trauma; ABD; abdominal trauma;
EXT, fracture(s) of the extremities

significantly lower in patients who were breathing spontaneously on admission
(median PaO, 128 mmHg), but did not differ significantly between patients who
were intubated with spontaneous ventilation (median PaO, 158.4 mmHg) and pa-
tients who were under controlled ventilation (median PaO, 161 mmHg). There was
also no difference in the rate of hypoxic patients who were intubated and breathing
spontaneously (22.35%) and patients who were intubated but breathing sponta-
neously (21%). Only controlled ventilation in intubated patients resulted in a lower
rate of hypoxemia (16.3%). Further analysis was done to evaluate the reasons and
indications for intubation of patients with head injuries. It was found that the rate
of intubated patients was influenced by the type of transport, the expected transport
time, and the type of injury, respectively.

The more severe the associated injuries were, the higher was the rate of intu-
bated patients. Whereas only 68% of patients with isolated head injuries were intu-
bated at the scene of the accident, the number rose when associated injuries were
present and was 100% for patients with head injuries plus thoracic plus abdominal
trauma (Fig. 3).

Fig. 4. Ventilatory care (i.e., intubation) depending on the type of transport in 1623 patients
with head injuries. Hosp. D dorf, hospital in Diisseldorf
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Patients brought directly to our hospital by helicopter were more often intu-
bated than patients for whom an ambulance had been chosen as transport.

Patients who were transferred from another hospital were less often intubated if
the distance between our department and the referring hospital was short (Fig. 4).

Discussion

It is widely known that severe head injuries may be followed by numerous ex-
tracranial complications. Previous studies by Eisenberg et al. [3], Miller et al. [7],
and Bowers and Marshall [1] clearly indicated that hypotension and hypoxemia
adversely influenced outcome. Recent information from the TCDB [2] demon-
strated that hypoxemia alone has only a small effect, but the combination of hy-
poxemia and hypotension has a dramatic impact on the outcome of severely head-
injured patients. The present study clearly shows that, in spite of advanced care in
pre-hospital treatment, hypoxemia and hypercapnia still play an important role as
secondary insults to the injured brain. In the present series, airway protection by
intubation was only performed in 68% of the severely injured patients with isolated
head injuries. Adequate ventilation was assured in only part of the patients who
had been intubated. It seems that the indication to intubate and ventilate a patient is
based more on external factors (e.g., presence of associated injuries, length and
type of transport) than on the severity of the head injury itself.

Therefore intensified training of all physicians involved in pre-hospital care of
head trauma victims is urgently required for the initial assessment and early man-
agement of these patients.
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Influence of Volume- and Pressure-Controlled
Ventilation on the Intracranial Pressure

with Continuous Propofol Sedation

in Neurosurgical Patients

J. Nadstawek!, C. CedzichZ, R. Priem2, S. Albrecht! and K. Miiller?

Introduction

Patients with craniocerebral trauma endangered by an increase of intracranial pres-
sure (ICP) must be sedated and artificially ventilated. At the same time, the neuro-
surgeon must have the possibility of establishing the patient's neurological status at
any time, or at least after discontinuing sedation. Pressure-controlled ventilation
has numerous advantages in preventing pulmonary complications in multiple
trauma patients [1].

This study was designed to evaluate the influence of pressure- and volume-
controlled ventilation on ICP of neurotraumatized patients. The effects of the
short-acting anesthetic propofol, used for continuous sedation, on ICP and cerebral
perfusion pressure were also analyzed.

Patients and Methods

Fifteen patients, 17-50 years old, with craniocerebral trauma and a score of be-
tween 4 and 8 on the Glagow Coma Scale (GCS), were included in this study. ICP
was measured using an intraventricular catheter. Volume-controlled ventilation
(Siemens Servo 900 C) was used for the first 24 h after the patient's admission to
the intensive care unit, followed by pressure-controlled ventilation with a maximal
inspiratory pressure of 30 mmHg for the next 24 h period. ICP was measured con-
tinuously; PCO, was kept at 30 mmHg. All patients were sedated with propofol
5-8 mg/kg body weight per minute intravenously, starting 2 h after the beginning
of the respiratory therapy. Before switching to pressure-controlled ventilation,
propofol infusion was again interrupted for 2 h. Mean arterial pressure (MAP) and
cerebral perfusion pressure (CPP) were also evaluated during the whole observa-
tion period of 48 h.

We compared the effects of volume-controlled and pressure-controlled ventila-
tion with and without propofol sedation on ICP values, CPP, and MAP. Owing to
the oily solution of propofol, serum triglycerides and cholesterol were analyzed be-
fore, during (every 48 h), and after discontinuing the propofol infusion. The time
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25 minutes after the start of propofol sedation
Fig. 1. Mean ICP and CPP during volume-controlled ventilation

between interrupting the propofol administration and the first possible neurological
examination was also evaluated.

Data were analyzed using Mann-Whitney's U test; p < 0.05 was considered sig-
nificant.

Results

Initial ICP under volume-controlled hyperventilation was 24 * 4.1 mmHg. No sig-
nificant changes in ICP and CPP could be observed during the whole time of vol-
ume-controlled hyperventilation without propofol sedation (Fig. 1). A slight and
short decrease of ICP and an insignificant increase of CPP were observed 25 min
after starting the propofol infuser. Slightly lower CPPs were noted during the
whole time course of propofol administration (Fig. 2). Similar results were found
by Van-Hemelrijk et al. [3] using a bolus technique.

100 —
mmHg
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Fig. 2. Mean ICP and CPP during continuous infusion of propofol (average levels for vol-
ume- and pressure-controlled ventilation)
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Fig. 3. Mean ICP and CCP during pressure-controlled ventilation (/, reversal of ICP change;
2, reversal of CPP change)

After switching the artificial ventilation to a pressure-controlled mode without
propofol sedation, a short period of ICP increase and a drop in CPP were regis-
tered. These alterations reversed after 30 min (ICP) and 90 min (CPP) (Fig. 3). In-
significant changes in ICP, CPP, and MAP were found after starting the propofol
sedation (Figs. 2, 3).

Although there were initial changes in ICP and CPP during pressure-controlled
ventilation, no significant differences regarding ICP, CPP, and MAP were seen for
either ventilation modes with or without propofol sedation.

Neurological examination was possible 30-60 min after discontinuing propofol
administration regardless which artificial ventilation mode was applied.

Triglyceride and cholesterol serum levels were increased during propofol infu-
sion, but dropped to normal values within 24 h after discontinuing infusion (Fig.
4).

Fig. 4. Triglyceride and cholesterol serum values during continuous propofol infusion
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Conclusion

Pressure-controlled ventilation does not lead to an increase of ICP. Continuous
administration of propofol in patients with moderately increased ICP seems to be a
superior alternative to barbiturate therapy, especially if the problem of neurological
examination and adverse effects has to be considered. One of the major side effects
of propofol (besides seizures and extrapyramidal disorders [2]), namely, higher
levels of serum cholesterol and triglycerides, was reversible within 24 h after inter-
rupting administration.
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The Influence of Nosocomial Pneumonia on Qutcome
of Severely Head-Injured Patients
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Introduction

As the outcome of most patients suffering from severe head injury is determined
by the primary brain lesion itself, numerous studies have focussed on the type and
severity of this lesion as predictors of outcome in this patient group. On the other
hand, it is widely known that severe head injury may be followed by many ex-
tracranial complications [1, 2]. However, little attention has been paid to the ques-
tion of how these complications influence outcome, and what patient groups are at
particular risk [12]. To answer these questions, we studied a subgroup of patients
from the Traumatic Coma Data Bank (TCDB) [9] with special regard to the role of
nosocomial pneumonia.

Material and Methods

Between April 1983 and April 1988 data on prehospital and hospital acute care and
on the rehabilitation period were collected prospectively on 1030 patients with se-
vere head injuries (Glasgow Coma Scale, GCS, [14] score of 8 or less on admis- .
sion or during the ensuing 2 days) admitted to four major trauma centers (Medical
College of Virginia at Richmond, University of California at San Diego, Univer-
sity of Virginia at Charlottesville, University of Texas Medical Branch). Of these,
613 were available for logistic regression analysis; the others included 284 brain
death on arrival from gunshot wounds, 82 missing preresuscitation GCS scores, 39
missing data on hypoxia or hypotension, and 23 missing complication forms (some
patients fulfilled more than one of these criteria).

The evolution and development of various extra- and intracranial complications
were recorded daily from 1 to day 14 following injury.
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Intracranial complications included: intracranial hemorrhage, intraventricular
hemorrhage, subdural hematoma, epidural hematoma, cerebral fluid leak, intracra-
nial pressure trace loss, postsurgical ventriculitits/meningitis, abscess, and wound
infection.

Extracranial complications were: pulmonary (adult respiratory distress syn-
drome, atelectasis, pleural effusion, pulmonary embolus, respiratory failure), car-
diovascular (arrhythmias, congestive heart failure, myocardial ischemia, hy-
potension < 90 mmHg, hypertension > 160 mmHg), peripheral vascular (deep vein
thrombosis), gastrointestinal (gastrointestinal hemorrhage, pancreatitis, gastric per-
foration), renal (acute renal failure), hepatic (liver failure, cholangitis, hepatic renal
syndrome), electrolyte imbalance, coagulopathy, STADH, diabetes insipidus, non-
surgical meningitis/ventriculitis, septicemia.

The diagnosis of pneumonia was made by the presence of infiltration on the
chest X-ray and positive sputum for organism on the Gram stain specimen or cul-
ture. Lung empyemas were coded considered as pulmonary complications. Al-
though patients may have suffered a particular complication more than once, it was
counted only once during their stay.

All definitions are available in the TCDB Manual of Operations and data forms,
National Technical Information Service (NITS), United States Department of
Commerce, 5285 Port Royal Road, Springfield, VA 22161 (NITS Accession No.
228060/AS).

Outcome was dichotomized for statistical analysis: favorable (follow-up Glas-
gow Outcome Scale [8] score "good” or "moderate) or unfavorable (follow-up
Glasgow Outcome Scale score "severe," "vegetative,” or "dead"). A backward
elimination, stepwise logistic regression model [6] was used to model the depen-
dent variable, i.e., the log odds of unfavorable outcome. The Hosmer-Lemeshow
approach was used to test the goodness of fit of the logistic model. This model in-
cluded the following variables: (a) age on admission, divides at age 40 years, (b)
maximum preresuscitation GCS motor score, (¢) hypoxia upon arrival at TCDB
hospital emergency room, (d) hypotension upon arrival at TCDB hospital emer-
gency room, (¢) multiple trauma to any extracranial system with an abbreviated
injury score of 3 or greater, (f) presence or absence of any intracranial complica-
tion (see above).

Age, maximum preresuscitation GCS motor score, hypoxia, and hypotension
were included in the model because previous TCDB research has shown these
factors to be closely correlated to outcome [3, 10]. The 5% level was used for sta-
tistical significance.

Results

There were 1709 individual extracranial complications, ranging in severity from
mild to life threatening. Among the patients 27.1% had a good outcome, 16.5%
moderate, 15.5% severe, 5% vegetative, and 35.8% of the patients died (i.e., 43.6%
"favorable" versus 56.4% "unfavorable" outcome). As can be seen in Fig. 1,
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Fig. 1. Frequency of exiracranial complications in 613 patients with severe head injury

disturbance of electrolytes was the most common complication, followed by
pneumonia with a frequency of 40.6%. Shock of at least 30-min duration (29.3%),
disturbances of blood coagulation (18.4%), and septicemia (10%) were the next
most common, whereas complications of the digestive tract, liver, or kidneys
occurred rarely.

Age (p < 0.001), maximun preresuscitation GCS motor score (p =< 0.001),
shock upon arrival (p = 0.0077), shock during the hospital course (p < 0.001), co-
agulopathy (p = 0.0036), septicemia (p = 0.0036), and septicemia ... (p = 0.047)
were found to be significant predictors of an unfavorable outcome. The signifi-
cance level for pneumonia was p = 0.037. All other complications (including pres-
ence of any intracranial complication) could not be identified as being significantly
responsible for an overall unfavorable outcome in patients with severe head in-
juries.

The model used had an acceptable sensitivity (75.4%) and specificity (75.8%).
Further analysis showed that about one-fifth of the patients had an estimated
40%—-60% probability of unfavorable outcome. This indicates a large subgroup of
patients with an uncertain prognosis at the time of injury whose outcome may be
influenced by minimizing or eliminating complications.

Looking at the time course of pneumonia as an extracranial complication that
influences outcome in severely head-injured patients, we found that it reached its
peak occurrence from day 5 through day 11. By removing the complications using
the backward elimination, stepwise logistic regression model described above, we
found that the estimated reduction in unfavorable outcome for pneumonia was
2.9% in the patient group. It should be noted that in the statistical model each
complication is removed separately, holding the others constant.

Discussion

Extracranial complications occur frequently in head-injured patients. Although the
outcome of an individual patient may be adversely affected by numerous compli-
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cations, pneumonia was identified to have an independent influence on outcome in
severe head injury. It was further shown that this occurs late in the hospital course
(from days 5 through 11) and therefore may be preventable. This would reduce the
number of patients with unfavorable outcome since, for eliminating pneumonia as
a single complication, the estimated statistical reduction in unfavorable outcome in
the present patient group was 2.9%. As severe pneumonia is often associated with
other factors such as hypotension, hypoxia, septicemia, and coagulation disorders,
from a clinical point of view the estimated reduction in unfavorable outcome may
be much greater. Improved strategies for the prevention or effective treatment of
pulmonary infections should therefore have a major positive effect on the outcome
of severe head injuries.

The risk of pneumonia in an intensive care unit increases with impairment of
airway reflexes, a history of aspiration, and more than 24 h of artificial ventilation
[4, 13], all common situations in severely head-injured patients. Barbiturate ther-
apy also may increase the rate of pneumonia [11]. Therefore, a certain proportion
of pneumonias will be not preventable, but their effects should be minimized by
rapid diagnosis and prompt identification and treatment of the causing organism.
The neutralization of gastric pH by antacids [5], H, receptor blockers [5], or en-
teral nutrition [7] has been found to be associated with a higher incidence of
pneumonia. The use of sucralfate, which is equally protective against gastric ulcers
but may not raise gastric pH to the same extent, may be useful in reducing gram-
negative colonization of [5, 7] the oropharynx, thus preventing pneumonia. Intra-
venous antibiotics, combined with selective decontamination of the digestive tract,
may also be effective in decreasing nosocomial pneumonia in general [13].

From the results of this study we conclude that these concepts should be rigor-
ously investigated in severely head-injured patients.
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Treatment of Peripheral Nerve Lesions

G. Penkert!

Classification of Nerve Lesions

Depending on the amount of compressing and destroying forces, Seddon, in 1943
[4], created the well-known idea of neurapraxia — functional blockade of the elec-
trical nerve conductivity due to myelin degeneration, axonotmesis — interruption of
continuity of the axons, and neurotmesis — complete interruption of nerve continu-
ity. In comparison, Sunderland [5] distinguished five degrees of nerve lesion in
1951. We consider this division to be much more helpful in understanding the dif-
ferent disturbing events which occur within the nerves:

Grade I

Sunderland's grade I lesion is identical with Seddon's neurapraxia. The myelin
sheath is the most sensitive part of the nerve fiber; thus focal demyelination occurs
first. The rearrangement of the myelin sheath will last 3-4 weeks. After this short
period, the nerve regains its function.

Grade 11

Owing to further compressing forces, the axons undergo wallerian degeneration.
Nevertheless, each axon remains enclosed by its basal membrane and endoneurium
so that it can reach its former muscle end plate. This process of axon sprouting will
last some months, but the end result is nearly a complete return to health.

Grade IIT

At this stage of lesion we find the endoneural structures being destroyed to a
greater degree so that motor axons may sprout into a sensory pathway or vice
versa.

This leads to a certain amount of "missprouting” with simultaneous functional
defects.

1 Neurochirurgische Klinik, Krankenhaus Nordstadt, Haltenhoffstr. 41,
W-3000 Hannover 1, FRG.
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Table 1. Nerve lesions according to Seddon [4] and Sunderland {5]

Seddon 1943 Sunderland 1951

Neurapraxia GradeI: Focal demyelinization
Grade II: Continuity of axons interrupted Wallerian
Axonotmesis Grade III: Architecture of perineurium destroyed degeneration
Grade IV: Architecture of endoneurium destroyed  of the nerve fiber
Neurotmesis Grade V: Continuity of all nerve structures interrupted
Grade IV

Because of the disarranged perineurial structures found here, the degree of mis-
sprouting improves rapidly on one side, but, on the other hand, the surrounding
connective tissue of each fascicle and fascicle group becomes fibrotic and com-
presses the outgrowth of the axons in a circular manner. The amount of mis-
sprouting occurs so much that, for example, antagonistic muscles will be inner-
vated simultaneously. From a certain degree of compressing fibrosis, the axon
sprouts are blocked completely, and there will be a "neuroma in continuity" with-
out any nerve function. This is now comparable to a nerve interruption.

Thus the idea of axonotmesis contains a wide field of different types of nerve
lesion; we are now able to explain the possible unexpected by poor results after a
neurolysis.

Grade V

A grade V lesion is again identical with Seddon's neurotmesis, i.c., a complete in-
terruption of the whole nerve (Table 1).

Tinel Sign

The time span between a nerve lesion and possible regeneration will often be sev-
eral months. During this period we can test the behavior of the axon sprouts only
by provoking the "Tinel sign". The palpation of the nerve and where sprouting oc-
curs triggers an “"electric” pain which is experienced in the sensitive area previ-
ously belonging to the injured nerve. If the trigger point moves downwards over
this period of several months, an outgrowth of axons is taking place. This would
signify a positive prognostic factor.
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Operative Procedures
Lesions Without Loss of Continuity

These are lesions which can be overcome by axon sprouting without any surgical
reconstruction, the so-called pseudoneuromas. The first step is to open the outer
epineurium in a longitudinal direction from proximal and distal towards the level
of the lesion. If there is a persisting compression, it will be necessary to peel and
remove the surrounding epineurium. In the case of an interfascicular fibrosis, it
will be necessary to dissect between the fascicle groups.

The numerous fascicles of each nerve are arranged into groups of fascicles, but
their arrangement changes from the central levels to the periphery: nerve roots
consists of fewer but thicker fascicles which can be divided into sectors. Whereas
more peripherally the nerve has its typical group arrangement - three to five
groups of fascicles — between these groups there is only loose connective tissue
with longitudinally oriented vessels. At the peripheral end these groups also divide
into many small fascicles so that the nerve structure acquires a multifascicular na-
ture. In summary, the nerve begins in a mono- or oligo-fascicular fashion, in the
middle it contains a typical group arrangement, and at the end this grouping is
again lost in favor of multiple small, no longer distinguishable fascicle groups. The
surgeon has to be aware of this changing arrangement. An interfascicular micro-
surgical neurolysis is only possible in the case of a group arrangement, whereas at
root level a dissection of fascicles would damage their continuity!

Lesions with Loss of Continuity

These are lesions which cannot be overcome by axon sprouts, i.e., completely in-
terrupted nerves (grade V lesion) and also cases with real neuroma formation in
continuity. The treatment of choice is to restore the nerve continuity. For the last
30 years, free autologous nerve grafts have been used for interposition between the
nerve stumps. In the case of nerve segments with the typical, previously mentioned
group arrangement, each fascicle group can be coaptated to one nerve graft (Figs.
1-4). This method ensures control on the individual coaptation and avoids any
disturbing tension which induces tissue fibrosis in the area of the coaptation [1-3].
One suture through the epineurium of the sural nerve graft and through the
epineurium of each fascicle group is sufficient to avoid foreign body granulomas.

If the nerve is unifascicular or multifascicular, the grafts have to be coaptated
over the whole cross-section of the nerve stump. The question of increased scar tis-
sue formation by gluing or stitching is often discussed controversially, but it has
not been completely answered yet. In introducing laser techniques to maintain the
coaptation, one should always consider the costs of this method. It is important to
remember that the patient's own fibrin will maintain the coaptation after perhaps
10-20 min [1]! However, despite several coaptation methods, postoperative immo-
bilization of the area is advisable.
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Fig. 1. Transected median nerve with neuroma at the proximal stump

Fig. 2. Separation of the fascicle groups
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Fig. 3. Coaptation of sural grafts
(proximal suture line)

Fig. 4. Distal suture line
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‘What Is Special About Traumatic
Brachial Plexus Lesions ?*

A. C.1. Slooff!

Diversity of the Pathological Condition

Our experience (Table 1) covers a period from 1976 to May 1992 but the series is
not representative of the real incidence of brachial plexus lesions. Minor lesions
are not presented to us nor are many of the severe lesions. They are masked by the
multitrauma or are considered as inoperable — an expression of incredible de-
featism. Iatrogenic lesions are increasing and obstetrical lesions have been our spe-
cial interest for the last 5 years.

Traffic accidents, especially motorcycle accidents, still count as the most fre-
quent cause of brachial plexus lesions. Gunshot lesions and stab wounds will
undoubtedly increase and the same is true for lesions caused by sport.

Traumatic lesions are often associated with other injuries such as craniocerebral
lesions, fractures of the clavicula, scapula, humerus, cervical spine, with spinal
cord and thoracic lesions, and vascular injuries.

Table 1. Etiology of brachial plexus lesions

Total cases Operated cases
(m (n)
Traumatic lesions 507 227
Traction/crush lesions
Lacerations 295
Gunshot wounds 186 70
Obstetric lesions
Tatrogenic lesions 26
Tumors 30 19
Entrapment syndromes 12 8
Lesions due to irradiation 9
Others 21
579 254
* Dedicated to Algir Narakas.

1 Neurosurgical Department, De Wever Hospital, Postbus 4446, 6401 Cy Heerlen,
The Netherlands.
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Fig. 1. Chart recording traumatic brachial plexus lesions
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Multitrauma is found in 50% of cases and in 70% of the patients operated on.
This association is an indication of the severity of the lesion, pointing to the site of
the trauma, and serves as a reference point for a possible second level lesion, e.g.,
radial, axillary, suprascapular or musculocutaneous nerves. Vascular lesions are
noted in 10%-15% of patients and are nearly always associated with a nerve lesion
of the same severity, resulting in highly demanding surgical interventions.

Young Men, Disability, Pain Syndrome

A total of 55% of patients are aged 15-25 years; 85% of the total are males. At
least 70% have avulsions or total lesions and at least half of them have a disturbing
pain syndrome (cf. the law of seven seventies [1-3]).

The Diagnostic Puzzle

For an analysis of the lesions we need the following information: the history, gen-
eral and neurological examination, neurophysiological and radiological investiga-
tions. The history of trauma provides an estimate of the impact and circumstances
of the trauma. A general examination is necessary to assess vital functions and to
detect associated injuries. The neurological examination has to be very detailed: if
the resulis are recorded on a chart, one can see the total neurological deficit at a
glance (Fig. 1).

There is no doubt about the importance and the support of EMG, SNAP, and
SSEP. Radiological investigations, consisting of plain X-ray, cervical myelography
and computed tomography (CT) are also of the utmost value. CT is very reliable in
detecting root avulsions and associated spinal cord lesions. Magnetic resonance
imaging (MRI) is still far more appropriate for tumors. We often perform angiog-
raphy to detect the vascular lesion and to visualize the vascular graft and the col-
lateral circulation. Surgical exploration supported by preoperative neurophysio-
logical and histological investigation can be highly relevant for the final diagnosis.

Creative Reconstructive Procedures for Improvement of Function

The treatment consists of several modalities depending on the nature, the topogra-
phy, the severity, and the age of the lesion. For the neurosurgical intervention there
are well-defined indications, such as an open lesion, a closed lesion with vascular
insufficiency, or a compression by a hematoma or fracture. Also, if there is a se-
vere lesion (degree 4, 5 or 6 according to Sunderland [4]) or no or only retarded
recovery after 3-4 months, intervention is indicated. Severe early pain is sugges-
tive of a (lower-root) avulsion. Finally, when there is uncertainty as to the degree
of the lesion, one would consider exploration. There is a wide variety of surgical
procedures. Sometimes a neurolysis is sufficient, but this is often part of the total
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surgical procedure. A nerve suture is seldom possible, more often we need grafting
procedures. In most cases we use autologous thin grafts, preferably from the sural
nerve. Other possibilities are a pedicled or free vascularized graft when we have o
bridge a long distance or when there is a scarred wound bed. Reconstructions
within the plexus are called intraplexal neurotizations, but in avulsion we have to
look for a proximal stump outside the plexus, e.g., accessory nerve, cervical
plexus, or intercostal nerves: an extraplexal neurotization. Sometimes there is no
distal stump available, and in these cases we put the split graft into the muscle:
nerve implantation. A nerve transposition can sometimes be useful. Vasculariza-
tion procedures, e.g., with an omentum flap, can supplement the graft procedure.
We abandoned the cervical laminectomy in order to establish an avulsion.

The coaptation is performed with fibrin glue, sometimes reinforced by 10 x 0
sutures.

There are several factors which influence and limit the quality of regeneration:
the age of the patient, the age of the lesion, the length and the number of grafts, the
unreachability of the intrinsic muscles. We should consider this in view of the most
important goal of the overall treatment. The surgical procedures, primary and sec-
ondary, have to be directed at gaining functional results; priorities are then in-
evitable.

A Multidisciplinary Approach

In line with our view on these therapeutic measurements, we propagate the collab-
oration of the neurosurgeon with the rehabilitation specialists, the orthopedic and
hand surgeons; and we enlist the support of neurophysiologists and radiologists.

The Highly Motivated Patient

It struck us during the follow-up period that we were dealing with a highly moti-
vated group of patients in spite of sometimes poor results. Most of them resume
their studies or work, or regain their daily activities. A persistent disturbing pain
syndrome was found in five patients. We established a scoring system to evaluate
the functional results after brachial plexus repair [1], with a follow-up period of at
least 2 1/2 years (Table 2). Even in cases without any functional gain there will al-
ways be a better cosmetic aspect of the limb and a greater chance for improvement
or disappearance of a severe pain syndrome [2, 3]. Extraplexal neurotizations re-
sult in a useful function (M3 or more) in 40%-50% of the patients. Direct muscle
implantation yields a useful recovery in 60%—70% of the patients. Orthopedic and
hand surgery increase these functional resuits.

In conclusion, the treatment of brachial plexus lesions is a challenge, worth-
while, and rewarding, but we must stress the need for early and overall treatment.
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Table 2. Global results in brachial plexus repair

209

Pattern of the lesion (n) Gain? Final result®
(%)
Total avulsion 7 02 04
Avulsion C6-T1/CS5 rupture 10 0-15 0-30
Avulsion C7-T1/C5C6 rupture 17 0-1 0-56
Avulsion C8T1/C5C6C7 rupture 3 2-10 24-76
Rupture C5C6C7C8T1 1 13 26
Rupture/avulsion C5C6(C7) 22 0-30 0-95
Retro-/infraclavicular lesions 14 5-36 28-96

a Evaluation of function of the upper limb is expressed in points. Normal function
is 50 points. Total gain is the functional gain in points and is obtained by nerve re-

pair alone.

b The final result consists of residual function, function gained by nerve surgery,
and spontaneous regeneration. This is calculated in points and/or expressed as a

percentage of the 50 points.
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Findings and Results of 80 Surgical Revisions
for Carpal Tunnel Syndrome

S. A. Rath!, U. M. Mauer!, and H. P. Richter!

Introduction

The carpal tunnel syndrome (CTS) is not only the most frequent peripheral nerve
entrapment syndrome, but it also has a relatively high incidence, particularly in
older women. In the face of the largely inadequate possibilities of conservative
therapy, surgical treatment of CTS, which consists of decompressing the median
nerve by severing the transverse carpal ligament, is a very effective method. It is a
small operation which can be done under local anesthesia. However, failures of
this apparently simple procedure occur. We would therefore like to present our ex-
perience with pre- and intraoperative findings as well as results of surgery for re-
current or residual CTS.

Material and Methods

The two main reasons for a second operation in patients with CTS must be clearly
separated: whether symptoms recurred after a period of improvement — which is a
true recurrence, or whether symptoms persisted in spite of surgery. The patient
with recurrence has been pain-free or at least markedly improved after surgery,
after some time pain and other symptoms recur. In the latter case, there has been
no or only a minimal improvement with persisting or residual complaints
following surgery despite a correct diagnosis.

In our own series of 1420 consecutive primary operations for CTS, of which a
follow-up could be obtained in 1305 cases with an average observation time of 18
weeks (Table 1). In 6.5% of these 1305 an unsatisfactory result of median nerve
decompressions was seen. In almost one-third of them (2.0%) we decided to oper-
ate again. In the majority of these patients (n = 22, 1.5%) it was considered neces-
sary because of recurrent CTS, in the seven others (0.5%) because of persistent
complaints.

One patient was operated on a third time because pain had recurred after several
years.

In addition, 50 other patients, who had previously been operated on in another
institution, underwent surgery for a second or even a third or fourth time. Of these

1 Neurochirurgische Klinik, Universitit Ulm, Bezirkskrankenhaus Giinzburg,
Ludwig-Heilmeyer-Strale 2, W-8870 Giinzburg, FRG.
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Table 1. Results following primary surgery for CTS

Status (n) %

No further symptoms, 1188 91.0

pain free

No, only temporary, or 85 6.5

minimal improvement,

of which

— Secondary surgery for 22 1.7
recurring CTS

— Surgical revision for 7 0.5
persisting CTS

n = 1305; t = average of 18 weeks.

26 suffered from residual complaints after primary median nerve decompression.
Twenty of the remaining 24 patients had been operated on a second time, four a
third, and one patient even a fourth time due to recurrent CTS.

Results

In 30 patients the value of the distal motor latency could be compared (Table 2).
This is considered one of the main electrophysiological parameters in the diagnosis
of CTS before the first and the second operation. In nearly the same number of pa-
tients either a clear improvement or a deterioration could be observed, indepen-
dently of the history of recurring or persisting CTS. The distal motor latency there-
fore appears to be without significance once surgery has already been performed.

During our surgical revisions we found a scarring around the median nerve to
be the main cause of recurring CTS. In every patient with persisting CTS the only,
or at least an important, reason for compression of the median nerve was an in-
complete severance of the transverse carpal ligament in the first operation (Table
3).

Table 2. Distal motor latency prior to the surgical revision as
compared to findings before the first operation

Distal motor latency Recurring CTS Persisting CTS
(n=23) (n=17)

Improved 9 2

-3.0t0-0.3

Unchanged 5 1

-02t0+0.2

Impaired 9 4

+ 0.3 to conduction block
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Table 3. Intraoperative findings during surgical revisions in patients with CTS

Recurring CTS Persisting CTS
(n=46) (n=33)
Scarring 27 -
around median nerve
Scarring and 10 12
incomplete severance
of the transverse carpal ligament
Incomplete severance - 21
of the transverse carpal ligament
Neuroma 6 -
Other 3 -

Only 28 of 45 patients with recurring CTS hat no further symptoms after the
surgical revision. In the postsurgical course ten more of these 45 patients devel-
oped a reflex sympathetic dystrophy. On the other hand, the patients with persist-
ing CTS have rather good results after the surgical revisions (Table 4).

More patients with recurring symptoms than expected (13 patients) underwent
an epineurectomy or an interfascicular neurolysis in the first operation on the
carpal tunnel.

Discussion

In agreement with the literature [5, 8, 10] we found an incidence of 2% of surgical
revisions after carpal tunnel decompression. Scarring in and around the nerve is the
typical finding in patients with recurring CTS [1, 3]. In agreement with other au-
thors [1-3] we found a worse outcome in these operations in contrast to patients
with persisting CTS. In persisting CTS the result of the surgical revision is as good
as that of a primary operation [1, 9]. The typical finding in patients with persisting
CTS is an incomplete severance of the transverse carpal ligament [2, 9].

Table 4. Results in surgical revisions for CTS

Recurring CTS Persisting CTS
(n=45) (n=32)
No further symptoms, 28 28
pain-free
Complications 15 1
Reflex sympathetic 10 1
dystrophy

n = 80; three patients lost for follow-up.



Findings and Results of 80 Surgical Revisions for Carpal Tunnel Syndrome 213

Internal neurolysis and other manipulations of the nerve are of no benefit in a
primary operation [4, 6, 7, 9].

Conclusions

The distal motor latency of the median nerve — one of the main electrophysiologi-
cal parameters in carpal tunnel syndrome — was found to be of no or of only minor
value in patients with recurring or persisting CTS. The decision for another opera-
tion in such a patient is therefore based on an exact history and clinical examina-
tion.

In all cases of persisting complaints following median nerve decompression, an
incomplete severance of the transverse carpal ligament was seen during the sec-
ondary surgery, in part associated with scarring around the nerve. A scar around
the median nerve was found to be the main cause of recurrent CTS. We must stress
the fact that in some patients with recurrent CTS a neuroma of the median nerve
can be found, probably the result of a nerve lesion during the previous operation.

Postoperative results following secondary surgery were significantly better, and
the complication rate was clearly lower in patients with persisting pain than in
those with recurrent CTS. Therefore the conclusion for the first operation is that
procedures on the nerve itself, in particular interfascicular neurolysis, should be
avoided and restricted to exceptional cases. These procedures are not only unjusti-
fied in the "normal” CTS, but also carry the potential risk of scar formation within
the nerve. In addition, the transverse carpal ligament should only be severed on its
ulnar side where there is no danger of injuring branching nerves such as the thenar
branch.
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Radial Nerve Lesions Associated with Fractures
of the Humerus or Radius:
Results of Surgical Treatment

S. Mirzail, A. Sepehrnial, G. Penkert!, M. El1 Azm!, and M. Samii!

Introduction

Components of the radial nerve arise from the spinal segments C5-T1. After its
course through the axilla the radial nerve traverses the spiral groove of the
humerus. It then turns abruptly forward round the lateral aspect of the humerus to
pierce the lateral intermuscular septum. At the elbow, the radial nerve divides into
two branches: the sensory superficial branch and the motoric deep branch [6, 8].

Owing to its proximity to the bone and tethering in the lateral intermuscular
septum, the radial nerve is susceptible to injury [1, 13]. Injuries of radial nerve in
association with fractures of the humerus or radius are frequent and the literature
includes many cases [11, 13, 14]. The following data illustrate the importance of
these injuries. The incidence of radial nerve involvement in fractures of the
humerus varies between 2% and 16% [14]. There is a 60% rate of radial nerve in-
volvement in nerve injuries associated with fractures and dislocations of long
bones [S]. The radial nerve is injured more often than any other major nerve [1, 9,
14].

The present paper is a report on 54 patients operated upon for isolated radial
nerve palsy associated with long bone fracture. All patients were operated on be-
tween 1978 and 1991 in our department. We report on etiology, operative treat-
ment, and the results achieved with follow-up.

Clinical Material and Method

Seventy-nine patients with radial nerve disorders were reviewed at our department
over a 13-year period (Table 1). Of these, 54 had radial nerve palsy complicating a
fracture of the humerus or forearm. There were 45 males and nine females. The
ages of the patients ranged from 1 to 78 years, with a mean of 27.6 years. The
fracture incidence was about equal for the right and left side: 30 and 24, respec-
tively. The radial nerve was most subject to injury in the mid-humeral region (28
cases). The fracture was located in the arm in the proximal third in 33 cases, in the
middle third in 19 cases, and in the lower third in two cases. The nerve repair was
performed in the first 4 months after trauma in 12 cases, from 5 to 8 months in 22

1 Neurochirurgische Klinik, Krankenhaus Nordstadt, Haltenhoffstr. 41,
W-3000 Hannover, FRG.
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Table 1. Etiology of radial nerve in-
jury in 79 patients operated on be-
tween 1978 and 1991

Etiology Patients
()

Bone fracture 5
Osteosynthesis

Gunshot wound

Penetrating wound

Stab wound

Laceration

Dog bite

=N ANI A

cases, from 9 to 12 months in eight cases, and 13 months or over in the remaining
12 cases. In most patients, branches innervating the triceps were spared and more
distal radial nerve fibers were damaged.

The notes from the postoperative controls were reviewed. A questionnaire con-
sidering the motor function of wrist and finger extensors was sent to all patients.
The recovery of only the motor function of the nerve was evaluated. Radial nerve
function was graded from MO (no movement) to M5 (normal power) according to
Sunderland [14]. The sensation is of no functional importance in radial nerve in-
juries [6] and was not considered in the evaluation.

Radial nerve palsy associated with long bones fracture may be primary or sec-
ondary. Outcome data 40 patients with isolated primary radial nerve lesion asso-
ciated with a fracture of the humerus or radius were available for the follow-up
study. The average time interval between the injury and the operation was 11
months. In 11 patients an interfascicular neurolysis was performed; in 29 patients
an interfascicular grafting was done. Graft length was 9.9 cm on the average, in
five patients a defect of over 15-cm length was grafted.

Results

The results presented here are based on the notes from the postoperative controls
6-32 months after surgery and on a questionnaire considering the motoric function
of the wrist and finger extensors received from 40 patients with isolated primary
radial nerve palsy associated with a fracture of the humerus or the radius.

The length of follow-up varied from about 6 months to 13 years, on the average
4.6 years. Excellent or improved motor function occurred in 36 patients. A useful
recovery (M3 or better) was achieved in 60% of cases. In four cases there was no
evidence of recovery during the follow-up period (Fig. 1).

The location of the fracture or the age of the patient did not influence the post-
operative outcome. The rate of recovery of nerve function after early nerve repair
(within 4 months after the fracture) was superior to the results of delayed explo-
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Fig. 1. Recovery of the function of wrist extensors. The function of wrist extensors pre- and
postoperatively is demonstrated. Owing to the lesion of the posterior interosseous nerve,
patients with preoperatively normal (MS5) function of wrist extensors had only a paresis of
finger extensors

ration. The patients with partial recovery of motoric function had a significantly
longer time interval between injury and nerve repair than those with full recovery.
The length of the nerve graft in combination with the interval between trauma and
nerve repair seems to be decisive for the recovery of the motor function.

Discussion

Of all the major nerves in the body, the one most susceptible to injury by adjacent
fractures is the radial nerve [7, 9, 14]. The radial nerve is most subject to injury in
the long bone fractures at a level below the site where branches give off to the tri-
ceps. The incidence of radial nerve injuries associated with fracture of the humerus
varies between 2% and 16% [14]. The majority of these injuries are varying levels
of neurapraxia and will recover spontaneously [10]. Approximately 25% of the ra-
dial nerve injuries associated with closed fractures of the humerus will be lesions
that require surgical treatment [14].

The length of time after fracture of long bones with associated radial nerve
palsy before radial nerve exploration is justified has been a matter of some contro-
versy [2-4, 10, 12]. Early versus delayed exploration is extensively discussed in
the literature. Most authors agree that the radial nerve should be explored 34
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months following a closed fracture if there has been no return of radial nerve func-
tion. Early exploration decreases the total period of disability [5].

After a fracture of the humerus or radius, conservative treatment remains indi-
cated with clinical and electromyographical follow-up. If there is no clinical and
electromyographical evidence of spontancous recovery within 3—4 months after the
fracture, the radial nerve should be explored. Our results showed that the rate of
recovery of nerve function after nerve repair within 4 months after the fracture is
superior to the results of delayed nerve repair. Of prognostic value is the length of
time between fracture and nerve repair, which, in our study, was longer in patients
with partial recovery than those with full recovery. A long study time interval be-
tween the injury and nerve exploration (on average 11 months in our study) causes
a progressive irreversible muscle atrophy. If the nerve has undergone neuromatous
degeneration, neurolysis should be performed. If the nerve continuity is disturbed,
it should be grafted in the usual manner. The transposition of the nerve to the an-
teromedial aspect of the bone or joint cannot be generally recommended [15].

The use of splints prevents an overstretching of the extensor tendons and joint
stiffness. When voluntary contractions have appeared, the splint should be dis-
carded and a mechanical device substituted [14].

In conclusion, radial nerve injuries associated with fractures of long bones
should be explored after 34 months, if there are no clinical or electromyographi-
cal signs of returning function.
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Treatment Results of Anterior Submuscular
Transposition and Medial Epicondylectomy
for Ulnar Nerve Entrapment at the Elbow

H. Kolenda!, B. Zimmerer!, and K. Mursch!

Introduction

Superior success with the anterior submuscular transposition, compared to the sub-
cutaneous transposition in the treatment of the ulnar nerve entrapment at the el-
bow, published by our department in 1974 and 1980 [3, 4] led us to apply this
technique to any stage of this entrapment syndrome when the indication for opera-
tive therapy was given. Only 12 out of the 146 patients we operated on during the
past 10 years were treated by medial epicondylectomy.

For the results presented here we reviewed the clinical histories of all these pa-
tients and evaluated more details of the pre- and postoperative history by means of
a questionnaire. Excluding reoperations, 142 cases of primary operated ulnar nerve
entrapments were analyzed. Eighty-one patients returned the questionnaire to us,
the follow-up period being between 6 months and 9 years after the operation.

Results

Patients were between 6 and 74 years of age; 78% were male, most of them be-
tween 40 and 60 years of age. A total of 72% of our patients were manual workers
and about 60% of them worked with mechanical stress on the arms and elbow
joint. These workers bear a high risk of developing an ulnar palsy by the chronic
tension the ulnar nerve is exposed to by an enlarged triceps muscle [1].

Pathogenesis

Besides working activities, degenerative alterations in 20%-30% or a luxation ten-
dency of the nerve over the medial epicondylus in flexion of the joint in 37% of the
patients caused mechanical stress for the ulnar nerve. The majority of the young
patients and those working without mechanical stress on their arms developed
symptoms after fractures or after operations for other reasons at the elbow joint
(Fig. 1). Some showed a high degree of cubitus valgus or other lesions inducing an

1 Neurochirurgische Klinik, Universitit Gottingen, Robert-Koch-Str. 40,
W-3400 Géttingen, FRG.
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80

man.work arthr.(77) lux.  frac(112) op.(81) bed rest cerv. (81)
’ n = 142 (resp. ...)

Fig. 1. In descending order, pathogenic factors for the ulnar nerve entrapment at the elbow
are mentioned: manual work, arthrosis of elbow joint, tendency of luxation of the nerve,
fractures near the joint, preceding operations at the elbow, preceding bed rest. The high in-
cidence of accompanying cervical pain is of interest for differential diagnosis

increase of connective tissue. Finally, there were only two patients without any ex-
plicable "mechanical” reason for a cubital tunnel syndrome.

A high number of patients with accompanying neck pain have to be mentioned
as cervical radiculopathy was the main differential diagnosis and the reason for
further preoperative neurophysiological investigations by electroneurography or
-myography.

Pre- and Postoperative Complaints

Adding a grade IV lesion to McGowan's staging system [5], we differentiated
among the following grades of dysfunction:

Grade I: subjective disorders (n = 3; 2%)

Grade II: objective disorder, no atrophies (n = 49; 34.5%)
Grade I1I: severe neurological deficits (n = 82; 58%)
Grade IV: complete failure (n = 8; 5.5%)

Therefore about one third of the patients showed a slight deficit and two thirds had
severe deficits with muscular atrophies. The analysis of the questionnaires demon-
strated improvement, especially of the late sequelae of the ulnar nerve compression
as paresis and atrophy after operative therapy (Fig. 2). While the sensitive innerva-
tion only partly improved, pain and paresthesia were nearly untouched by therapy.
These molesting sequelae of entrapment were nearly completely remitted in the
cases operated by medial epicondylectomy (Fig. 3). In this context the high rate of



222 H. Kolenda et al.

Fig. 2. Pre- (solid columns) and postoperative (hatched columns) complaints (n = 79) ac-
cording to the questionnaires, independently of the therapy chosen, are demonstrated. The
follow-up period was between 6 months and 9 years. pain r, pain in the region of sensitive
innervation; pain j, local pain at the elbow joint

patients suffering from cramps in the forearm and hand muscles is to be outlined as
it is seldom referred to in the literature and patients' histories.

Operative Results

Results of operative therapy were divided in to five degrees from —1 (worse) to +3
(healing) [6]. Follow-up values either from the patient's history or the ques-
tionnaire were available for 108 out of the 142 operations reviewed for this pres-
entation; 18% of the patients showed bad results, 9% being worse and 9% being

Fig. 3. Compared to Fig. 2 only pre- (solid columns) and postoperative (hatched columns)
complaints of patients who underwent medial epicondylectomy are analyzed; follow-up in-
tervals were between 5 and 6 years




Treatment Results of Anterior Submuscular Transposition 223

Fig. 4. Comparison of treatment results depending on preoperative grade of lesion and sur-
gical technique chosen. AST, anterior submuscular transposition (n = 91), AST + N, AST +
neurolysis (n = 7); ME, medial epicondylectomy (n = 7)

unchanged by operative therapy. The rest showed an improvement, but 21% were
only slightly better. In 61% therapy was a success with 40% good results and 21%
healing of symptoms.

With an average preoperative deficit of grade 11, with 6 representing objective
disorders with atrophies, the average result was +1.5, corresponding to a sufficient
outcome.

According to Fig. 4, this outcome is caused by the deep volar transposition that
resulted in a +1 to +2 outcome, independent of the grade of preoperative damage.
A better correlation to the level of lesion is demonstrated by the seven patients op-
erated on by medial epicondylectomy as well as by those seven cases in whom we
combined anterior submuscular transposition with a neurolysis.

For grade II and even more so for grade III lesions, medial epicondylectomy
showed an excellent outcome compared to that reached by deep volar transposi-
tion, while transposition was more successful in grade IV lesions.

Furthermore, results depended on duration of complaints, the patient's age, and
the operating surgeon. The dependency on the surgeon may be due to individual
technical modifications of operative therapy. According to a review article on op-
erative therapy of cubital tunnel syndrome [2] it is, for example, an important dif-
ference whether anterior transposition is performed deeply intramuscularly or
submuscularly, the submuscular technique being the more successful one.

Discussion

Mechanical stress of the ulnar nerve at the elbow joint induced by straining work
activities or degenerative alterations at the cubital tunnel are responsible for the
pathogenesis of the entrapment syndrome.
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The aim of any operative procedure must be to reduce this stress and to give the
nerve a chance to regenerate. As moderate grades of ulnar nerve entrapment re-
spond well to medial epicondylectomy and the deep anterior transposition seems to
cause a lesion at the nerve itself, reflected by the average outcome after this proce-
dure, we suggest this technique for this range of cases although our experience
with only 12 patients is limited. On the other hand, the superiority of anterior
submuscular transposition in the treatment of severe cases demonstrates the neces-
sity of applying operative techniques in correlation with the grade of preoperative
dysfunction and mechanical causes of the syndrome. Our present strategy is as fol-
lows:

Grade I: conservative therapy, possibly epicondylectomy
Grade II: epicondylectomy, anterior subcutaneous transposition
Grade III:  anterior transposition or epicondylectomy

Grade IV:  anterior submuscular transposition, neurolysis

In order to make the decision between epicondylectomy or anterior transposition in
grade II and III lesions, we examine pre- and intraoperative testing for luxation
tendency of the ulnar nerve out of the cubital tunnel: if there is a tendency for lux-
ation, epicondylectomy is performed. In patients without a luxation tendency, even
in an intraoperative test, or with marked dystrophy of the nerve in the cubital tun-
nel, we prefer the anterior transposition, which in our clinic is carried out submus-
cularly. Microsurgical neurolysis is performed if the fascicular structure of the ul-
nar nerve cannot be confirmed in the exposed region.
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Ulnar Nerve Lesion During Lumbar Disc Operation

H. Wassmann! and D. Moskopp!

Introduction

This case report deals with a problem concerning an ulnar nerve lesion in depen-
dence on positioning on the operating table during lumbar disc operation [8, 9, 11,
13, 18, 23-26]. The extent of informed consent in current legal use is discussed [6,
10, 14, 16, 19-22].

Report of the Case

A 38-year-old male patient underwent a lumbar disc operation at the level L 5/S 1
in the knee-elbow position in an out-of-town department. The procedure was un-
eventful and lasted 110 min. On the first postoperative morning the patient felt
signs of a right-side accentuated ulnar nerve palsy while handling a knife for
breakfast.

A neurological examination confirmed this suspicion. The ulnar nerve showed a
habitual bilateral luxation on the medial epicondylus at the elbow. After 3 weeks,
the EMG documented a bilateral ulnar nerve lesion with an accentuation on the
right side.

After 1 year a bilateral ulnar nerve lesion showed signs of motor and sensitive
deficit on the right side and of a sensitive deficit on the left side. Concurrent causes
had been ruled out (i.e., cervical rib, cervical disc protrusion).

Legal Accusation

The patient sued his doctor on the basis that the information on the intraoperative
positioning was insufficient. He said that the possibility of a peripheral nerve le-
sion had not been mentioned [4, 16, 18-25]. He argued that the ulnar nerve was
damaged during the operation and affirmed that he had not been examined for his
habitual luxation of the ulnar nerve. The doctor had to confess that he had neither
performed the respective examination nor mentioned such a complication during
the preoperative conversation.

1 Klinik und Poliklinik fiir Neurochirurgie, Westfilische Wilhelms-Universitit Miinster,
Albert-Schweitzer-Str. 33, W-4400 Miinster, FRG.
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Applied Anatomy of the Ulnar Nerve

The ulnar nerve has to change from the flexion side to the extension side on the
medial upper arm before reaching the ulnar nerve sulcus on the medial epicondylus
[2,7, 15, 17]. It then enters the cubital tunnel [15]. The volume of this tunnel is re-
duced during flexion and here the nerve is prone to additional lesions [17].

A habitual dislocation of the nerve and riding over the medial epicondylus may
produce a chronic ulnar nerve lesion [6]. The incidental percentage of a partial or
complete habitual ulnar nerve dislocation varies from 4% to 16% [5, 15].

Incidence of the Perioperative Ulnar Nerve Lesion

Damage of the ulnar nerve plays the most important role of all perioperative le-
sions of peripheral nerves [10]. A habitual luxation at the elbow region was found
in every third patient with a perioperative ulnar nerve lesion. The cubital tunnel is
the most important point of this lesion [3].

For operative procedures in the supine position, a positioning of the forearm in
the prone position was disadvantageous compared to the positioning with the fore-
arm behind the head [26].

Discussion

The risk of a peripheral nerve lesion during a lumbar disc operation in the knee-
elbow position is under 1% (Grumme, personal communication).

Nevertheless, it is judged to be a typical complication that has to be mentioned
in the preoperative discussion. This was confirmed by a judge of the German
Supreme Court (Bundesgerichtshof) [8, 21, 24]. The neurosurgeon is principally
responsible for the positioning of the patient on the operation table. The anesthesi-
ologist is only responsible for the positioning of the extremity on which he applies
drugs and monitors vital parameters [1, 4, 5, 6, 8-14, 23, 25].

Conclusions

1. Itis a advisible to inform the patient regarding the possibility of an intraopera-
tive lesion of the ulnar and peroneal nerves resulting during the preoperative
discussion from the positioning

2. All the patients on whom this operation will be performed should be examined
for a habitual ulnar nerve dislocation on the medial epicondylus at the elbow
region. If this variant is found, this has to be documented and the care in intra-
operative positioning has to be increased.

3. To reduce the risk of an intraoperative ulnar nerve lesion, the forearms should
be extended and supinated at the elbow during the knee-elbow position.
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Traumatic Lesions of the Lumbosacral Plexus:
Microsurgical Treatment

A. Alexandrel, G. Stevanato!, F. Di TomaZ, F. Di Paola?, F. Spigariol3,
and A. Carteri!

Introduction

In severely injured patients there is sometimes complete palsy of an inferior limb.
This may be the expression of a lesion of the innervation of the-limb at various
anatomical levels; the cauda, nerve roots inside the foramina, different elements of
the lumbosacral plexus, or the terminal branches may be involved. Traumatic le-
sions of the lumbosacral plexus are rarely reported in the literature. This is because
(a) these are rare lesions, intraspinal aside from lesions of the cauda and of nerve
roots and lesions of terminal branches, (b) the correct diagnosis is difficult since
these anatomical structures are deep seated and not easily studied, even by modern
diagnostic tools, and (c) the surgical approach is difficult since the microsurgical
field is very deep, and the nerves are covered by large vessels and muscles very
adherent to the spine. Diagnosis is difficult because the lesions are often multiple
and are located in different anatomical sites: intra or extraspinal, pre-, intra-, or
postplexal. The problem is complicated by the frequent association with severe
bony lesions in the spine, lumbosacral junction, or coxofemoral articulation. The
entailed problems of stability and their treatment may delay diagnosis and treat-
ment of neural damage.

Patients and Methods

From 1987 up to now six patients have been operated on in our department for
traumatic lesions of the lumbosacral plexus. Two young men and girl suffered a
motorcycle road accident, with hyperabduction of one leg and traction — compres-
sion injury to the pelvis. In one of these a severe lesion of the brachial plexus had
simultaneously developed. The other three persons suffered gunshot wound of the
lumbosacral plexus during the revolution in Romania against Ceausescu.

The diagnosis was based on (a) clinical demonstration of impaired function for
innervation coming from a part or the entire territory of L3-S2, without sphincter
impairment, (b) myelographic demonstration of the absence of radicular lesions,
(c) CT demonstration of bone lesions, with hyperdense fibrotization of retroperi-
toneal tissues, and (d) EMG demonstration of impaired conduction of nerve fibers

1 Division of Neurosurgery, Padova University, Treviso City Hospital, Treviso, Italy.
2 Department of Radiology I, Treviso City Hospital, Treviso, Italy.
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belonging to sciatic and femoral nerves, with preserved innervation for paraverte-
bral muscles.

Surgery was performed by two approaches: either a lateral extraretroperitoneal
approach or an anterior transperitoneal approach. The lateral lumbotomic extrape-
ritoneal approach to the retroperitoneal space was apt to reach the lumber plexus
and L2—4 contributions. The median laparotomic approach, going straight through
the anterior and posterior peritoneal walls, was indicated to reach the more distal
region of the sacral plexus, with L5-S5 components. The customary procedures of
microsurgical neurolysis, as described by Millesi [4] were applied: epineurotomy,
epineurectomy, and internal neurolysis were performed in a stepwise manner, as
suggested by the severity of the damage and the extent of fibrotization in each in-
dividual case in each point of the plexuses. In the cases of gunshot lesions, sural
nerve grafts were prepared and sutured or fixed by fibrin glue.

Results

In all these patients a clearcut improvement of the neural deficit was observed in
the months following operation. M3 and M4 motor activity was obtained for femo-
ral muscles and for semitendinosus, semimembranosus and biceps femoris
muscles. Obviously the other muscles innervated by the sciatic nerve (anterior and
posterior tibial components) are very distant from the site of the lesion and
therefore not easily reached by regenerating axons. In any case, the improved
motor control of the hip and proximal part of the leg allowed our patients to gain
improved ability to move around and to use prothetic instruments.

Discussion

In the daily management of patients who have suffered traumatic injuries to several
body areas, the lesion of the lumbosacral plexus may escape diagnosis for a long
time. It is generally considered irreversible. As underlined by Narakas [5], when
facing a complete palsy, it is not possible to reach a clinical differentiation
between trunk interruption and anatomical continuity of fascicles since only root
avulsion can be evidenced by myelography, computed tomography, and EMG.
Myelography is helpful since traction applied to the lumbosacral plexus tears the
arachnoid and dura, as in the case of brachial plexus injuries. Cerebrospinal fluid
then leaks out along the roots into a cavity that becomes sealed off after dural and
arachnoidal proliferation. The result is a traumatic meningocele, with a myelo-
graphic finding identical to that described in brachial plexus avulsions [6]. Post-
traumatic retroperitoneal hemorrhage initially appears on computed tomography as
a relatively high-density mass lesion obliterating the periaortic and perimuscular
fat planes. The density, which initially is higher than that of muscles, decreases to
a low-density mass weeks after [3], but fibrosis develops as a general increase in
density, with less precise margins [1].
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The indication for a precise surgical procedure may therefore remain difficult,
but clinical results of neurolysis show that the intervention is worthwhile. We
agree with the opinion of Brunelli 2] that the posterior approach is indicated when
lesions of the cauda are present, and the anterior approach is indicated for purely
plexal lesions. The extraperitoneal approach, which appears easier, allows a com-
fortable exposition of L3-L4 and L5 roots and femoral nerve, which can be traced
down to the inguinal ligament. By this approach it is more difficult to come medi-
ally to the psoas muscle, behind the large iliac vessels, to L5-S1 and S2 compo-
nents of the sacral plexus. This area is more clearly exposed by the median
transperitoneal approach, which goes directly to the promontorium, that is the L5-
S1 passage.
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Autologous Transplantation in Injury of Cauda Fibers:
Results of a Reconstruction of Transected L5 Filaments
in a Luxation Fracture L4/5

P. Knoringer! and E. Knopfle?

Introduction

Since the methods of decompression, erection and stabilization of injuries in the
spine of the trunk region are now developed [6-9], we decided to work more inten-
sively on damages to the cauda equina. Damaged cauda fibers and peripheral
nerves are subject to the same mechanisms of de- and regeneration. In their
anatomical features, however, cauda fibers show the following differences com-
pared with peripheral nerves: (a) cauda fibers are not surrounded by epineurium
but are covered with a very thin perineural sheath, (b) cauda fibers are located in
the cerebrospinal fluid and are surrounded by arachnoid and dural membranes, and
(c) in contrast to many peripheral nerves, which are mixed, cauda fibers are always
either purely motor or sensory filaments.

Experimental Work

A number of studies concerning end-to-end sutures or autologous transplantations
are available on pigs, cats, and rats. These models have studied the innervation of
the urinary bladder [1, 2, 3, 21]; severed motor or sensory filaments were recon-
structed with an end-to-end suture, and the success of the procedure was tested.
End-to-end sutures and autologous transplantations (from sensory cauda fibers
taken from other filaments or from the peroneal nerve [13]) were performed on
pigs for intradurally severed root filaments L5 and S1, and the effect of the suture
was evaluated by light and electron microscopy [10, 11] and by electromyography
[4, 5]. The microscopic examinations showed a regeneration rate of 50% for the
motor filaments and one of 35% for the sensory filaments {16, 17]. This corre-
sponds to Sunderland's findings [18-20] that the suture of injured peripheral nerves
is associated with a more effective regeneration in motor fibers. Electromyography
performed on pigs after end-to-end suture and autologous transplantation showed
reinnervation in all animals [5].
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Clinical Work

During the treatment of spinal injuries, cauda fibers have been sutured repeatedly.
While the reconstruction potential is reported, particularly in the Russian literature,
intensive study of the available literature shows no exact follow-up reports with
explicit success rates. Only Petrov [12] reported two successful cases of cauda
fiber transplantation. However, this paper delivers only a very inaccurate descrip-
tion of one of the cases. This patient had a lesion at the level of the 4th lumbar
vericbra with "resection of the damaged roots," transplanted with three 4-cm
"grafts taken from the medial cutaneous brachial nerve.” However, the recovery of
bladder/rectal function after 60 days and the "progressive improvement of sensory
and motor disturbances” after 80 days indicates that this was due to regeneration of
decompressed root filaments rather than reinnervation following nerve grafting. Of
the second case, we learn only that 8.5 cm had to be bridged. Thus this paper is of
little help in evaluating the clinical prognosis following cauda fiber reconstruction.

Case Study

In a traffic accident on 21 July 1987, an 18-year-old patient suffered a luxation
fracture L4/5 with incomplete cauda lesion from 14 and complete bilateral motor
and sensory loss of the L5 root. The injury was treated elsewhere on 27 July 1987
by decompression laminectomy L5 with dural suture and stabilization with plate
osteosynthesis and intertransversal fusion L4-S1. The luxation position was main-
tained because it was untreatable. Although all other disturbances subsequently
disappeared, the motor and sensory loss of root L5 persisted, and the patient was
admitted to our hospital on 11 August 1987. On admission we found a local, fistu-
lar wound infection with epidural abscess and spondylodiscitis L4/5 as well as a
generally highly septic condition. The wound was revised on 26 August 1987,
including removal of the epidural abscess, of infected bone tissue, spondylodiscitic
tissue, implantation of a Septopal (Merck) chain L4/5, and the replacement of the
unstable plates with an internal fixateur (Dick). The septopal chains were removed
on 16 September 1987 and an intercorporal fusion with autologous hip bone was
performed. The intradural revision showed a complete separation of the right mo-
tor and sensory root filament L5; the remaining filaments were intact (Fig. 1). Fol-
lowing excessive bilateral foraminotomy 14/5 (nonrelocated luxation), the distal
root stumps were prepared in the right foramen. The defect size following resec-
tion of the compressed ends was 3.3 cm long (Fig. 2). Anatomical criteria permit-
ted the unequivocal determination of the motor and sensory filaments. The defect
was bridged with two 3.5-cm sural nerve grafts taken from the left leg. They were
adapted with three sutures each of monofilament nylon 10 x 0 and additionally se-
cured with fibrin sealant (Figs. 3, 4).

The patient initially had a complete Trendelenburg phenomenon (0/5 musculus
gluteus medius), a 0/5 paralysis of the foot and toe extensor and anesthesia of the
dermatoma L5. On follow-up on 8 March 1988, 8 months after the accident and 6
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Fig. 1. The fracture is stabilized by internal fixateur (Dick); the dura is opened. I,
transsected motor and sensory filament L5 of the right side; 2, left L5 filaments; 3, right and
left S1 filaments

Fig. 2. The distal ends of the L5 filaments are visualized by foraminotomy (arrows I, 2 on
the right). The crushed ends of the proximal and distal filaments are resected. Arrows 1,
proximal and distal sensory L5 filament; arrows 2, proximal and distal L5 filament

months following grafting, the right musculus gluteus medius showed a strength of
3-4/5, whereas foot and toe elevation was 0/5. The dermatoma L5 showed distally
. pronounced, strong hypesthesia. Electromyography demonstrated spontaneous ac-
tivity and reinnervation potentials in the musculus gluteus medius and only spon-
taneous activity in the musculus tibialis anterior. During follow-up on 1 September
1989, 23 months after transplantation, strength in the musculus gluteus medius was
4-5/5. The sensitivity in the dermatoma showed further improvement. There was
no significant clinical or electromyographic change with regard to elevation of the
foot or great toe.

On 17 September 1991, 4 years after transplantation, the strength in the mus-
culus gluteus medius was 5/5, foot elevation was 1-2/5, and elevation of the big
toe was 1/5. Discrete hypesthesia of the medial right foot and right great toe was
found. Sensitivity to temperatures had returned to a lesser degree than the other
two qualities. Electromyography no longer showed pathological spontaneous ac-
tivity in the musculus gluteus medius, and voluntary innervation presented in-
creased polyphasia with distinct lightening of the innervation pattern. Active de-
nervation was present in the musculus tibialis anterior, but typical reinnervation
potentials were now found for the first time.
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Fig. 3. Proximal suture line after transplantation with two sural nerve grafts, one for the
motor, one for the sensory filament. /, nerve graft for the sensory L5 ﬁlamgnt; 2, nerve graft
for the motor L5 filament; 3, sensory L4 filament; 4, motor L4 filament; ~ foil to facilitate
suture

Fig. 4. Site after reconstruction of the L5 root. The length of each nerve graft is 3.5 cm. I,
nerve graft for the sensory filament; 2, nerve graft for the motor filament; arrows, proximal
and distal ends of the nerve grafts

During the last follow-up on 5 May 1992, 4 years and 7 months after nerve
grafting, no further clinical or electromyographic changes were found, so that this
can be considered the final status.

Results

Autologous transplantation of the right motor and sensory root filament LS at the
level of the L4/5 interspace 2 months following injury reinstated normal function-
ing of the musculus gluteus medius and produced moderate improvement of foot
and great toe elevator paralysis with slight improvement of the atrophy of the per-
oneal muscles. Esthesia and algesia in the L5 dermatoma was almost completely
reconstituted. Sensitivity to temperature remained reduced in the distal dermatoma.
This result must bé considered an effect of the reconstruction of the L5 filaments
and cannot be due to collateral innervation. This view is supported both by the
timing of the recovery of motor function and by EMG findings. If one assumes 4
weeks for each bridging of the two suture sites and a growth velocity of 3 cm per
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month with a distance of the proximal suture site to the motor end-plate of the
musculus gluteus of 11-12 cm, then a reinnervation of the muscle can be expected
to occur within about 6 months. This was found both clinically and electromyo-
graphically. The reinnervation of the musculus tibialis anterior with a distance of
78 cm can be expected later than 2 years and 4 months. Accordingly, while no
reinnervation of this muscle was found during follow-up on 1 September 1989, 1
year and 4 months after suture, this was present on 17 September 1991, 4 years
after transplantation. Unfortunately, no follow-up was done in the intervening
time, so that the exact date of reinnervation cannot be determined. According to
the subjective impression of the patient, however, this event can be placed at the
end of the second year following suture. Although there was clinical and elec-
tromyographic reinnervation, its effect was not decisive because the motor end-
plates were too damaged after such a long denervation period [14]. The quality of
sensory recovery can be regarded as very positive. This may be surprising consid-
ering the result of animal experiments, but the follow-up periods of the animal ex-
periments were possibly too short and their clinical examination data difficult to
interpret. However, there is sufficient clinical evidence that sensory end-organs
have a longer survival time than the motor end-plates, so that the good recovery of
sensory qualities can be explained even with a distance of up to 110 cm. Thus the
sensitivity in the L5 dermatoma improved in the course of follow-up from proxi-
mal to distal, althout discrete hypesthesia and hypalgesia remained at the medial
foot and the great toe.

Conclusions

Good partial success can be expected from end-to-end suture and autologous
transplantation of severed cauda fibers. As expected, the proximal muscles have a
much better chance of regeneration than the distal muscles due to the differences in
the distance between the suture and site the motor end-plates. Reinnervation of the
distal muscles is feasible 3—4 years following the procedure. The chances of rein-
nervation of the sensory qualities can be considered good even for long distances.

In the present case, determination of the corresponding motor and sensory
stumps presented no difficulty. In more complicated cauda injuries, this may prove
difficult to impossible. However, the problem may be solved by an appropriately
extensive and clearly arranged site and meticulous intraoperative monitoring.

To improve the reinnervation results of the distal muscles, methods must be de-
veloped which allow the corresponding motor end-plate to survive long enough for
the growing axon to reach it. One possibility is an implantable, continuous stimu-
lator similar to a diaphragm pacemaker which could provide alternate physiologi-
cal impulses from all sides to the nerve distal to the suture site.
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Factors To Be Considered in Nerve Anastomosis
with Fibrin Adhesive

T. Herter! and P. Kreutzer?

Fibrin adhesives have already been used to a considerable extent in the treatment
of intracranial nerves, solely because of the access conditions. However, where
peripheral nerves are involved, the same surgeon will often continue to resort to
conventional suture techniques although the problems associated with these are
well known. In particular, the unavoidable traumatization of the nerves despite ex-
tremely elaborate techniques, the problem of suture granulomas despite the use of
very fine sutures, and the impossibility of achieving a complete closure of the peri-
neurium [7] with its resulting negative consequences have led to the need for an
adhesive technique which, based on the pioneering work of Matras [6] and Kud-
ema [7], was used for the first time in 1974. However, the first failures with dehis-
cence of the joined regions were reported very soon after its introduction, with the
putative causal factor being the fibrinolytic activity of tissue. To prevent this, a
number of different antifibrinolytic agents were studied and aprotinin was finally
selected for addition. However, the modified adhesive then led to a large number
of fibroses. This situation, with premature dissociation on the one hand and fibrosis
on the other, is still a problem today. The regeneration process can be permanently
hindered by both these events. In view of this, it is not surprising that a number of
surgeons still prefer conventional suture techniques, partly for reasons of caution,
but perhaps also because they have no recommendations for the best approach with
fibrin adhesives.

The initial step in an operation is to choose the anastomosis technique. One can-
not rely on spontaneous adhesion since joined up tissue will separate once it be-
comes wet. Once a decision has been made to opt for a fibrin adhesive system, the
next question is: which one?

The two adhesives currently on the market are those from Immuno (referred to
here as A) and those from Behring (B). These differ not only in their ion concen-
tration, but also mainly in Factor XIII content and in fibronectin concentration
(Table 1). Adhesive A contains more Factor XIII, whereas adhesive B contains
more fibronectin. It has been shown in animal studies [3, 5] that both substances
promote fibrosis. The choice of adhesive could therefore only be made by direct
experimental comparison. This revealed no statistically significant difference be-
tween A and B under the conditions stated [2].
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Table 1. Composition of the two adhesives currently available commercially

Az Bb

Total protein (MG/ML) 80-120 99
Clottable protein (MG/ML) 82 73
Fibrinogen (MG/ML) 70-110 65-115
Factor XIII (UML) 10-50 40-80
Fibronectin 5%—-12%;2-9 MG/ML Upto29

In Examined Batches: (MG/ML) 10.8-13.2 Max. 2.7
Constituents modifiable by the user
Thrombin (IU/ML) 4 0r 500 400-600
Aprotinin (KIUML) 3000 1000
CaCL2 (MMOL/L) 40 40
2 Tissucol (Immuno).
b Beriplast (Behring).

The concentrations of Factor XIII and fibronectin can only be influenced by the
choice of adhesive. However, the concentrations of thrombin and aprotinin can be
determined by the user and special importance is therefore attached to these two.

The problems with fibroses commenced with the addition of aprotinin and it
was therefore investigated for possible fibrosis-promoting properties (Herter and
Windmann, unpublished results). The studies did not reveal any difference be-
tween the groups given two different aprotinin concentrations and a control group.
Aprotinin appears only to exert an effect in conjunction with the fibrin adhesive
system, by preventing the clot from breaking up. Kuderna [7] considered the opti-
mal concentration to be 100 per milliliter kallikrein inactivator units (= 50 KIU/ml
adhesive), which would lead to the anastomosis holding for approximately 4 days.

Thrombin is the second component which can be changed by the user. The con-
centration of thrombin determines the coagulation time and the cross-linking time.
Thrombin was found to have a fibrosis-promoting effect in a comparable study
(Herter and Windmann, unpublished results). It is therefore recommended that rel-
atively low concentrations, such as 4 NIH-U/ml, be used. This precludes the use of
ready-made double-injection systems or products which do not allow this concen-
tration as an alternative, except where dilution is carried out by the user. In this
case we recommend that the concentration be adjusted to approximately
1-2 NIH-U/ml.

The fibrin clot then envelops the nerves, at least at the site of anastomosis, like
a sheath. If transplantation is carried out to reduce tension, then for the first few
days the transplant can only be supplied with nutrient by diffusion. Penkert and
Samii [8] presented microangiographies which showed that it took 3 days for ves-
sels to be reconnected to each other. An important question is therefore whether
the nutrient supply to the nerve is disturbed by the fibrin clot. In a test with the ad-
hesive from Immuno A, no fibrosis-promoting effect was discernible with a fibrin
adhesive cuff [4].
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Table 2. Results of clinical comparisons carried out by Kudema [7]

Outcome: Good Fair Poor
(%) (%) (%)

Transplantations with suture (n=51) 51 33 16

Transplantations with fibrin adhesive —

total (n = 144) 53 37 10

Transplantations with fibrin adhesive —

correct indication (n = 42) 71 29 -

Transplantations with fibrin adhesive

and suture (n = 25) 72 12 16

The question of how a serially produced adhesive compare$ to a nerve suture
from an experimental and clinical point of view was investigated by a direct com-
parison of both methods in the rat. Neither method proved superior in principle [1].

Numerous authors have also published the results of clincal comparisons in re-
cent years. To our knowledge, Kuderna [7] has published the most comprehensive
results, and these also suggest that, when applied correctly, there is no appreciable
clinical difference between adhesives and sutures (Table 2).

Our current recommendations for the joining of nerves with fibrin adhesives,
based on the advice of Kuderna [7] and our experience, are summarized in Table 3.

Table 3. Current recommendations for nerve joining with fibrin adhesives

1. A fibrin adhesive should only be used for tension-free anastomoses, i.e., for
nerve transplants or replants with length reduction.

2. Where possible, adhesives should only be used in regions with longitudinal lat-
eral structures.

3. With multifascicular nerves, a step-wise anastomosis is recommended for inter-
nal splinting purposes.

4. Care should be taken to ensure optimal coaptation and to avoid caliber fissures.

5. Proper mixing of the adhesive should be ensured.

6. An attempt should be made to tightly join up the perineurium, but without al-
lowing adhesive to penetrate between the nerve stumps. No adhesion with
surrounding areas.

7. The thrombin concentration should ideally be low — where possible below the
4 NIH/ml offered by one manufacturer.

8. Kuderna [2] recommends that the aprotinin concentration be diluted from 1000
or 3000 KIE to approximately 50 KIU/ml adhesive.

9. Immobilization is recommended for at least 3 weeks, with no concomitant
tenorrhaphy.

10.Local cortisone application is not recommended and caution should be
exercised in systemic use.
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There are still some points to be resolved in respect of the aprotinin concentration:
Kuderna [7] recommended a mere 100 KIU/ml whereas in animal tests we found
no difference with one adhesive (B), and even when we used a concentration of
1000 KIU/ml we found an improvement with the other (Herter and Windmann, un-
published results). Differences in the fibrinolytic activity of tissue may play a role
here and further studies are required. Current unterstanding indicates that a concen-
tration of 1000 KIU/ml should not be exceeded.

In principle, we see no reasons for not using fibrin adhesives in nerve surgery,
subject to the above preconditions. However, it cannot yet be conclusively stated
that, as far as the end result is concemed, fibrin adhesive is superior. The technical
simplicity of the use of fibrin adhesive can only mean an improvement in surgical
standards and quality control.
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Alternatives to Autologous Nerve Grafting

H. Miiller!, T. Dombert!, and H. Amold!

It can be presumed that any materials interposed into traumatic nerve gaps serve
only as guiding vehicles for regenerating axons growing toward the periphery, and
many ideas about using guides or conduits (tubes) other than a piece of donor
nerve have therefore been discussed. Reviews are provided by Weiss as early as
1944 [17] and recently by Fields Ellisman in 1989 [3] and by ourselves in 1992
[16]. Still, the procedure of microsurgical autologous nerve grafting remains the
clinically routine method in dealing with peripheral nerve lesions caused by
transection trauma and subsequent gap.

However, there may be some indications in at least rare clinical cases to look
for alternatives to autologous nerve grafts. First, established surgical techniques
applied primarily might have been unsuccessful. Secondly, there may be a lack of
donor nerve material, for example in bumns or plexus lesions. Another reason might
be the occurrence of a systemic neurological disease, such as leprosy. In such a
disease (which is rare in industrially developed countries but rather common else-
where), all nerves are attacked, and no healthy autologous nerve is available for
transplantation. Finally, the surgeon might deal with very distally located nerve
lacerations, for example, conceming digital nerves. These (sensory) nerves are
prone to regenerate very successfully, i.e., regardless of the technique that was
chosen.

What are the present alternatives to autologous nerve grafts? A summary of the
currently available methods was presented by the participants in Millesi's sympo-
sium in Vienna in 1991 "Peripheral Nerve Surgery Today" [10]. Strauch et al. re-
ported on the use of autologous vein transplants and Glasby et al. on autologous
muscle basal lamina. The rule of laminin-containing biosubstrates in promoting
axonal regeneration has also been the subject of some of our own papers recently
[12-15]. Mackinnon et al. reported on one clinical case of transplantation of a
fresh nerve allograft in a patient with an extended sciatic nerve lesion. The patient
subsequently received immunosuppressive therapy. So far, no significant clinical
success has been observed in this single case. On the other end of the séale, non-
biogenic tubular implants have also been tried. Dellon et al. used bioresorbable
polyglycolic acid (Dexon) tubes, while Lundborg [6] prefers nondegradable inert
synthetic implants.

Of the alternative methods mentioned, the silicone chamber model developed
by Lundborg et al. [5] has allowed the most extensive and reproducible

1 Klinik fiir Neurochirurgie, Medizinischen Universitit zu Liibeck, Ratzeburger Allee 160,
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Fig. 1. Spatial-temporal progress of cellular events within silicone regeneration chambers

experimental studies so far. First, within such a regeneration chamber model, the
spatial-temporal progress of the regenerative events can be studied in vivo on the
cellular and perhaps even molecular level (Fig. 1) [18]. Furthermore, the chamber
contents can be collected and studied for neurotrophic activity [4]. Finally, the on-
going regeneration process can be manipulated experimentally. The first attempts
at doing so were performed by providing such chambers with artificial matrices

Fig. 2. Immunostain for laminin of a mature nerve regenerating
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[19], supplying protentially neurotrophic biochemical agents, for example,
extracellular matrix proteins such as laminin [8, 9, 11] and prefilling with laminin-
containing biosubstrates such as placenia-amnion membrane [1]. Evidence that
laminin must be one of the crucial factors during the regeneration progress [2, 7]
can also be demonstrated by appropriate immunostaining procedures (Fig. 2).
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Motor Unit Reorganization After End-to-end Repair
of an Experimentally Injured Peripheral Nerve

A. C. Nacimiento!, A. Mautes!, and H. Jaksche!

A previous study from this laboratory showed that changes in histochemical profile
and morphometry of an affected muscle are reliable indicators as well as predictors
of reinnervation processes over time following experimental peripheral nerve crush
injury [1]. This approach was applied in the present study, which addresses
changes evolving after end-to-end repair. )

Sprague-Dawley rats of 250-300 g in body weight were used. The right per-
oneal nerve was sharply transected 10 mm distal to its point of muscle entry and
subsequently repaired by coaptation with three 10-0 nylon perineurial stitches.
Reinnervation changes were examined in the extensor digitorum longus (EDL), a
fast-twitch muscle. Thick (10 um) frozen serial cross sections were processed for
histochemical typing and morphometry of single fibers, on the basis of their myo-
fibrillar ATPase (pH 4.3) and succinate dehydrogenase (SDH) enzyme activities.
Three muscle fiber types can be thus functionally identified: (a) type I, slow oxida-
tive (SO); (b) type IIA, fast oxidative glycolytic (FOG); (c) type IIB, fast gly-
colytic (FG) [2, 7]. EDL histochemical profile (fiber type composition and size
distribution), and morphometry (total fiber count and cross-sectional area) were as-
sessed on both sides in normal animals, and 15, 30, and 60 days after repair in
operated animals by computer-assisted quantification. Measurements were statisti-
cally evaluated by one-way analysis of variance over time, and Student's t-test
between sides.

Fiber type composition showed on both sides an additional group generated by
type conversion (Fig. 1).

Relative to its SDH-oxidative capacity, this type was intermediate (SDH INT)
between the purely glycolytic (FG) and the mixed glycolytic oxidative groups.
SDH INT appeared 15 days after repair, and increased considerably 30 and 60 days
later. Topographically, the homogeneous checkerboard pattern of normal muscle
shifted on the repaired side to a heterogeneous, clustered one, which persisted for
the duration of the observations (60 days). The unoperated side did not show this
shift.

The cross-sectional area increased over time on both sides and in all fiber types
(Fig. 2). Changes on the operated side 15 days after repair, a time point in which
denervation effects are expected to be still pronounced, were fiber type dependent.
There was a large, significant decrease in the glycolytic group (FG), and a clear but
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Fig. 1. a, b. Fiber type composition of EDL muscle. a Normal muscle; b after peroneal nerve
end-to-end repair. SO, slow oxidative; FOG, fast oxidative glycolytic; FG, fast glycolytic;
SDH INT succinate dehydrogenase intermediate. There were no statistical differences be-
tween sides. Fiber type conversion to SDH INT, encroached the FG and FOG groups, thus
displacing the normal profile toward a four-type pattern on both repaired and unoperated
sides

not significant decrease in the mixed oxidative glycolytic one (FOG), whereas the
SO group remained unaltered. Thus, the highest vulnerability to axotomy appeared
to be selectively confined to the group characterizing the physiological fast-twitch
property of EDL [5].
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Fig. 2. Size changes over time t = 0, normal muscle; solid circles repaired side; open circles,
unoperated side; asterisks p < .05, comparison between sides; crosses, p < .05, comparison
vs. normal muscle. Note significant size decrease at 15 days after repair in the glycolytic

group. Final size (60 days) was similar in both sides, but significantly higher than in normal
muscle

Distribution of size over time after repair displayed a marked and progressive
fiber type-dependent rearrangement as shown in the three-dimensional diagrams of
Fig. 3. The most remarkable changes were observed in the glycolytic group: its
normally even distribution (see ¢ = 0) shifted on the repaired side into a wide-band
frequency pattern encompassing a continuum from small to large fiber sizes. Con-
tralaterally there was only a discrete regrouping around the middle-size range. The
SDH INT group showed a similar, but less marked tendency.

In the oxidative groups (FOG and SO) there was on both sides an increase in
frequency of middle-sized fibers, which was, however, clearly limited in range.

Under normal functional demands, motor unit types are histochemically and
physiologically stable [3, 6]. This stability, however, may be readily upset by con-
ditions which lead to a restructuring of motor units such as, for example, nerve
cross section [3]. The present results indicate that during reinnervation after nerve
repair changes ensue which may produce a profound and long-lasting destabiliza-
tion of motor unit organization. This was signalled by a vigorous fiber type con-
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Fig. 3. a-d. Three-dimensional profiles of size distribution of fiber types over time after re-
pair. a Type I (SO); b type IIA (FOG); ¢ type IIB (FG); d type SDH INT. Squares, repaired
side; crosses, contralateral side. ¢ = 0, normal distribution, with the following cross-sectional
maxima + SEM: type I-SO: 1072+ 106 um2; type IHA-FOG: 1283 + 124 um?2; type
IIB-FG: 2590 + 326 pm?2. Note redistribution of fiber size in all types 60 days after repair,
with the FG group being most affected

version activity in the glycolytic range, which in turn produced a pronounced
scattering in size distribution. These changes may be attributed to a polyneuronal
reinnervation of the affected muscle fibers. Multiple innervation of muscle is nor-
mal in neonate animals [2]. Later, elimination of excess connections leads to the
single innervating axon pattern of the adult. Thus, reinnervation after repair seems
to bring about a regression to the immature motor unit organization form. After
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repair, type-matching [3, 8] (all fibers in a motor unit belong to the same type) and
place-matching [9] (somatotopic projection of motor columns to muscle fiber
groups) are unstable and vulnerable. Inherent to this is inaccuracy in guidance of
regenerating axons to their targets [4]. Improving accuracy of target recognition
should enhance chances for successful reconnection after nerve repair. Searching
for ways to accomplish this is of prime importance for improving the clinical qual-
ity of nerve repair.
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Differential Localization of the Nerve Growth Factor
Receptor in Tumors of the Peripheral Nervous System

R. Schober! and K. T. Vogeley!

Introduction

The nerve growth factor is a polypeptide that plays an important role in the differ-
entiation and maintenance of sympathetic neurons and, generally, of cells deriving
from the neural crest [4]. The biological actions of the nerve growth factor are ini-
tiated by specific binding to one of the nerve growth factor receptors (NGF-R) on
the surface of the target cell. Tumors expressing NGF-R include phaeochromocy-
tomas, melanomas, and tumors of the peripheral nervous system, as already
described by several authors [1, 2, 6, 7, 9, 10, 16, 20]. In most of these studies,
however, the results were recorded without taking into account the various tissue
components and the often heterogeneous tumor subtypes. We have therefore
analyzed the histological distribution of NGF-R in more detail in a variety of
peripheral nervous system tumors including control material from normal nerves.
The specificity of the immunoreaction was monitored by simultaneous Western
blot analysis in several cases.

Material and Methods

The material comprised 34 surgically removed tumors and, in addition, normal
peripheral nerves (brachial plexus, sciatic nerve, and median nerve) from two
autopsy cases. Details of their classification and site as well of the immunohisto-
chemical procedures are to be found in a concurrent report on vascular permeabil-
ity changes [12]. In this study, the monoclonal antibody ME20-4 (Amersham-
Buchler, Brunswick, FRG) was used in a dilution of 1:25 on paraffin sections in all
and on frozen sections in a number of cases. In addition, a panel of other primary
antibodies including anti-S-100 (DAKO, Hamburg, FRG; dilution of 1:2000) was
applied.

Western blotting was performed with protein preparations from three neurino-
mas, three neurofibromas, and one normal sciatic nerve according to standard
methods, details of which are described elsewhere [8].

1 Abteilung Neuropathologie, Medizinische Einrichtungen der Heinrich-Heine-Universitit,
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Results

Nerve growth factor receptor immunoreactivity was present in all normal nerves
but was confined to the inner cell layers of the perineurium. In addition to the peri-
neurial staining, there was a consistent decoration of the outer circumference of
blood vessels, presumably corresponding to pericytes. Perineurial staining was also
observed in traumatic neuromas (Fig. 1a). The cells forming the sheath of Henle
were clearly and consistently positive in contrast to the endoneurium of the
sprouting miniature fascicles.

In tumors of the peripheral nervous system, the results varied, depending on the
material used for immunostaining. On cryostat sections, benign neurinomas, neu-
rofibromas, and ganglioneuromas in their neuromatous portions showed a gener-
ally positive reaction. The regional staining intensity varied only slightly, e.g., the
palisading areas of neurinomas were more strongly stained than the loosely
structured reticular areas. Using paraffin section, these regional differences were
accentuated. Preferential decoration of subcapsular or subperineurial and of
perivascular tumor areas was a consistent finding in benign peripheral nervous
system tumors. Anaplastic peripheral nerve sheath tumors showed very litile
subcapsular and perivascular staining and otherwise were generally negative.
Pronounced regional differences in NGF-R staining were present in several special
tumor cases. In one spinal and one dermal neurofibroma with focal tactile body
differentiation, these organelles were strongly stained (Fig. 1b). Other areas with a
diffuse growth pattern were negative for NGF-R, while the immunoreaction for S-
100 was uniformly positive in these tumors. A plexiform neurofibroma with onion
bulb formations and intratumoral microneurinomas showed a preferential staining
of the outer capsule-like cell layers of the microtumors (Fig. 1c). This case may
also be designated as symmetrical neurofibroma and is described in more detail
elsewhere [13]. A lipofibromatous hamartoma of the median nerve, details of
which have already been published [11], showed exclusive staining of the
broadened and proliferating perineurial septae (Fig. 1d). The intrafascicular and
intratumoral Schwann cells were decorated by S-100, resulting in a staining pattern
reciprocal to NGF-R.

The Western blots uniformly showed the 75-kD band characteristic for the low-
affinity NGF-R, although the intensity of immunostaining markedly differed from
specimen to specimen (Fig. 2).

L

Fig. 1a-d. Immunohistochemistry of NGF-R (PAP method, counterstained with hema-
toxylin). a Traumatic neuroma, showing a positive reaction confined to the sheath cells of
miniature fascicles, while the nerve of origin (below) is negative. b Neurofibroma type Il
with diffuse infiltration of adipose tissue (below), showing strong and almost exclusive im-
munoreactivity of tactile corpuscles. ¢ Symmetrical neurofibroma, showing preferential
staining of the outer circumference of neoplastic onion bulbs and microneurinomas. d
Lipofibromatous hamartoma of median nerve, showing immunoreactivity of the proliferat-
ing perineurium only. a, b, x 160; ¢ x 110; d x 40
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Fig. 2. Western blot, demonstrating the characteristic band for the low affinity NGF-R of 75
kD, with immunoreactivity differing from specimen to specimen. Bands of lower molecular
weight represent proteolytic fragments. I, Normal sciatic nerve (S 269/92); 2, neurinoma
(NP 614/89); 3, neurinoma (NP 636/89); 4, neurinoma (NP 291/90); 5, neurinoma (NP
795/89); 6, neurofibroma (NP 1226/91); 7, neurofibroma (NP 713/91); 8, neurofibroma (NP
790)

Discussion

The results of this study show that NGF-R in peripheral nervous system tumors is
preferentially localized in perivascular areas and in sheath structures analogous to
the perineurium. This is particularly well demonstrated in certain special and rare
tumor types, e.g., the lipofibromatous hamartoma of the median nerve and the
symmetrical neurofibroma. Our findings in neoplastic lesions are well compatible
with the decoration by NGF-R of the inner perineurial layers of normal nerve, and
of the perineurium of the miniature fascicles in traumatic neuromas [2, 3, 14, 20].
Other authors report a negative reaction in normal nerve, reversing to positivity
after nerve transection in the distal stump only [15]. Although the specificity of the
immunoreaction has been proven by Western blot analysis in the present study,
such differences may be explained by the use of different primary antibodies.

The inner layer of the perineurium is composed of highly specialized cells con-
stituting the principal substrates of the blood-nerve barrier. It is therefore not sur-
prising that anaplastic peripheral nerve sheath tumors in which the tumor cells are
largely undifferentiated generally do not express NGF-R. This result is also in line
with experimental investigations demonstrating a differentiating and a reverse
transforming effect of nerve growth factor, the ligand of NGF-R, on human neuro-
genic tumor cell lines in vitro [19].

In type III neurofibromas with tactile body differentiation, the histogenesis of
these specialized structures is still controversial. Arguments have been presented
both for a perineurial derivation on fine structural grounds [18], and for a Schwann
cell derivation on the basis of their immunoreactivity for S-100 [17]. The positive
reaction for NGF-R as demonstrated in the present study would favor the former,
but further criteria seem necessary to resolve this debate unequivocally.

Perineurial tissue structures have been shown to react with antibodies to the ep-
ithelial membrane antigen (EMA) obtained by immunization to human milk pro-
tein [5]. It appears that the monoclonal antibody ME20-4 against NGF-R, although
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not specific, is of additional use as a marker for a subset of normal perineurial cells
and their neoplastic counterparts in tumors of the peripheral nervous system.
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The Ansa Cervicalis Hypoglossal — Facial Anastomosis
for Indirect Facial Nerve Reconstruction

H. H. Steiner!, M. S. von Haken!, H. G. Steiner Milz!, F. K. Albert!,
and J. Hamer!

Introduction

Since the introduction of the indirect facial nerve reconstruction using accessory
nerve by Drobnik [5] in 1879, a variety of donor nerves have been used. Anasto-
mosis with the glossopharyngeal nerve [2, 19] and the phrenic nerve [8] were soon
abandoned; the hypoglossal nerve was the one used most [11, 13, 14, 15]. The
present study intends to show the efficiency of indirect facial nerve anastomosis
with the ansa cervicalis of the hypoglossal nerve.

Clinical Material and Methods

In the years between 1986 and 1991 we carried out facial nerve reconstruction with
the ansa cervicalis. Twenty-one patients (11 male, ten female) were operated on.
The average age was 41.5 years (between 21 and 65 years), mean follow-up was
1.8 years (from 0.5 up to 4.5 years). In 18 patients, the cause of the facial nerve
deficit was intracisternal; in three patients it was due to an intratemporal lesion.

The operative approach followed the usual technique (see Fig. 1), as described
by other authors [15, 17].

Results

Ranking of postoperative results was mainly oriented according to clinical recov-
ery of facial nerve function. On the one hand, we examined the normalization of
resting tone, on the other, the capacity of the active mimic innervation.

In the periorbital region we found the palpebral aperture to be satisfactory (no
more than 12 mm) in seven patients. In the case of a further six patients there was a
sufficient symmetry with a palpebral aperture that did not exceed 14 mm. Active
lid closure (minimum 80%) was possible in nine patients. Six patients were even
able to frown using their forehead. Unsatisfactory active lid closure was seen in six
patients.

Excellent recovery of perioral resting tone was found in 14 patients and, achieving
a symmetric position of the mouth, an additional four patients showed sufficient

1 Neurochirurgische Klinik, Universitit Heidelberg, Im Neuenheimer Feld 400,
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Fig. 1. Operative site. Landmarks to find the facial nerve are the posterior belly of digastric
muscle, the anterior edge of sternocleidomastoid muscle, and the pointer of the cartilaginous
auditory canal. The hypoglossal nerve, or the ansa cervicalis, can be easily identified inferior
to the digastric muscle at the level of the bifurcation of the carotid artery. (From [17])

symmetry. The results of the active innervation in the perioral region were
excellent in 14 patients, with nearly complete exposition of teeth. Only three
patients had unsatisfactory active perioral motility.

Table 1. Operative results in the periorbital region (n = 21) (ranking group)

Operative results (n) (%)

Normal palpebral aperture, complete closure 6 29
of eye lids, frowning possible
(very good results)

Excellent/good resting tone and motility 3 14
(good results)

Sufficient motility 6 28.5
(satisfactory results)

Unsatisfactory motility 6 28.5

(unsatisfactory results)
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Table 2. Operative resulis in the perioral region (n = 21) (ranking group)

Operative results n) (%)
Symmetric position of the mouth and 14 66
excellent/good motility

(very good and good results)

Asymmetric position of the mouth and 4 19
good motility

(satisfactory results)

Unsatisfactory resting tone and motility 3 15

(unsatisfactory results)

Generally the restitution of perioral muscle groups proved to be more satisfac-
tory than in the periorbital region. On the other hand, the results of the periorbital
region should not be underestimated, especially with regard to functional results,
as sufficient lid closure covering the cornea was found in no fewer than 15 pa-
tients. A summary of operative results is shown in Tables 1 and 2. Complications
were not observed. There is a definite positive correlation between the time of
surgery after the lesion and the operative results (Fig. 2).

Discussion

As early as 1903, improvement of facial symmetry and active motility was de-
scribed by Korte [13] for the hypoglossal - facial anastomosis. Favorable outcome
regarding the perioral region was described in as many as 60% of cases [1, 3, 6, 7,
9, 12, 16]. The chances of recovery in the forehead and periorbital region are
generally estimated to be less favorable [1, 4, 6, 9, 17]. A study by Stennert [18]
shows a tendency towards normalization of the muscle tonus at a rate of 70% in

patients 4
very good
3 B good
B satisfactory
o) M unsatisfactory
0 |

12345678 9101112

month after lesion at the time of
reconstruction surgery

2. Correlation between operative results regarding motility in the perioral region and
imespan from the lesion of the facial nerve to reconstruction surgery. The columns for
our ranking groups for postoperative results as shown in Table 2
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the perioral area and 10% in the periorbital area. Accordingly, the active innerva-
tion in the perioral region was very satisfactory with an exposition of teeth in 50%
of cases. A sufficient closure of the eye lids could be demonstrated in 35% of pa-
tients [18].

A disadvantage of the hypoglossal — facial anastomosis lies in the relatively
high rate of synkinetic facial movements. It has been described as being as high as
80% in the perioral region by other authors [4, 18]. Following recent findings, the
hemiparalysis of the tongue is also a major handicap for patients [10]. The results
of ansa cervicalis hypoglossal — facial anastomosis are as successful as anastomo-
sis with the main hypoglossal nerve trunk. In the region of the forehead and peri-
orbital region, results from ansa cervicalis anastomosis are superior, as can be seen
in a comparison with other data [18]. When using ansa cervicalis, impairing synki-
netic facial movements after tongue innervation are less frequently observed. In
our patients we could only observe this phenomenon in one case. An obvious
advantage is the lack of neurological deficit by using the ansa cervicalis as the
donor nerve.

Owing to the fact that results from the use of ansa cervicalis in the indirect re-
construction of the facial nerve proved to be favorable, we abandoned the use of
the main hypoglossal nerve trunk. There were only three cases where an anastomo-
sis with rudimentary ansa cervicalis was not possible. Since early reconstruction
showed best results in our study, we prefer early surgery when the interruption of
facial nerve continuity is evident.
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Lesions of the Accessory Nerve
in Its Extracranial Course

A. Sepehmial, W. Binil, and M. Samii!

Introduction

Iatrogenic lesions of the accessory nerve in its extracranial course are extraordinar-
ily frequent. The primary causes are either lymph node biopsigs or other proce-
dures performed in the lateral cervical triangle behind the border of the sternoclei-
domastoid muscle. Other less frequent nonsurgical causes reported in the literature
include: injections, Trendelenburg position, radiotherapy, trauma and insect bites.
On the deep cervical fascia, over the levator scapulaec muscle, the accessory
nerve courses to the trapezius muscle along the lateral cervical region. It is pre-
cisely in this area that the nerve is only protected by the superficial cervical fascia.
Along this course and topography one finds also the superficial lymph nodes.

Symptoms

The clinical picture corresponding to an accesory nerve palsy is characterized by
sternocleidomastoid and upper trapezius muscle deficit. The altered voluntary mo-
tor function is manifested by not being able to lift the shoulder. Furthermore, the
elevation of the shoulder joint is reduced. In cases in which the upper portion of
the trapezius is also involved, lateral abduction of the shoulder is possible only
through the deltoid muscle. Strength is reduced to one third and the abduction
reaches only 90°. In almost all patients there is marked pain. Shoulder and upper
arm pain are usually the primary complaint. Hanging of the shoulder can also
cause an associated lesion of the ligaments with traction of the brachial plexus,
causing irradiating pain and paresthesia. Other reported symptoms are local pain
and altered sensation in the lateral cervical region. This can be due to the involve-
ment of one or more sensitive branches of the cervical plexus with neuroma for-
mation.

Differential diagnostic problems may lead to false interpretation of the com-
plaints and labeling the patient as having cervical disc disease.

! Neurochirurgische Klinik, Krankenhaus Nordstadt, Haltenhoffstr. 41,
'W-3000 Hannover, FRG.
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Therapy

When confronted with a slight palsy, a conservative attitude should be adopted at
first with physiotherapy to strengthen the synergistic muscles. Nevertheless, when
a marked palsy is evident without signs of reinnervation of the corresponding mus-
cles 3 months after the lesion, surgical exposure/intervention is indicated and, in
our opinion, constitutes, the method of choice.

Surgical Technique

The skin incision usually involves the pre-existing scar. The exposure of the acces-
sory nerve is performed at first distally and then proximally to thé area of lesion,
that is, we identify the nerve in its healthy portions, avoiding initially the scar tis-
sue/segment. As orientation we use the known topographical landmarks of the lat-
eral cervical triangle. On the posterior border of the stermocleidomastoid muscle
we first identify the punctum nervosum with its individual nerve structures and
then localize the accessory nerve. The distal portion can usually be found at the
level of the upper border of the trapezius muscle. Further preparation of the scar
tissue must be carried out with extreme care in order to preserve continuity. If this
is the case, a microsurgical neurolysis is indicated; if, on the other hand, there is
loss of continuity the defect must be bridged using an autologous nerve transplant
harvested, for example, from the sural nerve.

In those patients in whom the affected muscles are so atrophic that even with
nerve reconstruction techniques we foresee unsatisfactory results, orthopedic pro-
cedures to improve the functional status are considered and discussed with the pa-
tient.

Material and Method

Since 1977, 40 patients with accessory nerve lesions have been treated in our
clinic. The mechanisms responsible for these lesions are summarized in Table 1.
Seventy-five percent had a lymph node removal. In 27 cases there was loss of con-
tinuity, and in 12 patients we performed a microneurolysis. In one case, besides a

Table 1. Etiology of 40 accessory nerve lesions treated in Nordstadt
Hospital (1977-1991)

Lymph node extirpation (lateral cervical triangle) 3
Penetrating wounds, trauma

Lymph node extirpation (mandible)

Atheroma removal (posterior border of sternocleidomastoid muscle)

Cyst removal (lateral cervical region)

Hematoma evacuation

Brachial plexus biopsy (NF 1 patient)
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neurolysis, we also performed an end-to-end coaptation of a solitary fascicle from
the main trunk. Three patients received an end-to-end coaptation, in 24 we trans-
planted, and in one we positioned the nerve stump in the trapezius muscle without
reconstruction. We were able to have a complete follow-up in 36 cases.

Results and Discussion

The most frequently observed lesion of the accessory nerve is iatrogenic in nature,
after lymph node extirpations or biopsy procedures performed in the lateral neck
region. The prognosis regarding spontaneous regeneration/recuperation has been
considered as very poor. The indication for a surgical procedure should be a result
of clinical and electrophysiological criteria, event though experience has shown
that there is quite often little correlation between intraoperative findings and
preoperative electromyographic data. This is probably due to the many anatomical
variations and the anastomosis of the accessory nerve with cervical motor
branches. Even in longstanding lesions (1-3 years) we favor an operation if there is
still pathological spontaneous activity in the recordings in the form of fibrillations
and positive "steil" waves. Nevertheless, the most favorable results are achieved
when surgery is done within the first year. The type of procedure (microneurolysis,
end-to-end coaptation, or transplantation) depends on the degree of lesioning, as
observed intraoperatively. Microsurgical techniques and sound topographical
orientation are key points for achieving good results. We have summed up our
follow-up results in Table 2.
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Results of Surgical Treatment of Meralgia Paresthetica

S. Mirzail, A. Sepehmial, M. El Azm!, G. Penkert!, and M. Samiil

Introduction

Meralgia paresthetica, a common nerve entrapment syndrome [14], is an isolated
disturbance of the sensation in the distribution area of the lateral femoral cutaneous
nerve. This syndrome, characterized by pain, burning, tingling, numbness, and/or a
variety of other paresthesias in the anterolateral area of the thigh, was first de-
scribed by Bernhardt in 1895 [2] and named meralgia paresthetica by Roth in the
same year [19]. Also in the same year, Sigmund Freud [7], who suffered from mer-
algia paresthetica, described his own affliction.

The purely sensory nerve is derived from the second and third lumbar root. The
lateral femoral cutaneous nerve usually passes through and emerges from the lat-
eral aspect of the psoas muscle as a single trunk which descends across the iliac
muscle before turning toward the anterior superior iliac spine. It emerges through
an opening in or behind the lateral attachment of the inguinal ligament at the ante-
rior superior iliac spine. The nerve angulates sharply downward into the thigh just
medial to the anterior superior iliac spine. It emerges medial to the origin of the
sartorius muscle and pierces the fascia lata approximately 5 cm below the inguinal
ligament [4, 14].

This report describes the results of the surgical treatment of 30 patients operated
on in our department between 1978 and 1992. Nonsurgical and surgical manage-
ment of meralgia paresthetica will be briefly discussed.

Clinical Material

Between 1978 and 1992 30 patients with meralgia paresthetica were operated on in
our clinic. The female to male ratio was 2:1. Age of patients at the time of surgery
ranged from 33 to 71 years (average + SD 48.2 +9 years). The duration of the
symptoms ranged from 1 month to 15 years with an average of 3.4 years. The dis-
ease affected the right side more often than the left side (21 and seven patients, re-
spectively); bilateral cases were in the minority (two patients). Twenty-nine pa-
tients were available for the follow-up study.

The average postoperative follow-up period was 5.8 years. Four patients had a
previous operation or trauma in the inguinal area on the same side.

1 Neurochirurgische Klinik, Krankenhaus Nordstadt, Haltenhoffstr. 41,
'W-3000 Hannover, FRG.
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Twenty-eight patients complained of pain, 13 of numbness. Neurological ex-
amination revealed hypesthesia in 25 patients, hypalgesia in ten patients and hy-
perpathia or dysesthesia in four. In at least 18 patients it was possible to reproduce
the pain distribution by deep digital pressure just medial to the anterior superior
iliac spine. The diagnosis was confirmed with the relief of pain obtained by in-
jecting the nerve locally with an anesthetic agent. In atypical cases a disc prolapse,
spinal stenosis, and neoplastic diseases of the spine or abdomen were excluded ra-
diologically.

Treatment

If the diagnosis was confirmed and the patient did not improve with conservative
treatment, surgical therapy was indicated. In 30 cases surgery was performed. With
the patient under general anesthesia, a 4-cm oblique skin incision was performed
parallel and 1 cm inferior to the lateral extent of the inguinal ligament (Fig. 1). The
fascia lata was incised in the same direction. The nerve could be identified in most
cases medial from the anterior superior iliac spine and the origin of the sartorius
muscle and under the inguinal ligament (Fig. 2). Depending on the intraoperative
findings, a local decompression (division of the upper margin of the ligament)
and/or a neurolysis was performed. Only in one single case was the nerve sec-
tioned. We have not performed rerouting procedures. We performed a neurolysis
in four patients, local decompression in six patients and local decompression and

Fig. 1. Skin incision parallel and 1 cm inferior to the lateral attachment of the inguinal liga-
ment on anterior superior iliac spine (right). The nerve can mostly be identified in the angle
between the lateral part of the inguinal ligament and the sartorius muscle. The hypesthetic
area on the thigh is marked
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Fig. 2 Compression of the lateral femoral cutaneous nerve under the inguinal ligament (a).
After partial division of the inguinal ligament and neurolysis the nerve is decompressed (b)

neurolysis in 18 patients. Only in one patient, who had had a previous local de-
compression without improvement of the symptoms, was the nerve resected within
the scar tissue.

In four patients the nerve was found in scar tissue and was neurolysed. In one
patient the nerve passed over the anterior superior iliac spine rather than medial to
it and was compressed by the bone. In the remaining 25 patients the nerve ap-
peared to pass through a split in the inguinal ligament at its attachment to the ante-
rior superior iliac spine or under the inguinal ligament and was compressed there.
In six patients a significant enlargement or pseudoganglion was present in the area
of the nerve where it passed under the inguinal ligament.
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Table 1. Results of surgery (n = 29)

Operation Outcome
Good Improved Recurrence
() (n) (n)
Decompression and neurolysis 16 1 1
Decompression 1 3 2
Neurolysis 2 1 1
Section -~ 1 _
Results

Immediately after the operation all patients were pain free. All patients were ex-
amined postoperatively, and a questionnaire was conceived for a further long-term,
follow-up (average follow-up period 5.8 years). Nineteen patients remained symp-
tom free. Six patients reported a significant improvement of the symptoms, only
after prolonged walking or in extreme hip extension did they notice pain in the
distribution area of the nerve.

At long-term follow-up we documented that four patients were again symp-
tomatic a few months to years after surgery. In these cases we could not find any
other underlying pathology responsible for the recurrence. Compared to other pa-
tients, these particular patients had had a significantly longer duration of symptoms
and more previous operations with scarring in the inguinal region. In one the nerve
was later sectioned and a clinical improvement resulted; the symptoms did not dis-
appear totally, however. In another patient of this group, the nerve was sectioned
later elsewhere, but this procedure also did not bring any relief (Table 1).

Discussion

Since the original descriptions of Bernhardt [2] and Roth [19] in 1895, many clini-
cal reviews have been published on meralgia paresthetica [3, 9, 13, 14, 20, 22].
Controversy exists in the literature as to the etiology of the syndrome. Over 80
possible etiologies have been described [4]. It is often seen in obesity, during preg-
nancy, and after trauma or operations in the inguinal region. Familial occurrence
[15], occupational causes, [8] and coexistence with spinal stenosis [10, 11] have
been reported.

The correct diagnosis of meralgia paresthetica can be safely inferred in most
cases from the patient's history alone. When a neuropathy is present, the region is
extremely tender to deep palpation. Somatosensory evoked potentials are a useful
tool to confirm a suspected diagnosis [6, 17]. A careful neurological, physical, and
radiological examination is therefore required to rule out other causes such as
spinal, intra-abdominal, and pelvic pathology or surgical procedures that may have
involved the nerve [18, 20, 21].
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Meralgia paresthetica is not a rare disease and it may be completely incapaci-
tating.

Patients should be reassured that the affliction is benign and not symptomatic of
a more serious neurological disorder [13]. In the early stages, conservative treat-
ment is indicated, with attempts being made to eliminate obvious causes, €.g., re-
moval of tight binders, braces, and corsets, and weight reduction [20]. The use of
ice packs and injection of local anesthetic agents together with steroids can provide
lasting relief [22]. Epidural injection of dexamethasone at the level L3/4 is de-
scribed in the literature [10]. The use of transcutaneous electrical nerve stimulation
(TENS) can be helpful during pregnancy [5].

Surgical therapy should only be resorted to in patients with persistent or severe
pain, and only a minority of patients need surgical treatment [22]. The disease was
first treated surgically by Hager in 1885 [12]. Since then different methods for sur-
gical relief of meralgia paresthetica have been used with varying results. As an op-
erative approach, the suprainguinal as well as infrainguinal ligament approaches
are performed with good results [1, 9]. The operations available include: incision
of the posterior band of the split ligament, incision of the thigh band of fascia ili-
aca, simple section of the nerve above or below the inguinal ligament, transposi-
tion of the nerve, and neurolysis [1, 9, 14, 21, 22]. Successes have been docu-
mented for each of these procedures. However, difficulty in identifying the nerve
at operation and/or performing adequate decompression may lead to surgical fail-
ure. Sectioned nerves can produce annoying numbness in the region of sensory in-
nervation and often develop painful neuromas that could be more troublesome than
the meralgia [21]. In conclusion, the results of this study with its long follow-up
period indicate that local decompression and neurolysis via the infrainguinal liga-
ment approach is a good alternative to single procedures such as neurolysis, de-
compression, section, or transposition.
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Serum Neuron-Specific Enolase
in Ischemic Brain Damage

M. Hom!, W. Schlote?, F. Seger?, and G. Oremek3

Introduction

Neuron-specific enolase (NSE) represents the y,y isoenzyme of the dimeric protein
enolase which is a soluble enzyme of the glycolytical pathway. Physiologically,
NSE is specifically present in neuronal cytoplasm and dendrites, and in cells of the
amine precursor uptake and decarboxylation (APUD) cell system [5]. Since pa-
tients suffering from APUDomas, neuroblastomas, or small cell carcinoma of the
lung show elevated NSE titers in serum, NSE has been clinically established as a
diagnostic and prognostic marker in such neoplasms [1, 5, 8]. However, recently
obtained immunohistochemical findings of a decrease in neuronal NSE
immunoreactivity in experimental animals and humans following transient cerebral
ischemia suggested cytoplasmic NSE loss due to ischemia [3, 6]. Previous studies
have shown intracellular compounds, especially NSE, to accumulate in the extra-
cellular fluid and cerebrospinal fluid (CSF) after ischemia [7]. The present study
was performed in order to clarify if neuronal NSE release in ischemic brain dam-
age is accompanied by an increase of NSE levels in serum. Therefore, serum NSE
was measured at various times after experimental transient forebrain ischemia fol-
lowed by histological evaluation of ischemic neuronal damage.

Material and Methods

Forebrain ischemia was induced in adult Mongolian gerbils (Meriones unguicula-
tus) of either sex, 50-70 g in weight, by occlusion of both common carotid arteries
(BCO). After induction of anesthesia with 2% halothane in 70% nitrogen and 30%
oxygen, a midline skin incision was made and both commoncarotid arteries were
exposed. BCO was performed by the use of Biemer clips (FD 562, Aesculap). Af-
ter 5 min (n = 30) or 15 min (n = 30), respectively, brains were recirculated spon-
taneously by removal of clips. After suturing of the skin incision, animals were
allowed to survive for 8 h, 12 h, 24 h, 48 h, 72 h, or 96 h, respectively. Blood sam-
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ples were taken by transdiaphragmatic puncture. Serum NSE was measured using
an enzyme immunoassay technique (Roche) in nonischemic controls, in sham-op-
erated animals, and in both ischemic groups prior to transcardiac perfusion fixa-
tion. Histologically, paraffin-embedded coronal brain sections including the dorsal
hippocampus (1.4-1.7 mm posterior to the bregma) were investigated with regard
to stigmata of ischemic neuronal damage. In each case, the density of unaffected
selective vulnerable CA1 neurons was evaluated by morphometrical measurement.

Results

Sham-Operated and Normal Control Animals. Brains of sham-operated animals
(n=12) showed absence of ischemic neuronal damage and normal neuronal den-
sity in hippocampus CA1l. In both sham-operated animals and nonischemic con-
trols (n = 20) NSE serum titers were below 10 ug/ml (mean + standard deviation:
6.16 £ 2.63).

Five-Minute BCO. Brief forebrain ischemia resulted in an average increase of NSE
serum levels to about the threefold of control within 24-h of reperfusion
(mean = standard deviation: 19.0 + 4.5 ng/ml). A slow decrease was observed be-
tween 72 h and 96 h following ischemia (Fig. 1). On the other hand, ischemic cell
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Fig. 1. Time course of NSE serum levels in gerbils submitted to 5 min bilateral carotid oc-
clusion (asterisks) or in sham-operated controls (squares), respectively. Each item
represents an individual value (asterisk) or the mean of two animals (square). NSE serum
titers in both nonischemic and sham-operated animals were 6.16 + 2.63 ng/ml. Therefore the
value of 10.0 ng/ml was regarded as the upper limit of normal range. At 24 h, 48 h, 72 h,
and 96 h levels of serum NSE in ischemic animals were significantly different from control,
whereas maximal levels were detected 24 h post ischemia



276 M. Horn et al.

Fig. 2. Low-power microphotograph showing the dorsal hippocampus of the Mongolian
gerbil 96 h following 5 min forebrain ischemia. Approximated borders of subfields CAl,
CA2, CA3, and CA4 are indicated by arrows (SC, subiculum; DG, dentate gyrus). Definite
manifestation of the ischemic lesion is restricted to the selectively vulnerable CA1 subfield
which is subtotally destroyed. The border region between CAl and CA2 is marked by a
rectangle which is shown in detail at high-power microscopy at the upper left. Most CA1l
pyramidal cells are pyknotic accompanied by perineuronal microvacuolation. Only a few
neurons show minor ischemic alteration and, therefore, are not irreversibly damaged. On the
very left, morphologically well-preserved CA2 neurons are shown. Cresyl violet stain, 1:80
or 1:300 (inset)

change first became visible 24 h post ischemia and was restricted to selectively
vulnerable hippocampal CA1 neurons. Neuronal necrosis appeared after 48 h and
was completed by 96 h survival, resulting in subtotal destruction of the CA1 cell
layer (Fig. 2). Thus, a significant diminution of histologically unaffected neurons
was observed after 48 h post-ischemic reperfusion.

Fifteen-Minute BCO. In animals submitted to severe forecbrain ischemia, NSE
serum titers were already elevated by 8 h survival (mean + standard deviation:
15.2 £ 3.6 ng/ml). Within 48 h reperfusion a striking increase of serum NSE oc-
curred (mean * standard deviation: 132.4 +44.2 ng/ml). Levels decreased by 72 h
survival, but were significantly elevated even after 96 h (Fig. 3). Following 24 h
survival, histology of the hippocampal subfield CA1 showed a progressive reduc-
tion in neuronal density. In contrast to brains of the 5 min BCO group, the majority
of animals submitted to 15 min BCO revealed ischemic brain lesions extending to
the whole hippocampus inconstantly involving CA3 neurons (Fig. 4).
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Fig. 3. Time course of NSE serum levels in gerbils submitted to 15 min bilateral carotid oc-
clusion (asterisks) or in sham-operated controls (squares), respectively, Each item
represents an individual value (asterisk) or the mean of two animals (square). Significantly
higher levels were found in ischemic animals than in controls as early as 8 h following
ischemia. Maximal values were detected at 48 h and 72 h. Levels were significantly elevated
even by 96 h survival

Fig. 4. Fifteen-minute forebrain ischemia followed by 96 h survival result in neuronal le-
sions extending to the whole hippocampus. The CAl subfield is completely destroyed,
whereas the majority of neurons in CA2 and CA4 show ischemic neuronal necrosis. Even
relatively resistant CA3 subfield and granule cells of the dentate gyrus (DG) are involved in
the ischemic lesion. Part of CA3 is marked by a rectangle and shown in detail at high-power
microscopy at the upper left. Microvacuolation of the CA3 cell layer and subtotal loss of
neurons are found. SC, subiculum. Cresyl violet stain, 1:80 or 1:300 (inset)
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Discussion

Numerous experimental studies in the gerbil have demonstrated that 5 min global
cerebral ischemia reproducibly causes necrosis only in selective vulnerable hip-
pocampal CA1 neurons [4]. Therefore, BCO of 5 min duration seemed to be suit-
able for testing the sensitivity of monitoring ischemic brain lesions by serum NSE
detection. Furthermore, BCO of 15 min duration was applied in order to investi-
gate a possible quantitative relationship between the extent of resulting neuronal
injury and a hypothesized NSE serum increase.

Elevated NSE serum titers were detected by 24 h reperfusion following 5 min
BCO or by 8 h reperfusion following 15 min BCO, respectively, whereas a signifi-
cant reduction of morphologically unsuspicious CA1 neurons was observed after
48 h (5 min BCO) or after 24 h (15 min BCO) post-ischemic reperfusion, respec-
tively. Data obtained by the present study including brief and severe cerebral is-
chemia in the gerbil clearly indicate a significant increase of serum NSE levels
prior to relevant changes within hippocampal neuronal density. Defects of the neu-
ronal plasma membrane related to ischemia obviously cause release of cytoplasmic
NSE into the neuropil. Accumulation of NSE in the CSF and ischemia-induced dis-
ruption of the blood-brain barrier finally result in an increase of NSE levels in
serum. This pathophysiological concept is supported by immunohistochemical
findings of cytoplasmic NSE diminution in both gerbil and human following cere-
bral ischemia [3, 6]. On the other hand, experimental findings in rat CSF following
four-vessel occlusion and clinical data on CSF in patients with stroke indicate in-
creased NSE levels [2, 7].

As elevation of NSE serum levels preceded ischemic neuronal necrosis in the
gerbil hippocampus, it is expected that measurement of serum NSE could be a
valuable tool in clinical detection of early ischemic brain damage. Especially
global cerebral ischemia, i.e., patients resuscitated from cardiac arrest, is suggested
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