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SUMMARY Plasma hyperviscosity is a striking abnormality in patients suffering from subcortical
arteriosclerotic encephalopathy (SAE) and is thought to perpetuate the chronic ischaemic demye-
linating process of the periventricular white matter. Ancrod, a defibrinating enzyme, was given to
10 patients with SAE in an attempt to reduce plasma fibrinogen, which would thus normalise
hyperviscosity. This was paralleled by a significant improvement of the initially abnormal retinal
arteriovenous passage time, as well as a significant augmentation of the C02-induced cerebral
vasomotor response. This did not lead, however, to any clinical improvement with respect to per-

formance of neuropsychological tests, recurrence of strokes during a 6 month observation period or

improvement of various audiological parameters. The findings indicate that hyperviscosity in
patients with SAE is merely an epiphenomenon. A potentially reversible, chronic penumbral state
of the brain tissue apparently does not exist in SAE.

The aetiopathogenesis of subcortical arteriosclerotic
encephalopathy (SAE, Binswanger's disease)' 2 is still
unknown. Arterial hypertension is said to play an
important role3 -7; however, not all of the chronically
hypertensive patients suffer from SAE and by far not
every patient with Binswanger's disease has a typical
history of long lasting blood pressure elevation.8

Recently, it has been shown that patients suffering
from SAE have a striking hyperviscosity of plasma
when compared with either of the other types of
stroke-afflicted patients or normal individuals.9 In
general, an elevated plasma viscosity is due to
increased plasma levels of well-defined proteins such
as alpha-2-macroglobulin, IgM, acute phase proteins
and fibrinogen.'" l The observation ofplasma hyper-
viscosity in many SAE patients has led to the hypo-
thesis that it may play a causative role in the
pathogenesis of SAE, although hyperviscosity may be
only an epiphenomenon. Sometimes epiphenomena
achieve pathogenetic importance, particularly if they
become part of a vicious circle. In SAE, for instance,
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plasma hyperviscosity might accelerate the
progression of ischaemic white matter destruction by
additional aggravation of the disrupted micro-
circulation which had originally been initiated by a
disseminated occlusive disease within the small pene-
trating arteries.12
The introduction of more sophisticated laboratory

tests13-8 has made micro- and macrorheological
approaches to the aetiopathogenesis of various types
of cerebral small vessel disease more attractive and
feasible. The following prospective, open and con-
trolled trial with the defibrinating enzyme ancrod was
performed in SAE patients in order to reduce plasma
fibrinogen and normalise plasma viscosity. A battery
of laboratory tests and various clinical parameters
were used to document any eventual clinical benefit
resulting from this unusual treatment.

Patients and methods

A. Recruitment ofpatients
Twelve patients suffering from SAE were consecutively
selected for this study. Patients were primarily seen in the
neurological department and selected on clinical grounds.
However, they were only included in the trial if both clinical
and certain CT criteria were fulfilled:
The clinical inclusion criteria required a history or presence

of arterial hypertension, history of recurrent minor strokes
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with slowly progressive mental deterioration and abnormal-
ities of deep reflexes, plantar response or gait. The last 3
months, however, had to be free of any acute cere-
brovascular accident. This was necessary in order to guar-
antee that all patients were in a chronic state of the disease.

Additionally, all the patients showed thefollowing features
of SAE on CT (for details see references 8, 19, 20). The
findings in each case were: (1) multiple lacunar infarctions in
the basal ganglia and/or internal capsule (2) periventricular,
confluent areas of increased x-ray translucency of the white
matter with predeliction around the anterior and posterior
horns of the lateral ventricles and sparing of the arcuate
fibres and (3) cortical atrophy of the brain, the severity of
which clearly exceeded age-matched normal CT findings.
The exclusion criteria included severe and not effectively

treated hypertension, congestive heart failure, renal
insufficiency, severe diabetes, coagulation abnormalities
during blood screening, and age over 70 years. Severely
demented patients were also excluded because they were not
able to give adequate informed consent and were considered
unsuitable for psychological tests. For technical reasons,
only 10 patients could be subjected to the complete sequence
of tests.

B. Ancrod treatment
Ancrod is a 38,000 D enzyme hydrolysing the alpha-chain of
fibrinogen. It is a purified fraction of the venom of the
Malayian snake Agkistrodon rhodostoma. Its chemical prop-
erties and anticoagulative effects are detailed elsewhere.21 22
This enzyme leads to a rapid degradation of plasma
fibrinogen by converting it directly to an atypical form of
fibrin (des-A-fibrinomonomeric) which either undergoes
plasmin-induced lysis or rapid removal from the circulation
by the reticuloendothelial system. As plasma fibrinogen is
present in abundance, it can be reduced to values as low as
10 g/l (normal value according to the Clauss-Method:
25-40 g/1)23 without disturbing blood coagulation. This is
the reason why ancrod can be applied in a therapeutic trial
for purposes of reducing fibrinogen-induced plasma viscosity
without, however, the hazard of frank haemorrhages.24
Ancrod was administered subcutaneously either daily or

every second day in dosages ranging from 70 to 140 IU
(= 1-2 ml of the lyophylisate). The individual dosage was
adjusted to the plasma fibrinogen level which was measured
immediately before each ancrod injection. As a rule, the
target fibrinogen plasma level of I g/l was reached after I
week. The whole treatment, consisting of two to four subcu-
taneous ancrod injections per week, lasted 1 month in each
case. At the end of the 4 week period the whole battery of
laboratory and clinical tests was repeated and compared with
the pretreatment values. The whole test battery was again
carried out after another 4 week period, that is 2 months
after the beginning of the trial. This was done in order to
evaluate long-lasting effects of enzymatic defibrination
beyond the period of actual drug administration.

C. Examination techniques
(1) The clinical examination included a threefold detailed
medical history-taking and precise evaluation of the neuro-
logical state of the patients: before the beginning of the
treatment, at the end of therapy and again 4 weeks later. A
fourth clinical follow-up examination was performed after
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another 6 month period. Patients were particularly asked
about cerebrovascular accidents, including motor strokes.
The family members were also asked to report their impres-
sion of the patients' mental and psychomotor abilities or
disabilities in everyday-life situations.
(2) Neurop.svchological testiing was also performed three
times, namely 4 weeks before the beginning of the trial. at the
beginning of therapy and at the end of the 4 week treatment
period. This schedule prevented possible misinterpretation
on grounds of spontaneous recovery and 'or improvement
due to repetition of the test situation. The test battery was
comprised of: (a) the Benton Visual Retention Test:25
(b) the "Aufmerksamkeits-Belastungs-Test d2' 26 (c) a series
of simple visual, auditory and choice reaction tasks on
the "Wiener Determinationsgerat":27 (d) the "Motorische
Leistungsserie" (Schoppe) in a modified form:28 (e) the
"Befindlichkeitsskala";29 and (f) the "Beschwerdenliste".3"
Thus, the test battery gave a multifacetted impression of the
intellectual, mnemonic, affective and motor capabilities of
the patients without overtaxing them.
(3) Haemorheological studies for the evaluation of the
microrheological conditions of the patients were also per-
formed. These tests included determination of (a) hac-
matocrit, (b) plasma viscosity, (c) erythrocyte aggregation
and (d) single red cell deformability. (For further details of
the methods used see references 13-17). These tests were
repeated at the beginning, several times during and several
times after administration of ancrod. Values were compared
intraindividually as well as with normal reference values
from a recent population study. ' 6 31
(4) Macrorheology was assessed during C02-modulated
haemodynamic studies with the help of transcranial Doppler
sonography (TCD) at the main trunk of the middle cerebral
artery (MCA). A two megahertz pulsed Doppler device (TC-
2-64, EME, tberlingen, FRG) was used in order to measure
the time mean flow velocity within the MI-segment of the
MCA during normocapnoea and various degrees of hyper-
and hypocapnoea. The relative percentages of change of
normocapnic MCA mean flow velocity (= 100%) during
hyper- and hypocapnoea were plotted against endtidal CO2
volume percent values. Curve fitting revealed a bi-
asymptotic course of the curve. The distance between the two
asymptotes (expressed in percent of normocapnic mean flow
velocities) was defined as the individual degree of the
C02-induced vasomotor reactivity (VMR) of the hemisphere
under study. In a previous investigation (Ringelstein,
unpublished data), it has been shown that VMR is narrowed
in patients with SAE when compared with an age-matched
group of normals. In the latter, VMR has been found to be
99 SD 12%. During the present study, it was hypothesised
that a reduction in plasma viscosity would be paralleled by
normalisation of an impaired VMR. Further details of the
theoretical background and the clinical implications of this
noninvasive VMR screening technique are described else-
where.'8 32 33 The VMR test was performed before and
immediately after the 4 week ancrod treatment period and
again 1 month later.
(5) The auditory pathways were screened both electro-
physiologically and audiologically. This was done because
the brainstem is very often afflicted by multiple small lacunar
infarctions during cerebral microangiopathies. These lesions,
however, are only rarely visible on CT, but can be detected
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Defibrination in Binswanger's disease

histopathologically as well as by means of magnetic reso-
nance imaging.34" Owing to their location and dissem-
inated appearance, these lesions very often involve the
auditory system. As the latter is a horizontally and vertically
widespread component of the brainstem, it seemed prom-
ising to scrutinise its functional integrity in these patients.
The tests included the measurement of (a) brainstem acoustic
(short latency) responses (BEAPs), (b) middle-latency
responses, (c) Ill-V interpeak latencies, and (d) response
threshold (dBHL) with the help of an input-output-
comparison, as well as (e) a conventional audiological exam-
ination (for details of the methodological aspects see
references 36-38).
(6) Microrheology was also assessed in-vivo. Retinal
fluorescence angiography with video documentation was used

Vasomotor reactivity
II*I III
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to study the retinal blood flow as a paradigm of the cerebral
circulation. 14 39 The arteriovenous passage time (AVT) and
the arm retina time (ART) were measured and used as in vivo
circulatory parameters during pre- and post-treatment eval-
uations.

Results

1 Haemorheologicalfindings (table)
Prior to therapy, the mean plasma.fibrinogen was 3-26,
SD 1 3 g/l and was dramatically lowered to 1 52 SD
0-53 g/l after a 4-week ancrod application. This
difference was highly significant (p < 0-002; Wilcoxon
matched-pairs signed-ranks test, two-tailed). One
month later, however, it had again reached a higher
level of 2-88 SD 0 75 g/l. Initial mean plasma viscosity
was 1 38 SD 0 1 mPas (normal range: 1-14-134) but
then paralleled the decrease of fibrinogen. After a 4

Plasma viscosity
--- Fibrinogen

1 4f T F mPas

4

Time (weeks)

Fig I C02-induced vasomotor reactivitY, plasma
fibrinogen level and plasma viscosity during ancrod
treatment (N = 10/12). Upper part: C02-induced
vasomotor reactivity increased significantly in each patient
after a 4 week subcutaneous ancrod application but revealed
a variable course during a 4 week post-treatment period
(p < 0 01; two-tailed Wilcoxon matched-pairs signed-ranks
test). (I = day before start of therapy; II = at the end of
the 4 week ancrod treatment; III = after another 4 week
observation period. The dotted lines indicate mean and
standard deviation of the vasomotor reactivity in normal
individuals). Lower part: Clearance ofplasma fibrinogen
(dotted line) was paralleled by a significant decrease in
plasma viscosity (line with balls) but gradually increased in
the post-treatment period.
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Fig 2 Plasma fibrinogen, plasma viscosity, cerebral
vasomotor reactivity and retinal arteriovenous passage time
in SAE patients during ancrod treatment (N = 10/12).
Improvement ofplasma viscosity led to a significant
augmentation of cerebral vasomotor reactivity, as well as

acceleration of retinal bloodflow (p < 0O5 or p < 0-01,
respectively, two-tailed Wilcoxon matched-pairs signed-
ranks test). Mean values and standard deviations of the

parameters are indicated. For explanation of 1, II and III

see fig 1. Normal ranges (NR) of the parameters are

indicated on the right.
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Table Ancrod-induced changes offibrinogen plasma viscosity, and retinalflow parameters in 12 SAE patients before, during,
and after treatment.

Patient No

Parameter Normal range Phase 1 2 3 4 5 6 7 8 9 10 11 12 Mean SD

fibrinogen 2 5-4-0 (g/l) I 2-9 6-9 1 8 2-6 3-7 3 5 3-1 3 3 1-8 2-6 3-3 3-6 3-26 1 31
II 1*8 25 1*3 08 16 17 16 09 12 13 1-1 24 152 053

III 2-9 4-6 1-8 2-7 2-7 30 3-1 3.7 1 8 2-6 2-6 30 2-88 075

plasma-viscosity 1-141 34 1 1.32 1 67 1 27 1-28 1 36 1.35 1.35 1 4 1-27 1 4 1-46 1 37 1-38 0-11
(mPas) 11 1-22 1-51 1-2 1 36 1 32 1 29 1-35 1 3 1-2 1 26 1 35 1 3 1 31 009

IlI 1-27 1-59 1*31 1*24 1-34 1*3 1*36 1*23 1*31 1*27 1*33 1 36 1*33 009

VMR 87-11ll/() 1 97 90 33 69 82 71 91 67 88 62 - - 75 18 9
II 112 100 58 89 115 84 90 90 105 71 - - 91 17 7

III 113 70 62 86 66 82 100 101 107 87 - - 87.4 17 7

AVT 1 31-227 1 43 356 5*3 3*4 29 26 295 5.3 4-3 28 - - 374 10II 34 253 30 3-1 195 20 1-1 30 27 30 - - 258 07
III not repeated due to its invasiveness

Phases 1, I1 or III refer to pretreatment period, end of ancrod application or 8-week re-examination after beginning of therapy, respectively.
VMR = C02-induced vasomotor reactivity. AVT = arteriovenous passage time during retinal angiography. SD = standard deviation.

week ancrod treatment mean plasma viscosity was
1-31 SD 009 mPas (p < 0-016). It remained in the
normal range for another 4 week period in spite of
the fact that the ancrod injections had been stopped
(fig 1).
The pretreatment erythrocyte aggregation index was

normal in every case (normal range 8-21 according to
16). Although this index revealed a slight transient
improvement during defibrination, the change
remained within the normal range and did not achieve
statistical significance. Haematocrit and single eryth-
rocyte deformability remained stable during the trial.
2 Retinalfluorescence angiography
The video documentaion of retinal blood flow was not
possible in two patients because of the presence of
cataracts. All of the other patients (N = 10) had
severe pre-treatment impairment of the arteriovenous
passage time (AVT) with mean values of 3-74 SD
I 00 s (normal range 1-79 SD 0-48 s according to 39).
After a 4-week administration of ancrod a highly
significant improvement occurred in nine out of 10
patients (mean value 2-58 SD 0 70 s; p < 0-002). Even
AVT resumed completely normal values in three
cases.
The measurement of the arm-retina-time revealed

mean pre-treatment values of 14 3 SD 6-6 s (normal
range 10 5 SD 2 65)39 but did not show any consistent
changes (post-treatment mean value: 14-3 SD 3 8 s).

3 Transcranial Doppler sonography
The post-treatment CO2induced vasomotor response
(VMR) within the territory of the middle cerebral
artery improved dramatically during the course of the
trial. The mean pre-interventional VMR-value of
the SAE patients was 75 SD 18-3% and increased
to 91 SD 17 7% after a 4 week defibrination period.
This difference was statistically highly significant

(p < 0'007; Wilcoxon matched-pairs signed-ranks
test, two-tailed). In most of the patients, this effect
turned out to be stable for another 4 week period
(figs I and 2).

4 Neuropsychological tests
Statistical analysis of the test results revealed no
significant change of performance between the three
occasions of testing except for the performance in the
"Aufmerksamkeits-Belastungs-Test d2" and in the
subtest "steadiness dynamic" of the "Motorische Lei-
stungsserie". Paired comparisons of these two tests,
however, showed that there was a significant
improvement of performance only between the first
and second testing, that is during the pre-treatment
period, which could not be attributed to the medica-
tion. A type II statistical error was highly improbable
since patients with initially poor test performance did
not show any tendency to improve during the trial
but, on the contrary, even deteriorated slightly. In
summary, not a single test of the whole battery
revealed any significant changes during ancrod treat-
ment or during the post-treatment observation
period.

5 Audiological tests
During pure tone audiometry, a hearing loss of less
than 30, SD 5 dB was considered normal. Four
patients had a pathological degree of pre-treatment
hearing loss, one of them on both sides. However, a
significant improvement (that is, recovery of more
than 5 dB) after ancrod thrapy could only be found on
both sides in this latter case.

In four cases, the response threshold of BAEPs was
pathologically increased, that is more than 20 SD
10 dB. In only two of them, a significant improve-
ment with a threshold reduction of 29 or 28 dB,
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Defibrination in Binswanger's disease
respectively, was evaluated during post-treatment re-
examination. Simultaneously, however, one of these
two patients experienced a significant threshold
impairment on the contralateral side.

In four patients, the response threshold of middle
latency evoked responses was clearly pathological. A
significant improvement could be shown in one
patient after ancrod treatment but at the same time
another patient deteriorated significantly. Only one
patient with clearly pathological levels before therapy
showed a significant improvement of all parameters
after ancrod administration. In summary, the audio-
logical and brainstem evoked potential tests could not
substantiate any consistent therapeutical effect of
defibrination, either beneficial or adverse.

6 Clinical follow-up
During a further 6 month observation period, five out
of 12 patients (four out of ten) presented with further
acute stroke symptoms mostly of the transient or
benign lacunar type.

Discussion

The nosological entity of SAE is still not sufficiently
proven. The pathoanatomical abnormalities of the
brain tissue have been described in only small series of
patients2 7 40-43 and are poorly defined. This is also
true for the underlying vascular lesions44 which have
not been studied systematically and with the same
accuracy with which Fisher and DeReuck and Vander
Eecken had performed post-mortem serial micro-
scopic sections or translucency studies, respectively,
of the perforating arteries in lacunar states. 12 34 45 46
Similarly probfematic is the in vivo diagnosis of
Binswanger's disease with the help of computed
tomography and/or MRI.47 The neuroradiological
findings have not been correlated sufficiently to and
validated by pathoanatomical data except for few
anecdotal cases.8 19 In the present study, we have used
the best available diagnostic criteria for the selection
of the candidates. These patients had to have both
the typical clinical, neuroradiological and hae-
morheological signs in order to qualify as cases
suffering from SAE. Hypodensities or changed signals
of white matter on CT scans alone were not thought
diagnostic for Binswanger's disease, even if associated
with proven vascular risk factors.47 With respect to
the very strict selection criteria, exclusion criteria and
several drop outs, only 12 out of 48 probable SAE
patients seen during the recruitment period could
finally participate in this study.
Fibrinogen, a major representative of

hyperviscosity-inducing proteins has been described
as an important risk factor of ischaemic stroke and
occlusive arterial disease.48-50 By increasing plasma
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viscosity, it has also been found to be a major deter-
minant of cerebral blood flow.5" A striking feature of
SAE patients is the severely abnormal micro-
rheological parameters, particularly the elevated
plasma viscosity.9

It is more probable that plasma hyperviscosity in
these patients is a post hoc rather than pre hoc
phenomenon.52 However, in connection with the dis-
seminated occlusive disease of the cerebral vascular
bed (that is, microangiopathy), hyperviscosity of the
plasma may become a pathogenetically relevant
factor which could perpetuate brain ischaemia leading
to subsequent slow damage of the white matter. While
lacunar infarctions may be considered as the direct
and acute consequence of an atherothrombotic
occlusion of the long penetrating arteries,12 34 the
diffuse ischaemic demyelination and spongiosis of the
white matter, by contrast, seem to occur as secondary
phenomena mainly as a result of haemodynamic dis-
turbances in the end zones of the subcortical arterial
system.53 Whether unphysiological skimming phe-
nomena in connection with plasma hyperviscosity
play a pathogenetic role has not yet been examined.54
In any case, the angioarchitecture of the brain deter-
mines both the size and site of lacunes and the partic-
ular topography of white matter lesions in SAE: The
U-fibres (arcuate fibres) are spared because they are
independently supplied by medullary branches of the
leptomeningeal arterial network and not by the long,
deep, perforating arteries.41 52 With this patho-
physiological background in mind, a trial with ancrod
seemed to be promising in SAE patients. This was
done with the intent of improving cerebral micro-
circulation by means of converting and clearing the
fibrinogen which would thus reduce plasma hyper-
viscosity. Improvement of rheological properties of
the blood55 was expected to prevent stasis in
microvessels, excessive erythrocyte aggregation and
microvessel thromboses.56
The haemorheological findings both in vitro and in

vivo indicate that microcirculatory and macro-
circulatory parameters could indeed be improved
significantly during the trial. Two important in vivo
parameters of the cerebral circulation in particular,
indicated a significant improvement during plasma
defibrination. (I) In the retina, an organ which paral-
lels brain tissue, blood flow could be significantly aug-
mented. (2) In the brain, the initially curtailed CO2
response of the cerebral vasculature in our patients
could be normalised, indicating that cerebral haemo-
dynamics had been disturbed before treatment.
Obviously, after normalisation of plasma hyper-
viscosity, recruitment of the vasomotor reserve was
no longer necessary for compensation of a
hyperviscosity-related, preischaemic state, and
oxygen availability became optimal. Despite these
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striking improvements, however, not a single para-
meter of cerebral function tended to normalise or
improve nor did the patients experience less recurrent
lacunar strokes during a further 6 month observation
period. Comparable to the results of the recent multi-
centre trial of haemodilution in acute ischaemic
stroke,57 there was a clear discrepancy between
the microangiological and macroangiological
improvements on the one hand and the lack of clinical
benefit on the other. It should be mentioned, that
Hossmann et al56 in an open ancrod trial in an
unselected group of stroke patients, could not find any
significant clinical improvement either.
Our findings may in part be explained by a poten-

tially adverse effect of ancrod on the haemostasis of
the blood,58 59 that is, stimulation of platelets by
fibrinogen degradation products, although a simulta-
neous activation of various endothelium-related anti-
aggregation mechanisms has also been observed.60 61

The penumbra-concept in the pathophysiology of
ischaemic brain damage62 63 suggests that neurons
during profound but incomplete ischaemia may sur-
vive and regain normal functional integrity despite
long lasting electrical failure. It is still unknown, at
least unproven, however, whether, and to what extent,
chronic ischaemic penumbra really exist in low pres-
sure vascular beds, how long functionally paralysed
neurons can survive these conditions in man, and
whether they can regain their preischaemic functional
level if reoxygenising therapeutic measures are
applied. A reliable test of reversibility is still lacking.
Our findings suggest that a reversible chronic
ischaemia of neurons does not occur in the brains of
SAE patients. We agree with Lassen and Vorstrup63
that flow improvement "merely improves the flow
reserve preventing some acute episodes", but that
"evidence regarding the possible existence of a chronic
fully reversible penumbral state is not available".

The authors are greatly indebted to Knoll AG,
Ludwigshafen/Rhine, West Germany for providing
Ancrod for the trial study. They also acknowledge the
laboratory work of Simeon Matentzoglu MD, Wolf-
gang Grosse MD, Sara Ecker, Karsten Sievers (med-
ical students), and the laboratory staffs of the
Departments of Neurology, Otolaryngology and
Ophthalmology.

This work was presented in part at the Erwin Riesch
Symposium: Pathology of Cerebrospinal Micro-
circulation, Berlin, West-Germany, 2-5 September,
1986.
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