Treatment of the
gravity dependence
of downbeat
nystagmus with
3,4-diaminopyridine

Abstract—The authors examined the effect of 3,4-diaminopyridine (DAP) on
the gravity-dependent (GD) vertical ocular drift component of downbeat nys-
tagmus in 11 patients with idiopathic cerebellar ataxia. With the head tilted
downward (45°), DAP reduced slow phase velocity (SPV) in 7 of 11 patients by
36%. Its efficacy correlated with the GD modulation. DAP minimizes the
gravity-independent velocity bias and may improve deficient inhibitory cerebel-
lar control on overacting otolith—ocular reflexes.
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Downbeat nystagmus (DBN) is a frequent ocular mo-
tor sign in patients with midline cerebellar lesions.
Failure of the vertical velocity-to-position integration
explains the increase of upward drift velocity with
downward gaze and the decrease with upward gaze.!
Vertical drift in DBN is composed of a gravity-
independent (GI) drift component already present
with gaze straight ahead and gravity-dependent
(GD) component, which is maximal in prone and
minimal in supine position and probably mediated
by otolith—ocular reflexes (OORs).>* Hence, DBN is
most disabling for many patients in a head forward
bending position in everyday life, for example,
kitchen or desk work.

Recently, the potassium channel blocker 3,4-
diaminopyridine (DAP) has been shown effective in
reducing DBN in some but not all patients with their
heads upright.* It remained undetermined how DAP
affects the GD component of DBN. We have shown in
a single patient that DAP may be particularly effi-
cient in reducing DBN in the head bending forward
position and in the prone body position.? It has been
suspected that DAP exerts its influence more on the
GD drift component and less on the GI drift compo-
nent.> To corroborate this hypothesis, we examined
the effect of DAP on the GD modulation of vertical
drift in DBN in 11 patients with idiopathic cerebellar
ataxia and DBN. A change of the head position-
dependent modulation of DBN in the absence of any
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effect on DBN in the head-erect position would prob-
ably indicate a distinct influence of DAP on the OOR.

Methods. Eleven patients with idiopathic DBN (7 women, 4
men; ages 36 to 83) were prospectively included (see table E-1 on
the Neurology Web site; go to www.neurology.org). Cranial MRI
did not reveal focal lesions in the cerebellum or brainstem. Neuro-
logic examination in upright position demonstrated typical DBN.
In six patients, DBN clinically increased in a forward head bend-
ing position. All patients gave informed written consent. The pro-
tocol was approved by the local ethics committee.

Eye movements were recorded by video-based eye-tracking sys-
tems.>? Visual targets were presented in gaze straight ahead and
+10° vertically and +20° horizontally. Five pitch positions of the
head relative to the upright position were examined (each 15
seconds): head upright (0°), bending forward by 45° (—45°) and 90°
(—90°, nose down), bending backward by 45° (45°) and 90° (90°).
Eye movement recordings were performed both prior to and 45
minutes after 20-mg DAP ingestion.

Mean SPV for each period was calculated with its SE from the
median velocity of the nystagmus that occurred (200-millisecond
period) for each head and eye position. The amount of head posi-
tion dependence of ocular drift was calculated from the difference
between the lowest and highest SPV of the different head posi-
tions (gravity-modulation index). Statistical differences were sig-
nificant at p < 0.05 (analysis of variance and Student ¢ test). Data
are presented as means + SEM.

Results. The SPV of DBN was taken to assess efficacy of
DAP treatment. Prior to DAP ingestion, the mean SPV of
DBN was 10.2 *= 2.4°/s with lateral gaze while the head
was erect. On 45° downward head tilt, DBN increased to
14.3 + 3.6%s; i.e., by 40%). The gravity-modulation index
ranged from 2.2 to 41.4°/s. With the head erect, DAP re-
duced SPV with lateral gaze by 2.0 = 1.2°/s ( = 24%). At
45° downward head tilt, SPV was reduced by 4.0 = 1.1°/s
(=28%). Response to DAP varied considerably between
subjects (figure 1), but 7 of 11 patients improved by more
than 25% in the head bended forward position (—45°), on
average by 36% (gravity-modulation index of 15.9°/s). Fig-
ure 2 shows the head position (gravity) dependence of ocu-
lar drift in five different pitch positions for three patients.
The reduction of SPV was either asymmetric (figure 2A) or
symmetric (figure 2B, parallel shift). In contrast, three
patients had only a small or no GD component with gaze
straight ahead (figure 2C) or with lateral gaze (figure 2D);
in them, DAP efficacy was low. In all patients, the GD
modulation of SPV was correlated with the efficacy of DAP
(r = 0.753, p < 0.01) (figure 3). Interestingly, the relation
of the GD modulation to the vertical velocity bias in the
head-erect position before and after DAP ingestion showed
in some patients an effect exclusively on the GD compo-
nent (figure E-1).
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Figure 1. Mean slow phase velocity (°/s) of downbeat nys-
tagmus with lateral gaze (40°) in the head bended forward
position (45°) before and after 3,4-diaminopyridine
ingestion.

Discussion. This study provides evidence that
DAP exerts two distinct effects on vertical ocular
drift in patients with cerebellar DBN: First, DAP
minimizes the vertical velocity bias.* Second, we
show that DAP reduces GD modulation of DBN in
a way largely independent of the vertical velocity
bias. The GD component of DBN has been pro-
posed to reflect disinhibition of a physiologically
overactive OOR due to cerebellar disease,? which is
thought to be controlled by the flocculus® and
nodulus.”

DAP reduced SPV of DBN in the head-erect po-
sition, but even more when the head was tilted
forward. The spectrum of therapeutic responses
was broad, which explains why the mean effect
was moderate and raises questions as to what de-
termines the therapeutic efficacy of DAP. Interest-
ingly, some patients hardly responded in the
head-erect position (figure 2A) but showed a strong
suppression of DBN when the head was bended
forward. This finding might indicate a particular,
but asymmetric, influence on the GD component
with only minor or no effects on the vertical veloc-
ity bias (see additional data on the Web site). In
contrast, a parallel shift of the curve reflects atten-
uation of the vertical velocity bias largely indepen-
dent of the GD component.
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Figure 3. Gravity-dependent modulation of slow phase veloc-
ity is shown as a function of the efficacy of 3,4-diamino-
pyridine (in the head bended forward position, 45°).

The GD modulation of SPV was correlated with
the efficacy of DAP: The larger the SPV of DBN and
the larger the GD modulation, the better DAP sup-
pressed DBN. This is of clinical importance as many
activities of daily living are performed with the head
bending forward (e.g., working in the kitchen, at the
desk or computer) and the modulation of DBN de-
pendent on body- and head-position can easily be
assessed on clinical examination. Moreover, five of
our patients noticed clinical improvement after DAP
ingestion.

The reported effect is likely to be mediated by an
improvement of the physiologic cerebellar inhibition
of the overactive OOR.? Patients should be asked for
head positional effects on vertical oscillopsia. A
strong modulation of DBN with head-positioning ma-
neuvers in the pitch plane should encourage a thera-
peutic trial with DAP as they are likely to benefit. As
our data demonstrate, the DAP effect on the OOR
may be independent of the velocity bias of DBN and
may even occur in the absence of DBN.

Figure 2. Vertical ocular drift velocity
(slow phase velocity [SPV] = SE) in
lateral gaze for two patients in different
head positions (abscissa) before (black)
and after (gray trace) 3,4-diamino-
pyridine (DAP) ingestion. (Below) Orig-
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inal recordings before (a, ¢, black) and
after DAP (b, d, gray). Patients exhibit
a gravity-dependent modulation of SPV
with an asymmetric (A) or symmetric
(B) reduction of SPV for all head posi-
tions (parallel shift). Corresponding
traces are shown on the right side for a
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Transient paraparesis due to right carotid
stenosis with left anterior cerebral
artery aplasia

Arun N. Babu, MD; Lakshmi A. Babu, MD;
Mark Raden, MD; and Kavita Ahuja, DO, Brooklyn and Staten
Island, NY

A 76-year-old man with hypertension and hypercholesterol-

emia presented with multiple episodes, over 5 days, of numbness
and weakness of both lower extremities or just the right lower
extremity. Each episode lasted about 30 seconds and usually oc-
curred on standing. Cerebral angiography revealed a critical right
internal carotid artery stenosis (figure). Both anterior cerebral
arteries were supplied from the stenotic right carotid system, re-
sulting in the bilateral symptoms of transient paraparesis. Symp-
toms resolved after carotid surgery. Aplasia of a proximal ACA
occurs in up to 7% of people.! Carotid stenosis should be consid-
ered in the differential diagnosis of transient paraparesis.?
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Figure. There was a critical right internal carotid artery
(RICA) stenosis. The proximal Al segment of the left ante-
rior cerebral artery (LACA) was aplastic. As a result, the
left ACA originated via the anterior communicating artery
(ACOA) from the right ACA (RACA). There were no other
significant stenoses.
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