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Abstract
Three patients showed unilateral and five
bilateral abduction paresis. Five had
associated adduction nystagmus of the
contralateral eye. Electrophysiological
testing of masseter and blink reflexes
indicated an ipsilateral rostral pontine or
mesencephalic lesion, and excluded a
lesion of the infranuclear portion of the
abducens nerve. Abduction paresis was
attributed to impaired inhibition of the
tonic resting activity of the antagonistic
medial rectus muscle. The prenuclear
origin of the disorder is based on
morphological and neurophysiological
evidence of an ipsilateral inhibitory connection between the paramedian pontine
reticular formation and the oculomotor
nucleus running close to but separated
from the medial longitudinal fasciculus.
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In 1923 Lutz' proposed the existence of an
abduction paresis of prenuclear origin ("ophinternuclearis
posterior",
thalmoplegia
pINO). As his basic neuroanatomical assumptions were erroneous, the existence of a pINO
remained controversial. However, patients
have been reported with abduction paresis,
which differed from abducens nerve palsy in
several aspects, such as, absence of strabismus
and diplopia in the primary position,2-5 adduction nystagmus of the contralateral eye on
lateral gaze,346 isolated impairment of saccadic
abduction movements,7 and unimpaired
abduction during caloric stimulation.8
There has been little agreement on the
location of the responsible lesion and the
pathophysiological explanation. Some authors,
rejecting the existence of a prenuclear abduction paresis, attributed such cases to a pontine
lesion involving the abducens nerve along its
infranuclear intrapontine course.9' 0 Others
postulated decreased excitation of lateral rectus
motor neurons due to a lesion of prenuclear
structures, that is, aberrant "pyramidal tract"
fibres to the abducens nucleus" or the connection between the paramedian pontine reticular
formation (PPRF) and the ipsilateral abducens
nucleus.57 An impaired inhibition of the
antagonistic medial rectus muscle was discussed by Collard et al' suggesting a medial
longitudinal fasciculus (MLF) lesion contralateral to the paretic eye. We re-examine this
issue based on the findings in eight patients
with electrophysiological evidence of a rostral

pontine and/or mesencephalic lesion ipsilateral
to the eye showing abduction paresis.
Case reports
Patient 1
A 63 year old woman with a five year history of
atrial fibrillation and arterial hypertension suddenly developed diplopia and unsteadiness of
gait. On admission she was somnolent and
disoriented in time and place. Examination
showed paralysis of upward and downward
gaze and convergence. Abduction of the right
orthophoric eye was limited to 300. The gait
was ataxic with a tendency to fall backwards.
After three days she regained full orientation.
were
findings
Neuro-ophthalmological
unchanged and she complained of diplopia on
gaze to the right. CT scan was normal. After
three weeks abduction of the right eye was
restored.
Patient 2
A 58 year old man who had experienced
diabetes mellitus for 20 years, insulin dependent for six months, had sudden diplopia and
mild dull headache. On examination abduction
of the slightly esotropic (2°) right eye was
limited to 20° and there was additional adduction nystagmus on the left eye. Ankle jerks were
diminished bilaterally. CSF showed slight
pleocytosis (9 cells/Ml) and increased protein
content (126 mg/dl; IgG: 16-2 mg/dl). CT scan
was normal. Complete clinical recovery
occurred after three months.
Patient 3
A 48 year old heavy smoking (40-50 cigarettes
per day) man had sudden diplopia. On examination abduction of the left orthophoric eye was
restricted to 40° and the left superior oblique
muscle was paretic. CSF was normal. CT and
MRI scans revealed pre-existing small
ischaemic lesions ofthe right temporo-occipital
region and the right parietal lobe. The brainstem was not involved. Duplex sonography
showed several arteriosclerotic plaques of the
proximal intemal carotid arteries. Transcranial
Doppler sonography of the cerebral and vertebrobasilar arteries was normal. After three
weeks the clinical abnormalities had restored.
Patient 4
A 65 year old man who had experienced type II
diabetes for one year had diplopia when looking
to the left and mild diffuse dull headache. On
examination abduction of the slightly esotropic
(30) left eye was limited to 300. Bilateral loss of
ankle jerks and impaired vibration sense were
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artifact detection. The bandwidth of the recording system was 0-40 Hz. All signals were
documented by a linear ink jet writer using
paper speeds of 10 and 100 mm/s. Voluntary
horizontal saccades were triggered by following
a light spot projected on a screen 1-2 m in front
ofthe patient. Target jumps of20, 30 and 400 to
the left or right from the primary position were
used at random intervals. Peak velocities of six
saccades of 30° to either side were evaluated.
The normal range of 300 abduction saccades in
40 controls was 320 to 640°/s. Interocular
differences did not exceed 35°/s.
The masseter reflex (MassR) was elicited by
a brisk tap on the patient's jaw using a reflex
hammer. The recording was triggered at the
moment of the mechanical tap by a signal from
a piezo-electric element mounted in the hammer. The MassR was recorded using surface
electrodes with the recording electrode placed
over the belly of the masseter muscle (25 mm
above the margin of the mandible) and the
reference over the jugular bone at the lateral
edge of the orbit. Ten successive events were
averaged. The responses were considered
abnormal using one or more of the following
criteria: 1) Unilateral or bilateral loss with
recovery at re-examination; 2) Unilateral or
bilateral delay above the age related mean +
2-5 SD; 3) Right to left difference of 0-5 ms or
more. In 30 controls older than 40 years the
normal value was 7-6 ms and 2-5 SD was 1-3
ms. The mean right to left difference was 0-15
ms and 2-5 SD was 0-3 ms. The criteria for
MassR improvement at re-examination were a
reappearance ofthe completely or partially ( > 4
in 10 trials) abolished responses and shortening
of latency by > 0 8 mis.
The blink reflex (BR) was elicited by
stimulating the supraorbital nerve on either
side using rectangular stimuli of 0- 1 ms duration, constant current of 25 mA and intervals of
10 s. Responses from the orbicularis oculi
muscles were recorded by surface electrodes
with the recording electrode placed inferior to
the lower lid halfway between the inner and
outer edge of the orbit. Five consecutive events
were evaluated. The ipsilateral and contralateral R2 components were within normal
limits in all our patients. The criteria of an
abnormal RI response were: 1) Unilateral loss
of RI; 2) Unilateral or bilateral delay above the
age related mean + 2-5 SD; 3) Right to left
difference of 1-3 ms or more. In 30 controls
older than 40 years the normal value was 10-7
ms and 2.5 SD was 0-8 ms. The mean right to
left difference was 0 5 ms and 2-5 SD was 0-7
ms. The criterion for BR-RI improvement was
shortening of the latency by > 1-3 ms.
For brainstem auditory evoked potentials
(BAEP) rarefaction and condensation clicks of
70 dB above click hearing threshold with a
repetition rate of 10/s were delivered monaurally. Responses were recorded by surface
electrodes with the recording electrode placed
over the mastoid and the reference over the
vertex. Latencies were determined from 1000
averaged responses.

Methods
Horizontal eye movements were recorded
separately for each eye. Surface electrodes were Results
placed near the outer and inner canthi of the The eight patients in this series showed abduceyes and above and below the right eye for blink tion paresis with residual movements of 10-
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attributed to diabetic neuropathy. Two days
later he also noticed diplopia when looking to
the right. Abduction of the orthophoric right
eye was now limited to 20° and after four days to
10° on lateral gaze and during ocular cephalic
reflex. There was additional adduction nystagmus on the left eye. CSF protein was slightly
increased (49 mg/dl). CT and MRI scans were
normal. There was complete clinical recovery
after six months.
Patient 5
A 69 year old man who had had diabetes
mellitus for 15 years, and was insulin dependent for one year, suddenly experienced
diplopia and violent left fronto-temporal
headache. Examination four days later showed
restricted abduction (to 300) of the left orthophoric eye and additional paresis of the left
superior oblique muscle. Decreased ankle
jerks, distal hypesthesia and impaired vibration
sense were attributed to diabetic neuropathy.
CSF protein was increased (154 mg/dl;
IgG:13-2 mg/dl, no oligoclonal bands of IgG).
CT was normal. After two weeks, abduction
paresis of the left eye had improved to 400.
Patient 6
A 75 year old woman who had experienced type
II diabetes and arterial hypertension for four
years developed violent headache with bifrontal accentuation during the night. The next
morning she noticed diplopia and unsteadiness
of gait. On examination abduction ofthe orthophoric right eye was limited to 20° and there
was adduction nystagmus on the left eye.
Tandem walking was unsteady with a tendency
to fall to the right. The ankle jerks were
bilaterally decreased. CSF was normal. CT
scan was normal including thin sections of the
brainstem. After two weeks abduction paresis
of the right eye had improved to 30°.
Patient 7
A 73 year old man with arterial hypertension
for five years and type II diabetes for six
months suddenly noted diplopia. Examination
showed slight esotropia (2°) and limited abduction (to 20°) of the right eye on lateral gaze and
during ocular cephalic reflex. There was
adduction nystagmus of the left eye. Tandem
walking was unsteady with a tendency to fall to
the right. There was a predominantly sensory
neuropathy with bilaterally decreased knee
jerks, loss of ankle jerks, distal hypalgesia, and
impaired vibration sense. CSF protein was
slightly increased (57-4 mg/dl). The clinical
condition had completely recovered after three
months.
Patient 8
A 74 year old woman with type II diabetes for
20 years noticed sudden diplopia when looking
to the right. On examination abduction of the
right orthophoric eye was restricted to 200.
Bilaterally decreased ankle jerks and impaired
vibration sense at the ankles were attributed to
diabetic neuropathy. After two weeks abduction of the right eye had improved to 50°.

Figure 1 Electrooculogram of patient 2
showing adduction paresis
with hypermetric
abduction saccades and
adduction nystagmus on
the left eye. Saccades were
performedfrom the
primary position to the
right at target jumps of 200
(A) and 40° (B). (r:right
eye; H:left eye).
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in one (patient 5). No nystagmus
in one (patient 8).
Patient 1 with unilateral abduction paresis
had an additional paralysis of upward and
downward gaze and of convergence. Additional
unilateral superior oblique paresis was
observed in patient 3 with unilateral abduction
paresis on the paretic eye and in patient 5 with
asymmetrical bilateral abduction paresis on the
more severely affected eye.
MassR abnormalities were observed in all
patients in this series (table). Those with
unilateral abduction paresis (patients 1, 2, 3)
had unilateral MassR abnormalities ipsilateral
to the paretic eye. Four of five patients (5, 6, 7,
8) with asymmetrical bilateral abduction
paresis showed bilateral MassR changes. They
were more pronounced ipsilateral to the more
severely affected eye in patient 6, and in patient
8, the initially bilateral MassR abnormality
changed into a unilateral one, which was
ipsilateral to the more severely affected eye at
re-examination. The MassR was unilaterally
abnormal ipsilateral to the more severely affected eye in patient 4.
The BR-RI was unilaterally abnormal in 4
patients (1, 3, 4, 8) (table). Changes were
ipsilateral to the paretic eye in patient 1 and 3
with unilateral abduction paresis and ipsilateral
to the more severely affected eye in patient 4
and 8 with asymmetrical bilateral abduction
paresis. BAEP waves I to V were normal in all
patients.
Abduction paresis recovered (patients 1, 2, 3,
nystagmus

0-ls

was seen

400. Clinically, the disorder was bilateral,
though asymmetrical, in one (patient 4) and
unilateral in the remaining seven. The paretic
eye was orthophoric in patients 1, 3, 4 (right
eye), 5, 6, and 8 and slightly esotropic (2-3°) in
patients 2, 4 (left eye), and 7. Adduction
nystagmus on the contralateral eye was clinically observed in patients 2, 4 (left eye), 6 and
7.
Electro-oculography (EOG) confirmed the
clinical findings (fig 1) and additionally
revealed adduction nystagmus on the eye contralateral to the lateral rectus paresis in patient
4 (right eye), fig 2. In four of the seven patients
with clinically unilateral abduction paresis
EOG demonstrated additional slowing of
abduction saccades of the contralateral eye
(patients 5, 6, 7, 8) (fig 3, 4). Velocities were
between 290 and 380°/s with interocular
differences of 140 to 170°/s compared with
adduction saccades of the opposite eye. This
was associated with adduction nystagmus in
three patients'7 (fig 3, 4). Thus adduction
nystagmus on the contralateral eye was seen in
one (patient 2) of three patients with strictly
unilateral abduction paresis. Bilateral asymmetrical abduction paresis was associated with
bilateral adduction nystagmus in three
(patients 4, 6, 7) and with unilateral adduction
Figure 2 Electrooculogram of patient 4
showing asymmetrical
bilateral abduction paresis
with bilateral adduction
nystagmus. Saccades were
performedfrom the
primary position to the
right (A) and left (B) at
target jumps of 30°.
(r:right eye; l:left eye).
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Figure 3 Electro-oculogram of patient 7 showing
asymmetrical bilateral abduction paresis with bilateral
adduction nystagmus. Saccades were performed from the
primary position to the right (A) and left (B) at target
jumps of 300. (r:right eye; H:left eye).
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Figure 4 Electro-oculogram of patient 6 showing
asymmetrical bilateral abduction paresis with bilateral
adduction nystagmus. Saccades were performed from the
primary position to the right (A) and left (B) at target
jumps of 30¢. (r:right eye; l:left eye).
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Masseter reflex
Latency (ms)

Blink reflex R,
Latency (ms)

Patient

Right

Left

Right

Left

1
after 3 weeks
2
after 3 months
3
after2 weeks
4
after6months
5
after 2 weeks
6
after 2 weeks
7
after 3 months
8
after 2 weeks

8-9* (7)
8-0 (8)
8-9* (7)
8 0 (9)
7-9 (10)
8 1 (10)
-* (0)
8.3 (10)
12-4 (5)
94 (7)
-*(1)
8 1 (6)
93 (8)
8-5 (10)
- (0)
-* (0)

8 2 (10)
8-2 (10)
8-2 (8)
7 9 (10)
9.3* (7)
8 5 (10)
8.6 (8)
86(10)
10-2 (7)
9-2 (9)
80(4)
7 9 (9)
9-6(7)
8 5 (10)
-(0)
7 3 (9)

11-4*
10-0
10.2

9-4
10 0
10-6

11-0
11-1
12-7*
112
11.5

12.5*
11.8*
10 3
10-6
11 0

102

10-4

112

11.3

13-2*
11.8*

11 3
11 5

(Abnormal responses are given in bold print; *indicates
abnormalities ipsilateral to the paretic eye in unilateral and
ipsilateral to the more severely affected eye in asymmetrical
bilateral abduction paresis; for masseter reflex, the numbers of
responses obtained out of 10 trials are given in brackets)

4, and on the less severely affected eye in
patients 5, 6, 7, 8) or improved (on the more
severely affected eye in patients 5, 6, 7, 8) with
recovery (patients 1, 2, 4, 6, 7) or improvement
(patients 3, 5, 7) of MassR and BR-R, findings.

Discussion
In all patients peripheral causes of MassR
impairment were excluded clinically by
absence of masseter muscle paresis, sensory
disturbance of the branches of the 5th nerve
and corneal reflex impairment. Under such
conditions, a MassR abnormality has to be
attributed to an ipsilateral upper pontine or
mesencephalic lesion.'2 13 Associated MassR
and BR-RI abnormalities indicate an ipsilateral
rostral pontine lesion.'4 15 Suprasegmental
lesions have not been reported so far to
influence the MassR and BR-Rl. Thus the
findings in our patients are in favour of a rostral
pontine and/or mesencephalic lesion ipsilateral
to the abduction paresis. Improvement or normalisation of abduction paresis was always
associated with improvement or normalisation
of the electrophysiological findings. This
strongly indicates that clinical, EOG and electrophysiological changes were caused by the
same lesion. A lesion of the sixth cranial nerve
as the cause of abduction paresis in our patients
was very unlikely as there was no electrophysiological evidence for a midpontine or
lower pontine lesion at the level of the infranuclear intrapontine course of the sixth nerve
(normal ipsilateral and contralateral R2 components of the BR, normal BAEP waves I to III
in all patients).
Electrophysiological testing suggests that
the lesion is located ipsilateral to the abduction
paresis at the upper pons or midbrain level.
This location was evident in patient 1 from
paralysis of upward and downward gaze and
convergence6 17 and is confirmed by previous
observations. In a five year old girl with
bilateral slowing of abduction saccades and
bilateral adduction nystagmus' and a 66 year

old woman with bilateral abduction paresis,3
upgaze paresis and combined upgaze and convergence pareses, respectively, strongly
indicated a rostral midbrain lesion.'6 17 Bilateral
abduction paresis with upgaze palsy was
observed in midbrain haemorrhage'8 and
unilateral abduction paresis with upgaze
paralysis in ipsilateral meso-diencephalic
haemorrhage.'9 The midbrain location was
obvious in two patients who developed a transient ipsilateral abduction paresis after
unilateral mesencephalotomy.20
We suggest that the most probable cause of
abduction paresis in our patients is impaired
inhibition of the tonic resting activity of the
ipsilateral medial rectus muscle. Impaired
inhibition of the tonic resting activity of
antagonistic eye muscles results in horizontal
and vertical eye movement pareses despite
normal activation of the agonists.2-23 The
proposed location and pathophysiological
explanation is also supported by the observation of unilateral abduction paresis with normal
lateral rectus excitation but grossly impaired
medial rectus inhibition in a patient with
clinical evidence of an ipsilateral mesencephalic lesion (indicated by ipsilateral convergence paresis).2'
Inhibition of medial rectus motor neurons
has been attributed to an inhibitory action of
MLF fibres.24 However, during saccades and
pursuit eye movements MLF fibre activity is
only associated with contraversive eye
movements24 25 and no MLF activity was recorded ipsilateral to the abducting eye.2425 Pola
and Robinson24 proposed that inhibitory MLF
fibres cross at the oculomotor nucleus level to
contralateral medial rectus motor neurons. The
absence of demonstrated crossing fibres2627 and
the observation of impaired medial rectus
inhibition on the eye ipsilateral to unilateral
MLF lesions2>'0 strongly contradicts this
hypothesis.
Disynaptic inhibition of abducens nucleus
motor neurons and internuclear neurons after
unilateral stimulation of the contralateral
PPRF31 mediated by inhibitory burst neurons
of the dorsomedial reticular formation, (which
receive afferents from the ipsilateral PPRF and
project to contralateral abducens nucleus,32 33)
was thought to involve the tonic resting activity
of antagonistic eye muscles during lateral
gaze.'4 Inhibition of the lateral rectus muscle
was attributed to inhibition of lateral rectus
motor neurons and medial rectus inhibition
was explained by inhibition of abducens
nucleus internuclear neurons causing inhibition of the excitatory projections of these
neurons via the MLF to contralateral medial
rectus motor neurons ("disfacilitation").34
However, 1) Loss of excitatory MLF fibre
activity to medial rectus motor neurons was
never followed by reduction of the tonic resting
activity of the medial rectus muscle;2>'0 2)
Unilateral stimulation of inhibitory burst
neurons caused abduction of the ipsilateral eye
only when the eye was adducted (superimposed
on continuous excitation of medial rectus
motor neurons via the MLF), but not in the
primary position (when there is no MLF fibre
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Table Alterations of the masseter reflex and the R,
component of the blink reflex in three patients (1, 2, 3)
with unilateral andfive (4, 5, 6, 7, 8) with asymmetrical
bilateral abduction paresis.
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NVI

longitudinalfasciculus;

PMLF: para-MLF;
IBN: inhibitory burst
neurons)

activity);'5 3) Bilateral interruption of the MLF
and the inhibitory projections to the abducens
nuclei causes bilateral INO and bilateral loss of
lateral rectus inhibition but only mild impairment of medial rectus inhibition.22 These findings contradict the assumption that the MLF is
a neural pathway for medial rectus inhibition.
In particular, the largely spared medial rectus inhibition after MLF destruction22 points
to the existence of a separate inhibitory connection which was identified in experimental
studies.'637 After bilateral MLF destruction,
unilateral stimulation of inhibitory neurons of
the PPRF between the fourth and sixth cranial
nerve nuclei evoked monosynaptic inhibitory
potentials in ipsilateral oculomotor nucleus
neurons36 and ipsilateral medial rectus motor
neurons.'7 Fibre degeneration studies in rabbits'6 and primates39 and autoradiographic
studies in cats33 and primates26 "' showed an
uncrossed connection between the PPRF and
the oculomotor nucleus ascending adjacent to
but separate from the MLF2639 and approaching medial rectus motor neurons.'" Such fibres
originate from the same neurons within the
ipsilateral PPRF which generate inhibitory
monosynaptic potentials to ipsilateral medial
rectus motor neurons.4' This connection,
which may be called the para-MLF, most likely
mediates medial rectus inhibition. On the basis
of these data we propose a modified concept of
the prenuclear organisation of horizontal eye
movements (fig 5). Accordingly, abduction

paresis is due to impaired inhibition of medial
rectus tonic resting activity following interruption of the para-MLF.
A small ischaemic lesion seems most likely in
all our patients. Patients 2, 4, 5, 6, 7, 8 suffered
from diabetes and patients 6 and 7 also had
arterial hypertension; patient 1 had arterial
hypertension and atrial fibrillation and patient
3 was a heavy smoker. The region in question is
supplied by: a) A few long arteries originating
from the basilar artery supplying the MLF and
terminating in the para-MLF region; b) A few
small branches of the medial cerebellar artery
supplying the mesencephalic nucleus of the
trigeminal nerve which also terminate in the
para-MLF region; c) Small branches of the
collicular artery approaching the paraMF42 43
Obviously the territory of the para-MLF (fig
6) forms a watershed zone. Circulatory arrest of
one of the long penetrating arteries of the
basilar artery, which often show an asymmetric
termination,43 may contribute to asymmetrical
abduction paresis observed in five patients (4,
5, 6, 7, 8). Also, a combined lateral rectus and
superior oblique muscle paresis (patient 3, 5)
may occur from a single ischaemic midbrain
lesion, since the para-MLF, the trochlear nerve
after its crossing, and the mesencephalic
nucleus of the trigeminal nerve are closely
related at that site (44) (fig 6).
A brainstem lesion was not shown by CT
(patients 1, 2, 3, 4, 5, 6) or MRI (patients 3, 4).
However, such lesions are frequently too small
to be detected, which recently has been illustrated in 11 patients with isolated diabetic
oculomotor palsy due to midbrain lesions.'3
Thinner slices (3 mm instead of 10 mm in our
patients) and Gadolinium-DTPA (not used in
our patients) may improve the sensitivity of
MRI in this condition.
In conclusion, we propose the existence of an
abduction paresis of prenuclear origin on the
basis of clinical and electrophysiological findings indicating a rostral pontine or mesencephalic lesion in eight patients. Abduction
paresis is due to impaired inhibition ofthe tonic
resting activity of the ipsilateral medial rectus
muscle during lateral gaze. Such inhibition is
triggered by the monosynaptic inhibitory
potentials observed in medial rectus motor
neurons after unilateral stimulation of PPRF
neurons. The inhibitory potentials are
mediated by an uncrossed connection between
the PPRF and the oculomotor nucleus. This
connection ascending in close proximity to the
MLF may be called the para-MLF. Since the
para-MLF is an internuclear connection the
movement disorder resulting from its damage
is appropriately termed internuclear ophthalmoplegia of abduction (INO-abd). The diagnosis of INO-abd should be considered in
patients with an incomplete abduction paresis
and clinical, morphological and/or electrophysiological evidence of an ipsilateral rostral
pontine or mesencephalic lesion.
Orthophoria in the primary position as
observed in patients 1, 3, 4 (right eye), 5, 6 and
8 is expected in INO-abd but occurs also in
incomplete abducens nerve palsy.45 Mild
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Figure 5 Hypothesis for
a horizontal gaze
inhibitory system (The
pattern of excitation and
inhibition is shown for
leftward gaze. Black
arrows: excitation; white
arrows: inhibition; LE:
left eye; RE: right eye;
LR: lateral rectus; MR:
medial rectus; NVI:
abducens nerve; VI:
abducens nucleus; N III:
oculomotor nerve; III:
oculomotor nucleus;
PPRF: paramedian
pontine reticular
formation; MLF: medial
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longitudinalfasciculus;

(14) trochlear nucleus;
(15) oculomotor nucleus;
(16) oculomotor nerve.

esotropia observed in patients 2, 4 (left eye) and
7 does not exclude an INO-abd. In INO of
adduction due to impaired prenuclear
excitatory input to medial rectus motor
neurons, exotropia of the paretic eye may
occur.'8 By analogy, mild esotropia in INO-abd
is interpreted in terms of an impaired prenuclear inhibitory input to medial rectus motor
neurons. Alternatively, dysfunction of vergence neurons may cause esotropia in midbrain
lesions.47 Adduction nystagmus on the contralateral was seen in five of our patients. It is
not a conclusive sign in individual patients
indicating INO-abd as it may also occur in
abducens nerve palsy.'8 Diagnostic problems
may arise in pseudo-abducens palsy with
abduction paresis due to abnormal convergence impulses on lateral gaze described in
midbrain tegmental lesions.49 But these
patients show miosis on lateral gaze,49 which is
not a feature of INO-abd.
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William Harvey 1578-1657
An outstanding scientific event of the 17th century was
Harvey's description of the circulation of the blood. It was
Guilio Casserio, Professor at Padua and one of Harvey's
teachers, who first illustrated the Circle of Willis.
Harvey took a great interest in the function of the
nervous system and combined the concepts of his predecessors. In his opinion voluntary movements were under the
control of the brain, whereas involuntary movements were
not. Among his observations he noted a decapitated cock
continued to move in a convulsive irregular fashion. He
distinguished motor from sensory nerves and observed that
peripheral sensation passed to the brain. Harvey also
described epilepsy and a suspected case of syringomyelia.
He was the first British writer to make a substantial
contribution to midwifery. In his book on Generation a
chapter entitled De Partu is devoted to obstetrics. He
considered the fetus assisted its own delivery by active
movement comparable to a chicken emerging from an egg
or a butterfly from a chrysalis. False pregnancies are also
mentioned. In one case he describes how he was unable to
dissuade a woman from her fixed idea that she was pregnant,
and all the arguments I could suggest could not
remove that persuasion from her: till at the last, all her
hopes vanished into flatulency and fatness".
In 1978 Russia issued a postage stamp commemorating
the 400th anniversary of the birth of William Harvey.
(Stanley Gibbons No 4790, Scott No 5677.)
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