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Abstract

Background: Eight-and-a-nali syndrcmesis caused by a lesion in the dorsal tegmentum of the caudal pons involving parapontine
reticular formation (PPRF} arid the median longitudinal fasciculus (MLF), as well as the nucleus and/or the fasciculus of the facial nerve. It
is characterized by -0one-and-a-half syridrome and an ipsilateral cranial nerve VII palsy. There are also many variants of eight-and-a-half
syndrome has been aescrived, including nine syndrome, thirteen-and-a-half syndrome, and fifteen-and-a-half syndrome. Methods: We
describe a caseof 4 49-yeai-old man who presented with eight-and-a-half syndrome combined with contralateral hemiparesis. We reviewed
the Yiierature describing the related spectrum of eight-and-a-half syndrome associated with various etiologies. Results: Brain computed
tomegraphy (CT) scan revealed a hyperdensity located in the left paramedian aspect of the dorsal pons. T2 weighted MRI at the
eieven-month follow-up showed hyperintensity and enlargement of the inferior olivary nuclei, which were compatible with a diagnosis of
nypertrophic olivary degeneration. In light of our observations and cases reported in the literature, we categorize the spectrum of
eight-and-a-half syndrome into three types, namely classic eight-and-a-half syndrome, eight-and-a-half syndrome variants and
eight-and-a-half plus syndrome. Besides, the clinical feature and outcome of the three types are discussed in this article. Conclusions:

Recognition of the spectrum of eight -and-a-half syndrome allows precise anatomic localization of the lesion to pontine tegmentum region.

Keyword: eight-and-a-half syndrome; pontine hemorrhage; hypertrophic olivary degeneration; nine syndrome; thirteen-and-a-half

syndrome; fifteen-and-a-half syndrome.
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Introduction

One-and-a-half syndrome was first coined by C. Miller Fisher to describe a combination of horizontal gaze palsy and internuclear
opthalmoplegia caused by a pontine tegmentum lesion involving the median longitudinal fasciculus (MLF) and parapontine reticular
formation (PPRF)[1]. The combination of one-and-a-half syndrome plus ipsilateral cranial nerve VII palsy constitutes eight-and-a-half
syndrome (1%2 + 7 = 8%), first described in 1998 by Eggenberger[2]. Various etiologies have been reported, including ischemic stroke[3-8],
vasculitis[9], demyelination[10, 11] and brainstem tuberculoma[12]. There are also many variants of eight-and-a-half syndrome, such as
nine syndrome[13], thirteen-and-a-half syndrome[14] and fifteen-and-a-half syndrome[15], have been described. In this article, we present
an unusual case of eight-and-a-half syndrome combined with contralateral hemiparesis due to the pontine hemorrhage. In addition, we aizo

discuss the related spectrum of eight-and-a-half syndrome through the literature review.

Case report

A 49-year-old man was admitted with a 6-hour history of sudden-onset horizontal diplopia arid left hieminaresis. His past medical
history included hypertension and type 2 diabetes mellitus. On neurological examinatici1, the patient was alert, fully oriented, and
collaborative. Pupils were symmetric (2.5 mm) and reactive to light. Assessment of ocuiar matility revealed a total right eye horizontal gaze
palsy and limitation of adduction of the left eye with horizontal nystagmus sin.abductian, the left eye abduction and vertical eye movements
were normal (Fig. 1a-d) . Features consistent with a right sided internuclear opithalmaplegia. Further examination revealed right lower
motor neuron facial palsy (Fig. 1e) associated with upper motor ne:tror:. type hiemiparesis of his left upper and lower limbs. Rest of the
neurologic examination was normal. All serum laboratory values are normai. Brain computed tomography (CT) scan revealed a
hyperdensity located in the left paramedian aspect of the dorsal pans {Fig. 1f). The evidence of CT angiography did not suggest the patient
suffered from vascular malformations or aneurysins. Na further neurological deterioration was documented afterward. On the basis of his
clinical features and his neuroimaging.-a diagnozis of eighi-and-a-half syndrome was confirmed. Due to small size of the blood, only
dehydration and blood pressure conirol were given as initial therapy. The left hemiparesis resolved after two weeks, the left adduction
resolved after one month. Tie netrologica! examination including right horizontal gaze palsy and facial palsy at the six-month follow-up
was mild. Eleven moriths afisr the Initia! stroke, MRI showed hyperintense T2 signal change and hypertrophy in the right inferior olivary

nucleus, whichivas.consistent with hypertrophic olivary degeneration (Fig. 2). No palatal tremor was observed.

Discussion

Classic eight-and-a-half syndrome is caused by a lesion in the dorsal tegmentum of the caudal pons involving the PPRF and the MLF,
as'well as the nucleus and/or the fasciculus of the facial nerve. It is characterized by one-and-a-half syndrome (internuclear ophthalmoplegia
in addition to horizontal gaze palsy) and an ipsilateral cranial nerve VII palsy (lower motor neuron type). The affected nuclei may include
either a combination of the ipsilateral seventh and sixth nerve nucleus and the ipsilateral MLF or a combination of ipsilateral seventh and
ipsilateral PPRF along with the ipsilateral MLF[16]. The eight-and-a-half syndrome is most often caused by infarcts, multiple sclerosis,
vasculitis, and brainstem tuberculoma. We report a case of a 49-year-old man who presented with eight-and-a-half syndrome in which brain
CT scan revealed a pontine hemorrhage. In addition to eight-and-a-half syndrome, our patient also complained of contralateral hemiparesis

may due to the involvement of corticospinal tract caused by the compression of the pontine hemorrhage.
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Sometimes eight-and-a-half syndrome also accompanies with other clinical manifestations, such as vertical gaze palsy, hemiparesis or
hemiataxia, ipsilateral fifth nerve palsy and contralateral seventh nerve palsy. In light of our observations and the cases reported in the
literature, we categorize the spectrum of eight-and-a-half syndrome into three types, namely classic eight-and-a-half syndrome (without
accompanied symptoms) , eight-and-a-half syndrome variants and eight-and-a-half plus syndrome(Table 1). And eight -and-a-half plus

syndrome includes nine syndrome, thirteen-and-a-half syndrome and fifteen-and-a-half syndrome as reported.

Eight-and-a-half syndrome variants includes eight-and-a-half syndrome with vertical gaze palsy and bilateral gaze palsy with
unilateral peripheral facial palsy. Marquart et al. reported a case of eight-and-a-half syndrome combined with ipsilateral vertical gaze palsy
, which was caused by the blood of the dorsal pons[17]. The ipsilateral vertical gaze palsy may be the result of the impairment of tie
midbrain reticular formation (MRF) incoming to the left third (subnucleus rectus superi or inferior) in the dorsal tegmentuin ci midbrain. Iik
2009, Felicio et al. documented a case of a patient with bilateral horizontal gaze palsy and unilateral peripheral faciai paialysis caused by
pontine tegmentum infarction. This variant was similar to the classic type of eight-and-a-half syndrome but dev:lcoed bilateral horizontal

gaze palsy [18].

A possible "nine" syndrome was described by Rosini et al. which comprised of eight-and-a-haif syndreme wiin contralateral
hemiparesis and hemihypesthesia due to the additional involvement of corticospinal tract. and.medial lernniscus by pontine infarction[13].
Some cases presented eight-and-a-half syndrome with transient hemiparesis due to-tic-indirect compression of the medulla oblongata[17] or
a transient extension of the peri-infarct edema as postulated[19]. In 2015, Mahale et al. reported two cases who presented with clinical
features suggestive of eight-and-a-half syndrome along with hemiataxia[2C]. One patient was caused by caudal pontine tegmental
demyelination with additional involvement of inferior cerebellar peduncie.in rosiral dorsolateral medulla responsible for lipsilateral
hemiataxia. And the other was caused by intracranial hemcrrhage of poritirie tegmentum with extension into midbrain tegmentum/red
nucleus responsible for contralesional hemiataxia. Herein, we praserit another unusual case of eight and a half syndrome with contralateral
hemiparesis due to the pontine hemorrhage. Our patierit was similar to the second one of Mahale et al. reported. Therefore, we classify these

clinical manifestations, which presented eigint and & half syndrome with hemiparesis or hemiataxia, as “nine syndromes”.

Combining eight-and-a-haif syndrome with ipsilateral trigeminal (fifth) nerve palsy produces thirteen-and-a-half syndrome (1% + 7 +
5 = 13%). This syndrome was fiist aescribea by Allbon et al. in 2016[14]. They reported a 50-year-old man who presented with
eight-and-a-half syiidrome associated with an ipsilateral trigeminal nerve palsy, MRI revealed a lesion in the pons extending into the
ipsilateral ceiebzilar peduncles around the trigeminal nerve, and histopathological examination further confirmed the diagnosis of a
lymphopraliteiative disorder. This report widened the spectrum of eight-and-a-half syndrome to include a thirteen-and-a-half syndrome

variant.

In 2005, Bae et al documented a case of a patient with one-and-a-half syndrome with bilateral seventh nerve palsies caused by pontine
infarction, and first described as fifteen-and-a-half syndrome (1% + 7 + 7 = 15%)[15]. They attribute these findings to a bilateral tegmental
pontine lesion involving the abducens nucleus or fasciculus, bilateral medial longitudinal fasciculus, and bilateral of the facial nerve
fasciculi. This case was similar to the 2001 report of Utku et al. of a case presented with bilateral persistent horizontal gaze palsy and
bilateral facial palsy caused by pontine infarction[21]. In 2007, Lee et al also described a new variant of these syndromes in a patient with

not only bilateral facial palsy but also complete loss of vertical saccades and pursuit with bilateral horizontal gaze palsy[22].

The outcome of the eight-and-a-half syndrome or its variants and the eight-and-a-half plus syndrome is usually good, with recovery in

a few weeks to seven months, especially in the improvement of ocular movement disturbance[12, 15, 17-19, 22, 23]. With regard to our
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patient, the adduction of left eye and hemiparesis resolved after one month. The neurological examination including right horizontal gaze
palsy and facial palsy at the six-month follow-up was mild. However, only a few cases have no sensible change in the eye movement
disorder after more than a half year[24, 25]. And the clinical symptom of the patient reported by Utku et al. was also unimproved after one
month of treatment, which maybe needs more times to rehabilitation[21]. Hypertrophic olivary degeneration (HOD) is secondary
degeneration of the inferior olivary nucleus due to a primary lesion in the dentato-rubral-olivary pathway (Triangle of Guillain-Mollaret,
showed in Fig. 2e). In our case, the hypertrophy of the inferior olivary nucleus is thought to result from the involvement of the central
tegmental tract (showed in Fig. 2e). There are few reported cases in the literature, most after pontine hemorrhage but also in combinatiori

with eight-and-a-half syndrome and HOD [24, 25]

Conclusions

In conclusion, alongside classic eight-and-a-half syndrome, we should be also aware of its variants and eight-and-a-ha!f pius
syndrome. Recognition of the spectrum of eight-and-a-half syndrome allows precise anatomic localizatior-ot the lesian to‘pentine

tegmentum region.
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Figure 1 Clinical findings and brain C*( iriaging. (a-%) Combination of right gaze paresis along with adduction lag in right eye and
unimpaired abduction in the !eft ¢ye (witi nystagmus) consistent with right one-and-half syndrome. (c—d) Vertical up and down movements
are preserved. (e) Rightfactal weakness due to a right facial nerve palsy. (f) CT scan without contrast shows a hyperdensity in the right

paramedian aspect of the zorsal pons.
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Figure 2 Location of the responsible lesion and Magnetic Resonance Imaging atthe eieven-month follow-up. (a) Shown is the anatomical
location of the lesion responsible for eight-and-a-half syndrome (round shadow). (b) T2 weighted MRI showed hypointensity of the right
dorsal pons. (c, d) T2 weighted MRI showed hyperintensit and entargement.of the inferior olivary nuclei, which were compatible with a
diagnosis of hypertrophic olivary degeneration. (e) Diagram of tiie Guillain-Mollaret Triangle. Interruption of the afferent pathways (central

tegmental tract) to the inferior olive may cause hvgeiiropiic olivary degeneration.
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fasciculus. MRF, midbrain reticular formation.

Table.1 Classification of the spectrum of eight-and-a-half syndrome. Note : PPRF: paramedian pontine reticular formation. MLF: medial longitudinal

Subtypes and variants

Lesion

Etiology

Classic eight-and-a-half syndrome

One-and-a-half syndrome and ipsilateral facial

palsy, 1%+7=8%

The dorsal tegmentum of the caudal pons

involving the PPRF, MLF and the nucleus or

the fasciculus of the facial nerve.

Ischemic strcke[5 8];

demyelinating[10, 11];

infect on;12];

vasculitis[9].

Eight-and-a-half syndrome variants

Eight-and-a-half syndrome with vertical gaze

palsy

Bilateral gaze palsy with unilateral paripheral

facial palsy.

The dorsaitegmentum of pons and midbrain,

involving the PPRE, 1ALF, MRF and the

nucleus or tne tasciculus of the facial nerve.

hemorrhage[17].

The ridline pontine tegmentum

Ischemic stroke[18].

Eight-and-a-half plus zyndrone

Nine syndirome: Eight a:id 2 half syndrome

with'nemiparasis or hemiataxia

the pons, additional involvement of

corticospinal tract; or additional involvement

of inferior cerebellar peduncle in the ipsilateral

rostral dorsolateral medulla or midbrain

tegmentum/red nucleus.

Ischemic stroke[13] ;

Demyelination[20] ;

Hemorrhage[20].

Thirteen-and-a-half Syndrome

(eight-and-a-half syndrome plus ipsilateral fifth

nerve palsy, 1%+7+5=13%)

the pons, extending into the ipsilateral

cerebellar peduncles around the trigeminal

nerve

Lymphoproliferative

disorder[14]

Fifteen-and-a-half Syndrome (One-and-a-half

syndrome with bilateral seventh nerve palsy, 1%

+7+7=15%)

a bilateral tegmental pontine, involving the

unilateral abducens nucleus or fasciculus,

bilateral MLF and intraaxial fasciculi of the

facial nerve

Ischemic stroke[15].

Fifteen-and-a-half Syndrome Variants
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palsy

Bilaterally horizontal gaze palsy and facial

paramedian tegmental region at the

midpontine level involving the seventh cranial

nerve nucleus and/or fascicle and sixth cranial

nerve nuclei.

Ischemic stroke[21].

Bilaterally horizontal gaze palsy and facial

palsy with vertical gaze palsy

the pons, the involvement of lesions of

omnipause neurons in the nucleus raphe

interpositus, bilateral fascicles of facial nuclei,

MLF, bilateral abducens fascicles, and/or PPRF.

Ischemic stroke[22].




