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Abstract: One-and-a-half syndrome is a syndrome characterized by horizontal movement disorders of

the eyeballs, which was first reported and named by Fisher in 1967. It presents a combination of ipsilateral

conjugate horizontal gaze palsy (one) and ipsilateral internuclear ophthalmoplegia (INO) (a half). On the

basis of the one-and-a-half syndrome, there are a series of related rare syndromes called the one-and-a-half

syndrome spectrum disorders. This article reviews rare cases of one-and-a-half syndrome spectrum disorder,

describes the clinical and pathological features of different syndromes, and summarizes their nomenclature.
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One-and-a-half syndrome, a term originally coined by
Fisher in 1976 to describe a syndrome with horizontal
movement disorder of eyeballs, presents a combination
of ipsilateral conjugate horizontal gaze palsy (one) and
ipsilateral internuclear ophthalmoplegia (INO) (a half) (1).
Along with one-and-a-half syndrome, there are a series
of rare and uncommon syndromes that the lesion is
closely related with one-and-a-half syndrome called one-
and-a-half syndrome spectrum disorders. The diagnoses
of one-and-a-half syndrome and its spectrum disorders
rely on distinctive clinical symptoms, neuroanatomy,
especially imaging technologies (2). Other associated
symptoms including visual impairment, impaired
swallowing and fine motor deficits may contribute
to locating the lesions. The treatment depends on
the causes of the syndrome. The article is mainly to
summarize and analyse the clinical features, pathological
anatomy and nomenclature of one-and-a-half syndrome
spectrum disorders by displaying related clinical cases, in
order to improve the understanding of neurologist and
oculist about the series of the syndromes. Furthermore,
we search related articles on PubMed and diagram these
articles (Figure 1).
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The brain structures and functions involving
horizontal movement disorder in eyeballs

Brain structures involving the horizontal movement in
eyeballs mainly include paramedian pontine reticular
formation (PPRF), abducens nucleus and medial
longitudinal fasciculus (MLF). The disorders of horizontal
movement in eyeballs resulting from the damage to the
above brain structures are divided into three categories: (I)
horizontal gaze palsy; (II) INO; (III) one-and-a-half
syndrome (3).

PPREF is the supranuclear center located near the
ipsilateral abducens nucleus and the ventral MLF that
receives the nerve impulses from visual area of the frontal
and parietal lobes and controls horizontal conjugate eye
movements (4). It is believed that the PPRF includes
excitatory neurons and dominates the ipsilateral abducens
nucleus (5). The ipsilateral abducens nucleus emits the
abducens nerve, which controls the ipsilateral lateral rectus.
It also emits MLF, which dominates the contralateral
oculomotor subnucleus and then goes to control the
contralateral medial rectus resulting in the ipsilateral eyeball
abduction and the contralateral eyeball adduction, forming
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249 articles found on PubMed

Exclusive standards

48 articles having disable eye movement but

not one-and-a-half syndrome spectum

84 articles having clinical syndromes
but irrelated with eye movement

Case report

—| 82 articles invoving one-and-a-half syndrome

—| 19 articles invoving eight-and-a-half syndrome

—| 1 article invoving thirteen-and-a-half syndrome

—| 2 articles invoving nine syndrome |

—| 1 article invoving fifteen-and-a-half syndrome

—| 2 articles invoving sixteen-and-a-half syndrome |

Review

L‘ 10 reviews about one-and-a-half syndrome |

Figure 1 The literature retrieval strategies and results of one-and-a-half syndrome and its spectrum disorders. We retrieved the literature of

the one-and-a-half syndrome and its spectrum disorders on the PubMed and diagram its results. “One-and-a-half syndrome” was used as the

retrieval type, and the language and the time of publications were not restricted.

horizontal conjugate movement of eyes. If the isolated side
of PPRF is damaged, the eyes could not gaze at the lesion
side, presenting the horizontal gaze palsy to the lesion side (6).

The abducens nucleus is located in colliculus facialis,
which is in the lower part of the pons and the bottom of
the fourth ventricle (7). It contains two functionally distinct
cell groups: the abducens motoneurons that innervate the
lateral rectus muscle; the internuclear neurons which axons
cross the midline and ascend via the contralateral MLF to
oculomotor subnucleus and control the medial rectus (8).
Therefore, the unilateral lesion of the abducens nucleus will
also produce ipsilateral horizontal gaze paralysis.

MLF are the longitudinal nerve fibers that locate on the
back of the pons and are close to the front of the fourth
ventricle, a part of which relating to horizontal gaze is
from the side of the abducens nucleus to the contralateral
oculomotor subnucleus (9). The lesion of unilateral pontine
tegmentum can damage the ipsilateral MLEF, causing the
ipsilateral INO, and its clinical manifestations show the
ipsilateral intraocular muscle paralysis and contralateral
horizontal nystagmus when staring at the opposite side. If
the damage does not involve the midbrain, the convergence
reflex is integrated (10).

One-and-a-half syndrome

The one-and-a-half syndrome is caused by a lesion of
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unilateral tegmentum of pons, causing damage to the
PPRF (or abducens nucleus) and MLF (Figure 2). The
most common cause of one-and-a-half syndrome was
cerebrovascular disease, and usually was brain stem
lacunar infarction, followed by the demyelinating etiology
(multiple sclerosis), and then the infectious cause including
neurocysticercosis and brainstem encephalitis. Other
uncommon causes were head trauma, brain stem tumor
(primary or metastasis), astrocytomas, etc. (6,11). Therefore,
the vast majority of one-and-a-half syndrome companied
by other positioning signs is due to the different lesions
of brainstem (3). Only a very small number of patients
showed isolated one-and-a half syndrome, while the lesions
are smaller and localized, such as brainstem cysticercosis,
brainstem tuberculosis, brainstem cavernous hemangioma
and the local hemorrhagic infarction of brainstem (12-15).
We recently diagnosed a patient with one-and-a half
syndrome caused by brainstem infarction: an 83-year-old
man with 10-year history of hypertension was admitted to
the hospital with sudden onset of diplopia and weakness
of the left lower limb for 4 days. MR brain imaging
demonstrated a new infarction in the right pons (Figure 3).
Neurological examination showed weakness of adduction
and abduction of the right eye and restricted adduction of
the left eye in conjugate horizontal gaze, abduction of the
left eye with horizontal nystagmus, left central hemiparesis
with grade 4 muscle strength. No other positive sign was
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Figure 2 Diagram shows the mechanism for one-and-a-half syndrome. (A) Pathologic lesion (oval shaded area) in the dorsal pontine

tegmentum involves both ipsilateral PPRF (or the abducens nucleus) and the ipsilateral MLF; (B) Position of eyeballs, with rightward

gaze, the left eye has the impaired adduction, while the abduction of the right eye is intact, except for the nystagmus, and with left gaze,

both eyes have impaired horizontal movement (abduction of the left eye and adduction of right eye). x, interruptions of signal transmission

or eye movement that are a result of the lesion; 6th nucl., abducens nuclei; 6th n, ipsilateral abducens nerve (cranial nerve VI); 3rd nucl.,

oculomotor nuclei.

Figure 3 MRI findings of patients with one-and-a half syndrome. (A) T2-weighted; (B) FLAIR; (C) diffusion weighted imaging (DWI). The

high signal (arrow) on the right pons is the lesion.

found. We finally diagnosed the syndrome according to
the representative clinical symptoms and brain magnetic
resonance imaging. Antiplatelet, resist atherosclerosis
(atorvastatin calcium), improved collateral circulation
(butylphthalide) and the adjustment of blood pressure were
applied, and the patient was gradually stabilized.
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Eight-and-a-half syndrome

Eggenberger (16) reported three cases of one-and-a-half
syndrome with ipsilateral peripheral facial paralysis in 1998,
which was named eight-and-a-half syndrome (the seventh

cranial nerve damage + one-and-a-half syndrome). However,
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the lesion was not detected at the head by MRI, but the
location of the lesion was presumably derived. Therefore,
Eggenberger argued that it was important to understand the
clinical feature of the syndrome because the lesion may be
small so that MRI does not clearly show the lesion.

Until 8 years later, Nandhagopal and Krishnamoorthy (17)
saw the lesion position in the head MRI T2WI, confirming
Eggenberger’s presumption of lesion location. In this case,
patients presented sudden onset of horizontal diplopia and
right facial paralysis. The primary eye position was normal.
The patient had combination of the right gaze paresis,
along with impaired adduction in right eye and abduction
with nystagmus in the left eye. The vertical movements of
two eyes were normal, with right peripheral facial paralysis.
The head MRI T2WI showed a high signal at the right
paramedian pontine tegmentum. According to the patient’s
signs and head MRI, the damaged sites were considered
in the right abducens nucleus, right MLF and right facial
nerve (Figure 44). The paracentral artery occlusion of pons
was considered in this case.

It is clear that the eight-and-a-half syndrome lesions are
located in the ipsilateral PPRE, MLE, facial nerve nucleus or
nerve bundle. Or the lesions damaged ipsilateral abducens
nucleus, MLF, facial nerve nucleus or nerve bundle.
Therefore, the lesion is easily located in the ipsilateral
pontine tegmentum.

Similar to one-and-a-half syndrome, the common cause
of eight-and-a-half syndrome is pontine infarction caused
by the perforating artery occlusion. The rare causes include
infection, tumor, demyelination, or brain stem vasculitis.
Eight-and-a-half syndrome is the most common variant of
one-and-a-half syndrome spectrum disorder.

Nine syndrome

The syndrome is based on the lesion of eight-and-a-half
syndrome, due to the expansion of the pontine tegmentum
lesion to the surrounding tissue to form a sort of clinical
spectrum. So far there have been a total of three cases reported.

Rosini (18) reported the first case in 2013:

Case 1: a 71-year-old patient presented sudden right
gaze paralysis and inability to adduction in the right eye,
accompanied by right peripheral facial paralysis, left limb
sustained mild hemiplegia and hemihypesthesia. The
patient has a variety of cerebrovascular risk factors, such
as obesity, smoking, hyperlipidemia and obstructive sleep
apnea syndrome. Head MRI showed a diffuse-limited
lesion in the right brainstem, including the abducens
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nucleus, adjacent MLF, and facial colliculus, extending
to the ipsilateral medial lemniscus and corticospinal tract
(Figure 4B). The clinical diagnosis was acute cerebral
infarction. According to the head MRI, the lesion was
involved in the tegmental and ventromedial pons. The
clinical feature was eight-and-a-half syndrome pllu? the
unilateral acroparalysis and hemihypesthesia, i.e., (82+2=9),
so it was named nine syndrome.

Mabhale (19) reported two cases of nine syndrome in 2015:

Case 2: a 62-year-old female, acute onset and symptoms
persisted, manifested as the left side of one-and-a-half
syndrome + ipsilateral peripheral facial paralysis + ipsilateral
limb ataxia (the left finger-nose test and heel-knee-tibia test
were less stable and the body is dumped to the left when
walking in a straight line). Cerebrospinal fluid protein was
slightly elevated, mononuclear cells were normal, and anti-
NMO antibody and CSF-IgG were negative. The head MRI-
Flair showed a high signal of the tegmental and ventrolateral
pons (Figure 4C,D), while the DWI/ADC was not diffusion-
limited. She was diagnosed with multiple sclerosis.

Case 3: a 54-year-old male patient presented acute
headache, the right side of one-and-a-half syndrome, the
ipsilateral peripheral facial paralysis, the contralateral torso
and limb ataxia (finger-nose test and heel-knee-tibia test
were less stable with left dumping). Head CT and head
MRI showed the right pons hemorrhage, and the lesions
included the right pontine tegmentum and the right locus
rubber of midbrain (Figure 4E,F).

Case 1 is the lesions in the ipsilateral tegmental and
ventromedial pons. Case 2 is the multiple lesions in
the ipsilateral pontine tegmentum with the ipsilateral
ventrolateral medipeduncle. Case 3 is the bleeding lesions
in the ipsilateral pontine tegmentum and the ipsilateral
midbrain, therefore the lesions extended from the pontine
tegmentum to the anteromedial, dorsolateral and above
the pons. According to the scope of the lesion, this series
of signs of eight-and-a-half syndrome + hemiparesis and/or
hemihypesthesia, can also be expressed as eight-and-a-half
syndrome + ipsilateral or contralateral ataxia, i.e., eight-and-
a-half syndrolrn]e plus the semi-body symptoms equals nine
syndrome (82+2=9). The etiological factors to date are the
cerebrovascular disease (cerebral infarction or hemorrhage)
and demyelinating disease.

Thirteen-and-a-half syndrome

Allbon and La Hood (20) reported in 2016 that a patient
with a lymphoproliferative disease after renal transplantation
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had a group of cranial nerve symptoms. A 50-year-old man
suddenly presented the right one-and-a-half syndrome
with the right facial paralysis, the right lagophthalmos with
absent corneal sensation and significant punctate epithelial
erosions on the right cornea, accompanied by right facial
numbness and right limbs and torso ataxia symptoms. The
contrast-enhanced head MRI showed a wide range of high
signal in the right pontine tegmentum, right pedunculus
cerebellaris medius, and right cerebellum (Figure 4G).
After surgical resection of lung lesions, pathological
manifestations showed lymphoproliferative diseases, so the
diagnosis was central nervous system lymphoma.

Allbon called this case thirteen-and-a-half syndrome,
deriving from the central nervous system lymphoma
lesions. The lesions spread to the right pontine tegmentum,
right lateral pterygopalatine trigeminal nucleus, and facial
nucleus, resulting in eight-and-a-half syndrome, combined
with right facial hypoesthesia and corneal ulcers. Allbon
explained the corneal ulcer as a double result of seventh
cranial nerve (neuroparalytic keratitis) and fifth cranial
nerve (neurotrophic keratitis). Therefore, eight-and-a-half
syndrome plus the ipsilateral fifth cranial nerve (trigeminal
nerve) damaged symptoms, it is called thirteen-and-a-half

1

1
syndrome (82 +¥ =132).

Fifteen-and-a-half syndrome

Bae and Song (21) reported in 2005 for the first time a
patient with one-and-a-half syndrome and bilateral facial
paralysis, namely fifteen-and-a-half syndrome (one-and-
a-half syndrome + damaged bilateral seventh cranial
nerve), i.e. (12 +7+7= 152) The head MRI showed bilateral
pontine tegmentum lesion, which might damage the
bilateral abducens nucleus, MLF, and bilateral facial nerve
(Figure 4H). The affected vessels should be the unilateral
central pontine branch, which terminal branches supply
the tegmentum of the bilateral pontine tegmentum (22).
Although the etiology of one-and-a-half syndrome are
numerous, such as cerebrovascular disease, demyelination,
infection, etc., the current reported fifteen-and-a-half
syndrome is caused by only vascular reason.

Sixteen-and-a-half syndrome

Cummins (23) reported a case in 2011 that a 78-year-old
man presented acute onset of eight-and-a-half syndrome
on the left side (one-and-a-half syndrome + left sided 7th
cranial nerve), right hemiparalysis and left sided hearing
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loss (8th cranial nerve damaged). The brainstem auditory
evoked potential testing showed abnormal after left ear
stimulation. Therefore, the series1 of symptoms is named
sixteen-and-a-half syndrome (12+7+8=162). Head MRI
with DWI revealed ischemic lesions are in the tegmental,
the ventromedial, and the ventrolateral pons, which
suggested the involved neural structures, such as the left-
sided PPRF, abducens nucleus and the left-sided facial
colliculus, the corticospinal tract in the ventromedial pons
and the cochlear nucleus in ventrolateral pons (Figure 41).
In this case, no vascular examination was reported. It was
speculated that it was related to the paracentral branch and
the short spiral branch of the basilar artery.

Summary and perspectives

Here we reported a rare series of one-and-a-half syndrome
and its spectrum disorders. We also described the clinical
and pathological features of different syndromes, and
summarized the naming basis, which is helpful to locate
the lesion according to the clinical features. As we all
know, abducens nucleus, facial nucleus, trigeminal nucleus
and vestibular nucleus are located in the pontine. Facial
nerve originates from facial nucleus and bypasses abducens
nucleus, and eight-and-a-half syndrome comes into being to
the seventh cranial nerve damage on the basis of one-and-
a-half syndrome. Ascribe to the special neuroanatomy, the
incidence of the eight-and-a-half syndrome is higher than
the others. Motor nucleus of trigeminal nerve is located in
the central pontine tegmental dorsolateral area, and sent out
from the junction of the pons ventral and middle cerebellar
peduncle. The vestibular nucleus is located at the deep part
of the vestibule at the bottom of the fourth ventricle. These
syndromes are produced by the different damaged neuron
nucleus. Nine syndrome is eight-and-a-half syndrome plus
the unilateral acroparalysis and hemihypesthesia. Eight-
and-a-half syndrome plus the ipsilateral fifth cranial nerve
(trigeminal nerve) forms the thirteen-and-a-half syndrome.
One-and-a-half syndrome plus damaged bilateral seventh
cranial nerve forms fifteen-and-a-half syndrome. One-
and-a-half syndrome plus one sided 7th cranial nerve,
hemiparalysis and one-sided hearing loss (8th cranial
nerve damaged) forms sixteen-and-a-half syndrome. The
incidence of these syndromes is smaller than that of the
eight-and-a-half syndrome, especially the fifteen-and-a-
half syndrome, perhaps because the nine syndrome, the
thirteen-and-a-half syndrome and the sixteen-and-a-half
syndrome are caused by unilateral lesion and are all on the
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Figure 4 Schematic diagram of the lesion of one-and-a-half syndrome spectrum. (A) Eight-and-a-half syndrome; (B-F) nine syndrome; (G)

thirteen-and-a-half syndrome; (H) fifteen-and-a-half syndrome; (I) sixteen-and-a-half syndrome. Abd. nucl., abducens nucleus; IV, IV

ventricle; ML, medial lemniscus; MLE, medial longitudinal fascicle; 7th nucl., facial nerve nucleus; 7th n., facial nerve; CST, corticospinal

tract; PPRE, parapontine reticular formation; ICP, inferior cerebellar peduncle; spinal trigeminal nucl., spinal trigeminal nucleus; cochlear

nucl., cochlear nucleus.

basis of eight-and-a-half syndrome.

The common causes of these syndromes are cerebrovascular
disease (cerebral infarction or hemorrhage), multiple sclerosis,
demyelinating disease or encephalitis. The overwhelming
majority of the causes are cerebrovascular disease, which
may be caused by the local blood supply of the intracranial
vessels and the highest incidence. While the fifteen-and-
a-half syndrome is located in bilateral lesion. According
to the existing reports, the cause of the syndrome is all
cerebrovascular disease. Normally, the blood supply of one

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

side of the pontine is derived from the long peripheral artery
of the basilar artery, and the normal bilateral branches are
symmetrical. In some patients, there is variation in pontine
vessels, unilateral pontine paramedian artery supplies bilateral
pontine tegmentum, so that when the vessel is blocked,
bilateral dorsal infarction is formative. This may be the reason
the fifteen-and-a-half syndrome is rare. It is summarized that
when we encounter these syndromes, cerebrovascular disease
should come first, then the multiple sclerosis. They are not
difficult to diagnose combined with other clinical symptoms
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and brain magnetic resonance imaging.
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