
35© Springer Nature Singapore Pte Ltd. 2021 
J. S. Kim (ed.), Posterior Circulation Stroke, https://doi.org/10.1007/978-981-15-6739-1_4

Brain Stem Infarction Syndromes

Jong S. Kim

�Medullary Infarction

The medulla is mainly supplied by a number of 
penetrating arteries arising from the intracranial 
vertebral arteries (Vas). The dorsal tegmental 
area is also supplied by branches arising from the 
medial posterior inferior cerebellar artery (PICA) 
and posterior spinal artery. The most rostral part 
can be supplied by branches from the basilar 
artery (BA) or anterior inferior cerebellar artery 
(AICA). The caudal part of the anterior medulla 
is supplied by penetrating arteries arising from 
the anterior spinal artery (ASA).

�Lateral Medullary Infarction

Since the first description of Wallenberg’s syn-
drome more than 100 years ago [1], clinical [2–5] 
and pathological [6] findings of lateral medullary 
infarction (LMI) have been reported. Recent 
studies using MRI [7–11] have rapidly expanded 
our understanding of LMI syndromes. One study 
reported that LMI represents 1.9% of all admitted 
acute stroke [2]. It is likely that institutes fre-
quently using MRI may find more cases than pre-
viously reported.

�Clinical Manifestations
Symptoms/signs of LMI are summarized in 
Table 4.1. The onset may be sudden, but in more 
than half of the patients, symptoms/signs develop 
progressively or stutteringly. While headache, 
vertigo, nausea/vomiting, or gait instability are 
usually the early symptoms/signs, hiccup tends 
to occur later [10]. Some of the symptoms/signs 
may appear days or even weeks after the onset. 
The progressive onset is usually associated with 
enlargement of the ischemic area detected by 
follow-up MRI, associated with persistent or pro-
gressive thrombosis. Thus, progressive addition 
of symptoms seems to be equivalent to the early 
neurological deterioration in patients with inter-
nal capsular infarction.

Dizziness, Vertigo, and Ataxia
A dizzy sensation and gait instability are the most 
common symptoms occurring in more than 90% 
of patients. Whirling vertigo, a symptom attrib-
uted to involvement of vestibular nuclei and their 
connections, occurs in approximately 60% [10]. 
Vertigo is an early sign that usually improves 
within days or weeks, although dizziness and gait 
instability last longer. Vertigo is usually accom-
panied by nystagmus and vomiting. Gait instabil-
ity and dizziness can be attributed to either the 
dysfunctional vestibular or cerebellar system. In 
the acute stage, approximately 60% of patients 
are unable to stand or walk. Gait ataxia is usually 
more common and severe than limb incoordina-
tion [10, 12]. Lateropulsion (forced to sway when 
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patients stand or sit) seems to be attributed to 
lesions affecting the vestibular nuclei and vestib-
ulospinal projections [13], while limb and gait 
ataxia are related to damage to the inferior cere-
bellar peduncle, spinocerebellar fibers, or the cer-
ebellum itself [12, 14]. Occasionally, patients fall 
to any direction [14]. Limb ataxia may be 
described as “weakness” or “clumsiness” by the 
patient.

Nystagmus and Ocular Motor Abnormality
Involvement of the vestibular nuclei and their 
connections lead to nystagmus. The nystagmus is 
mostly horizontal or horizontal-rotational to the 
side opposite to the lesions [5, 6]. Although 
forced conjugate eyeball deviation to the lesion 
side (ocular lateropulsion) [15] is uncommon, 

milder degree of eyeball deviation is frequently 
observed when patients are ordered to close and 
then open the eyes, when correctional eyeball 
movements occur. Skew deviation, with the ipsi-
lateral eye going down, and ocular tilt reaction 
occur [13]. Patients describe the symptoms as 
blurred vision, diplopia, oscillopsia, or tilting of 
visual images [5, 13]. Detailed mechanisms are 
described in Chap. 7.

Nausea/Vomiting
Nausea/vomiting is usually an initial and tran-
sient symptom closely associated with vertigo 
[10] and is probably caused by involvement of 
vestibular nuclei and their connections. It may 
also be caused by involvement of a putative vom-
iting center near the nucleus ambiguus [5, 12].

Horner Sign
Elements of the Horner sign are frequent (about 
90%), caused by involvement of the descending 
sympathetic fibers in the lateral reticular sub-
stance. A constricted pupil with ipsilateral palpe-
bral fissure narrowing is more frequently 
observed than facial anhidrosis.

Dysphagia, Dysarthria, and Hoarseness
Involvement of the nucleus ambiguus results in 
paralysis of the ipsilateral palate, pharynx, and 
larynx producing dysphagia, dysarthria, and 
hoarseness. Dysarthria may also be attributed to 
the concomitant involvement of the cerebellum. 
Dysphagia is present in approximately 2/3 of 
LMI patients, among whom about 60% require a 
nasogastric tube for feeding [10, 12]. Swallowing 
difficulty usually improves within days or 
months, but rare patients require persistent assis-
tance in feeding. Dysphagia in LMI is more often 
associated with problems in the range of, than the 
timing of, hyolaryngeal excursion [16]. 
Hoarseness is equally common, while dysarthria 
is less common, occurring in about 1/4 of patients 
with pure LMI patients [10]. Some patients may 
show paralysis of the ipsilateral vocal cord.

Hiccup
Approximately 1/4 of patients develop hiccup 
[10, 12], often days after stroke onset. Hiccup 

Table 4.1  Neurologic symptoms and signs published in 
the largest series (In, Kim, Pure lateral medullary infarc-
tion: clinical-radiological correlation of 130 acute, con-
secutive patients. Brain 2003;126:1864–72)

Items N = 130
Sensory symptoms/signs 125 (96)
Ipsilateral trigeminal 34 (26)
Contralateral trigeminal 32 (25)
Bilateral trigeminal 18 (14)
Isolated limb/body 27 (21)
Isolated trigeminal 13 (10)
Gait ataxia 120 (92)
Severe gait ataxiaa 79 (61)
Dizziness 119 (92)
Horner sign 114 (88)
Hoarseness 82 (63)
Dysphagia 84 (65)
Severe dysphagiab 52 (40)
Dysarthria 28 (22)
Vertigo 74 (57)
Nystagmus 73 (56)
Limb ataxia 72 (55)
Nausea/vomiting 67 (52)
Headache 67 (52)
Neck pain 9 (7)
Skew deviation of eyes 53 (41)
Diplopia 41 (32)
Hiccup 33 (25)
Facial palsy 27 (21)
Forced gaze deviation 8 (6)

Data are expressed as number (%)
aUnable to stand or walk alone
bRequires nasogastric feed for feeding
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usually goes away within a few days but can per-
sist for weeks or even months when it becomes 
an annoying symptom. Involvement of the dorsal 
motor nucleus of the vagus, solitary tract, and 
neurons related to expiration and inspiration in 
the reticular formation near the nucleus ambig-
uus may be responsible for hiccup [5, 10].

Sensory Symptoms/Signs
Sensory symptoms/signs are one of the most com-
mon manifestations of LMI. In the largest series, 
sensory function was intact in only 4% of patients 
[10]. Sensory symptoms/signs occur more fre-
quently in the contralateral body/limbs (in approx-
imately 85%) than in the face (58–68%), [7, 9] and 
the sensory defect in the face usually clears more 
quickly than that on the body/limbs. Although a 
selective loss of spinothalamic sensation is a rule, 
vibration sensation is occasionally involved as 
well in the hypalgic body/limbs, [9] due probably 
to the fact that some of the vibratory sensations are 
carried through the lateral column [17].

Crossed (ipsilateral trigeminal-contralateral 
limb/body) sensory changes have been consid-

ered a classical sensory pattern in LMI. However, 
sensory manifestations are much more diverse in 
the acute stage [9]. In the largest series [10], the 
patterns included ipsilateral trigeminal-
contralateral limb/body in 26%, contralateral 
trigeminal-contralateral limb/body in 25%, bilat-
eral trigeminal-contralateral limb/body in 14%, 
limb/body involvement without trigeminal 
involvement in 21%, and trigeminal involvement 
without limb/body involvement in 10%. Although 
the arm and leg are usually equally involved, in 
approximately 30% of the patients, there is a dis-
crepancy; some have more severe sensory deficits 
in the arm while others have more severe deficits 
in the leg [9]. The latter occasion is more com-
mon, and some may have a sensory level on the 
trunk mimicking a spinal cord syndrome [18].

These diverse sensory manifestations are 
related to the varied patterns of involvement of 
the spinothalamic tract, descending trigeminal 
tract, and ascending secondary trigeminal fibers 
(Fig.  4.1). Notably, approximately 7% of LMI 
patients have ipsilateral tingling sensation often 
associated with lemniscal sensory deficits, more 

medial lemniscus

corticospinal tractleg
trunkarm

ascending trigeminal thalamic
tract

descending trigeminal tract

sacral
leg
trunk
arm

spinothalamic tract

A

B

C

D

Caudal medulla

ascending lemniscal fibers

A+B B+C A+B+C B A D E

Fig. 4.1  Anatomic structures of the medulla and various 
patterns of sensory dysfunction caused by medullary 
infarction (see text for details). Yellow, spinothalamic 
sensory deficits; red, lemniscal sensory deficits; A  +  B, 
ipsilateral trigeminal-contralateral body/limb; B + C, con-
tralateral trigeminal-contralateral body/limb; A + B + C, 

bilateral trigeminal-contralateral body/limb; B, contralat-
eral body/limb; A, ipsilateral trigeminal; D, contralateral 
body/limb (lemniscal sensation); E, ipsilateral body/limb 
(lemniscal sensation). (Modified from Kim et  al., 
Neurology 1997; Brain 2003)
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marked in the arm than in the leg. Due to the 
leminscal sensory impairment, these patients 
often have feeling of “clumsiness” or “weak-
ness” in the ipsilateral extremities. This sensory 
pattern is related to involvement of the lower-
most medulla and explained by involvement of 
lemniscal sensory fibers at the upper-most part 
of the fasciculus cuneatus/gracilis or crossing 
fibers to the medial lemniscus [19] (Figs.  4.1E 
and 4.2).

In the descending trigeminal tract, the 
V3-representing area is located most dorsally and 
V1 most anteriorly, but in the ascending second-
ary trigeminal tracts, V3 is located most medially 
and V1 most laterally. Therefore, trigeminal sen-
sory involvement is often inhomogeneous, more 
so on the contralateral side than the ipsilateral 
side. On both sides, the inhomogeneity is either 
divisional or segmental (onion-skin) pattern [4, 5, 
9]. Bilateral perioral paresthesia, often observed 
in patients with large infarcts extending medially 
[9], may be caused by the simultaneous involve-

ment of the descending and ascending V3 path-
ways near its decussation [20, 21].

Patients occasionally complain of facial pain. 
The pain usually appears at onset, heralding other 
symptoms and signs [5]. It is described as sharp, 
stinging, stabbing, or burning, tingling, and 
numb. The eyeball and the surrounding area are 
the most commonly affected, but the entire face, 
including the lips and inside the mouth, may be 
involved. Although facial pain usually improves, 
it may last permanently in some patients. 
Involvement of the sensory nucleus of the 
descending tract of the fifth cranial nerve may 
explain the facial pain.

Headache
Headache occurs in about half of the patients [10, 
12]. It usually begins at onset or a few days before 
other symptoms/signs and subsides within several 
days. It most often occurs in the ipsilateral occipi-
tal or upper nuchal area followed by the frontal 
region and is usually described as dull, aching, or 

Fig. 4.2  A 69-year-old hypertensive man developed gait 
instability and numb sensation in the right hand, most 
markedly in the first-third finger tips. Neurological exami-
nation showed slightly decreased position and vibration 
sensation in the right fingers and impaired tandem gait. 
Diffusion-weighted MRI (left image) showed dorsally 
located infarct in the medullary-spinal cord junction. 

MRA (right image) showed right distal vertebral artery 
(VA) atherosclerotic occlusion. The ipsilateral sensory 
symptoms are probably due to involvement of the most 
rostral part of the ipsilateral lemniscal fibers (nucleus 
cuneatus) before decussation. The infarct was probably 
caused by occlusion of perforators (or posterior spinal 
artery) associated with VA atherosclerotic disease
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throbbing. Considering that headache occurs 
before other symptoms and is not related to any 
symptoms/signs of LMI, [10] headache seems to 
be caused by an intracranial VA pathology, possi-
bly related to dilated collateral vessels after VA 
stenosis/occlusion, [12] rather than the medullary 
lesion itself. Involvement of the descending spinal 
tract of the fifth cranial nerve and its nucleus may 
also be responsible for frontal headache. 
Prominent and persistent nuchal-occipital pain 
may be a manifestation of VA dissection.

Facial Palsy
Facial palsy, usually mild and upper neuron type, 
is present in 1/5 to 1/4 of patients [10]. It is pre-
sumably caused by involvement of aberrant corti-
cobulbar fibers that loop caudally before traveling 
rostrally toward the facial nucleus [22]. In 
patients with upper-most medullary (or ponto-
medullary junction) lesion, there occurs rela-
tively severe peripheral-type facial palsy due to 
direct involvement of facial nerve fascicles [23].

Respiratory Difficulty and Other 
Autonomic Signs
The medullary reticular formation contains neu-
rons related to the control of respiration, and 
patients may show respiratory arrest or decreased 
respiratory drive, especially during sleep 
(Ondine’s curse) [24]. Severe respiratory abnor-
malities calling for medical attention are uncom-
mon unless patients have bilateral or extensive 
lesions [12]. In pure LMI, aspiration pneumonia 
associated with dysphagia is the most common 
reason for respiratory care, in which case, it is 
often difficult to assess how much respiratory 
control abnormality contributes to the patients’ 
condition. Other autonomic disturbances such as 
tachycardia, bradycardia, sweating, orthostatic 
hypotension, gastric motility dysfunction, and 
urinary retention are sporadically observed.

Ipsilateral Hemiparesis
Ipsilateral hemiparesis may be associated with 
other typical symptoms of LMI [25].

The pathogenic mechanism of this so-called 
Opalski syndrome remains debatable. Recent 
imaging techniques such as diffusion-weighted 

MRI (DWI) and diffusion tensor imaging (DTI) 
showed that infarcts occurring at the lower-most 
medullary area or the medulla–spinal cord junc-
tion involve the ipsilateral corticospinal tract after 
the pyramidal decussation [26, 27]. This observa-
tion corroborates with Opalski’s original patients 
who showed hyperreflexia and Babinski signs.

In addition, patients with ipsilateral ataxia or 
lemniscal sensory dysfunction (see above) may 
complain of “clumsiness” or “weakness” in their 
limbs [19]. In view of transient motor deficits and 
absent reflex abnormalities in the majority of 
these patients, most of the patients with ipsilat-
eral “weakness” may have a pseudoparesis unre-
lated to pyramidal damage [19]. Thus, true 
Opalski syndrome is a rare entity.

�Clinical–Topographical Correlation
The symptoms/signs of LMI differ according to 
the topography of lesions [5]. Kim et al. [10, 11] 
analyzed the MRI-identified lesions in a three-
dimensional manner and made clinical–topo-
graphical correlation (Fig. 4.3).

Generally, rostral lesions tend to involve ven-
tral (Fig. 4.3A), deep areas, while caudal lesions 
involve lateral-superficial region [10, 11] 
(Fig. 4.3C). This is probably related to the ana-
tomical course of the VA; the intracranial VAs are 
located adjacent to the lateral surface at a caudal 
medulla level, which ascend ventrorostrally to 
fuse into the BA at the pontomedullary junction. 
The rostral-ventral lesions tend to produce ipsilat-
eral trigeminal sensory symptoms (Fig. 4.1B+C), 
whereas caudal-lateral-superficial lesions tend to 
produce sensory symptoms limited to the extrem-
ities (occasionally with a gradient worse in the 
leg) sparing the face (Fig.  4.1B). A large, wide 
lesion is associated with a bilateral trigeminal 
sensory pattern (Fig. 4.1A+B+C), [10] which is 
quite uncommon in patients with caudal lesions.

The more important rostrocaudal difference is 
dysphagia, which is distinctly more prevalent and 
severe in patients with rostral than in caudal 
lesions [10, 11]. This may be explained by the 
following: (1) caudal medullary lesions are usu-
ally thin (Fig. 4.3C) and do not extend deeply as 
to involve the nucleus ambiguus and (2) the lower 
part of the nucleus ambiguus is not directly 
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related to pharyngeal muscle motility [28]. Facial 
palsy is also more common in rostral lesions 
[10]. In patients with most rostral lesions, often at 
the pontomedullary junction, dysphagia is slight 
or absent because the nucleus ambiguus is spared 
at this level [29]. These patients often show 
severe, ipsilateral, peripheral-type facial palsy.

The caudal lesions are closely associated with 
severe lateropulsion and gait ataxia, probably due 
to frequent involvement of the laterodorsally 
located spinocerebellar tract and vestibular nuclei 
(Fig.  4.3C). Dissection and headache are also 
more common, while dysphagia is absent or min-
imal in this group. The middle medulla shows 
intermediate characteristics and classical ipsilat-
eral trigeminal-contralateral body/limb pattern 
sensory deficits (Figs. 4.1B+C, 4.3B).

�Stroke Mechanisms
Although Wallenberg initially considered PICA 
disease as a cause of LMI [1], Fisher et  al. [6] 
found sole involvement of the PICA in only two 
of their 17 cases of LMI and 14 patients showed 
VA steno-occlusion. Thus, the most common 
cause of LMI is occlusion of penetrating branches 
associated with intracranial VA steno-occlusive 
disease [6] (Fig. 4.4). In a large series that inves-
tigated 123 LMI patients [10], ipsilateral VA 
steno-occlusive disease was present in 83 (67%) 
(33 intracranial VA disease, 34 whole VA disease, 
and 5 extracranial VA disease) and PICA disease 
in 12 (10%) patients. Atherothrombosis is a dom-
inant pathology, while dissection of the VA or 
PICA is the cause of steno-occlusive lesions in 
approximately 14–33% of cases [7, 8, 10] (for 
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Fig. 4.3  Schematic drawing of stroke mechanism of vari-
ous types of medullary infarction. Rostral type (A), mid-
dle type (B), and caudal-lateral type (C) lesions are 
categorized as “lateral medullary infarction” and deter-
mined according to the rostrocaudal location of the 
responsible perforating arteries. Medial medullary infarc-
tion (MMI) (D) seems to be produced by the most rostral 
vertebral artery disease. Patient A had severe dysphagia 

due to involvement of upper part of the nucleus ambiguus 
and contralateral trigeminal type sensory symptoms, 
whereas patient C had severe gait ataxia and sensory 
symptoms limited in the lower extremities. Patient B had 
ipsilateral trigeminal symptoms. Patient D had symptoms 
of MMI such as contralateral hemiparesis and hemihypes-
thesia (lemniscal sensation)
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dissection, see Chap. 14). In patients with normal 
angiographic findings, perforating artery disease 
seems to be the mechanism of infarction. Embolic 
occlusion of the PICA or distal VA from diseased 
heart or proximal artery atherosclerosis may also 
produce LMI [30, 31], but concomitant infarcts 
in other parts (mostly, cerebellum) of the brain 
are usually present in these patients.

�Prognosis
The prognosis of pure LMI is benign, mainly due 
to the absence of significant motor dysfunction. 
The hospital mortality ranges from 0.8% to 11.6% 
[2–4, 10]. Patients with large, rostral lesions tend 
to have severe dysphagia and aspiration pneumo-
nia, requiring ICU care. Sudden respiratory 
(Ondine’s curse) or other autonomic failures may 
produce respiratory-cardiac arrest, and physicians 
may have to keep this possibility in mind. 
Nevertheless, recent studies have shown very low 
hospital mortality, which is probably related to 
improved care for respiration, infection, and dys-
phagia [10]. Old age, having dysphagia [32], and 
rostral LMI lesions [33] were found to be factors 
related with unfavorable prognosis.

Despite the relatively benign outcome, the 
majority of survivors have at least one remaining 
sequelae. The most important one is sensory 

symptoms/signs, followed by dizziness and dys-
phagia [34]. Usually, the persistent and disturb-
ing sequela correlates with the most severe initial 
symptom. Approximately 1/4 of the patients 
develop uncomfortable painful paresthesia (cen-
tral post-stroke pain, CPSP) [35], which are 
described as numb, burning, or cold [34]. The 
symptoms usually occur in the body parts where 
the initial sensory perception deficit was most 
severe.

Patients with severe and extensive VA diseases 
more often develop recurrent cerebral infarction 
or coronary disease than those without [2]. The 
presence of posterior fossa hypoperfusion may 
predict poor prognosis [36]. In patients with con-
comitant infarcts in other areas, the prognosis is 
influenced by the location and extent of the extra-
medullary lesions. In patients with large PICA 
territory cerebellar infarction, massive edema 
and consequent herniation may yield a poor 
prognosis. However, a recent study showed that 
although the short-term outcome is poorer in 
LMI patients with extramedullar lesions, long-
term residual symptoms such as dizziness, dys-
phagia, and sensory symptoms are more prevalent 
in pure LMI patients [33]. This is probably 
because in the former patients, PICA occlusion is 
the main pathogenesis and LMI lesions are usu-

Fig. 4.4  Diffusion-weighted MRI showed an infarction in the left rostral medulla. MRA showed focal, atherosclerotic 
narrowing (arrow) that probably occluded a perforator
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ally limited to a small, dorsal part of the medulla, 
an area supplied by the PICA. On the contrary, 
the lesions associated with distal VA disease in 
pure LMI patients tend to be larger.

�Medial Medullary Infarction

Medial medullary infarction (MMI) was initially 
described by Spiller in 1908 [37]. Dejerine later 
proposed a triad of symptoms: contralateral 
hemiplegia sparing the face, contralateral loss of 
deep sensation, and ipsilateral hypoglossal paral-
ysis [38]. Pathological findings were first reported 
by Davison in 1937, who described thrombotic 
occlusion of the anterior spinal artery (ASA) and 
the adjacent intracranial VA [39].

With the advent of MRI, the premortem diag-
nosis of MMI can now be easily made. Kim et al. 
[40] compared their own series of 17 patients 
diagnosed by MRI, with 26 previously reported 
patients. They found that in the former group, 
bilateral lesions, quadriparesis, lingual paresis, 
and respiratory difficulty were much rarer, and 
the prognosis was much better. Subsequent stud-
ies using MRI showed that patients usually pres-
ent with relatively benign, unilateral sensorimotor 
stroke [40–45]. Clinical symptoms/signs of MMI 
are summarized in (Table 4.2).

�Clinical Manifestations

Limb Weakness
Contralateral hemiparesis sparing the face is the 
most characteristic sign of MMI occurring in 
approximately 90% [46]. Quadriparesis occurs in 
less than 10% of the patients [45]. Although rare, 
hemiparesis may occur on the ipsilateral side due 
to the lower-most lesion involving the crossed 
pyramidal tract [40]. The degree of motor dys-
function is variable; in one study [45], it was 
severe (Medical Research Council scale ≤3) in 
37%, 2/3 of whom had a gradual progression of 
weakness during several days after onset.

Facial Palsy
Although sparing of the face is one of the charac-
teristics of MMI, mild and transient facial paresis 

occurs in 1/4 to 1/2 [12, 44, 45], probably related 
to involvement of yet-uncrossed corticobulbar 
fibers directed to the contralateral cranial nuclei 
at the level of the upper medulla [22].

Dysarthria and Dysphagia
Dysarthria and dysphagia were reported to 
occur in 63% and 29%, respectively [45]. These 
symptoms are much more severe in patients 
with bilateral MMI. In unilateral cases, a naso-
gastric tube is required in less than 10%. A 
study using videofluoroscopic swallowing tests 
showed that dysphagia in MMI is associated 
with delayed timing rather than a reduced range 
of hyolaryngeal excursion [16] and may be 
attributed to damage to the corticobulbar tract 
or adjacent pattern generator regulating the 
nucleus ambiguous.

Table 4.2  Neurologic symptoms and signs published in 
the largest series (In Kim JS, Han Y, Medial medullary 
infarction: clinical, imaging, and outcome study in 86 
consecutive patients, 2009;40: 3221–5)

Symptoms and signs 
(n = 86)
Motor dysfunction 78 (91)

Hemiparesis 68, quadriparesis 
8, monoparesis 2

Facial paresis 21 (24)
Sensory dysfunction 59 (73)

Paresthesia 55
Impairment of objective 
sensory perception
Vibration 48
Position 41
Touch 32
Pinprick 17
Cold 22

Lim ataxia 36 (42)
Dysarthria 54 (63)
Dysphagia 25 (29)
Ipsilateral 
hypoglossal palsy

3 (3)

Contralateral tongue 
deviation

9 (10)

Vertigo/dizziness 51 (59)
Nausea/vomiting 14 (16)
Nystagmus 38 (44)
Diplopia 7 (8)
Headache 9 (10)

Number in parenthesis indicates percentage
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Ipsilateral Hypoglossal Nerve Palsy
Ipsilateral hypoglossal nerve palsy, if it presents, 
is an important localizing sign [38]. Its preva-
lence is reported extremely variably, from 3% to 
82% [11, 40–45]. Recent MRI-based studies 
found a lower prevalence of ipsilateral hypoglos-
sal palsy than earlier studies; a large series 
showed that definite ipsilateral hypoglossal pare-
sis occurred in only 3% of patients while clumsy 
tongue movements with occasional contralateral 
tongue deviation were more common [45]. 
Because MMI lesions most often involve the ros-
tral medulla, the hypoglossal nerve nucleus and 
fasciculus, located in the lower medulla, are fre-
quently spared.

Sensory Dysfunction
Sensory dysfunction is the second most impor-
tant symptom/sign of MMI. Unlike LMI patients, 
MMI patients typically complain of tingling sen-
sation from the onset. The involved area is usu-
ally hemibody/limbs below the ear or neck 
(Fig.  4.1D). However, sensory symptoms may 
extend to the face, probably due to additional 
involvement of the secondary ascending trigemi-
nal sensory tract. The facial sensory symptoms 
are usually mild, incomplete, and transient. 
Occasionally, the sensory abnormality is 
restricted to a certain body part, such as the lower 
leg [47]. Dermatomal distribution sensory abnor-
malities are also reported [48]. Although lemnis-
cal sensory deficits are characteristic, mild and 
transient impairment of pain/temperature percep-
tion is occasionally present due possibly to 
involvement of the spinoreticulothalamic system 
that regulates the spinothalamic sensory system 
[41, 42, 44, 45].

Ataxia
Limb incoordination is occasionally noted [42] 
and is usually attributed to involvement of pon-
tocerebellar fibers and/or associated propriocep-
tive sensory dysfunction. Gait instability or body 
lateropulsion may be related to involvement of 
the vestibulocerebellar tract, inferior olivary 
nucleus, or more laterally located spinocerebel-
lar tract [42].

Vertigo/Dizziness, Nystagmus, and Ocular 
Motor Disturbances
These symptoms/signs are closely related to 
involvement of the dorsal medulla, [44, 49] where 
the vestibular nuclei, medial longitudinal fascicu-
lus (MLF), and the nucleus prepositus hypoglossi 
(NPH) are located. In contrast to LMI, nystagmus 
is mostly ipsilesional, and ocular lateropulsion is 
to the contralateral side (contrapulsion) [50]. 
Upbeat nystagmus is observed in 1/10 to 1/5 of 
patients, [44, 45, 49] which may be explained by 
involvement of the VOR pathways from both 
anterior semicircular canals [51]. Unilateral lesion 
may also produce upbeat nystagmus [45] (see 
Chap. 7 for detailed mechanisms).

Emotional Disturbances
Previous reports have described patients present-
ing with pathological crying and laughing, 
depression, and psychotic behaviors [52, 53]. A 
recent study showed that emotional incontinence 
in MMI patients is as common as in those with 
pontine base infarction [54].

�Clinical–Topographical Correlation
The majority of MMI lesions involve the rostral 
part of the medulla, and lesions limited to the 
caudal medulla are rare [45]. Ventro-dorsally, 
ventral lesions are closely related to motor dys-
function, middle lesions to sensory symptoms, 
and dorsal lesions are associated with vertigo, 
ataxia, and ocular motor dysfunction (Fig. 4.5). 
The symptom correlation according to ventrodor-
sal distribution is similar to that of pontine base 
infarction (see below, pontine infarction). Unlike 
pontine infarction, the face is mostly spared 
because the lesions are below the level of the 
facial nerve nucleus/fascicles. Sensory abnor-
malities are mostly lemniscal because lemniscal 
and spinothalamic tracts are separated in the 
medulla (Fig. 4.1D). In a large series, the lesion 
patterns include ventral in 20%, ventral+middle 
in 33%, and ventral+middle+dorsal in 41% [45].

�Bilateral MMI
Bilateral MMI is uncommon. In one study, bilat-
eral lesions occurred in 14%. Because the lesion 
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on the one side is occasionally small and asymp-
tomatic, quadriparesis was observed in 9% [45]. 
In patients with quadriparesis, MRI lesions are 
usually symmetrical and heart shaped (Fig. 4.5, 
bilateral A,B,C). Patients have severe bulbar 
palsy and sensory symptoms, mimicking pontine 
locked-in syndrome (see below, pontine infarc-
tion). Unless the dorsal pons is concomitantly 
involved, gaze is generally preserved.

�Stroke Mechanism
Although ASA occlusion has traditionally been 
emphasized, [37–39] recent studies showed that 
MMI is more often caused by intracranial VA or 
VA–BA junction atherothrombotic diseases that 
obliterate perforating branches [55] (Figs.  4.3 
and 4.6 upper panel). In one series, relevant 
intracranial VA atherosclerotic disease was 
present in 62% of patients while perforator 
occlusion without VA disease (small artery dis-
ease) occurred in 28% of patients [45]. Infarcts 
associated with intracranial VA atherothrom-

botic disease tend to extend deeper (Fig.  4.6 
upper panel) than those with small vessel dis-
ease (Fig. 4.6, lower panel), perhaps associated 
with either multiple perforator occlusion or 
more extensive hypoperfusion in the medulla. 
VA dissection may cause MMI but is less com-
mon than in LMI.

ASA occlusion, although uncommon, may 
produce caudal MMI infarction. Rarely, embolic 
occlusion of ASA branches by talc [56], fibrocar-
tilaginous material, [57] or syphilitic arteritis [58, 
59] can cause MMI. Embolism from the diseased 
heart or proximal VA disease is an uncommon 
cause of pure MMI.  Bilateral MMI may be 
caused by occlusion of one ASA supplying both 
parts of the medulla. However, a large study [45] 
showed that bilateral MMIs are generally located 
rostrally in the territory of the distal intracranial 
VA or proximal BA. It seems that bilateral MMIs 
are usually caused by intracranial VA–BA athero-
thrombotic disease that obliterates multiple per-
forators bilaterally.

Hemiparesis Hemiparesis
Hemisensory

Hemiparesis
Hemisensoy
Ocular motor

Quadriparesis
Sensory deficits

Ocular motor 

(A) (A,B)

(bilateral
A,B,C) 

(A,B,C)

Hemisensory

(B) (C)

Ocular motor 

medial lemniscus
corticospinal tract

hypoglossal nerve

hypoglossal nucleus

descending trigeminal tract

spinothalamic tract

nucleus ambiguus

inferior cerebellar peduncle

medial longitudinal fasciculus

vestibular nucleus

ascending trigeminal thalamic
tractA

B

C

Fig. 4.5  Illustrative patients and schematic drawings of 
patterns of medial medullary infarction. Patterns of 
involvement of A (pure motor stroke), A + B (sensorimo-
tor stroke), or A + B + C (sensorimotor stroke + ocular 
dysfunction) are common, while others are uncommon. 
Selective involvement of B and C produces pure hemisen-

sory stroke and pure ocular motor dysfunction, respec-
tively. Bilateral involvement of A + B + C accounts for 
less than 10% of medial medullary infarction and leads to 
quadriparesis, bilateral sensory loss, and ocular motor 
dysfunction
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�Prognosis
Unlike LMI, aspiration pneumonia is uncommon 
in MMI except for those with bilateral lesions. 
The prognosis of MMI is better than that reported 
in the pre-MRI era; in a series of 86 patients, only 
3 died during admission [45]. Due to the pres-
ence of significant motor dysfunction, functional 
outcome is generally worse in MMI than in LMI 
[34]. Severe initial motor dysfunction is a main 
predictor for poor functional outcome [45]. In the 
chronic stage, sensory dysfunction is equally 
prevalent and troublesome, which consists of 
both joint pain associated with motor dysfunc-
tion/spasticity and CPSP.  In one study, CPSP 
defined by visual analog scale ≥4 was present in 
36% [45]. The CPSP is most frequently expressed 
as numb followed by aching, and unlike LMI 

patients, “burning” sensation is rarely described 
[34]. Dizziness is reported in approximately 1/3 
of the patients [45].

�Combined LMI and MMI
LMI and MMI may occur simultaneously or con-
sequently. This hemimedullary syndrome was 
first described in 1894 by Reinhold [60] and by 
Babinski and Nageotte [61] 8  years later. 
Hemimedullary infarction is usually associated 
with concomitant infarcts in the posterior circula-
tion, and its occurrence in isolation is rare. 
Clinical symptoms/signs are essentially the com-
bination of LMI and MMI. The usual etiologies 
are intracranial VA atherosclerosis or dissection 
that extends to block both lateral and medial 
medullary perforating branches.

Fig. 4.6  Examples of a patient with large, dorsally 
extended medial medullary infarction (MMI) that is asso-
ciated with distal vertebral artery disease (upper panel) 

and a patient with small, ventral MMI that is associated 
with small artery disease (lower panel)

4  Brain Stem Infarction Syndromes



46

�Pontine Infarcts

Pontine infarction may occur in isolation or in 
association with other posterior circulation infarc-
tion. Hospital registry studies showed that patients 
with isolated pontine infarcts account for 2.6–3% 
of ischemic stroke and 12–15% of patients with 
posterior circulation infarcts [62–64]. One study 
from Asia showed a higher prevalence: 7.6 % of 
cerebral infarcts and 28% of vertebrobasilar artery 
territory infarcts [65] (Table 4.3).

�Clinical Features

�Motor Dysfunction (Including 
Dysarthria and Ataxia)
The pontine base contains fibers regulating motor 
function, including descending corticospinal, 
corticopontocerebellar, and corticobulbar tracts 

(Fig. 4.7A). Accordingly, pontine base infarction 
easily produces motor system dysfunction. 
Although limb weakness is the most common 
symptom, the clinical features depend upon the 
degree of involvement of each fiber tract. Fisher 
and his colleagues described pure motor stroke 
[55], ataxic hemiparesis [66], and dysarthria-
clumsy hand syndromes [67] as “lacunar” syn-
dromes. However, other combinations are 
observed such as dysarthria-hemiataxia or 
dysarthria-facial paresis [68]. The categorization 
is not strict as patients with ataxic hemiparesis 
may evolve into pure motor stroke as the limb 
weakness progresses over time, or vice versa. 
Patients with ataxic hemiparesis may have addi-
tional ataxia on the side ipsilateral to the lesion 
[68–70] due probably to involvement of the 
crossing corticopontocerebellar tracts [70].

Severe hemiparesis is usually associated with 
large lesions affecting the ventral surface of the 
caudal or middle pons whereas similar sized 
lesions tend to produce milder limb weakness but 
relatively prominent dysarthria (producing 
dysarthria-clumsy hand) when they are located in 
the rostral pons; here, pyramidal tract fibers are 
sparsely arranged and located relatively laterally 
and are therefore not extensively damaged by 
paramedian lesions [68].

�Sensory Dysfunction
Small tegmental pontine infarcts or hemorrhages 
that selectively involve sensory tracts (medial 
lemniscus and spinothalamic tract) produce a 
pure or predominant hemisensory deficit without 
significant other neurological dysfunctions [71, 
72] (Fig.  4.7C). Occasionally, patients have 
hemi-paresthesias without objectively detectable 
sensory deficits.

In the pontine medial lemniscal tract, the sen-
sory projections from the arm, trunk, and leg are 
arranged from a medial to lateral direction. 
Therefore, a medially located lesion preferen-
tially affects the face and arm, causing a cheiro-
oral syndrome, whereas laterally located lesions 
produce leg-dominant sensory symptoms [71]. 
The most medially located lesions sometimes 
produce bilateral facial or perioral sensory symp-
toms due probably to involvement of trigemino-
thalamic fibers bilaterally [71]. Cheiro-oral-pedal 

Table 4.3  Clinical manifestations of pontine infarction

Author
Macdonell 
et al. Kase et al.

Tohgi 
et al.

Country Australia USA Japan
Published year 1987 1993 1993
Diagnosis CT based CT/MRI 

based
CT/
MRI 
based

Number of patients 30 66 293
Symptoms
 � Dizziness/

vertigo
80 50 

(vertigo)
70

 � Nausea/vomiting 63 52 56
 � Gait difficulty 

(or truncal 
ataxia)

77 71 40

 � Headache 40 53 32
 � Dysarthria 60 20
Signs
 � Limb ataxia 70 61 59
 � Truncal ataxia 67 62 45
 � Nystagmus 53 64 38
 � Decreased 

consciousness
36 34

 � Ocular 
movement 
disorder

27

 � Hemi(mono)
paresis

7 20

 � Facial palsy 13 8

J. S. Kim
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[73] and oro-crural [74] sensory distribution pat-
terns are also reported.

Trigeminal sensory deficits are often noticed in 
patients with infarcts affecting the lateral pons, 
usually accompanied by other symptoms of AICA 
territory infarction. Isolated trigeminal sensory 
symptoms without other neurological deficits may 
occur in patients with small strokes affecting the 
trigeminal fascicles or nucleus in the lateral pons 
[75]. Trigeminal sensory symptoms restricted to 
the intraoral area, and isolated involvement of taste 
sensation [76] were also reported.

�Ocular Motor Dysfunction
Structures related to ocular motor function such 
as abducens nucleus and fascicles, paramedian 
pontine reticular formation (PPRF), and medial 
longitudinal fasciculus (MLF) are located in the 
paramedian, dorsal pontine tegmentum 
(Fig.  4.7D). Infarcts affecting this region cause 
various types of ocular motor dysfunctions. For a 
detailed description and mechanism, see Chap. 7.

6th Nerve Palsy
The abducens nucleus is located in the parame-
dian, dorsal, lower pons. Although rare, isolated 
6th nerve palsy can result from a small pontine 
infarct that damages the abducens fascicles [77–
79]. Because the abducens nucleus is surrounded 
by facial nerve fascicles, dorsal lesions involving 
the lower pons may produce both 6th and 7th 
nerve palsies in isolation (Fig. 4.8B), or more fre-
quently, in association with contralateral hemipa-
resis (Millard–Gubler syndrome).

Internuclear Ophthalmoplegia
Internuclear ophthalmoplegia (INO) due to 
involvement of the MLF is much more common 
in patients with pontine infarction than 6th nerve 
palsy, probably because the MLF is a vertically 
long structure located in the paramedian area 
(Fig. 4.7D), easily involved by deep, paramedian 
pontine infarcts. In the largest series that included 
30 patients with INO with minimal neurologic 
deficits, authors found that they account for 

corticospinal,
corticopontocerebellar
tracts

medial lemniscus

facial mucleus

trigeminal nucleus and
tract

central tegmental tract

middle cerebellar
peduncle

abducens nucleus

superior vestibular nucleus

4th ventricle

medial logngitudinal fasciculus

a b c d e f g

Fig. 4.7  Illustrative patients and schematic drawing 
showing patterns of infarcts in the pons that is associated 
with branch occlusion. See the text for details. Patients 
had left hemiparesis (A), left sensorimotor stroke (B), 
right pure sensory stroke (C), right internuclear ophthal-

moplegia (D), left one-and-a-half syndrome and right sen-
sorimotor stroke (E), quadriparesis, sensory loss, and 
horizontal gaze palsy (F), and left ataxia and sensory 
change (G)
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0.47% of all ischemic stroke patients [80]. If the 
adjacent medial lemniscus or pontocerebellar 
fibers are involved, sensory symptoms, ataxia, 
and dysarthria are added. Lesions that extend 
laterally may result in additional facial paresis 
(71/2 syndrome) (Fig. 4.8C).

The symptoms of INO are characterized by 
(1) paralysis of adduction (or slowed adductive 
saccade when symptoms are mild) of the ipsilat-
eral eye for all conjugate eye movements and (2) 
nystagmus in the contralateral eye when this eye 
is in abduction. Convergence is more often pre-
served than impaired. Occasionally, the contra-
lateral eye is exotropic on neutral gaze, which is 
called “paralytic pontine exotropia.” The exo-
tropic gaze deviation is attributed to the unop-

posed tonic activity of the spared PPRF on the 
side opposite to a unilateral lesion. Although less 
common, some patients with bilateral INO show 
bilateral exotropia, a phenomenon referred to as 
“wall-eyed bilateral internuclear ophthalmople-
gia (WEBINO) [81].” The INO is frequently 
associated with contraversive ocular tilt reaction 
(OTR) (subjective visual vertical, ocular torsion, 
or skew deviation).

Conjugate Horizontal Gaze Palsy
Involvement of the paramedian pontine reticular 
formation (PPRF) near the 6th nerve nucleus 
leads to the absence of voluntary lateral gaze to 
the side of the lesion, including the quick phase 
of nystagmus. Patients’ eyes remain at the mid-

corticospinal tract

medial lemniscus 

aqueduct

medial longitudinal fasciculus

7th nerve nucleus

6th nerve nucleus

7th nerve

corticospinal tract

medial lemniscus 

aqueduct

medial longitudinal fasciculus

7th nerve nucleus

6th nerve nucleus

7th nerve

a b c

Fig. 4.8  Illustrative patients and schematic drawing of 
dorsal pontine structures. (A) An infarct that produced 
isolated left facial palsy indistinguishable from peripheral 
Bell’s palsy, due to selective involvement of the genu por-
tion of the seventh nerve (yellow circle). (B) An infarct 
producing right sixth and seventh nerve palsies due to 
involvement of the sixth nerve nuclei and the genu portion 
of the seventh nerve (red circle). (C) An infarct producing 

right internuclear ophthalmoplegia and facial palsy (71/2 
syndrome) due to involvement of the medial longitudinal 
fasciculus and seventh nerve fascicle (not indicated in the 
diagram). Right image: Photography of patient B.  She 
showed lateral gaze limitation of the right eye and 
decreased nasolabial fold in the right face. Consent was 
obtained from the patient for this presentation
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line in attempted ipsilateral saccade, or when 
they begin in a position contralateral to the lesion, 
return to the midline slowly [82]. The vestibular 
ocular reflex (VOR) and ipsilateral smooth pur-
suit usually remain intact. Bilateral lesions 
involving the abducens nucleus and PPRF pro-
duce paralysis of all horizontal eye movements. 
Although vertical gaze is mediated at a more ros-
tral level, patients with bilateral horizontal gaze 
palsies may show slow vertical gaze saccades. 
This is probably related to the fact that the omni-
pause neurons that modulate saccadic triggering 
are also involved in vertical saccades via sending 
signals to the riMLF [83].

One-and-a-Half Syndrome
One-and-a-half syndrome refers to “a paralysis 
of eye movements in which one eye lies cen-
trally and fails completely to move horizontally 
while the other eye lies in an abducted position 
and cannot be adducted past the midline [84].” 
A unilateral pontine lesion involving both the 
PPRF and MLF produces an ipsilateral conju-
gate gaze palsy, and paralysis of adduction of 
the ipsilateral eye on conjugate gaze to the 
opposite side [85].

Ocular Bobbing and Other Related Signs
Fisher [86] introduced the term ocular bobbing: 
“The eyeballs intermittently dip briskly down-
ward through an arc of a few millimeters and 
then return to the primary position in a kind of 
bobbing action.” Ocular bobbing is an ominous 
sign, usually associated with extensive, bilateral 
pontine infarcts or hemorrhages [86, 87]. 
Quadriparesis and decreased consciousness are 
usually present. Bobbing is usually bilateral and 
symmetric but can be predominantly unilateral 
or asymmetric [84, 88]. Asymmetric bobbing is 
common in patients in whom there is an asym-
metric paralysis of conjugate gaze. When bob-
bing is asymmetric, usually the eye ipsilateral to 
the side of limited gaze bobs when gaze is 
directed to that side [84, 86]. In patients with 
extensive pontine lesions, horizontal gaze is lost, 
but vertical gaze is preserved; the vertical vector 
of gaze may be accentuated so that the eyes 
“bob” down. In patients with bilateral pontine 

infarcts, ptosis of the upper eyelids is also fre-
quent [89], usually attributed to involvement of 
descending sympathetic fibers in the lateral pon-
tine tegmentum. The pupils become small (pin-
point pupil) [84], but pupillary response to light 
is usually preserved if examined by magnifying 
glass.

�Involuntary Movements

Palatal Myoclonus
Palatal myoclonus is a rhythmic involuntary jerk-
ing movement of the soft palate and pharyngo-
palatine arch, often involving the diaphragm and 
laryngeal muscles as well [90].

Palatal myoclonus does not appear in the acute 
stage of stroke but develops several months later. 
Occasionally, rhythmic, jerky movements are 
also observed in the face, eyeballs, tongue, jaw, 
vocal cord, or extremities (mostly hands); they 
may or may not be synchronous with palatal 
movements. The movements of the palate vary in 
rate between 40 and 200 beats per minute. The 
movements may involve the eustachian tube and 
make a click that the patient can hear.

The posited anatomical lesion involves the 
“Guillain–Mollaret triangle,” which includes the 
dentate nucleus of the cerebellum, the red nucleus 
in the midbrain, and the inferior olivary nucleus in 
the medulla and their interconnections [91]. The 
pathologic lesion most often seen in these patients 
is hypertrophic degeneration of the inferior olive. 
Enlarged neurons and diffuse gliosis are observed 
usually, though not always, bilaterally. In patients 
with pontine strokes, damage to the central teg-
mental tract and consequent hypertrophic degen-
eration of the inferior olive is considered to be a 
responsible mechanism. For unclear reason, the 
palatal myoclonus is more often observed in pon-
tine hemorrhages than infarcts (Fig. 4.9).

Periodic Limb Movements 
and Restless Leg
Periodic limb movements [92] and restless leglike 
symptoms [93] may occur after unilateral pontine 
base infarction. The presumed mechanisms are 
disinhibited propriospinal/segmental spinal 
reflexes or dopaminergic fibers involvements due 
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to lesions involving pontine reticular formation 
[92, 94].

�Other Cranial Nerve Dysfunction
The 5th, 7th, and 8th nuclei or fascicles are 
involved when lesions are laterally situated. This 
issue will be discussed in the AICA syndrome 
(see Chap. 6). A very small infarct selectively 
damaging the genu portion of the 7th nerve may 
produce isolated 7th nerve palsy, indistinguish-
able from peripheral facial nerve palsy (Fig. 4.8A).

�Auditory Symptoms
After entering into the cochlear nucleus, some 
auditory fibers ascend directly, while others tra-

verse through the trapezoid body to the contralat-
eral lateral lemniscus. Due to the bilateral, 
complex auditory pathways, hearing loss is rare 
in patients with pontine infarction unless the 8th 
nerve nucleus/fascicles are directly involved in 
AICA territory infarction.

However, extensive and destructive lesions 
involving the tegmental area may produce audi-
tory symptoms. Bilateral total deafness has been 
rarely observed [95]. More often, tinnitus and 
auditory hallucination, usually associated with a 
certain degree of hearing impairment, are found 
in patients with pontine strokes [96–98] (Fig. 4.9).
The auditory hallucinations are considered a cen-
tral “release phenomenon” in the setting of 

a b

c d

Fig. 4.9  A 68-year-old hypertensive man became drowsy. 
Neurological examination showed that he had bilateral 
horizontal gaze paresis, severe dysarthria, quadriparesis, 
bilateral ataxia, and sensory dysfunction. CT showed 
paramedian dorsal ponto-mesencephalic hemorrhage (A, 
B). He gradually improved but continued to have dizzi-

ness, diplopia, and gait ataxia. One year later, examination 
showed newly developed pendular nystagmus, palatal 
tremor, and auditory hallucination. MRI showed old, 
shrunken hemorrhages (C) and a high signal intensity in 
the swollen left medullary olive (arrow, D), consistent 
with inferior olivary hypertrophic degeneration
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peripheral input deficiency. The hallucination 
often disappears as the hearing loss improves 
[98]. For unclear reason, hallucinations are often 
musical, i.e., songs, drum sound, etc. Contralateral 
hyperacousis has also been observed in a patient 
with unilateral pontine tegmental stroke [99], 
possibly attributed to hypersensitization phenom-
enon after damage on the sensory tract.

�Consciousness Disturbances or Coma
Patients with bilateral, extensive pontine infarcts 
caused by sudden BA occlusion often present 
with decreased consciousness or even coma, 
probably related to involvement of brainstem 
reticular activating structures responsible for the 
regulation of alertness.

�Abnormalities of Respiration
Abnormalities of respiration are also common, 
but their mechanism is difficult to determine, 
partly because of the extensiveness of the infarc-
tion and partly because of the usual presence of 
general medical problems (e.g., aspiration, fever, 
and hypoventilation) in these patients. Apneustic 
breathing with a hang-up of the inspiratory phase 
and grossly irregular breathing (ataxic respira-
tions) occasionally occur in patients with BA 
occlusion and indicate an ominous prognosis 
[100].

�Emotional Disturbances
Pathological laughing or crying occasionally 
occurs in patients with pontine infarction [65, 68, 
69, 101]. Patients with bilateral pontine lesions 
have more frequent and severe symptoms. Recent 
studies [54, 102] focusing on this issue showed 
that excessive or inappropriate laughing/crying 
occurs in 33–50% of the patients with pontine 
base infarction (Fig. 4.10). Depression was less 
common, occurring in 16% [54]. Patients with 
tegmental lesions rarely showed emotional 
disturbances.

The emotional disturbances in patients with 
pontine base infarction may be attributed to 
involvement of profuse serotonergic fibers from 
the brainstem raphe nuclei projecting to the 
basal ganglia or the cerebellum [54, 103, 104]. 
Another closely related emotional symptom, 
excessive or inappropriate anger, is equally 

common in patients with pontine base infarction 
[102]. Mania [105] and psychotic behaviors 
[106, 107] are also observed but are distinctly 
uncommon.

�Clinical–Topographical Correlation

In the era of MRI, unilateral pontine infarct is 
much more common than bilateral one, occupy-
ing approximately 90% of isolated pontine 
infarction [62, 63].

�Unilateral Infarcts
In one study examining 49 patients with unilat-
eral paramedian infarcts, 27 patients had basal 
infarcts, 15 basal-tegmental infarcts, and 7 had 
infarcts limited to the tegmental area [65].

Unilateral Paramedian Basal Infarcts
Paramedian infarction involving mainly the pon-
tine base is the most common pattern occurring in 
54–58% of isolated pontine infarction [62, 64, 
65]. Motor dysfunction is the main symptom 
(Fig. 4.7A). Lesions extending dorsally to involve 
the tegmentum produce sensory symptoms as 

Fig. 4.10  A 58-year-old hypertensive man developed 
dysarthria and mild right hemiparesis due to left pontine 
base infarction. The symptoms gradually improved, but he 
complained of repeated episodes of excessive and inap-
propriate crying. This was the most distressing symptom 
of the patient. The symptom, emotional incontinence, 
improved greatly after escitalopram (10  mg/d) 
administration
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well (Fig. 4.7B). According to a study that evalu-
ated 37 patients with acute, unilateral infarcts that 
mainly involved the pontine base [68], the clinical 
presentations included pure motor hemiparesis in 
17, sensorimotor stroke in 3, ataxic hemiparesis in 
4, and dysarthria-clumsy hand syndrome in 6 
patients. One patient had dysarthria-hemiataxia, 
two with quadrataxic hemiparesis, and four had 
dysarthria-facial paresis.

Acute or subacute neurologic progression 
occurs up to 1/4 of patients with pontine base 
infarction, along with subacute lesion volume 
increase [108]. It seems that infarcts in the lower 
pons are more often associated with progressive 
worsening and poorer functional outcome than 
those in the upper pons [65].

�Unilateral Paramedian Tegmental 
Infarction
Unilateral tegmental infarction is the second 
most common pattern of pure pontine infarction, 
occurring in 12-31% of patients [62, 63, 65]. 
Unilateral tegmental infarcts frequently produce 
hemisensory syndromes [71] (Fig.  4.7C), while 
more dorsally located lesions produce ocular 
motor dysfunction, most often INO [80] 
(Fig. 4.7D). One-and-a-half syndrome and hori-
zontal gaze palsy also occur [65]. Involvement of 
adjacent structures such as facial nerve/fascicules 
may produce INO plus peripheral-type facial 
palsy (Fig. 4.8C). Relatively large lesions result 
in both hemisensory syndromes and ocular motor 
dysfunction.

�Combined Basal-Tegmental Infarction
Paramedian pontine base infarction may extend 
dorsally to involve the tegmental portion 
(Fig. 4.7E). The clinical features are essentially a 
combination of basal and tegmental syndromes.

�Unilateral Circumferential Artery 
Territory (Ventrolateral) Infarcts
Ventrolateral territory infarcts were reported to 
occur in 17-25% of patients with isolated pontine 
infarction [62, 63]. However, it is often difficult 
to clearly differentiate the ventrolateral from the 
ventromedial group, and some studies did not 
separate them [64, 65]. Clinical features are simi-

lar to those of paramedian infarcts. However, 
hemiparesis is relatively mild, probably because 
pyramidal motor fibers located in the paramedian 
area are less severely involved (Fig.  4.7G). 
Accordingly, patients more often present with 
ataxic hemiparesis, dysarthria-clumsy hand syn-
drome, or predominant hemisensory symptoms.

�Unilateral Dorsolateral Infarcts
The dorsolateral areas are supplied by AICA in 
the lower pons and SCA in the upper pons.

Infarction of this area is accompanied by con-
comitant cerebellar infarcts and rarely involved 
in isolation. Trigeminal sensorimotor dysfunc-
tion, 6th nerve palsy, 7th nerve palsy, auditory 
disturbances, and contralateral sensory dysfunc-
tion are usually observed. Contralateral hemipa-
resis is rare or mild when present.

�Bilateral Infarcts
Bilateral infarcts are usually, though not always, 
associated with BA occlusion and result in grave 
neurological symptoms. As the bilateral lesions 
almost always involve the ventral part, involving 
the corticospinal tracts, quadriparesis is usual 
[106, 109, 110]. The quadriparesis may start 
from the beginning; more often, the initial motor 
dysfunction is lateralized to one side and then 
progresses [111]. Hemiparetic patients with BA 
occlusion often show some motor or reflex abnor-
malities on the nonparetic side such as clumsi-
ness, ataxia, hyperreflexia, and extensor plantar 
reflex. Occasionally, there are abnormal move-
ments such as shivering, twitching, shaking, or 
jerking of the relatively spared side, which may 
be precipitated by painful stimuli [112]. Unless a 
therapy (e.g., recanalization) is quickly per-
formed, asymmetrical motor disturbances often 
progress to severe quadriplegia. The progression 
usually occurs within 24  h [113] but may be 
delayed up to several days (Fig. 4.7F).

Ataxia or incoordination is another common 
finding, observed in the limbs that are not severely 
paretic. The ataxia is invariably bilateral but is 
frequently asymmetric. Dysarthria and dysphagia 
due to bilateral bulbar muscle paresis are also 
common, associated with bilateral facial weak-
ness, tongue weakness, and limited jaw move-

J. S. Kim



53

ments. Some patients become totally unable to 
speak, open their mouth, or protrude their tongue. 
The jaw, face, and pharyngeal reflexes may be 
hyperactive and even clonic. Secretions pool in 
the pharynx and are an important cause of aspira-
tion pneumonia. Somatosensory abnormalities 
should also be common, but they are usually 
overshadowed by motor dysfunction and cannot 
be precisely assessed in patients with severe con-
dition. Occasionally, patients complain of 
uncomfortable paresthesias or CPSP.

Because large bilateral pontine infarcts fre-
quently involve the dorsal tegmental area, ocular 
motor dysfunction is also common, which 
include INO, horizontal gaze palsy, one-and-a-
half syndrome, and sixth nerve palsies. Ocular 
bobbing, ptosis, and pinpoint pupils strongly sug-
gest extensive, bilateral tegmental lesions (see 
above). Symptoms such as tinnitus, hearing loss, 
and auditory hallucination are related to involve-
ment of the central auditory tracts or the eighth 
nerves/fascicles. Some may develop delayed-
onset palatal myoclonus.

Altered consciousness is an important sign in 
patients with sudden BA occlusion and is related 
to bilateral medial tegmental pontine ischemia. 
Usually, the level of consciousness improves 
overtime even if other neurological deficits per-
sist. Patients may show pathological crying and 
laughing spells that are triggered by minimal 
social-emotional stimuli. When all voluntary 
movements are lost, the deficit is referred to as 
the “locked-in” syndrome. Vertical eye move-
ments are usually spared and are used for simple 
communications.

�Stroke Mechanisms
Unilateral infarcts involving the ventral pons are 
caused either by large artery disease or penetrat-
ing artery disease. Studies primarily using MRA 
revealed that BA atherosclerotic stenosis was 
associated with 23% of pontine infarction [62] 
and 39–50% of pontine base infarction [63, 65, 
108]. Therefore, branch occlusion associated 
with BA stenosis is an important stroke mecha-
nism of pontine base infarction (Figs. 3.4A and 
3.5 in Chap. 3). Even in patients without MRA-
identified BA stenosis, small plaques that obstruct 

the orifice of perforating branches are occasion-
ally seen if high-resolution vessel wall MRI is 
used [114] (lower panel of Fig. 3.5 in Chap. 3). 
Pontine infarcts limited to the tegmental area are 
mostly caused by penetrating artery disease 
(lipohyalinosis) (Fig. 3.4B in Chap. 3), unassoci-
ated with BA disease [62, 65, 71]. Although 
uncommon, however, the most dorsally located 
infarcts may be associated with significant, bilat-
eral intracranial VA or BA steno-occlusive dis-
ease. Restoration of BA flow through collaterals 
(e.g., the posterior communicating artery) 
explains the sparing of the other parts of the pons 
[80].

In patients with bilateral pontine infarction, 
significant BA steno-occlusive disease is usually 
present [106]. Pathologically, the vast majority is 
atherothrombosis, and dissection is uncommon 
as compared to medullary infarction. Occasional 
patients with bilateral pontine infarcts have 
sequential infarcts caused by occlusion of BA 
branches on both sides. In these patients, a hemi-
paresis is followed days, weeks, or months later 
by another event that leads to paresis on the other 
side of the body. Embolism is a less common 
cause of isolated pontine infarction.

�Prognosis
Unless accompanied by infarcts in other areas, the 
prognosis of unilateral pontine infarction is rela-
tively favorable. Most patients survive the acute 
stage. Their functional deficits depend upon resid-
ual neurologic severity. Patients with initially 
severe hemiparesis, progressive worsening, bilat-
eral ataxia, and lower pontine lesion have rela-
tively unfavorable functional outcomes [62, 65, 
68]. The prognosis of patients with tegmental 
lesions is even better. However, patients with 
severe sensory deficits may have difficulty in per-
forming fine movements due to sensory deficits. 
More problematic is the development of CPSP, 
which usually remains persistent once it develops. 
When patients have INO as an isolated symptom, 
INO mostly improves [80]. However, in patients 
with more extensive ocular dysfunction associ-
ated with other major neurologic sequelae, resid-
ual ocular motor dysfunction frequently remains, 
and patients suffer from prolonged diplopia and 
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dizziness. The prognosis of bilateral pontine 
infarcts presenting with quadriparesis is ominous. 
Unless promptly and appropriately treated in the 
early stage, most patients die or remain bed-rid-
den with quadriparesis. There may be persistent 
sensory disturbances, diplopia, dizziness, or pala-
tal myoclonus.

�Midbrain Infarction

The midbrain is supplied by branches arising 
from the PCA, upper BA, SCA, and the anterior 
choroidal artery. It is often affected in patients 
with embolic stroke occurring in the posterior 
circulation, usually with the concomitant involve-
ment of other structures such as the thalamus, 
cerebellum, and occipital lobe [115]. According 
to the New England Medical Center Registry, 
midbrain infarction is ten-fold more likely to be 
accompanied by ischemia of neighboring struc-
tures than it is to occur in isolation [116]. Isolated 
midbrain infarcts account for 0.2–2.3% of admit-
ted ischemic strokes [117–119]. While one study 
showed that pure midbrain infarct occupied 0.7% 
of posterior circulation ischemic stroke [116], 
another reported that it represented 8% of poste-
rior circulation infarcts [118].

�Clinical Features

The third nerve palsy has been considered the 
most important clinical feature indicating mid-
brain stroke. However, with the advent of MRI, it 
has been recognized that nonlocalizing “lacunar” 
syndromes are actually more common. In the 
largest series that used MRI [117], clinical mani-
festations included gait ataxia (68%), dysarthria 
(55%), limb ataxia (50%), sensory symptoms 
(43%), third nerve palsy (35%), limb weakness 
(≤IV/V) (23%), and INO (13%).

�Ocular Motor Dysfunction

Third Nerve Palsy
Third nerve palsy occurs in 33–50% [117, 118, 
120] of patients with pure midbrain infarction due 
to involvement of either the third nerve fascicles 

or the nucleus. Lesions that affect the third nerve 
nucleus often cause bilateral ptosis and upgaze 
deficits; this is attributed to involvement of the 
caudal subnucleus supplying both levator palpe-
brae, and the crossing fibers from the contralateral 
subnucleus of the superior rectus, respectively, 
within the third nucleus complex [121].

The third nerve palsy is frequently incom-
plete, and certain ocular muscles may be selec-
tively involved. For example, divisional 
oculomotor paresis was reported to be caused by 
midbrain lesions involving the fascicle suggest-
ing the functional separation of superior (sub-
serving levator palpebrae, superior rectus) and 
inferior (subserving inferior and medical rectus 
and inferior oblique) divisions within the brain-
stem in the fascicular portion of the nerve [122]. 
Patients with a tiny lesion within the third nucleus 
may even produce weakness of a single extraocu-
lar muscle such as the inferior rectus [79] or 
medial rectus [123]. A very small infarct was 
reported to produce isolated inferior rectus palsy 
due to selective involvement of the relevant fas-
cicle [124].

Internuclear Ophthalmoplegia
The lesions producing an INO are located in the 
paramedian, dorsal lower midbrain, involving the 
MLF. A detailed description of INO was included 
with the topic of pontine infarction. Patients fre-
quently have ocular tilt reaction [125].

Vertical Gaze Disturbances
Involvement of the most rostral part of the mid-
brain produces vertical gaze paresis (see the sec-
tion “Top of the Basilar Artery Syndrome”).

Fourth Nerve Palsy
The trochlear nucleus lies in the lower midbrain 
caudal to the oculomotor nuclear complex. 
Unlike third nerve fascicles that travel in the 
paramedian area, the fourth nerve fascicles run 
dorsally around the aqueduct to decussate in the 
anterior medullary velum just caudal to the infe-
rior colliculus. Because this dorsolateral part of 
the lower midbrain is mainly supplied by the 
SCA, fourth nerve palsy is almost always accom-
panied by concomitant SCA infarction [79, 126] 
(Fig.  4.11D). Because the lesions mostly dam-
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age the trochlear nucleus or the fascicle before 
decussation, superior oblique palsy usually 
develops in the eye contralateral to the midbrain 
stroke.

�Hemiparesis and Other Motor 
Dysfunction
Although limb weakness is found in more than 
half of patients, a significant hemiparesis is pres-

ent in only approximately 1/4 of patients when 
the pyramidal tract at the crus cerebri was heavily 
and densely involved [117] (Fig.  4.11). The 
uncommon occurrence of severe hemiparesis 
may at least in part be due to sparsely arranged 
pyramidal fibers in the crus cerebri as compared 
to the lower brainstem [68]. Dysarthria is invari-
ably present, and hemiataxia may be observed in 
patients without severe hemiparesis.
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red nucleus
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c d
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Fig. 4.11  Illustrative patients and schematic drawing of 
midbrain indicating important structures, supplying vessels 
and four topographic subgroups. (A) Anteromedial, (B) 
anterolateral, (C) lateral, and (D) dorsolateral (posterior). 
(A) Both patients had ipsilateral oculomotor disturbances 
and mild contralateral ataxia. (B) The patient had dysarthria 
and clumsy hand on the right side. MRA showed stenosis in 
the P2 portion of the left posterior cerebral artery (arrow). 

(C) The patient presented with pure sensory stroke. (D) The 
patient had concomitant cerebellar infarction. MRA 
showed occlusion of the superior cerebellar artery (arrow) 
due to cardiac embolism. He had left limb ataxia, decreased 
sensory perception on the right side, and right superior 
oblique palsy. (Modified from Kim JS, Kim J. Pure mid-
brain infarction: Clinical, radiologic, and pathophysiologic 
findings. Neurology 2005;64;1227–1232)
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�Sensory Symptoms/Signs
Unlike the pons, where the sensory tracts are 
located in the paramedian area, the sensory 
tracts are located at the dorsolateral portion of 
the midbrain (Fig. 4.11). In one study, sensory 
disturbances were observed in 43% of pure mid-
brain infarction [117]. However, because 
infarcts preferentially involve the paramedian 
area, sensory symptoms are often minor and 
restricted to certain body parts. Cheiro-oral 
distribution is relatively common [117], proba-
bly because face and finger representation areas 
are located medially in the sensory tract, being 
vulnerable from paramedian infarction. 
Mesencephalic pure hemisensory syndrome is 
rare and is caused by small infarcts or hemor-
rhages affecting the dorsolateral area [71, 117] 
(Fig. 4.11C).

�Ataxia
Ataxia is one of the most frequently observed 
symptoms/signs in midbrain infarction [117], 
probably related to the presence of abundant neu-
ronal fibers connecting with the cerebellum in the 
midbrain: the descending corticopontocerebellar 
fibers at the crus cerebri and ascending cerebello-
rubro-thalamic tracts in the paramedian area near 
the red nucleus (Fig. 4.11).

In the cerebral peduncle, descending cerebel-
lar fibers areas are rarely involved in isolation, 
and concomitant involvement of the pyramidal 
tracts or corticobulbar tracts lead to syndromes 
such as ataxic hemiparesis or dysarthria with 
ataxia. Paramedian lesions affecting ascending 
cerebello-rubro-thalamic tracts at or near the red 
nucleus may produce ataxia without significant 
other motor dysfunction. Because paramedian 
lesions usually involve the oculomotor nucleus or 
fascicles, ipsilateral third nerve palsy is often 
combined with contralateral ataxia (Claude 
syndrome).

Patients with unilateral lower midbrain lesion 
may have bilateral ataxia usually worse on the 
contralateral side [117, 118]. This is attributed to 
bilateral involvement of crossing efferent dentato-
rubral fibers at the lower midbrain level by lesions 
located in the paramedian area. Bilateral ataxia 

caused by a single lesion is a localizing sign for 
paramedian lower midbrain infarction. The out-
come of such patients is unfavorable; they have 
marked dysarthria and long-lasting gait instabil-
ity (Fig. 4.12).

�Involuntary Movements

Holmes Tremor
Patients with midbrain strokes occasionally 
develop a tremor, referred to as “rubral tremor” 
or “Holmes tremor.” The characteristics of the 
tremor are as follows [127]:

	(a)	 Intention and resting tremor, but some may 
show postural tremor as well.

The tremor may not be as regular as other 
tremors and occasionally shows jerky 
components.

	(b)	 Tremor is of low frequency, mostly below 
4.5 Hz.

	(c)	 There is a variable delay (mostly 2 weeks to 
2 years) between the onset of the lesion and 
the appearance of tremors.

Fig. 4.12  An 81-year-old woman had dizziness, severe 
dysarthria, bilateral ataxia, and gait difficulty. Diffusion-
weighted MRI showed left paramedian infarction in the 
midbrain. Despite rehabilitation therapy, the symptoms 
persist, and she was not able to walk alone after 5 years of 
follow-up
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The tremor is predominantly unilateral  
and mainly affects the hands and the proximal 
arm.

The responsible lesions are usually situated 
at the superior and external part of the red 
nucleus affecting the rubro-thalamic pathways. 
Lesions affecting the thalamus, the central teg-
mental tract in the pons, or deep nuclei of the 
cerebellum may cause similar movement 
disorders.

Dopaminergic PET imaging studies showed 
striatal dopaminergic dysfunction in these 
patients, probably due to the involvement of the 
nigrostriatal system [128, 129]. Some suggested 
that combined damage of the cerebellothalamic 
and nigrostriatal system may be required to 
generate Holmes tremor [130, 131]. Ipsilateral 
third nerve palsy accompanied by contralateral 
ataxia and tremor is referred to as Benedict 
syndrome.

Parkinsonism
Midbrain strokes may produce hemi-parkinsonism 
due to involvement of the substantia nigra [132–
134]. The prevalence is very low, probably 
because parkinsonian symptoms are masked by 
other major deficits such as hemiparesis or ataxia. 
However, if carefully tested, subtle symptoms 
such as micrographia [135] or hypokinetic 
dysarthria and palilalia [136] are observed. 
Dopaminergic system dysfunction is documented 
by PET imaging in these patients.

Dystonia
Unilateral dystonia may be observed in patients 
with extensive ponto-mesencephalic tegmental 
lesions [137], usually associated with sensorim-
otor dysfunction and other involuntary move-
ments such as rubral tremor or excessive 
twitching.

Asterixis
Paramedian midbrain infarcts may produce 
asterixis in the contralateral limbs [138], prob-
ably related to the involvement of the rubrospi-
nal or cerebellar-rubral tracts that are involved 
in the regulation of postural/tonic control of 
extremities.

�Neuropsychiatric and Emotional 
Disturbances
Symptoms such as emotional incontinence [54], 
agitation, and impulsive behavior [139] have 
been reported in patients with midbrain infarc-
tion. These features may be related to serotoner-
gic or limbic dopaminergic system involvement.

�Clinical–Topographical Correlation

According to MRI findings, the lesions are cate-
gorized as the following groups (Fig. 4.11).

�Anteromedial (or Paramedian) Lesion
Approximately 50–60% of pure midbrain infarc-
tions belong to this group [117, 120] (Fig. 4.11A). 
The lesions usually involve the third nerve fasci-
cles or nucleus (at the upper midbrain), the MLF 
(at the lower midbrain), the red nucleus, and the 
medial part of the cerebral peduncle. The clinical 
features are characterized by ocular motor distur-
bances (third nerve palsy or INO), contralateral 
mild hemiparesis, and ataxia. Ataxia may be bilat-
eral when the paramedian lesion is located in the 
lower midbrain (Fig. 4.12). Sensory deficits, when 
present, are usually mild and often present in 
restricted body parts such as the perioral or peri-
oral-hand areas.

�Anterolateral Lesion
Approximately 1/4 of patients belong to this 
group [117, 120] (Fig. 4.11B). Because the crus 
cerebri is primarily involved, patients’ main 
symptom is hemiparesis. Although severe motor 
dysfunction in uncommon (see above), some 
patients may have progressively worsening hemi-
paresis. In patients who do not have severe hemi-
paresis, ataxic hemiparesis, dysarthria-clumsy 
hand syndrome, pure dysarthria, and dysarthria-
ataxia may develop. If adjacent sensory tracts are 
involved, sensory deficits may be added.

�Combined Lesions
Some patients have lesions in both anteromedial 
and anterolateral areas. Clinical features are the 
combination of the two: ocular motor distur-
bances, ataxia, and various motor syndromes.
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�Lateral Lesion
Although quite uncommon, lesions may be con-
fined to the lateral part of the midbrain 
(Fig. 4.11C). The clinical features are character-
ized by hemisensory deficits caused by involve-
ment of the laterally located sensory lemniscus. 
The clinical features are not distinguishable from 
a thalamic pure sensory stroke.

�Dorsolateral Lesion
This area is supplied by the SCA, and infarcts 
occurring in this area are almost always accom-
panied by concomitant cerebellar infarction. 
Fourth nerve palsy, INO, ataxia, and contralateral 
sensory disturbances may be present (Fig. 4.11D).

�Bilateral Lesions
Bilateral midbrain infarctions are almost always 
accompanied by extensive infarcts in the other 
parts of posterior circulation [117, 120]. Patients 
develop altered consciousness, quadriparesis, 
severe dysarthria, dysphagia, and, ultimately, a 
locked-in state. Patients may have bilateral oculo-
motor palsy [120], but ocular movements may 
remain intact if dorsal areas are spared [140, 141].

�Stroke Mechanism
Approximately 2/3 of pure midbrain infarction is 
caused by large artery atherosclerotic disease. 
Anteromedial, anterolateral, and combined type 
lesions are usually caused by branch occlusion 
associated with PCA or rostral BA atherothrombo-
sis [117] (Fig. 3.4A in Chap. 3, Fig. 4.11B). Small 
penetrating artery disease explains stroke in 
approximately 1/4 of the patients who have deep-
seated lesions (Fig.  3.4B in Chap. 3). Cardiac 
embolism is rare in patients with isolated midbrain 
infarction [117, 120]. The stroke mechanism of the 
lateral group is uncertain, but artery-to-artery 
embolization from tightly stenosed BA was 
reported [117]. Dorsolateral infarcts are almost 
always caused by SCA occlusion, which is most 
often caused by cardiac embolism (Fig. 4.11D).

�Prognosis
In patients with pure midbrain infarction, the 
lesions are mostly unilateral, and the prognosis is 

relatively good. Initial severe motor dysfunction 
may predict a worse prognosis. However, in one 
study, 36 out of 40 patients were functionally 
independent after 2 years of follow-up [117]. The 
functional outcome of patients with bilateral 
ataxia (Fig.  4.12) is unfavorable because they 
usually have persistent gait difficulty and dysar-
thria. As in patients with medullary or pontine 
infarction, underlying vascular diseases (BA or 
PCA) probably affect the future outcome of these 
patients. Patients with bilateral infarction have a 
grave prognosis; they often die due to aspiration 
pneumonia and frequently remain locked-in.

�Top of the Basilar Artery Syndrome

Infarction of rostral brainstem and cerebral hemi-
spheral regions fed by the distal BA causes a 
clinically recognizable syndrome characterized 
by visual, ocular motor, and behavioral abnor-
malities, often without significant motor dys-
function. Caplan [115] described this as “top of 
the basilar artery syndrome.” Typically, there are 
bilateral, multiple infarcts in the paramedian 
midbrain, medial thalamus, medial temporal 
areas, and occipital lobes (Fig. 4.13). The clinical 
features vary greatly and depend on the topogra-
phy of the damaged brain. Occasionally, bilateral 
SCA infarctions are the only manifestation of 
basilar tip occlusion when bilateral fetal type 
PCAs are present without anastomosis between 
the anterior and posterior circulations [142].

�Clinical Features

�Ocular Motor Dysfunction
See Chap. 7 for details.

Vertical Gaze Palsy
Vertical gaze pathways from the cerebral cortex 
converge on the periaqueductal region beneath 
the collicular plate, near the interstitial nucleus of 
Cajal and the posterior commissure. In this 
region, there is a cluster of neurons regulating 
vertical gaze, referred to as rostral interstitial 
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MLF (riMLF) [143, 144]. Extensive lesions 
occurring in the rostral midbrain result in both 
upgaze and downgaze failure. Vertical VOR is 
usually preserved. A unilateral lesion affecting 
the posterior commissure can cause upward sac-
cadic failure due probably to the fact that fibers 
involved in upward saccades decussate through 
the posterior commissure, which connects the 
riMLF on both sides [145, 146]. Bilateral dam-
age to the riMLF is usually required to produce 

down gaze paresis; therefore, isolated upgaze 
palsy is more common than down gaze paresis 
[147, 148]. If the connections from the riMLF to 
the third nuclei are selectively damaged just 
above the nucleus on one side, monocular upgaze 
palsy may occur [149–151]. A vertical one-and-
a-half syndrome (upward gaze paresis with mon-
ocular downward gaze paresis or downward gaze 
paresis with monocular upward gaze paresis) is 
also observed [152, 153].

Fig. 4.13  A 75-year-old woman with atrial fibrillation 
became drowy and confused. Examination showed con-
fused mentality, somnolence, anterograde memory 
impairment, vertical gaze failure, and gait ataxia. MRI 

showed multiple infarcts in the cerebellum, midbrain, and 
bilateral paramedian thalamus. MRA showed normal bas-
ilar artery, suggesting that occluded basilar tip was already 
recanalized
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Convergence, Eyelid, and Pupillary 
Abnormalities
Ocular convergence is probably controlled in the 
medial midbrain tegmentum. Convergence vec-
tors are frequently evident on an attempted 
upward gaze. Rhythmic convergence nystagmus 
may be elicited if patients are told to follow a 
downgoing opticokinetic target with their eyes. 
Convergence vectors may modify lateral gaze, 
and patients may show pseudo-sixth nerve palsy 
[115]. Lid abnormalities are also a sign of rostral 
brainstem infarction. Unilateral infarction of the 
third cranial nerve nucleus can lead to complete 
bilateral ptosis [89]. Retraction of the upper lid 
(Collier’s sign) may be observed in patients with 
tectal lesions [154]. When ischemia affects the 
Edinger–Westphal nucleus, the pupils may be 
fixed and dilated, whereas if the lesion involves 
sympathetic fibers, the pupil size becomes 
smaller [155].

�Somnolence and Loss of Attention
The medial mesencephalon and diencephalon 
contain the most rostral portions of the reticular 
activating system. Infarcts in these regions 
frequently produce excessive sleep and lack of 
attention. Because the reticular gray matter is 
adjacent to the third nerve nuclei, riMLF, and the 
posterior commissure, somnolence is frequently 
associated with relevant ocular motor 
disturbances.

�Hallucinations
Patients with rostral brainstem infarction often 
have hallucinations (peduncular hallucinosis) 
[156]. The hallucinations tend to occur at twilight 
or during the night, and such patients usually 
have sleep disorders (nocturnal insomnia or day-
time hypersomnolence) [115]. The hallucinations 
are usually vivid and mostly visual and contain 
multiple colors, objects, and scenes. Occasionally, 
auditory or tactile hallucinations are associated. 
Bilateral infarcts confined to the medial substantia 
nigra pars reticulata are reported to cause pedun-
cular hallucinosis [157]. However, similar hallu-
cinations are observed in patients with infarcts 
that involve the pons or the posterior thalamus 
[158]. Neuropsychological testing in patients 

with hallucination show impairments of episodic 
memory, confabulation, attention deficits, confu-
sion, delusion, and misidentification for persons 
and places. It seems that brainstem hallucinosis 
may be related with the dysfunctional ascending 
reticular system and thalamocortical circuits 
[159].

�Confabulations
Confabulations are often reported in patients with 
rostral brainstem infarcts [115]. The features are 
similar to what were described as Wernicke-
Korsakoff psychosis.

�Hemiballism and Abnormal 
Movements
Hemichorea or ballism may occur from infarcts 
affecting the subthalamic nucleus (corpus Luysii) 
[160]. Other movement disorders related to mid-
brain involvement are described above (see the 
section “Midbrain Infarction”).

�Other Symptoms and Signs
Occipital and thalamic infarcts are common, and 
relevant symptoms and signs are described in 
Chap. 5. Embolism may produce infarcts in the 
other parts of the brainstem, and the relevant 
symptoms and signs are described in the early 
part of this chapter.

�Stroke Mechanisms and Prognosis
Occlusions of the BA tip are generally embolic 
[115], more often from the heart than proximal 
artery atherothrombosis. Although uncommon, 
atherothrombosis occurring in the distal BA can 
also result in this syndrome [161]. In patients 
with embolic occlusion, the embolic fragments 
may also occlude other vessels such as the PICA, 
SCA, or pontine branches before they reach to 
the top of BA.  PCA territory infarcts are also 
commonly found. In patients with cardiac embo-
lism, an embolus is frequently evanescent, and it 
may already be gone at the time of the angio-
graphic study (Fig.  4.13). In this case, the 
patient’s prognosis is generally good, although 
they may have residual deficits depending on 
already damaged structures. However, persistent 
BA occlusion may lead to downward extension 
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of thrombi to result in catastrophic bilateral 
brainstem infarction. The recent advent of endo-
vascular thrombectomy is of great help in the 
early and successful recanalization of the 
occluded BA (see Chap. 11). Aside from the suc-
cessful recanalization, adequate collateral system 
(e.g., the presence of textbook-type posterior 
communication artery) appears to be associated 
with better functional outcome in these patients 
[162].
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