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ABSTRACT

Current research has indicated an apparent 
pandemic of fear of the neural sciences, termed 
neurophobia, among medical students across 
the world. While the cause of this fear may 
be multifactorial, we seek to directly address 
the phenomenon of neurophobia in part by 
providing medical students as well as healthcare 
professionals a simplified approach to one of the 
most challenging topics in neurology; brainstem 
vascular syndromes. This article will provide an 
overview of the causes of the various brainstem 
vascular syndromes emphasizing a simple 
approach for localizing the artery affected. 
The rule of 4 is discussed and then applied 
to each of the brainstem vascular syndromes 
highlighting the distinguishing features of 
each specific syndrome. With an abundance of 
easy to understand illustrations and pictorials, 
we emphasize the clinical symptomatology, 
differentiating characteristics, and pertinent 
neuroanatomy of each brainstem vascular 
syndrome.
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INTRODUCTION

Recently, it has been reported that medical students 
and trainee doctors perceive neurology as one of the more 
difficult disciplines of medicine [1–9]. Furthermore, 
it has been found that medical students and physician 
residents feel less confident in the field of neurology than 
other specialties of medicine [2]. The fear of the neural 
sciences and clinical neurology, termed “neurophobia”, is 
a common problem among students and trainee doctors 
worldwide [1–9]. Traditionally, a difficult topic to grasp 
in clinical neurology is brainstem vascular syndromes 
[2, 10–12]. This article provides a brief overview of the 
etiology of brainstem vascular syndromes and a simplified 
approach for medical students and trainee doctors to 
localize the vascular territory affected. We discuss the rule 
of 4 and then provide a basic overview of each of the major 
vascular syndromes emphasizing clinical manifestations, 
distinguishing features, and relevant neuroanatomy for 
each syndrome. The aim of this article is to be used as a 
supplement to neuroscience textbooks used by medical 
students and healthcare professionals.
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THE RULE OF 4
The rule of 4 is a simplified method to localize 

brainstem vascular syndromes specific to a vascular 
territory. Utilizing the rule of 4 as well as distinguishing 
clinical signs specific to each vascular syndrome, the 
vascular territory affected can be quickly and accurately 
localized. There are 4 basic rules to this schema [13]: 

First Rule: There are 4 midline structures that begin 
with the letter M

Second Rule: There are 4 lateral structures that begin 
with the letter S

Third Rule: There are 4 cranial nerves below the pons, 
4 in the pons, and 4 above the pons

Fourth Rule: There are 4 midline cranial nerve motor 
nuclei

Within each of the 4 rules are 4 additional guidelines 
necessary to understand in order to localize the site of 
vascular occlusion [13].

Third rule: There are 4 cranial nerves (CN) below the 
pons, 4 in the pons, 4 above the pons (Figure 1):

(1) � Medulla: glossopharyngeal, vagus, spinal 
accessory, hypoglossal (CN 9–12, respectively)

(2) � Pons: trigeminal, abducens, facial, 
vestibulocochlear (CN 5–8, respectively)

(3) � Midbrain: oculomotor, trochlear (CN 3–4, 
respectively)

Fourth rule: There are 4 midline motor nuclei: The 
nuclei of cranial nerves 3, 4, 6, and 12:

Figure 1: Brainstem vasculature and emerging cranial nerves (A) Ventral view of the brainstem, (B) Lateral view of the brainstem. 
The brainstem is organized into three divisions. Caudal to cranial they are the medulla oblongata, pons, and midbrain. At the level of 
the medulla, four cranial nerves emerge including the glossopharyngeal, vagus, accessory, and hypoglossal nerves. At the level of the 
pons, four cranial nerves emerge including the trigeminal, abducens, facial, and vestibulocochlear nerves. At the level of the midbrain, 
two cranial nerves emerge including the oculomotor and trochlear nerves. The trochlear nerve is the only nerve to exit via the dorsal 
surface of the brainstem as well as immediately decussate. The olfactory and optic nerves emerge above the level of the midbrain.

VASCULAR SYNDROMES OF THE  
MEDULLA OBLONGATA

Lateral Medullary Syndrome
Lateral medullary syndrome, also known as 

Wallenberg syndrome, is usually due to infarction of the 
posterior inferior cerebellar artery (PICA) (Figure 2) [14, 
15]. The posterior inferior cerebellar artery supplies the 
lateral territory of the medulla. With the lateral medulla 
affected, the second rule of 4 applies to this vascular 
syndrome. Patients with lateral medullary syndrome 
present with (Figure 3):

•  �loss of pain and temperature of the contralateral 
arm and leg (spinothalamic tract)

•  �ataxia of the ipsilateral arm and leg (spinocerebellar 
tract)

•  �horner’s syndrome of the ipsilateral eye (sympathetic 
pathway)

•  �loss of pain and temperature of the ipsilateral face 
(sensory nucleus of trigeminal nerve)

Distinguishing features of lateral  
medullary syndrome

The third rule indicates that cranial nerves 9–12 may 
be affected in medullary infarcts. The fourth rule excludes 
cranial nerve 12 from being affected in this particular 
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Figure 2: Structures affected in lateral medullary syndrome (A) Transverse view of nuclei affected in the left lateral medullary 
syndrome. The posterior inferior cerebellar artery (PICA) originates from the vertebral arteries and supplies the lateral most aspect 
of the medulla. The PICA supplies vestibular nucleus, spinal trigeminal nucleus, and nucleus ambiguus. Furthermore, the inferior 
cerebellar peduncle, sympathetic tract, and spinothalamic tract can also be affected as these structures extend through the dorsolateral 
aspect of the medulla, (B) Lateral view of the brainstem level affected in lateral medullary syndrome. The red line indicates the level 
being described is the medulla in this syndrome. (C) Ventral view of the brainstem level affected in lateral medullary syndrome. The 
red circle indicates that the PICA is affected in this syndrome. 

Figure 3: Clinical manifestations of lateral medullary syndrome (A) Body representation of the clinical manifestations of left lateral 
medullary syndrome. The green lines indicate loss of pain and temperature of the contralateral arm and leg (spinothalamic tract). 
The yellow lines represent ataxia of the ipsilateral arm and leg (spinocerebellar tract). The purple lines on the left face indicate loss 
of pain and temperature of the ipsilateral face (sensory nucleus of trigeminal nerve). The red circle represents Horner’s syndrome of 
the ipsilateral eye (sympathetic pathway). Furthermore, patients may experience vertigo and nystagmus (vestibular nucleus), loss of 
the gag reflex (vagus nerve), and dysphagia (nucleus ambiguus and glossopharyngeal nerves), (B) Horner’s syndrome. The left eye 
exhibits ptosis (drooping of the upper eyelid), anhidrosis (lack of sweat in response to heat), and miosis (constriction of the pupil). 
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syndrome, as cranial nerve 12 is a midline structure. This 
leaves cranial nerves 9, 10, and 11 as possible cranial 
nerves affected by a lateral medullary infarct. Cranial 
nerves 9 and 10 are affected in this particular syndrome 
as cranial nerve 11 is usually not affected in medullary 
infarcts. Differentiating features specific to lateral 
medullary syndrome are loss of function of cranial nerves 
9 and 10 (glossopharyngeal and vagus nerve, respectively) 
resulting in hoarseness and dysphagia [14, 15]. A simple 
pneumonic to remember these distinguishing features as 
well as the artery affected is “Never pick a (PICA) horse 
(hoarseness) that cannot eat (dysphagia) [16]. 

Medial Medullary Syndrome
Medial medullary syndrome, also known as Dejerine 

syndrome, is most commonly due to infarction of the 
vertebral artery (Figure 4) [15, 17]. The vertebral artery 
supplies the medial territory of the medulla. As the 
medial medulla is affected, the first rule of 4 applies to 
this vascular syndrome. Patients with medial medullary 
syndrome present with (Figure 5):

Figure 4: Structures affected in medial medullary syndrome (A) Transverse view of nuclei affected in left medial medullary syndrome. 
The anterior spinal artery is a single midline structure that receives blood from the bilateral vertebral arteries. This artery supplies 
the medial aspect of the medulla. The anterior spinal artery supplies the pyramidal tracts, medial lemniscus, medial longitudinal 
fasciculus, and hypoglossal nucleus, (B) Lateral view of the brainstem level affected in medial medullary syndrome. The red line 
indicates the level being described is the medulla in this syndrome, (C) Ventral view of the brainstem level affected in medial medullary 
syndrome. The red circle indicates that the anterior spinal artery is affected in this syndrome.

•  �weakness of the contralateral arm and leg 
(corticospinal tract)

•  �loss of vibration and proprioception of the 
contralateral arm and leg (medial lemniscus)

•  �internuclear ophthalmoplegia of the ipsilateral eye 
(medial longitudinal fasciculus)

•  �loss of function of midline ipsilateral cranial nerve 
12

Distinguishing features of medial  
medullary syndrome

The third rule indicates that cranial nerves 9–12 may 
be affected in medullary infarcts. The fourth rule indicates 
that cranial nerve 12 is the only cranial nerve affected in 
this syndrome because it is the only cranial nerve that 
arises midline and from the medulla. A differentiating 
feature specific to medial medullary syndrome is loss of 
function of cranial nerve 12 (hypoglossal nerve) resulting 
in deviation of the hypoglossal nerve to the ipsilateral 
side (side of the infarction) [15, 17]. A simple pneumonic 
to remember that the tongue deviated to the ipsilateral 
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side when the hypoglossal nerve is affected is “lick your 
wounds” – referring to the tongue deviating towards the 
side of the “wound” (infarct) [16].

VASCULAR SYNDROMES OF THE PONS

Lateral Pontine Syndrome
Lateral pontine syndrome usually results from 

infarction of the anterior inferior cerebellar artery (AICA) 
(Figure 6) [15]. The anterior inferior cerebellar artery 
supplies the lateral territory of the pons. With the lateral 
pons affected, the second rule of 4 applies to this vascular 
syndrome. Patients with lateral pontine syndrome 
present very similar to patients with lateral medullary 
syndrome, except for different distinguishing cranial 
nerve features. Patients with lateral pontine syndrome 
present with (Figure 7):

•  �loss of pain and temperature of the contralateral 
arm and leg (spinothalamic tract)

•  �ataxia of the ipsilateral arm and leg (spinocerebellar 
tract)

Figure 5: Clinical manifestations of medial medullary syndrome (A) Body representation of the clinical manifestations of left medial 
medullary syndrome. The red lines represent weakness of the contralateral arm and leg (corticospinal tract). The blue lines indicate 
loss of vibration and proprioception of the contralateral arm and leg (medial lemniscus). The red circle around the eye represents 
internuclear ophthalmoplegia of the ipsilateral eye (medial longitudinal fasciculus). The red circle around the mouth indicates 
deviation of the tongue towards the side of the lesion (hypoglossal nerve), (B) Internuclear ophthalmoplegia. With respect to left 
medial medullary syndrome, when an attempt is made to look to the right, the left eye will adduct to a minimal extent whereas the 
right eye will abduct with nystagmus, (C) Deviation of tongue towards side of lesion. With respect to left medial medullary syndrome, 
infarction of the hypoglossal nucleus will cause the tongue to deviate to the left.

•  �horner’s syndrome of the ipsilateral eye (sympathetic 
pathway)

•  �loss of pain and temperature of the ipsilateral face 
(sensory nucleus of trigeminal nerve)

Distinguishing features of lateral  
pontine syndrome

The third rule indicates that cranial nerves 5–8 may 
be affected in pontine infarcts. The fourth rule excludes 
cranial nerve 6 from being affected in this particular 
syndrome, as cranial nerve 6 is a midline structure. This 
leaves cranial nerves 5, 7, and 8 as possible cranial nerves 
affected by a lateral pontine infarct. A differentiating 
feature specific to lateral pontine syndrome is loss of 
function of cranial nerve 7 (facial nerve) resulting in facial 
paralysis [15]. A simple pneumonic to remember that 
facial nucleus effects are specific to AICA lesions is “facial 
droop means AICA is pooped” [16].

Medial Pontine Syndrome
Medial pontine syndrome most commonly results 

from infarction of the paramedian branches of the basilar 
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Figure 6: Structures affected in lateral pontine syndrome (A) Transverse view of nuclei affected in left lateral pontine syndrome. The 
anterior inferior cerebellar artery (AICA) branches from the early basilar artery. This artery supplies the lateral aspect of the pons. 
The AICA supplies the cochlear nucleus, vestibular nucleus, facial nucleus, spinal trigeminal nucleus, and spinothalamic tract, (B) 
Lateral view of the brainstem level affected in lateral pontine syndrome. The red line indicates the level being described is the pons 
in this syndrome, (C) Ventral view of the brainstem level affected in lateral pontine syndrome. The red circle indicates that the AICA 
is affected in this syndrome. 

Figure 7: Clinical manifestations of lateral pontine syndrome (A) Body representation of the clinical manifestations of left lateral 
pontine syndrome. The green lines indicate loss of pain and temperature of the contralateral arm and leg (spinothalamic tract). The 
yellow lines represent ataxia of the ipsilateral arm and leg (spinocerebellar tract). The purple lines on the left face indicate loss of 
pain and temperature of the ipsilateral face (sensory nucleus of trigeminal nerve). The red circle represents the Horner’s syndrome 
of the ipsilateral eye (sympathetic pathway). Furthermore, patients may experience facial muscle weakness (facial nucleus) as well 
as vertigo and nystagmus (vestibular nucleus), (B) Horner’s syndrome. The left eye exhibits ptosis (drooping of the upper eyelid), 
anhidrosis (lack of sweat in response to heat), and miosis (constriction of the pupil). 
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Figure 8: Structures affected in medial pontine syndrome (A) Transverse view of nuclei affected in left medial pontine syndrome. The 
paramedian pontine arteries are branches originating from the basilar artery. These branches supply the medial aspect of the pons. 
These branches supply the abducens nucleus, facial nucleus, medial longitudinal fasciculus, medial lemniscus, and corticospinal 
tracts. However, rarely are all these structures affected with a single infarction due to the numerous branches anastomosing in the 
pons, (B) Lateral view of the brainstem level affected in medial pontine syndrome. The red line indicates the level being described is 
the pons in this syndrome, (C) Ventral view of the brainstem level affected in medial pontine syndrome. The red circle indicates that 
the paramedian pontine arteries are affected in this syndrome.

Figure 9: Clinical manifestations of medial pontine syndrome (A) Body representation of the clinical manifestations of left medial 
pontine syndrome. The red lines represent weakness of the contralateral arm and leg (corticospinal tract). The blue lines indicate 
loss of vibration and proprioception of the contralateral arm and leg (medial lemniscus). The red circle around the eye represents 
internuclear ophthalmoplegia of the ipsilateral eye (medial longitudinal fasciculus), (B) Internuclear ophthalmoplegia. With respect 
to left medial pontine syndrome, when an attempt is made to look to the right, the left eye will adduct to a minimal extent whereas the 
right eye will abduct with nystagmus, (C) Abducens nerve palsy. With respect to right medial pontine syndrome, when an attempt is 
made to look to the right, the right eye will be unable to look to the right due to dysfunction of the right abducens nerve.
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artery (Figure 8) [15, 18]. The paramedian branches of 
the basilar artery supply the medial territory of the pons. 
As the medial pons is affected, the first rule of 4 applies 
to this vascular syndrome. Patients with medial pontine 
syndrome present very similar to the patients with medial 
medullary syndrome, except for different distinguishing 
cranial nerve features. Patients with medial pontine 
syndrome present with (Figure 9):

•  �weakness of the contralateral arm and leg 
(corticospinal tract)

•  �loss of vibration and proprioception of the 
contralateral arm and leg (medial lemniscus)

•  �internuclear ophthalmoplegia of the ipsilateral eye 
(medial longitudinal fasciculus)

•  �loss of function of midline ipsilateral cranial nerve 6

Distinguishing features of medial  
pontine syndrome

The third rule indicates that cranial nerves 5–8 may 
be affected in pontine infarcts. The fourth rule indicates 
that cranial nerve 6 is the major cranial nerve affected in 
this syndrome, as cranial nerve 6 is a midline structure. 

A differentiating feature specific to medial pontine 
syndrome is loss of function of cranial nerve 6 (abducens 
nerve) resulting in strabismus [15, 18]. Strabismus is 
characterized as ipsilateral paralysis of the lateral rectus 
muscle (the eye that is affected will look inferior and 
towards the nose).

Ventral Pontine Syndrome
Ventral pontine syndrome, also known as 

cerebromedullospinal disconnection, or locked-in 
syndrome, is caused by infarction of the basilar artery 
(Figure 10). The basilar artery supplies the pons. The first 
and second rule of 4 applies to this vascular syndrome. 
Ventral pontine syndrome is easy to identify as a 
collection of bilateral long tract signs (motor and sensory) 
sometimes supplemented by signs of cranial nerves 5–8 
dysfunction. This results in the quadriplegia and aphasia. 
However, patients with this syndrome usually do not 
exhibit paralysis of the eyes. Individuals with locked-in 
syndrome may be able to communicate by moving their 
eyes or blinking [15, 19].

Figure 10: Structures affected and clinical manifestations in ventral pontine syndrome (A) Transverse view of nuclei affected in ventral 
pontine syndrome. The basilar artery supplies the pons. Although there is variability in presentation, extensive bilateral destruction is 
seen in the corticospinal, corticopontine, and corticobulbar tracts. The medial lemniscus may or may not also be affected, (B) Lateral 
view of the brainstem level affected in ventral pontine syndrome. The red line indicates the level being described is the pons in this 
syndrome, (C) Ventral view of the brainstem level affected in ventral pontine syndrome. The red circle indicates that the basilar artery 
is affected in this syndrome, (D) Body representation of the clinical manifestations of ventral pontine syndrome. Black lines represent 
quadriplegia (complete body paralysis) and numbness. Usually, the only function spared in ventral pontine syndrome is that of eye 
ovement and blinking.
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VASCULAR SYNDROMES OF THE MID-
BRAIN

Medial Midbrain Syndrome
Medial midbrain syndrome, also known as Weber’s 

syndrome, is usually due to infarction of the penetrating 
branches of the posterior cerebral artery (Figure 11) [15, 
20]. The penetrating branches of the posterior cerebral 
artery supply the midbrain [15, 20]. Unlike the medulla 
and pons, vascular syndromes of the midbrain do not 
exactly follow the rule of 4. Occlusion of these branches 
in this syndrome results in (Figure 12):

•  �ipsilateral eye “down and out” with dilation, and an 
unresponsive pupil (oculomotor nerve)

•  �weakness of the contralateral face (corticobulbar 
tract)

•  �weakness of the contralateral arm and leg 
(corticospinal tract)

Lateral Midbrain Syndrome
Lateral midbrain syndrome, also known as Benedikt 

syndrome, is most commonly due to penetrating branches 
of the posterior cerebral artery (Figure 13) [15, 20]. The 
penetrating branches of the posterior cerebral artery 
supply the midbrain [15, 20]. Occlusion of these branches 
in this syndrome results in (Figure 14):

•  �ipsilateral eye “down and out” with dilation, and an 
unresponsive pupil (oculomotor nerve)

•  �ataxia of the contralateral body (red nucleus)
•  �tremor (dentatorubrothalamic tract)

Dorsal Midbrain Syndrome
Dorsal midbrain syndrome, also known as Parinaud’s 

syndrome and vertical gaze palsy, is most commonly 
caused by a pinealoma, which compresses the superior 
colliculus at the rostral interstitial nucleus of medial 
longitudinal fasciculus (Figure 15) [15]. This syndrome 
can also result from multiple sclerosis and stroke of the 
upper brainstem. It should be noted that case reports in 

Figure 11: Structures affected in medial midbrain syndrome (A) Transverse view of nuclei affected in left medial midbrain syndrome. 
The proximal penetrating branches of the posterior cerebral artery supply the most medial aspect of the midbrain. These branches 
supply the corticospinal and corticobulbar tracts as well as the oculomotor nucleus, (B) Lateral view of the brainstem level affected in 
medial midbrain syndrome. The red line indicates the level being described is the midbrain in this syndrome, (C) Ventral view of the 
brainstem level affected in medial midbrain syndrome. The red circle indicates that the posterior cerebral artery (proximal branches) 
is affected in this syndrome.
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Figure 12: Clinical manifestations of medial midbrain syndrome (A) Body representation of the clinical manifestations of left medial 
midbrain syndrome. The red lines represent weakness of the contralateral arm and leg (corticospinal tract) and contralateral face 
(corticobulbar tract). The red circle around the eye indicates an ipsilateral eye that is “down and out” with dilation and an unresponsive 
pupil (oculomotor nucleus), (B) Oculomotor nerve palsy. With respect to left medial midbrain syndrome, the left eye will be “down 
and out” in position, exhibit dilation, and the pupil will be unresponsive to light. 

Figure 13: Structures affected in lateral midbrain syndrome (A) Transverse view of nuclei affected in left lateral midbrain syndrome. 
The distal penetrating branches of the posterior cerebral artery supply the lateral aspect of the midbrain. These branches supply 
the oculomotor nucleus, medial longitudinal fasciculus, medial lemniscus, red nucleus, and cerebral peduncles, (B) Lateral view of 
the brainstem level affected in lateral midbrain syndrome. The red line indicates the level being described is the midbrain in this 
syndrome, (C) Ventral view of the brainstem level affected in lateral midbrain syndrome. The red circle indicates that the posterior 
cerebral artery (distal branches) is affected in this syndrome.
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Figure 14: Clinical manifestations of lateral midbrain syndrome (A) Body representation of the clinical manifestations of left medial 
midbrain syndrome. The orange lines represent contralateral ataxia and tremor (red nucleus). The red circle around the eye indicates 
an ipsilateral eye that is “down and out” with dilation and an unresponsive pupil (oculomotor nucleus), (B) Oculomotor nerve palsy. 
With respect to left medial midbrain syndrome, the left eye will be “down and out” in position, exhibit dilation, and the pupil will be 
unresponsive to light.

Figure 15: Structures affected and clinical manifestations in dorsal midbrain syndrome (A) Transverse view of nuclei affected in 
dorsal midbrain syndrome. Dorsal midbrain syndrome most commonly results from superior colliculi compression due to mass effect 
from a pinealoma. Although extremely rare, this syndrome can also be a result of an infarct to the posterior thalamo-subthalamic 
paramedian artery (not shown), (B) Lateral view of the brainstem level affected in dorsal midbrain syndrome. The red line indicates 
the level being described is the midbrain in this syndrome, (C) Physical representation of the clinical manifestations of dorsal 
midbrain syndrome. Compression of the superior colliculus at the rostral interstitial nucleus of medical longitudinal fasciculus results 
in patients experiencing paralysis of upward gaze. 



Edorium Journal of Neurology, Vol. 3; 2016.

Edorium J Neurol 2016;3:4–16.  
www.edoriumjournalofneurology.com

Cuoco et al.  15

the medical literature have demonstrated that occlusion 
of the posterior thalamo-subthalamic paramedian artery 
can also cause this syndrome [21, 22]. Nevertheless, the 
classic etiology of Parinaud’s syndrome, caused by a 
pinealoma, results in:

•  �paralysis of upward gaze (rostral interstitial nucleus 
of medical longitudinal fasciculus)

•  �collier’s sign (retraction of the eyelids)

CONCLUSION

In summary, if one can remember the rule of 4 and the 
distinguishing cranial nerve feature(s) of each vascular 
syndrome then one will be able to identify the presenting 
syndrome and localize the stroke to a vascular territory. 
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