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 Patient: Male, 44-year-old
 Final Diagnosis: Central pontine myelinolysis
 Symptoms:	 Bulbar	paralysis	•	locked-in	syndrome	•	tetraplegia
	 Medication: —
 Clinical	Procedure: Brain MRI
 Specialty:	 Neurology	•	Rehabilitation

 Objective: Unusual clinical course
 Background: Central pontine myelinolysis (CPM) includes symmetric demyelination of the central pons. CPM is a rare neu-

rological disorder that generally develops after rapid correction of hyponatremia in individuals having under-
lying conditions, such as malnutrition, alcoholism, and severe burns. It can cause severe long-term disabilities. 
However, there is currently no pharmacotherapy capable of promoting remyelination, a process crucial for re-
covery from CPM. We present the case of a patient with alcoholism and malnutrition-related CPM, which de-
veloped following rapid correction of hyponatremia but then improved remarkably with supportive physical 
therapy.

 Case Report: A 44-year-old alcoholic and malnourished man was admitted to an emergency hospital for disorientation due 
to overdrinking, but later developed bulbar palsy after hyponatremia was unexpectedly, but rapidly, corrected. 
Axial scans of the diffusion-weighted brain MRI revealed a characteristic lesion known as a piglet sign in the 
central pons. Based on his underlying conditions, present episode of sodium correction, and MRI finding, the 
patient was diagnosed as having CPM, which progressively worsened, resulting in locked-in syndrome after 12 
days. The patient was then transferred to a long-term care unit and received simple motion exercise daily, but 
no specific medication. His symptoms gradually improved, achieving discontinuation of tube feeding on day 
21, independent walking on day 110, and discharge after 6 months.

 Conclusions: This report highlights the importance of physical therapy, the potential of which is often underestimated de-
spite its broad benefits for human health, as a readily applicable intervention for patients with CPM. Further 
understanding of mechanisms underlying exercise-induced myelination should contribute to establishing nov-
el therapies for a wide spectrum of brain disorders.
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Background

Central pontine myelinolysis (CPM), a demyelinating disorder 
of the central nervous system (CNS) caused by damage to my-
elin-forming oligodendrocytes (ODCs), typically develops after 
rapid correction of hyponatremia in patients having underlying 
conditions, such as chronic alcoholism, post-liver transplanta-
tion problems, poorly-controlled diabetes, malnutrition, and se-
vere burns [1-5]. It is well recognized that a sudden rise in ex-
tracellular osmolarity due to sodium correction leads to rapid 
movement of water out of cells, causing cellular dysfunctions 
and, ultimately, cell death [1]. The underlying conditions pre-
ceding the onset of CPM are considered as a primary pathol-
ogy producing the state of limited osmolyte response in the 
brain, whereas the rapid sodium correction is a disease-trig-
gering event [6]. The tendency of lesions to occur in the cen-
tral pons is thought to be due to its distinctive structure den-
sified with ODCs, which is a cell type vulnerable to osmotic 
stress [1,7]. In fact, extrapontine myelinolysis (EPM) often oc-
curs in other ODC-rich regions, such as the striatum and cer-
ebellar white matter [1,7]. It has to be noted that there are 
also CPM cases with underlying illness, such as alcoholism and 
diabetes, but without hyponatremia and/or its acute correc-
tion [8-11]. This indicates that, for the development of CPM, 
brain damage caused by the underlying condition itself can 
be sufficient in some cases, whereas the sodium event is not 
always a requirement. Other osmolyte dysregulation, such as 
hypokalemia [12] and hypophosphatemia [13], are also report-
ed to mediate CPM.

Symptoms of CPM appear depending on the spread of lesions 
within the brainstem. If the corticobulbar tracts are injured, 
patients present dysarthria and dysphagia. Depending on the 
extent of corticospinal pathway involvement, varying severity 
of muscle weakness appears, from mild hemiparesis to com-
plete tetraplegia manifesting as locked-in syndrome [1]. Co-
occurrence of EPM often makes the clinical picture complicat-
ed with added, or even preceding, extrapontine symptoms, 
such as involuntary movement and behavioral abnormali-
ties [1]. One should thus bear in mind that the emergence of 
any new CNS symptom in individuals having known risks in-
dicates possible occurrence of CPM plus/or EPM.

In addition to the underlying illness and the triggering epi-
sode (ie, rapid correction of lowered serum osmolarity), mag-
netic resonance imaging (MRI) of the brain provides key di-
agnostic information [14,15]. The first change in the central 
pons can usually be detected within 24 h of symptom onset 
as a symmetric high-signal area in a diffusion-weighted (DW) 
image. In the later stage, this lesion becomes clear and well-
defined in T2-weighted (T2W) and T1-weighted (T1W) imag-
ing. Particularly, the high-signal lesion recognized on axial T2W 
scans is described as being shaped like a pig snout (piglet 

sign) [16]. This characteristic appearance is attributed to rela-
tive sparing of the descending corticospinal and corticobulbar 
tracts (the nostrils of the pig snout) within the pontine lesion.

Despite increased understanding of the disease pathogene-
sis and accessibility of diagnostic MRI, evidence-based phar-
macotherapy for CPM is lacking. We report the case of an al-
coholic and malnourished man who developed CPM after his 
hyponatremia was rapidly corrected, but who then recovered 
remarkably with supportive physical therapy. We discuss the 
case with a particular focus on how motion exercises enhanced 
CNS remyelination, a process crucial for recovery from CPM.

Case Report

A 44-year-old man with a past history of chronic alcoholism 
presented to an emergency hospital for disorientation due to 
overdrinking, and an intravenous drip of standard maintenance 
solutions (100 mL/h) was initiated. However, his blood sodi-
um level was unexpectedly, but rapidly, corrected from 107 
mEq/L to 121 mEq/L within 18 h, and he developed dysarthria 
and dysphagia on the next day. Other abnormalities detected 
on admission blood tests included mild anemia, slight dehy-
dration, and decreased protein levels. Together with his low 
body mass index, he was considered to have mild malnutri-
tion (basic information summarized in Table 1). In axial MRI 
scans of the brain (1.5T) taken on the day of symptom onset 
(Figure 1), an abnormality was detected in the central pons in 
DW images as a relatively high-signal area resembling a pig-
let sign [16] but not clear in T2W and T1W images, suggesting 
that this was the lesion of recent onset, as described previous-
ly [14]. Based on his underlying illnesses (alcoholism and mal-
nutrition), the present episode of sodium correction, and MRI 
findings, the patient was diagnosed as CPM. While nutrition-
al and body water balance were maintained by tube feeding, 
intravenous drip of vitamin B1 (300 mg of thiamine per day) 
was given for 1 week to prevent development of Wernicke’s 
encephalopathy, which is another alcoholism-related CNS dis-
order caused by thiamine deficiency [17]. His vital signs, arte-
rial oxygen saturation, and serum electrolytes, such as sodi-
um and potassium, stayed within normal levels, but the palsy 
progressively worsened, resulting in locked-in syndrome after 
12 days. After 1 month of being confined to bed and receiving 
tube feeding and range of motion (ROM) exercises to prevent 
limb-joint contracture, he was transferred to the long-term 
care unit of our hospital for further supportive care.

On admission (day 1), the patient was completely paraplegic 
but alert and could express “Yes” or “No” either by blinking 
or moving his eyes to communicate with medical staff. Deep-
tendon reflexes in his extremities were normal, and neither 
sensory defect nor pathologic reflex was detected. The bedside 
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Basic	data	on	admission	to	the	
emergency	hospital

Normal range

Body weight (kg)/height (cm) 47.3/174

Body mass index 15.6 18.5-25

Blood pressure (mmHg) 109/72

Heart rate (bpm) 70 (Regular)

Body temperature (°C) 36.4

Blood test

Red blood cell (×1012/L) 3.5 4.3-5.7

White blood cell (×109/L) 6.5 3.9-9.8

Platelet (×109/L) 333 130-362

Sodium (mEq/L) 107 135-147

Potassium (mEq/L) 4.0 3.5-5.0

Glucose (mg/dL) 83 70-110

Blood urea nitrogen (mg/dL) 28 8-20

Creatinine (mg/dL) 0.8 0.5-1.0

Total protein (g/dL) 6.0 6.7-8.3

Albumin (g/dL) 3.0 3.5-5.0

AST (IU/L) 29 12-33

ALT (IU/L) 32 5-35

LDH (IU/L) 148 115-254

g-GTP (IU/L) 53 13-64

Phosphate (mg/dL) 3.8 2.7-4.6

C-reactive protein (mg/dL) 0.25 <0.3

Table 1. Summary of the patient’s past history and basic data on admission to the emergency hospital.

Past	history

Education/Occupation High school graduate/Factory worker since the age of 18

Marriage/Child Married at the age of early 20s/Three children

Alcohol drinking More than 25 years since the age of 18

Past illness Chronic alcoholism diagnosed at the age of late 20s (details unknown)

Smoking/Drug abuse None/None

Diet Slightly unbalanced

Family history Unremarkable

AST – aspartate aminotransferase; ALT – alanine aminotransferase; LDH – lactate dehydrogenase; g-GTP – gamma-glutamyl 
transferase. Bold font indicates abnormal values.
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ROM exercise was continued as done at the former hospital, 
but no medication was prescribed. From day 3 of hospitaliza-
tion, the patient started to move his left hand, followed by 
gradual recovery of motor ability. The level of motion train-
ing was increased in a timely manner, with no specially-de-
signed program but according to the patient’s motor recov-
ery and motivation, achieving discontinuation of tube feeding 
on day 21, sit-to-stand movements on day 42, and indepen-
dent walking on day 110. During the rehabilitation (about 1 h 
daily), no specialized equipment was used, and we only used 
commonly available aids such as a chair, parallel bars, walker, 

and cane. In the brain scans performed 11 weeks after disease 
onset (Figure 2), the central pontine piglet sign became appar-
ent and well-defined in T2W and T1W images. There was no 
imaging evidence of EPM. The malnutrition, presumably a con-
sequence of long-term alcoholism and unbalanced diet, was 
no longer detected in the examinations done after 5 months 
of hospitalization. The patient’s performance in activities of 
daily living as assessed by the Barthel index [18] had steadily 
improved, reaching a perfect score on day 170. Soon thereaf-
ter, the patient was discharged with only slight muscle weak-
ness of his right hand and mildly slurred speech.

Figure 1.  Axial MRI scans taken on the day of disease onset. (A) T2-weighted (T2W) image at the level of the pons. (B) Enlarged T2W 
image of the square region indicated in (A) showing the central pontine lesion as a slightly high-signal area. (C) Enlarged 
T1-weighted (T1W) image of the square region indicated in (A) showing the central pontine lesion as a slightly low-signal 
area. (D) Enlarged diffusion-weighted (DW) image of the square region indicated in (A) showing the central pontine lesion 
as an apparently high-signal area resembling a piglet sign. Arrows indicate relatively spared descending corticospinal and 
corticobulbar tracts (the nostrils of the pig snout) within the lesion.
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Discussion

To the best of our knowledge, this is the first reported case of 
CPM that developed in a patient with co-occurrence of mul-
tiple disease risks: alcoholism, malnutrition, and hyponatre-
mia and its rapid correction. As CPM, though, our case was 
quite typical in its underlying illness (alcoholism and malnu-
trition), triggering episode (rapid correction of hyponatremia), 
and brain MRI finding (piglet sign). Considering the patient’s 
severe symptoms manifested as locked-in syndrome, what is 
noteworthy in this case was his remarkable response to reha-
bilitation. Many cases of CPM with favorable prognosis have 
been reported [19,20]; however, few reports have emphasized 
the possible contribution of physical therapy to the patient’s 
recovery [21]. In CPM, the risk for poor prognosis is reported 
to be high in the patients with serum sodium of <115 mEq/L, 
hypokalemia, and low Glasgow coma scale (<11) during hos-
pitalization [22]. Patients after liver transplantation were also 

reported to have worse outcomes as compared to those as-
sociated with other underlying conditions, including alcohol-
ism and malnutrition [23]. Given his severe hyponatremia 
(107 mEq/L) and its subsequent rapid correction, our patient 
is categorized in the group of patients with poor prognosis. 
Our patient had an outstanding recovery, which we believe 
was achieved, at least in part, through daily performance of 
simple physical therapy. By a network meta-analysis of ran-
domized controlled trials, recent studies have shown the pos-
itive effects of motion exercises on improving impaired motor 
functions of patients with multiple sclerosis (MS) [24,25], the 
most common demyelinating disorder of the CNS. In an animal 
model of CNS demyelination, Jensen et al demonstrated, at the 
histological level, that exercise actually accelerates oligoden-
drogenesis and the rate of remyelination [26]. Thus, physical 
exercise promotes the repair of demyelinated CNS axons, but 
the underlying mechanism has been unclear.

Neuronal activity-dependent myelination is the well-known 
process by which electrical activity of axons instructs ODCs 
to myelinate these active axons, thereby increasing their con-
duction velocity [27]. The mechanism underlying this phenom-
enon is not clearly understood; however, leakage of axonal 
components, such as potassium and glutamate, from unmy-
elinated sites of electrically active axons is considered to lo-
cally trigger a series of cellular responses towards myelina-
tion [27,28]. Even if a patient is completely paralyzed due to 

A
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Figure 2.  Axial MRI scans taken 11 weeks after disease onset. 
(A) T2W image at the level of pons. (B) Enlarged T2W 
image of the square region indicated in (A) showing 
the clear central pontine piglet sign as a well-defined 
high-density area. Arrows indicate spared descending 
corticospinal and corticobulbar tracts (the nostrils of 
the pig snout) within the lesion. (C) Enlarged T1W 
image of the square region indicated in (A) showing 
the central pontine piglet sign as a low-density area.
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severe demyelination, action potentials generated by the one’s 
will to move his/her body might reach the unmyelinated sites 
and provoke the myelin repairing processes. Currently, pas-
sive brain stimulation (ie, transcranial magnetic stimulation), 
which presented encouraging results in preclinical studies, is 
attracting attention as a novel therapeutic strategy for MS [28].

Exercise-induced myelination is also achieved by various trophic 
factors released into the blood from different organs. Among 
them is insulin-like growth factor (IGF-1), a liver-derived mole-
cule that increases in peripheral circulation in response to phys-
ical activity, then crosses the blood–brain barrier and turns on 
multiple cellular pathways involved in myelinogenesis [29]. IGF-1 
is also known for its ability to activate CNS vascularization and 
neurogenesis, and thus is a potential agent for treating various 
CNS disorders [29]. Exercise also stimulates skeletal muscles to 
secrete molecules [30], such as brain-derived neurotrophic fac-
tor (BDNF) [31], which are capable of driving CNS myelination. 
For factor release, however, a certain extent of physical activity 
is needed, making it impractical for some patients with limited 
mobility; therefore, researchers are now studying electrical mus-
cle stimulation for possible clinical application in the future [32].

The present study shows that physical exercise can promote 
CNS myelination by electrically stimulating unmyelinated axon 
segments and by inducing production and release of neuro-
trophic factors from organs into the blood (Figure 3). Exercise 
improves modulation of immune, metabolic, and mental 

functions [33], helping patients to recover earlier. While we 
could not quantify the extent to which exercise contributed 
to the significant recovery seen in our patient, we believe that 
early and continuous application of physical therapy is impor-
tant as an easily used and readily available intervention for pa-
tients with CPM [34]. Clinical trials with appropriate controls 
are needed to verify this hypothesis; however, offering care-
ful physical therapy within a reasonable extent, not provok-
ing any physical or mental stress, may be useful.

Conclusions

This report highlights that physical therapy, the pivotal roles of 
which are already established in various neurological disorders, 
including stroke [35], Parkinson’s disease [36], and MS [24,25], 
is also quite important for improving the prognosis of CPM. 
Considering the broad spectrum of the effects of exercise on 
human health, this subject warrants further clinical and basic 
research. Better understanding of the mechanisms underly-
ing exercise-induced myelination should contribute to estab-
lishing novel therapies for a wide spectrum of CNS disorders.

Declaration	of	Figures’	Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

Figure 3.  Schematic summarizing 2 major 
pathways involved in exercise-induced 
CNS remyelination. Physical exercise 
excites related neurons in the brain 
and promotes their myelination 
via axonal action potentials (white 
arrows). Physical exercise also 
stimulates secretion and increases 
serum levels of myelination-promoting 
factors that subsequently enter 
the CNS via blood circulation (gray 
arrows).

Physical exercise

Promotes neuronal activity-
dependent myelination

Stimulates trophic factor
secretion (IGF-1, BDNF etc)

REMYELINATION
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