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Introduction

Rudolf Virchow discovered Myelin in 1854 [1]. For proper func-
tioning of the nervous system, myelin is a very crucial compo-
nent. Myelin is a lipid-rich substance wrapping around nerve 

fibers and leading to increase the speed of electrical communication 
between neurons. Formation of myelin sheath is known as myelinogen-
esis or myelination. Loss of myelin sheath or degeneration of myelin is 
known as demyelination [2]. In the central nervous system (CNS), my-
elin is made from two different types of support cells. In brain and spinal 
cord cells, it is called oligodendrocyte, which wraps their branch-like 
extensions around axons to create a myelin sheath. In the nerves outside 
of the spinal cord, Schwann cells produce myelin. Regardless of where 
it is in the nervous system, myelin performs the same function enabling 
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ABSTRACT
Background: Cervical spinal cord is important and radiosensitive. It is the most 
critical organ for the head and neck (H&N) cancer patients during radiotherapy. If the 
delivered dose to the cord is more than tolerance dose, demyelination may occur. 
Objective: Current study aims to analyze the post radiotherapy status of cord in 
the H&N cancer patients.
Material and Methods: In this analytical study, sixty patients who received 
more than 50 Gray (Gy) dose for more than 10 cm length of spinal cord participated 
in the study. All the patients were clinically examined and magnetic resonance imag-
ing (MRI) was performed for patients who had demyelination symptoms. Adequate 
medical management was provided for all the patients having demyelination. 
Results: Out of sixty patients, ten cases were reported with demyelination symp-
toms, and only six cases gave consent for this study. One patient was found to have 
irreversible demyelination while five patients had reversible demyelination. 
Conclusion: Demyelination may occur if long segment spinal cord receives dose 
more than tolerance limit. However target dose should not be compromised up to 54 
Gy to spinal cord. 
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efficient transmission of electrical signals.

A demyelinating disease is a kind of nervous 
system diseases in which the myelin sheath of 
neurons is damaged [2]. This demyelination 
disease causes deficiency in sensation, con-
duction ability, movement, cognition, or other 
functions depending on which nerves are in-
volved. Etiology of demyelination basically 
consists of autoimmune, inflammatory, genet-
ics, radiation induced and chemical induced 
[3]. 

Owing to radiotherapy in cancer patients, 
symptoms of demyelination consist of blurred 
double vision, impaired vision, ataxia, un-
steady gait, fatigue, numbness, incoordina-
tion, hemiparesis, paresthesias, ocular paraly-
sis, impaired muscle coordination, weakness 
in muscle, loss of sensation, incontinence, 
hearing problems, speech problems, electrical 
sensation in limbs known as Lhermitte’s sign 
[4]. 

As compared to other normal organs or neo-
plastic tissue, spinal cord is a critical organ 
showing enhanced radiosensivity. Misalign-
ment or any calculation errors in radiotherapy 
planning or wrong setup in irradiation ses-
sions may cause radiation induced myelopa-
thy. Radiation induced demyelination may be 
irreversible or reversible depending upon dose 
of radiation, length, circumference and region 
of the spinal cord. Cervical region is the com-
monest part of the cord which is affected [5]. 
Symptoms appear after a latent period from 
six months to two years [6].

White and gray matter can be affected sepa-
rately or in combination by complications of 
radiotherapy. Radiation-induced white matter 
injury (demyelination) are vegetative deficits, 
sensory, and spastic motor sequelae. If radia-
tion involves motor sequelae which leads to 
rare recovery, radiation induced myelopathy 
will be followed as a reversible or irreversible, 
chronic, progressive course [7-10]. 

This study was carried out to analyze the pa-
tients of positive clinical neurological symp-
toms after receiving radiotherapy in head and 

neck (H&N) cancer.

Material and Methods
In this analytical study, 321 patients with 

H&N cancer received radiotherapy from Jan-
uary, 2015 to December, 2016. After a care-
ful review, it was seen that only sixty patients 
who received 66 Gy in 33 fractions with three 
dimensional radiotherapy (3DCRT) planned 
with 6 megavoltage (MV) beam energy on lin-
ear accelerator were alive. The dose to spinal 
cord in all these sixty patients was above 50 
Gy. Because of disease status, positive poste-
rior neck nodes or gross disease were found 
suitable for this study. The mean maximum 
dose to spinal cord of these sixty patients was 
53.8 Gy and the mean spine length receiving 
dose above 50 Gy was 12.16 cm. All the pa-
tients got follow-up calls from six months to 
two years after completion of radiotherapy. 

Neurological examination was taken for all 
the patients and those who were found positive 
with demyelination signs and symptoms (all 
six patients presented with Lhermitte’s sign) 
were taken for magnetic resonance imaging 
(MRI) of spine by using Siemens Magnetom 
Symphony 1.5T MRI System (Siemens Medi-
cal Systems, Germany). Based on MRI report, 
pregabalin and vitamin B12 were prescribed 
to all the patients who were found positive 
with demyelination.

Results
Sixty patients were found suitable for the 

study, out of which only 10 patients were pre-
sented with demyelination signs and symp-
toms. Only six patients gave consent for this 
study, therefore all these six patients were 
undergone through complete clinical neuro-
logical examination and MRI scan. Figure 1 
shows the MRI images of one patient with 
cervical spine suggestive of demyelination. 
Out of six patients, one patient was presented 
with irreversible demyelination and 5 patients 
were presented with reversible demyelination.  
Figure 2 shows the planning images for one of 
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Figure 1: MRI images of (a) lesion appears isointense on T1 W1 (b) cervical spine T2 weighted 
images reveals small intramedullary area of T2 prolongation in the cervical cord at C2-C3 level, 
without any obvious cord swelling or mass effect and in a given clinical setting represent demy-
elination. 

Figure 2: Cross-sectional and sagittal view for one of the patient’s plan showing 50 Gy to the 
spinal cord with involvement of spinal length 14.27 cm.
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the patients with 50 Gy dose color wash and 
length of cervical spine covered with 50 Gy. 
Table 1 represents the number of patients with 
maximum dose to spinal cord, length of the 
spinal cord received more than 50 Gy and re-
versible/irreversible demyelination.

Discussion
Radiation induced demyelination is an un-

common serious adverse effect of radiotherapy 
that usually develops six months to two years 
after radiotherapy [6]. The pathophysiology 
of radiation induced demyelination is incom-

No. of 
patients

Max dose 
received by 
spinal cord 

(Gy)

Total dose de-
livered Gy/ no. 

of fractions

Mean length of 
cord received 
≥ 50 Gy (cm)

Patients having 
demyelination 

symptoms

Included in 
the study

Reversible/ 
irreversible

25 50-51 66/33 11.88 0 0
24 52-53 66/33 12.1 0 0
2 54-55 66/33 14.13 2 1 reversible

9 56-57 66/33 12.67 8 5
1 irreversible, 
4 reversible

Table 1: Number of patients with maximum dose to spinal cord and the length of spinal cord 
received more than 50 Gy.

Factors Factors for increased risk of 
injury  

Total dose Higher total dose
Dose per 
fraction Dose per fraction > 200 cGy

Volume Increased volume, e.g. whole-organ radiation 
Host factors Medical illness, e.g. hypertension, diabetes
Beam quality High LET radiation beams, e.g. neutrons

Table 2: Factors which enhances the risk of 
demyelination.

pletely understood; however, it is believed that 
it is a slowly evolving process involving vas-
cular endothelial damage, fibrinoid necrosis 
and microscopic coagulation [11].

The cervical portion of the spinal cord is 
more radiosensitive than other parts of spinal 
cord when a high dose of radiation was re-
ceived by the cervical spinal cord and then it 
causes loss of myelin and axons within the lat-
eral (mainly) and posterior columns. The radi-
ation tolerance of the spinal cord is dependent 
on a number of factors, including total dose, 
dose per fraction, total time, volume, host fac-
tors, radiation quality (linear energy transfer) 
and adjunctive therapies as shown in Table 2 
[12,13].

Age, hypertension, diabetes mellitus, vascu-
lar disease, developmental abnormalities and 
endocrinological disease are the important 
factors playing a role in formation of myelin 
[14].

Diagnostic work-up usually shows nonspe-
cific results. MRI scan with gadolinium scan 
is the most acceptable method to detect demy-

elination. MRI may show cord demyelination 
finding, or cord swelling decreasing intensity 
in T1 and increasing it in T2 images, which are 
indicative of edema. The prognosis depends 
primarily upon the degree and level where the 
cord is irradiated [15].

Conservative and supportive approach is the 
treatment of demyelination where vitamin D3 
(cholecalciferil) has a vital role in recovery of 
demyelination; people suffering from myelin 
sheath degeneration are observed with high vi-
tamin D deficiency. Vitamin B12 is a very es-
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sential component for function and formation 
of myelin sheath; it provides myelin sheath 
strengthening. Patients with demyelination 
were present with deficiencies of vitamin B12 
in blood and cerebrospinal fluid. Deficiencies 
of vitamin B12 not only enhance myelin de-
struction but also it alters myelin repair [16].

Role of Lecithin also established factors in 
demyelination, and it helps to build blocks 
for neuronal membrane. One of the important 
brain chemicals is known as glutathione which 
acts as antioxidant. It helps to preserve nerve 
tissue injury by free radicals. Non-denatured 
whey protein powder also helps to raise intra-
cellular glutathione level [16].

Conclusion
Demyelination may occur if the dose to spi-

nal cord exceeds 54 Gy. The ratio of irrevers-
ible demyelination was only 1.6 % while re-
versible demyelination was 8.3 %. It can be 
concluded that target dose should not be com-
promised up to 54 Gy to spinal cord.
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