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Patients undergoing radiation therapy for head and neck cancer (HNC) experience significant early
and long-term side effects. The likelihood and severity of complications depends on a number of factors, including the total dose of radiation delivered, over what time it was delivered and what parts of
the head and neck received radiation. Late side effects include: permanent loss of saliva; osteoradionecrosis; radiation recall myositis, pharyngoesophageal stenosis; dental caries; oral cavity necrosis; fibrosis; impaired wound healing; skin changes and skin cancer; lymphedema; hypothyroidism, hyperparathyroidism, lightheadedness, dizziness and headaches; secondary cancer; and eye, ear, neurological and neck structures damage. Patients who undergo radiotherapy for nasopharyngeal carcinoma
tend to suffer from chronic sinusitis. These side effects present difficult challenges to the patients and
their caregivers and require life-long strategies to alleviate their deleterious effect on basic life functions and on the quality of life. This review presents these side effects and their management.
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Introduction
Radiation therapy (RT) is often used to treat head and neck cancer
(HNC) [1]. RT can damage blood vessels that nourish muscles,
nerves, and bones resulting in a progressive “radiation fibrosis syndrome”, which causes a variety of complications [2]. The likelihood
and severity of complications depends on a number of factors, including the total dose of radiation delivered, over what time it was
delivered and what parts of the head and neck received radiation.
The side effects of RT for HNC are divided into early (acute) and
long-term (chronic) effects [3]. Early side effects occur during the
course of therapy and during the immediate post therapy period
(approximately 2–3 weeks after the completion of a course of RT).
Late effects can manifest any time thereafter, from weeks to years
later [4].
Patients are usually most bothered by the early effects of RT, although these will generally resolve over time. Knowledge of the ra-

diation side effects can allow their early detection and proper
management. Late side effects include permanent loss of saliva;
osteoradionecrosis; pharyngoesophageal stenosis; dental caries;
oral cavity necrosis; fibrosis; radiation recall myositis, impaired
wound healing; skin changes and skin cancer; lymphedema; hypothyroidism, hyperparathyroidism, lightheadedness, dizziness and
headaches; secondary cancer; and eye, ear, neurological and neck
structures damage. This manuscript reviews the major late side effects of RT and their management (Table 1).

Permanent Dry Mouth (Xerostomia)
Although xerostomia and thick saliva improves in most people,
they can be long lasting and affects quality of life. RT can lead to
irreversible salivary glands cells damage [2,5]. Serous salivary
glands (parotid & submandibular) are very sensitive to radiation. RT
often leads to marked changes in the quantity and quality of saliva
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Etiology
salivary glands cells damage
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Cognitive impairment Radiotherapy, comorbidity and Attention, thinking, or short-term memory
treatment effects on cognition problems
Neurological damage Damage to the nervous system Pain, memory loss, stroke-like symptoms,
brain function, transverse myelitis, neuropathy, postural hypotension
Brachial plexopathy Radiation damage to the brachial Paresthesia, dysesthesia, decreased sensiplexus, fibrosis
tivity, movement loss, muscular atrophy,
shoulder joint dislocation
Eye damage
Radiation damage to the lens,
Cataract, retinopathy
retina

Physical and occupational therapies
Monoclonal antibody, triamcinolone, laser, photodynamic
therapy, hyperbaric oxygen, pentoxifylline

Vision loss

Pain and antiseizure medication, physical therapy, acupuncture, topical treatment, antidepressants
Worsening of symptoms, impairment of daily
functioning, quality of life, capacity to work

Impairment of daily functioning, quality of life,
capacity to work
Worsening of symptoms, impairment of daily
functioning, quality of life, capacity to work

Calcimimetics, hormone replacement therapy, bisphosphonates
Surgical removal of the parathyroid adenoma(s) is curative in
most patients
Medications, occupational therapy, cognitive rehabilitation

Thyroxine

Manual lymph drainage, compression bandages and garments, lymphatic pump

Removal of skin cancer, maintaining proper skin hygiene, hydrophilic or lipophilic barrier creams with or without hydrogel or hydrocolloid dressings

Dilation, surgery, stents

Oral appliances, diet modification, pharyngeal strengthening,
swallow retraining
Supportive care, external orthotic devices

Physiotherapy, myofascial release, external laser

Debridement, antibiotic treatment and prophylaxis, hyperbaric oxygen

Complications
Management
Opportunistic infections, denture stomatitis, al- Maintain adequate oral hygiene, salivary substitutes’ saliva
terations in pH, alteration in secretory IgA, sal- stimulation, low-level laser treatment of the salivary gland,
ivary stones and cysts, radiation caries, burning chlorhexidine, antifungal therapy, adequate hydration, acumouth syndrome
puncture
Depression, anxiety, difficulties in falling asleep Oral rinses, lidocaine, saliva substitutes, capsaicin, clonazeand eating
pam or klonopin, antidepressants, pain medications,
low-level laser therapy, cognitive behavioral therapy
Osteoradionecrosis, teeth loss, root canal infec- Oral hygiene, management of xerostomia, topical fluorides
tion, dental abscess
and/or remineralizing agents

Burning or scalded of mouth;
Unknown
dryness, increased thirst; loss of
taste
Dental caries
Dental caries
Increase of caries producing bacteria, reduced salivary antimicrobial proteins
and mineralizing components
Osteoradionecrosis Pain, bad breath, dysgeusia,
Tooth extraction, implant placement, den- Fistula, pathologic fractures, local and systemic
numbness, trismus, mastication tal disease
infection
and speech difficulties
Fibrosis
Woody texture, limited neck en- Radiation induced inflammation leading Esophageal stricture, trismus, temporomandibuhance lymphedema
to fibrosis, poor vascularity, and scarring lar joint dysfunction, headaches, migraine
Trismus
Mastication muscles fibrosis
inability to open the mouth
Adverse effects on oral care, chewing, nutrition,
oral care, speech production
The dropped head
Severe kyphotic deformity of the Weakness of the neck extensor muscles Restrictions to ambulation, activities of daily livsyndrome
cervico-thoracic spine
ing and social interactions
Pharyngoesophageal Narrowing in the pharynx or
Difficulty in eating
Weight loss
stenosis
esophagus
Skin changes and
Acute inflammatory reaction in an Skin fibrosis and color swelling, atrophy, Skin cancer, scarring
skin cancer
area previously exposed to radi- telangiectasias
ation after a chemotherapeutic
agent or other medication
Lymphedema
Neck and facial swelling, heavi- Internal fibrosis
Scarring; fibrosis; breathing difficulty; congesness, achiness
tion; reduced neck motion; ear pain, sensory
limitation; speech, voice, swallowing problems
emotional issues
Hypothyroidism
Slowing of metabolic processes Radiation induced damage to the thyroid Hoarseness, weight gain, constipation, xerostosymptoms
gland
mia, cold intolerance, fatigue, puffy eyes, muscle weakness and cramps, menorrhagia, depression, slower cognition, poor memory
Hyperparathyroidism Adenoma formation
Excessive urination, abdominal pain, tiring Osteoporosis, kidney stones, hypertension
weakness, depression. bone and joint
pain, nausea, vomiting and loss of appetite

Burning mouth
syndrome

Side effects
Symptoms
Permanent dry mouth Dry mouth, difficulty in eating,
(xerostomia)
swallowing, and speaking

Table 1. Late radiation toxicities of head and neck cancers

Side effects of radiation
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altering its consistency from watery viscous. Xerostomia can lead
to opportunistic infections (mostly fungal), denture stomatitis, alterations in pH, alteration in secretory IgA, salivary stones and
cysts, radiation caries (subgingival), and burning mouth syndrome
[6]. It can lead to difficulty in eating, swallowing, and speaking, increase the risk of cavities and dental disease, and complicates dentures maintenance. Patients with xerostomia should maintain adequate oral hygiene to minimize the risk of oral lesions. Periodontal
disease can be accelerated and caries can become rampant unless
preventive measures are instituted.
Management and prevention include [7,8]: (1) palliative use of
salivary substitutes (gels, rinses), (2) non-pharmacological saliva
stimulation, (3) salivary stimulants, (4) low-level laser treatment of
the salivary glands, (5) prophylactic chlorhexidine, (6) antifungal
therapy, (7) preventing thrush, and (8) drinking plenty of liquids.
These measures can help in coping with xerostomia: drinking adequate fluids; frequent sipping or mouth spraying with water; sucking on ice chips and/or sugar-free popsicles; consuming acidic or
bitter substances, using sugarless gum and sugarless hard candy,
and rinsing and gargling with diet ginger ale or a weak solution of
salt and baking soda are helpful to refresh the mouth, loosen thick
oral secretions, and alleviate mild pain [9].
The use of saliva substitutes or artificial saliva (containing hyetellose, hyprolose, or carmellose), stimulation of saliva production
from intact salivary glandular tissues by taste/mastication, pharmacological; avoiding smoking and all products that contain caffeine or alcohol, using a bedside humidifier at night, and raising
the head of the bed can be helpful. Low-level laser treatment of
the salivary glands can intensify cell metabolism and its application
on salivary glands could improve salivation. Treatment include salivary stimulants (sialagogues), such as pilocarpine, amifostine, and
cevimeline [10]. Preliminary data suggest that hyperbaric oxygen
(HBO) can provides benefit for patients with xerostomia who have
some residual salivary gland function [9, 11]. Acupuncture has been
found helpful in reducing pain and dry mouth [12]. Dietary change
from dry, tough food to easier to swallow moist, softer ones can
improve nutritional status and quality of life. Use of a humidification especially in the bedroom can provide relief.

Burning Mouth Syndrome
Chronic or recurrent mouth burning caused by the radiation and
enhanced by xerostomia is termed secondary “burning mouth syndrome” [13]. Symptoms may include: a burning or scalded sensation affecting the tongue, lips, gums, palate, throat or whole
mouth; mouth dryness and increased thirst; and loss of taste or
changes in taste (e.g., bitter or metallic). The mouth discomfort can
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be present throughout the day or slowly worsen. It may last for
months to years. Symptoms may suddenly disappear or rarely become less frequent. Eating or drinking can bring temporarily relief.
The discomfort can lead to depression, anxiety, and difficulties in
falling asleep and eating. Avoiding acidic foods, spicy foods and
carbonated beverages, tobacco, and excessive stress may help.
Treatment is symptomatic and include: specific oral rinses or lidocaine, saliva substitutes, capsaicin, clonazepam or klonopin, antidepressants, pain medications, low-level laser therapy, and cognitive behavioral therapy [13].

Dental Caries
Factors enhancing the occurrence of caries after RT include the increase in the number of oral caries producing bacteria (Streptococcus mutans and Lactobacillus species), reduced concentrations of
salivary antimicrobial proteins, and loss of saliva’s mineralizing
components [14].
Treatment strategies include optimal oral hygiene and management of xerostomia. Resistance to caries can be enhanced by using
topical fluorides and/or remineralizing agents (high in calcium
phosphate and fluoride) using dental trays [14]. Topical fluorides or
chlorhexidine rinses may reduce S. mutans levels but not Lactobacilli. Because of adverse drug interactions, fluoride and chlorhexidine dosing should be separated by several hours [14].

Osteoradionecrosis
Osteoradionecrosis can necessitate surgical intervention and reconstruction [15]. Depending on its location and extent, symptoms
may include pain, bad breath, dysgeusia, numbness, trismus, mastication and speech difficulties, fistula, pathologic fractures, and local, spreading, or systemic infection. Osteoradionecrosis is a lifelong risk for those who have received high-dose radiation [16].
The mandible is the most frequently affected bone, especially in
those treated for nasopharyngeal cancer. Maxillary involvement is
rare because of the collateral blood circulation it receives. Tooth
extraction and dental disease in irradiated areas are major contributors to osteoradionecrosis. It may be necessary to remove decayed
teeth before RT if they are in the area receiving RT [16]. Ideally, at
least 7 to 14 days should be allowed for healing before initiation of
RT; some have suggested allowing up to 21 days. Oral disease
should be treated prior to receiving radiation therapy whenever
possible [15].
Mild osteoradionecrosis can be conservatively treated with debridement, antibiotics, and occasionally ultrasound. Topical antibiotics (e.g., tetracycline) or antiseptics (e.g., chlorhexidine) may contribhttps://doi.org/10.3857/roj.2020.00213
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ute to wound resolution. Exposed bone should be covered with mucosa and necrotic bone removed. When necrosis is extensive, radical
resection, followed by microvascular reconstruction is often used.
The combination of pentoxifylline and tocopherol was effective in
treating bisphosphonate and radiation related osteonecrosis of the
jaw [17]. The prophylactic use of the combination reduced the incidence of osteoradionecrosis following dental extraction [15]. HBO
has been often used in patients at risk or those who develop osteoradionecrosis. However, the available data are conflicting about the
clinical benefit of HBO for prevention and therapy [18].
Patients should inform their dentists about their RT prior to extraction or dental surgery including implant placement [17]. Osteonecrosis may be prevented by administration of a series of HBO
therapy before and after these procedures. This is recommended if
the involved tooth is in an area that has been exposed to a high
dose of radiation. Dental prophylaxis can reduce the risk of osteoradionecrosis. Special fluoride treatments may help with dental problems along with brushing, flossing, and regular cleaning by a dental
hygienist [18].

Fibrosis
Fibrosis can develop in the skin, subcutaneous tissue, muscles, or
other organs, depending upon the treatment site [3,4]. It generally
starts eight to twelve weeks after the initiation of RT and is a lifelong issue. Radiation to the neck can cause woody texture and limited mobility of the neck, enhance lymphedema significant tightness to of the neck and shoulders muscles including the scalenes,
trapezius, and sternocleidomastoid muscles. Fibrosis may cause
both cosmetic and functional impairment, leading to deterioration
in the quality of life. Fibrosis can also occur in the pharynx and
esophagus, leading to stricture and temporomandibular joint problems including mandibular dysfunction. Patients can be assisted by
mandibular stretching exercises and the use of prosthetic aids [19].
Interventions should be instituted before trismus develops. If
clinically significant changes develop, several approaches can be
considered, including stabilization of occlusion and use of trigger-point injection and other pain management strategies, muscle
relaxants, and tricyclic medications.
To minimize the risk of neck tightness, patients should maintain
flexibility of the neck muscles by stretching exercises including
chin curls, head rotations, shoulder shrugs, and shoulder circles.
Exercise can reduce neck tightness and increases the range of neck
motion. These exercises should be performed throughout life. After
fibrosis has developed individuals may benefits from myofascial release (MFR) [4]. MFR is a hands-on method of massaging and
stretching the connective tissue of the head/neck to increase range
https://doi.org/10.3857/roj.2020.00213

of motion, increase flexibility, decrease pain, and improve posture.
Treatment can also break down the fibrosis. The earlier the intervention, the better it is for the patient.
Muscle tightness can trigger headaches, leading to migraines.
The mastication muscles are also often involved. Treatment of
muscle fibrosis can often alleviate and reduce the frequency of
such headaches [20]. Fibrosis can become more extensive after
surgery or re-radiation.

Trismus
Trismus or lockjaw is common following radiation targeting the
base of tongue, tonsil, retromolar trigone, soft palate, masseter
muscles, pterygoid muscles, and the temporomandibular joint
(TMG) [21]. The prevalence of trismus increases with increasing radiation dose, and levels in excess of 60 Gy are more likely to cause
it [21].
Mastication muscles fibrosis can lead to progressive inability to
open the mouth. Trismus can adversely affect proper oral care and
treatment, chewing, nutrition, oral care, speech production, and intubation. Prophylactic trismus prevention exercises can be initiated
in those considered at high risk [2,4]. If aggressive intervention is
needed, a speech pathologist may recommend prophylactic use of
tongue blade therapy or a device (e.g., TheraBite, OraStretch, Dynasplint) [22]. A wide array of appliances is available for the treatment of trismus [23]. Swallowing dysfunction often requires a
change in diet, pharyngeal strengthening, or swallow retraining,
especially in those who have had surgery and/or chemotherapy.

The Dropped Head Syndrome
The dropped head syndrome (DHS) is a disabling condition caused
by severe weakness of the neck extensor muscles causing progressive reducible kyphosis of the cervical spine and the inability to
hold the head up [24]. DHS can occur from 3 months to 30 years
after RT.
Treatment with physiotherapy and surgery have not been very
successful, and the management of DHS is supportive, including
employing a cervical collar to maintain the head in an upright position [4,24]. The condition generally does not spread to other muscles or worsens.

Pharyngoesophageal Stenosis
Pharyngoesophageal stenosis can be a delayed complication of RT
[25]. Pharyngoesophageal (PE) stenosis is an area of narrowing in
the pharynx or esophagus. This stenosis can make eating difficult,
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particularly solid food. If the PE segment closed off, the patient is
not able to eat or drink by mouth and needs gastric tube. Treatment includes frequent placement of dilating catheters to stretch
open the narrowed segment or by surgically removing the blocked
segment followed by flap reconstruction [25].

Skin Changes and Skin Cancer
Patients can experience “radiation recall dermatitis” [26]. Patients
who had early severe dermatitis, may experience inflammatory
waves occurring weeks to years later [27]. This is characterized by
a skin rash typified by redness, swelling, and/or skin blistering. The
rash is often painful resembling severe sunburn.
Late-stage or “chronic radiation dermatitis” typically presents
months to years after RT. It is characterized by skin fibrosis, slight
color changes to the skin or mild swelling, atrophy, and telangiectasias. Individuals generally lose hair in the region that received radiation. Radiation can increase the risk for skin cancers (basal cell
and squamous cell carcinoma) [4]. Regular follow-up by a dermatologist is important.

Lymphedema
Lymphedema can cause chronic inflammation and reactive fibrosis
of the affected tissues. RT creates scarring which interferes with
the function of the lymphatics resulting in slow lymphatic swelling.
Lymphedema generally starts and progresses slowly 8 to 12 weeks
after initiation of RT and can be a life-long issue [4,5].
Lymphedema can be external (skin and soft tissue) and internal
(pharyngeal and laryngeal mucosa). Lymphedema causes heaviness
and achiness sensations, and may lead to skin changes.
Lymphedema has several stages [28]:
•Stage 0: No swelling, but a sense of heaviness in the neck.
•Stage 1a: Visible mild swelling without pitting. Reversible.
•Stage 1b: Visible mild swelling with pitting. Reversible.
•Stage 2: Firm-pitting swelling that is irreversible. No visible tissue changes.
•Stage 3: Irreversible tissue changes with scarring and fibrosis.
Lymphedema can cause difficulty in breathing, congestion, impairment in vision, motor (reduced neck motion, jaw tightness or
trismus, and chest tightness), ear pain, and sensory limitations,
speech, voice, and swallowing problems (i.e., inability to use an
electrolarynx, difficulty in articulation, drooling, and loss of food
from mouth), and emotional issues (depression, frustration, and
embarrassment) [28].
Over time, the lymphatics find newer way of drainage, and the
swelling and neck tightness generally goes down. Sleeping with the
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upper body in an elevated position can use gravity to speed the
process of lymph fluid drainage. Specialists in reducing edema can
assist the patient to enhance the drainage and shortening the time
for the swelling to decrease. This treatment can also prevent permanent swelling and fibrosis.
Treatment of lymphedema includes [28]: (1) manual lymph
drainage (face and neck, deep lymphatics, trunk, intra oral), (2)
compression bandages and garments, (3) use of tactile lymphatic
pump, (4) remedial exercises, (5) skin care, (6) elastic therapeutic
tape (Kinesio Tape), and (7) oncology rehabilitation [2,4]. Diuretics,
surgical removal (debulking), liposuction, compression pumps, and
elevation of the head alone are ineffective treatments [28].

Hypothyroidism
Most individuals receiving RT develop hypothyroidism. The symptoms of hypothyroidism vary; some individuals have no symptoms
while others have dramatic or, rarely, life-threatening symptoms
[29]. Most symptoms of hypothyroidism are due to the slowing of
metabolic processes.
Thyroid deficiency can be corrected by taking synthetic thyroid
hormone (thyroxine) [4,29]. The patient should be reevaluated and
serum thyroid stimulating hormone (TSH) should be measured in 3
to 6 weeks, and the dose adjusted if needed. The process of adjusting the dose of hormone every 3 to 6 weeks is continued, based
upon periodic measurements of TSH until it returns to normal. After identification of the proper maintenance dose, TSH levels should
be measured at least yearly.

Hyperparathyroidism
The parathyroid glands are resistant to RT. However, hyperparathyroidism (HPT) due to adenoma formation can occurs in individuals
who had received RT for HNC after a longer latency period [30].
Signs and symptoms of HPT include: osteoporosis, kidney stones,
excessive urination, abdominal pain, tiring easily or weakness, depression and forgetfulness, bone and joint pain, frequent complaints of illness with no apparent cause, nausea, vomiting and loss
of appetite [30]. HPT is diagnosed by finding elevated calcium levels in the blood, bone mineral density test (bone densitometry), a
24-hour collection of urine, and imaging tests of kidneys.
Treatment includes watchful waiting in those with normal calcium levels and kidney functions, and normal bone density. Medications to treat HPT include calcimimetics, hormone replacement
therapy to retain calcium, and bisphosphonates. Surgical removal
of the parathyroid adenoma(s) is curative in most patients [30].

https://doi.org/10.3857/roj.2020.00213
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Attention, Thinking, and Memory Problems
(Cognitive Problems)
Many patients who received RT to the head and neck and/or chemotherapy experience attention, thinking, or short-term memory
problems [31]. Other causes for cognitive problems are pain, side
effects of medications, emotional state, and other medical problems. Cognitive problems can manifest in the following symptoms
or behavioral changes: (1) trouble concentrating, focusing, or paying attention, (2) mental fog or disorientation, (3) difficulty with
spatial orientation, (4) memory loss or difficulty remembering
things, especially names, dates, or phone numbers, (5) problems
with understanding, (6) difficulties with judgment and reasoning,
and (7) impaired ability to calculate and organize, and impaired
language skills. These include difficulties to organize one’s
thoughts, find the right word, or balance a checkbook: (1) problems
in multitasking, (2) processing information slower, (3) behavioral
and emotional changes, such as irrational behavior, mood swings,
inappropriate anger or crying, and socially inappropriate behavior,
and (4) severe confusion.
Management of these cognitive problems includes: (1) medications, including stimulants, cognition-enhancers, antidepressants,
narcotics blockers, (2) occupational therapy and vocational rehabilitation, and (3) cognitive rehabilitation and cognitive training.

Neurological Damage
These can include serious problems such as memory loss, strokelike symptoms, and brain function [31]. RT to the neck can affect
the spinal cord, resulting in a self-limited transverse myelitis,
known as “Lhermitte’s sign”. The patient notes an electric shocklike sensation mostly felt with neck bending (flexion) [32]. This
condition rarely progresses to a true transverse myelitis which is
associated with Brown-Séquard syndrome. RT may cause neuropathy due to nerve injury, although it may take several years for
symptoms to appear [2,4]. It can also cause peripheral nervous system dysfunction resulting from external compressive fibrosis of soft
tissues and reduced blood supply caused by fibrosis. Symptoms depend on which nerves are affected and include: change in sensation, especially in the hands and feet (e.g., numbness, tingling, or
pain), muscle weakness (i.e., myopathy), paralysis and/or paresis
(weakness) of the diaphragms (phrenic nerve damage), and changes in organ function (i.e., constipation, dizziness) [33].
Acupuncture treatment may improve peripheral neuropathy [34].
Damage to the peripheral and autonomic nervous system can
lead to dizziness when standing up from sitting up from sitting or
lying down due to postural hypotension.
https://doi.org/10.3857/roj.2020.00213

Brachial Plexopathy
Radiation-induced brachial plexopathy is caused by radiation damage to the brachial plexus [2,4,35] that provide sensation and muscular innervation for the whole hand. Symptoms include paresthesia, dysesthesia, decreased sensitivity, partial loss of movement,
complete paralysis of the arm, muscular atrophy, impaired mobility
and partial dislocation of the shoulder joint. The damage to the
brachial plexus results from a combination of direct RT nerve damage, the development of fibrosis and damage to blood vessels supplying these nerves. The extent of damage is associated with the
radiation dose and technique, and concurrent chemotherapy.
Most develop symptoms within the 3 years (range, 6 months to
20 years) [35]. Rehabilitation includes physical and occupational
therapies [33].

Eye Damage
Radiation can cause sub-capsular and cortical cataract [4]. The risk
of lens opacities exists above does of 0.5 Gy. “Radiation retinopathy” is dose related (especially > 45 Gy) and is common after RT for
nasopharyngeal, paranasal sinus or orbital tumors. Shielding of ocular structures during RT and hyperfractionation can decreased its
incidence [36].
Treatment includes intravitreal injection of humanized monoclonal antibody to vascular endothelial growth factor (bevacizumab),
intravitreal triamcinolone acetonide, grid macular laser photocoagulation, sector scatter and panretinal laser photocoagulation, photodynamic therapy, HBO and oral pentoxifylline [36]. Advanced
proliferative radiation retinopathy complicated by vitreous hemorrhage and/or tractional retinal detachment may require vitrectomy.

Damage to the Ear (Ototoxicity) and
Hearing Loss
Patients who undergo RT for HNC can develop hearing especially
when receiving 60 Gy. Complaints include ear heaviness, earache,
decreased hearing, tinnitus, and dizziness. Dose of radiation is directly proportional to ototoxicity [37].
Radiation to the ears may result in serous otitis (otitis with effusion) [38]. It is associated with fluid collection in the middle ear
and temporary reduced hearing. Serous otitis and conductive deafness are reversible over time. High doses of radiation can cause
sensorineural hearing loss due to damage to the inner ear, the auditory nerve, or the vestibular apparatus. This condition is not reversible. Damage to the vestibular apparatus can cause dizziness
and vertigo.
89
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Lightheadedness, Dizziness, and Headaches
Damage to the peripheral and autonomic nervous system and the
carotid artery baroreceptors can lead to dizziness due to orthostatic hypotension [39]. This can be prevented by standing up slowly,
wearing of compression stockings, exercising, and keeping well hydrated. The perception of the body’s position is determined by the
brain by integrating information from the middle ear, eyes, and the
body’s muscles and joints. The perception of lightheadedness and
dizziness after RT may be generated in some individuals by misinformation sent to the cerebellum from the fibrotic neck muscles
and damaged middle ear [39].
Dizziness and lightheadedness can be treated by vestibular rehabilitation and exercises that stretch the fibrotic muscles, reduce
neck stiffness, and increase the head and neck range of motion
[40]. Muscle tightness and fibrosis can trigger headaches leading
to migraine. The muscles of mastication are also often involved.
Treatment of muscle fibrosis can alleviate and reduce the frequency of headaches [4].

Damage to Neck Structures
RT can cause lymphedema and fibrosis, carotid artery (CA) stenosis
and stroke, CA rupture, oropharyngo-cutaneous fistula, and CA
baroreceptors damage leading to permanent and paroxysmal (sudden and recurrent) hypertension [41]. Factors contributing to increased risk of ischemic stroke including CA stenosis and increased
deposition of plaque, as well as other pre-existing risk factors for
cerebrovascular disease.
Stenosis, and rarely CA rupture [42]. Yearly screening neck ultrasound can lead to early diagnosis. The incidence of CA stenosis
is 18%–38% in irradiated patients compared to 0%–9.2% in unirradiated patients [43]. CA disease can cause strokes and transient
ischemic attack (TIA). It is important to diagnose carotid stenosis or
impending rupture early, before a stroke or severe bleeding has occurred. Stenosis can be diagnosed by hearing a bruit sound over
the CA, ultrasound, CT, magnetic resonance angiogram (MRA), MRI,
and angiography. Treatment of stenosis caused by RT is usually by
placing a stent. Other methods include removal of the blockage
(endarterectomy), and prosthetic carotid bypass grafting [44]. RT
can damage the CA baroreceptors. These baroreceptors regulate
the blood pressure sending messages to the central nervous system
to alter the peripheral vascular resistance and cardiac output. Some
individual treated with radiation “develop low, labile or paroxysmal
hypertension” [45].
Low blood pressure can be cause by damage to the peripheral
and autonomic nervous system and the carotid baroreceptors. This
90

can lead to baroreceptor failure manifested by orthostatic hypotension characterized by dizziness when standing up from a sitting
or lying down. It can be managed by standing up slowly, wearing of
compression stockings, exercising and by keeping well hydrated
[41,45,46].
Labile hypertension is characterized by sometime asymptomatic
blood pressure fluctuations from low (e.g., 120/80 mmHg) to high
(e.g., 170/105 mmHg). A relationship between blood pressure elevation and stress or emotional distress is usually present [47].
Paroxysmal hypertension is characterized by sudden elevation
of blood pressure ( > 200/110 mmHg) associated with an abrupt
onset of distressful physical symptoms, such as headache, chest
pain, dizziness, nausea, palpitations, flushing, and sweating. Episodes can last from 10 minutes to several hours and may occur in
different frequency—varying from once or twice daily to once every
few months. Between episodes, the blood pressure is normal or
may be mildly elevated. Patients generally cannot identify obvious
psychological factors that cause the paroxysms [48]. Direct massage of the carotid artery during Doppler ultrasound can lead to
such episodes [49]. Medical conditions that can also cause such
blood pressure swings need to be excluded (e.g., pheochromocytoma). Both of these conditions are serious and should be treated.
Management can be difficult and should be done by experienced
specialists.

Secondary Cancers
RT can rarely result in new local and systemic cancers appearing.
The risk is proportional to the administered radiation dose [50]. The
secondary cancer can be different from the original and could include local cancers such as skin, mediastinal, oral and thyroid cancer, and systemic cancers such as lymphomas, sarcomas and leukemia [4]. It is important to be closely followed to detect secondary
malignancies.

Conclusions
RT for the HNC causes significant long-term side effects in most
patients [5]. Many of these side effects present difficult challenges
to the patients and their caregivers. Recognizing and treatment of
these side effects can significantly improve the patients’ health,
long-term survival and quality of life.
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