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Abstract

(Rozenzweig SA, Thompson SR, Bennett MH. Hyperbaric oxygen therapy for late onset dropped head syndrome following 
mantle field radiation therapy for Hodgkin lymphoma: a case report and literature review. Diving and Hyperbaric Medicine. 
2025 30 September;55(3):275−279. doi: 10.28920/dhm55.3.275-279. PMID: 40986924.)
The authors present the first documented case of the apparent effective use of hyperbaric oxygen therapy (HBOT) for the 
treatment of radiation-induced dropped head syndrome (DHS). DHS is a condition associated with progressive and often 
severe weakness of cervical paraspinal muscles, especially the neck extensors. This results in loss of horizontal gaze and in 
advanced cases causes a chin-on-chest deformity. Radiation-induced DHS is a rare, primarily late-term complication first 
described in patients treated with mantle field radiotherapy for Hodgkin lymphoma, though there is an increasing body of 
literature demonstrating a wide range of presentations. A 59-year-old man with a history of stage 2A Hodgkin lymphoma 34 
years prior had been treated with extended field radiotherapy, including mantle radiotherapy, totalling 40 Gy in 19 fractions. 
He presented with three years of progressive neck extension weakness with associated stiffness and intermittent dysphagia. 
The patient underwent 60 sessions of HBOT, in conjunction with physiotherapy and thiamine replacement and demonstrated 
improvement of his postural maintenance and dysphagia. His improved function was maintained at three years follow-up. 
We discuss the literature on the management of this rare condition, including the rationale for using HBOT which is well 
documented for the treatment of other late-term radiotherapy side effects. This case adds to the increasing literature on the 
management of DHS and describes a novel approach to the management of this often-debilitating condition.

Introduction

Dropped head syndrome (DHS) is a condition associated 
with progressive and often severe weakness of cervical 
paraspinal muscles, especially the neck extensors. This 
results in the mechanical inability to maintain horizontal 
gaze and in advanced cases causes a chin-on-chest 
deformity.1  DHS is a known complication of a variety of 
conditions including; inflammatory myopathy, amyotrophic 
lateral sclerosis, Cushing’s syndrome, myasthenia gravis and 
ankylosing spondylitis.2  Its relation to radiotherapy was 
first described by Johansson et al.,3 in the setting of mantle 
field radiation therapy (RT) for Hodgkin lymphoma (HL).

Previously, the standard of care for HL involving cervical or 
mediastinal lymph nodes was extended field RT (including 
mantle field RT) or, more recently, chemotherapy and mantle 

field RT. Mantle field RT consists of fields encompassing 
the submandibular, cervical, supraclavicular, infraclavicular, 
axillary, mediastinal, subcarinal and hilar lymph nodes.4  
Although the use of mantle field RT has been radically 
reduced with the introduction of more modern techniques 
and combination chemotherapy protocols, there are many 
surviving patients who underwent this treatment.5  As of 
2009, 1,415 HL survivors were treated with mantle field 
RT between 1965 and 1995 in the Netherlands alone.6  In 
the first of its kind, a recent study of childhood survivors 
who received radiotherapy to the neck for HL and other 
malignancies demonstrated five out of 41 (12%) patients 
had DHS.7

Whilst DHS was first reported in HL survivors, likely due 
to their good oncological outcomes, radiation-induced DHS 
is primarily associated with high-dose RT to the head, neck 
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and upper chest.5,7,8  This is demonstrated with increasing 
recognition of early and late onset DHS in head and neck 
cancers,9–14 indicating that it is likely a radiation effect rather 
than a tumour-specific pathogenesis.

Despite this increasing body of literature, DHS remains a 
rare condition and there is no consensus on the appropriate 
management.15  Here we describe a case of DHS with 
a sustained positive outcome following treatment with 
hyperbaric oxygen therapy (HBOT) in combination with 
physiotherapy and thiamine replacement. To the best of 
our knowledge this is the only documented case of the use 
of HBOT.

Case report

The patient provided written consent for reporting of his 
case details.

A 59-year-old male presented with a three-year history 
of neck extension weakness with associated stiffness and 
intermittent dysphagia described as choking on foods 
once per month. He reported no lower limb difficulties. 
Examination revealed a hoarse voice, and his head was 
dropped in flexion to 45 degrees. There was wasting of 
the neck and proximal shoulder muscles bilaterally, with 
reduced proximal power.  All reflexes were symmetrical, 
and coordination was normal. There was preserved 
proprioception and a mild cape-like sensory loss over the 
chest and upper back – though this was only elicited by one 
of the two neurologists that were consulted. Examination of 
the lower limbs was normal.

He had a history of stage 2A HL 34 years prior, and had 
been treated with extended field RT, including mantle field 
RT, without chemotherapy, totalling 40 Gy in 19 fractions 
(including a single sequential boost to the mediastinum), by 
parallel opposed 6 MV anterior-posterior (AP)/posterior-
anterior (PA) photon fields (with AP and PA fields given 
on alternate days). Cervical spinal cord dose exposure was 
retrospectively estimated at 42 Gy (α/β = 2). Following 
treatment, the patient experienced self-limiting subacute 
L’Hermitte’s syndrome, but otherwise recovered well.

Magnetic resonance imaging (MRI) of the spine showed 
mild disc degenerative change at C4/5 and C5/6, with no 
other abnormalities. A dedicated MRI of the neck and 
shoulder girdle was not conducted. Nerve conduction 
studies demonstrated a generalised sensory neuropathy 
of axonal type, with motor studies within normal limits. 
Limited electromyography (EMG) was undertaken given 
concurrent warfarin prescription, but did not demonstrate 
evidence of neurogenic change within the muscles. In light 
of the presentation and findings, a diagnosis of DHS, due 
to radiation myelopathy, was made.

An initial trial of prednisolone was commenced six 
weeks after presentation, starting at 25 mg twice daily for 

three days and then weaned over 12 days. This resulted 
in an improvement in subjective well-being but without 
improvement in strength. The patient had not previously 
undergone physiotherapy and was noted to consume 40 g 
of alcohol per day. He was commenced on a regimen of 
physiotherapy and thiamine replacement. Given the evidence 
of HBOT in the treatment of other late radiation sequelae and 
incomplete improvement of symptoms with prednisolone, 
he was also referred to the Diving and Hyperbaric Medicine 
Department and completed a course of 40 HBOT treatments. 
A month later this had led to a significant improvement in 
postural maintenance, thereafter, reducing over the following 
three months, although not to pre-treatment levels. He 
completed a further 20 HBOT treatments seven months 
later, to further benefit. Six months following completion 
of HBOT, improvement was maintained, with the patient 
being able to maintain neck extension for prolonged periods. 
Examination revealed strength 4+/5. He described improved 
function, and resolution of dysphagia. He had remained on 
thiamine replacement and continued physiotherapy. Nearly 
three years later he had maintained improvement in neck 
strength and resultant function.

Discussion

Radiation-induced DHS remains a very rare complication 
of not only HL survivors treated with mantle field RT but 
also patients who received radiotherapy for lung and head 
and neck cancers. Radiation-induced DHS has now been 
described as having a bimodal presentation of early and late 
onset – with likely differing pathophysiology.

A small series12 presented four patients with early-onset 
DHS who had received concurrent radiotherapy and 
chemotherapy for head and neck squamous cell carcinoma 
and developed DHS within six months. The authors proposed 
that the mechanism of this neurotoxicity is secondary to a 
combination of inflammation, reactive oxygen damage, and 
mitochondrial dysfunction resulting in apoptotic cell death 
at a neuronal level.12  Others have proposed that there is an 
autoimmune response to the resultant inflammation and 
that early-onset is usually self-limiting and responsive to 
corticosteroid treatment.9  The role of chemotherapy in DHS 
is difficult to elucidate, to date, DHS has not been linked 
to chemotherapy alone, though there may be a synergistic 
effect with radiation.4,13

Late-onset DHS can have a latency of over 30 years, as 
discussed in the case presented. Despite the increasing 
body of literature there remains no consensus on the 
appropriate management of late-onset DHS.15  Likewise, the 
mechanism of late-onset radiation-induced DHS is unclear, 
some findings have been consistent with primary damage 
to neurons and others have shown primary or secondary 
damage to muscles.5,9  Experimental results have showed 
that the majority of muscles within the previous radiation 
field have demonstrated mostly myogenic damage whereas 
muscles outside of the field showed mostly neurogenic 
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damage. It has been proposed that muscle damage beyond 
the RT fields was secondary to neurogenic damage of 
upstream nerve roots and/or of the brachial plexus which 
were situated within the radiation field.5,9,16

It is well known, and not exclusively linked to DHS, 
that endothelial cells and vascular smooth muscles are 
susceptible to radiation damage and thus, it is hypothesised 
that myogenic damage may be due to extrinsic factors such 
as progressive microvascular fibrosis.5,13

Given the complexity, prolonged latency, and rarity, it can 
be difficult to diagnose DHS and provide a comprehensive 
evidence-based management plan. In the first instance, 
assessment and exclusion of any other underlying conditions 
that can cause DHS should be thoroughly undertaken. We 
briefly review the literature to discuss conservative and 
surgical management, prevention and screening, and discuss 
the rationale behind hyperbaric oxygen therapy.

CURRENT MANAGEMENT

Conservative management has remained the mainstay 
of treatment for DHS, though this demonstrates mixed 
efficacy in case reports and there is no consensus on optimal 
management. In case reports of late-onset DHS, intensive 
rehabilitation has been shown to stabilise,17 or gradually 
improve symptoms, though not back to baseline.8

Surgery has been proposed as a second-line treatment in 
patients who have failed conservative treatment or who 
have refractory symptoms.18  Surgical options include pre-
operative spinal traction, posterior fusions, anterior/posterior 
fusion or multi-level osteotomies. In a small case series14 
of seven patients with radiation induced DHS, surgery 
demonstrated significant improvement in both clinical and 
radiological outcomes. However, it was associated with 
high peri-operative complications, such as pneumonia and 
respiratory distress requiring temporary reintubation. These 
were short-lived and overall, the patient reported long-term 
outcomes remained satisfactory.14

A systematic review15 including 129 patients assessing all 
causes of DHS demonstrated that for the 14 patients that 
underwent surgery alone, 93% had positive outcomes. 
The rate of positive outcomes reduced to 73–88% 
with combinations of medical and immunosuppressive 
treatments and significantly reduced to 18% with bracing 
or physiotherapy alone.15  The importance of a multi-modal 
approach is reflected in our case report, where a combination 
of physiotherapy, thiamine replacement and HBOT provided 
a meaningful improvement in the patient’s symptoms.

PREVENTION AND SCREENING

There appears to be a clear association between dose of 
radiation the extensor muscles receive and incidence of DHS. 
In their review10 of early-onset DHS in head and neck cancer, 

Inaba et al., discussed three patients with DHS who had mean 
neck extensor muscle dose of 42.3 Gy, 58.5 Gy and 60.9 Gy 
compared with nine control patients who received less than 
50 Gy. This study also compared the dose-volume histogram 
which revealed that V

60Gy
 (the volume receiving 60 Gy) and 

V
70Gy

 (the volume receiving 70 Gy) were significantly greater 
in the patients with DHS compared to those without DHS. 
The mean value for V

60Gy
 and V

70Gy
 in patients with DHS 

was 32.7% and 7.0% respectively and 5.7% and 0.5% in 
patients without DHS. Thus a dose constraint of less than 
46 Gy–50 Gy was proposed.10  However, given the rare 
nature of DHS and insufficient evidence, this dose constraint 
should not impede the adequate dosage and local control of 
the primary malignancy.

Screening and early intervention can reduce the morbidity 
of DHS. Rieken et al.,7 in their recent systematic review, 
proposed a diagnostic algorithm for radiation-induced DHS 
which focused on a detailed history and clinical examination 
including; measurements of neck circumference, detailed 
neurological examination and patient reported questionnaires 
to assess for cervical muscle atrophy. In their algorithm 
EMG and muscle biopsy were not routinely included given 
the often-conflicting results. A biopsy was undertaken as 
‘ultima ratio’ for unresolved cases. They also indicated 
that MRI scans did not reveal additional information in 
their study however recommended further evaluation in 
larger cohorts. It was advised that a focused history and 
clinical examination were sufficient to diagnose radiation-
induced DHS. They went on to recommend the integration 
of diagnostic algorithms to facilitate prompt diagnosis and 
intervention as part of comprehensive long-term follow-up 
care of childhood cancer survivors.7  This algorithm lays the 
foundation for recognition of DHS, but work must be done in 
devising consensus guidelines for the management of DHS.

HYPERBARIC OXYGEN THERAPY

A small case series by van Leeuwen-Segarceanu et al.,5 
presented 12 HL survivors who underwent mantle field RT. 
Examination revealed ten patients with neck weakness, of 
which two patients had severe neck weakness resulting 
in DHS. The remaining two patients did not have neck 
weakness and it was noted that they performed sports with 
high neck activation. The authors proposed that neck muscle 
weakness was secondary to primary vascular injury which 
led to myogenic damage of the muscles in-field. Thus, 
treating DHS with intensive rehabilitation may promote 
increased vascularisation by formation of collateral vessels 
which may contribute to maintaining muscle strength.5  This 
hypothesis can be extended to the use of HBOT. 

HBOT is often given at pressures of 2.0–2.5 absolute 
atmospheres for periods up to 120 minutes daily for a total 
of 30–60 sessions. HBOT causes a series of physiological 
effects through increasing plasma oxygen transport and 
increasing tissue oxygen availability. Subsequently, a high 
oxygen gradient influences angiogenesis and stimulates 
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microvascularisation and neocollagenisation leading 
to the induction of tissue repair. The oxygen tension of 
irradiated tissues recovers over the course of treatment and 
is maintained for a minimum of three years without the 
continued need for HBOT.19

Serious radiation complications have been documented 
in 5% of all patients receiving RT and HBOT has been 
used as a safe and effective treatment for some radiation-
induced tissue injuries.19  Whilst there are few randomised 
controlled trials, retrospective data shows that there is 
statistically significant improvement seen in xerostomia, 
osteoradionecrosis of the mandible, osteoradionecrosis 
prophylaxis, soft tissue necrosis and radiation proctitis or 
cystitis.20  It has also been showed that the majority of these 
cases had sustained improvement through a medium follow-
up of 3.8 years.21

A prolonged beneficial effect was associated with HBOT in 
the case presented, whereby he had improved neck strength 
and function at nearly three years follow up.

Conclusions

Prognosis of DHS remains poor and there are no guidelines 
on the management of this often-debilitating condition. It is 
crucial that clinicians become aware of DHS as both a rare 
early and late-term sequalae of RT. Diagnostic algorithms, 
dose constraints, conservative and operative management 
have been discussed in the literature. HBOT has proven 
beneficial in other late adverse effects of RT22 and is well 
established for inducing angiogenesis and neocollagenisation 
which are essential for myogenic recovery. Exclusion of 
other causes, conservative management and optimisation 
of medical co-morbidities play important roles in the 
management of DHS. Though we cannot fully evaluate the 
efficacy of HBOT in a single case, HBOT in combination 
with physiotherapy and thiamine replacement, when 
necessary, may offer an alternative in refractory cases and 
may be more efficacious than conservative and medical 
management. More work is required in this field to fully 
ascertain the effects of HBOT in DHS and efforts are required 
to propose and evaluate guidelines on the management of 
radiation-induced DHS.
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