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Abstract

(Hájek M, Chmelař D, Tlapák J, Novomeský F, Rybárová V, Klugar M. Hyperbaric oxygen treatment in recurrent development 
of complex regional pain syndrome: A case report. Diving and Hyperbaric Medicine. 2021 March 31;51(1):107–110. doi: 
10.28920/dhm51.1.107-110. PMID: 33761551.)
A broad spectrum of conditions including neuropathic pain, complex regional pain syndrome (CRPS) and fi bromyalgia, 
have been implicated as causes of chronic pain. There is a need for new and effective treatments that patients can tolerate 
without signifi cant adverse effects. One potential intervention is hyperbaric oxygen treatment (HBOT). The case reported 
here is unique in describing repeated HBOT in a patient who developed recurrent post-traumatic CRPS of the lower as 
well as the upper limbs. In the fi rst event, two months after distortion and abruption of the external right ankle, the patient 
suffered leg pain, oedema formation, mild hyperaemia, limited mobility of the ankle and CRPS Type 1. In the second event, 
the same patient suffered fracture-dislocation of the distal radius 1.5 years after the fi rst injury. After the plaster cast was 
removed the patient developed pain, warmth, colour changes, oedema formation and limited wrist mobility with CRPS 
Type 1. Pharmacological treatment as well as HBOT were used with signifi cant improvement of functional outcome in both 
cases. Some studies suggest that patients with a history of CRPS are more likely to develop secondary CRPS compared 
to the rates reported in the literature among the general population. Patients with a history of CRPS should be counselled 
that they may be at risk for developing secondary CRPS if they undergo surgery or sustain trauma to another extremity.

Introduction

Chronic pain is one of the most common complaints in 
clinical practice. A broad spectrum of conditions including 
neuropathic pain, complex regional pain syndrome, migraine 
and fi bromyalgia, have been implicated as causes of a 
chronic pain condition.1–4

Complex regional pain syndrome (CRPS) is a chronic 
pain condition characterised by spontaneous and evoked 
regional pain, usually beginning in a distal extremity, that 
is disproportionate in magnitude or duration to the typical 
course of pain after similar tissue trauma.5  Multiple 
peripheral and central mechanisms are involved, with the 

individual share of particular factors over time. Possible 
contributors include musculoskeletal, peripheral and 
central sensitisation, autonomic changes and sympatho-
afferent coupling, alterations in receptor populations 
(e.g., upregulation of adrenoceptors and reduced cutaneous 
nerve fi ber density), brain changes, genetic, psychological 
factors, infl ammatory and immune alterations and central 
changes in autonomic drive, which seem to contribute to 
regional and systemic disturbances in sympathetic activity.5–7

Management of pain, especially when it becomes chronic, 
is a challenging task requiring a multidisciplinary approach. 
Currently, most pharmacological, nonpharmacological 
and interventional modalities achieve only temporary or 
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modest improvements in pain symptoms and often produce 
intolerable adverse effects that interfere with the quality of 
life and lead to poor compliance. There is a need for new and 
effective chronic pain treatments that patients can tolerate 
without signifi cant adverse effects. One such novel treatment 
is hyperbaric oxygen treatment (HBOT). There is a growing 
body of evidence to suggest that HBOT is a noninvasive 
modality with lasting effi cacy and minimal side effects that 
can be used to treat chronic pain conditions.8–11

The aim of this case report was to report the apparent effect 
of repeated HBOT in a patient with post-traumatic CRPS 
in the lower limb and subsequently the upper limb. The 
report was developed according to the CARE reporting 
guidelines.12

Case presentation

Written informed consent for publication of case details was 
obtained from the patient.

EVENT 1

This 65-year-old woman had a history of general osteoporosis, 
right knee arthrosis and lower limb varicosities. In July 
2018, she suffered distortion and abruption of the external 
right ankle due to slipping and falling to the ground. She 
was treated by plaster fi xation for four weeks. Due to 
the phlebothrombosis of the deep venous system of this 
extremity, novel oral anticoagulant therapy was applied for 
ten weeks. Two months after the injury, she suffered pain 
in the leg and calf below the knee. Oedema formation, mild 
hyperaemia, limited mobility of the ankle and an antalgic 
walking pattern were described. She was diagnosed with 
CRPS Type 1 (CRPS not associated with direct nerve injury). 
Pharmacological treatment included analgesics (non-
steroidal anti-infl ammatory drugs) and anxiolytic therapy, 
vitamin D and calcium substitution. Physical therapy was 
applied for eight weeks. A visual analogue pain scale was 
rated 6/10 with limb loading by walking. Four months after 
the injury, in November 2018, HBOT was started. Twenty 
HBOT sessions were given at pressures 202.6−243.1 kPa 
(2.0–2.4 atmospheres absolute). Signifi cant improvement of 
functional outcome after the treatment was achieved, such 
as the disappearance of symptoms, alleviation of colour 
changes and oedema reduction. The limb was fully loaded, 
with no pain at rest and during walking. The VAS score was 
rated 0/10 after the end of HBOT in December 2018.

On 19 March 2019, she was referred to HBOT again for a 
gradual recurrence of problems, such as dysesthesia and 
pain of the right leg and calf. No oedema or colour changes 
were present. Ultrasound examination showed a patent 
deep venous system. Pharmacological treatment included 
anxiolytic therapy, vitamin D, calcium substitution, and 
natrium-risedronate (bisphosphonates) 35 mg once a week. 
Physical therapy was applied for six weeks before the start 
of HBOT. The patient underwent another sixteen sessions 

of HBOT 202.6−243.1 kPa  fi nishing in April 2019. There 
were no complications and side effects during the HBOT. 
Improvement and pain reduction was reported by the patient. 
The VAS score was rated 3–4/10 after the end of HBOT 
compared to 5–6/10 rated at the beginning.

EVENT 2

In December 2019, the same patient suffered an injury of 
the left wrist after the tripping on the sidewalk and falling. 
A dislocated fracture of the distal radius (Smith‘s fracture) 
was shown on X-ray. Reposition under the local anaesthesia 
and plaster fi xation for six weeks were performed. After 
the plaster fi xation was removed the patient complained of 
pain, warmth, colour changes as well as oedema formation 
of the wrist. Limited mobility of the wrist (dorsal fl exion up 
to thirty degrees, palmar fl exion up to fi fteen degrees) and 
fi ngers were described. An X-ray revealed good position 
of fragments and progressive healing changes. She was 
once again diagnosed with CRPS Type 1. Pharmacological 
treatment included analgesic (tramadol hydrochloride/
paracetamol 37.5 mg/325 mg twice daily) and antidepressant 
therapy (dosulepin hydrochloride), as well as promethazine 
hydrochloride. HBOT was started in January 2020. 
Twenty-two sessions of HBOT 202.6−243.1 kPa were 
given, fi nishing in March 2020, due to the worsening of the 
epidemiological situation and coronavirus disease pandemic 
outbreak. Signifi cant pain reduction and partial oedema 
reduction were achieved, but reduction of the wrist mobility 
persisted. Slightly better fi nger mobility was apparent. 
Before HBOT, the pain VAS score was rated 0/10 at rest, 6/10 
during movement, and the function of the hand was rated 
7–8/10 (higher is worse). After the end of HBOT, the pain 
VAS score was rated 0/10 at rest, 2–3/10 during movement 
and the functional VAS score was 4–5/10.

Discussion

This report describes the effects of repeated HBOT 
administration in a patient with recurrent post-traumatic 
CRPS on both the lower and upper limbs. At an interval of 18 
months after the fi rst injury, the same patient had a forearm 
injury to the upper limb with development of CRPS, which 
was successfully treated with HBOT.

It is known that patients with CRPS have a higher chance 
of recurrence with a subsequent injury. In a retrospective 
review the incidence of CRPS after subsequent surgery or 
injury in a previous unaffected extremity was determined and 
compared to an average incidence reported in the literature.13 
Ninety-three patients had a diagnosis of primary CRPS. 
Nineteen patients (20.4%) developed CRPS in one or more 
additional extremities compared to the incidence of 23.4 
per 100,000 (0.0234%) in the literature. Twenty patients 
had a documented secondary injury or surgery in a second 
extremity. Fifteen patients (75%) developed secondary 
CRPS compared to a CRPS incidence rate of 6.4% following 
distal radius fracture.13
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The aim of another study was to evaluate the risk factors 
for the development of complex regional pain syndrome 
(CRPS) after surgical treatment of traumatic hand injuries. 
CRPS was diagnosed in 68 patients (26.2 %). The mean 
postoperative pain score was greater in patients with CRPS 
than in those without CRPS. The patients with a pain score 
of ≥ 5 in the fi rst three days after surgery and the patients 
with crush injury were at high risk for CRPS development 
after surgical treatment of traumatic hand injuries.14

HBOT may be effective in the treatment of CRPS. A 
double-blind, randomised, placebo-controlled study was 
designed to assess whether HBOT was superior to placebo 
in treating patients with post-traumatic CRPS of the wrist. 
Seventy-one patients were randomised into a treatment group 
(n = 37) that received fifteen daily 90-minute HBOT sessions 
at 243.1 kPa (2.4 atmospheres absolute) or a control group 
(n = 34) that received fifteen daily 90-minute sessions in the 
hyperbaric chamber (also at 243.1 kPa) breathing normal air. 
The CRPS patients who received HBOT were shown to have 
significantly lower (improved) VAS scores,  wrist extension 
and less wrist oedema compared to the control group both 
after the final treatment.15

While there is some supportive evidence of a positive effect 
of HBOT on CRPS, this chronic pain condition does not 
appear on any of the lists of approved indications of major 
professional societies such as the list of indications of the 
10th ECHM Consensus Conference 2016.16  This treatment 
method is neglected in many recent review articles or 
systematic reviews (SR),17–19 where it is either not mentioned 
at all or excluded from the analysis, most often because it is 
not considered a ‘commonly used treatment method’.20  The 
present case report serves as a ‘reminder’ to the hyperbaric, 
orthopedic or pain medicine communities, that this treatment 
option exists, albeit based on limited scientifi c evidence of 
the clinical effi cacy.

Possible mechanisms of action are multiple in relation to 
the above-mentioned currently accepted pathophysiological 
causes of CRPS. A positive effect of HBOT in CRPS could 
be related to restoration of aerobic metabolism, correction 
of hypoxia, correction of acidosis, and modulation of 
nitric oxide (NO) activity and oxidative stress.21  Previous 
animal studies have highlighted the analgesic effect caused 
by HBOT in models of nociceptive, infl ammatory and 
neuropathic pain.22,23  HBOT has been found to decrease 
mechanical hyperalgesia and infl ammation in a rodent 
model. The antinociceptive effect was apparent immediately 
following HBOT and persisted up to 5 h post-treatment.22  
In patients with fi bromyalgia syndrome (FMS) there is 
some evidence that HBOT can change brain metabolism 
and glial function to rectify the FMS-associated abnormal 
brain activity.24  Work by one group suggests that HBOT 
can induce neuroplasticity that leads to repair of chronically 
impaired brain function and improved quality of life in post-
stroke patients and patients with prolonged post concussion 
syndrome.25–27  Data from models of Parkinson’s disease 

show that HBOT may play a neuroprotective role because of 
its ability to reduce oxidative stress and neurodegeneration, 
and protect against neuronal apoptosis. 28  It was  shown 
that HBOT induces signifi cant anti-infl ammatory effect in 
different conditions and pathologies29,30 and may attenuate 
pain by reducing production of glial cell infl ammatory 
mediators.31,32

Conclusions

HBOT is not a standard treatment for CRPS, but it is a 
promising intervention for both acute and chronic treatment 
of the disease. Because of symptoms that limit patients 
in their daily lives, early diagnosis and active treatment 
approaches immediately after the onset of CRPS are critical 
factors in improving a patient‘s prognosis. Further studies 
are needed to improve our understanding of the mechanisms 
underlying the effects of HBOT and clarify its role in the 
treatment of this troubling disorder.
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