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Case Report

ABSTRACT

The majority of dives go off without any problems, but there are physiological changes brought on by
pressure fluctuations in the underwater environment that might cause serious harm. Decompression
sickness (DCS) is a condition resulting from the formation of nitrogen bubbles in body tissues due to rapid
decompression after a dive, and one of the severe manifestations of DCS is spinal cord DCS. Although it is
uncommon, it is a neurological diving emergency that can cause permanent impairment. The gold standard
treatment for all DCS, including spinal cord DCS, is hyperbaric oxygen (HBO) therapy. In this article, we
present a case report of a 43-year-old male with spinal cord DCS with a high MEDSUBHYP score, but who
refused HBO therapy, which led to long-term morbidity and residual neurological deficits. The patient had
received non-steroidal anti-inflammatory drugs (NSAIDs) and methylprednisolone as adjunctive therapy,
but they provided no benefit. This article discusses the clinical presentation of spinal cord DCS, its
challenging diagnosis, and several factors that predicted poor prognosis in patients with spinal cord DCS.
We also highlight the logistical barrier to getting HBO therapy in Indonesia, which may be one of the main
reasons the patient refused to be referred to another facility.

INTRODUCTION

Over the past few decades, diving has gained its popularity globally, not only for
recreational diving but also for commercial and scientific diving, which have increased annually,
including in Indonesia. Indonesia is one of the world’s largest archipelagic countries and is known
for its rich marine biodiversity. Indonesia has also been named ‘The World’s Best Scuba Dive
Destination’ by the UK’s DIVE Magazine for three consecutive years from 2017 to 2019.12 The
vast majority of dives are completed without incident. However, there are physiological changes
and several injuries related to pressure changes in underwater environments. These conditions
may occur on descent, at depth, or on ascent. One of the most commonly known is Decompression
Sickness (DCS).2-5

Decompression sickness is a condition resulting from the formation of nitrogen bubbles in
body tissues due to rapid decompression after a dive. These bubbles come from dissolved inert
gas when the diver rapidly ascends from depth, and then the bubbles formed cause both
mechanical and ischemic damage to tissues. DCS is categorized into ‘Type I DCS,” which is also
called ‘pain-only’ and ‘mild’ and involves the skin, joints, and lymphatic system only, and ‘“Type II
DCS,” which is more ‘severe’ and ‘serious’ DCS involving the central nervous system (brain and
spinal cord), vestibular (or ‘staggers’), and cardiopulmonary symptoms (‘chokes’).24¢ The other
condition like Arterial Gas Embolism (AGE) is a condition where bubbles introduced into arterial
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circulation lead into multifocal ischemia; this condition is sometimes called ‘“Type III DCS’, but
because it is almost impossible to differentiate all of these terms and the treatment protocols for
all disorders are the same, Decompression Illness (DCI) is used as a collective term for these
diving disorders.”

The prevalence of DCS is quite rare due to technological improvement and the
establishment of diving safety protocols, but since diving activity is increasing, the number of DCS
cases is increasing, and in severe cases, it may lead to permanent disability. The overall incidence
of DCS is around 0.015% for scientific divers, 0.01-0.19% for recreational divers, 0.03% for US
Navy divers, and for commercial divers, around 0.095% or up to 10 cases per 10,000 dives.256

Among all DCS cases, the incidence of spinal cord DCS is rare, and it can occur even in
experienced divers. It is a neurological emergency with potential for long-term disability (around
26.9% suffered permanent residual disability). Several factors are well known to be related to
spinal cord DCS prognosis, with early treatment with hyperbaric oxygen (HBO) being associated
with a better prognosis, making prompt recognition critical. The challenging part is ‘diagnosis of
spinal cord DCS is a pure clinical diagnosis’, as neither laboratory nor imaging studies are helpful.8

In Indonesia, despite the advancements in diving safety and the well-known impact of HBO
therapy in spinal cord DCS, access to HBO facilities in Indonesia remains a significant challenge,
contributing to poorer outcomes. In this article, we present a case report of a 43-year-old male
with spinal cord DCS and then highlight several factors that may affect its management and
prognosis, including the impact of delayed or refused HBO therapy on long-term neurological
function.

CASE DESCRIPTION

A 43-year-old male, a commercial crab and lobster diver, presented to our emergency
department (ED) with bilateral leg weakness, inability to urinate, and a constant, dull pain
encircling his upper abdomen, all of which had persisted for the past 30 hours. On the day of the
symptom onset, he performed multiple Self-Contained Underwater Breathing Apparatus
(SCUBA) dives to a depth of 30 meters of seawater (msw) for approximately one hour - nearly
twice as long as his usual duration - while following the recommended decompression stops. The
symptoms began approximately 5 to 10 minutes after he resurfaced on the boat. He did not seek
immediate medical attention, assuming the symptoms would resolve with rest, as he had never
experienced any diving-related symptoms in nearly 15 years of diving experience. When the
condition failed to improve, he presented to our ED 30 hours after symptom onset. He had no
prior medical history and denied any trauma, shortness of breath, tinnitus, fever, cough, diarrhea,
or other systemic symptoms.

On admission to our ED, which was almost 30 hours after the onset of symptoms occurred
in exact, his vital signs were all normal, but physical examination showed upper motor neuron
(UMN) type paraparesis with motor strength 1 out of 5 and para-hypesthesia at the umbilical
level. No abnormality was found in cranial nerve examination. Urinary retention was confirmed
as almost 1.5 L of urine came out after Foley catheter placement, and further testing revealed
decreased tone of the anal sphincter as well. We suspected a diagnosis of type II Spinal Cord DCS
and gave high-flow oxygen with 15 liters of oxygen per minute using a non-rebreather mask.
Fluids were given to achieve a urine output of at least 1 mL/kg/min. Laboratory studies revealed
hemoglobin level was 15.6 g/dL with hematocrit 46.6%, a slight increase in white blood cells to
11.77 x 103/L, and normal electrolyte levels with no abnormalities found in liver and kidney
function. Several studies to exclude differential diagnoses were performed, and all (chest and
spine X-ray) returned normal.

The patient’s MEDSUBHYP score was calculated: he received 1 point each for age and back
pain, 3 points for a stable clinical condition, 4 points each for paraparesis and sensory deficits,
and 6 points for bladder dysfunction, giving a total score of 19. A score greater than 7 is associated
with increased risk of poor outcomes.

Thoraco-lumbar Magnetic Resonance Imaging (MRI) with contrast was scheduled for the
next day to exclude any other diagnosis, and we explained all the possible options to the patient,
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including the suspected diagnosis of spinal cord DCS, the prognosis, and the necessity of
recompression therapy. Unfortunately, there is no hyperbaric oxygen (HBO) chamber in our
hospital, so we educated him and his family to refer to a nearby hospital with an HBO facility. The
patient rejected the option and preferred to do an MRI. Conservative management was initiated
with intravenous ketorolac (30 mg three times daily) for pain control, along with high-dose
intravenous methylprednisolone (250 mg four times daily) to reduce potential spinal cord
inflammation, while awaiting the MRI results.

The next day, MRI revealed signs of spinal cord ischemia with hyperintense lesions (T1/T2
WI) of the posterior horn of the thoracic cord at the level of T1-T3 (figures 1 and 2), further
increasing our suspicion of a spinal cord DCS diagnosis. We re-educated the patient and his family
for hyperbaric therapy, but again, the patient denied the option due to the nearby hospital with
the HBO facility being 92 km away from our hospital and 166 km away from the patient’s home.

Management was continued with symptomatic treatment using intravenous ketorolac (30
mg as needed) for pain control. Intravenous methylprednisolone was discontinued after MRI
findings revealed no signs of spinal cord inflammation. A physiotherapy consultation was
initiated on the second day of admission. Physiotherapy sessions were conducted twice daily and
included icing to relieve the pain, log-rolling and turning exercises to prevent pressure ulcers,
pelvic exercises, and bladder training for pelvic strengthening and urinary control, as well as
transcutaneous electrical nerve stimulation (TENS) combined with neuromuscular electrical
stimulation (NMES).

The patient was discharged after five days of hospitalization with minimal motor
improvement, achieving a muscle strength of 2 out of 5 in the lower limbs. During the first three
weeks of follow-up, he continued his rehabilitation twice weekly and began to regain strength in
both legs, although urinary catheterization was still required. The Foley catheter was successfully
removed at the fourth week. At the latest follow-up, two months after symptom onset, he
remained moderately disabled and was still unable to walk independently.

Figure 1. Sagittal view - MRI revealed signs of spinal cord ischemia in the thoracic cord T1-T3 with
hyperintense lesions of the posterior horn of the thoracic cord at the level of T1-T3 (yellow arrow)
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Figure 2. MRI T2WI showed hyper-intense lesion in posterior horn thoracic cord; left image: sagittal view
(vellow arrow), right image: axial view (red arrow, dashed red area)

DISCUSSION

Decompression Sickness (DCS) is a condition caused by the formation of nitrogen gas
bubbles in body tissues due to rapid decompression. These bubbles can cause both mechanical
and ischemic damage, with the spinal cord being one of the most commonly affected areas in Type
I DCS.249 This case report describes a diver who developed spinal cord DCS, highlighting the
diagnostic challenges, management strategies, and several factors associated with a poor
prognosis. The specific vulnerability of the thoracic spinal cord to DCS is attributed to its unique
vascular supply, particularly the presence of watershed areas with limited collateral
circulation.1011 The blood supply in this region primarily relies on the anterior spinal artery (ASA)
and radiculomedullary arteries, which have limited anastomotic connections. This makes the area
less capable of compensating for ischemic events caused by vascular occlusion from gas
bubbles.12 Consequently, ischemic lesions frequently manifest in the posterior horn of the spinal
cord, a region that is particularly susceptible due to its distal vascular positioning and reduce
blood flow during episodes of hypoperfusion.l2 These mechanical effects, combined with the
inflammatory response to bubble-induced tissue damage, result in both vascular occlusion and
neural injury.6-8

The patient's neurological symptoms, which appeared just 5-10 minutes after resurfacing,
align with the typical presentation of severe spinal cord DCS. This short latency period is often
correlated with a higher degree of symptom severity.”8 Clinical manifestations such as UMN-type
paraparesis, a circumferential band of paresthesia around the chest and abdomen, and urinary
retention are all characteristic of spinal cord involvement in DCS.46713 While acute neurological
conditions like transverse myelitis and non-traumatic spinal cord infarction can present
similarly, the patient's clear history of a recent SCUBA dive makes DCS the most probable
diagnosis.!*-16 Diagnosis of spinal cord DCS is fundamentally a clinical one, relying heavily on a
recent diving history and neurological examination.”!” Imaging, including MR, is primarily used
to rule out alternative diagnoses. Although MRI findings in DCS can be non-specific or even
normal, the presence of hyperintense lesions on T2-weighted images (T2-WI) in the posterior
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horn of the thoracic spinal cord (T1-T3), as seen in our patient, strongly supported the diagnosis.
These findings are consistent with ischemic injury and may be associated with a poorer
outcome.518

Regarding management, the gold standard treatment for DCS is hyperbaric oxygen therapy
(HBO), which works by reducing the size of nitrogen bubbles, improving oxygen delivery to
ischemic tissues, and promoting nitrogen washout.4-7 Unfortunately, the patient in this case is
unable to access HBO therapy immediately, highlighting a significant challenge in the
management of DCS. Furthermore, while HBO remains the cornerstone of treatment, several
drugs have been proposed as adjunctive therapies, but none are definitively evidence-based and
usually only on the basis of theoretical attraction or the results of in vivo experiments.®1° The use
of high-dose methylprednisolone is considered in this case, based on its theoretical
neuroprotective effects against inflammation and ischemia, similar to its application in acute
spinal cord injuries.2021 [t is important to emphasize that such adjunctive therapies should never
be a substitute for timely HBO therapy.

The patient's inability to receive HBO therapy immediately due to the distance to the
nearest facility underscores a major systemic issue in Indonesia. Access to HBO facilities remains
a significant challenge for divers, particularly those in remote locations. The limited number of
operational HBO facilities in the country and their scattered distribution, often concentrated in
major urban centers and high-traffic diving areas like Bali, Komodo, and Raja Ampat, create a
substantial geographical disparity.522-24 This insufficiency is a critical concern for diver safety, as
delays in receiving HBO therapy are directly linked to poorer neurological outcomes and
increased morbidity.2526 Research suggests that while recreational diving tourism is expanding
rapidly, the healthcare infrastructure, specifically the availability of HBO facilities, has not kept
pace with this growth.24 This case serves as a poignant example of how these logistical barriers
can severely impact the management and final outcome of a spinal cord DCS case, highlighting
the urgent need for a more comprehensive and strategically planned healthcare network to
support the growing diving community in Indonesia.

In conclusion, the prognosis for spinal cord DCS is dependent on several key factors: a short
latency period, a delay in diagnosis and management, the severity of the initial injury (assessed
using the MEDSUBHYP scoring scale), the presence of a pathological ischemic lesion on MRI, and
the availability of HBO therapy.67.27-29 The severity of the initial injury in this case was assessed
using the MEDSUBHYP scoring scale, as detailed in Table 1, with the specific calculation of the
patient's score presented in Table 2 which resulted in a high score of 19, indicating a high
probability of morbidity. Our patient exhibited almost all of the factors associated with a poor
prognosis: a very short latency period (5-10 minutes), a significant delay in seeking medical
attention (nearly 30 hours), and the presence of a pathological ischemic lesion on MRI. These
combined factors, along with the inability to undergo immediate HBO therapy due to logistical
barriers, are likely responsible for the moderate degree of disability, including persistent
difficulty walking, that the patient experienced even after 2 months of recovery and
rehabilitation.6?

Table 1. The MEDSUBHYP Scoring Scale

Variable Option Score
Age>42y.0 No 0
Yes 1
Back pain No 0
Yes 1
Clinical course before recompression Better 0
Stable 2
Worse 5
Objective sensory deficit No 0
Yes 4
Motor Impairment No 0
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Variable Option Score
Paresis 4
Paraplegia 5

Bladder dysfunction No 0
Yes 6

Table 2. Calculation of the MEDSUBHYP Score for the Patient

Variable Patient Condition = Assigned
Score

Age>42y.0 43 years old 1

Back pain Yes 1

Clinical course before Stable for 30 2

recompression hours

Objective sensory deficit Yes ,
(Parahypesthesia)

Motor Impairment Paresis 4

Bladder dysfunction Yes 6

Total Score 19

CONCLUSION

This case emphasizes the importance of early diagnosis and timely treatment of spinal cord
DCS. Potential delays from initial onset of symptoms until diagnosis and any potential problems
in between have been discussed, including the availability of hyperbaric oxygen therapy, which
remains the gold standard for treatment in spinal cord DCS. Timely access to HBO therapy
remains crucial for improving recovery and minimizing the long-term impact of spinal cord DCS.
In Indonesia, the low number of HBO therapy facilities and logistical barriers can also delay
initiation of HBO therapy and lead to suboptimal outcomes. Conservative management with
NSAIDs and corticosteroids provides some symptomatic relief, but the lack of HBO therapy likely
contributes to the persistent neurological deficits.
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