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the uptake and elimination of inert gas to those tissues. 
An experienced orthoped and dive medicine physician 
treated a case of type 1 DCS occurring in conjunction 
with a post-dive injury. The onset of pain-only DCS 
occurred three hours after a dive just at the time he also 
strained his knee horseback riding. The deep boring 
knee joint pain quickly resolved with recompression 
while the pain from his traumatic injury to his knee’s 
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This concern was evident when an experienced team 
of diving medical physicians faced an acute herniation 
of the L5-S1 disc that occurred during an experimental 

saturation dive while the subject was performing his 
exercise protocol. His pain required rest, morphine, 
anti-inflammatory medication and diazepam to 
control.  His physicians were aware that the inflamed 
tissue could also develop DCS and prompted a 12-hour 
hold of decompression at that depth and an elevation 
of the ppO2 to 0.5%. His pain improved over the 60 
hours of required decompression. He was managed 
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Reporting the pain: The caller who is reporting the onset 
of pain following a dive should be asked:

• Recent dive history, time of pain onset 
• Any other associated symptoms such 

as shortness of breath, illness mental 
status change, numbness, weakness, gait 
problems, rash

• Location of pain such as joint, bone or 
surround soft tissue

• Characteristic of the pain, deep dull joint; 
intensity using a scale 

• Multiple or single location
• If multiple, is it symmetric that may be 

associated with a spinal lesion
• Is pain affecting limb only or spine, pelvis, 

hips involved
• Is it affected by movement, palpation, 

position
Figure 11. Lightning can strike twice

Figure 10. Blood supply to the spinal cord. Note supply to both white and grey matter in a cross-sectional view.
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•	 Any discoloration, warmth, streaking
•	 History of joint problems, or associated 

medical conditions
•	 Recent illness or injury

Diagnostics
Joint or muscles pain and normal neurological exam 
are the requirements for Pain Only Type 1 DCS. The pain 
in Type 1 DCS is classically described as a deep boring 
pain. It often has no palpable point of tenderness. The 
diver often can find neither a position that alleviates or 
worsens the pain. The pain can be quite severe. There 
can be more subtle forms of pain only DCS. It has been 
called niggles with an attempt to define it as transient 
pain lasting no more than 30 minutes in one joint and 
one hour in multiple joints. It generally does not warrant 
recompression. Researchers have even given a fractional 
consideration as DCS in manned decompression table 
testing.10

Differentiating the cause of the pain from non-diving 
injuries is the task confronting the diving medical 
physician. The history and physical remains the standard 
of care in the diagnosis of DCS. The neurologic exam is 
the most important part of the evaluation and diagnosis 
of decompression sickness. In some cases, the joint 
pain is associated with and may precede neurological 

manifestations. The neurologic deficits may not be 
present at the time of the initial exam and serial 
neurologic exams should be conducted.

When confronted with a diver whose presentation is 
atypical, several controversial measures have been 
advocated to assist in making the differential: 

Cuff test: This is a test where a blood pressure cuff is 
applied to the painful joint and joint compressed. If 
the pain is relieved, it was once thought that it was 
diagnostic for type 1 DCS. However, this maneuver has 
shortfalls. It may provide support to a traumatized area 
and give relief like wrapping tendonitis or a sprain that 
brings relief and even function back to that joint. The 
diagnostic value of the cuff test was evaluated in a study 
with 179 patients with type 1 DCS. The cuff test was only 
positive in 61% of those cases.11 A tight cuff may also have 
an effect and a false positive response solicited by the 
diver. 
 
Test of pressure: Some physicians use this test when 
a diver with a painful joint has presented with a 
confusing picture where DCS is questionable. The diver is 
recompressed in a hyperbaric chamber and administered 
hyperbaric oxygen. A quick resolution of pain under 
pressure is expected if the recompression followed soon 



76 Differential Diagnosis of Decompression Illness

Pain, Aches and Trauma

enough after the pain onset. If the pain is slowly or only 
partially relieved, it may be due to the time and oxygen 
effects on traumatized tissue, and not due to squeezing 
bubbles. There may be some similarities between RICE 
therapy used for sprains/strains and hyperbaric oxygen 
therapy. The pain relief may not necessarily indicate the 
injury was DCS. 

Also, consider the psychologic effect of these tests in 
someone who may believe they have DCS. Since there 
are no imaging studies or blood tests to definitively 
diagnose DCS, this test may yield faulty data in the 
anxious patient, it is unblinded, and the diagnostic 
purpose is usually articulated clearly to the patient. 
No one would look for Waddell signs in this fashion to 
evaluate low back pain. 

The diagnosis of DCS is made by first taking a careful 
diving history. The exposure data should include the 
depth/time, number of dives, surface interval, days of 
diving, type of dive, gas and decompression measure, 
the time of onset of the first symptoms a as well as the 
time of subsequent symptoms or their change. Dive 
history should include any altitude exposure after dive 
including plane, car or hiking. A thorough review of 
the past medical history should include recent injuries, 
exertion, age, medical conditions that include painful 

syndromes, neurologic or spinal pathology. Serial 
neurologic examinations are required to uncover type 2 
DCS that may start with pain only symptoms.

Suspicion of other etiologies should be entertained 
before reflexively recompressing the diver for any pain 
complaint. 

A diver with severe abdominal pain and difficulty raising 
his right leg with paresthesia after four deep air dives 
were recompressed with slow resolution of his leg 
complaints, but abdominal pain persisted. A perforated 
appendix was discovered after his chamber treatment 
and treated with surgery/antibiotics with full recovery.12

Caution with exercise-induced left shoulder pain or 
recent weeklong right sided stinging sensations. Avoid 
diverting a diver hastily to a recompression chamber 
before exploring indications for evacuation to a cardiac 
cath lab or for thrombolysis., Review of a diver’s medical 
history in conjunction with his recent dive physical will 
help reduce the differential. A diver may have been 
cleared with a painful condition that may have been 
aggravated during the dive trip and has now been 
brought to medical attention.

RICE AND HBOT

Consider any period of rest therapeutic “tincture of time” 

RICE
•	 Rest - recline
•	 Ice - vasoconstriction
	 Reduce inflammation
•	 Compression - reduce swelling and edema
•	 Elevation - reduce edema, improve 

oxygenation

HBOT
•	 Rest/ recline for several hours
•	 Vasoconstriction
•	 Reduce inflammation
•	 Reduces edema
•	 Improves tissue oxygenation
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Treatment of type 1, pain only DCS
“If there is any doubt as to the cause of the pain, assume 
the diver is suffering from decompression sickness and 
treat accordingly. Any decompression sickness that 
occurs must be treated by recompression.”13 

This has long been the basis of treating suspected DCS 
cases when the population is young healthy divers. 
Treatment success reinforced this strategy.  Simply 
recompressing everyone who has pain is not good 
practice and certainly reinforces the saying when all you 
have is a hammer, everything looks like a nail. Ruling 
out DCS and finding the correct etiology is important 
especially if other treatments are indicated. First aid 
should include surface level oxygen, hydration, and 
serial neurologic exams. Differentiating type 1 from type 
2 may seem unimportant if treatment table 6 was the 
only definitive treatment. But utilizing a much shorter 
USN treatment table 5 or not treating at all are two 
acceptable options under certain conditions. A study 
showed for DCS Type 1 there was no difference in good 
outcomes utilizing treatment table 5 early and strictly 
following the guidelines for its use. (reference)

New Guidelines for the Management of Mild DCS in 
Remote Locations
The correct differentiation between mild or type 1 DCS 
and type 2 DCS becomes even more important when it 
occurs in a remote location where there is no hyperbaric 
chamber and evacuation may not be possible or may 
even be hazardous. Experts have agreed that in such 
cases and under certain conditions the recompression 
may not be required for pain only, mild DCS type 1 which 
has been stable or improving for 24 hours. The diver 
must also have normal serial neurologic examinations to 
meet the stringent requirements of this guideline. There 
is no further diving until the return home and approval 
by a diving medical physician.14,15

Case presentation: A new diver presents for evaluation 
following his dive that morning. He complains of 
headache, fatigue, knee pain, and rash. He is bent over 
from abdominal pain. You place him on oxygen and 
recall your chamber personnel to line up the chamber 
while you complete the exam. You discover he has made 
one uneventful dive to 45 fsw for 35 minutes earlier 

that day with no impact on his multiple joint pain. His 
neurological examination is completely normal. You 
noticed his eyes are red and a trace of nosebleed remain 
about his nares. He states he has no medical problems 
but just remembered he had a fever three days ago that 
has improved. He states his abdominal pain and multiple 
joints have been aching since yesterday. He relays that 
he and his friends have been camping on the beach 
over the last week. A repeat neurologic exam again is 
normal. He was found to have contracted Chikungunya 
by history of his multiple arthralgias that occurred after 
his febrile episode following his environmental exposure 
in an endemic region. Abdominal pain, conjunctivitis 
and low platelet count were also consistent with the 
diagnosis that prompted further positive serologic 
testing. Recompression was not indicated. 

This case was given as an example to highlight the 
diagnostic difficulties the diving medical physician 
will confront. The luxury of knowing your divers who 
you know are healthy and fit is not the usual scenario. 
Your first encounter with the diver is often his initial 
presentation after diving. Medical colleagues may defer 
to you without complete workup of other medical 
conditions besides DCS. Evacuation to the nearest 
recompression chamber may seem reasonable and 
innocuous but the dangers have been well described 
elsewhere: the delay of necessary treatment, 
transportation hazards, harmful altitude exposure, etc. 
Conversely, prompt recognition of DCS is important. 
Properly trained emergency responders are key to 
identify and expedite those patients through the 
emergency system. The local diving medical physician 
plays a key role not only for emergent consultation but 
for ongoing training for everyone involved from dive site 
to the emergency room. Those unstable, with shortness 
of breath, altered mental status or paralysis are not 
easily missed but the following presentations should also 
raise the level of urgency:

•	 Bilateral, symmetric pain: may signify a serious, 
central lesion of the nervous system

•	 The onset of joint pain while conducting 
decompression/ascent may warn of worsening 
problems when brought aboard. Treat with 
urgency and conduct serial neurologic exams
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A-alpha nerve fibers carry information related to proprioception (muscle sense).
A-beta nerve fibers carry information related to touch.
A-delta nerve fibers carry information related to pain and temperature.
C-nerve fibers carry information related to pain, temperature and itch.
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•	 Rapid onset and worsening pain on surfacing: 
early time of onset, progressing symptoms may 
indicate an unstable condition that would prompt 
more frequent repeat neurologic examinations 
should more serious forms of DCS evolve. 

•	  Abdominal or truncal pain: can be associated 
with tingling or even mild weakness of legs which 
can gradually ascend and progress in severity 
(often incorrectly ascribed to overexertion by the 
diver)

Conclusion

Pain is an important  warning  of a pathologic process. 
It is complex, and its signal is impacted by many factors 
before it is registered by the individual. Unfortunately, 
the pain is generally insufficient to define a definitive 
etiology without a detailed history and physical 
investigation. The onset time, characteristic of pain, 
location, evolution, possible other symptoms and signs, 
and detailed diving history helps make the diagnosis of 
DCS. 

In conclusion, the diagnosis of pain only DCS can be 
established after thorough neurological examination 
with no abnormal findings and after exclusion of other 
possible causes. Recompression may be indicated once 
the diagnosis of DCS is made. 
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(Massey and Moon 2014b) caused by bubble formation within tissues due to inert gas supersaturation. Arterial 
gas embolism (AGE) (Vann et al. 2011)
Conditions Description

Thromboembolic or hemorrhagic stroke (Kohshi 
et al. 2017), (Bartsch et al. 2009), (Buttinelli, 
Beccia, and Argentino 2002), (E Gempp et al. 
2014), (Hayden, Buford, and Castillo 2015)

Age and risk factors help differentiate. MRI will reveal 
hemorrhage or ischemia. If doubt exists, recompression 
therapy will not worsen outcome after stroke. Guidelines 
for the early management of patients with stroke were just 
revised. 

Carotid or vertebral artery dissection (Brajkovic 
et al. 2013), (Kasravi et al. 2010), (Alonso 
Formento et al. 2016), (Nelson 1995), (Konno 
et al. 2001), (Gibbs 3rd, Piantadosi, and Massey 
2002), (Skurnik and Sthoeger 2005), (Bartsch et 
al. 2009), (Kocyigit et al. 2010)

Neck pain is usual.

Multiple sclerosis (MS) 
(Jan and Jankosky 2003) 

Vertigo, visual loss, focal sensory, motor or cerebellar 
symptoms due to MS may mimic decompression illness when 
temporally related to a dive. Heat stress in tropical conditions 
may exacerbate symptoms in demyelinating diseases. MRI, 
CSF evaluation may help. 

Seizures Spontaneous seizures immediately after a dive may be 
difficult to differentiate from arterial gas embolism.

Differential Diagnosis of Decompression Illness
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Migraine
(Engel et al., 1944; Ferris et al., 1951; Flinn and 
Womack, 1963; Lieppman, 1981; Ostachowicz, 
1987; Butler, 1991)

Visual manifestations, including scintillating scotomata, have 
been described in altitude-related DCS. Migraine history may 
help differentiate from decompression 

Spinal cord compression/myelopathy 
(Emmanuel Gempp et al. 2008), (E Gempp et al. 
2013) Spinal cord lesions and the development 
of spinal cord decompression sickness (DCS) 
(Jager et al. 2002) 

Hemorrhage, disc protrusion, or epidural infection. Diagnosis 
usually confirmed by MRI, which is commonly negative in 
decompression illness. The spinal fluid analysis may help. 

Guillain-Barré syndrome (AIDP) Sensory symptoms usually minor or absent, and progression 
usually slower than in decompression illness. 

Psychosis 
(Hopkins and Weaver 2001), (Kenedi, Sames, and 
Paice 2018)
Porphyria History of the disease usually present. 

ENT conditions

Inner ear barotrauma 
(Farmer, 1977; Money et al., 1985; Shupak et al., 
1991; Klingmann et al., 2007) 

Inadequate equalization of middle ear pressure during 
descent can cause rupture of the round or oval windows, 
resulting in sudden onset of tinnitus, vertigo, and unilateral 
deafness. 

Facial baroparesis (FB) 
(Molvaer and Eidsvik, 1987; Basnyat, 2001; 
Grossman et al., 2004) or other facial palsies, 
(Yetiser 2012) 

FB is due to facial nerve compression as a result of inadequate 
decompression of the middle ear cavity during decompression 
from a dive or aircraft flight. Differentiated from gas 
embolism as it presents with both upper and lower facial 
weakness. Manifestations of FB are usually transient, 

Paranasal sinus overpressurization 
(Idicula, 1972; Neuman et al., 1975; Shepherd et 
al., 1983; Garges, 1985; Murrison et al., 1991)

Compression of the trigeminal nerve within the maxillary sinus 
due to over-pressurization in the same manner as in facial 
baroparesis (above).

Cardio-respiratory conditions

Immersion Pulmonary Edema
(Shupak et al., n.d.), (Hampson and Dunford 
1997), (Slade et al. 2007), (Fraser et al. 2011) 
which could serve as a possible preventive 
strategy for the development of immersion 
pulmonary edema (IPE) (Peacher et al. 2014), 
(Edge CJ 1997), (Grünig et al. 2017)

This disorder usually occurs shortly after the start of a 
dive, while the diver is still at depth, and might be confused 
with cardiorespiratory decompression sickness since both 
cause dyspnoea and cough. 78–80 Symptoms of immersion 
pulmonary edema typically begin during descent or at depth, 
whereas the onset of cardiorespiratory decompression 
sickness occurs after the dive.
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Water aspiration Water aspiration could be mistaken for cardiorespiratory 
decompression sickness. Both cardiorespiratory 
decompression sickness and water aspiration can cause 
pulmonary edema, although the diver is usually aware of 
aspiration.

Ischemic heart disease, pulmonary embolism, 
cardiac arrhythmias

Abdominal issues

Abdominal pain and discomfort  
(Payor and Tucci 2011), (Goumas et al. 2008), 
(Lucas 2011)  

Kidney injury 
(Gleeson et al. 2015), (Hibi et al. 2017), (Meyne KJ,  
Kahler W,  Tillmans F, Werr H, Binder A, Koch A, 
2017)

Seafood toxin ingestion

Ciguatera poisoning (Bagnis et al., 1979; 
Eastaugh and Shepherd, 1989; Swift and Swift, 
1993) 

Due to ingestion of heat-stable toxin in large fish, such as 
barracuda, grouper, red snapper, amber jack, king fish. 
Vomiting and diarrhea usually precede paresthesias, altered 
thermal sensation, occasionally weakness, vertigo, ataxia. 

Puffer fish poisoning (Eastaugh and Shepherd, 
1989; Mines et al., 1997) 

Due to tetrodotoxin. Mild poisoning is similar to ciguatera 
poisoning; severe poisoning can cause paralysis and death. 

Paralytic shellfish poisoning (Eastaugh and 
Shepherd, 1989; Mines, StahmerShepherd, 1997) 

Due to saxitoxin or brevetoxin. Paresthesias, and burning 
around the lips, tongue and face occur within 30 minutes 
of ingestion. Ataxia, aphonia and death due to respiratory 
muscle paralysis have been reported. 

Miscellaneous

Musculoskeletal strains or trauma sustained 
before, during, or after diving 

Time of onset and history of trauma or strain are helpful. 
Pain due to decompression illness is rarely accompanied by 
tenderness or position-related or motion-related exacerbation 
physical examination.

Infections (Rudge 1991)
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