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It can be expected that the differential diagnosis problem of decompression sickness will
increase in the future due to the increasing number of divers. During the last 30 years, 232
divers were treated for decompression sickness (DCS) at the Naval Medical Institute
(NMI) in Split, Croatia. In 66 cases (28%), physicians at various diving sites reached diag-
nosis with difficulty, and 86 divers (37%) came directly to the NMI without seeing a phy-
sician first. Physicians at remote diving locations frequently have only basic knowledge of
diving medicine and are often inexperienced. The language barrier was a major obstacle in
obtaining a medical history and examination of foreign divers. Consultations at the NMI
proved a major contribution to correct diagnosis and treatment. We present six illustrative
cases from NMI Archives that demonstrate how prejudices, panic, and inexperience could
create problems in establishing DCS diagnosis. © 2003 IMSS. Published by Elsevier
Science Inc.
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Introduction

 

Decompression sickness (DCS) is a specific health problem
of caisson (watertight structure for underwater construction)
workers and divers breathing compressed air or artificial
gas mixture. The disease is precipitated by gas bubbles that
remain in the body after a dive or pressure exposure, caus-
ing a variety of signs and symptoms ranging from pruritus
to convulsions and death. More facts concerning signs and
symptoms may be found in a classic work by Rivera (1).
Traditionally, DCS is classified as follows: the less severe
type 1 (that includes musculoskeletal, cutaneous, and lym-
phatic form, and malaise/anorexia/fatigue), and the more se-
vere type 2 (that includes pulmonary and neurologic forms,
and hemoconcentration and hypovolemic shock) (2).

Because recreational diving has become more popular
and entry health criteria more lax, an increasing number of
divers with minor or even major health problems could be
expected in the future. Estimated number of divers in the
U.S. at the beginning of the present decade could be in ex-
cess of 9 million (3). There were approximately 5,000
divers diving annually in Croatia in the early 1990s; at
present, approximately 100,000 divers dive in the Croatian
part of the Adriatic Sea each year, principally from June to
September, the majority being foreign tourists (Lukas N,
Croatian Diving Federation, personal communication).
Based on the Divers Alert Network (DAN) 2002 Report, the
number of injured divers has constantly increased since
1987 when DAN began reporting diving injuries and fatali-
ties; in 2000, DAN received 1,042 reports on injured divers
(4). More frequently, divers with various concomitant
health problems and suspected DCS request help from div-
ing physicians, placing them in a situation in which differ-
ential diagnosis of DCS is more difficult and might not be
based solely or mainly on medical history. DCS symptoms
vary to such a degree from case to case that it has been said
that there is no DCS, but merely people who contract it. Of
two divers diving together to the same depth with the same
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time at sea bottom, identical ascent rate, and after same de-
compression, one diver could get severe DCS and even die
while the other diver could be symptom free. At the NMI
we had an experience exactly as described.

There are several excellent reviews on DCS (1,2,5–7)
and hundreds of papers investigating this problem; thus, it
might appear that everything has been said concerning the
issue. However, we do not have sufficient knowledge to
date concerning DCS pathophysiology, onset, and treat-
ment. Symptom onset delay after surfacing might vary but
in 95% of DCS cases, symptoms would manifest within 12
h (1,2,4–7).

 

Injury On-Site Physical Examination and DCS
Differential Diagnostic Tests

 

Physical examination of injured divers includes defining ob-
jective DCS symptoms that are sometimes nonspecific.
Edema might be a lymphatic system obstruction indication
with inert gas bubbles, but also might be nonspecific. DCS
signs may include skin rash and itching, a consequence of
subdermal circulation obstruction. A diver with DCS type 1
usually has no sign of joint inflammatory reaction but merely
a pain which, unlike in an inflammatory process, usually
does not change its character and/or intensity during joint
movements. If a tensiometer cuff is inflated over the painful
joint, pain will usually cease at least for a while or will
change its character, probably as a consequence of bubble
shrinkage or of its being squeezed into another position. This
diagnostic trick is neither mandatorily clear nor sufficiently
sensitive in all injured divers. During neurologic examina-
tion, paresthetic areas might be found as well as abnormali-
ties of urinary sphincter function (usually with urinary reten-
tion), spontaneous erections, vertigo, ataxia, and a myriad of
other nervous system defects. One of the most sensitive
signs of DCS type 2 is heel-toe test. A subject is asked to
walk in a straight line with arms crossed over the chest and
eyes closed, touching the toes of one foot with the heel of the
other. If divers fail to perform as requested, they are sus-
pected of having a neurologic lesion (cerebral and/or spinal,
or inner ear). Once admitted to a hospital, a diver would
probably be submitted to creatine-phosphokinase (CPK) and
hematocrit testing (8,9). Increased CPK values are a conse-
quence of muscular tissue microembolization. Increased he-
matocrit values are a consequence of endothelial damage and
loss of fluid to interstitium.

If a physician must decide between DCS and carbon
monoxide poisoning, carboxy-hemoglobin values should be
determined, especially because carboxy-hemoglobin values
often do not correlate with intoxication severity (10). If met-
abolic encephalopathy is suspected, blood glucose, neuroac-
tive substance, or alcohol levels should be determined. Psy-
chologic testing might be helpful in some situations in that
changes in psychologic profile might be the only signs of
DCS (11,12). In practice, a psychologist might be located

miles away, and in addition a very limited number of diving
medicine specialists would ask for any tests prior to recom-
pression treatment. This might be a time-consuming effort;
thus, the following rule was set forth: when in doubt, re-
compress. In our practice, we have never used any psycho-
logic test to decide whether a diver should be submitted to
recompression treatment.

Painful joints and neurologic manifestations occurring
after a dive are usually easily connected with DCS, even in
cases when diving was effected without apparent errors in
decompression regime; therefore, post-dive onset of joint or
muscle pain might be coincidental. Therefore, divers not re-
sponding well to initial recompression treatment should be
reevaluated carefully. If symptoms that suggest DCS occur
6 h or later after the dive, additional reasons should also be
taken into consideration. Understanding symptoms and
medical histories in diving medicine is not always an easy
task. An incorrect decision might lead to unnecessary en-
gagement of numerous persons participating in first aid ef-
forts, emergency helicopter transport, medical evaluation of
divers, and recompression treatment. The objective of this
paper was to determine the most common decision-making
process errors by analyzing examples from diving medicine
specialists’ practice.

 

Materials and Methods

 

We analyzed data from the Archives of the Department of
Undersea and Hyperbaric Medicine, Naval Medical Insti-
tute (NMI), Croatian Navy in Split, Croatia in search of the
most illustrative cases to demonstrate the difficulty of dif-
ferential DCS diagnosis.

 

Results

 

A total of 232 divers with DCS were treated at the NMI
from 1967 to 2001. In only one case was a diver sent for re-
compression treatment with incorrect diagnosis. In 66 cases
(28%), physicians at various diving sites reached diagnosis
with difficulty and after prior consultations with the NMI.
Eighty-six divers (37%) came directly to the NMI without
consulting a physician previously. Symptoms occurred
within 12 h of surfacing in 213 (92%) divers.

 

Case Reports

 

Case 1.

 

The patient was a 43-year-old male professional
diver from Croatia who regularly dives to 40 m, sometimes
deeper, using compressed air. He arrived 24 h after a dive
within no-decompression limits (27 m/30 min), which ac-
cording to his report, he effected without difficulties. Dur-
ing the dive, the diver worked hard on underwater construc-
tion and reportedly hurt his right elbow. Onset of first
painful symptoms occurred approximately 6 h post-dive.
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The pain gradually increased. The diver mentioned that he
had similar difficulties previously and that pain would al-
ways disappear after a few days. He complained of constant
pain in the right elbow. There were no visible external signs
of injury and no signs of pathologic process were found on
X-rays. During cuff inflation test, pain intensity and charac-
ter did not change. U.S. Navy (USN) Treatment Table 6
(TT6) was chosen for initial recompression treatment (14).
After a few minutes on oxygen at 2.8 bars, the diver com-
plained of worsening pain. Paradoxically, this actually oc-
curs in some divers with DCS while breathing oxygen dur-
ing recompression treatment and is described as pain-under-
pressure. This pain is attributed to shrinkage of bubbles and
to periost returning to normal position. All problems van-
ished after 40 min of oxygen breathing. The patient did not
experience pain after initial treatment termination and did
not complain of additional problems. Diagnosis: type 1 DCS.

 

Case 2.

 

A 22-year-old female recreational diver from Aus-
tria was a recent graduate from a dive course. On admission
at the NMI, the patient complained of difficulties in walk-
ing, slight-to-moderate vertigo, and paresthesia of inner part
of upper legs. Symptoms began approximately 12 h after
what the diver described as a somewhat faster ascent from a
10-min, no-decompression dive to 36 m. She was first seen
by the attending physician on a nearby island who, during
phone consultation, stated that the case was suspicious of
hypoglycemia in that the patient had diabetes.

The patient also disclosed she had consumed alcohol
during the previous evening. At admission, we found blood
glucose within normal limits but both creatine phosphoki-
nase (CPK) and hematocrit values increased. TT6 was im-
mediately administered together with ample rehydration by
intravenous (i.v.) normal saline. The diver’s condition im-
proved dramatically after first oxygen cycle at 2.8 bars. Af-
ter initial treatment, the patient complained of sensation loss
in lower abdomen. During the subsequent 5 days, our stan-
dard (60 min at 2.2 bars) hyperbaric oxygenation (HBO
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)
was administered once daily. On the sixth day, the patient
was transferred to the recompression chamber in Graz, Aus-
tria for further treatment. Diagnosis was type 2 DCS.

 

Case 3.

 

A 34-year-old male recreational diver from the
Czech Republic dove to 44 m, total bottom time 24 min, 72
h previous to admission at the NMI. During ascent, he fol-
lowed standard USN air decompression tables but admitted
that ascent to first in-water stop was appreciably more rapid.
From ascent to surface until admission, the patient had con-
stant problems with urination and vertigo. He also had slight
difficulty in walking, which worsened hourly. The patient
stated that he did not believe he had DCS, that all problems
were most probably a consequence of a party he attended
the night before the dive, and that he may have contracted
food poisoning. TT6 was commenced immediately. Be-
cause neurologic status did not improve during the first 20

 

min of oxygen breathing time, the hyperbaric chamber physi-
cian decided to add two extensions to standard TT6: the first
at 2.8 bars for 20 min, and the second at 1.9 bars lasting 60
min. After initial treatment, the diver experienced only slight
instability in walking. This problem was completely solved
during the following week when our standard HBO
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 was ad-
ministered once per day. Patient diagnosis was type 2 DCS.

 

Case 4.

 

This case involved a 32-year-old Italian male rec-
reational scuba diver diving to 38 m and taking pictures; to-
tal bottom time was 40 min. The patient stated he was well
informed of all diving medicine problems and therefore
drank ample amounts of juice prior to and after the dive to
prevent possible dehydration, a known risk factor for DCS
(15). The patient and his diving buddy ascended observing
USN standard air decompression tables. Approximately 8 h
after the dive, he experienced itching on his back and ex-
treme fatigue, although there was no objective reason for his
feeling that tired; the other diver had no problems. The doc-
tor on the island did not suspect DCS, although the diver
did. At admission, increased CPK and hematocrit values
were found; initial treatment was provided using TT6. Dur-
ing initial minutes of breathing oxygen at 2.8 bars, the con-
dition of the diver improved considerably. After completion
of TT6, the patient reported feeling completely well. His di-
agnosis was type 1 DCS.

 

Case 5.

 

A 37-year-old German female recreational diver
ascended in panic due to equipment problems after approxi-
mately 2 min at 37 m. Immediately upon ascent, the patient
felt a strong abdominal pain. The attending physician on the
island suspected DCS; thus, the patient was transported by
helicopter directly to the NMI. During transport, the diver
breathed 100% oxygen via close-fitting face mask, indeed
an important measure in case of DCS (13). Although no
signs of DCS were found at admission, her panicked diver
companions insisted on immediate recompression treat-
ment. Instead, the patient was referred to the X-ray depart-
ment because of painful and tense abdomen. Abdominal
X-rays showed ample amount of free air; therefore, the pa-
tient was transferred to an abdominal surgeon due to sus-
pected stomach rupture. At surgery, a rupture of the lesser
curvature that measured approximately 4 cm was found and
sutured. This rare case was more extensively covered in a
recent report (16). Patient diagnosis was barotraumatic
stomach rupture.

 

Case 6.

 

A 53-year-old Hungarian male scientific diver
dove using air-filled scuba gear to 60 m for approximately
10 min as a member of an international diving expedition to
a deep-sea shipwreck. Approximately 12–18 h after the
dive, the diver began to feel strong pain in both knees and
was unable to urinate or to walk unassisted. Prior to NMI
admission, he was seen by three international physicians;
only the fourth physician gave an exact diagnosis and in-
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sisted on consultations with our emergency intervention
team. The patient was transported immediately via helicop-
ter with no treatment during transport. TT6 was initiated im-
mediately, but no improvement occurred although TT6 was
extended twice, first at 2.8 bars for 20 min and second at 1.9
bars during 60 min. On the following day, TT5 was admin-
istered twice. During the subsequent 10 days, our standard
HBO
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 was administered once daily. Patient’s walking abil-
ity recovered completely between the fifth and sixth days of
treatment and urinary sphincter function returned on the day
prior to discharge. Six years after the incident, the diver has
no major difficulties but only minor upper-leg sensitivity
loss. Patient diagnosis was type 2 DCS.

 

Discussion

 

DCS incidence in the diving community is generally low,
ranging from 0.013 to 1.25% (17–19); nonetheless, one
should bear in mind that divers for various reasons frequently
tend to tolerate (i.e., tough-out) minor symptoms. In sport
divers, type 2 is far more frequent than type 1 DCS, compris-
ing up to 80% of reported cases. In commercial and military
diving, type 1 DCS occurs in 86% symptomatic decompres-
sions (5). DCS incidence depends on numerous risk factors
(15), but most important are basic determinants of decom-
pression stress, including depth, bottom time, and ascent rate
(1–7). However, DCS importance lies not only in its inci-
dence but also in the fact that it might be a cause of perma-
nent invalidism and in rare cases even of fatal outcome. Thus,
even minor symptoms require urgent recompression treat-
ment. DCS is not a rare event in Croatia at present because an
increasing number of divers visit the country, dive deeper,
and extend bottom times using artificial gas mixtures.

Dive computers permit decompressions shorter than re-
quired according to USN Air Decompression Tables. Cur-
rently, conservative standard USN Air Decompression
Tables, generally considered safe, are used infrequently in
Croatia. According to the 2002 DAN Report, proportion of
injured divers using dive computers (73% in 2000) contin-

ues to increase in number over previous years, although this
may reflect continued growth in dive computer popularity
rather than increased risk concerning dive tables (4). How-
ever, it was estimated that use of 40 feet of sea water (fsw)/
1.2 bars for 200-min schedule in decompression computer
is likely to result in DCS incidence 2.5- to 70-fold greater
than that observed in USN diving using table-based proce-
dures (18).

Some cases of DCS represent an intriguing differential
diagnostic problem even for experienced diving medicine
specialists, a puzzle in many situations at the diving acci-
dent site. At times, it is difficult to relate existing symptoms
with diving because DCS symptom onset might occur with
significant delay (2,4–7). DCS symptoms at times mimic
(Table 1) other conditions that could scarcely be attributed to
diving in that at least at first glance no errors in decompres-
sion profile were committed or were any clear DCS risk fac-
tors present during a particular dive. To describe the latter sit-
uation, the terms undeserved, paradox, or unexpected are
used. Principally, in some 60% of cases DCS manifests as the
bends, a condition similar to nonspecific rheumatoid prob-
lems (5). A diver, whether consciously or unconsciously,
misleads the attending physician to arrive at an incorrect con-
clusion because the majority of divers experience a type of
guilt concerning DCS and know that they will have to face
frustrating reactions from fellow divers. Questions such as
“Were you diving?” will be more frequent in the future at pri-
mary health care institutions and at emergency hospital ad-
mission departments; nevertheless, although the answer may
be affirmative, DCS diagnosis would not yet be established.
Physicians at remote maritime locations frequently have only
basic knowledge concerning diving medicine. Incorrect pre-
sentation of symptoms by injured divers might contribute to
major errors during consultations with a recompression cen-
ter. It appears that DCS, although extremely rarely, might
also occur in breath-hold diving, but this is not important for
practical considerations (20).

In cases 1 and 2, DCS occurred after no-decompression
dives (27 m/30 min and 36 m/10 min, respectively), which

 

Table 1.

 

 Conditions that might mimic decompression sickness (13)

 

a

 

• Arterial cerebral gas embolism due to pulmonary barotrauma • Unrelated seizure (hypoglycemia, epilepsy)
• Contaminated breathing gas (such as CO and other gases) • Cerebral stroke
• Near-drowning and hypoxic brain injury • Subarachnoid hemorrhage
• Seafood toxin poisoning • Acute myocardial infarction
• Migraine • Pulmonary edema induced by cold water immersion
• Guillain-Barré syndrome • Different origin functional abnormalities
• Porphyria • Pneumothorax
• Multiple sclerosis • Stomach or intestinal rupture due to rapid ascent
• Transverse myelitis • Unrelated abdominal cramps
• Different-origin spinal cord compression • Side effects or drug poisoning
• Inner ear barotrauma

 

a

 

Adapted from Moon RE. Treatment of decompression sickness and arterial gas embolism. In: Bove AA, editor. Diving medicine. 3rd ed. Philadelphia, PA:
W.B. Saunders;1997. pp. 184–204.
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might seem unusual; however, in both cases risk factors
(hard work, rapid ascent) provoked the disease. In five of
six cases presented, divers were not Croatian citizens and
spoke only their native language and very little English;
thus, the language barrier appeared to be a major problem
while taking medical histories and during examinations. In
case 1, the diver emphasized injury to the elbow. If his
statement was taken as rendered, DCS would have remained
undiscovered with all consequences that occur in untreated
cases (13,21). In case 2, symptoms could have been attrib-
uted to diabetes and important spinal cord injury could have
been omitted. In case 3, alcoholic intoxication and perhaps
food poisoning could have been understood as the cause of
the problem. In case 4, nonspecific itching could have been
diagnosed rather than DCS. Waiting for other clearer symp-
toms to develop might have lead to type 2 DCS develop-
ment. An estimated 20–30% of untreated type 1 DCS cases
might progress to type 2 DCS (22). In case 5, if DCS was
diagnosed and recompression treatment initiated, acute ab-
domen might have developed during chamber treatment,
leading to a much more complicated situation (23). In case
6, if the NMI was not consulted the diver could have been
understood as a fatigued, elderly man who simply needed rest.

Onset of DCS signs and symptoms in our group (92%
within 12 h) was basically similar to those in previous re-
ports (1–7), but distribution of signs and symptoms in our
group (Table 2) varied slightly from a distribution reported
previously. Rivera described localized pain in 91.8%,
numbness or paresthesia in 21.2%, muscular weakness in
20.6%, skin rash in 14.9%, dizziness or vertigo in 8.5%, pa-
ralysis in 6.1%, nausea in 7.9%, and urinary disturbances in
2.5%, respectively (1).

In that only correct diagnosis and immediate recompres-
sion treatment ensure complete cure for the majority of in-
jured divers, it is useful to be familiar with most common
differential diagnostic problems in DCS and with measures
to be taken at site of injury and during transportation to re-
compression chamber. In our practice, in-servicing consul-
tations provided to physicians at remote locations proved to
be valuable aids in understanding certain cases of DSC.
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Table 2.

 

 Distribution of signs and symptoms in divers (

 

n
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 232) treated 
due to decompression sickness at the Naval Medical Institute, Split, 
Croatia, 1967–2001

Sign or symptom Number of cases (%)

Localized pain 204 (88%)
Numbness and/or paresthesia 61 (26%)
Muscular weakness 53 (23%)
Skin rash 18 (8%)
Vertigo 18 (8%)
Paralysis 16 (7%)
Nausea 14 (6%)
Urinary disturbances 9 (4%)
Other
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