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270.Functional differentiation is found in the spinal cord. A unique set of neurological deficits follows
a multi-focal injury. Clinically, sensory and motor disturbance present independently, often resulting in
sensory and motor deficit dissociation. This study examined 103 spinal decompression illness (DCI) cases.
The neurological deficit dissociation was classified as follows: 1) Cases with sensory impairment only, or
motor dysfunction alone, were tagged as having “dissociation” (44 cases); when a case was with both sensory
and motor dysfunction, the spinal level of the sensory impairment was determined and was matched with the
spinal segments responsible for the motor dysfunction; 2) If the two spinal areas did not match (i.e. with no
regional overlap), they were tagged as having “dissociation” for each motor dysfunction (32 cases). In total,
dissociation was present in 76 out of 103 cases. We concluded that clinical neurological deficit dissociation
is frequently observed in spinal DCI.

paths in the spine (2, 3, 4), multiple but small
foci result in independent motor and sensory
deficit, namely, neurological dissociation. For
example, an injury to the left lateral path of the
corticospinal tract causes motor dysfunction
in the left lower limb, whereas an injury to the
posteriomedial path of the left spinothalamic
tract causes impairment of temperature sense
of the right upper limb. This is followed by
sensory impairment and motor dysfunction in
different areas (Fig. 1).

This study tested the hypothesis that
there is dissociation between sensory and motor
deficit in spinal DCI.

INTRODUCTION

Imaging evidence of  spinal
decompression illness (DCI) is rarely reported.
Reuter (1) reported that spinal lesion had
been detected by MRI in only one DCI case
out of 7 definitive spinal DCI patients. We
found 8 spinal DCI reports by Medline, that
claim detection of spinal DCI lesions by MRI.
Responsible lesions were identified by MRI,
in 6 cases with paraparesis, in one case with
hemiparesis, and in one fatal case. No MRI
lesion was identified in mild DCI cases. We
had a chance to conduct 22 MRI sessions on
spinal DCI cases that were resistant to oxygen
recompression therapy, and found only one
MRI signature that was interpreted as a DCI
focus. This may suggest that mild DCI lesions
are too small to be imaged by MRI. Because
motor and sensory neurons follow separate

METHODS

We conducted a prospective study.
We examined 583 patients who had clinical
symptoms after diving at Tokyo Medical and
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Fig. 1

Cross-sectional diagram of spinal cord showing details related to dissociation

* Neurological dissociation between sensory and motor dysfunction
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Lateral spinothalamic tract

Dental University Hospital from January 2002
to February 2004. Of the 583 cases, 244 patients
were initially seen by the physician specializing
in neurology and diving medicine. We excluded
42 patients who had symptoms such as nausea,
dizziness or abnormality in facial sense that
indicate cerebral involvement; 15 patients
who had Tinel sign indicating peripheral nerve
involvement; 82 patients who were found to
have no sensory or motor dysfunction; and 12
patients who had already been treated at other
hospitals. Therefore, the number of subjects
included was 103. Note that some patients had
multiple reasons for exclusion. There were 62
male and 41 female patients, with mean age of
35.4 years, ranging 18 to 50.

The diagnosis of DCI was made by
1) presence of distinctive neurological deficits;
and 2) alleviation of symptoms with hyperbaric
oxygen therapy. Informed consent was obtained
before treatment, at the initial outpatient visit.
The standard form and procedure of the Tokyo

266

Minimal injury

Lt. Leg motor

dysfunction only

K

Rt. Arm sensory

impairment only

Medical and Dental University Hospital was
applied.

Neurological observations were
recorded at the first visit to the hospital before
treatment in all cases. Dermal thermal sense
was examined by applying a tube filled with
cold water at about 5°C to the skin every 5 cm,
starting from the proximal point to the distal.
Right-left difference was stated by the patient.
Then, the tube was slid on the skin from the
proximal to the distal, and the patient was again
asked to state the variation in the coldness. When
we found a probable hypesthesia/ hyperesthesia
area, we tried the area starting from normal
periphery inbound to the suspected area.
Then, to divert the patient’s excess attention to
one area, we reversed it to distal to proximal
direction, or randomly touched the skin. Using
a dressmaker’s pin (multiple pins on a wheel),
dermal pain sense was examined. This pinprick
test process was performed in the same way
as the thermal sense test. After localizing a
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sensory impairment area, we performed the test
proceeding from the hypesthetic to the area.

Final  determination of sensory
impairment due to DCI was made when it
was alleviated by hyperbaric oxygen therapy.
When the dermal distribution of hypesthesia
for temperature and pain did not match, both
temperature and pain deficit area was recorded
as having hypesthesia. The spinal level of
sensory impairment was assigned according to
the dermatome of J. Walton. Two spinal levels
were included when impairment affected two
adjacent dermatome segments (5).

Muscle strength was tested manually
on the muscles controlling seven movements of
the upper limbs (Scapula Elevation, Shoulder
Joint Abduction, Elbow Joint Flexion, Elbow
Joint Extension, Wrist Joint Flexion, Wrist
Joint Extension, and Index Finger Abduction)
and five movements of the lower limbs (Hip
Joint Flexion, Knee Joint Extension, Ankle
Joint Dorsiflexion, Great Toe Extension, and
Foot Eversion).

Motor dysfunction was identified to be
caused by DCI when muscle strength was grade
4(subnormal) or lower on the manual muscle
test, and improvement was clearly observed
(by one or more grade) after hyperbaric oxygen
therapy.

A DCI case was classified to have
neurological ‘dissociation’” when dermal
hypesthesia was observed without motor
dysfunction, or motor dysfunction was present
without hypesthesia.

The spinal segments responsible
for motor and sensory dermatomes were
investigated when both motor and sensory
deficit was present. The muscles involved in
each joint movement and the spinal segments
controlling them, as described by Hislop et
al. (6), were reviewed. All spinal segments
innervating the muscles involved in a motor
function were identified as injured segments.
For example, when a patient had a motor
weakness in index finger abduction, it is
possible that the dorsal interosseous muscle
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(responsible spinal segments are C8 and Thl)
or extensor digitorum muscles(C6, C7, and C8)
are involved. Then we would assume that the
involved spinal segments were C6, C7, C8 and
Thl. During neurological examination on a
particular part of the body, ‘dissociation’ was
recorded when the motor deficit focus in the
spine was totally separate (no overlap) from that
ofthermal/pain deficit focus. Motor deficit focus
was defined by the spinal segments innervating
the weakened muscles. Sensory deficit focus
means the spinal levels that correspond with
dermal hypesthesia. If there was any overlap
in the two spinal foci, it was classified as NOT
dissociated. We classified a patient as a case
with ‘dissociation’ when there was at least one
dermal site of neurological dissociation.

Statistics

The neurological dissociation patient
group was compared to the non-dissociation
group in following four aspects using the Mann-
Whitney’s U tests: 1) mean water depth of the
last dive; 2) mean latency time from a dive to
symptom onset; 3) progression rate of disorder
prior to the initial treatment; and 4) complete
relief rate by recompression. Since the latency
time depended on airline flight time after the
last diving, patients were classified in either
the flight group or the ground transportation

group.

RESULTS

Neurological dissociation was
observed in 44 cases, which includes 33 cases
of hypesthesia without motor dysfunction
and 11 cases of motor dysfunction without
hypesthesia. For the 59 cases with both
hypesthesia and motor dysfunction, the spinal
segments responsible for hypesthesia and
motor dysfunction were matched. The number
of cases without dissociation was 27, and with
dissociation 32. Overall, we had 76 cases with
neurological dissociation out of 103 (74%).
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In the 59 cases with both sensory
impairment and motor dysfunction, the areas
of sensory impairment and motor dysfunction
were examined in five districts, including the
four limbs and trunk. Sensory impairment and
motor dysfunction were observed in the same
district in 37 cases, and motor dysfunction was
also present in the area of no sensory impairment
in 22 cases, showing the presence of motor
dysfunction without sensory impairment in
47% of cases.

Without the airline flight group, the

mean latency time from dive to symptom onset
was statistically different between the patient
subgroup with dissociation and that without
dissociation (p<0.01). (Tablel)

DISCUSSION

There are several reports of pathogenic
causes of spinal DCI. Neuman and Bove in 1990
(7) suggested bubble embolism. Hallenbeck
in 1975 (8) associated the syndrome with
ischemia due to congestion by intravenous

dissociate and non-dissociate group

Table 1. Comparison of Max depth, Latency time, Progression rate of disease, Complete relief rate between

Depth Latency with flight Latency without flight ~ Progression Relief
(m) (h) (h) (%) (%)
Dissociation ~ 25.5%7.5 (n=65) 27.0%20.0 (n=29) 10.0+21.6 (n=35) * 50.4 523
R; 11 to 40, M;23 R; 21072, M; 20 R; 0.1 to 120, M;2
Non- 24.715.2 (n=26) 33.9£32.9 (n=14) 52£55@®m=13) * 58.3 49.3
Dissociation  R; 15 to34, M; 25 R; 5to 120, M; 20 R; 0.1 to 18, M;4

Symptom onset before last dive n=12

Depth=The mean depth of the last dive; Latency=The mean of latency time; Progression=Progression rate of disorder prior to

treatment; Relief=Complete relief rate by recompression, R=range; M=median

*Significant difference were noted between dissociate and non-dissociate group<0.01.
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bubbles. Francis in 1989 (9) discussed the role
of mechanical pressure from bubbles in the
spinal parenchyma. He presented the canine
experimental DCI spinal cord sections. These
pathohistological photomicrographs showed
many extravascular non-staining, space-
occupying lesions (suggested as marks of
bubbles) in the spinal cord. In this study, we
proved our hypothesis neurologically that the
spinal in DCI has multiple injuries. Francis’s
figures also show multiple small lesions,
thus supporting our hypothesis. These small
lesions could be induced not only directly
by autochthonous bubble but also by arterial
embolism of peripheral blood vessels distal to
penetrating branches in the spine, since these
end arteries supply extremely small areas (10).

Neurological dissociation was observed
in many DCI patients in this study. Dissociation
of sensory impairment is not uncommon in
other neurological disorders found in clinical
settings. Because of subjective factors in
sensory tests on patients, the areas ofhypesthesia
are not identified objectively. Therefore, there
is an inherent clinical limitation to the degree
that dissociation of sensory impairment and
motor dysfunction is characteristic of spinal
DCI. Knowing this, we designed a prospective
study in which the physical examination was
performed following a procedure constructed to
exclude patients’ subjective influence as much
as possible. We concluded from this prospective
study that DCI is characterized by frequent
occurrence of neurological dissociation. This
study , however, does not imply that DCI be
diagnosed by the presence of neurological
dissociation.

Spinal anatomy suggests that if there
are many extremely small lesions in the spine,
neurological dissociation should be observed
frequently, as shown in Fig. 1. Our clinical
findings match this anatomical prediction.
One might argue that neurological dissociation
would be present if embolism occurred in each
of the following vessels: anterior spinal artery,
posterior spinal artery, and the central and
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medullar vein group that compose spinal veins.
Because embolism of these vessels injure the
corticospinal tract and a spinothalamic tract
separately, neurological dissociation follows.
For example, we suspect that a case presented
by Manabe (11) was caused by injuries in the
posterior medullar vein group because sensory
impairment was located in upper extremities
bilaterally, and motor dysfunction presented as
quadriplegia. Thus, neurological dissociation
was present. However, since these embolisms
occur in major vessels, they are easily visible
in an MRI image. As mentioned earlier, spinal
DCI lesions have not been detected often by
imaging, therefore these embolisms may not
play an important role in spinal DCI.

Since Tokyo Medical and Dental
University Hospital is located relatively far
fromrecreational diving sites, we rarely conduct
emergency recompression therapy. Our mean
latency time was longer than that reported by
DAN (12). This latency makes it  difficult
to diagnose DCI. For us, the characteristics

associated  with  frequent  neurological
dissociation are potential differential diagnosis
aspects.

'] For the present paper, in order to focus
on spinal DCI, we excluded DCI with brain
or peripheral nerve lesion based on physical
examinations and symptoms, thus the exclusion
may or may not have been complete and some
cerebral DCI patients may have remained among
those classified as spinal type. For instance, a
brain DCI patient included as a spinal DCI case,
might show neurological dissociation, since the
brain shows functional differentiation, like the
spine. Principally there should be no obstacle
to extend our study to include brain DCI.

CONCLUSION

Neurological dissociation of sensory
impairment and motor dysfunction occurs
frequently in patients with spinal DCI. The
data supports the hypothesis that spinal DCI
foci are multiple but often of small volume.
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This knowledge is important in differential
diagnosis and treatment of DCI.
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