LETTER TO THE
EDITOR

Basic Issues in Prescribing Preventive Decompression

Editor:

Decompression sickness continues to represent the major source of nonaccidental injury in
deep-sea diving, and it is most welcome to see in this Journal (1) a resurgence of interest in
methods of formulating preventive measures. However, there also continues to be a chasm
between the models used for calculation and those used to interpret symptoms. The primary
mathematical issues still concern whether inert gas uptake is controlled by diffusion (2) or
blood perfusion, either continuous (3) or intermittent (4), and whether, upon decompression,
symptoms are provoked by the mere presence of the gaseous phase (Haldanian supersaturation
(3)) or the volume of that gas, either overall volume (1) or the maximum local volume (5) that
is sometimes termed ‘‘the worst possible case.’” On the other side of the chasm, physiological
studies have approached the problem ‘“‘from the other end’’ by trying to relate each group of
symptoms that could have a common physiological mediation of the insult to a mechanism
that is examined largely on the basis of clinical evidence and without quantification in terms
of dive parameters. As a first step toward establishing some bridge in relating dive parameters
to those describing physiological insult, it would seem helpful to obtain some concensus upon
the number of symptom categories and, hence, the maximum number of models that might be
needed for a truly comprehensive approach to the prevention of decompression sickness.

The original approach of the Medical Research Council (MRC) (6) in differentiating between
essentially local (Type I) decompression sickness and neurological forms (Type II) was a major
step in the right direction. However, more evidence indicates that spinal, cerebral, and vestib-
ular symptoms can be selectively provoked by choice of conditions, indicating that they
probably have different etiologies, with each mechanism proceeding independently. Thus a
spinal ‘*hit’’ is not necessarily an extension of the same process eliciting a limb ‘‘bend’’—i.e.,
is not a chance focus of the same whole-body injury on some particular target organ.

It is therefore proposed as a basis for discussion that the MRC system be extended to the
categories shown in Table 1. None of these are new from the research or clinical viewpoints,
but it is felt that some degree of formalization is needed to add emphasis to the possibility that
there may be as many as five mechanisms by which a decompression insult can become
manifest clinically, and as many models to be considered in prescribing preventive decompres-
sion: /) Arterial embolism leading to stasis and tissue ischemia (2, 7); 2) Venous occlusion (8)
leading to much the same state; 3) Infarction by the products of blood-bubble degradation to
produce ischemia (8, 9); 4) Autochthonous bubble pressing directly onto a nerve or nerve
ending (5, 10); and 5) Autochthonous gas in a noncompliant tissue occluding blood flow and
producing ischemia (11, 12).

There are many variations of these basic forms of decompression insult and numerous others
for specific categories, especially dysbaric osteonecrosis. With at least six categories of symp-
toms and at least five basic insults, there are at least thirty possible combinations. These can
be drastically reduced in number, however, by asking several simple questions, some of which
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tend to be overlooked by proponents of new models. For instance, it is most interesting to
listen to presentations on blood-bubble interaction, but the products of such degradation are
incompressible and so it is difficult to offer this model as an explanation for any acute symptoms
that are resolved by recompression. Well, this is one of at least nine basic questions to be
asked for each model:

1. Are symptoms of that category reversed by recompression? If they are, then blood-
bubble interaction is difficult to invoke as the primary cause.

2. Do symptoms of that category return if the subject is rapidly returned to the symptom-
provoking pressure; i.e., are they pressure-reversible? An embolic mechanism is most unlikely
if symptoms return with the same distribution, since obstructing bubbles are washed away (13,
14) in restoring blood flow, and it would be a remarkable coincidence for another shower of
bubbles to be released and lodge in precisely the same sites as those eliciting the original
symptoms.

3. Do other diseases producing potential infarcting agents elicit the symptoms of that par-
ticular category? A No makes an arterial embolic mechanism unlikely.

TABLE 1
CATEGORIES OF DECOMPRESSION SICKNESS

|‘THE BENDS’ Il CEREBRAL

Unconsciousness
Aphasia

Visual disturbances
Convulsions
Headache

Collapse
Paresthesia

LIMB “BENDS”

LOCALISED
PAIN
(largely around joints)

SKIN “BENDS"”

Hemiplegia
Numbness
Muscular weakness

Rash —
Urticaria (wheal)
Pruritus (itching)

IV VESTIBULAR

VESTIBULAR “BENDS”

i1l SPINAL

PARALYSIS
Abdominal pain
as per cerebral

V ‘THE CHOKES’ ===

Partial deafness
cough & irritation Tinnitus

(ringing in the ear)

V| DYSBARIC OSTEONECROSIS
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4. Does a general hypoxia potentiate symptoms? If it does not—as in limb bends (14)—then
it is difficult to explain how any occlusion model could fail to exacerbate a situation where the
tissue is already oxygen deficient.

5. Does hyperoxia ameliorate symptoms? It should do so for an ischemic insult.

6. Are the affected areas symmetrically or randomly distributed? Arterial embolism should
produce a random pattern after allowing for blood flow distribution and would be difficult to
implicate in Category VI, Dysbaric Osteonecrosis.

7. Does aerial decompression produce the same symptoms? The absence of bone lesions in
aviators must reduce the list of models applicable to dysbaric osteonecrosis.

8. Does the time course of the manifestations fit the mechanism? For instance, it is difficult
to attribute aseptic osteonecrosis to any model in which blood flow is occluded at the time of
the dive.

9. Can we identify the tissue anatomically and is it compliant? It is difficult to implicate
autochthonous bubbles in tissue easily pushed aside by the gas.

This is by no means a complete list of questions, but these and the suggested revision of the
classification system are offered as a starting point for future discussion with a view to
rationalizing model development and evaluating only those warranting full mathematical
description of the insult in terms of dive parameters. Thus, studies of physiological mechanisms
can play a greater role in the very practical need for designing safer decompression schedules
based on more than one model—in fact as many models as are needed to prevent each category
of DCS individually. It is hoped that this letter will stimulate future discussion in this area.

BRIAN A. HILLS
Department of Anesthesiology
The University of Texas Medical School at Houston
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