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A traditionul concept of pure nitrogenous bubble embolization hus
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arisen as the cliologic foclor in decompression sickness. Quite properly
.

recompression has been employed os the means of ireating this syndrome.

The resulis of freaiment were vsually dramatic ‘énd effective.

In 1961, we emphasized the imporiance of hemoconceniration in

~aliitude type bends cases und suggesied the exfent of the plusma deficit

based on stondard clinical data.] Subscquent studies by our group employing

mongrel dogs préviously splencctomized documented the exlont-of this plasni

2 ‘ g . :
loss.”  Dextran (LMW) replucement waus effective in treating shock and
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“maintaining an effective circulating blood volume.” ™ Recompression wus

-

deliberately withheld.

Thuse early findings suggesied to us thot the syndrome of decompression

" sickness was more conwlex than the simple bubble theory., LMW dexiran
! P 4

reverses blood viscosily coused by fibrinogen by form. ‘ion of o dexiran-

fibrinogen complex, This role is in addition fo its colloidal, expansive

properties. Dextran also affects hemosiosis; it apparently alters the red

blood cell surfuce by increasing its negativity thus encouraging repulsion

- of red blood cells.

A chance finding subsequently reported by our group szemed to

clorify our wndarsianding of this syndrome. We reported bone marrow emboli

. . ') . [ . 5
in pulmonary arierioles following experimental decompression sickness,” and

suggested that a number of cabeli in the lungs, kidney and liver were of
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lipid natuic.  This new wide based approuch wus amply supporicd by our

resulis in treaiing h nans with decompression sickness.  Dextran infusion

* ’

begun immediately afier diagnosis impreved f!mg: patient's shocklike siaie
: .
and shot_'l-encd the recompression schedule,
Recently we have re~sectioned lung areus known to be involved
.b); emboli followiﬁg experimental decor’npl‘ess‘k»nv. lee;e pﬁ.lmonury aIrecs
L

were obtained by biopsy or postmoriem examination. Fulmonary localiza~-
Y i Y
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tion in 14 dogs was made possible after the development ond refinement
of radioisotopic pulmonary scanning fechniques.

The purpose of this study is 1o report the resulis of tissue sectioning
of lungs in animals overcompressed to 165 feel, maintained at depth for
60 m?nul'es,'and then decompressed to surface.  Qil-red-0 stains were marde
of freated ;:md unfreated aﬁhnals. Treviment consis'i'c-:'d of LMW dex.i'r.o.n or

intravenous heparin,

MATERIALS AND METHODS

Thirty-three mong‘re{ dogs vere employed in fhis study, All animols
were overcompressed fo 165 feet (73.5 PSIG) for 60 minutes. We have
previously described our protecol. - o

Five animals unexposed fo the chamber were sacrificed 1o provide

baseline dalc Tor routine pulmonary fui stains.
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Fouricen animals were treated by dexivan following deconpression.

These enimuls undernwent lung blopsy 48 hours ofter the chamber procedure
¢ psy A )

cond immediclely following o scecond lung scan,

.
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A third group of 14 anials was overcempressed in the usual fashion.
! |

After chamber removal five animals served as exposed but unireated centrols
while fen onimals received IV heparin 3 hours afier chamber removal.

The conlrel animals expired. Fai shains were mude of lung tissue. Biopsics

provided the basis for fat stains in the heparin freated group.

RS © RESULTS

: Unéxp_gif_sd Control Animals (5 dogs)
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Fat globules muy be seen occassionally in lungs of animals previously

fasted for 24 hours. The fat globules are difficult fo locate and moy be seen

LY

in areas confaining the smaller blood vessels near the bionchial cariiluges.

Exposed Untrected Animals (5 dogs)
Numerous lipid emboli are easily seen on routine sections (Figures 1
and 2). The emboli appear most frequentily in areas where hemorrhage and

r

pulmonary edema are present,

: 4'E'xposed and Treated Animals (24 dogs) -

Fourteen dogs were treated by dexiran elone.  Ten animals were



treated by heporin alone (Table 1), Evidence of hemorthage and pulmonary

edema existing in pulmonury arcas diagnosed by radioisotopic lung sconning
4

is scen (Figure 8). Fab emboli are ulso scen in biopsied arcas 48 hours

- '.

ofier decomprassion (Figure 4).

DISCUSSION

7 8 '
Philp ei-al.” ond Barthelemy  have reporied the bencfits of heparin
.. R ¢
as a lipemic cleoring agent in decompression sickness, . Survival rates were

significantly improved with heparin. We recently confirmed the benefits of

) [ ] [ ] » [ ] . a 9 ‘ ‘ .
heparin in experimental decompression sickness.”  Lipid embolization would

I
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_oppéar fo be significant since récomprc—.-ssion was not e:;1p|oycc!, and heparin
was profectiva. |
. While gaseous embolization is undoubledly a major factor in the

gencsis of dec:::mpression sickness, our expericnch:c vith dexiran would suggest
the morc impori'ch: role of lipid emboli. Lipid confent is ‘also reduced
afier dexiran treaiment, A resemblunce exists between traumatic falty
embolization and decompre.ssion sickness. ASi-riking simil'c:xrii-ies when comparing
both clinical syndromes are as follows: |

1) A latent period develops before the onset of symploms.

2) Syn.}.ptomafoldg)' are identical in both. They include pulmonary

edema, hypoxia, shock and centrul nerveus system signs.



3) Pelechiae in patients with decompression sickness follow skin

I‘l

patterns deseribed in fot embolism.

4) Therapeutic regimens are similar,
. . "o ¥ ] » .
¢ .

SUMMARY AND CONCLUSIONS

. 1) Lipid cmbolization would appeor to play a major role in the

.

genesis of decompression sickness, o - '
2) Evidence for the co-exisience of lipid emboli and gascous

emboli is presenied.

-

3) Heparin or dexivan-effective lipemic clearing ogenis-~uie
. g o9
beneficial in freating experimental decompression sickness.

4) A combined therapeutic upproach--recompression end dexiran

 should be employed in treating human decompression sickness. Heparin
4 . .
. . . ]
-may serve as a substifule in selected instances. '-
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Figure 1.

Figure 2, i

Figure 3.

ngure 4,

“to 165 feot for 60 minutes (60X)

" LEGENDS

Photomiciograph dermonstrating fat eraboli jn small capillaries

in pulmonary region (100X)
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Fat enbolus (oil-red-0) in capillary in lung (125X%)

b

Hemorvhage and pulmonary edema in lung of dog exposed

L

Fat emboli (oil-red-0) in small vessels surrounding

bronchioles (100X)
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