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INTRODUCTION

Lven to & neutral observer this war is truly different
from previous struggles, both in 1ts conception of attack
and defense, &s well as fg\the danger to civilian communi -
ties. As a result of the development of long range artillery

Gt Bl
operations (aerial warfare) with : toring
danger from bomb expleosions, the medical world 1s presented
with & hithertc partizlly receognized and inadequately
studled problem. Pure "blast" injury without visible
external wounds waé re?orted during and Immedistely
following the last war, but due te the current medical
prohlems cf the time, the subject was not thoroughly Invest-
igated and was soon pushed inte the background

However, since the onset of the present crisié, many
clinical and experimental studies have been made on the
differing types of injurjies vproduced by the detonation of
high explosives and the results have given rise to
varying conclusions,.

It 1is, therefore, the object of this paper to glve
a‘general summary and analysis of the experimental and
clinical Investigations of the effects of the detconaticn
of high explosives, hoping that it may draw our attention
to a serious civilian aﬁd military problem of tﬁis pfﬁsent

- war.



!

Detonation of high explosives or_“blast“, as it is
most frequently cited, produces pathological chsnges in
various regions of the body. The most predominating sreas
so affected are: (1) the pulmqnary system; (2) the abdemen;
and (3) the central nervous system. The effects of blast
in the air aﬁd in the water differ somewhat, so that for
all practical purposes each will be discussed separately.

I have, therefore, divided the paper into three
separate entities; (1) Air q?fatmospheric blast;

(2) lmmersion blast; and (3) The effect of detonation on
the central nervous system. These will be discussed in

chronological order.

-



* AIR OR ATMOSPERRIC BLAST
I. Nature of the Blast,

Blast 1s simply an excessively intense sound wave
which is longitudinal in propogation; that is to say, the
alr perticles propogate the distance by moving backwards and
forwards in the line of disturbance itself. For the sake
of simplicity imagine that the origin of the blast is a
small sphere of.explosive materlal. When this 1is fired, it
expands rapidly, compressing & spherical shell of air
1mmediately'$urrounding it. _The>air cannot aveid this
sudden pressure, but once it 1s released, the elasticity
of the compressed air in the shell tends to make 1t recover
its original state. Thus, when a bomb detonates, the solild
explosive 1s cogverted into gases initlally confined in the
casing at high pressure., As ahresult of thls pressure, th;
casing is blown to pleces, the gases escape, and a blast
wave 1n the surrounding air is produced. An outside shell
of air lmmediately surrounding the bomd is, therefore,
cOmpregsed, leaving a shell of rarefied of air behind.

This produces the negative or "suction" pressure wave,

which immediately follows the initlal pressure wave.

Thus, the blast_wavé is composed of an initial compression -
wave followed by a suction wave, the two being prop%éated
outwards. The air particles, meanwhile, move outwards from
or inwards toward the center, depending upon the particular

phase of the disturbance.



This wave moves with extreme rapidity, especlally close
to the explosion, the point of highest pressure, but falls
very rapidly the ?urther the wave moves from the source of
eXplosidn. (Fig. 1) The sucticn wave of the co mponent is
of longer duration, but much weaker, than the pressure
component and in no case exceeds a'preésure greater than
fifteen pounds per sguare inch, since fhis corresponds to-a’
perfect vacuum. {Fig. 2)

. The tctal duration of a whole wave at any given point
within two hundred feet is very brief. Thus at thirty feet
from a seventy poﬁnd charge, the pressure component lasts about
five and the.suétién component thirty milliseconds.
(Zuckerman—?S, Sutherland-72; Bernal-4).

Since the shell is moving rapidly, it also exerts 1n the
direction of motion an additional wind pressure,. Zuckerman(?B)
states that close to the explosion this pressure may be as
great as the Initial hydrostatic pressure, but falls off
much more rapldly than the iafter,-producing, therefore,
very little effect. 'Williams(76), on the other hand, believes
this "windage" is responsible for the shattering effects
produced in the immediate proximity of the explosion ahd_that,
.irrespeétive of any previcus damage inflicted, contusional
effects can be prdduced.

The magnitudes of these pressures, the suction components,

and the time they last are directly proportional to the
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amcunt of the explosive, the values being mwuch higher 1n the
case of a larger charge. .The pressure recordings from bomb
explosions, therefore, vary with the distance, the size, and
the weight of the bomb. For example, at a distance of
fifteen feet from an exploding one hundred and twenty five »cundg
bomb, the hydrostatic pressure may be as high as two hundred
pounds per sguare inch, whereas at a distance of fifty feet,
the maximug pressure recorded will not exceed ten pounds.

Since the majority of bombs explede beneath the ground,
the ground wave in the earth or the "ground shcck®™ also
deserves some mention. When bombs drop from great heights,
they penetrate some distance into the earth. This grceund
wave has a very high veloclty and is characterized by its
abrupt rise in pressure. This explalns the fact that
bulldings are often destroyed at considerable dlstances from
the site of expiosion. | ‘ |

When a bomb explodes, the case first swells and then
breaks into many swmall fragments. Failure tekes place in
tension along planes at foryy five degrces to the bomd
surface, yielding angulaf fragmentsrwhieh are driven forward
by the expéﬁding gases, These fragments. have very high
velocities, often up to four thousand feet per second, thus
producing & high degree of penetration.

In ground blast the most sefious effécts are produced,
as in atmospheric blast, at points nearest the explosioh¢

 However, in this case they are due to the bodily movement




of the earth and not to the pressure wave, Folleowing the
explosion the earth 1s pushed aside, forming én initlal
sphere of expansion. If the explosion is miig, this ecarth
merely fall back into its original position, but if 1t is

- severe the displaced earth is moved cutwards to a considerable
desree, belng partly plastic and partly elastic in naturé.
This 1s_not'an instantaneous blow, as in ailf blast, but more
orless of a contiﬁued push, thﬁs producing a prolonged effect.
This in turn would naturally result in a prolonged pressure
effect, so that it can be seen how water and gas mains may

" be broken.

When the wave from an underground explosion reaches the
‘surface of the earth, it is/érdinarily reflected &s a tension
wave, However, If the forée 1s large enough, the gas_passes'
from a more dense to a less dénse medium so that it is
transformed into kinetic energy. Then the earth seems to
®hlow off} forming at firsf a conjcal shaped scab which breaks
up and leaves the characteristic crater behind. ‘If the bomb
ekplodes too deeply, thisg process aoes not cccur and the earth
merely settles back down to its original position. This is
Itermed-a necamouflet". (Bernal-4)

Bomb explosion within a house has been repcrted by

seversl authérs and appears to be more severe than cases
subjected to blast in the open. when & bomb penetrates a house,
1t immediately explodes and results in the formation of a wave



which blows the walls out. Some of these wawes, nevertheless,
are reflected back in more dr less the same direction of the
origin of the blast, adding increased aﬁd prolonged effects
to the arigiﬁal compressive force. This, therefore, tends
t0 be more destructive than the wafe in open air blast &nd
'_explains why more soricusly injured patients are oftentimes
found within enclosed structures. Osborn(53), however,
belleves there is little, if amy, true blast and is of the
opinion that the damage results from compression of the chest
by falling masonry and debris at the time of the explesicn.
However, 1f is difficult to accept this latter theory,
as conslstent reports of authentic men have shown fhat there
is only mild degrees/ﬁf damage to persons occﬁpying adjoining
recoms even though they have been subjected to the falling
missiles and debrlis. If 1t was due primarily to falling
debris, why should not these be affected to as great a degree?
Thus, it seems that once these waves strike the walls, they |
are partially absorbed by their action so that persons in an
adjoinlng room are not subjlected to as severe a compressive

} force.



II. Ixperimental Tvidence. |

Conditions which we now know to be the result of high
éompression waves or blast were recognized during and follow-
ing the last war, but so many varying signs and sywmptoms
were produced tﬁat they were classed under widely variable -
category of "shell shock". Therefore, due to the misunder-
standing of and the lack of interest in the subject, very
little early experimentation work was done .

At first investigators thought the central nervous
system was especlally sensitive to this form of traume. This
received the full support of Mott(51). However, experiment-
ation oh animwals has now shown that pulmonary leslons
predominate.

Marinesco(46) was among the first to report his animal
experimentations, Dogs were exposed to Small charges of
mfulmicoton". Blood was observed in the nose and mouth of
oné of the animals; others exposed in shelters later suffered
from dyspnea, depression, and difficulty in walking. He
reports hemorrhages in the central nervous system, but more
obvious ones were foupd in the lungs. .

Carver and Dinsley in 13918(8) report experiments on fish,
rats, and mice. Tha? noted hemorrhage from the ear, ﬁose,
and mouth with varying degrees of hemmrrhage inxo the viscera.
when the animals were sacrificed. The 1mportaht thing 1is
thatthey observed for the first time rupture of the alvecli

of the lungs with mimimal lesions in the central nervous



systen.

Mairet and Durante(45) in the same year expcsed rabbits
to concussion shock and report minute hemorrhages in the lung.
They state, however, that thé lesions occurred'particularly‘
in the spinal and cranial nerve roots at their points of
passage tﬁrough the bony foramina. Blcod suffusion, irreg-
ularly distributed, occurred on the surface of the spinal
cord with small clots adhering to the nerve roots. The brain
appeared normal or showed various pcints of petechial hemorr-
hage. From these observations they proposed the theory that
vibrations in the atmosphere set up a "commotion® within the
tissues, especially the central nervous system, and caused
the damage. These men continued to observe some of these
enimals for several months after which they performed autopsies.
No residual effects whatsoever were noted. Had there Eeen
as severe damage as previcusly reported, surely some residual
scar tissue or abnormalities would have been ?resent.

In 1924 Hooker(3Z) did some work in determining the
physiological effects of air concussion. This was tie first
time the pulmonary system was noted to be particularly
susceptible. He exposed dogs, cats, rabbits; and frogs to
small charges of explosive gun biaéts at various distanées
and observed at'post mortem that hemorrﬁagic areas of hepat-
ization was the single gross lesion. He concluded that
injury to the lung doubtless contributed to death in the

- animals, if not the primary cause.
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He also observed that the rébbit, with a much weaker
bony framework than the dog, was more easily injured by the
air concussion. Thus, the resistance of the bedy tissues seems
to be of significance. This may explain why the hemorrhagic
lesions found by Mairet and Durante(considered as "commotion")
are not present in the human, since the bony framework gives
much greater support and protectién. _

He mentions the fact that the shock produced from
concussion differs strikingly from shock produced by any
other means and suggests 1t to have a completely independent
etiology. That it was in no way associated with the severity
of the pulmonary damage 1s clearly 1Indicated by the failure
to produce any shock when the %ung showed the most extreme
degree of injury. Velnous pressgre was decreaéed, which is
contrary to the general conception of vaso-motor collapse.

He concluded that shock from detonation of high explosives
results from a complete vaso-motor collapse, affécting nct
oﬁLy the arterial bed, but also the veinous and possibly the
capillary tone. | ' |

-His experiments upon frogs aid net result in any inter-
ference with the peripheral neurco-muscular mechanism cr any
abnormalities of reflex movement and muscle respense to nerve
. stimulation. This fact points toward no injury to the vital

centers of the brain.




Thus, Hooker'!s magnificent experimentation is the first
good eﬁidence toward pulmonary damage in concussion from
high exploslives and tends to exclude the primary importance
of central nervous system injury.

Rarcroft(2) in determinirig the physiological effects of
~"plast" used goats and rats so arranged that Injury by
splinters was lmpossible. The animals were exposed. to a'
severe blast of filve hundred pounds both in the open and in
shelters. Four deductions were reached: (1)‘Only aniﬁals
placed An the open and at fifteen feet from the tomd sﬁffered
111 effects; (2) shelters gave protection; (%) animals beyond
fifteen feet did not suffer any demcnétrable lesions; and .
(4) the lesions found were essentially in the lungs and were
the primary cause of death when it occurrédr Lesions
occurred only in thcese animals outside of the shelters, and
thus he concluded the injury was due to a distension of the
lungs from the ﬁqmpression force acting through the mruth
an& trachea. ‘ | _

Zuckerman(77) in 1940 makes the first attempt to
determine the mechanics by which the injury is produced in
the lung. Prior to this, however, various authors had
speculated their possibilities. gmong these were:

_(l)that the lesions are formed by the lowering of alveolar

pressure from the suction wave acting through the

11



respiratory passages with consequent rupture of the alveclsar
cepillaries. (Logan-44; Shirlaw-68; Lockwood-43). This was
also the theory conformed to by Shirlaw and Haldane(28) in
thelr observations on casualties in Epain.

(2) The second possibility is that the lesions are
caused by distension of the-lungs'with air, the view taken
by Barcroft. .

(3) The third possibility is that proposed by Hooker(33),
namely, that the lesions are due to the impact of the pressure
wave against the chest wall. This 1s also the view taken by
Kretcschmar(39) in his recent clinleal description of blast
casualities in Spailn.

Zuckerman(77) concluded that in the cace of bomb
explosion a man may be wounded by: (1) being hit by fragments
or sent flying by the explosion; (2) trauma frow the subject's
being thrown to the ground or against a solid structure; -
.(5) injury by secondary missiles, such as masonry, etc.; and.

" (4) bveing affected by the blast wave wilthout heing thrown.

He did some very classical experiments on:mica, rats,
guinea pigs, rabbits, cats, mbnkeys, and piéeons. At first
the animals were exposed at varlous dlstances to a blast from
- & seventy pound high explosive placed in paper bags upon the
ground. Later, other animals were subjected to blast from

explosions of hydrogen and oxygen in balloons.



In the former experiment, there were no animals killed
at distances further than eilghteen feet and none were hurt
in any observed way at distances greater than fifty feet.
Between twenty and fifty feet no animal was killed and very
few showed anv change in behavior. Animals at twenty feet
- and those surviving at eighteeﬁ feet often breathed irreg-
ularly and showed signs of respifatory embarrassment. In
summarizing his findings‘Zuckerman concluded that there are
five zones of effect surrounding the explosion. These include
(1) & zone immediatelymadjaéent to the exploéion in which
all animals were blown to.pieces; (2) e zoné adjacent to the
first in which all snimals were killed without external
injury, but which showed blood stained froth or blood in
the nose, mouth, and upper respiratory passages;'(z) an area
still further away where animsls were found alive Immediately
following the explosion, but died-at intervals of between
one minute and one day, These also shéwed blood stained
froth, bﬁt suf ‘ered from dyspnea and tachypnea as well.
These animals were apathetlic, gqulet, and disinclined to
feeding. (4) An area still further distally in which the
_above stated symptoms were present, but in which recovery
was complete. (5) A zone where neither'internaliéf external
effects were observed.

In all of his specimens there was no evidencé of

o

external injury, the damage occurring internally. The most
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outstanding lesion was bllateral traumatic pulmonary hemorr-
hage varylng in degree with the distance of.the animal from
the charge. These hemorrhages tended to follo# the line of
the ribs and in severe cases spread into the more superficisal
' structures from lacerations. This would suggest fhat the
injury was due to direct compression of the ribs sgainst the
lungs. |

In all specimens where the degree of lung damage was
sufficient to kill the animal, blood was found in the bronch-
ial tubes, trachea, and usually the mouth. and nose.‘ This
would explain the presence of the bleody discharge evidenced
in human cases. |

Similar conclusions were reached through his experiments
with hydrogen and 6xygen in balloons. However, since the
animals céuld be placed much cleoser to the blastgrhe found
that only the side expbsed was affected. This definitely
proved that the lesions were produced by the lmpact of the
pressure wave from the outside. For if the blast affects
the lungs through the respiratory passages, eilther by the
suction wave ®r overdistension, -why would the animals recelve
lesions only on one side of the lungs?

In ancther set of experimeﬁts the animals were wrapped
~1in sponge rubber and the injuries were greatly diminished.
In some cases only half the-body was covered with sponge

Tubber. When the covered side was placed toward the explesion,



fhe aninal sustained practically no injury, but if this
side were away from the explosion the uncovered side re-
celved many lesions. He alsoc showed that aniﬁals placed
in boxes with their heads out had milder lesions. This
would definitely execlude the possibility of the blast
acting through the respiratory passages 15 proposed by
Barcroft(s): | |

Microscopically the alveclar walls were often times
disrupted and the alveoli were filled with hemorrhage, a
result of tearing the capillaries. In severe cases hem—
orrhage gggféiéé present in the larger bronchi.

Thus it can be seen that these experiments have cleared
up many controversial polints concerning the mechanism of
blast injury from high explosive bombs. They have shown
that pressure waves seem to directly afféct the chest wall
and are not a result of the action of the wave thru the
trachea and bronchi. However, several authors still con-
form to this latter theéry, especlially the suction wave com-
ponent. In response to these éontradicting statements,
Létner(éz) exposed mice to a rapidly produced lowered pressure
of short duration. He reports 1njurie§ véry similar to
those found in blast. As to the mechanism of injury, he,
too, agrees that the pressure changes are not directly
communicated to the inside 6fithe lungs this being born

out by the narrowness of the trachea and the exceedingly : -
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short duration of the blast wave., However, if this holds
true, the intra pulmonary pressure would be greater than
the cutslde pressure at the time of the negatlve pressure
change. The prolonged effect of.the suction_component
plus the surface area of the body would tend to make

this piessure distance very effective, resultiﬁg in over-
inflation of the lungs with subsequent tearing of some of
the pulmonary capillaries.

Therefore, the effect of the suction wave cannot be
entirely excluded and even though the majority of. evidence
1s in favor of the compression w ve against the chest wall,
it seems only logical that the suctlion component may ad:
to the injurious effects.
| No definite factor can be determined regarding the
cause of death in these cases. True enough, pre-mortem
symptoms indlicate that asphyxia might well cause death te
those cases which survived the initial blast only to succumb
sometime later. This does not explain why death cccurs
directly at the site of the explosion. Such a sudden
death would surely be the result of some fatal injury to
the vital centers although Hooker reports that all reflexes,
actions,etc.. were normal in his animals, suggesting no
evidence of injury to these areas. However, in my mind,
this possibility 1s hard to exlude., Could there not be

sudden compression of these centers with resulting ischemia
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and death without any evidence of damage?

Stewart et;&&(7l) recently reported some experimental
work of the effects of high explosives to the central
nervous system. They concluded that even though lung in-
Juries are produced, they are not likely to result in
sudden death but only contribute. These men suggest that
the hydraulic-like pressure on the central nervous system
- in its firm encasement causes sudden compression of the

.thoracic cage with a consequent back—preséure on the vein-
ous side; This might eiplain the mechanlism by which the

vital centers are suddenly compressed.



(18)

III. Cliniecal Investigation

Several things must be cbserved in considering blast
casualities of humans. The effects are not exactly the
same as those produced under experimental conditions, as
these may be altered by the circumstsnces under which the
explosion occurs. Thus, when a bomb explodes after it
has penetrated into the ground, the blast is mainly di-
rected upwards in an expanding zone and people standing
or lying close to the edge of the crater will be pro-
tected from the wave of increased atwospheric pressure,
Furthermore, when a bomb detonates close to walls, the
blast is reflected and its energy absorbed in odd‘ways,
so that people sitﬁated nearby may escape the impact
of the wave. Again, blast waves close to the bomb site
are very lirregular so that persons situated at the same
close distances mey be subjected to different pressure
waves., This may help to explain scme of the odd canualties
noted by various authers. |

In general, very few cases of direct blast injury
have been observed. Circumstances under which peoplo are
exposed (flying masonry, etc.) make it difficult to con-
clude thaf they could incur injuries directly as has been
s0 remarkably reviewed by Dr. Zuckeruwan.

Zuckerman(78), himself, concluded that the blast wave



(19)

has only a moderate:.effect beyond thirty feet from the

point of detonation. Thus, some of the so called blast
casualties so far reported are-not true blast injuries,
buf are ussoclated with other mechanisums.

_The literature of this subject is somewhat limited,.
as little was knéwn concerning it prior to World Var I.
Since then 1t has been crowded out by other medical pro-
blems.

Hatton(30) reports the earliest cases due to ex-
plosion. He received 243 victims from a mine expleosion
none of whom showed external damage. He states that the
majority died from carbon monoxide poilsoning whereas
immediate death probably resulted from a sudden,compress-
'1ng force crushing the vital centers.

In the Qfficlal History of the Great War 1t 1s

reported that dea. men qggngEﬁéiiﬁés picked up in the
field of an explosion without external evidence of injury.
Oftentimes blood trickled from the nose and mouth. This
is compatible with manj of the clinleal cases now known
to be a result of blast. At that time practically no
post mortems were done,and those that were held were ob-
servédlparticularly for lesions of the brain and spinal.
~cord where petechial hemorrh&ges alone were found.

Mitchiner and Covwell{592) and Langdon-Daevies(4l) reported



(£9)

that men picked up from the field during the Sfpanish war
often suffered from hemoptysis énd éonsiderable respiratory
distress and sometines appeared drowsy or even semi-conscious.
Neverthless, from this meager bit of literature the
prevailing ideas as to the production of lesions and death
seeme: to fall under two categories: (1) That they resulted
from gases such as cerbon monoxide, (£) That they resulted
from a dudden vacuum effect in areas which contain gas
(lungs, stomuch, or intestine) with subsequent liberation
of gas bubbles into the blood strezm by the sudden evacﬁation
of ‘air., These bubbles mey then block the circulation just
as occurs in compressed air workers, divers, etc. (Hill—al;
Johannides andTsoulas-35; Thpmaé—?ﬁ) |
Mott{51) also considered carbon monoxide a factor in
‘many cases of concussicn shock, particularly those exposed
in trenches éﬁd dug outs. However, in the majority of cases
he believed the injury was caused by the enormous aetial
cémpreséion being transmitted to the fluid around the base
of the brain causing shoék to the vital centers in the
floor of the fourth ventricle and resulting in instantanecus
arrest of the function of the cardlac and respiratery centers.
This, he held, explained many of the instances of sudden
death under such cnditions. He also noted edemz and hem-

‘brrhage in both lungs but considered it of minor importance,
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stating that the small bulbar hemorrhages, veiﬁous-coﬁgestion
and chromatolyéis of the vago-acessdfy nucleus were the
caﬁse of death. |

Southard(69) and Stevenson(70) stated that hemorrhage
into the corpus callosum and basal ganglia was caused by
the transmission of the violent shock to the incompressible
fluid within the ventricles of the brain.

Dale and Laidlow(14) were of the opinion that the con-
cussion shock is due to the release of a toxlic substance
like histamine into the blood stream. The sudden effeet
of the shock seems to make this point impractical.

Various theories had been proposed, but none of them
could be definitely accepted. The majorlty favored the
susceptibility of the central nervous system'to the blast,
but more recent experiments have shown that pulmonary
leslons predominate.

- Reports on cases diminished until the onset of the
present crisis from which excéllent reviews have appeared.

S, T. Palla(l6) in 1940 cited the first human case
simulating experimental animals previously deseribed.

This patient was a man of thirty years who was injured hy
the explosion of a medium caliber bomdb at a distance of
forty fivé feet., He did not recover from the shock
incident, but died about-twelve hours fcllowing. A post



mortem was performed and very striking changes were noted

in the lungs. Fresh hemorrhages were evlident all over the
pleurae. The cut surface of the lung showed innumerablé
small hemorrhagic areas, both lung flelds seemlng to be
equally affected. §Small submuccsal hemorrhages were ncted
in the trachea and bronchi. Microscopic study shewed gener-
alized extreme arterial dilatation with intense focal capil-
lary dilatation and exudation of fluid into the alveclar
spaces. The other organs showed nb change.

Dean, Thomas, and Allison(1l5) reported a series of
twenty seven cases in which énly six gave clinical evidence
of chest'pathology. However, sixteen patients in the group .
showed physical signs and thus they stressed the relative
disproportion of the two stating that chest'complications‘méy
arlse after an explosion blast without definite warning |
symptoms. This shoﬁld impress upon our minds the necessity .
of a routine physical examination upon patients who sre
apparently unaffected by the blast. They.also noted the
"plown up" or ballening position of the chest, especially
along the ceostal margins, and the radiological appearances
of dimunition of rib expansion together with the slight
loss of translucency, suggesting a "brulsed pleuar.

Heretofore, it had been generally assumed that the
symptoms and clinical signs produced from blast were

wholly a result of capillary rupture and hemorrhage into



the alveolar spaces. .

Hadfield(24) reported a series of post mortem cases
in which there was free'capillary bleeding over large areas.
The bronchloles, atria, and alveoll showed uniform and
considerable overdistention. He concluded that the capil-
lary rupture and hemorrhage, though preséntg was hérdly
enough to produce the clinical manifestations shown by these
patients. It seemed to him that the major clinical manif-
estations were probably due to.capillary'dilatation; velnous
congestion, and edema iﬁ.the lung and that the hemcrrhage
itself was probably more of & mechanism of diapedesis. .

In a later report Hadfield and Christie(£8) describe a
case who lived for fifty one hours following a blast. Post
wortem revealed much more extensive pulmonary hemorrhage
than was noted in those who died early. They thﬁs concluded
that bleeding continued into the lung for twenty four to
forty eight hours in cases which have survived the initial
blast and that if a patient Wwas transported from one place
to another, there 18 a greater danger of re-establishing the
- hemorrhages. Osborn(53) disagrees with thesc men on this
point. He cites the following factors as direct evidence
‘against progressive hemorrhage within the lung: (1) that
capillary heﬁorrhage typical of these cases ceases within
five minutes and requires only a slight increase in pressure

to stop 1t; and (2) that the most advanced organization of



the hemecrrhage was at the upper end of the lesion nearest the
unaffected tissued. Fe still does not explain the fact that

more severe grades of hemorrhage are found in cases surviving

several hours., At present this point i1s debatable and regqulres

further study and observation.

Hadfield and Christle also noted greater damage occurring

in children after exposure, possibly due to the less rigidity
of the thoracic wall. This wes the belief of King(37), RKing
and Curtis(?8), and Roland(5), but contzl'adictorﬁr te that of
Payne(60) who states more compressible substances tend to
absorb the shock and prevent injury.

in furthér reports Hadfield(25) remarks that the size
.of the intégalmonary hemcrrhage reaches its maximum by four
hours. Shortly following this & flbrin network fcerms in the
alveoll gnd a mononuclear cell exudate appcars. The histo-
logicel appearénce by thirty six to forty eight hours is
strikingly thét of the stage of red hepatization in lobar

 pneumonis and has received the name "pseudo-pneumcnial.

He demonstrated for the first time infiltration of the 1Inter-

costal muscles with blood and believed this to be the cause
of the extreme tenderness over the thorax.

Roberts(64) pointed out the contraindication to
abdominel surgery in these cases, citing twe cases in which

the abdomen had been cpened, neither of which presented any

(P4)
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demonstrabie lesion. This, plus the intercostal bleeding,
suggests that the pain and rigldity of the abhdominal wall
arises from irritation of the intercostal nerves innervating
the abdominal musculature. He emphasized the fact that no
Inhalation anesthesia should be given if there 1s pregression
of the heworrhage.

0'Rellly{55) was likewise misled by these abdominal
signs., He opened two abdomens and found no patholegy what-
soever other than minute submucosal hemorrhage of the int-
estinal wall. He concluded that the interccstal irritation
surely must be the explanation. ‘

Great caution must, therefore, be instituted in inter-
preting abdominal signs of these cases and surglecal proced-
ures should not be considered unless there is absolute
indication of intra—ébdominal injury with suggestive
continuous bleeding.

Beretofore, actual intra-abdominal injury from air blast
has not been mentioned. Zuckerman(79) reported small sub- |
mucosal hemorrlages inte the intestiﬁal walls of animals,
but observed no perforations. Oshorn(54) was ﬁhe first to
make any definite mention of this fact in human cases. He
noted perforations in two cases, but states that these
resulted from secondary pompfession vy falling debris. . Hér
proposed that the submucosal hemorrhage resulted from blésf
alone, a point also born out by Krohn(40). He likens 1t
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to his "phrenico-costal-sinus pneumonia® and says that
injury to this area 1s good evidence toward rupture of the
liver and spleen. This hzs not been confirmed by cther
authors., A few other men have mentioned the fact that there
is some evidence of intrabdominal injury in air blast, but
the only confirmation at autopsy was the'previously
mentioned submucosal hemorrhage in the intestinaliziiiq
Thus, it is generally conceded that very 11tt1€Xdamag9
results from exposure te blast in the atmosphere.
 Osborn(53) mentions the similarity of these lesions to
those produced in peace time such as car accldents, etc.
He boldly states that "there 1s nc need to assume that blast’
has any mysterious properties, It is only.a wore severe
diffuse suddien compression of the chest and abdomen than we ..
see in civil cases during peacetime."
Ross{(65) in comparing sﬁch peacetime and wartime injuries
gives the following polnts of differentiationﬁ
I2 In compression asphyxia the lesions are nct
necessarlly symmetrical and bilateral. The
hemorrhages are usmally subpleural and along
the lines of the ribs with a genecralized
congestioh and edema of the lungs,

2. In hemor:ihage due to impact of a solid the

hemorrhage is in rélation to the maximum

point of intensity and may be unilateral.



3. In hemorihaglc concussion or blast fhe lesions are
always symmotrical and bilateral with
generalized pulmonary congestion. Thése
hemorrhages are much deeper and though
subpleural bleeding does occur they are
present only as an extension from these
deeper areas,
Boland(s)_reports several cases of traumatic asphvxia
by compression injuries from earth cuve ins, etec., simulating
this conditicn. Fallon(17) gives a wmost interesting aceccunt
of lung damage with the "intact thorax" due to pulmonary
mishaps in every day life.
. This theory that the mechanism of injury is preduced
by the action of the compression wave uron the thorax is
generslly accepted today.by most authors. However, let
us consider some of the newer theories which are now beginning
to appear. The thoracic cage, as known, gives good protection
to the underlylng structures, whereas the abdomen 1s protected
only by the thin layers of fascia and muscles. Could not,
thérefore, the blust by acting upon the abdomen force the
dlaphragm upward cause further compression of the alveoli?
This wag first suggested by Hill in 1818 in a letter to
Williams(78). Williams gives this as a possible explanation
of Osborn's phrenico-costal-sinus pneumonia, sugresting |

that this pressure from below forces the lungs cutward and



causes compression of this area. This may not be the primary
factor in the preducti:n of lesicns, but 1s,impoftant in
conjunction with the éompfession ef"ect of the wave ggainst
the chest wall, The dlaphragm would not descend to its
normal positlon and would exert a greater pressure upon the
air-containing alveolar spaces. ‘
~ McKibben(48), as carly as 1919, suggested that this

expoéure to blast might result in the production of fat
emboli. He experimented on ratbits, cats, and dogéland did
find Intravascular fat in the cerebral vessels. He further
states, however, that he also found an equal amount in the
same vescels of dogs killed by ether inhalation or by bleeding.

Robb-Smith(83) relates one patient who had died from
bomb explosion without gross injury and that considerable fat
emboll were found at autcpsy. He acknowledges the fact that
his findings have not been confirmed by other authors, but
remarks that the pathologlsts have failed to lookufor fat
emboll in pulmonary concussion., He suggests that symptems
may be the result of a combination of pulmeonary. concussion
and fat emboli. Regardless of the true cause, these should
'be sought for in post mortem examinations on air raid
casualties, the only method by which this can be clarified.

Rowlands and Wakeley(66) submit a method of differenting
the two. 1In blast injury pulmonary symptoms are present

impediately, whereas in fat emboli the manifestations



usually do not appear before the third day following injury.
Likewise physicallsigns of the former are different, there
being diminished diaphragmatic movements, emphysematous
appearance of the chest, and lmpairment of the percﬁssioni
note at one or both bases with or without crepitation; facts
not noted in cases with fat emboll. A careful history is
also of significance.

Zuckerman(78) did not find any evidence of fat
embollsm in his animals which had been exposed strictly to
blast, but states that this point cannct be completely
excluded. He proposes that this might be a means of differ-
entiating cases that are exposed to blast alone and those
which are exposed to blast as well as an iwpact with a hard
surface.

Connor(11) désignates fat embolism more as an accompany-
ing condition than a primary result., We can'agree with him
in the fact that there has not beeg, as yet, enough factual |
evidence to estabiish or exclude the idea that such a condi-
tion does exist.

Based upon rejorts of several competent observers
(C*Reilly, Gloyne, & Roodhouse-56; Palma & Inright-58;
Travers-75; Palma-57.) thé common complaints and physical
signs in blast injury are: (1) Shock, (2) Pain in the chest
and abdomen, (3) dyspnea, (4) réstlessness, (5) heﬁoptysi$,

- (8) ecough, (7) ruptured tympanic membrane,rand (8) bulging
df.the chest wall. ‘
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As previously mentioned, the impressive feature in
shock 1s the degree of this condition‘out of preportion to
the apparent injury. Pallor, cyanosis, and a weak rapid pulse
volume arelall-striking. It ;E}undoubtedly due to some form
of peripheral vascular collapse from (1) direct concussion
of the head {Connor-11), (£) from transmission of the
wave up the spinal cord (Mott-52; Mairet & Durante-45), or
forceful tetroﬁulsion of the bloed from thé lungs into the
head (¥Williams-76). Whatever the cause, 1t is & severe form
of éhock and varies directly with the severity of the comp-
ressing force.

The chest pain 1s of two types--a central deep constant
pain and a less severe lateral pain augmented by . breathing
(this remains for a longer period of time than the deep pain).
The deep pain is probably the result of mediastinal hemor-
rhage, whereas.the 1ateral pain undoubtedly due to contusion
of the intercostal muscles since hemorrhage into the extra-
pleural spaces 1s a constant finding st autepsy. These
hemorrhages might well explain the bulging of the chest wall,
_as contusion of the intercostal muscles with subsequent
hemorihage could easily result in spasm and contraction of
the intercostal muscles causing the chest to assume the
inspiratory position.

. Pain in the abdomen may be severe or mild., In somé'

“cases there ls great pain and ténderness with muscular
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rigidity. This has led many observers to do exploratory
1aparotomies only to find a few submucosal hemorrhages in the
gut wall, It would seem that this 1s probably a result of
irritation to the intercostal nerves. Zuckerman(79) reports
~this finding to be true 1n some experimentzal animals with
the hemorrhages continuous with those in the sheaths of the
intercostal nerves. O0'Reilly, Gloyne; and Roodhouse(58)
suggest that this may be in part the result of contusicn of
the abdominal walls themsel#es, but no investigation
concerning thls point has appeared In the literature. The
important fact, therefore,}ihe contraindicétion to surgery
In these cases evén though the abdominal tenderness and rig-
1d1ty 1s suggestive of a widely disseminated peritonitis.

Dyspnea 1s a constant feature, resulting in part from
the pain and in part from the extreme bulging of the chest
wall (always nearly complcte inspiration). The respiratory
rate is rapid, the excursions shallow, and inSpiration, part-
icularly, labored.

The cough is also a prominent feature and, though rarely
"appearing ﬁefore twenty four hours, is spasmodic, frequently
intractable, and often productive of a frothy, blrodutinged
spytum. Free hemoptysais 1= rare and 1s never a prominent
symptom although blood-tinged mucous in the respiratory
passages is a constant finding at autopsy.

Restlessness 1s constantly present and bears a difect

RJ
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‘relatlonship to the severlty of the blust. The presence of
subarachnoid hemorrhages in the central nervous system would
suggest an irritative leslon rather than merely psychic trauma.
This fact is supported by other cises of similar incldents
where the principle injuries were caused by viclence (falling
debris, etc.). The restlessness in severe cases is extreme
and out of proporti-n to their injuries. Morphine is helpful,
but does not completely alleviate the symptom as it does in
most cases of non-violent origin.

A good lead to the diagnosis of severe blast is furnished
by otoscopic examination of the ears. A recently ruptured
tympanic nmembrane usually indlcates exposure and necessitates.
an ¥-Ray examination to rule out_injury to the lunge.
(Perlstein-8l).

Craig(l?2) describes the followlng auditory lesions
from exposure to detonation:

1. A rupture of the drumhead (the commenest finding).

2. Hemorrhage into the midile ear.

%. Hemorrhage into the fundus of the internal meatus.

4, Minute hemorrhages among the fibers of the FPacisl
nerve &and vestibular division of the Auditory
nerve as well as into the canal of the tensor
tympany nmuscle,

Most of the caség’develop otitls medla and perforations were
common and often quiﬁe extensive., Hearing loss varies and

- in most cases is of the middle ear variety.



He states that the n-teworth thing is the insidious develop-
ment of infection seldom assoclated with any pain. FHe reports
only one patlent who‘compléined of pain and that was at the
time of the explosion.

Physical signs appear for the mest part in the chést and
vary with the severity. 'Respiratory excursions are reduced,
usually bilaterally, and air intake 1s didinisdhed. The
percussion note may be resonant in the early stages with
localized sreas of dullness later if complications ensue,
Breath sounds are faiht, especiaily &t the bases, and coarse
sibilant rales are ﬁsually audible over the whole 6f the lung
fields. There is often extreme tenderness in the intercostal
spaces with muscle guard over the ébdomen. Less severely
blasted patienfs may show no definite physical signS‘other
than a moderate bulging of the chest wall with reduced
excursions and mbvements.

Travers(75) reports cases with surgical émpnyéema in the
neck and.thorax even in the abvsence of fracture anvwhere in
the thoracic cage. This always‘appeared first at the root
of the neck and spread to the surface through the mediastinum.

-Blast may also produce pathologlcal changes within the
eyeball. Holmes(Z2) states that the cornea is= never ruptu}ed,
but that In severe cases derrangements within the buldb zare

produced. Disturbances of accomcdation, intra-ocular
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hemorrhages, cataracts, dislocation of the lens, and
choroidal or retinal tears do occur.

Roentgenograms furnish thermost satisfactory method of
diagnosis and evaluaticn of the severity of damage from blast.
These reveal cheracteristic poorly demarcated areas of
inereased density (mottling) scattered throughout both lung
fields, resembling somewhat a patchy pneumonic consolidation.
This density is wost marked just above the diaphragm later-
ally and In the costo-phrenic angle.(Gates-£0; Osborn-5%).
The linear course of the densities is in most cases parallel
to the course of the postero-lateral portions of the lower
ribs {fig. 1 & 2). Cates(20) gives an excellent report upen
roentgenographic findings 1n under water blast, The similarity
of this condition to air blast findings leads me to cité him
in these cases. The margins of the zones of density are
poorly demarcated both at fheir proximal and distal endé.
These zones vary in size from about three by éne half centi-
meters to about five by one centimeter. About thirty per
cent of the cases observed by him showed assoclated pleural
changes, appearing as ﬁ line of pleural thickening or a
film of fluid in the costo-phrenic angle.

In general the zones of increased density arc less
sharply demarcated and éomewhat feinter than in true cases
of bronchopneumonia or atelectasis; This, plus the

constitutional symptoms accompanying the latter éonditions



NOTE THE FUZZY LINEAR ZONE OF INCREASED DENSITY CLOSELY PARALLELING
THE COURSE OF THE POSTERIOR PORTION OF THE LEFT NINTH RIB. (HEART
TRANSPOSED.)—2. BILATERAL BASAL CHANGES. NOTE THE FUZZY LINEAR
ZONES OF INCREASED DENSITY CLOSELY PARALLELING THE POSTERIOR
COURSES OF THE TENTH RIBS. THE UPPER LUNG FIELDS ARE CLEAR.
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would‘simplify the diagnoéis.of blast injury.

These areas of incfeased density are presumably_due to
interstitial and alveoclar hemorrhage witﬁ accompanying edema
and vary in extent with the cligical and pathological
findings. ‘The striking thing in these cases is the rapid
resolution. The lungs are clear or almest clear by seven to.
ten days after injury and'usﬁally parallel the clinical
course. Mld cases may show no roentgenégraphic signe, a
fact which must constantly be kept in mind;

Pathologically, the outstgnding lesions are found in
the lungs, the abdomen, and the central nerveous system. In
mild cases the lungs alone seem fo be affected and the first
evidence of injury 1s rupture of the capillaries causing
hemorrhage into the intréualvéolar septum with separatien
of the two layers of the alveclar epithelium, This |
hemorrhage may spread along the septal walls to collect
around the bronchioles and larger vessels .or may dislodge
the alveolar epithelium and find its way into the alveolar
spaces, | _ *

In the more severe lésions the interalvecler septa,
including capillaries and epithelium, are disrupted and
destroyed. This allows the blced te peur directly intc the
alveol&r sacs producing a traumatic emphyqema. Palma and
Enright (58) demonstrated rupture of the elastic tissue

 of the alveolar walls 1n the most affected parts,
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Permanent damagexgngﬁhus result from such an injury to
the lung tissue, as the ruptured elastic fibers and capillartes
are not likely to undsrgo repair even though the blood
corpuscles éould presumably be removed from the zir spaces.

No pathology is found in the abdomen other than the
small mucosal and submucosal hemorrhages in the intestinal
walls previously mentioned. The muscular rigidity apparently
arises from hemorrhage ihto the intercostal spaces causing
irritation of the intercostal nerves.

Pathological findings in the central nervous svstem
will bpe dealt with more thorcughly in the section on this
subject.

Although chest complications are relativelyrfew, we
must constantly keep in mind the fact that superiwmposed
infections might easily galn a hold on such patlents,
Physical exhaustion and undernutrition of soldiers in active
- service in conjunction with the lesions would favor the
spread of latent or mild infections of the ujpper nespiraté;y
Into the depths of the lungs. Bronchopneumonla 1s undoubt-
edly the most freguent complication and‘shouldlbe considered
if the physical signs persist more than six to seven days
and are acccompanied by a septic response. Zuckerman(79) also
reports pneumonias in his animals with a preponﬁefance of
menocytic inflltration.

Diagnosis has been, 5Eff_ifmiff§;—66ﬁ§TaE;Ed in

connection with various topics of the paper, but it is well



to mention two other important conditions, namely, hneumo—
thorax and hemothorax. The principle dif’icultles artce in
cases vhere there are other grogs injurles such as a fracture
of the stefnum, ribs, etc. Femothorax gives a similar picture,
but produces duliness oh percussion. Likewise, pneumothorax
simulates it, but the marked hyper rescnsnt percussion note
peints to this diagnosis,

Pathological factors affecting recovery from blast
cohcussion are similar to nearly every other form of iisease
or disabillty. These include extreme exhaustioﬁ; anemia and
subse@uent anoxemia; fruétration with resulting anxiety, and
the instinctive impulse toward aggression, flight, or an
appeal fof protection. Agé, arterial degeneration, emotional
instability, and an abnormal sexual life mav be ihfluencing
factors. Crichton-Miller(l3) considers many of these factors
of major importance in the producticn of some of the svmp-
tomg, but in my mind the presence of the previously mentioned
pathology would greatly overshadow the factors.

sndocrine factors are/ still obscure, but there is
evidgnce that desoxycorticosterone has a direct action in
incréasing aggressiveness. Toxic absorption from = septic
focus.also influences recovery.

At the presént time Physiclans are proné to dismiss

many cases of blast injury too reaéily only to find that



serious organic lesions do persist. Therefore, since bombing
of the civilian population has come to cecupy such an imror-
tant place in the present crisis, medical practiticners, even
in civilfan 1ife, should recelive mére education concerning
this form of injury, since ready recognitibn and treatment

are the best adjuvants to early anl complete recovery.



IV. Treatmwent.

The best treatment of this coniition would be to devise
some method of protection for both civilian and military
personal and thus eliminate, or at least diminish, the
severity of the injuries. At present the occupation of
air rald shelters by the civilian populatién is giving
excellent protection from the effects of the blast., People
are belng educated that in emergencles, where shelters are
not accessible, they should lie flat in the prone position
upon the ground or in 3itches, holes, and gutters. The
heavy musculature of the bhack affords much better protection
than the chest wall anteriorly. However, this étill does
not adequately protect the men in combat. Most of the work
along thls phase is still in the experimental stage. King
and Curtis(@8), Latner(4£), and others sugrest covering the
chest with a light bandage or jacket such as sponge rubber
to protect the chest from the direct force of the compression
wave. Zuckerman(77) had previously demonstrated that by
wrapping animals in sponge rubber, the evidence of shopk
could be prevented or &t least greatly diminished. It would
probably be advisable to include a protection for the
abdomen as well as the chest since Williams(76) siowed that
animals immersed in water with the chest protection alone

recelved as severe‘an injury as those with no protection;

(
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whereas, animals having abdominsl pretection showed minimai
lesions, suggestive of upward compression of the diaphragm.
.As yet such a protective coat or Jacket has not been'dévised,
50 that we ggngfTIIfbonfronted with patlents who have been
exrosed to the full force of the wave.

Osborn(53) suggests that since In inspiration the lungs
move down into the phrenico-costal sinuses, the blast effects
‘would be minimized if people would withstand the tendencv to
take a deep breath and hold it in emergencies. He explains
that at the end of the inspirctory movement the giottis is
closed and the diaphragm and other respiratory muscles are
relaxed resdy for explration., This portion of the lung is
then left more or less unprotected, since it 1s covered only
by relaxed muscles, making it more liable to injury.

" Cnce the injury has been'reCeived, early receognition
and prowmpt application of bed rest ere of prine importancé,
Morphine in doses not less then one half grain should be
given immediately to relleve the restlessness and pain.

This dose, however, should not be great encugh to depress *
the cough reflex especially in cases with hemoptyvsis. TSome
men do not agree to the use of mo:phine(Robb-smith-Gs;
¥illiams-76) as it depresses the respiratory center. However,
Whitby (80) says that the proper use of oxygen and carbon
dioxide with respiratory stimulants will easily counteract
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- this peripheral and central respiratory depressive effect.

v11liams substitutes heroin in doses of one-elghth grain.
Thompson gives allopan believing it to be more effective and
proiuqiyg less unpleasant after.effects. He sfresses the
fact that if Inadequate sedaticn 1s given, the continued
restlessness will cause further hemorrhage while beiﬁg
transported to a base, decreasing the chance of recovery.
Shock should be combatted 1mmediately by bed rest and
elevaticﬁ of the foot of the bed. Hot water bhottles and
blankets should be a. plied freely. Fluids shouldAbe admin-
istered by vein either in the fcrm of whele bloed or plasma,
preferably the latter. Matthews(47) suggests the use of
powdered citrated plasma dlssolved in distllled water as 1t
is eésief to administer and cheaper to produce than the
popular‘driedjserum-protein.-*This has become the standard
intraveinous solution for severely shocked air raid casuaities
in Eﬂgland and the Allied armies are using it nearly exclus-
ively on the fleld of battle today.
' Tarlier investigstors suggested venesection in these
cases since there was a hemoconcentration of the blcod with
a subsequent strain on the right heart with veinous cengestion.
If is now generally accepted, however, that this hemoconc-
entration i1s a result of a perfusion of plasma 1nﬁo the extra-
cellular tissﬁes, so that administration of plasma will
readily dilute the blood. The benefit of whole blood trans-

fusions is'more limited as it 1s difficult to see how a



lung contalning large amcunts of effused blood with rupture
of the elastic tissue and capillaries can benefit to a great
extent. |

Kekwick, Marriott, et al(26) state that a patient with
a systolic blood pressure below one hundred millimeters Qf'
mercury should immedlately rec.ive two pints of plasma aftef
which there should be a prompt blood pressure rise of thirty
to fofty millimeters, If this does not occur, more fluids .
éhould not be forced, but rather the patlient should be kepth
warm and glven morphine. Such cases q;}}faffen respond
readlly to such management. If the pressure continues to
drop or 1is transient, bleeding from some focus g@guyiffr
inmediately be sought out.

The amcunt of intraveinous fluids given to any one
patient cannot be listed in round flgures, but must depend
| upon the respohse and needs .of the patient. The Judgment-of
the physlcian in charge is the prime factor in this phase of
management. _ |

Oxygén should be administered continuously for at least
the first seven or elght days 1n asscclation with the above
procedures. This may be given by catheter, tent, or mask as
all are quite satisfactory. The rate of flow should be at
least eight to twelve liters per minute.

Codeine, grains one half, may be necessary to relieve

the spasmodic cough, but dosages beyond this should hot be

15
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employed as it 1s essentlal that the patient expectorate the
excessive accumulation of mucous within the throat.

The use of sulfonamides, particularly sulfapyridine,
glves very excellent results in the prevention of secondary
complications. A four gram initial dose followed by one
gram every four hours is the most satisfactory. Daily study
~of the blood picture and urine should ellminate the poss-
ibility of complicatlions from these drﬁgs.(Booth—S; Bailey-2:
Travers-75; O'Reilly, Gloyne, & Roodhouse-56.)

If an'additioﬁal hemothorax or spontaneous pneumcthorax
ensuns,,vérious procedures aré recommended. Lockwood(43)
advises immedidge aspiration of the fluid with continucus
drainége.by a small rudbber Catheter. This should be accom-
panied by oxygen administration to expand the lungs.
Sellors(67) also favors this methed as hemethorax 1s an
excellent media for the growth of bacteria. Fallon(17),
however, believes the preseﬁce of hembthorax or pheumo-
thorax is no indicatidn for operation providing the clinical
plcture remains good. If the hemothorax is unchanged over
a perlod of ten days or a s%;ig course lntervenes, however,
| aspiration with continued drainage should be insﬁituted,
augmented by tbe oral administration of sulfonamides.
| Kretschmar(SS) suggest’ supplementing these condidions

by an artificial pneumothorax to prevent traumstic

| (43)



pneumonia and stop the hemorrhage., It seems logical that
this procedufe would also immobilize the lung, thus assisting
it to heal after which re-expansion could be accomplished.

the visceral and parietal pleurae, a condition whigggmight
otherwise easily develop.

The value of immobllization of the lung in cnhancing
the healing process is debatéble s but external application
of a binder surely deserves a trial, In fact this would be
more practical than producing an artfficlal pneumothorax in
uncomplicated cases 6f"hemothﬂrax§¥the dénger of secondary
infection by the latter pfocedure is 'always present. Hadfield
(24) believes inadequate imﬁobilization may be the exciting
cause of relapses in some patients who“hgjgféﬁparenily |
comgﬂetelgliecovered. | ,'“””W '

General anesthesia isrﬂﬁSolutely contraindicated in
thése cases. An early roegiér;phic plate of the chest shouldl
always be done before any operatlve procedures are instituted.
Falla(l6) reports one case in which pulmonary blast had beem
overleooked and a general anecsthesia given to repair a hip
laceration. This patient very shortly went into shock and
died. Autopsy showed the typical minute hemorrhages over the
lung fields. -IntrZeinous evipan or pentathol sodium aug-
mented by swall amounts of cyclopropane with oxygen willf“

usually suffice in cases where operaticns are absolutely }‘7
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iindicéféd: (Cohen & Schulenbergh-10)
relief to pressure symptoms upon the traches and mediastinal
structures from traumatic emphysema.

Genéral considerations which must be attended in these
patients include such things as maintenance of fluid end
electrolyte balance with glucose and saline, nourishmént by
mouth, enemas or Wangensteen suction for intéstinal distress,
and easloric and vitamin‘requirements.

Nurces, relatives, etec. should be required to wear masks, thus
minimizing_the denger of droplet or air born infecticns to
which they are so suséeptible. Strict attention to nursing
hygiene is essentlal., Nursing care under strict 1sclation
might even be of value providing such facilitles are
available.

In case of ear injury Crailg(l2) recommends moﬁping away
of the discharge with a cotton wad and either ﬁlowing in
iodine or boric acid powder (.75%) or dreSSing with one half <
inch ridbbon gause soaked in acriflavine (1:1,000). Insuf- ;
'flation of sulfonamides or ear plugs of cotton wool impreg-
-nated with petrolatum sozp or candle grease will suflice 1f
infection 15 present. It has been suggested that the patient
bite on a cork to Keep the mouth open and thus'equélize the
pressure within the middle ear. However, the relative

€ifferences in the dlameters and length of the exit of the
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meatus and the eustachian tube along with the fTact that the

latter 1s opened normally only by the act of swallowing

would tend to make this procedure seem & bit irrational.
Tyes which have been injured by the blast, should be

(Immad&atéi&fplééed.at rest by dilatation of the pupil and

a binocular bandage immedistely applied. The patient should

be confined strictly to bed for zat least one week.
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INMIRSION BLAST INJURY

Blast injury tec the body from the detonation ef high
explosives under water hns been given the name of immersion
blast and although similar in many respects to atmospheric
blast, deserves special mention.

The mechanlsm and biophysies of immersion blast injury

- results principally in Jamage to the lungs and to the walls

of certain loops of intestines, This damege may be élight
or extreme depending upon the intensity and proximity of the

blast wave. Hffects in the lung are homologous to those

found in atmospheric blast, but intra-abdominal injury is

more pronounced consisting of severe submucosal a2nd mucosal
hemor:hage or complete perforation, |
Several theories have been propounded as to the nature
of the blast in under water explosions, none of Which have
been ‘generally'dccepted. It is agreed that sound waves are
much more readily transmitted in liquid than in air, the
mechanism of which 1s beyond the scope of this paper. Like-
wise, all observations on 1mmeréion concussion have shown
that the critieal distancp from the center of detonation of
a given charge of high/géplosives is approximately fopr times
greater than in atmospheric or air blast. Theréfore, rather
than twenty feet, as shown by Zuckerman on his laboratﬁry
aniﬁals, it 13 Increased to at least eighty feet in water.

This 1s propounded on the fact that the blast wave is an
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.exéessively intense longitudinal sound wave and that since
sound waves travel fouf times as fast as in air, it 1is only
reasonable to assume that the critical distance is four
tines as gresit 1n the water. _

Friedell and Burke(18) give an excellent account expl-
ainihg the mechanism of the lmmersion blast. There are two
types of effects, the instantaneous percussive effect and the
continued pressure effect. The first maximum is the result

of brisance of the explosion with very little, if anv, gas

pressure. The continued_pressure efTect on the other hand

is due to this gas pressure which is present in water, but
not in air. If this latter eflect continues to develop, the
entire column oflwater is then propelled in the direction of
the propelling force. As water is a dense and practically
incompressible wedia, the gas pressure can be feadilzf%?énsn
mitted, whereas in the air this is immedlately /dissipated
and plays only a minor role.

The initial percussive force alone is produced in air
blast. Since only hemorrhagic lesions of the abdomen afg ©
are found with no perforations, 1t seems only practical to
assume that these result from the effect of the percussiﬁe
force alone, representing a force greatly mitigzted by the -
effects of distance. In water, however, the—préssure conti—
mues to be exerted, expressing itself in the mofion of the

entire column of water. This is much greater than the
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primary percussive blow alone and explains why the effect
of immersion blast is gfeat at an increased distance. This
greater force against the abdominal wall was their explan-
~ation of the production of perforations in immersion
1ﬁjuries.-

The méchanism of injury once the compressive wave has
struck the body wall has not, as yet, been costdered. The
injury to the lungs beneath water is altogether different
from that of air blast. It will be recalled that in air
blast the injury is due to the compression of the chest wall
against the air filled alveolar spaces. In immersion blast
the mechanismw is not one of compression, but rather the
résult ofshridding and re-—expansion of a compressed air
bubble enclosed within the body tissues. Ordinarily a comp- -
ression wave tends to reflect as a tension wave when it
" strikes another medium such as the surface. However, 1f this
férce is approximately five hundred pounds per square inch,
it breaks through into the a2ir with a shredding effect and
11terally ﬁblows off" the surface. . An object in the water
will thus be projected into the ailr as a result of this force,

When the air exists as a bubble within an enclosed
space, such as the body cavitles, it undergoes cqllapse and
éompression for that fraction of a second during which the
compression wave acts with immediate re#expansion upon |

passage of the wave, Upon striking the body such a comp-—



ression wave of fime hundred pounds per square inch cr greater
is transmitted through the tissues and upon reaching the
alveolar air breaks through into this gasecus medium with a
shredding effect, tending to "blow off" the surface of the
tissues., This 1s sufficient to damege the alvecolar walls
with 1ts vulnerable enclosed capillaries,

 Perforations and hematomas of the intestinal walls
are élso produced by this ﬁechanism, discrediting the early
‘belief that they occurred from overdisteﬁtion of the int-
estines by the inrush of watér into the anus. More evidence
in favor of the shredding theory is the fact that most
lesions are found in the air containing portions of the int-
estine. Also in all cases thus far reported only one has
complained of the sensation of water rushing into the anus
and penis.

McMullen{(49) suggests another mechanism hy whiéh
pcrforations might occur. He states that rupture of the
intestinal vessels resuifs in ecchymoses and hematomas
in the intestinal walis, which in turn produce ileus. This
gradually increases the intra-intestinal pressure until the
‘Intestines subsequently pefforate.w This preséure then
continues tb act by keeping the perforation from sealing 6ff
so that a generalized peritonitis or an abscesé may ensue,

Hamlin(zg)-likewise suggests that the blast interrupts
the reflex mechanism of the bowel wall resulting in ileus

(50)
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thus decreasing the motility and bloed supply to the area so
that contused areas of.the bowel become susceptible to gas
pressure, necrosis, and possibly perforation,

However, Williams(76), Greaves(23), and Friedell &
Feklund (18) report in both clinical and experimental observ-’
ations that_the perfqrétions ére definitely relasted to the
presence of gas withi;he lumen and that ne lesions were found
where the gastro—intéstinal tract was empty and collapsed.
The lesions themselves showed little interstitial hemorrhage
and no bleeding dnto the lumen was noted, giving the appear-
ance of a sudden disrupticn of the wall from within cutwards.
There was nc evidence whatsoever of the necrosis of the
bowel wall as mentioned by Mcﬁhllen and Hamlin,

Greaves(23) conducted twd additional experiments to

further prove this point. He first injected twenty cubic

céntimeters of air into the peritoneal cavlity of a rat which

~was then subjected to a lethal underwater blast. Laceration

of the liviawand spleen with extensive hemorrhage into the
abdomin;i:resulted, conditions not noted in the normal blast
exposure. The second experiment consisted of exposing four
normai‘segmenté of rabbit intestine, tightly ligatured at
both ends, to a blast. The first was.completely collapsed,

the second filled with air, the third with normal saline

~ solution, and the fourth with saline snd air. The first and

third were unaffected, whereas the two contalning the air



were ruptured. This 1s strong evidence that air is,Undnﬁbt—
edly a contributing factor,

The gastro-intestinal tissue 1tself 1s resistant to the
effect of the wave. However, 1f air or gas is present within
the lumen, the wave will be §hredded as 1t passes through.

If this gas can be displaced without cdmpressioﬁ, a hemor-
rhagic lesion of the wall, marking the site of the shredding,
will bé'the only result. Sometimes, however, these bupbies
become entrapped wlthin the lumen., These are then compressed
by the pressure of the wave only to re-expand once the wave

has passed. If the wall has been sufficiently weakened by

~ the shredding effect, 1t will break down before the respond-

ing bubble and a "blow out" perforation will cccur.

When the pressure approaches five hundred pounds per
square inch, pulmonary damage can be expected, but a con-
siderably larger fofce i1s required before severe intestinal
damage ocburs. This tends to displace the earlier belief
that intra-abdominal injury 1s the outstanding pafhology in
jmmersion blast, a theory supported by Palma(57), Palma and
Uldall(59), and Atkins(l), That pulmonsry damage occurs
first, as in air blast, is furtﬁer sfressed by Friedell and.
Teklund (19) who exposed gulnea ;igs to immersion conrcussion,
They found that animalé with chests protected did not die as
soon as those wlthout ?rotection. Pulmonary lesions were

produced with relatively small charges whereas much larger
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forces were required to produce evidence of iIntra-abdominal
injury. All unprotected animals who showed intestinal per-
foration wére immediately killed by the blast., They demon-
strated, however, that by protecting the chest of these ani-
mals with sponge rubber intestinal perforations could he
produced witheout being fatal. These anlmals couldf&lso with-
‘stand more sevefe degrees of exposure. From theée remarkable
gxperiments they concluded that injury to the lung was the
1mﬁediate cause of the lethal outcome. This theory 1is
supported by Camerdn, Short, & Wakelev(8), Williams(76),
and Greaves(23). -

With the relativgly.ﬁeager amount of literature sc far
reported it 1s<§§f;ﬁfféi§)impossible to conclude which area
of the body 1is more affected. We do know thut Intra-abhdom-
inal injury is more outstanding in lmmersion thaﬁ in atmos-
pheric blast, though not to such an extent to exceed the
pulmonary effects to any marked degree. |

There 1s comparatively little llterature concerning
immersion blast in humans. Atkiﬁs(l) was the first to repert
any cases, He rgviews three patients injured by depth
charges while swinming. TW%d of fhese had perforations of
the ascending colon and the othef showed multiple petechial
hemorrhages and edema of the intestinal walls. FHe also
deséfibes lesions -and lacerations of the lungs and brain.

Breden, d'Abreau, and King(7) review the literature and.
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add histories of cases subject to detonation while in the
water, They noted submucous hemorrhage énﬂ subperitoneal
hemorrhage with perforation, but stated that very little
bleeding occured in the area adjacent toc the perforations.
They also described two cases with rectal and subphrenic
abscesses which recovered after drainage. Gordon-Taylor(£2)
attributes this abscess formation to organisms which have
the ability to permeate the contused Intestinal walls,
especially the colon.

Reports gince this time have agreed on severasl striRking
features; namely, the severe intra-abdominal 1njﬁry noted 1n
each instance without visible externai injury; the tendency -
for the ileo-cecal reglon to sustain the severest damage;
the "blown out“lappearance of the perforatlons; the extent
of peritonitis and the attempts at wélling off exhibited;
the absence of rupture of other abdominal viscers; and théu
fact that in no autopsy was mesenteric throbkbosis with
subsequent devitalization of the bhowel demonstratéd.

The perforations are usuglly oval in shape and are
often situzted in linear tears through the mucosa and sub-
mucosa in the bases of encircling folds (Pig. % & 4). The
edges may be slightly necrotic, but the adjacent gut well
is in cqmparatively good condition. They seem tc be located
in portions of the intestine containing gas, but may appear .

" 1in areas containing fecal material in scybalous form. This
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helps to explain the common location, #.e. the terminal
ileum, cecum, posterior wall of the ascending colon, and
the first part of the jejunum.

Microscopic examination of cut sections through the
perforations show that the mucosa, submucosa, muscularis,
and serosa are fragwented and perforated. The opposing edgeé
are heavily infiltrated with leukocytes, lymphocytes, and
plasma cells, wiﬁh considerable superficial necrosis. The .
ad jacent serosa has a heavy deposit of exudate. Comparatively
little regenerative cell ‘growth, fibrohlastic activity,
caplllary extension, or evidence of repair is hardly ever
noted around the perforations. Smcoth_muscle fragmentation
1s also striking. |

If perforation has occured, the perltoneal cavity
contains purulent fluid which coften drains inte the pelvis.
This usuélly produces a very fecal odor. Thefe 1s evidence
of a generallzed, diffuse, exudative peritonitis with massive
extfavasiens of blood intc the subserosal tissues from
contusion of the anterior abdominal wall.

In cases where perforation does not occur, masslive hem-
orrhage‘into the serosal surfaces of the terminal ileum,
cecum, and ascending colon is a constant finding at autopsy.
This appears to be the result of innumerable small torn
vessels rather than frém a single scurce. The peritoneal

cavity usually contains varying amounts -of fluld or clotted
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blood,

With or without perforation the lumen of the intestines
always contains varylng amounts of gross blood.

Tﬁe lung findings are also cutstanding and conform very
closely with those previously described in szir blast, so that
further discussion of that subject nedd be necessary.

The cause of immediate death in such cases 1s similar .
to that of atmospheric blast, but differs 1f the patient has
survived the Initial compressioqiand,has developed intestinal
perforations. He then undoubtedly succumbs to the extreme
toxemia from the diffuse generalized peritonitis. The
mortality rate in céses thus far reported 1s relatively
higher in immersion than in air blast. Undoubtedly some
cases were not seen untll one to several days had el&psed
from the time of injury, so that a non-opcrarle peritonitis
had already ensued. This, plus the intense lung injury, had
subjected the body towa severe toxemla. Had they been seen
earlier, thelr condition could have been treated wifh far
better results. Therefore, with the increasing amount of
literaoture physiciens today should.acquaint themselves wifh
this form of injury and adopt an early treatment which would
help decrease the mortality rate. |

Spmptoms and case historles of immersion blast casualties.
fall into three main gfoups: (1) mild pulmonary damage with _.

obvious abdominal Injuries that recover completely without



operation; (£) severe pulmonary damage with severe abdominal
injurlies, such as lacerations disclosed at operation; and
(8) late complications, such as pﬁeumonia and abscess
formation.
| In the first group the clinical features are .almest

identically simfldr . Vomiting within an hour, hematemesis,
abdominal pain with tenderness and rigidity, melena with:
dlarrhea of about two to three'days duraticn, and pailn in
the testicles.

The symptomsin (2) are similar, but more marked with
extreme muscular rigidity, tenderness and distention; hyper-
pyrexia(lOE-lOSo); extreme alr hunger with cough and expect-

oration of frothy blood stained sputum;_and tachycardia.

(5'?)

Complications should be closely guarded against. Abscesg-

ses may develop quite insidiously often appearing as firm,
tender, palpable masses in the sﬁb—phrenic or perl-rectal
are~s in patients who otherwisé seem well on the road to
recovery. The salient fegtures are the gradual development
without alarming signs, a moderate pulse ani temperzture
rise,eanabdamipal rigidity, and)a leukoeytosls rarely exceed-
ing twelve fhousand.

There are several factors which enter intoc each indivi-
dual case and explaln the variation in the supmptoms. The
distance from the center of detonation is of extreme imp-
ortance, severity of symptoms decreasing proportionately

‘with an increase in distance. This applies, likewise, to the
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size of the bomb. Helative position in the water also modl-
fies or increases the symptoms depending on whether they are
horizontal (prone or supine), perpendicular, facing the blast,
or with their back turned. Palme and Uldall(59) report one
‘case who was swimmlng on his right side at the time of the
expiosion with the left sidé of the chest practicaily out of
the water, Upon admlssion his findings were QEEf}X_EQ@ElftﬁlY
limited to the right side.

Those facing the blast or swimming In the prone pesition
develop symptoms as soon as ten minutes following the
explosion. These symptoms vary from mpld air hunger and
fleeting abdominal pains to severe hemoptysis and dyspnea
with extreme abdominal pain, tenderness, and cramps. The
groups.having their backs toward the blast or swimming in
the supine position develop similar but milder s:-mptoms and
these tend to be mostly in the chest. 7

All cases develop some degree of shock. Hemoptysis
always appears within the first twenty four hours, if at all.
.Abdominal distenticn usually does not make 1ts appearancé
before the second or third day following exposure.

Jacobs(?4) reports that a common experience was the
sensation of the feet and legs being torn from the bedy or
shortened out pf proportion to the rest of the body. Others
thought they had been struck in the base of the spine while

others had the urge tc urinate and defecate. None complained




of the sensation of water rushing inte thz rectum and penis.
These symptoms are similar to those found in anlimal experi-
mentation since many of the animals were unable teo walk
immediately after the exposure, but dragged their hind legs
for several minutes, apparently cbmﬁletely recovering after
this time. {(Friedell & Burke-18; Greaves et al-93)

This is probably the result of compression of the spinal

nerves agalnst the vertebrae at their roint of emk&#ig;j%rom:

the vertebral foraminae,

The testicular pain is an inconstant complaint and
consists of a dull aching sensation which usuall: persists
for several hours. Direct compression of the wave against '
the testicle is the probable etiological factor.

Physical findings of chest are homolegeus te these in
air blast and the resder is referred to that portion of the
discussion. Abdominal signs are striking and vary from mod-
eraté generalized screness and rigidity to abdéﬁinal dist-
enfion and board-like rigidity. Percussion usually yilelds
hyperwresdnance with the presence of shifting fluid level
ih cases of perforation. The severe cases have limited
dlaphragmatic movement, abdominal tympani, and a silent
abdomen on auscultation. There is often ecéhymosis of the
abdominal wall with bluish discoloration sround the recti
muschles, suggestive of laceration and contusion of the

intestinal walls.

(59)
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Roentgenogfauhic findings are of great significance
and give much information as to the extent of injury. These
- findings include: (1) Gaseous distention of the small int—
| estine and colon indicating lleus and nct obstruction.

These are escentlally the same as peritonitis of any origin.
(#) Pree gas in the peritoneal cavity indicating perforation
of some viscus (Fig. 5). (3) Abnormal soft tissue densities,
presumably fluid, hemorrhage, or exudate (Fig. 8).

(4) Humérous gas bubbles within the areas of soft tissue
densitles in some cases, thought to bhe due to perforaticﬁs
which were dissecting into the abdominzl wéll or retro—.
peritoneal structures. (5) In some cases gastro-intestinal
studies may reveai slight dilatation of some of the loops of
the Jejﬁnum and 1leum with slight "puddling"” as well as some
segmentation. These abnormalities are apparently due to
hemorrhage and edema of the intestinsl wails, a condition
which 1s nearly always found at rost mortem examination,
Gates(£0) reports a case which developed a fistulous tract.
which was detected by this methed.

These are very characteristic findings, but it must be
remembered that they do not all occur in any one patient and
are merely suggestive signs to the underlying patrology.
They are of extreme value to the surgeon who must weigh all
evidénce before decidling upon any surglcal précedure.

This discussion has presented a more or less "textbhook!
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plcture of cases of lmmersion blast injury. It must be kept
in mind that sbieh a complete picture seldom, if ever, presents
itself to the medical man, but with a knowledge of the above
fabts he may be led immediately to suspect such a céndition
in patients who have been exposed to blast, waking him
realize the seriousness of it.

'Translating the above observations and reperts into the
field of practical arnlication we can see there are two things
which must be considered.  The first is the preventicn or
minimizing of the injuries and the second is the intelligent
treatment of injuries based upon the type that may occur,

Zuckerman(77) reported that when his animais were |
protected by a covering of foam rubber about the frunks
injurles were minimized.“ Similer studies were undertaken bm
Greaves et al(g3) |

Four materials were investigated--foam rubber, kapok;
adhesive plasteér, and thin metal obtained from the metal
packing meterial in a bleed plasma'container. Coverings
resembling 1ife Jackets were made of these substances and the
animals e£posed to under water blsst. Foam rubber and kapok
both proved to be very satisfactorv if kept from getting éat-
urated with water. It is belleved that the protective actien
of these substances is due to thelr ability to disperse the
compression wave sufflclently to prevent or minimize its

destructive effect., Metal was slightly less protective,
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but there were multiple fractures where the body came in
contact with tge @?tal_f%ggs (especially the extremeties).
pniTan = el

These fellows stLte that, no matter what protactive
device is used ﬁhé% it must have the following properties
before 1t can be given serious consideration: (1) 1t must
possess protective qualities; (2) it must not interfere with
the actions of the men aboard ship; (3) adjustment must be
as simple and rapid as possible; and (4) it wust contain
materials with a low priority rating.

They suggest a sleeveless type coat of kapok enclosed
in muslin and this in turn enveloped in a pliable, water-
preof material. This kKapok should be placed in compartments
of the outer covering of the jacket. It should have‘an |
attached, padded collar which fits snugly about the neck
when tied in front. The coat should be slightly double
breasted and the skirt should reach to the level of the
greater trochanters of the femur. There should be a padded
téil to be drawn up snugly betweeﬁ the legs forming a crotch
piece‘to protect the scrotum and testlcles., This should
then have three tles across the front. The thickness of the
pads should be the samwe a= the standard Navy 1life jJacket.
This should give adequate protecticn and gréatly minimize
the dangers of blast exposure as well as add to ﬁhe buoyant
qualities of the now standard jacket.

As a further means of prevention the personnel should



be thoroughly 1nstru§ted how to cope with underwater blasts,
the following standards being stressed: (1) wear the life
jacket properly adjusfed and tled at all times; () swim
away from an expected explcosion aé rapidly as poésible;
(2) Make use of any floating object which will draw the
body out of the water as far as possible; (4) keep the
head above the water, as Oreaves has shown skull fracture
with meningeal laceratlon does occur with the head
immersed; (5) 8o not lie on partly submerged rafts when
explosions are expected, but stand or sit so that the shock
won't be transmltted te the chest or abdomen; and (6) turn
the back toward the ppint of an expected.explosion.
B Adherence to these above principies shouid greatly
minimize the dangers in immersion blast injuries. These
stateménts 5re, 8 yet, only theoretlcal, but with the
inereasing incidence and knowledge of this coniition and
the severe damage thus far reported, surely applicaticn of
such pfinciples demands a fair trial.

Adequate treatment 1s baéed on alleviating_the effects
prodiced by the pathology. The shock should be trested by
, imﬁediate bed rest, warmth and the administration of plasﬁa
as described in air blast. Severe lung injury likewise occurs
in this conditicn, so that application of the prineciples of
sir blast should all be carried out in these patients.
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The two types of lesions that occur in the'gastro—
intestinal tract make it mandatory to differentiaté between
them before treatment can be undertaken. Due to the fact
that the gajority of the patients do not sustain perforations,
even though physical signs may be.suggestive, conservative
management should be car;}ed out. Surglcal intervention
is indicated only in cases with definite signs and symptoms.
of intestinal perforation. The abdominal distention canf™
usually be relieved by enemas and decompression with a
Wangensteen sucticn or a Miller-Atbott tube., Some sulfénamide,
- preferrably sulfadiazene, should be given in adquate dosage.
An initial dose of four grams followed every four hours by
one gram is preferable. The general practice in the armed
forces in the paét year has been to give it in large dosés
until the blood level 1s approximately forty milligram per
cent. This is contradictory to statements in nearly all |
modern medical books, but it is proving very much more
effective than the above described dosage; secondary mani-
festations are no more frequent. WNevertheless, since ade-
quate reports have not been submitted, this treatment has
no?#and will not be completely accepted fér some time.

If an abscess has developed, excellent results are
obtained from surgical drzinage, —

Cases which are obtained within twelve hours after

injury and give definite indications of 1ntestinal perfor-



ation, should be subjected to lmmediate laparotomy with rapid
transverse c¢losing of the perforations. This should be
accompanied by washing out the free intestinal contents anﬁ
possibly the introduction of sulfonamide powder directly into
the peritoneal cavity, depending upon the experience and
belief'of_the surgeon. Patlents received beyond the twelve
hour 1imit, however are not likely to bénefit by an

abdominal exploration, but rather should be treated con-
servatlively with morphlne, oxygen, decompression, saline,
glucose, and absolute bed rest with sulfonamides.,

Jacobs(?4) advises placing a short plece of a rectal
tube through a small incision in the abdominal wall of
patients received several hours after the injury. This, he
- states, would prevent the abdomlnal wall from stretching.

It 1s a minor procedure and can be done under local anesthesia
without moving the patlent. FHe reports excellént results.

It is hard to accept this, however, as being more benefgcisl
than the consérvative treatment aslonenfor 1t might increase
the danger of secondary infection of the peritoneup by the
introduction of organisms from the outside. _

Pugh(62) reports a case of volvulus of the small bowel
which became gangrenous. He attributed it to. an adhesion
apparently recelved from a previous lmmersion blast injury.
The gangrenous segment was exteriorized and drainage instit-

uted. One week later, the patient's sbdomen was again



opened under spinal anesthesia =i the two bowel segments

reunited by a Murphy button. His recovery was satisfactory.

It must be remembered that In cases of severe abdominal
injury requiring surgical interventlon there is also severe(
damage to the pulmonary tissues, so that general anesthesias
are contraindicated. Most men report satisfactofy results
with elth spinal anesthesia, intraveinous pentathol sodium,
and a cémbination of both,

All in all treatment 1s dependent upon several factors
and the choice of procedure is dependent once agalin upon the

good Jjudgment of the physiclan in charge.

(88)
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THE EFFECT OF DETONATION
UPON
THF CHNTRAL NJEVOUS SYSTIM

Judging from the literature on blast injury in general,
little, other'tﬁan theoretical considerations, can be,sai&
regarding the exact physical mechanism and the neuropathology
of the effect upon the éentral nervous system. It is |
generally concluded that the central nervous syvstem is not
as vulnerable as the thoracic and abdominal organs when
exposed tc under water detonation. The exact wechanism of
death in air and imwersion blast, as previously cited, is
still undecided, but the'quick death of well preserved
specimens of fish.jﬁ experimental studles suggests a neuro-
genic cause, although there qggjﬁﬁdéubtedly other factors.
(Mairet & Durante-45)

Hamlin, who gives an excellent report on immersion
blast casualities, favors the early belief that the so called
"shell shock" from windage was due to the transmission of the
compression wave to the spinal cord and thence tc_the
cranial cavity with resulting capillary rupture andrdamage
‘to the vital centers in the base of the brain, a theory even
vet not disproved. The fact'that the bon.~ casement of the
skull and spinal canal would afford excellent protection
for its fluid-cushioned contents in contrast to that provided
for the abdomen and thorax would favor such a theory. (Mott-51;



Githens & Metzler-£1) This force could conceivably

damage the delicately supported vessels of the leptomeninges,
giving rise to subarachnoid hemorrhage and neuroclogical
symptons, such,és headache and backache. Injury to the
cortex and deeper brain centers is also possible._

| Many men report mlld subarachnoeid hemerrhage found at
autopsy, but few relate any neurclogical symptems other than
restlessness. Willlams reports that meny of his animals
were unable to walk immediately following exposure, but

soon recovered; the major effect appearing mostly in the
lower extremities. It was previously reported that a few
authors reported such sensations in patients. This 1s
‘presumably the result of compression of the nerve against the
vertebra or from a stretching effect.

Stewart, Russel, and Cone(71) report the case of a
pheasant sﬁffering from the blast effects of a high explosive
boﬁb. This biid was in a dazed, non-responsive condition |
resembling catatonia. They found capillary congestion
throughout the cerebrum with gross hemorrhage into the fore#
brain. Such widespread hemorrhage has not been presented
upon clinical éases, but from such a report it may he assﬁmed
that a similar condition could occur providiﬁg the compression
force was severe enough. '

Several cases have been knocked unconscious by the

initial blast. & according to Willlams(768), is due to & con-
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cussion in no way differsht from that caused by any other
- form of violence. Hamiin(zg), however, theorizes that this
uncohseiousnéss is probably more often causéd by a rapid
shift in the vascular reservoirs of the great vessels, prod-
ucing translent ischemla of the brain rather than concussion.
Since the ﬁead is nearly always out of the water in
immersion blast, 1t seems 1t would be less affected than if
it was immersed at the time of the explosion. Most men
report, however, that injury to the head itself rarely occurs
whether above or below the surface. OGreaves(F3), by immers-
ing the hezdd of anlmals and subjecting them to blast,
showed that they all presented extensive epidural and sub-
dural hemorrhage, lesiong not found in animals with thelr
heads above the water. He also noted fracture of the base
of the skull in several animals. Thus, the direct compres-
sive force would seem to have some effect. Thls merely adds
to the confused pilcture so far presented and stresses the
point that this subject needs more observation before any
COnciusions can be dréwn. .
Hamlin(29) gives the énly detailed report to date on
the neﬁrological observations from blast Injury. His patients
(ten in 21l) complained of mild to moderatelvy severe head-
ache, but due to thelr cloudy sensoriﬁm, were unable to give
a reliable history. Their memory for sequence of eventsl

was poor and the history obtained was pleced together from



many interviews and from corroboration obtalned from other
victims,. The only persistent neurclegical finding 1In all
cases was a dimunition in reflexes. Persistent abncrmal
neurclogical findings were recorded in only two cases which
included a bursting tyvpe of headache, sensitivity tc neoise,
nightmwares, loss of perception of high tones, spontancous
involuntary movements of the upper and lower extremitles, and
an occasional contracture in the musculature of the neck and
truﬁk. Ereé intervals were present and movements were absent
during sleep. One case had some personality.change and
speech defect, but as a general rule everything seemed to
be on an organic basis, Suggesting focal extra—pyramidal
damage as well as diffuse cortical insult.
Crichton-Miller(13) thinks the emotional factor of fear
is also of significance and that the resction patterns are
definitely related to the psycholegleal .state o.f ths patient
when the blast knocks him out.
v 0f the ten caseérreported by Hamlin, three showed sub-
arachnoid red cells‘and slight elevation of the total protein
of the spinal fluld. Some degree of concussion of the
leptomeninges, therefore, did presumably occur iﬁ these cases,
Thus, 1t can be seen that the central nervous system
is liable to & relative degree of injury in blast which

should_be sought for br cliniecal exdmination and lumbar
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puncture. Complete confirmation of neurologicél notions
about this condition must awalt histologlcal studry of the
nervous system of fatal cases and similar material derived
from animal experimentation.

Treatment of this condition cannot be delineatéd as
in other conditicné since a definite pathologicel péttern
has yet to be described. Therefore, the general measures
of bed rest, good nursing care, znd the adwinistration of
morphine, as prescribed in the previous conditicns will
sufflce.

May I conclude this dlscussion by saying that an .
excellent article entitled "An ixperimental Study of Under-
Water Concussion", has been submitted for publication by a
group of men working at Bethesda, Maryland, but owing to
understandable restrictlons it was not considered feasibdle
to release. We hope thot this gigygéon be publiéhe@;as
perhaps 1t may clarify some of the mystification on this

subject.

—A
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SUMMARY AND CONCLUSIONS

1. & summarylof the early and recent knowledge concerning
"blast" injury is given. This includes historical develop-
ment, nature of the blast, experimental evidence, clinical
evidence, and treatment of atmeospheric and immersion "blast“
with & short resume as to the effects of the detonation upon
the central nervous system. -

2o The.blast wave 1¢ composed of an initial compression
wave followed by a suction, the two being proﬁ?&éted
outwards. _ |

3. The pathology is primarjlylproduced by the 1mpéct of
compression wave against the chest wa;l. Thls way be
suprlemented to a minor degree by the "windage" éhd thé
suction_cémpongnt of the wave,

4. Pulmonary damage with marked hemorrhage into the
alveolar spaces 6? the lungé appears to Ee the immedi—
ate cause of death in both atmospheric and immersion
"blast". | |

5. Abdominal injury is more severe when the body is
- subjected to underwater detonafion. These injuries are -
largely confined to the gas contalning portions of the
‘hollow organs, with hemorrhage in the wells and lumina
and occasional perforation. |

6. Fat embolism and libefation of nitrogen bubbies into

~ the blood stream play a minor role in this condition,
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7. Boentgenograms furnish the most satisfactory method of
diagnosis and evaluation of the severlity of the damage,

8. The striking feature in these cases is the rapid
resolution of the hemorrhage; paralleling fhe clinibgl
course, | .

9. General anesthesia 18 absolutely contraindicated,

10. Heworrhage Into the intercostal spaces with subsequent
irritation of the intercostal nerves may result ;n rigidity
Qf.the abdowinal wall, simulating a severe peritdnifis. -

11. A sleeveless type coat of kapok enclosed in muslin
and enveloped 1n.a pliable, waterpfoof material sihilar in
thickness.tq the standard Navy life Jacket 1s suggested as
a prophylactic meaéure in immersion "blast",

12. The following factors medify the effects: (1) distance
from the explosion; (2) size of the detonating cbject,

(?) relative position of the subject to the bomb; (4) state of
inflation of the lungs; (5) presence of a protective

covering; and (6) the presence of air in the viscera or
tissues.

13, Cerebral concussion is not a common result from the
‘impact of the compression wave. Death is apparently due to
some other factor altheugh the possibllity of compression
and ischemia of the vital centers of the medullat cannot ‘be
definitely excluded. Subarachnoid petechial hemorrhages

have been found in a few autopsies.
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