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ln orde r  to define therapeutic procedures which might be used in 

blast-injured Mividuals. it is first necessary to understand some of the 

physical and biological aspects of this type of injury. 

properties of the blast wave a r e  biologically important: 

Certain physical 

1. Rise Time: 

If dogs are ucposed to fast-rising wave forms of a 30 

millisecond duration, the LDso is experimentally found 

to be 49 psi. 

precedes the 30 millisecond fall, such as might occur in  

atructures with relatively slow fill time, dogs can 

upe r i ence  pressures of 167 psi with little apparent 

damage. 

If. however, a r i se  time of 150 milliseconds 

2. Duration: 

The LD5,, for dogs exposed to a fast-rising wave of 1 

millisecond duration is 250 psi. 

the wave is fast-rising but has a duration of 30 milli- 

seconds, the LDs0 is 49 psi. 

of any nuclear weapon can be considered to be long for 

If, on the other hand, 

A characteristic duration 

man. I 
-. 

3. Reflection: 

An incident shock wave of 15 psi reflects to 42 psi against 

. a rigid, non-yielding surface. Therefore, a dog exposed 
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t to a free-stream shock wave of 15 psi might experience 

eardrum rupture and minimal lung damage. Whereas, 

4. 

if the subject is against a reflecting surface. severe lung 

damage might be expected. 

Step Load 

An animal against a reflecting surface experiences the 

incident and reflected shock wave at virtually the same 

time. However, if the subject is placed a short  distance 

from the reflecting surface, the delay between the incident 

and reflected wave can be highly significant. 

small animals, a 0 . 2  millisecond separation can produce 

In the case of 

an increase in tolerance of approximately 50 percent; 

whereas in the case of rabbits, a s imilar  increase is 

seen with a 0.8 millisecond delay. 

' 

Biological Effects: 

Over the past 17 years, Lovelace personnel have investigated various 

biological aspects of a i r  blast. Studies have been performed to determine 

the air blast tolerance of 13.animal species, ranging in size f rom mice to 

burros. Psw equal to reflected pressure of a square wave resulting in 50 

percent survival at a PO of 14.7 psi, range from 30.8 for the guinea pig to 

7 1 . 9  for the burro. Individual species tolerance was generally found to b e  

related t o t h e  body mass and two distinct curves were found'to exist fo r  

large animals (dog to burro) and small  animals (mouse to rabbit). The 

average Psw fo r  large species was found to be 6 1 . 5  psi  and since man, on 
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the basis of body mass. would be expected to behave like one of the large 

animals, this mean d u e  was taken as the 

using established scaling principles, I through 99 percent survival esti-  

mates were  established for  man as a function of reflected overpressure 

and pressure  duration (Fig. 1). Similar estimates were  prepared for 

for human beings. By 

- severa l  body orientatio-ns,.auch .as_free--stream situations where the long 

+xis of the body is parallel to  the direction of the propagation of shock blast 

wave. and free-stream eituations where the long axis is perpendicular to 

the direction of the propagation of the shock blast wave (Figs. 2 and 3). 

These represent our current best estimates. 

An important by-product of this extensive investigation has been the 

delineation of principle forms of injury which result f rom exposure to air 

blast. 

compression of the chest and subsequent rebound. Most of the injury re- 

sults f rom shearing due to the differential acceleration of tissues of differ- 

ent density. 

such as the lung, G.I. tract, sinuses. and ears.  

When a blast wave of long duration strikes the body, it results in 
- 

The greatest impact, therefore, is on air-bearing structures 

The lungs represent the 

pr imary  and most important organ system effected by  pr imary blast  

exposure. 

with subsequent emphysema and intrapulmonary hemorrhage. Frequently, 

retrograde blood flow extends into the bronchials and major bronchi. One 

of the most frequent areas of intrapulmonary disruption occurs at the inter-  

face between alveoli and the large pulmonary bronchi and vessels. 

veins in such locations probably represent the source of systemic air 

emboli. 

the shearing force attendant with air blast  exposure. 

The characteristic findings consist of ruptured alveolar septa 

Torn 
.. - .. . - - - .  .. 

Additionally, the bronchial epithelium is frequently stripped by 

The combination of - 



- intrapulmonary hemorrhage and the subsequent development of pulmonary 

edema results in a distended heavy lung with a lung to body weight ratio 

of 2 percent or more, as contrasted to normals of less than 1 percent. 

Variable areas  of gross hemorrhage can be observed, particularly in the 

lower lobes and a t  higher pressures, linear subpleural a reas  of hemorrhage 

a r e  present which result  f rom impact of the intercostal soft t issue on the 

pleural surface. 

k 

. 

. 

. In animals that die within the first five to ten minutes, pulmonary 

edema generally has not developed but a frequent finding is the presence 

of air emboli in coronary, cerebral  and mesenteric arteries.  Later 

deaths. 30 minutes and beyond, a r e  associated with severe pulmonary 

edema and continued intrapulmonary hemorrhage with signs of severe 

anoxia. 

occurs  quite rapidly so that by approximately 7 days post-exposure hemo- 

siderin is the only landmark of previous hemorrhagic a reas .  

In subjects that survive, restoration of normal lung appearance 

- 

The gastroenteric tract  is also frequently effected, particularly the 

air-containing structures.  The cecum, colon, stomach, and ileum show 

serosa l  and sometimes mural hemorrhage which extends into the attached 

mesenteric. At very high pressures, rupture of the spleen, liver or a 

hollow viscus is a frequent finding. 

Certain delayed sequelae have also been observed. In one group of 

sheep exposed to near P-50 levels, 50 percent of the animals surviving for  

60 days showed varying degrees of myocardial infarction. 

at this t ime whether these ischemic a reas  result f rom a i r  embolic occlusion 

of coronary vessels o r  f rom coagulation disorders associated with this 

. It is uncertain 



trauma. Mild myocytc ;si6 has been observed as early as 5 minutes 

following blast exposure but is generally only discernible when viewed with 

ultrabiolet light. 'Similarly in the kidney, infarcts have been observed in 

75 percent of this name group of sheep. 

f rom 2 millimeters in s ize  up to near irblation if the entire organ. 

These renal infarcts .have ranged 

The 

distribution of infarcts appears to be random and fibrin thrombi have been 

observed in aon-survivors dying as short as 5 minutes post-exposure. Al- 

though not established, the hypertension observed in the Texas City disaster 

victims may well have resulted from such renal ischemic changes. 

addition to sheep, such lesions have been observed in  cattle, swine, goats 

In 

&d dogs. 

One additional interesting clinical feature of blast injury is the pre- 

cipitous drop in lymphocytes and platelets. In the case  of lymphocytes, 

this seems to be dose-related and is probably due to a s t r e s s  phenomenon 

mediated through the adrenal cortex. 

has  been observed as ear ly  as 15 minutes following exposure at near P-50 

levels. Platelet depression, although less  obviously dose -related, a l s o  

'occurs within 15 minutes, the magnitude being in the order of 40 percent 

- 
A 60 percent drop in lymphocytes 

at higher pressure levels. 

is frequently observed and is probably related to an adrenal-medullary 

response to  trauma. 

response with monkeys, sh0-p both a lymphocytosis and granulocytosis. 

During the same time period agranulocytosis 

Some species variability has been seen in terms of 

Clinical Picture: 

Most of the information relating t o  mans' response to air  blast . is  

derived f rom experience gained during the Spanish W a r  and Second W o r l d  - 
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War.  Initially, blast victims a r e  lethargic to comatose. In the absence of 

impact or secondary missile trauma, there i:: frequently little external 

evidence of the degree of internal injury. 

the presence of blood-tinged froth o r  frank blood around the nose and mouth. 

The respiration is initially shallow aud rapid. As time progresses. air 

hunger becomes progressively more evident and occasionally disturbances 

'-. 

The most common earmark is 

in equilibrium, convulsions, and focal paralysis have been seen. A para- 

doxical form of shock is evident in that bra 2 ycardia is initially associated 

with the hypotension and as time progresses. the cardiac rate increases. 

This is probably mTdiated through a vagal reflex. Death may occur rapidly 
w 

due to cardiac & and if such does not occur, the patient may 

succumb at a la ter  time from congestive failure and the development of 

pulmonary edema. Victims surviving beyond the first 30 minutes complain 

of tightness across  the chest and also costochondral junction pain. Pleural, - 
abdominal and chest pain may also result from the presence of pleural or 

peritoneal hemorrhages. The cerebral signs abate rather slowly, but 

permanent sequelae a re  generally not seen. 

--Hazards during the f i rs t  week post-exposure include the development 

of pneumonia o r  lung abscess, rupture of an emphysematous bleb with 

pneumothorax o r  emp&ma. the development of peritonitis from a ruptured 

hollow viscus, and the development of a hematoma or generalized bleeding 

into the peritoneal cavity from laceration of the l iver o r  spleen. 
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Current  Suenested Therapeutic Approach: 
.r- 

Position: 

The patient should be placed in a mid-left lateral prone 

. position with the head low. This will allow drainage of the airways and 

If signs wi l l  help avoid migration of air emboli to  the brain and heart. 

of venous distention develop, elevation of the head and upper trunk may be 

necessary.  Although not as yet studied. the use of detergent aerosols may 

promote the clearing of obstructed respiratory passages. 

Rest: - 
Rest is mandatory to keep the workload on the heart and 

lungs minimal during the early convalescent period. 

hemorrhage has been recorded up to 5 days following exposure and periodic 

-hemostasis as long as 7 to 10 days after injury. 

rate and excursion associated with activity during the critical stage might 

also dislodge blood clots and r e  -establish alveolar venous connections 

which resul t  i n  a i r  embolic phenomenon. If complete early r e s t  is not 

possible and some activity is essential t o  life, such activity should be de- 

layed for  as long as possible. 

Reoccurrence of lung 

The increase in respiratory 

L 

Antitussives. Sedatives, Analgesics and Narcotics: 

It is essential that coughing be kept at a minimum to prevent 

cough-associated high intrathoracic pressures. 

by  antitussive agents, including narcotics if necessary. In addition, 

This should be controlled 

sedatives and analgesics may be useful in providing for  the rest and com- 

fo r t  of the patient. 

Pressurization: 

Immediate pressurization following blast injury has been 
.-r 

investigated by Benzinger, Clemedson. and the Lovelace group. The rational 
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being that death f rom air embolic occlusion of critical vessels might be 

prevented by  reducing the size of circulating a i r  bubbles. 

guinea pigs, we found that death could be delayed by placing animals 

immediately following exposure in a hyperbaric chamber at 72 psig. 

Utilizing air. this resulted in  a PO2 of 17.5 psi. However, total lethality 

following treatment approached that seen in untreated animals. 

study, it was found that elevating the PO2 to  12 psi, in the absence of high 

internal pressures  in the chamber, resulted in a similar increase in mean 

rurvival time. Subsequently, i n  studies utilizing rabbits as the experimental 

subject, these observations were confirmed and by extending the decom- 

pression times we were able to save all rabbits treated with either six 

atmospheres with a PO2 of 17.5, o r  a t  one atmosphere with a PO2 of 17.5. 

This indicates that air oxygen mixtures might be effective in the case of 

human blast victims. 

In the case of 

In a second 

- 

Future studies utilizing dogs should provide additional b 

information in regard to the efficacy of oxygen therapy following blast 

exposure. 

Anticoagulants, Blood Constituents and Transfusions: 

Immediately following a variety of traumatic injuries. including 

impact, burns, severe lacerations, and air blast, there occur 

abnormalities in coagulation mechanisms. 

by a hypercoagulable state in which sludging of blood and the development 

of fibrin'thrombi occur. 

certain 

Such changes are characterized 

Such thrombi may be responsible for  the pre-  

viously described myocardial and renal infarcts associated with blast injury. 

It is suspected that, in some cases, the development of this hypercoagulable 

state might contribute to  the development of severe hypotension or  "irreversible 

7 6 .  
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- mhock." Although on first thought the me ofanticoagulants in injuries 

rssociated with hemorrhage might appear contraindicated, judicial treat-  

ment 'might prove highly effective, both in'regard to immediate injury as 

well as in preventing the late aequelae. It is interesting to note that after 

experimental trial in animals. Barthelemy,in France, recently employed 

he&in with promising results in treating five severe diving accidents; 

including one case of air embolism and four cases of decompression aick- 

ness. Doses employed were 50-100 milligrams of heq in ,  twice a day. 

Future  plans call for the investigation of this mode of therapy in dogs 

exposed to air blast. 

0. 

a d  

Intravenous: Fluid o r  Blood: 

These should be employed with great caution in any patient 

ruspected of receiving significant intrapulmonary blast injury. 

of overloading the already compromised cardiopulmonary system is 

rignificant and unless clear evidence of serious blood o r  plasma loss is 

present, such agents should probably not be utilized. 

The danger - 

Digitalization: 

Heart failure often associated with marked pulmonary edema 

is a major hazard faced by blast casualties. In certain instances, fulminating 

cardiac insufficiency has been recorded as long as five days after injury. 

The uee of an intravenous cardiac glycoside may therefore be a lifesaving 

measure and in the presence of neck vein distention m a y  be employed in 

combination with venous mection. 

Other Measures: 

F'neumothorax has been recommended as a last ditch measure 

to control continued pulmonary hemorrhage in stubborn cases.  Thoracentesis 
L 
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antibiotics have also been employed in treating blast casualties. Such 

measure8 help alleviate cardiac tamponade when present and may prevent 

or control the development of pneumonias and other tafections. The use of 

alcohol, employed as P 30 percent solution. slowly infused in dose8 of 30- 

40 cc has proved effective in promoting diuresis, as an anesthetic agent, 

aad possibly results in dilation of coronary and peripheral vessels. 

Area for  Future Study: 

Future efforts need to be directed toward investigating the 

efficacy of certain specific therapeutic approaches: Namely, (1) the use 

of bronchial dia or8 and/or cold detergent aerosols in promoting pulmonary 

clearance and thua providing improved ventilation; (2) Determining the 

most effective partial pressure of oxygen and treatment regimen for  

salvaging severe blast injury patients; (3) The use of anticoagulants, such 

as h e q i n ,  in the treatment of primary blast injury; (4) Establishment of 

a safe and effective dose regimen of an intravenousry administered cardiac 

glycoside; and ( 5 )  A study of the effectiveness of various combinations of 

these aforementioned modes of therapy. 
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