Maurer School of Law: Indiana University

Digital Repository @ Maurer Law Indiana Law Journal

Volume 21 | Issue 4 Article 2

Summer 1946

Trauma in Relation to Conditions of Lung and

Thorax

Mark D. Altschule
Harvard Medical School

Follow this and additional works at: http://www.repositorylaw.indiana.edu/ilj

b Part of the Medical Jurisprudence Commons

Recommended Citation

Altschule, Mark D. (1946) "Trauma in Relation to Conditions of Lung and Thorax," Indiana Law Journal: Vol. 21 : Iss. 4, Article 2.
Available at: http://www.repository.law.indiana.edu/ilj/vol21/iss4/2

This Symposium is brought to you for free and open access by the Law 'm'

School Journals at Digital Repository @ Maurer Law. It has been accepted

for inclusion in Indiana Law Journal by an authorized editor of Digital JEROME HALL LAW LIBRARY
Repository @ Maurer Law. For more information, please contact INDIANA UNIVERSITY

Maurer School of Law
Bloomington

wattn@indiana.edu.


http://www.repository.law.indiana.edu/ilj?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.repository.law.indiana.edu/ilj/vol21?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.repository.law.indiana.edu/ilj/vol21/iss4?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.repository.law.indiana.edu/ilj/vol21/iss4/2?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.repository.law.indiana.edu/ilj?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/860?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.repository.law.indiana.edu/ilj/vol21/iss4/2?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wattn@indiana.edu
http://www.law.indiana.edu/lawlibrary/index.shtml?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.law.indiana.edu/lawlibrary/index.shtml?utm_source=www.repository.law.indiana.edu%2Filj%2Fvol21%2Fiss4%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages

TRAUMA IN RELATION TO CONDITIONS
OF LUNG AND THORAX
MARK D. ALTSCHULE*

INTRODUCTION

The lungs are particularly susceptible to injury because
of their large size, their delicacy of structure and their con-
stant contact with the air. Because of their complicated
physiology and their importance in body economy, extensive
damage to the lungs or interference with their function may
result in serious, if not fatal, consequences. Disease or injury
outside the lungs, i.e., in the brain!, spinal cord? kidney?,
heartt and blood,® may result in marked derangements in
pulmonary function with consequent severe disability or
death; the present discussion will, however, omit considera-
tion of these causes of respiratory dysfunction and will con-
cern itself only with those forms of injury which cause or-
ganic lesions in the lungs, respiratory passages® and thoracic
cage’ which are known to occur or may occur in industry
or through accident. Accordingly, discussion will be limited
to diseases of the lung consequent to harmful stimuli which
act directly on the lungs and in conformance with the follow-
ing analysis:

I. Irritant Dusts

A. Those causing allergic® reactions in the lungs
B. Those irritating the lungs directly

Harvard Medical School; Staff, Beth Israel Hospital, Boston.
For instance, cessation of respiration following injury to the brain.
For instance, paralysis of muscles of respiration following injury
to the spinal cord.

For instance, severe shortness of breath in acidosis due to renal
(kidney) disease.

For instance, severe congestion of the lungs in certain types of
heart disease. See White, Paul Dudley and Smith, Hubert Winston:
Scientific Proof in Respect to Injuries of the Heart (Medicolegal
Aspects of the Heart), (1946) 24 N.C.L. Rev. 106, a study in
this Symposium series.

For instance, shortness of breath in severe anemia.

For instance, the trachea (wind-pipe) and bronchi (main branch-
es of the trachea).

For instance, the ribs, sternum (breast bone) and that portion
of the spine in the region of the chest.

Allergic reactions: The hypersensitiveness of an individual to
an antigen (i.e., a foreign (gg%ein.)
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Irritant Gases

III. Aspirated Liquids® (excluding drowning)

Iv.

Iv.

VIL

VIIIL.

IX.

X.

A, Irritating liquids

B. Oils

Foreign Body

A Aspirated

B. Forced in or blown in through the chest wall,
diaphragm or neck

C. Entering through the oesophagus or stomach

. Penetrating Injury

A. Fracture of ribs
B. Destruction of lung tissue
C. Hemorrhage
D. Hemothorax
E. Pneumothorax
F. Interstitial and mediastinal emphysema
Non-Penetrating Injury
A. Crushing
B. Blast
C. A blow or fall
Muscular Strain
A. Pneumothorax
B. Mediastinal emphysema
C. Hemoptysis
D. Activation of antecedent disease
Trauma Elsewhere
A. Embolization (excluding septic embolization fol-

lowing abortion)

1. Due to phlebitis

a. post-traumatic
b. induced by treatment

2. Air embolus

3. Fat embolus

4. Amniotic fluid embolus
B. Post-traumatic pneumonia
Pneumonia Following Exposure
Thermal Change
A. Burning
B. Freezing

Several of these groups, i.e., the injurious dusts, drown-

9. Asglrated liquids: Liquids drawn into the trachea (wind pipe)
an

lungs in course of breathing.



1946] TRAUMA OF LUNGS AND THORAX 579

ing and septic embolization following abortion, have been
the subject of so much study for so long a time, that a huge
literature, ranging from brief reports to voluminous mono-
graphs, on the occurence, pathogenesis,*® manifestations, treat-
ment, prevention and medico-legal importance of injury con-
sequent to the action of these factors is available. Indeed,
these topics are already considered in an extensive and com-
plicated body of law. Accordingly, and also because of the
fact that some of these aspects of injury to the lungs are
covered in the companion articles by Dr. Norbert Enzer and
Dr. Leslie Silverman, no discussion will be undertaken here
of these factors. Similarly, consideration of burning and
freezing will not be included.

Although a large number of different conditions caused
by many different factors will be touched on, this discussion
should not be considered encyclopedic; the intention is rather
to illustrate the wide variety of pulmonary lesions caused
by trauma of one sort or another under different circum-
stances. Reference will be made to current medical-literature
only in those instances in which the subjects discussed may
not be covered adequately in standard medical texts.

ANATOMY AND PHYSIOLOGY OF THE LUNGS

The lungs, two in number, lie to either side of the heart
and occupy most of the chest. The right lung consists of three
lobes and is larger than ihe left, which contains only two.

Right bronchus

Right pulmonary artery
Pulmonary trunk
Upper lobe

Middle Iobe

Lower lobe

(£}
Fig. 1 Diagram of lungs with the branch; and blood vessels.

10. Pathogenesis: The development of morbid conditions or of disease.
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The lobes are further subdivided into lobules. The lungs
lie in a closed space, the thorax, surrounded out-
wardly by the ribs, breastbone and chest muscles, and bound-
ed below by a large circular muscle called the diaphragm.
Each lung is surrounded by a membrane-lined potential space,
normally empty, called the pleural cavity after its lining,
the pleura. Air entering the nose and mouth is conveyed
internally by the trachea, which divides to form the two
main bronchi, one of which goes to each lung, where further
subdivisions corresponding to the lobes and then the lobules
occur. Thence the air is conveyed to all parts of the lungs
by dichotomously dividing bronchioles, finally entering the
alveoli. The trachea and bronchi are tubes consisting of
fibrous and muscular walls, strengthened by plates of carti-
lage and lined by an epithelial membrane!* which secretes
mucus?? and also by means of ciliary'® action conveys the
mucus and its contents of entrapped dust and bacteria toward
the throat. In the bronchioles, which are smaller ramifica-
tions of the bronchi, the muscular tissue in the walls is more
prominent and cartilage is lacking. The alveoli are tiny air
sacs lined by a layer of flat cells in contact with which are
the capillaries containing blood to be aerated. Essentially
the alveolar wall is a membrane separating the air in the
lungs from the blood in the capillaries; diffusion occurs
across this membrane. All of the blood of the body returning
to the heart via the veins is carried from the right ventricle
toward the lungs by the pulmonary artery which subdivides
so that its branches follow the bronchi and bronchioles into
the alveoli. Here the pulmonary arterioles give off the alveol-
ar capillaries. Blood returning from the lungs enters small
pulmonary venules, each of which lies parallel with a bron-
chiole and an arteriole. The venules unite to form veins
which become larger as they approach the heart, which they
finally enter via the left auricle. Thence the blood, now aer-
ated by passage through the lungs, flows into the left ventri-
cle, whence it is distributed throughout the body. About
four liters (4.224 quarts) of blood pass through the lungs

11. Epithelial membrane: A thin layer of tissue which covers a sur-
face or divides an organ.

12. Mucus: The viscid watery secretion of mucous glands.

13. Ciliary: Pertaining to the activity of minute lash-like processes
on the surface of the mucous membranes.
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Terminal bronchioles

Fig. 2. Arthetecture Structional units of the lung
tissue,

every minute while the organism is at rest. KExercise in-
creases the flow greatly.

Functions of the Lungs. The lungs have a number
of functions. Blood from all parts of the body, made de-
ficient in oxygen and laden with carbon dioxide as a conse-
quence of passage through the tissues, comes into contact
with the air in the lungs, discharging its excess of carbon diox-
ide and taking up oxygen. Since ecarbon dioxide dissolved in
the blood acts as an acid,* it is apparent that changes in res-
piration which cause variations in carbon dioxide content of
the blood are important in regulating the acidity of the
blood. A further function of the lungs is in relation fo
maintaining the body temperature at a normal level. Heat,

14. CO, + H,0 = H,CO,, which is an_ acid in that it has hydrogen
atoms which are replaceable by positive atoms.
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constantly produced in the body by the metabolic processes,
must be dissipated. Most of it is lost through the skin, some
through the urine (water, largely drunk cold and execreted
warm) and about a quarter of the total via the lungs. This
is accompanied by warming the air inhaled and, more par-
ticularly, by the vaporization of water in the lungs. Air is
inhaled containing a small amount of water vaporized in it
and exhaled saturated with water derived from the blood.
The vaporization of this water, about a quart a day, re-
quires just as much heat as would be required for the evapor-
ation of a quart of water in 24 hours from a pan.

The Respiratory Movements. All of these functions
are accomplished by the respiratory movements. The dia-
phragm (the flat circular muscle which separates the thorax
from the abdominal cavity) arched when relaxed, contracts,
becoming shortened and consequently flattened, thereby cre-
ating a negative pressure within the thorax and sucking air
into the lungs via the trachea and bronchi. Contraction of
some of the chest muscles elevates the ribs aiding in the
creation of the negative pressure. About 400 cc. of air are
sucked in at each inspiration at rest; several times that
volume is inhaled at each inspiration during exertion. Re-
laxation of the diaphragm and the muscles of the chest
initiates expiration. Expiration is accomplished by the in-
trinsic elasticity of the lungs, the muscles of respiration
normally remaining relaxed during this phase of respira-
tion. Consequently these muscles must be drawn back into
position for the next inspiration by the negative pressure
created by the return of the lungs to a collapsed state, effect-
ed by the elasticity of these organs. The rate and depth of
respiration are regulated by a respiratory center in the brain
‘whose activity varies in response to nerve-borne impulses
which bombard it, by changes in oxygen and carbon dioxide
content and acidity of the blood which bathes it, by the need
for aiding in the dispersal of the body heat and by the
state of distension of the lungs. The respiratory center emits
nervous impulses which are carried down the spinal cord to
the neck where the phrenic nerve, one on each side, leaves
the spinal cord and passes down through the chest to the
lungs. It is apparent that respiration is an extremely impor-
tant and complex process. Increased respiratory activity can
be expected to occur when there is increased need for the
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Fig., 3, Excursion of diaphragm during
respiration,

Mo..“ position of diaphragm at end of respira-
ion.

w" position of diaphragm at end of inspira-
1on,

(Drawn from X-ray plates)
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uptake of oxygen or the excretion of carbon dioxide (i.e.,
in fever, thyroid disease, etc., and during exercise), when
the uptake of oxygen and release of carbon dioxide are im-
paired by pulmonary (lung) disease, when there is increased
need for heat dispersal (i.e.,, in fever and thyroid disease
and when the elimination of heat through the skin is dimin-
ished) and when the blood becomes abmormally acid (i.e.,
as a consequence of certain phases of diabetes, kidney disease
or gastrointestinal disease).

IRRITATING GASES

Sources of Noxious Gases. Distinction must be made be-
- tween gases which injure the lungs and those which, like
carbon monoxide, enter through yet do not injure the lungs
but act on some other organ; only the former will be dis-
cussed here. Although there is widespread recognition of
the fact that pulmonary injury due to gases was a common
cause of severe and/or prolonged disability, or even death,
during the War of 1914-1918, it is not generally appreciated
that equally severe damage to the lungs may result from
gases used in industry (such as chlorine) or liberated nor-
mally during industrial processes (such as nitrogen dioxide
or tetroxide formed during etching, metal pickling, photo-
engraving or oxy-acetylene welding). Some substances, nor-
mally liquid, may give off irritating vapors which may act,
at least in part, on the lungs; these include some refrigerants
and also liquid fuels such as gasoline and kerosene. In
addition, irritating gases may be generated during certain
types of accidents. For instance, the contact of brine or sea
water with exposed electrical installations may under some
circumstances result in the liberation of chlorine'® gas which
may reach a sufficiently great concentration in a closed space,
such as a compartment in a partially sunken ship, to be in-
jurious. Fire is especially likely to result in the formation
of irritating gases, either in the form of flame itself, or as
some product of combustion. An example of the latter is
the nitrogen dioxide or tetroxide!®* formed when x-ray film
burned during the Cleveland Clinic fire of 1929. Complex
organic materials, when burned in ordinary air or in atmos-

15. Chlorine: A greenish-yellow gas with a characteristic sharp odor.
16. Tetroxide: NO: or N,O., a poisonous volatile liquid, giving off
brownish irritant fumes.
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pheres partly depleted of oxygen, may give off irritating
gases which are not yet identified. The increasing use of
plastics in building in the future may result in an increased
incidence of serious pulmonary damage during accidental
fires. Another way in which injury to the lungs may oceur
as a consequence of fire is by the formation of irritating
gases during attempts to extinguish a fire. Thus, carbon
tetrachloride, used in some types of hand fire-extinguishers,
may be converted into phosgene' gas by contact with open
electrical installations or possibly with a very hot fire; the
formation of this gas in a poorly ventilated space may result
seriously for the occupants of that space, although the fire
itself may be trifling.

The irritating gases, irrespective of mode of formation,
may cause three different types of injury: (1) tracheobron-
chitis*®, (2) pulmonary edema?®, (8) central respiratory?e,
vasomotor?* and/or cardiomotor paralysis.?

Some gases cause solely or predominantly one type of
injury, while others may cause more than one type to ap-
proximately equal degrees. The third of the above three
types of injury, paralysis of the nervous centers in the brain
which regulate breathing, blood pressure and cardiac action,
is immediately or rapidly fatal, only occasionally responding
to treatment. Strictly speaking, it is not a form of pulmonary
injury. It is included here only to point out that gases, such
as phosgene or the oxides of nitrogen, which damage the
lungs may also be absorbed through them and act internally;
in some instances the effects of the pulmonary injury may
be successfully combatted, only to have the victim develop
signs of collapse and die of injury to some vital center in
the brain. No further discussion of this action of certain
gases will be made here. Similarly, the injury to the skin,
eyes and mucous membranes of the nose and throat, caused

17. Phosgene gas: A poisonous gas, COCL:, with an odor of musty
hay, green corn or the inside of a silo.

18. Tracheobronchitis: Inflammation of the trachea and bronchi.

19. Pulmonary edema: Accumulation of fluid within the lung tissue
and also in the air within the lungs,

20. Central respiratory: Centers in the brain which regulate respora-
tion may be damaged.

21, Vasomotor: Centers in the brain which regulate the body’s blood
pressure may be damaged.

22. Cardimotor paralysis: Damage to centers in the brain which
regulate heart action.
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by some of the gases in this group simultaneously with their
action on the lungs, will not be considered here.z

TRACHEOBRONCHITIS

Mechanism, Pathology and Clinical Picture. Exposure
to an irritating gas which acts on the main respiratory
passages results in the death of, or serious injury to, the
cells lining these passages. The damage may extend beyond
the superficial cells into the deeper tissues. The thin, smooth,
somewhat moist mucous membrane, provided with actively
beating cells, is replaced by a thick, swollen layer of necrotic

23. Editor: In the following cases, poisonous gases, fumes or vapors
were inhaled and caused direct injury to the lungs or were trans-
ported in the blood, causing injurious effects elsewhere. The
principal questions litigated in these cases are the actuality of
injury, causal connection between the alleged injury and the
alleged exposure to a noxious gas or vapor, whether the injury
was an accidental one compensable under Workmen’s Compensa-
tion Act of the particular state or involved an occupational dis-
ease compensable only under special provisions of any existing
occupational disease act. Some of the cases also involve common
law liability of employers and a discussion of the legal effects
of violating safety appliance acts. The cases are cited princi-
pally to give the interested practicing lawyer ready reference to
a variety of decisions involving problems of proof and substan-
tive law aspects of situations much as Dr, Altschule has dealt with
on the medical side. In the cases cited, the gases fumes or vapors
allegedly inhaled with resultant injury to the claimant were as
follows: Gustafson v. Parlier Winery, 2 Cal. Ind. Ace. Comm. Dec.
101 (1915) (gases from tank or vat of winery) : Industrial Commis-
sion of Colorado v. Ule. 97. Colo. 253, 38 P(2d) 803 (1935) (dope
solution applied to bodies and wings of airplanes by spraygun) ; Na-
tional Casualty Co. v. Hoage, 64 App. D.C. 83, 73 F.(2d) 850 (1934)
sulphur dioxide eseaping from Frigidaire system in apartment
house); Sullivan Mining Co. v. Aschenbach, 33 F. (2d) 1 (1929)
cert. denied 280 U.S. 586, 74 L.Ed. 635, 50 Sup. Ct. 35 (1929) (car-
bon bisulphide in thinner used by painter); Doherty v. Western
United Gas and Electric Co., 188 IIl. App. 494 (1914) (gas fumes
escaping in gas works) ; McBeth-Evans Glass Co. v. Brunson, 70 Ind.
App. 513, 122 N.E. 439 (1919) (glass blower exposed to fumes);
Brewer v. Veedersburg Paver Co., 92 Ind. App. 547, 177 N.E. T4
(1981) (gas, smoke and dust inhaled in brick kiln over a period
of twelve to fourteen years); Dille v. Plainview Coal Co., 217
Iowa 827, 250 N.W. 607 (1933) (carbon monoxide and carbon
dioxide in improperly ventilated mine); Jellico Coal Mining Co.
v. Walls, 160 Ky. 730, 170 S.W. 19 (1914) (miner allegedly poi-
soned by carbonic acid gas or by carbon monoxide) ; T. M. Crutch-
er Dental Depot, Inc. v. Miller, 251 Ky. 201, 64 S.W. (2d) 466
(1983) (cromic acid gas allegedly inhaled by operator of chro-
mium plating machine); Faulkner v. Milner-Fuller, Inc. (La.
App.) 154 So. 507 (1934) (fumes from paints and lacquers);
Thompson v. United Laboratories Co., 221 Mass. 276, 108 N.E.
1042 (1915) (volatile arsenic given off by cans of rat poison
was allegedly inhaled by 17-year old girl employed to fill cans);
Johnson’s Case, 279 Mass. 481, 181 N.E. 761 (1932) (chronic
bronchitis and emphysema allegedly aggravated by inhalation of
coal gas and dense tar smoke); Baltimore & O. R. Co. v. Bran-
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tissues?* exuding large amounts of plasma? and later pus.?®
The diameter of the airway is consequently narrowed as a
whole and may be plugged locally by masses of debris. The
muscle cells which make up much of the walls of the respira-
tory passages may be thrown into spasm, further narrowing
the airway. Accordingly, the patient experiences varying
degrees of pain, and more particularly, shortness of breath

24,

25.
26.

son, 128 Md. 678, 98A 225 (1916), reve;'sed 242 U.S. 628, 37 S.
Ct. 244, 61 L. Ed. 534 (1916) (inhalation of paint spray from
“paint gun”); Tomlanovich v. American Boston Mining Co.,
272 Mich. 493, 262 N.W. 293 (1935) (tuberculosis allegedly ac-
tivated by breathing gas, smoke and dust produced by blasting
in mine); Adler v. Interstate Power Co., 180 Minn. 192, 230 N.W.
486 (1930) (coal and coke fumes in power plant); Jackson v.
Euclid-Pine Inv. Co., 223 Mo. App. 805, 22 S.W. (2d) 849 (1930)
(carbon monoxide poisoning of garage mechanic); Bender v. Mid-
west Pipe and Supply Co. (Mo. App.) 67 S.W. (2d) 707 (1933)
(sulphur dioxide from burning coke in welding department);
Decker v. Raymond Concrete Pile Co., 336 Mo. 1116, 82 S.W. (2d)
267 (1935) (Acetylene gas inhaled by user of acetylene torch);
Thomson v. Amoskeag Mfg. Co., 86 N.H. 436, 170 Atl. 769 (1934)
(Dormant tuberculosis allegedly aggravated by poisonous gases);
Bove v. Donner-Hanna Coke Corp., 236 N.Y. App. Div. 37, 258
N.Y. Supp. 229 (1929) (Coke oven gases) ; O’Connor v. Consolidat-
Gas Co. of New York, 243 N.Y. App. Div. 661, 276 N.Y. Supp.
998 (1935) (Gas inhaled by foreman of gang working on gas
pipes as result of gas main bursting); Dixon v. Gaso p and
Burner Mfg. Co. 167 Okla. 401, 29 P. (2d) 764 (1934) (Carbon
monoxide poisoning); Coca-Cola Bottling Co. v. Mowry, 167 Okla.
644, 31 P.(2d) 562 (1934) (Inhalation of caustic soda fumes, long
continued) ; Johnston v. E. E. Orcutt Garage, 103 Pa. Super. 507,
167 Atl. 46 (1931) (Carbon monoxide gas); Sinkiewicz v. Susque-
hanna Collieries Co., 115 Pa. Super. 377, 1756 Atl. 757 (1934)
(Gases in smoke-filled room of mine where dynamite had been
fired); Katora v. N.J. Zine Co., 116 Pa. Super. 257, 176 Atl. 762
(1935) (Carbon Monoxide poison in gas plant); Alston v. Vir-
ginia-Carolina Chemical Co., 104 S.C. 410, 89 S.E. 497 (1916)
(Fumes and gases in acid tower of fertilizer factory); Consol-
idated Kansas City Smelting and Refining Co. v. Dill (Tex. Civ.
App.), 188 S.W. 439 (1916) (Fumes in smelter inhaled by carpenter);
Commercial Standard Ins. Co. v. Noack (Tex. Civ. App.), 45
S.W. (2d) 798 (1931), Reversed, Com. App. 62 S.W. (2d) 72 (Car-
bon monoxide poisoning); Associated Indemnity Corp. v. Baker
(Tex. Civ. App.) 76 S.W. (2d) 158 (1934) (Sulphuric acid fumes al-
legedly inhaled while cleaning and blowing out tubes of a steam
condenser in an electric light and power plant); Depre v. Pacific
Coast Forge Co. 151 Wash. 430, 276 Pac. 89 (1929) (Noxious gases
from mixture of. muriatic acid, sulphuric acid and water used to
remove scale from metal preparatory to galvanizing it); Pellerin
v. Washington Veneer Co., 163 Wash. 555, 2 P.(2d) 658 (1931)
(Carbon bisulphide poisoning slowly contracted from exposure to
gases and vapors generated in mixing glue in veneer mill).

Necrotic tissue: A tisswe is an aggregation of fibers and cells
composing a structural element; necrotic tissue is dead tissue.
Plasma: The liquid component of blood.

Pus: A liquid product of inflammation made up of white blood
cells, plasma and debris.
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(dyspnea) and cough. The dyspnea may be severe enough
to require oxygen. In some instances attempts have been
made to suck out the obstructing debris through a broncho-
scope.?” The cough may be dry, or may be productive of a
mixture of mucus, serum and debris. If spasm of the bronchi
is severe, asthmatic wheezing may be noted. Physical exam-
ination should show the signs of bronchitis, but the x-ray
may not reveal the abnormality.??

The denuded bronchi, filled with debris, are extremely
susceptible to infection by bacteria in the air or in the breath
of neighboring individuals. A superimposed bacterial bron-
chitis or bronchopneumonia may develop, making the damage
more extensive and the patient much more sick.

Within a period of hours or days, depending on the tox-
icity of the gas and the amount of exposure to it and the
presence or absence of bacterial invasion, healing begins.
The necrotic debris is sloughed off, to be replaced partly or
wholly by normal tissue. Where damage to deeper layers of
the trachea and bronchi has occurred, with consequent great-
er degrees of disorganization of structure, complete healing
may be retarded or may never occur. A state of chronic in-
flammation may persist. Muscle cells, in particular, regen-
erate poorly and may be replaced by inelastic scar tissue.
In some areas, due to the pressure changes within the bronchi
during respiration, a thin patch of scar tissue may balloon
out, forming a sac; this state is called bronchitectasis. Its
occurrence is favored by the development of strictures, con-
sequent to contraction and puckering of scar tissue, higher
in the bronchial tree. Examination may show a few signs
of congestion in the bronchi or may be entirely negative.
Similarly, ordinary x-ray studies may also fail to reveal the
disease; recourse must be had to the instillation of lipiodol®
into the bronchi to outline the dilated bronchi. These saccular
areas retain secretion which becomes infected and the patient
develops a chronic productive cough and a greatly increased
susceptibility to respiratory infection; common colds, instead
of passing off in three or four days, descend into the lungs,

97. Bronchoscope: A tubular instrument for inspecting the interior
of the bronchi; it is inserted via the mouth and trachea.

28, Schatzki, R.: Management of the Cocoanut Grove Burns at the
Massachusetts General Hospital. Roentgenologic Report of the
Pulmonary Lesions, Ann. Surg. 117: 834, 1943.

29. Lipiodol: An oil which is opaque to x-rays.
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causing severe coughs which may last for weeks. Additional
parts of the bronchial tree may thereby be successively in-
volved. In some instances small patches of inflamed lung
tissue (pneumonitis) develop about bronchiectatic areas. They
may result in chest pain and irregular fever for prolonged
periods.

Complications. If the bronchitis and bronchiectasis are
associated with considerable obstruction to respiration, either
because of extensive damage to the bronchi or because of
associated asthma, the patient will develop a state of over-
inflation of the lungs (emphysema). In a previous para-
graph it was pointed out that inhalation is an active and
exhalation a passive process; when obstruction is present,
it is easier to inhale than to exhale, so that obstruction ul-
timately leads to overdistension of the lungs. When this
occurs, the entire respiratory mechanism is upset: the pa-
tient has to work harder to breath and mixing is poor within
the lungs, so that the blood is poorly oxygenated and does not
give off as much carbon dioxide as normally. The patient
may become short of breath, may become blue (cyanotic)
and may develop a train of symptoms involving various ¢r-
gans which are now bathed in inadequately aerated blood.
These symptoms include mental sluggishness, intolerance of
heat, and a variety of poorly defined gastromtestmal com-
plaints.

In some cases the accumulation of secretlon in a bron-
chus, or the formation of a stricture across it, may cause
a lobule or lobe of lung to become completely functionless
and collapsed (afelectasis). This usually is readily detected
on examination and always by x-ray.

Another complication of bronchiectasis is sudden hemor-
rhage (hemoptysis), which may occur in a previously appar-
ently healthy individual. A large hemoptysis may be fatal.

In extreme instances, the heart muscle bathed in poorly
aerated blood and forced to work harder pumping the blood
through the abnormal lung may fail; cor pulmonale is said to
have developed. Patients with this condition are usually in-
valids and have a short life expectancy.*°

Some patients in whom none of the above sequelae to

80, See, in this Symposium series: White, Paul Dudley and Smith,
Hubert Winston: Scientific Proof in Respect to Injuries of the
Hegrt (Medicolegal Aspects of the Heart) (1946) 24 NCL Rev.
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gassing occur may suffer in another way, i.e., by the lighting
up of a latent disease, usually tuberculosis, or by its exacer-
bation if already overt.

PULMONARY EDEMA

Contact of a sufficiently great concentration of certain
gases with the walls of the alveoli may so damage them that
the capillaries they contain no longer retain blood and large
amounts, i.e., pints, of plasma, mixed with variable amounts
of red blood cells, pour out into the air spaces. This may
occur soon after gassing or several hours later; in the latter
case the patient may feel entirely well in the interim. The
patient at once commences to drown in his own secretions.
He becomes intensely dyspneic (breathless) and cyanotic
(blue) and coughs up large amounts of colorless or pink
frothy fluid- Unless treatment, including the administration
of oxygen, is instituted at once, the patient is almost certain
to die; he may die in spite of treatment, either because the
treatment is ineffective in his case or because he goes into
shock following the loss of so much blood and plasma into
and through his lungs. He may remain in a state of pulmon-
ary edema for hours or days; during this time his lungs are
unusually susceptible to bacteria in the air or in the breath
of nearby individuals and a fulminating extensive pneumonia
may supervene.

After the subsidence of the pulmonary edema, the lungs
may heal completely or else emphysema may develop. It
was pointed out previously that exhalation is a passive pro-
cess and is accomplished by the elasticity of the lungs. This
elasticity may be lost following gassing either by the destruc-
tion of the universally present fine elastic fibrils in the pul-
monary tissue or because of the overgrowth of a fine diffuse
scar tissue in the alveolar walls. Whatever the mechanism,
loss of elasticity results in a state of overinflation of the
lungs (pulmonary emphysema). The consequences of pul-
monary emphysema have already been discussed. If diffuse
scarring (fibrosis) occurs, the lungs become abnormally rigid,
making breathing more difficult. In addition, the scarring
may interpose a thin wall of relatively impermeable material
between the blood in the capillaries and the air in the alveolar
spaces, so that the normal gaseous exchange across the alve-
olar walls cannot occur. In this case all the symptoms of
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oxygen lack (anoxia) will occur. Physical examination of
the lungs may be perfectly normal, and the x-ray may even
in the presence of extensive fine scarring reveal no abnor-
mality.3* Cor pulmonale’? may develop later.

PROBLEMS OF IDENTIFICATION
FOLLOWING GASSING

Proof that claimant was gassed. In attempting to es-
tablish beyond doubt the occurrence of gassing in ecivil life,
the ideal situation would be one in which the supposed vietim
was in contact for a known period of time with a gas of
known composition present in a concentration known to be
toxic. This is clearly an impossibility: gases are too evanes-
cent to allow investigators to return to the scene hours or
days later to measure their concentration at the time of the
accident. Moreover, not all of the irritant gasses have been
identified or can be identified.®® Accordingly, attempts to
establish the fact of gassing must be based upon indirect evi-
dence. Some of this evidence may have a high order of valid-
ity: if a gas known to be toxic is used in industry or is
formed during an industrial process, its accidental escape
into or its accumulation within a space occupied by men may
be detected by a characteristic smell or color. This would be
true of chlorine certainly® and probably of many other gases.
On the other hand, establishment of the fact of the presence
in the air of the gas in concentrations sufficient to be detect-
able does not necessarily in the case of all gases establish
the fact of gassing, i.e., the attainment in the lungs of a con-
centration sufficient to be toxic. Also, some gases, such as
phosgene, may be toxic when present in concentrations too
small to be detected with certainty; this gas is fatal in con-

31, Altschule, M.D.; Linenthal, H. and Zamcheck, N.: Lung Volume
and Pulmonary Dynamies in Rgynaud’s Disease. Effect of Ex-
posure to Cold, Proc. Soc. Exper. Biol. and Med., 48: 503, 1941.

32. Cor pulmonale: Dilation of the right side of the heart from pul-
monary embolism (obstruction of a pulmonary artery by a blood
clot brought to it in the blood stream) or obstructng pulmonary
disease. The condition is attended by cyanosis (bluish coloration
of the skin.) See White, P.D. and H.W, Smith, op. cit. supra,
f.n. 30.

33. Aub. J.C.; Pittman, H.,, and Brues, A.M.; Management of the
Cocoanut Grove Burns at the Massachusetts General Hospital.
g;ihn{)él‘f.sry Complications: A Clinical Description, Ann. Surg. 117;

y R

34. See f.n. 11, supra,
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centrations of 25 parts in a million. Or because of panic or
loss of consciousness, the victim may not have noted the
presence of the gas. It would appear, therefore, that medical
testimony as to the occurrence of the symptoms of gassing
is of the greatest importance in situations involving questions
of exposure to irritant gases. The physician’s records should
include a note as to odors persisting in the victim’s clothes
or hair; this may, however, be misleading in the case of an
individual gassed during a fire, since the clothes or hair
may themselves be charred, or may smell only of smoke.
Note should be made of the condition of the victim’s skin,
eyes, nose and mouth. Some gases are extremely irritating
to these organs, particularly the eyes. Ordinary smoke may
be very irritating to the eyes, but its effects wear off more
rapidly than those of most of the irritant gases. The pres-
ence of charred tissue in the nose and throat establishes the
inhalation of flame. The occurrence of the previously dis-
cussed symptoms of tracheobronchitis, pulmonary edemas*
or central vasomotor or respiratory paralysis should be noted.
It is to be remembered that they need not appear immediately,
but may become overt only after hours or even a day or two.
Medical testimony as to the presence of symptoms of gassing
in a person who was in a situation in which a toxic gas might
have been generated would appear to be as close as one can
come in civil life to establishing the fact of gassing. If the vic-
tim is dead, postmortem examination of the lungs would be
very helpful.

Proof that Specific Lung Conditions Were Caused by
Gassing. Attempts to prove conclusively that the manifesta-
" tions of bronchitis, bronchiectasis, asthma, pulmonary emphy-
sema, pulmonary fibrosis or cor pulmonale, which a patient
may show, are consequent to his having been gassed previous-
ly may be very difficult. All of these disorders, when conse-
quent to gassing, are indistinguishable from their manifesta-
tions when due to some other cause, such as allergy or the
ordinary varieties of pneumonia, bronchitis and influenza.
Statistical studies as to the incidence of these sequelae are
not very helpful, since statistics are of little help in evaluat-
ing a single case. In addition, most of them are based on

85. Pulmonary edema: Congestion of the lungs resulting from an
effusion of sercus fluid from the blood into the air vesicles and

interstitial tissue of the lungs.
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data derived from the War of 1914-1918, and gassing in
warfare is likely to be quite different from gassing in civil
life. Not only may the gases involved be different, although
this is not necessarily true, but the military are provided with
sensitive detecting devices and effective protective mechan-
isms, so that while the numbers involved may be much great-
er, the average exposure would be milder. The latter was not
of course true of the first gas attacks, such as that on a
front of three and three-quarters miles at Ypres on April 22,
1915, when a force of Canadians and others were gassed,
five thousand dying outright and ten thousand others becom-
ing casualties.?® Moreover, such studies as have been pub-
lished have as their authors members of the military forces
who consciously or unconsciously attempted to minimize the
frequency of persistent pulmonary disorders following gassing
in soldiers. Thus examination of the case reports of Gilchrist
and Matz®*" makes it appear to the present author, as well
as to more distinguished medical authorities, i.e., the editors
of the British Medical Journal,’® that Gilchrist and Matz*
may have been too conservative in their analysis of the nu-
merical frequency of the sequelae to gassing. Similarly, the
studies of Berghofs® on 2000 men (one-third of them gassed
with chlorine) three or four months after gassing, led him
to conclude that 50 per cent had no permanent pulmonary
damage, although he states that his “normals” frequently
exhibited cough or dyspnea on exertion; his conclusions were
based solely on physical examination which, as pointed out
above,®* may be misleading. Meakins and Priestley*® found
changes in the blood indicative of marked impairment of aer-
ation and therefore proving severe damage in the lungs,

86. Prentiss, A.M.: Chemicals in War, New York, McGraw-Hill Book
Co., Inc., 1937.

87. Gilchrist, H. L., and Matz, P.B.: The Residual Effects of War-
fare Gases: The Use of Clorine Gas, With Report of Cases, Med.
Bull. Vet. Admin, 9:229, 1933. -

Gilchrist, H. L., and Matz, P.B.: The Use of Mustard Gas,
With Report of Cases, id. at p. 339.

Gilchrist, H.L., and Matz, P.B.: The Use of Phosgene Gas,
With Report of Cases, Med. Bull. Vet. Adminis. 10: 1, 1933

Gilchrist, H.L., and Matz, P.B.: The Use of Arsenical Com-
pounds, with Report of Cases, id. at p. 79.

38. gcgtoﬁgls Residual Effects of Chlorine Gassing, Brit. Med. J. 1:
y .
39. Berghoff, R.S.: The More Common Gases; Their Effects on the
Respiratory Tract, Arch. Int. Med. 24: 678, 1919,

40. Official History of the War, Medical Services, British, vol. II, 1923.
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but concluded that these changes were a neurotic manifesta-
tion,** a conclusion which evokes only amazement in modern
physiological and clinical students of pulmonary disease. Nev-
ertheless, all of these studies, the data of earlier authors
analyzed in those reports, and various discussions of civilian
gassing such as the remarkably well annotated studies of
Von Oettingen** on nitrous fumes, prove that sequelae to
gassing, in the form of bronchitis, bronchiectasis, pulmonary
emphysema, pulmonary fibrosis, cor pulmonale and activa-
tion of latent tuberculosis, are of common occurrence.
The establishment of these disorders as sequelae to
gassing is very difficult without the previous establishment
of the fact of gassing as outlined above. Nevertheless it must
be remembered that such antecedent evidence of gassing may
be lacking: the patient may have been unconscious or delir-
ious because of other trauma (injury) following exposure to
the gas and unable to complain of the symptoms; he may
not have had competent medical attention or any attention
following exposure to the gas, ete. If the fact of gassing
has been established and if a patient previously shown by
competent medical testimony to have been without pulmonary
disease before gassing, shows a few weeks after the accident
evidence on physical or x-ray examination one of the sequelae
listed above, it can be safely concluded that the gassing
caused the sequela. That is as close as one can come to
perfect proof as to the causal relation between exposure to
gas and the development of pulmonary disease thereafter.
Special Diagnostic Procedures. In the case of bronchitis
and bronchiectasis physical examination and ordinary x-ray
studies may reveal nothing abnormal and bronchoscopy and
the introduction of the opaque oil, lipiodol, may be necessary
to establish the diagnosis. It is doubtful if a patient can be
made to submit to these procedures; he might be persuaded to
do so, if he is not neurotic or malingering, on the basis that the
results of such studies would be beneficial to him. In the ab-

41. Neurotic Manifestation: That is, a symtomatic expression of a
neurosis, a disturbance believed to be due to psychological causes
or maladjustment without any organic basis or lesion. Psycho-
neurosis involves a mental disorder caused primarily by some
psychic conflict or maladjustment, without disturbance of in-
tellectual functions, without distortion of reality, and without
primary mood pathology (abnormality).

42. von Oettingen, W.F.: The Toxicity and Potential Dangers of
Nitrous Fumes, Pub. Health Bull,, No. 272, 1941,
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sence of such studies the diagnosis would have to rest on the
history and an estimate of the patient’s personality.s®

Late Effects: Problem of Proving Causal Connection.
Where a period of months or years elapses between exposure
to a gas and the development of one of the conditions con-
sidered to be sequelae to gassing, establishment of a causal
relation is very difficuilt, if not impossible. Nevertheless, such
situations might arise. For instance, a patient may feel en-
tirely well after gassing, but yet have within his lungs an area
of bronchiectasis which might make its presence known long
after the gassing only by a massive hemorrhage. This hem-
orrhage might very well be a sequel of the exposure to gas
several years before, or it might not in that he may have had
the bronchiectasis before he was gassed, or it may have devel-
oped consequent to a respiratory infection which occurred
some time after the episode of gassing. The same situation
might arise in the case of the other sequelae of exposure to
gases. Even the most meticulous medical study may not suf-
fice to establish the origin of the manifestations in some
patients of this type, although in other instances careful
medical history may be very helpful.

ASPIRATION OF LIQUIDS

Cause and Effects of Aspiration. The entry of large vol-
umes of any liquid into the lungs results in drowning and
suffocation, if this material is not very soon expelled. This
pulmonary disorder will not be discussed here.t* Certain
liquids are extremely irritating when aspirated even in small
amounts, while others cause no immediately detectable reac-
tion but, after the passage of time, may cause extensive dis-
ease of the lungs.

Substances which might with some frequency cause im-
mediately detectable damage when aspirated include kerosene
and gasoline**,*s. and gastric contents. In the case of the
first two it is not clearly established that pulmonary lesions

43. The instillation of lipiodol has been performed thousands of times
in patients, with only mild disco