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WHILE direct thermal damage to the
lower respiratory tract has been demon-
strated to occur only with the inhalation
of steam,” respiratory complications are a
common fatal factor in patients sustaining
thermal injury.>* % 11415 Some clinical
studies implicate inhalation of irritating
products of combustion as the primary
cause of respiratory complications and re-
cent reports of a high rate of pulmonary
lesions associated with facial burns have
been interpreted as reinforcing this prem-
ise.’® Qur experience, however, indicates
that tracheobronchitis and pneumonia often
are not directly related to facial burns or
inhalation injury and are frequently a com-
plication of tracheostomy, a procedure com-
mon in the immediate postburn period. The
difficulty in separating respiratory compli-
cations due to inhalation injury from those
due to tracheostomy is further compounded
by the problem of clinically differentiating
respiratory distress due to intrinsic pulmo-
nary complications, from that due to altera-
tions in cardiovascular hemodynamics fol-
lowing extensive burns, or as a compen-
satory response to acid-base imbalance.
Evaluation is especially difficult when the
study group also contains elderly patients
who may have unrecognized as well as
overt pre-existent cardiorespiratory prob-
lems.

The study reported herein attempts to
clarify some of these difficulties by defining
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pathologic aspects of pulmonary complica-
tions that occur following cutaneous burns.
The study group is unique in that it con-
sists largely of active duty military per-
sonnel and their dependents, who are virtu-
ally free of significant pre-existent respira-
tory disease. The necropsies represent the
largest group so studied and were per-
formed by pathologists who autopsied
burned patients almost exclusively and
therefore were aware of the peculiarities
of such autopsies. The pathologists at this
installation customarily make daily rounds
with the surgeons and the opportunity of
following the clinical course of each pa-
tient renders the interpretation of the au-
topsy findings singularly appropriate.

Material

There were 243 deaths from burns and
233 autopsies performed at the US Army
Surgical Research Unit from 1960 through
1965 (autopsy rate, 96% ). During the same
period, a total of 817 patients were hos-
pitalized for treatment of burns and Table 1
lists the types of burns encountered in both
groups. Ninety per cent of patients at au-
topsy had sustained flash or flame injuries.
Patients who sustained electrical injury
without flame burns were excluded from
the study group.

Distribution of autopsied patients by age
and extent of thermal injury demonstrates
the relative youth and magnitude of burns
in patients received at this unit (Tables 2,
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TaBLE 1. Type of Burns Encountered in Patients Treated and in Autopsy Population
No. Patients*
Hospi-  Autop- Flash and/ Electri- Hot Chemi-  Contact
Year talized sied or Flame cal Steam Liquid cal
1960 96 30 78 (23) 2 (2) 11 (5) 1 4
1961 88 30 76 (29) 8 (1) 4
1962 142 51 124 (46) 2 13 (5) 3
1963 148 56 136 (54) 1 1 (1) 9 (1) 1
1964 184 34 147 (31) 7() 2 (1) 24 (1) 3 1
1965 159 32 125 (28) 6 (1) 1 17 (2) 4 (1) 6
TOTAL 817 233 686 (211) 18 4) 4 (2) 82 (15 11 (1) 16 (0)

*No. in () represents autopsies.

3). Over 90 per cent of burned patients
treated during this period were under 50
years of age and this is accurately reflected
in the autopsy population since over 90 per
cent of patients dying with burns were be-
low 50 years of age. Also, 50 per cent of
patients treated had sustained over 30 per
cent total body area burns and patients
with burns of this magnitude accounted for
95 per cent of deaths and autopsies.

All autopsy protocols, clinical summaries
and tissue sections from the respiratory sys-
tem were reviewed. A total of 1,821 histo-
logical sections of the respiratory tract, an
average of 7.8 per autopsy, were available
to study. Paraffin blocks were recut and re-
stained and additional special stains were
done when necessary. The pathologic diag-
noses in the respiratory system were listed
after review of the clinical and gross au-
topsy data and personal review of all sec-
tions. In addition, the causes of death were
reviewed and determined from the clinical
and pathologic material.

Results

Cause of Death. The major cause of
death during the period 1960-3 was burn
wound sepsis which, as previously defined,
is due to massive bacterial invasion of the
burn wound.® 2 In 1964-5, topical chemo-
therapy of the burn wound with Sulfa-

mylon was instituted which significantly
reduced mortality from burn wound sepsis
and the major fatal complication shifted to
the respiratory system (Fig. 1). The de-
cline in burn wound sepsis as a cause of
death in reference to both admissions and
total deaths during 1964-5, compared to
1960-3, is highly significant (p < 0.001).
The successful control of bacterial invasion
of the burn wound with Sulfamylon has
been reported.*

The major cause of death revealed at au-
topsy in all 233 burned patients is given in
Table 4. Death was attributed to septicemia
when one or more antemortem blood cul-
tures were positive for bacteria in associa-
tion with clinical features of sepsis and a
source of infection that was determined at
autopsy. In the absence of a source of in-
fection elsewhere, septicemia was consid-
ered to be of pulmonary origin when exten-
sive pneumonia was present clinically and
confirmed at autopsy. Deaths with septi-
cemia associated with pneumonia showed
a proportionate increase in 1964-5 com-
pared with 1960-3 due to decline in sepsis
originating from invasive infection of the
burn wound. A third and increasingly fre-
quent cause for septicemia in the burned
patient is suppurative phlebitis that in-
volves cannulized veins (Table 4). Deaths
attributed to sepsis also occurred in one pa-
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tient with suppurative cholecystitis and in
one pateint with a mandibular abscess, and
this accounts for the two patients listed in
Table 4 with miscellaneous sources of in-
fection. Patients who had positive blood
cultures and were considered to have septi-
cemia clinically, and in whom necropsies
did not disclose an origin of infection, were
categorized as having septicemia of uncer-
tain origin.

The mortality table (Table 4) underesti-
mates the true incidence of suppurative
phlebitis as well as Curling’s ulcers in
burned patients since these complications
are successfully treated in most instances.
Seven of 8 patients whose cause of death
was gastroduodenal ulceration died from
repeated episodes of hemorrhage; one died
from peritonitis following perforation of a
duodenal ulcer.

Those deaths attributed to renal failure
have been due to inadequate resuscitation
in the early postburn period and no deaths
were placed in this category when renal
insufficiency was but a terminal feature of
the major cause of death, for example, burn
wound sepsis. There were eight deaths at-
tributed to renal failure on the basis of
oliguria with a rapidly rising serum potas-
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F1c. 1. Incidence of fatal pneumonia and burn
wound sepsis in 817 burned patients hospitalized
and 233 autopsies.

sium. In addition, there were five deaths
attributed to severe hypotension in the
early postburn period that are listed in the
miscellaneous category and these were also
thought to have resulted from inadequate
restoration of fluid and colloid. There were,
therefore, 13 deaths in these two groups
that might be considered as deaths due to
inadequate resuscitation prior to evacua-
tion to this unit.

Other causes of death in the miscellane-
ous group include: coronary heart disease
(4), acidosis (3), adrenal hemorrhage (2),
pancreatitis (2), pulmonary emboli (2),
peritonitis (2), cerebral vascular thrombo-
sis (1), hepatic cirrhosis (1), subacute bac-
terial endocarditis (1), aortic-esophageal

TABLE 2. Distribution of Patients by Age and Per Cent Mortality

Age 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 Total
No. Burned 228 101 232 138 62 29 17 7 3 817
Deaths 79 27 46 42 29 1 3 4 2 243
% Mortality 35 27 20 30 47 38 18 57 67 29.7
Autopsies 78 27 44 38 28 10 3 4 1 233

TABLE 3. Distribution of Patients by Extent of Total Body Burn and Per Cent Mortality

% Body Burn 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80904+ Total
No. burned 150 146 126 103 80 71 46 49 46 817
Deaths 1 5 7 26 40 39 37 43 45 243
% Mortality 0.7 3 6 25 50 55 80 88 98 29.7
Autopsies 1 5 7 23 40 39 35 39 44 233
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fistula (1), and retroperitoneal hemorrhage
(1).

In the category, “Cause of Death Uncer-
tain” are many patients who died, often
within the first week postburn, with pulmo-
nary edema and congestion as the sole find-
ing at autopsy, in addition to the burn.
There are also a few patients in this group
whose death was a puzzle to the clinician
and pathologist although there may have
been no lack of autopsy findings.

Pneumonia. Table 5 lists the pathologic
findings in the lungs of the 233 patients at
autopsy and indicates those considered a
cause of death. We have used the term “air-
borne pneumonia” in preference to bron-
chopneumonia or lobar pneumonia so as
not to confuse this complication with the
pneumonic lesions that we believe to be
hematogenous in origin. This distinction is
important because no deaths were attrib-
uted to hematogenous pneumonia, but
rather to the original infective complica-
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Fic. 2. Photomicro-
raph demonstrating hya-

ine membrane lining al-
veolar ducts and alveoli
with interstitial edema
and inflammation (H&E,
xX100).

tion that resulted in dissemination to the
lung, e.g., burn wound sepsis or suppura-
tive phlebitis. In contrast, airborne pneu-
monia, which was found in 69 burned pa-
tients at autopsy, was considered a major
cause of death in 37 patients. This type of
penumonia was listed as a cause of death,
in addition to the burn, when progressive
lower respiratory infection was dominant
in the clinical course and extensive inflam-
matory consolidation of pulmonary paren-
chyma was found at autopsy. Although
noted annually as the leading cause of
respiratory deaths, airborne pneumonia has
increased in frequency and has replaced
burn wound sepsis as the major cause of
death in 1964-5 (Fig. 1). The increased
incidence of pneumonia is of more signifi-
cance in reference to deaths (p < 0.01)
than total admissions (0.05 < p < 0.1) when
both periods are compared. Pneumonia has
recently been more of a problem in our
adult population and this is substantiated
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TABLE 4. Cause of Death in 233 Fatally Burned Patients

1960 1961 1962 1963 1964 1965
Septicemia, origin, burn wound infection 18 15 31 34 3 4
Septicemia, origin, respiratory infection A3) (5) 3)* (1)* 2) (6)
Septicemia, origin, phlebitis 1 2 1 2
Septicemia, origin, miscellaneous 1 1
Septicemia, origin, uncertain 2 3 4 2 1
Respiratory disease 5 5 3 6 12 13
Gastrointestinal ulceration 3 2 2 1
Renal failure 2 2 2 2
Miscellaneous 1 1 2 8 9 4
Cause of death uncertain 4 4 9 7 7 11
Deaths 30 31 54 57 37 34
Autopsies 30 30 51 56 34 32
Patients treated 96 88 142 148 184 159
% Mortality 31.3 35.2 38.0 38.5 20.2 214

() Subtotal, already listed under Respiratory Disease.

* Also had other possible causes for sepsis.

Note: There are more causes of death listed than patients who were autopsied since two causes of death were

occasionally considered of equal importance.

if one compares the incidence of fatal pneu-
monia in hospitalized patients over 15 years
of age during each period. Twelve of 318
adult patients died of pneumonia during
1960-3 vs. 19 of 237 patients during 1964-5
(p <0.05).

The pathologic aspects of airborne lower
respiratory infection were demonstrated by
the usual suppurative response in a bron-
chopneumonic, lobular or lobar distribution
with varying degrees of organization, in a
few cases, that were consistent with the
duration of this complication. Table 6 lists
all the organisms cultured from sputum or
tracheal secretions and postmortem lung
cultures in the 37 patients dying of pneu-
monia. Mixed gram-negative infections
were commonly encountered throughout
the entire period. Both antemortem and
postmortem cultures frequently yielded
coliform organisms particularly during
1964-5. It was not uncommon however
to recover coagulase-positive Staphylococci
from initial sputum cultures which subse-
quently yielded gram-negative organisms
following potent antistaphylococcal chemo-
therapy.

Certain unique pathologic features be-
came prominent in the lungs of patients
dying from airborne pneumonia in 1964-5.
Pulmonary hyaline membranes have previ-
ously been noted in fatally burned pa-
tients.* Hyaline membranes were found in
4 of 16 patients who died from pneumonia
in 1960-3. In the 1964-5 group of 21 pa-
tients whose cause of death was pneu-
monia, 14 had hyaline membrane forma-
tion (p < 0.05). There were additional his-
tologic features in the areas of pneumonia
and hyaline membrane formation that were
not thought to represent the customary
pulmonary response to bacterial infection
alone. These included hypervascularity and
thickening of the alveolocapillary mem-
brane due to interstitial edema and inflam-
mation (Fig. 2). Also, there were numer-
ous alveolar macrophages and septal epi-
thelial cells lining the alveoli.

The pulmonary lesion secondary to hem-
atogenous dissemination was common dur-
ing 1960-3 when burn wound sepsis was
prevalent, but was not considered an in-
trinsic respiratory complication. This lesion
is believed to evolve from dissemination
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Fic. 3. The hemorrhagic areas are infected pneu-
monic lesions of hematogenous origin.

(Reprinted from J. Trauma., 4:233-245, 1964.)

of bacteria from the infected burn wound
to the lung. The pathologic features of
hematogenous pneumonia are described in
the discussion. This and other embolic vis-
ceral lesions originating from infection of
the burn wound have been noted previ-
ously.’2 Postmortem bacteriological cultures
of lungs with hematogenous pneumonia
yielded Pseudomonas sp. and Staphylococ-
cus aureus as the most frequent pathogens,
but other gram-negative organisms were
frequently present.

Tracheobronchitis. The most frequent in-
trinsic pulmonary complication following
thermal injury is tracheobronchitis, which
was manifest at autopsy in 109 patients—
almost half of all autopsies. During the
6-year period, erosive tracheobronchitis due
to abutment of the tracheostomy tube on
the anterior tracheal wall has been a direct
cause of death in 6 patients (Table 5).
In two, the erosion was deeply invaded
with bacteria, with peritracheitis and posi-
tive antemortem blood cultures, in the ab-
sence of infection elsewhere in the lung or
burn wound. Another patient developed
mediastinitis via bacterial invasion of the
eroded trachea. Diffuse invasive bacterial
tracheobronchitis occurred in one patient
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and was thought to have originated in the
tracheal ulcer. Two patients died with hem-
orrhage from the anterior tracheal erosion.
The lesions encountered in the tracheobron-
chial tree and their relation to tracheostomy
and suspected inhalational injury are pre-
sented in the discussion.

Tracheostomy may have been indirectly
responsible for other deaths although not
listed as such in Table 5, e.g., patients who
die of pneumonia subsequent to temporary
obstruction of a main stem bronchus by
the tracheostomy tube early in the course
of treatment. Also, in patients who develop
pneumothorax as a tracheostomy complica-
tion, death may be attributed to the pneu-
mothorax, as in one of our patients, or to
the subsequent development of pneumonia.
In addition, bacterial infection of tracheal
erosions may represent a nidus for air-
borne dissemination of lower respiratory
infection. In any case, the hazards of tra-
cheostomy in the burned patient are under-
estimated by the mortality table.

Laryngitis. Laryngeal ulcerations were
found in 27 autopsies. This is an underesti-
mate of incidence since the larynx was not
described in adequate detail in some au-
topsies. Of the 27 examples that were avail-
able for study, 21 involved the vocal or ven-
tricular folds. The remainder of the erosive
lesions occurred just above or below the
folds or over the corniculate process or
epiglottis. Bacterial infection of these le-
sions was demonstrated in 20 of the 27
autopsies.

Thromboemboli. Thrombi, without bac-
teria, were found in the lungs of 59 burned
patients at autopsy and were assumed to
be embolic in nature. These were usually
of microscopic proportions, involved pul-
monary arterioles and small musculo-elastic
pulmonary arteries 100-200 micra in diame-
ter and were few in number in relation to
the total cross-sectional area of the pul-
monary vasculature. Pulmonary infarcts
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Fic. 4. Photomicro-
aph demonstrating
ematogenous (Stapyhlo-
coccal) pneumonia. The
central dark spots are
masses of bacteria (H&E,
x37).

were occasionally encountered, as indicated
in Table 5, and these were associated with
thromboemboli that were observed grossly.
In 1960, a 7-year-old boy died following
hemoptysis of an estimated 950 ml., eight
days after sustaining 35 per cent total body
burns. A large right lower lobe pulmonary
infarct and pulmonary thromboemboli, both
recent and organizing, were found at au-
topsy. In 1964, a 26-year-old man died 14
days after sustaining 65 per cent total body
burns. Pulmonary infarcts were found at
autopsy with recent thromboemboli in each
main pulmonary artery. These two fatal
complications were not classified in the
mortality table as deaths due to respiratory
disease.

Pneumothorax. Thirteen patients had
pneumothorax sometime during their course.
However this is another complication that
is underestimated in a study limited to fa-
tally burned patients. The pathogenesis of
pneumothorax in burned patients almost
invariably evolves from tracheostomy com-
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plications rather than from trauma to the
chest at the time of thermal injury. The
single patient who died directly after pneu-
mothorax was a 30-month-old infant who
sustained 80 per cent total body burns 2
days previously. Tracheostomy had been
placed between the 7th and 8th tracheal
rings prior to evacuation to this unit and
he subsequently developed mediastinal em-
physema and bilateral pneumothorax.
Chronic Pulmonary Disease. Pre-existent
pulmonary disease has been a significant
factor in mortality in only two patients over
the 6-year period. One was a 6l-year-old
man who had previously undergone pneu-
monectomy for bronchogenic carcinoma
and at autopsy his opposite lung was em-
physematous with acute tracheobronchitis.
The second was a 75-year-old man who had
acute bronchopneumonia superimposed on
severe chronic bronchitis and emphysema.
Miscellaneous. Pulmonary edema and
congestion is the most frequent autopsy
finding in the lungs of burned patients, but



TABLE 5. All Fatal and Non-Fatal Pulmonary Complications in 233 Burn Aulopsies

1965

1964

1963

1962

1961

1960

CoD Total COD Total COD Total COD

Total

COD* Total COD

Total

9

11

Pneumonia, airborne

(1) (0) (2

M

Pneumonia, hematogenous
Tracheobronchitis, erosive

with hyaline membranes
Laryngeal ulceration

11

11

13

24

18

20

16

13

Pulmonary thromboemboli

(2) (1 (3) (H

(2)

with infarction
Pneumothorax tracheostomy

—

N

o

™

(2) (n (2) (1)

(3)

complication
Preexistent pulmonary disease

Miscellaneous:
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(9]

32 42 26 22

20

Pulmonary edema and congestion

Atelectasis

11

13

11

Pulmonary megakaryocytes

( )—Subtotal

* COD—Cause of Death
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is considered an unrevealing pathologic di-
agnosis. Although it is frequently the only
finding in patients with extensive burns
who die in the early postburn period, no
effort was made to correlate this finding
with examples of overhydration, renal fail-
ure, cardiac arrest with and without ar-
rhythmias, or other clinical events that
might result in pulmonary edema and con-
gestion since retrospective clinical material
is incomplete and arbitrary in this regard,
and also because pulmonary edema and
congestion may develop rapidly as an
agonal phenomenon. Atelectasis is another
autopsy diagnosis of uncertain significance,
but in no instance was it thought to be an
important or contributory cause of death.

Pulmonary megakaryocytes were fre-
quently found in increased numbers in
burned patients’ lungs. This probably re-
flects a general posttraumatic response in
which megakaryocytic production or mo-
bilization from bone marrow is increased
and entrapment in the pulmonary capil-
laries occurs.

Other features could not be evaluated or
were thought not to be of any unique in-
terest, e.g., pulmonary septal macrophages
are prominent in most lungs of burned pa-
tients, however, this response is probably
too nonspecific to warrant meaningful inter-
pretation. The frequency of pulmonary fat
emboli could not be properly evaluated
since the tissue available was paraffin-
embedded and therefore had been proc-
essed through fat solvents. Insignificant foci
of bronchiolitis, pleuritis overlying areas of
pneumonia and small inactive pulmonary
granulomas were considered irrelevant.
Pleural effusion and small foci of intra-
alveolar hemorrhage were invariably asso-
ciated with pulmonary edema and conges-
tion and were not individually analyzed.

Discussion

There is no readily apparent reason for
the recent increase in deaths due to pneu-
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monia in our adult population. Although
the incidence of burn wound sepsis de-
clined in the period 1964-1965, the increase
in pneumonia as a cause of death does not
appear simply for lack of a better cause
since the clinical and pathologic interpre-
tation of death from pneumonia was con-
sistent during both periods. Also many pa-
tients died with small foci of pneumonia
that were considered insignificant in 1964-5
as they were in 1960-3. The average extent
of total body burn has also remained fairly
constant throughout the entire 6-year pe-
riod. Furthermore, fatally burned patients
are not surviving longer in the absence of
burn wound sepsis to subsequently develop
pneumonia since the distribution of pa-
tients as to the postburn day on which
death occurred reveals no difference be-
tween patients who died of burn wound
sepsis and those who died of pneumonia,
during either period. Although tracheobron-
chitis in our patients has been associated
with tracheostomy, as discussed below, the
increase in fatal pneumonia is not similarly
related. Tracheostomy was performed in 30
per cent of 474 burned patients treated
from 1960-3 and in 21 per cent of 343 pa-
tients treated in 1964-5. The number of
tracheostomies performed on fatally burned
patients during the above periods was 56
per cent (96 of 172) and 61 per cent (43
of 71), respectively. Also, there has been
no increase in inhalational injury, either
suspected clinically or documented at au-
topsy, that might account for the rise in
deaths due to pneumonia.

Hyaline membrane formation and hyper-
plasia of alveolar lining cells with conges-
tion and interstitial edema of the alveolo-
capillary membrane represents a constella-
tion of unique histologic features that we
have seen previously in the lungs of burned
and nonburned patients who received pro-
longed positive pressure ventilatory assist-
ance with oxygen. Since these pathologic
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Fic. 5. Note the erosion below the level of the
tracheostomy (arrow) and relatively normal lari;nx.
A skip area below the tracheostomy stoma is char-
acteristic. _

findings were significantly more frequent
in lungs of patients dying from pneumonia
during 1964-5 (Table 5) and were concur-
rent with an overall increase in deaths due
to pneumonia during this period as com-
pared with the 1960-3 period, we examined
the utilization of ventilatory assistance and
oxygen in patients who died from pneu-
monia both with and without these unique
pathologic features. Thirty-four records of
37 patients dying from pneumonia were
available to study. Eleven of 17 patients
with, and 10 of 17 patients without hyaline
membrane formation and the associated
histologic alterations described above, re-
ceived positive pressure ventilatory assist-
ance with an oxygen source. Hyaline mem-
branes have also been seen in association
with oxygen therapy, however, all patients
dying from pneumonia in our group, both
with and without hyaline membranes, re-
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FiG. 6. Postmortem roentgenogram demonstrat-
ing the mechanism of trauma from abutment of
the tracheostomy tube against the anterior tracheal
wall.

ceived oxygen at some time in their termi-
nal illnesses. There was no difference there-
fore in the use of ventilatory assistance or
oxygen per se, in patients with or without
hyaline membrane formation. These histo-
logic findings have been attributed by oth-
ers to oxygen and positive pressure ventila-
tory assistance, particularly when this type
of inhalational therapy is given for pro-
longed periods, viz., over 10 days.»'® ® We
were unable to analyze the association of
hyaline membrane formation with duration
of ventilatory assistance and level of oxy-
gen tensions achieved due to limitations in
the retrospective study. Increased incidence
of hyaline membrane formation and the as-
sociated histologic changes, during 1964-5,
may be the result of earlier and more pro-
longed use of oxygen and positive pressure
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ventilatory assistance in burned patients
who display respiratory symptoms. There
is no question that this histologic response
has not only become more frequent, but
has increased in extent in the lungs of pa-
tients dying from pneumonia in the last
two years of the study. Furthermore, this
unique histologic response also occurred
in areas of gross pulmonary consolidation
that were free of suppuration and bacteria
and therefore presumably free of bacterial
infection. The increased extent of pulmo-
nary consolidation and consequently the
increased frequency of deaths attributed to
pneumonia during 1964-5, therefore, may
be partly a result of respirator or oxygen
toxicity.

During 1964-5, due to control of septi-
cemia originating from infection of the
burn wound, hematogenous pneumonia
virtually disappeared from autopsy sub-
jects, except for isolated examples, some
of which originated from an infected can-
nulized vein. The pathologic features of
this type of pneumonia are distinct and
readily recognized. The lesions are com-
monly small, subpleural, hemorrhagic and
discrete (Fig. 3), or may be confluent. The
larger single lesions characteristically re-
semble pulmonary infarcts. Focal necrosis
of alveoli is presently histologically and in
hematogenous Pseudomonas lesions there
are myriads of gram-negative bacteria pro-
liferating in the alveolocapillary membrane
and particularly in the perivascular and
peribronchial spaces. Although the peri-
bronchiolar sheath may be filled with gram-
negative bacteria, the early lesion is rela-
tively free of exudate within the bronchi-
olar lumen, thus distinguishing it from
bronchopneumonia. Staphylococcal emboli,
however, did not show this perivascular
distribution even though nests of cocci
were found within vessels (Fig. 4). The
hematogenous derivation of this type of
pneumonia is also suggested by the fre-
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TABLE 6. Bacteria Cultured From Sputum, Tracheal Secretions and Postmortem Lung
Cultures in 37 Burned Patients Dying from Bronchopneumonia

1960-1963 1964-1965
Ante- Post- Ante- Post-
mortem  mortem mortem  mortem
Aerobacter—E. coli 5 6 10 17
Pseudomonas sp. 6 3 6 12
Staphylococcus aureus 4 6 2 5
Proteus sp. 1 3 3 9
Miscellaneous 5 6 3 11
TOTAL 21 24 24 54

quent presence of fibrin and neutrophil
thrombi containing bacteria, in the small
pulmonary arteries and arterioles within
the lesions.

Although tracheobronchitis is the most
frequent finding in the lungs of fatally
burned patients, the prominent lesions en-
countered in the present study were clearly
related to tracheostomy in most instances,
rather than to inhalation injury. Ninety-
nine of the 109 patients with tracheobron-
chitis had tracheostomies performed. The
lesions that are convincingly tracheostomy
complications include erosions or ulcers
due to abutment of various parts of the
tracheostomy tube or its inflatable cuff on
the tracheal mucosa (Figs. 5, 6). Erosions
in the tracheobronchial mucosa beyond the
range of the tracheostomy tube occurred
less frequently, but were also focal and
thought to be traumatic due to frequent
suctioning. These erosions may become in-
fected, as noted previously, with the de-
velopment of bacterial tracheobronchitis.

Although similar lesions were occasion-
ally found at the margin of the vocal folds
(Fig. 7), laryngeal and tracheal mucosa
above the tracheostomy stoma was grossly
normal in the majority of patients at au-
topsy who had tracheitis. The normality of
the laryngeal mucosa, when focal erosions
were present below the tracheostomy
stoma, is regarded as further evidence that

tracheobronchitis is not due solely to inha-
lation injury, the effect of which might be
expected to be diffuse or at least manifest
proximal as well as distal to the trache-
ostomy stoma. Nevertheless, clinical evi-
dence for thermal or chemical laryngotra-
cheitis due to inhalation injury exists. We
frequently see severely burned patients
with marked dyspnea and bronchospasm
postinjury and with carbonaceous sputum,
whose laryngeal and tracheal mucosa is
inflamed and edematous at bronchoscopy,
prior to the performance of a tracheostomy.
A tracheostomy is invariably performed,
however, and if the injury is fatal, the le-
sions commonly seen at autopsy are those
related to the tracheostomy.

The interpretation of the discrepancy be-
tween clinical evidence for inhalational in-
jury and the lack of autopsy documentation,
is twofold. Carbon deposition and thermal
necrosis of laryngeal and upper tracheal
epithelium is frequent in patients who die
in fires and this evidence of inhalational
injury is commonly recorded by forensic
pathologists. The experience of patholo-
gists who autopsy patients who survive cu-
taneous thermal injury beyond the burn
day, however, is in contrast to pathologists
who examine those who died in fires. We
have demonstrated soot deposit and ther-
mal necrosis of laryngotracheal mucosa in
a few burned patients who expired before
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Fic. 7. Laryngeal erosions are present on the
vocal and ventricular folds. Tracheitis is promi-
nent below the level of the tracheostomy.

the first or second postburn day (Fig. 8),
but these features are usually absent by
the time postmortem examinations are per-
formed. Clinically, we also noted diminish-
ing expectoration of soot beyond the sec-
ond postburn day and therefore the lack of
pathological documentation of inhalational
injury is not unexpected since 94 per cent
of the autopsies were performed beyond
the second postburn day. Secondly, the
residual of inhalation injury that is encoun-
tered above the tracheostomy site has been
minimal in comparison with the extensive,
ulcerative tracheitis due to the tracheos-
tomy tube in the lower trachea. Since the
carbon deposit and necrotic respiratory
epithelium has been expectorated, the re-
sidual inflammatory infiltrate in the lamina
propria of the respiratory mucosa, with re-
generation of respiratory epithelium, above
the level of the tracheostomy, is overshad-
owed by the impressive gross and histologic
alterations inferior to the tracheostomy.
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We think that a combination of factors is
responsible for the focal ulcerative laryngeal
and tracheal lesions found in fatally burned
patients. The lesions mechanically related
to trauma from the tracheostomy tube seem
to occur more readily following suspected
inhalation injury. Similar erosions limited
to the vocal folds with a normal surround-
ing laryngeal mucosa may also represent
the combined effects of laryngitis due to
inhalation injury in combination with the
trauma of endotracheal intubation, e.g.,
during anesthesia, or simply from voice
trauma. Our findings are consistent with
Moritz’s experimental studies on the occur-
rence and location of inhalational thermal
injury 7 and also suggest that inhalational
laryngeal or tracheal injury undergoes
rapid repair in the absence of superimposed
trauma. The focal ulcerative lesions that
occur so frequently in the tracheobronchial
tree emphasize the hazards of tracheos-
tomy in the burned patient.

The association of facial burns with res-
piratory complications implies that inhala-
tion injury may occur at the time of burn-
ing and result in tracheobronchitis and
pneumonia. For purposes of discussion pa-
tients with facial burns include those with
over 1 per cent of total body surface, par-
tial or full thickness, burn that involves the
anterior face between the eyes and chin
and between each malar eminence, ie.,
around the nose or mouth. Thirty-eight of
498 patients with facial burns and 5 of 319
patients without facial burns died from
tracheobronchitis or pneumonia (p < 0.01).
Although these data support the premise
that fatal respiratory complications occur
more frequently with facial burns, we think
it is equally important that the majority of
fatally burned patients with facial burns
died from nonrespiratory complications
over the 6-year period. Of 187 patients, at
autopsy, who had facial burns, 149 died
of complications other than tracheobron-
chitis or pneumonia (80 per cent).
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If thermal injury around the nose or
mouth implies that inhalation injury is re-
sponsible for subsequent respiratory com-
plications, then one might expect to en-
counter respiratory complications in pa-
tients who suffer facial burns without
extensive thermal injury elsewhere. There
were 59 patients treated over this 6-year
period who sustained facial burns, as de-
fined above, in association with less than
15 per cent total body surface thermal in-
jury. Not one suffered either a fatal or non-
fatal respiratory complication. This sup-
ports the premise that facial burns alone
do not constitute a hazard to the burned
patient. Also, there was no difference in
mortality between the 498 patients with,
and 319 patients without facial burns, using
probit analysis (LDjo =50 per cent total
body surface burn).

All deaths attributed to tracheobronchitis
or pneumonia, in association with facial
burns, occurred in patients with over 39
per cent total body burns. There were 299
patients with 39 per cent, or more, total
body surface burns and 241 had facial
burns (81 per cent). The increased fre-
quency of respiratory complications in pa-
tients with facial burns, therefore, may
indicate that severely burned patients are
more prone to develop tracheobronchitis
and pneumonia for reasons other than in-
halation injury since extensive thermal in-
jury occurs more often with, than without,
facial involvement.

Summary and Conclusions

A clinicopathological examination of 233
autopsies was performed to analyze the fre-
quency of fatal complications following
cutaneous thermal injury with particular
reference to pulmonary complications.

Over a 6-year period, the major fatal
complication in burned patients treated at
the Surgical Research Unit has shifted from
invasive burn wound infection to pneu-
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Fic. 8. Inhalational injury with deposition of soot
in the larynx.

monia. The decline in burn wound infec-
tion has been due to effective topical chemo-
therapy. The recent increase in deaths at-
tributed to pneumonia is considered real
in patients over 15 years of age and results
from the greater frequency of infective
lower respiratory disease found clinically.
A part of the increase in deaths attributed
to pneumonia may be due to effects of ear-
lier and more prolonged ventilatory assist-
ance and oxygen therapy.

Although inhalational injury occurs, our
experience indicates that the majority of
laryngeal and tracheal lesions found at au-
topsy are due to repeated trauma from
tracheostomies or endotracheal tubes.

Respiratory complications occur more
frequently in patients with facial burns, but
the presence of facial burns alone does
not constitute a particular hazard to the
burned patient. The increased incidence of
respiratory complications in patients with
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facial burns, in our material, may be due
to the increased occurrence of facial burns
in severely burned patients who are more
susceptible to infective lower respiratory
disease. Respiratory complications in less
severely burned patients with facial burns
have not occurred.

References

1. Cederberg, A., Hellsten, S. and Miorner, G.:
Oxygen Treatment and Hyaline Pulmonar
Membranes in Adults. Acta. Path. Micerobiol.
Scan., 64:450, 1965.

2. Fineberg, C., Miller, B. J. and Allbritten,
F. F., Jr.: Thermal Burns of the Respiratory
Tract. Surg. Gynec. Obstet., 98:318, 1954.

3. Finland, M., Davidson, C. S. and Levenson
S. M.: Clinical and Therapeutic Aspects of
the Conflagration Injuries to the Respiratory
Tract Sustained by Victims of the Cocoanut
Grove Disaster. Med., 25:215, 1946.

4. Lindberg, R. B., Moncrief, J. A., Switzer, W.
E., Order, S. E. and Mills, W., Jr.: The Suc-
cessful Control of Burn Wound Sepsis. J.
Trauma, 5:601, 1965.

5. Mallory, T. B. and Brickley, W. J.: Pathology
with Special Reference to the Pulmonary
Lesions. Ann. Surg., 117:865, 1943.

6. Moncrief, J. A. and Teplitz, C.: Changing
Cé)én‘fepts in Burn Sepsis. J. Trauma, 4:233,
1

7. Moritz; A. R, Henriques, F. C., Jr. and Mc-
Lean, R.: The Effects of Inhaled Heat on
the Air Passages and Lungs—An Experi-

Annals of Surgery
February 1968

n&nstal Investigation. Amer. J. Path., 21:311,

1 .

8. Nash, G., Blennerhassett, J. B. and Pontop-
pidan, H.: Pulmonary Lesions Associated
with Oxygen Therapy and Artificial Ventila-
tist’)(x;'.7 New Eng. J. Med., 276:368 (Feb. 16),
1967.

9. Northway, W. H., Jr., Rosan, R. C. and
Porter, D. Y.: Pulmonary Disease Following
Respiratory Therapy of Hyaline-Membrane
Disease. New Eng. J. Med., 276:357 (Feb.
16), 1967.

10. Phillips, A. W. and Cope, O.: Burn Therapy:
III. Beware the Facial Burn. Ann. Surg.,
156:759, 1962.

11. Phillips, A. W., Tanner, J. W. and Cope, O.:
Burn Therapy: IV. Respiratory Tract Dam-
age (An Account of the Clinical, X-Ray and
Postmortem Findings) and The Meaning of
Restlessness. Ann. Surg., 158:799, 1963.

12. Rabin, E. R., Graber, C. W., Vogel, E. H.,
Jr., Finkelstein, R. A. and Tumbusch, W. T.:
Fatal Pseudomonas Infection in Burned Pa-
tients. A Clinical, Bacteriologic and Ana-
tomic Study. New Eng. J. Med., 265:1225
(Dec. 21), 1961.

13. Report of an Ad Hoc Panel of the Committee
on Pathology of the National Research Coun-
cil on 41 Fatal Burn Injuries (1950-1953).
From Brooke Army Medical Center. Div.
Med. Sciences, N.A.C., N.R.C. Washington,
D. C. 1958.

14. Sochor, F. M. and Mallory, G. K.: Lung Le-
sions in Patients Dying of Burns. Arch. Path.,
75:303, 1963.

15. Taylor, F. W. and Gumbert, J. L.: Cause of
Death from Burns: Role of Repiratory Dam-
age. Ann. Surg., 161:497, 1965.



