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A REVIEW ON THERMAL BURNS

The tale of themmal burne is as old as fire itself, yet re-
enacted with each turn of the clock. Oraecian mythology teaches
that of all the animals man -was the last race cre~ted and in con-
sequence thereof, was most noorly endowed with physieal gifts. So
Prometheus stole fire from the hearth stone of the Gods on Moumt
Olympus and bestowed it as e gift which would set men apart from
all other animals. And so it has. But the sword with which civil-
ization was founded is a twg‘:-edged one and since time immemorial
the followers of Aeqculapius hqu sought to bring relief to those
luckless mortals who have felt its sting. (4) A review of all that
has trénspirod through the centuries v_muid 'eixia.il a narretion of
infinite length. Bueh a text would, however, undoubtedly reveal
that the treatment of burns, as the adage of history, has repeated
itself. Historically there is little new in this respect. At the
present time and for many years past we have amplbyed therapeutic
methods whieh were in vogue at one t;m; or another in the course of
the intervening centuries, and which have been recently reintroduced
and exploited. |
| Substances--animal, mineral end vegetable--upon which the
treatment of burns has importuned, ere limitless. Relief from
pein has been preeminent, and atteined, to a varieble degree by
anything which protects the injured tissues from the air, hence, -
salves, oiﬁhnents and oils have had their proponents among the

profession and the laity through the #gas. Hippocrates, in 430
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B.C., used a combination of oil and resin in the treatment of burns.
The use of limewater =nd oil, whieh was the forerunner of carron oil,
was recoried in the third cemturv, B.C. Aluyr and other astringents
were naed in the six‘tl_x century, A.D. Water bathes were used in
1858. Ta 1t used paraffin in 1964 dut it 4id not dbecome nopular
until 1915. Lister used boric acid compresses for burns exclusive—
ly and it is nossible that he had the present vopular infeection the-
ry for the toxemia of burns in mind at the time. The Chinese, in
8000 B.C., used a strong infusion of tea =s wet dressing which is
the antecedent of one of our most modérn treatments. In general,
one may say that burns haie pa?aed through periods of fad and fancy
without mach real investigation until the last fifteen yeeors., It
is to this latter period that this review will be confined in gen-
arai , °nd to those fertures which rromote the greater advance in
the nnd?rstanding éf 'bur;;s =nd their treatment, in particular.

Vuch has been done to establish s greater clarity in rogard
to the pathology of the local lesion, but most impressive is that
work which treats with the rerction of the body in genersl to sev-
ere buer. To understand both pheases prr‘ou:m pathology is essen~-
tial to good treatment amd it is this knowledge which has served to
decresse the mortality atte;dant upon extensive burns.

- —e wm e ow -

Burne are said to be but a type of trauma, thermal in this in-

stance, and tl;a\ma dbut a noxious influence which, when severe, over-
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taxes’ the compensatory and recuperative powers of the animal orcan-
ism. (47) The texm 'thermal burns® will be understood to include
only 1n5ﬁries‘ emad by liquid and by dry heat, or, scalds and burns,
respectively. *1th the occurrence of such a burn the question of
prognosis should arise and can be foretold to a degree when a cur-
sory examination of the patient and the burn is conducted to ascer-
tain the following dﬁta (77):
| 1. The nature ofthe burning. -
2. The age, sex, occupation end individual tolerance
of the patient.

3.  The extent of the bedy surface affe§tqd.

4, 'Bg; degree of depth of the burn involvement.

5. The particular regions of the body bt_;rned.

The knowledge thus attained when comnared with informstion
!{ased upon previous burn vatholozy serves as = reliable eriterion
of prognostic import.

Soalds are m;re ser:_lous than dry heat; and are responsible
for the worst sloughs. |

| The younger the patient the more ser:lgns ere the symptoms.
About 45 per cent of all deaths due to durns occur f‘rom birth
through the £ifth year. (’7§) 013 age is more apt to succumd to
the exhsustion attendant \fpon a slow and laberieus healing. Oco-
upations of salubrious nature tend to pmﬁispose physical resis-
tanca» 1;0 deleto_rim_x# influence varving in direct proportion. Cer-

tain authors propose an individual resistance.(91) Burn mortality
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is greater for the female than the male.

According to Pack and McLeod tﬁe extent of the burn is more
important than the depth. Most burns of first desree are fatal if
two thirds of the body surface is involved. All burns of second
degree ere fatal in adults if one third of the body 'sm'face‘is in-
volved (64), end in children if one seventh is involved.(16) All
" burns covering one thimd of the body surface sre extremely =sor:_l(ms;
if not iminently fatal,  All durns covering one tenth of the body
surface should be eonsidered serious. Berkow's work is _us?ful in
the estimmtion of the extent of surface lesions, He oonelu&es that
the lower extre@!ties, including the buttoeka, comprise 38 per cent
of the body surface; the trunk, including the neck, 38-per cent;
the upper sxtremities 18 per cent, and the head 6 per eent. The
hand is one quarter of en unper extremity and the amm three quar-
ters. Of the lower extrami,ti the foot is one sixth, the leg one
third and the thigh one half, 'I‘hg area of the head is divided e-v
qually between the face ahd scalp. : |

The d_epth of the burn is of less importance than the surface
aree in caleulation of mortality. However, in the consideration of
cosmetic and functional results the depth of penetration is of much
interest. In this respect burns have deen classified as to degrees.
These, in the literature, may be found to vary in number and inter-
pretation thereof. In America and Germany this eiaséiﬂcation in-
cludes three degrees, whereas in France 2nd England six degrees are

used to denote the various depths.
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American c].aeq itieation
1. Erythema.
Be | Vesicle and bulle; formation.

3. E_séhar formation and gmnorene.

French (Dupuytren's) Classification
1. Erythemm of the skin!

2. Vesicatioh.

]
.

Destruction of the cuticle and part of the

cutis vera; the tips of the pap_ﬂlary' down-

growths rem-ining intact. |

4. Destruction of the éntire integument and part
of the subc@aneeus tissue. |

5. Encroachment on the muscles.

6. Disorganization and cherring ot; the tissues.

It must be realized, however, that the morbidity and mortal-
ity attendant upon a burn is depemdent upon both surface srea in-
volved and degree of penetration. Burns of the fourth and fifth
degrees ére att.ained withb the sewersst toxemis, becéuee of the a-
mount of tissue destruction; further, they command consideration,
because of the cicatricial contractures and deformities consequent
to their healing. Assuming equivalent total areas and degrees,
multiple and scattered burns have hraver prognostic imvortance than
a single cont 1nuou; burn, because the former, although ult‘imately

healing quicker, is less conducive to rest and 1nterfere§ with the
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ease of dressing.

Burns of the scalp are peculiarily susceptible to efysipela-.
tous inflemmation, but are not so aftén followed by cerebral mis-
chief as one would think. When the burn is limited to th§ extrmn-
ities or to the back, where the tizick dorsal ﬁ\lScles serve as ef-
fectual protection to the subjseent viscera, the outcome is en-
coursging. However, burns of the abdomen, with the dangerous vis-
ceral proximity, have the hnighéat mortality. Burns of the genita- a
lia, the anterior thoraéz ic region and the fasce (ofer the area of
trigeminal dxﬁtribﬁt ion! csuse symptoms and dangers fayr out of pro-
portion to their area allotment. Mucous membrane involvement, es-
pecially of the pharynx ana 1a§ynx, adds t§ the gravity of the case,
Burns of the rlmf surfaces are more serious than on the extensor
surfaces.

Verious factors of concern such‘ as shoek, toxieity, infection

and complieations will be considered in more detail in the emsuing

ages.
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PATHOLOGY

The local lesions discussed in accord with Dupuytren's classi-
fication are weli described by Gunn and Hillsmen (43), 1935, in the
following excerpt.

FIRST DEGREE--This consists of simple erythems with vascular
reactions similar to that of any simple inflammation due to‘ the =c-~
tion of an 1rr1‘l.:ant. It is essentially a reflex and e:;udatife re-
action. The reflex phase consists of contraction followed by dile
atatiorn of the arterioles and ivemles, resulting in an increased
flow of blood to the affe&ted area ~nd a loesl stagnation of the
current. This n=turally causes the redﬁess and increased he~t in-
variadbly associated with this type of durn. The exudative reaction
is explained by an increased capillary pemmeadbil ity amd co'nsisfs of
an infiltration of plasma into the tinfsue' spaces, the migration of
leucocytes, and the diapedesis of red blood cells., Within e few
days the outer layer of th.e‘ epidermis separates and peels off.

SECOND DEGREE--This is essentia}_ly a degree of vesication.

The epidermis nﬁdergoes true éoag_ulation necrosis. By virtue of

the 1n$mase& cepillesry permeability the:e is =2n exundation of serw
ous fluid and filtration of leucocytes from the tips of the papillae_,
resulting in the formation of blebs and bullae. In mild cases the
exndation_ oceurg within the evidermis and leaves the basal cell
lsyer intact, thus forming the bleb. In the more serious cases the
fluid eollects in larger amounts beneath the full thickness of the

epidermis, resulting in larger and more serious bullae. In the
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very severe cases the fluid may even resembls plasma and in ‘such
cases organization of the fibrinous mﬁate is more likely 'to fol-
low than ebsorption. It is well to rem;ember thet in this type of
burn scarring may take place, particularily if infection compli-
cates the pieture. |

THIRD DEGREF=-~In this the epidermis is entirel;f destroyed as
is part of the corium. Its distinguishing factor is that the inter-
papilla:‘ry processes remain intect. A‘I'Ahe papillae appear as a re-
ticuler framework containing serum, bits of persistent living epi-
thelium, leucocytes and fibrin, The papillae show as red poimts
on a white background. Two things should be noted about this type
of burn. First, the @Sed nerve ondé in the interpapiliary PYO~
cesses remain intact and es e consequence this is the burn accom-
fanied by the most severe vain, Secondly the sebaceous glands,
the hair follicles and the sweat giands'-am intact end will regen-
erate new epithelium providing infection does not destroy their epi-
~ thelial cell lining,

POURTH DEGRFE--In this there is destruction of the entire thick-
ness of 1ntegmezit éml. complete &1sorganizat ion of the skin involved.
If the treumatizing factor is dry heat this area will vary from
brown to black in color, be insensitive and leathery to touch.

If on the contrary moist heat i8 the agent the affected eres will
be white, insensitive, end finger pressure will not induce the
usual color changes. Sux;rounding thf;.s zone will be areas of lesser

degree burns, shading off from a third degree to a simple hyperemia
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of the first degree. An acute inflsmmetory process starts very
early snd the eschar retracts leaving a groove between the dead
and living tissues. Sloughing of the dead tissue begins and is
campletely normal within two weeks. At the_same time pz;oli»feration
occurs. Fi_brinoua exudation upen the surface exerts & chemotactic
action upon the new tissue cells. The capillaries proliferate
tufts of endothelial cells accompanied by a new growth of fibro-
‘blaata, to grow along the ribr.inous framework after the manner of
_hesling by secondery intentionm. ?he endothelial cells hollow out
to form arches of new ¢apilleries ziving nourishment t6 the grow-
hqg tissue. Scarring and cp_ntracture deformities result.

FIFTH DFGREE--This typs of burn varieé only from the fourth
degree in that the underlying muscles sre involved. 'n;q resuiting.
scar is, as a consequence, more deforming and may cause great func-
tional impairment. Th_e scar has e great tend=ncy to break down end
ulcerate.

SIXTH DFGREF-~In this degree the tissues =re carbonized and
the heat may even fracture the underlying bone., It is usually seen
in theAvery severe type of burn involving 'the digits and demands,
invariably, amputation of the part.

If a burn undergoes an exhaustive suppursting process, the
emyloid infiltrati-n of the viscera, which se commonly follows chron-
11_: destruetive infections is likely to ensue,

In eddition to this local vrathology, Pack(75), 1926, disclosed

numerous pathological msnifestations effected t;{pon remote tissues
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and ergans by the toxemia or sépsis arising from the burn site.
His observations ere ennumerated as follows:

NERVOUS m-—mey re.vmals hyperemia of the brain and
meninges. The arachnoié vessels vay be engorzed with blood and eon-
tain occas_ional thrombi. FKorlenko (55) states that the sympathetic
nervous system is seriously ‘involved. “The cerbral cortical cells
and ganglion cells are not infured except in the instances of shocek,
in which the nerve exhaustion is accompanied by chromatolysis or par-
tial destruction of Nissl's granules. (Crile)

mms--'me lungs show coﬁgestion and may contain fibrinous
lplugs. Thrombi have been reported in the smmller branéhes of the
‘ puimonary artery, exerting edditiomml strain on the right ventricle.

KIDNEYS--The kidneys due to the excretion of the tissue toxin
suffer an acute glomerulﬁ;is. Cloudy swelling =2nd fatty degener-
ation appear later in the proximal convoluted tubules. With severe
burns ﬁecrotie foeci become abundant in the kidney =nd grow l=rger
and more extensive as the toxem‘a persists. These necrotic sreas
incite cell multiplication, and = proliferative process results,
with irreperable dsmege ,fo the kidney., Hemoglobin pigment is form-
ed in the kidneys, being moast abundant in the strsight uriniferous
tubules, slthough occﬁrring also within Bowman's capsule and the
eonvoluted tubules. This blood pigment is resnonsidble for the dark
brownish red color of the kidneys, as deseribed in necropsy reports,
and which has erroneously been attributed to excessive hyreremia.

This hemoglobin is excreted through the slomeruli end appears in the
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ADRENALS--The adrenals in burned patients may inerease to four
or five times n-rmel size. The zlands are swollen #nd deev red,
due to hyperemias ~nd ecchymotic sreas of hemprrhage ~mone the par-
enchymal cells. These pathdlogical changes are more or less in
direct proportion to the burned aren. The type o; .c,h_anée_s is 5ﬁu-
ilar to thet occurrimg in diphtheria intoxicstion and ansphylaetic
end peptone shock. The epinephrine content iz low or absemt.

HEART--In the heart, suhendooardisl and subepicardial hemor-
rhages are often found. If toxemia hes persisted for sufficient
length of time the csrdiec musculetitde exhidbits areas of hyniine
and fatty degenemt ion and necros;s of the nma;éle fibers,

LTVER--The liver often m-nifeste hyperemin, focel necrosis
and prrenchymatous degenerative lesions. |

SPLEEN--~-The spleen is usually softened and enlgrged. Focal
necroses oéeur in the ualpighia_n'b‘odies. The lymphoblasts undergo
keryorrhexis and karyolysis and sre rapidly ingested by phagoeytie
endothelial leucocytes. 'l‘he latter cells may proliferate so rapid-
ly thet they completely fill the Malpighisn bodies nand are bordered
peripherelly by a narrow rim of lymz*:hocytéa. These lesions reach
their heicht within '?2 hours after the injury. ILater the lymphoid
nodules appear homogeneous, due to hyaline deseneration chenges. (114)

IYMPH cmms..m germinal center of the follicle is first e-
dematous. Swe_i;im and distortion of the lymph cells of this aree
are soon followed by necrosis and dissolution, the ch»nges gradually

extending peripherally. Mccréa(sg) states thrt there is a prolif-
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at_ion of phagoeytic endothelial cells identical with that seen in -
typhoid fever and other acute infedt ions,

BONE MARROW--Necropsies on human subjects and dogs reveal fo-
Qal necrosis, if ‘the subjects live long enough to permit the start
of an active leucopoesis. PBurn toxin in mild emounts is positively
chemotexic for iencocytos and stimulates the bone marrow to in-
creased act iﬂty, ﬁ,ﬁt, like many other irritants, -n excegsive
quantity destroys instead of stimuletes.

GASTRO- INTESTINAL TRACT--Swelling and pathological changes of
thp solitary and agminated lymph follicles are similar to the le-
sions described in the other lymph struestures. There is a general-
ized hyperemia of the mucous membrane of the stomach and intestines,
particularly in the ileum near the cecum. The peptic (Curling' s.)
ulcer will be considered later.

SEROUSB GAVITIES--'n;e pleural, peritoneal and joint eavities
are prone to contain an accumiation of serous exudate, expseeially
with a burn or a seald in the skin overlying the serous eavity. The
exudate is occasionally hemorrhagic.

This evidence proves beyond doubt thaet the body ss & whole
is subjected to the insults of some malific substance in the cir-
culating blood. The acknowledgment has stimulated extensive =nd
1ntex;sive experimentation ~nd elinieal investigation hoping fo ap-
prehend the occult marauder. At this writing the finger of _gu-;lt
gseems to incriminate & toxin or infectious rrocess arising in the

burn site and tresnsported in the blood, or, » change in the blood
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itself, this in the form of a marked concentration, or an alter-
ation in its biochemical constituents. These considerstions will

be discussed at greater length presently in their proper sequence.

- asem anap med wBew ceem Gnee W=

The present status of thermal dburn pathology, hence, permits
an axiomatic stend upon the existence of eonstitut_ional phenomena
arising in consequence of, and concomitant with, the locsl manifes-
tations. However, the noteadble inconsonance on this subject ceauses
no 1;1;t1e tfopidat‘ioﬁ and coﬁcern in seeking 2 manner of presente-
tion which will be in accord with the bulk of evidence and =t the
same time afford a practical conceptioﬁ of the whole.

Qne can, I b‘e_liefe, derive the greater understanding of the
situation by assuming the phenomena of thermal burns to be a se-
quence of events which _exhibit definite reflex, diochemical and
toxic menifestations. To this end, five phases (120) ere ennum-
erated:

l. Primary shoek

2e Seéo.ndgry shock
Be Aeute‘ toxemia

4. Septic toxemia
5. Healing

As will s&on become evident, some of these phases m~y be ac-
tive at the same time, but this division assumes th=t their manifes-

tations will be maximal at that specified period. Before making fur-



-14-

ther concessions to this seemingly categorical classification full
knowledge of the involved characters 18 essential, hence, a review
of clinical and experimental observations is mecessarily apropos.
Irrespective of the clarification proposed by this evidence the u-
nirorﬁity of :osultg obteined and the pafadoxical divergence pf -
tiological contention is not a little c¢onfusing. The most di;quiet-
ing reaturp is that proof in most cases seems conclusive,

Previously‘the chief theories as‘td the origin of shock were
the nefvounAanﬂ toxic theories. In 1930 = phy31§a1 theory wae in-
troduced snd recently the ad:enal gland has dbeen implicated.

It is to be remenbered, 2s pointed out by Simonart (94), 1950,7
thet the problem of shock in burns may be quite separate from that
of shock due to other types of traume. | 3

Herkins (47), 1928, in an excellent article, summarizes the
varion§ theories of burm shock under the fblléwing heads, which will
serve to segregate the features in the ensuing disecussion:

A. Nervous and adrenalin theory.
B. TFluid loss (physical) theory.
C. Toxie_ theory,

D. Bacterial theory.

NERVOUS AND ADRFNALTN TREORY--Underhill, Kapsinow and Fisk (107),
1930, believe that the first 111 effect of & sévero burn mey be &
reflex shock phenomenon due to pain and frdight. They have noted
thot ir animals burned under anesthesia the primery shock seen in

the clinical stage 4id not gecur. Lee (58) states thet wound shock



~15~

in burns is greater than in any type of treumatie wound because the
skin denudation and its consequent exposure ~f the myﬂad of sensi-
tive nerve terminals, pemiits irritation and gross insult to the
nervous system. Harkins (_47‘) contends that a purely nervous theory
is not generally held, varymgb 1nv this respect with traumatic shock
in ééneral »v.r.here many workers support a purely nervous theory. In -
burns th;a mediate effect cf the peinful injury mey be synecope, or
a primary type of shoek, rut usﬁally by the time *he physician sees
the patient this is ~ver,

Several separate theories have been att-ched to the adremals
alone. 'Bo.th medulle and cortex have been indicted separately, and,
several authors, arguing chiefly from neeropsy evidense, have at-
tributed death to the adremals as a whole, Herkins {47), 1938,
noted no pathologie changes in the adrenals in five necropsies.
Weiskotten (113,114), 1917, 1919, on the other hand noted adrenal
changes in ten necropsies following uncomrlicated superficial burns.
Numerous other end later authors have likewise found evidence to in-
culcate the adrensls. Brooks snd Blaloek (17}, 1934; however, pre-
sent evidence to show that somewhat similer ch’aing_es will follow
hemorrhage =nd trauma to muscles indiceting thet theylére not spe-
eific to })urng.

Freeman and sssociates (35_-58), 1935-1937, have proposed =
theory of shock that consists 'i'nbes"”sentially an overexcretion of
adrenalin to keep the blood pressure near normal despite = lowered

blood volume. If the blood volume decreases more, and this it tends
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to do because of the capillery exudation with inere=se arteriolar
resistance, the incressed adrehﬁl output ecan keep ‘the blood ;éres--
sure compensated only so long, and them it eollarses. Thus, this
theory 'suggests that an overproduction of ad%enalip is a factor.
Saito (88), 1932, ﬁelieves contrariwise, that in burns a deficiency
of adrenslin is the chief factor end he hes prolonged the lives of
'_experhﬂentally burned animels by intraperitoneal injections of a- |
drenalin. | '

Other writers have accused the cortex as being the site of in-
jury with iasnltant hypofunction and death. The reported experi-
ments tending to show a similarity between adremal cortex insuf-
ﬂéiem;y and trasumetic shock. The injection of *ecortin' was seid
;té Qont_rol the insufficiency and combat the shock. Wilson, Row-
ley and Gray (121), 1936, have taken the practical apvlication of
extract in three cases of burns, two of which they believe would
have diad.o.therl;rise. However, they mention that no sweeping con-
clusions can be drawn from this small .series.

' FLUID I0SS (PHYSICAL) THEORY--Underhill and his asspciates
(101-109), 1930, were the first to draw attention to the extensive
local loss of fluid in burns. The ._hémoconcentrat ion resulting from
such fluid loss hed been reported sarlier by Bareduc (2), 1862;
Tappeiner (98), 1881; ook (52), 1897; end Locke (59), 1905. Un-
derhill and his associates produced experimental 'burm; aﬁd found
that the edema at the site of the burn reeched a ma:m at the end

of 24 hours and was resbsorded in five to six days. Chemicel an-
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alysis of the edema fluid showed it to be closely similar to

blood plasma. Underhill measured the amount of this edema fluid
by squeezing it out of the soggy tissues and found it to 'b_e equal
in some instances to 70 per ,ceAnjt of the total blood volume. Loss
-of such fluid 13’ of much more ser_iéus conseqnence. than loss of an
equal amount of mere watery transudate. As Harkins (47) has point-
ed out, a ,Qemn can urinate three 1}ters a day, but can hardly
rart with é s_imi}ar amount of blood in the same time.

Blalock (11), 1931, determined the amount of fluid lost into
the tissues by bﬁrning one side of an animal and then biseoting the
2nimal anﬁ weighing the two sides. In a series of burned dogs the
edema fluid averaged 3.54 per cent of the body weight (sbout one
half of the bloodlplasma volume), , In plasmapheresis experiments
Blalock found that 3.5 per cemt of the body weight of plasma re-
m&ved w-ould kill the snimals. The edem=a fluid in Blalock,';s exer-
iments was similar to plesma 8s shown by Beard and -Blg_lock (6),
1931, and hence, in ihe burned anht;als enough plasma was lost to
ki1l them alone without invoking the action of any toxin at all.
Harkins, hcmever,. mekes no such sweeping conclusion. Johnson and
Blalock (54), 1931, next showed that :the cerdiae output was marked-
ly jdec:eased following burns.

lﬁrkins (46,47), 1934-1935, rerformed exveriments confirming
Blalock's date when unilaterally burned znim-1ls were besected.
!‘uréhemxore he placed the burned animals on a tinping apparatus so

thet a8 the burmed side grew heavier = kymographic tracing measured
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the weight shu‘t. This furnished a graphic method of recording the
local acctmmlation of fluid in experimental burns. The aceumula-
tion begen at the time of the burn and wnt:l!_med in the form of
decelerat ing curve until death. Accompsnying the oollecfion of
fluid was gimultaneous 1ncraasé in the percentagze of hemoslod 1ﬁ
and in the hemoerit readings. After most of the fluid had accumu-
lated, the ral_l in blood rressure sét in and continued rapidly un-
til death occurred in a stete of secondary shock. Harkirs also
showed kthat the bleeding volume of burned animals is merkedly de-
oreased. It is interesting in this connection that histamine did
not appraciaﬁly lower ﬁhe bleeding' volume under similar experiment-
al conditions when it has lowered the blood preésnre tq shock level.
- Schievers (89), 1936, has shown that the bloot‘l’ voimne is reduced
by as much as 50 per cent in erxperimental burns. He attributed
this partly to theb ﬂestruetion of red cells but mainly to trens-
udation of plasme. This work fits in with thet of Harkins on bleed-
ing volume and along with those of Simomart(93), 1928 , 18 one of
the bases for Schiever's suprort of the physie=l theory.

| MelIver (71), 19373, pr_ésented some evidence theat may be taken
to support the pl;ysical theory. He showed that in human fat.ients
the blister ﬂuid was similer to blood plesma and thgt the hemo-
globin and hematocrit readings were markedly increased in such pat-
ients. |

‘Gunn and Hillsman (43), 1935, heve concluded that secondary

shock 1s due to en actual reduction in blood volume. Locke (59),

i
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1905, found a red count of over nine million in four of ten dburn
cases =t the Massachusetts General Hospital. Weiner, Rowlette,
ard Elman (;12), 1936, reported marked blood concenmtration with
most red coxin;t"s above six million, two being over eight million

in 40 burned patients. They pointed out that the low plasma pro-
" tein, due in this instance to plagma loss, is quite different from
that in dehydration from diarrhea or vomiting wheme the plasma
protein is elevated, being in some instnnces over 10 gms. per 100
ec. In this McClure (68), 1936, pointed out that very nt'clé of
the fluid loss in burns is due to evaporation, the slight 1n§rease
being due to increased surface temparafure.

POXIC 'I'IEGRY-From the very start of the interest im burns,
the ﬁoxic theory has baex;_ to the foreframt as an explanation for
t&e cause gf shoek and resultant death. Scores o: poisons have
been indicted, more often on an entirely empirical or theorptidal
bagis, and the ver§ _nmn'ﬁor of suspeéted toxic substances is one of
the chief evidencqs against positive proof for a toxic dbasis. On
the other ﬁgnd juét because som.e work has dbeen agsinst a toxic
theory for deeath in ¢ther kinds of shock t!ﬁs has no absolute bear-
ing on the subject of bun':s,i for they represent a separate problem.

Parascandolo (?8); 1994, was one of the early experimental
proponents of the toxic thé:ory.l In work on rabbits he reported
that death was due to toxic poisoning caused by a eirculating sub-
stance acting on the liver and “idneys &s well as other organs

causing fatty degeneration. He 2lso reported the blood of burned
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rabbits was toxic whem injected into other animals, In an exten-
sive monograph, Pfqiffer (79), 1905, in experiments on guinea pigs
and rabbits that déaths in the fiFst two té six hours are due to
shock, while thereafter they are céused by decomposition procucts
of burned protein'which he reported to heve isoleted.

Robertson, Brucé and Boyd (84), 1923, revorted very definite
results in the_irf search for a burn toxin, After producing skin,
subcutaneous 2nd muscle burps experimentally, they reported finding
a burn toxin that was present in whole blood and cell;, but not in
fhe serum. Therefore it was absorbed on the cells. They revorted
that aleoholic extracts of dburned skin would rerroduce symptoms
ﬁhen injected intraperitonealiy or intravenonsly irn experimental
animals, bﬁt that these results did not follow the injection of
similar oxfracta of normal skin or skin burned after death. They
reported that blood from burned animels 1n39¢ted into guinea pigs
produced toxic symptoms and "autopsy findings in the fatal cases
_Were identioal with those seen in burned esnime=ls”. They claimed
to have separated & thermostasbile neufotoxic and a thermolabile
necrotoxic element in their toxin, whieh toxin consisted of pri-
mary and secondary vroteoses. Because of the presence of this tox-
in they advised exsanguination transfusion sand eoncluded: "From a
pm:gly e¢linical point of view, that the burned tissues are f‘asg:onp
sible for the production of soms toxin which is taken up by the
;1ood stream.”

Underhill snd Kapsinow (109), 1931, repeated the work of Rob-
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inson and Boyd on the injection of alecoholic extracts of burned
skin and reported that the control extracts were fully as lethal

as the extracts of burned skin and the lethal factor in either éqse
was merely the aleohol. They correlated the irrecsular action of
the control extracts with a lack of a statement in Robertson ~nd
Boyd's papers on the number of contréls done. Underhill =nd Kap-
sinow corcluded: "Our experience with burns leads us to doudbt tle
existonce of a 'burn toxin', and to believe that the persistence of
this viewpoint is 'Qn obstfucti‘on in the way of c¢larification of the
burn problem.”

Underh‘i‘lii, Kapsinow and Fisk (108), 19%0, vresented data which
~8howed ebsorption of such substanees‘“:a%‘st’rychnine and phenosulph-
othalein from burned areas. Since there was fluid loss from the
capularieé they found that these sbsorvtion exveriments showed
that the inereased permesb il iﬁr was in one direction only, namely,
from the blood into the tissues. Mason, Paxton, and Shoemaker (e2),
1936‘, performed oxi)eriments somewhat similar té the preceding ones,
only they used a anstanee of low molecular weight for their ab-
sorption tests--sodium iodide, This was excreted in almost iden-
tical quantites in the urine of burned and control animals after
subcutaneous injection, the injection being made in theveaso ot
the burned snim=ls into the ares on the abdomen six hours after
burning.
Harrison and Blalock (50), 1932, verformed experiments, the

results of which opposed the toxic theory. These were repetitions
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of experiments that had been reported by others as faworing the
toxic theory. (1) The transplanmtation of burned skin had no ef-
fect on-%he reciiiéit'animal. (2) The effects of ddbriéement on
the surviyal of buinsd dogs: The survival averaged seven and One-
half hours in the debrid~d series and gev;nteen and one-half hours
in the control dogs. (3) Transfusion ofbblood from burned to nor-
mal dogs was without efreéé. BlaiOck;and his associ~tes (6,11),
1931, repci‘ted work faib:mg the loss Qt plasma-like fluid beﬁxé
a—ﬁotenficaﬁée or.death following burns (section on physieal theory),
but Mason énd others (62), ;956,_quote him as saying 1n.;954: "I
balig;e that deaths whicﬁ.oocur from three to ten days foliowinéi
"severe dburns are due in 1arge-part to edbsorption of protein de-
caMpoéition pfoducts'. Straus (96), 1937, was unasble to isolate
substances in burnediéu{hea-piga wﬁich, when injected intorother
animals, would act like a toxin.

Japanese investigators, on the other hand, have practically
{nvariably supported the toxic theory. Nagamitu (72,73), 1933,
1935, found that blood serum or fulid perfused through the burhed
hind Yimbs of dozs or rabbits wh;n testéd on cats blood pressure or
gninesrpigs uterus or intestine showed » histamine..like derressor
action. However, the action was not abolished br histeminase.
Shimada (9#), 1934, believed that the burn toxin is nothing other
thﬁh histotoxiﬁ:ﬁhich can be differentiated from histamine bdy its
action on the toads kidney. Mimv (65), 1934, perfused the burned

hind legs of rabbits and found a toxin. Inouye (53), 1933, has
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seen sutopsies on three burned patients with changes in the ad-
renals. He believes the chenges in burns are ruch the same as
those cause by strychnine, besrium chloride snd picrotoxin. He
said that Pfeiffer (79), 1905, attridbuted these changes in the =d-
renals (disappearance of 1ipoid bodies, 1088 of chromaffine affin-
ity, her&brrhage, hyperemia and focal necrosis) to- the accompanying
low blood pressure due to shoqk. He further gquoted thsko, M-
ata and Niemeyer s poatulatling that a toxic ection caused the ad-
renal changes and the adrenal injury in turn kilied the animal.

On the other hand, Takeuchi said that the adrensl changes are only
a part of »the‘ general picture and not the direct cause of death.
Inouye himseif adhered to Takeuchi's theory but believed also that
the adrenal dmngge may be one of the factors in the caus~tion of
death. Murai (66), 1973, has studied the effects of 1njectioné
of heated skin and grstric mucous membrane extracte, £inding the
former more toxic. Ravdin and Ferguson (80), 1925, and Davidson.
(26-30), 1925,1927, favored the toxie theory. .Davidson's whole
ﬁannic acid therapy wes founded on the concevpt of prevention of
toxin production by the absorption from injured or autolyzed tis-
sue. Herkins, Wilson and Stewsrt (49), 1935, presented work that
was evidence against the toxic theory. They made protein-free ex-
tracts of normal and burned skins of rabbits by means of trichlor-
acetic acid extraction. 'ﬁ:e extracts of normal skin contained an
apparently identical depressor substance. Such substances showed

no increased depressor activity, but sometimes a diminution, which
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is probably due to dilution of the derraessor content of nowmal
skin by edema fluid. Latq;, Wilson, J’efijey, Resburgh, and Ste-
ward (118), 1937, again used rabdbits as the experimental animal,
but this time they did not use protein-free extracts and this time
the extracts did show evidence of toxic prt;perti_es and, when col-
lected 48 hours after burning, it was frequently lethal to healthy
aﬁimals of the same species. The development of toxicity was in-
'dependanf of the action of bacteria and seemed to be related to the
autolysis of injured tissue. The toxic vrinciples were associated
mainly with-the globulin fraetion ~nd their action was on the ner-
vous and circuleto;'y systems and in the production of degeneration
of liver cells. | |
Bernhard (9), 1936, found that extracts of an experimentally
burned skin were toxic when injected into other amimals. From '
autopsy changes in a girl aged four years dying 17 days after a
third degree scald of the left hand 9 by 5 ¢m. in aree, with the
observation of changes in the heart muscle amd kidneys Brenmer (12),
1936, favored the toxic theory. The size of this burn =and desth
after the time when infection ha§ taker; place might indieate that
death in Brenner's case m;gr;t be due to infection rather than suto-
lytic toxins. It is tq’be pointed out that one &=finition of a
burn is "an infected wound >produced by heat®. Catiano (18), 1882,
believed that when ammonium formate, derived from ‘the sweat, was
heated in the process of burning skin, it lost water =nd became

HCN, the csuse 6f the toxic action of burns.
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Barsoun and Gaddum (5), 1938, reported a rise in blood histamine in
bﬁrﬁeﬂ patients reaching = feak of five times normal seven days af-
ter th'e‘burﬁ. They stated, however: "The relation of this rﬁe in
Slood histamine‘ to shock is uncert~in, | Thqre wng no clear svidence
of aﬁ correlation between blood histamine ~nd the éiinical condi-
tion of the' patient®. The rise was probably due to interference
with the function of the kidney,s or other histamine excreting mech-
anisms. The rise occurred later than the timé of the secondery
shock, but the writers attributed this to the fact thet the pe- '
tients were myptiqnl |

Fender (35), ﬁléas‘, gave an excellent review of much of the
earlier work favoring the toxie theory, 1isting 17 toxins proposed
by 34 different workers, and showed that mrny of their exponents
were open to question {see Teble I). Merely bocause‘ there is con-
fusion as to the mane of the toxin is of course nof 'evidencve 8-
gainst its pi?qsance. Fender rounfi changes in the spleen =nd 1yn§ph
glands of burned radbbits, ’but he Wéoneluaea: "The theory of caus-
ation of demth by a toxin canmnot be said to rest upon adequate ex-
perimental evidence at present®. Simonart (94), 1950? also found
no evidence for a2 toxie action. Lesser, 1880, attr‘iﬁ;ted -the toxic
action of dburns to a functional impairﬁent of ths red cells thet
pess through the burned srea meking them foreign to the organiem
and giving rise to snemia in the functional senmse.

A session of the 1937 French Surgical Congress (39) was de-

‘voted to the subject of burns. Pierre Duval gave a report favor-



Table I

1

. Partial List Of Toxins Postulated As The Result Of Burns

-

No., Toxin - Author -
"1 - Ammonia ‘ Edenbuizen
2 Ammonia and urea Billroth
3 Fibrin . Foa
4 TUren Ponfick
5 Hydrocyanic aeid Catiang (15)
6 Ptomaine , Lutzgarten, Kitjanitzin,
- Parascandolo (78)
“? = Pyridine base Reiss
8 Hemolysins and hemo- ;
agzlutinins Von Dieterrichs
9 Choline-like substanee Kolrausch
10 Methyl quanidine Heyde
11 Diamino acids Eden and Herimenn
12 Primary and secondary
proteoses Robertson and Boyd (84)
13 Peptone Olbryecht
14 Inorganic intracellar
material Tu.rpk

15 Unspecified protein
: cleavage products Pfeiffer(’?Q) Fraenkel and
: Spiegler, ancate, I1
: ERETR : Seung 0, Nishimura
16 TUnspecified toxin Avdakoff, Boyer and Guinard,
McCrae (69), Scholz, Vac-
arrezza, Bardeen(3), Weis-
kotten(lli!x), Pack('75),
Davidson (26-30), Speese
: and Bothe, Weiéam‘;'eld
17 Potassium salts Sch jerning

18 Toxalbumin Dorrance and Bransrield
19 Anaphylaxis Tuder
20 Abrin and ricin-like

toxin Stengel and Fox

Adapted from Fender(s5), 1933, and Pack(75), 1926.
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able to the toxic theory. He believes thst autolyzing tissue =t
the site of the burn sots as a toxin. He reports that in animals
it was found that repeated burns conferred a state of sansitiza-
tion, whieh in turn confers a certain imminity or resistance to-
ward burns.

The experiments of Rosenthal (65‘87’i'1937' are one of the
 most recent units in evidence of the toxic theory. If these can
be contiimed they certeinly represent strong reasons fbi aﬂop?ing
this idee. Rosenthal found a substance in the blood of burned
ahoats; adult pigs, guinea pigs, snd humen beings th~t caused con-
traction of a virgin guinéa pig uterus. The substance was at first
linked with the red bBlood corrpuscles, ﬁut it was lster found in the
serum. It differed from histamine in seversl iays. The sera of
shoats, figz and human beings thet were burned were tested on the
guines pig ntérus. However, normel serum has this action to some
extent. No controls using blood concenxrated by some other means
than by burning alone were used in these expgrimonta.

BACTTRIAL THEORYV~-Aldrich (1), 1973, aroused interest in this
theory and to combat bacterial aétlon gentien violet wes intreduced
as & method of treatment. For the first twelve houre, the burn
areas were found to be nteriie. After this period {t was found
that in ebout 100 per eent of the severely burned patients and in
a large maiority of the minor burﬂs the beta-hemolytiec or garmma
stroptococcns eould be grown from repeated cultures. The concen-

tration of these ‘organisms inereased with the obvicus signs of
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sepsis and the beginning of toxicity of the patient, until after
48 t0 56 hours pure cultures of the st:eptocoécus would be obtain-
ed heving outgrown all the other organisms. Coine idéntally, the
charsgteristic b=4d etfeets of the burn were shown by the patient.

Clark and Cruicksherk (21), 1935, believed that infeetion of
burns, particularly by Streptococcus hemolyticus, is common even
with tannic ecid and is responsible for the fever ~nd toxemia dur-
ing the first rou;- or ﬁye days of the illness. Therefore, fhey
added 20 per cent dettol to the tannic acid emd ever;» suggesﬁad the
administration of sca:let fever antiserum. Cru_ickshank (25), 1935,
repo;ted detailed bacteriological studies of burns. He b;ii;ved |
that the high incidence of ini'eetion‘by this ofgﬂnism i{s probably
tgvomd by .the congregation of patiaﬁts in wards, a§ he discovered
hemolytie streptocoeci in the throats of patients more frequently
during their first week in the hé;pital than at ’any other time of
thsir admission; these bdacteria vwere numeréus in the atmosphere and
dust of the wards in which the dburns were treated.

Harkine (46e), 1936, reported that in a series of burns the
only two fatal cases within the first three weeks resulted from
sepsis. The first of these was » male, aged 44 years, with second
glegree burns of the left leg, face, neck, .thorax, and arms; third
degree dburns of hands end forearms, following a gas~011ne sxplosion,
}Blood concentration with hemoglobin, 140 per eent, and rgd count,
7,200,000, was noted 24 hours later. On the seventh ;lay pyarthro-

sis of the left knee due to Streptococcus hemolyticus w_ith a fever
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of 106.6°F. each st“khe last six days of life and at necropsy a
typieal Gux;l_ing's ulcer was roﬁnd. These cases demorstrate that

not only many of thé* toxic monifestations vresent after the first
few days but =lsc some of the com‘)licatien@or burns mey dbe explain-
od on the basis of a sépticemisa, gl*hough this is not conclusively
praved. However, these cases do not have marked infection dﬁring
tpe first 24-48 hours, which is the time when éhock with blood
;oncentrat jion and low }_)lood pressure, low cardise output, and low

‘ blood volume occur. Death from t;rue secondary shock usually occurs
in the first day after the purn, which is earlier than infection be-

comes active.
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Blood Chemistry Changes ?,rqduced By Burns

According to the physical theory of the pmdu{;trionb;shoek
in buras, the minor qualitative changes in the vgirious b'lond con-
stituents sre of 1958 importance than in the quantita'pive reduction
in the amount of blood as a whole. This is said to be caused by the
loss of plasma, ~nd the fact that albumin mey be lost in‘slightly
gre-ter quantities then globulin and sodium chloride to a larger
extent then sugar depends merely on 2 somewhsat selective‘pejr;nea—-
bility of the burmed capilleries for smeller mbleeulés.

Blood chemistry changes have been noted following burns, and
to many they represent the csuse rather than the msult of the shoek
_factors present.h Davidson (28-30}, 1926, 1927, made an extensive
~study of the chloride =nd protein metabolism in bnrns; He found a
significant lowering of whole blood and plasma chlorides. This was
believed due to a lowering of the masm chlorides below the remal
threshold rather then to & primary kidmey chenge. Davidson also
found & hyporroteinemie with especial reduction in the amount of
‘albumin. Underhj;ll aﬁd 6ther (105), 1930, also found = 1aiering of
blood chloride (whole blood) while MeIver (71), 1933, found normal
plasms chlorides. It is to be pointed out in this connection that
in such marked blood cohcehtrat ion and altered hematoerit and =
difference in the ghloride concentration of the cells and .ﬁlasma a
ehloride stugiy of both cells and plasme should be mede in durned
patients. Therefore, since the cells normally contain less chloride

than plasma and since in burns the cells are inoreased this would
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explain the finding of low whole blood chlorides on the dbasis of
the hematocrit changes =lone but would not account for the differ-
ence '1n the results on plasma chlorides reported by Dﬁvids‘on and‘
Melver. )

Cieala (16-20), 1935, working on rabbits, reported a decrease
in blood chl&rid,esi and an increase in non-protein-nitrogen. Aﬁe
believes that some of the increase in ndtrogen is due to histemine-
like substances. The creatin‘ne and urie acid increased, the latter
he' believed being due to renal tubular damage secondary to traum-
atie shbck. He found the reduced glutathione of the blood to be
increased. It is to be remembered that hematocrit changes alone
may explain xﬁany of these chénges in non-protein-nitrogen, ete, when
done on whole blood. Christophe (22), 1953, finds that the presence
of albumin in the urine, inecreased non.protein-nitrogen, hypochlor-
emia, and low albumin:globulin ratio become most marked ten days
_after experimental burms in dogs. Larbret and associates (56,57),
1936, have report,ed‘ inereased non-protéin—nitrogen and hypochlori |
" emia, but their results are not oven to the criticism that blood
concentration changes alone may account for the alterations as
their protein analyses were done on plasmz =nd cells with reductinn
in both instances. ;

Mattina (63), 1935, reports an increase in the concentration
of the bleod magmesium of burned rabbits. The increase ‘begf—en 24
hours following thp burn, reaching @ maximm in ten giayj,and O~

turned to normal in 40 days. Fazedas and Bacsich (34}, -reported
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an inerease in lipoid bodies in the blood leuncocytes beginning in
five hp‘urs m;ching a maximum in 24 to 48 hours, ﬁnd returning to
normai arterlfive or six days or longer. In fatal c2ses these bod-
ies j.nc:ease up to 24 hours and an hour before death may suddenly
~drop to below normal in mumber. Slocum and Lightbody (95), 1931,
reported that in both normal aﬁd adrenalectomized rebbits the ‘sug-
ar nnd lectic acid concentration of the blood is increased follow-
ing burns. Sinee the adrenalectomized rabbits also Md the rise,
this is interpretated as indicating thet adrenal hyperfunection is
not a factor. Van der Hulst (110), 1937, reported a decrease in
the rapidity of the sedimentation of red cells during the first 24
hours with marked increace fhareaftar. Thesé ochanges were not due
to infection or blood concentration. Fasal (33), 1937, found =
shift to the left and toxic granules in the leucocytes.

Analyses of the edema fiuid tfmt leaks out into the tissues
ai‘te;r burns are of interest. The chloride content is a little
higher th_an in plasma, the sugar and non-protein-nitrogen contents
aré about the same, and the ﬁotain content sbout 80 per cent of
that of plasma (Beard and Blaloek (6), 1931; Underhill and Fisk
(03)).

Underhill and associates (102), 1923, found percentage of hem-
oglobin in 21 cases vor severe bui'né between 117 end 209. Ravdin
and Ferguson (80), 1925, noted a hemoglobin of over 100 per cent in

all but two of their e¢linical cases.



CONCLUSIONS

From this merely reprgsentat ive transection of the mass of
work editeﬁ upon this subject the lack of unifomity is egregilous-
1y apparent. I_n gross analysis, however, it seems to conform with
the veu;ious sequential stageg previously proposed.

FRIMARY SHOCK- Concomitant with the n~eccurrence of the injury
the individual may 'efperience a condition of low blood pﬁsmo of
varying degrees. This is atgrﬂmﬁed to derangement of fhe vasomotor
rechanism by afferent impulses of pyschie or reflex origin. This
period of primary shock has been svecified 2s the two hours imme-
diately following the sccident. During this first two hours there
is no noteworthy change im the blood chemistry or corpuscular sedi-
'n.lentation rate. The hemoglobin is alse usually normal. This may
then be considered es a transitory phenomeﬁa which quic_kly passes
away or responds to treetméxit within a reas&nably short period.

SEONI!ARY SHOCK—-This may be deseribed as = hypptension oceur-
ring between the second and tenth hours subsequent to the injury.
The features of surgierl shock alwsys apnear once the main collapse
of the arteriml pressure has begun. This pheromena is due to an
enhydremia or increased concentration of the blood. This is de-
tected and most aeéurately recorded by the rise in hemoglobin which
may attain an average heightr of 115 per cent. This extravasation
having started with the occurrence of the burn, reaches s peek in
twenty-four hours, is prectically statigmry fqr twenty-four hours,

and then is slowly resorbed. Underhill and his colleagues have



shown that there is no resorption for the first twelve hours which
eliminates the possibility of toxis or septic etiology in this stage. .
There seo.ms to be a direct relstion between the extent of the skin
surface involved and the rap mi*‘by end severify of the shock. Dep?;h
is 11k_anis_e a factor. No constént change in bloogl chenistry was
noted, and even the carbon dioxide edmblning power, 2 fall which is
generally ragafded as characteristic of traumatic secondery shock, |
was rerely significantly lowered. (120)

ACUTE 'l'omﬂm;-‘i'ho ocsurrence of toxemia is much more erratic
and uncertain than that of secondary shock; it may follow lesions
of small or moderate extent after which secondary shock is rarely
seen. Further, it is tregueptly absent or mild, The first sign
is ususlly vomiting sccompanied by hyperpyrexia, which is charac-
teristic, usually pera'.istexﬂ;i agd progres'sive, accompanied by shale
low respirations and cardisc failure. The onset may vary from six
to f£ifty hours, usually twelve to fifteen hours. There are fre-
quently no blood changes. During a fulminating toxemia the leuco-
eyte count may remain normai and the sediméntation rate mhanged._
Analysis of the blood chemistry usuelly reverls a decrea‘sg in ehlor-
ides; carbon dioxide combining power and plasma albumin, and = rise
in non-protein.nitrogen and ﬁrea n:ltr_ogen. Mse are ne;thqr con-
stant or proportionel to the severity of the systemic disturbance.

N SEPTIC TOX*MIA--Although Aldrich (1) attempts to show that

the toxic state mey bas due entirelv to = sapticemia, Wilson and his

associates (120), 1938, state that "there is 1ittle doubt that mscute
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toxemis i3 = qondit ion distinct from septic or bacteriogenie tox-
emia®. Sepsis may become evident on the sesond or third day and
contihue on tWh the next few weeks. Relative to time of ap-
pearance and peried of aotigit& the aéﬁte toxemirn and sepsis may
be considered under a singlé head as does Ha_rk:ins in a recent pa-
per. . ” |

HRALING--This phase is beyond the swpe of this paper =2nd will

be mentioned only in the considerat ion of therapeuntic measures.
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The logical consummation of such theoretieal and experimental
endeavor is the estabiishmant of fundamentals from whieh & superdior
therapy may arise. That the prasent management of burns surpasses
any rreceding, we are assured, bnt, nevertheless, momentarily hum-
bled by the knowledge that our present tannic acid therapy was used
I;y the Chinese in 5000 B.C. in the form of tea. (47) 'The superior-
ity of present day therapy is attributable to the t;i‘)iléide}at ion"
given the comstitutional symptoms of the patient beyond the iogal
treatment. |

With full understanding of the sequence of the various phe-
nomensa Aattendant ipon severe burns the problem of treatment is some-
what simpl 1?1«1.

TRIMARY SHOCK=~-The treatment of initial shpc!r is essentially
that of other types of shock; sedntives t0 suvrress the afrerént
stimuli, warmth to maintein bddy temperature ~nd eardio-respiratory
stimulants to sustain these vital mechanisms. Frequently, however,
his phase will have pessed or terminated fatally t}efore the patient
is seen by the physician.

SEGOMARY SHOC¥--This is the period of increase blood concen-
tration; The anhydremia must be combated from two aspects: inhib-
iting the loss of fluid, and, replenishing the lost fluid. To this
end Wilson, Macgregor and Stewart (120}, 1938, advise immediete co-
agulstion of the dburned area and intravenous gum acncia solution

or blood. The cozgulum serves to prevent the loss of fluids and
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chlorides by sealing off the carillaries. The colloid~l solution
is :ecoméended because several writers have reported that .large
quantities of intravenous saline oi- Ringer's soluﬁ_\on alone may
prove harmful, Beard and Blﬁlqck (7), 1932, have si_xown in exper-
imental animals, that & erystalloid solution if injected, carries
more protéin ont of the blood stream thgn would have been lost
were the animal left strictly alone. Blood transfusion is‘espec-
ially advised by Vnieh,l (81,82), 1932, 1933. Since the blood is
concentroted, the poséibility%'of' gifing intravenous plesma rather
then whole blood is to be considered. This procedure is not gen-
erally adorted but is used by Lsmbret and Driessens (56), 1937,
and by %einer, Rowlette ar;d- Elmen (112), 1966. Certainly until
the mattex; is ffnall'y settled, if blood is available, blood should
be given. Furthermore, even though the recipient's blood is el-
ready concentratied, the donow's blood is relat 1vé1y dilute in
comparison. The use of saline end other orystalloid solutions
should be undei'taian with the full uderstanding that they not
only run right through the capillsry wall, but may carry valuable
blood constituents with them, lenving the blood more concentrated
in red cells and lower in vlasme volume than before.(120) Worlk-
ing undef other ideas, Gunn and Hillsman (43), 1975, gdyig‘e giving
8000 ec. of saline solution intravenously irmedi-tely in severe
burns. Mnﬁy (70), 1938, sugcests the use of sunrarenal cortex.
This u_tract,‘ as in the cace of Addison's diseese, 1ﬂcreases the

efficiency of the circulatory mechanism and apparently chpcka some



of the salt loss through the kidneys.

Acmz TOXRM IA-From the previous discuss ion one conecludes
that toxemia results from the toxins abosrdbed into the eireulation
frem the burned tissues: also, fom the wor¥ of Underhill and' his
associates, thatr there is no resorption at the burn site for the
first twelve hours. This knowledge permits of verious theoretical
therapeutic approaches. It is self—evidéﬁt that treatment, rele-
tive to the potential toxemia, within the first twelve hours subse-
quent to the injury permits the théfapeutist to be the aggressor--
the toxin being still localized within the burned tissues, Coeg-
ulation, or eschar format 101_1. serves to fix the burned tissues and
seal in the toxin, preventing its disseminstion. In resvect to the
numerous benefits derived from a protective eschar it is only just
to discuss ti:e sub ject at greater lemgth, which shall be done short-
ly. Another method of inhibiting the advance of the toxin is thrt
proposed by Ravdin and Ferguson (80), 1925--removal of the offend-
ing tissue, or debridement. 'l_his method was oprosed by Taylor (99),
1936, who believed that it removed skin islands which may be 1er£;
and by the experimental work of Harrison and Blelock (50), 1932,
who showed that burned smimals are more likely to die if debride-
ment 13 performed.

Workin\g upon the theory of withdrawing the toxins from the
burned tissues some pr&ninent workers i:gve advocated the externsl
application of hypertonie solutions. Wilson (118), 1927, is a

proponent of this theory of exosmosis, advoceting sodiwm chloride



-39~

and glycerin and later a saturated borie solution. Robertson and
Boyd (84), 1923, and Goldblatt (42), 1927, use hypertonic soda bi-
carbonate solutions.

Once the toxins have gained the blood stresm--after twelve to
twontyafbnr hours--Robertson and Boyd (84), 1923, propose its rather
heroic removal by ezanguinatioh, aceompanied by transfusion. In a
similer vein, to combat the toxin at this point, it would be most
advanfageous if one were ablé to inject e neuxralizing substance.
This, however, is at present impossible a8 has been shown by the
mafked divergence of opinion and lack of any definite proof regard-
ing the identity or singularity of such a substance,

| SEPTIC TOX®MIA-~Aldrich (1},,1933, has shown thet the heat
rgoui£ed to preduce the injury served to render the burn sterile,
which state he observed to ﬁersist'for twelve hours. Hence, as
was the case in the treatment of acute toxemia, the phyéician is
accorded & ce:tain grace period between the occurrence ét the in-
Jury and the earliest pogsible onset of qopsls. ‘ffOphylacticly,
then, it is theoretically pogaiblo §o-aea1 the burned are- with
this peried and thus obviate the possibility of subsequent infec-
tion. This was accomplished quite satisfactorily, though not os-
tensidly, by fhe tannic scid treatment'introduced by Davidson in
1925. However, followinz his studies on the bacterial theory,
Aldrich, after some experimentation with various antisertics ad-
vaocated the use of gentisn violet to surercede the t~-nnie =cid

treatment becsuse of its coagulant ~nd an=lgesic effects and its
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specifiec bacteriacidal powers ageinst the gram-positive cocci. 1In
addition toy this, it is claimed that gentian violet is less injur-
ious to the sm=21l islsnds of epithelium f.hat versist in the burned
ares and, hence, evithelization occurs faster than with tannic aeid.
Some workers who choose to see especial advantages in each use a
tannie acid-gentian violet mixture and rurrort satisfactory re-
sults. (22)

Crile (23), 1926, in an apparently unbiesed consideration
states that both t=nnic acid and gentian violet have antiseptic
pmpertiés and either, when applied to a se&qnd degree burn, will
result in an escher which will be dry and free from infection.

But, ne;ither of these agents is capsble of preventing the ultimate
| development of pockets of pus beneath the eschar in arees of third
degree burn. He further observes that he has found little ghoice
between the two methods.

Wiison and his associates {120), 1938, revort in their cases
thet the local signs of bacterial infection of deep burns was rare-
ly proseﬂ before the 'tiﬁh d~y, and usual_ly not obvious before the
sevenf.h d:ay. Eten in 'fatal septicemin and “pyemia. hemolvtic strep-
tococei did not arpesr in the blood before the ninth dey. With this
data vth‘e‘y suggest the use of sulfanilemide administered by mouth on
the tixird day as a prophylactic measure, with supplementary doses
intramuscul-rly at the first sign of infection iith the hemolytic
streptococci. Clark and Cruickshank (21), 1935, have suggested the

administration of scarlet fover antiserum in the latter event.
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Mersh (61), 1935, a radical supporter of the bacterial theory,
without definite evidence to sh~w that a staphylococee! infection
existad,»wont on to advise empirically "that every case of severe
burn should receive intravenously st the esrliest possible moment
an injeetion of staphylecocéns antitoxin...”

If the observations of Gri;e be correet it would be folly to
cover a burn of third degree with an eschar, in view of the fact
that its subsequent removal wu}.d be inevitable. To obviate this
contention it would seem advisesble to meintain this type of wound
open for repeated inspection. This may be nicely accomplished the
constant aprlication of moist saline nacks supplemented dy hyper-
tonic saline baths =s advosated by Blair, Brown and Hemm {10),f 1932,
This tréatment has great value from the st-ndroint of promoting ra-
pid healing with a minimm of infaction and scarring. It, however,
is less efficient in thet it requires more equipment =and nui's ing
care.

| HEALING--It is not my intention, herein, to consider this sub-
ject beyond s cursory smﬁnat ion of acceptable data, We learn from
cliniéal deduction that if there is rapid and widespread healing
and return to function without much scarring or deformity, this
means that the full thickness of the skin has not been lost, and
that regeneretion has occurred from the. deep glands of the derma.
This point of repid healing is of importance in evalusting various
typoa‘ of treatment‘t‘:f burns, becsuse, when it is claimed that a

certain method will insure complete healing without scarring, it
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is apparently not reslized now hesling occurs. If the full thick-
ness of skin is lost over a large area, the result is a. raw surface
or open wound, regardless of the type of't:oétment employed. In
this case spontzneous healing occurs by an extension of epithelium
from the sides, thus covering gremuletions that =re converted into
sear. (10) The size of these defects is relative for various parts
of ihe body: a loss of an‘oyolid or the bnck of a hand of only a
few squere centimeters may ﬁe a8 erinpling =28 2 very large loss over
the flank or thighs. (14) |

The thin scar epithelial heling, thet is so importent in sav-
ing life, is many times not of sufficient strength to give the per-
manent surface necessary for the area, The unstable parchment-
like membrane tends to ereck or tear with the slightest trauma.
The thick, redundant secar, on the other hand, is definitely to
be avoided because of the subsequent contracture and deformity,
which is a matter of corm~n observation. Consequently, w_herg there
is danger of loss of function ror of deformity, or in an area sub-
jeete«i to trauma the wound should never be allowed to heal by slow
epithelization dbut shonld, in the exrerience of most current wori-
ers, be t:ea,ted by early and ad-guste graftinz, the tyre of graft
devend ing upon the srea to be covered sand the site. Teo this emd,
the saline pack method of preliminary treatment proposed by Blair,
Bw and Herm (10) may again be ;nentioned as being of outstanding

value.
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COMPLICATIONS

CURLING'S ULCFR--This complication of burns was described by
Long (60), in 1840, and by Curling (26), in 1842. Sinee then svor-
a&ie reports of peptie uicer following burns hqve‘ appesred in the
literature ineluding recemtly the reports of Willems and Kuhn (115),
1936, Glover (41), 1937, and Kapsinow (55a), 1934. The latter at-
tfibutes them to bleod stasis and coneent.ratvion with capillary ooz~
ing and rupture, while other authors believe them to be toxie in
rorigin. Clover (41), 1932, states that Sleoding from a Curling's
uleer accounted for 4 per cent of his deaths.

Underhill, Kapeinow end Fisk (107), 1930, assumed, from ex-
perimentsl data, that the u;!,cerat ion might érise from loeal cir-
culatory disturbances due to a temporsry increase in the tempera-
ture of the body ¢rvities. Curling's ulcer has been reported,
hdwever, in casés in which the abdomen was not burned. Harkins
(46a), 1936, reported such an ulcer in a burned pae;ient who died
with marked sepsis 'subséquant to the development of a peritomsillar
abscess. In such a case bacterial emboli are to be considered.

LESIONS OF THE RESPIRATORY TRACT--Them n\dat common respiratory
lesions sre bronchitis, broenchopneumonia and pulmonary edema. The
rmcous membrane of the mouth, nose, phsrynx, larynx and trachea
are frequently very little affected although extensive slouching
may 2t times be found. Such lesions of the 'respiratory tract ti-act
are believed to be caused by direct injury to its lining membranes

by inhalation of flame. hot air or hrot fluid. Pulmonsry edema,



however, was found to be a2 common lesion in cases of fatal acufe
toxemia and apparently wes prone to develop when large queontities
of f£luid were adininistered intravenously. (120)

JAUNDICE--Most have come to regard jaundice as one of the
.8igns of acute toxemia rgther than = eom'alieatvion, the findings
being in accord with a toxic jaundice.

SCARLATINA--This is thought te be én idication of hemolytie
atreptocoeca_i infection of the bﬁrned ares,

TETANUS has been rrequently' revorted as a comnlieation of
burns. Newberger (74), 1912, reported two cases and collected 47
from the 11terafure. Of the 49 cases 38 died, making‘ a 77 pei cent
mortality. k§a1 (32), 1935, reported on the extensive burn mater-
ial in the sldn clinic of Viem. of 2,327 't;urn cases seen from
1905 to 1930, not =a singla one developed 'tetamw, but in both 1972
aﬂd 1934 there was one case thus he bélieves_ prophylaxis is to dbe
considered. Willems and Kuhn (118}, 1936‘, stated that of 752 col-
lected burn cases only 23 received antitetanic serum, but as none
of the other 729 cases deve;op;d tetanus, the physvici‘ans ip atten-
dance on those M1cﬂar cases evidently did not use poor clini-
cal fudgment in refraining from administering sem;

FAT BMBOLISM is a rare complication of burns but Strassmemn
(9’7),‘ '193‘:5‘, reported on 125 eases of fat gnbonsm due to blunt
force and five following burns. He quotes Carrata as saying that
in 46 per cent of burn cases coming to autopsy fat emboli are found.

Globus and Bender (40), 1976, reported a case of FATAL DISSEM-



-45~

INATED TOXIC DEGENERATIVE ENCEPHALOPATHY (disseminated sclemsing
) demyalination) in an eight yesnr old boy rollowing severe burns.

VALIGNANCY~-Treves and Pack (10_0) . 1950, have rerorted a large
series ~f ca:éc;nmaé develo-ing in“burn‘ scéz:sr (Liéi'jolin's“xflce'r).
of i1_,09£ squemous cell and 1,374 basel cell carcinomas treated
' ove} the twelve year period 1917 to 1929,  21 (2 per cent) of thg
former and 7 (6.5 per »éent) of thé latter followed burns. 'I'he av-
: arage age of the patients as a whole was about 59 years and was 54
years for the burn cases. However, the aée of the hurn wes more
importent than the age of the patient, as one case burned a2t the
age of three years developed carcinoma ét the ége of 17 years,
The avera~e are of the scar was 32.5 yeers. Harkins (46a), 1936,
rerorted twa ¢rges of sarcoma foliov;iné burns. It has been re-
peatedly shown thet such mnlig;xancies ére most prone to develop
in slowly or roorly healed ‘burns. |

PAIN ARD CONTRACTURES--¥hen a large wound has bheen open over
a2 long periqd, the ’:nain usnally becqmes most severe, presumably
from more nerve endings developing in the bed; this fom? a bad
cyels for any proper wound care =nd is one of the upderlyi’ng caus-
es of morbidity and déath in old, unhesrled burns, since both pa-
tient and attanaént become unable to copé with the ‘aituation.

The see_anéa:éy cﬁnsiderétion of the whole area is one of con-
tractufe e.nd defomity of the%. surface,‘ tendons and joints. Dis.
placement and fixation due to skin and surface contracture as the

wound pulls in toward the center may de callod primary eontrscture.
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All wounds exhidbit this type of healing, and the more lax the area
is, thelqaqier the healing with tﬁe least apparent deformity, but
widespread losses will soon lead to primary cbntractures and dis-
ability.

Secondary contractures may de considered those that occur in
the underlying tengons whiech, fhough not’dahaged direectly, have
been held contrascted so long, both voluntarily and later by the

overlying scar, that they are actually shertened.



1.

2.

S.

4.

5.

6.

7.

8.

9.

10.

1.

1z,

47~

BIBLIOGRAPHY

Adrich, R.H.: The Role of Infection in Burns. fThe Theory
and Treatment With Special Reference to Gentian
Violet. KNew m. J oMo 2083309, 1933,

Baraduc: Cited by Pfeiffer (78).

Bardeen, C.R.: A Review of the Pathology of Superficial
Burns, With a Contribution to Our Knowledge of
the Pathological Changes in the Organs in Cases
of Rapidly Fatal Burns. John Hopkins Hosp. Rep.
7:137, 1898. o

Barnes, J.P.3 A Review of the Modern Treatment of Burns.
Arch. Burg., 27:627, 1933.

Barsoum, G.S. and Gaddum, J.H.: The Effect of Cutaneous
Burns on the Blood Histamine. Clin, Sc. 2:367,
1936.

Beard, J.W. and Blalock, A.: Experimental Shocl. VIII The
Composition of the Fluid That Escapes From the
Blood Stream After Mild Trauma to an Extremity,
After Trauma to the Intestines and After Burns.
Arch. Surg. 223617, 1931.

Beard, J.W. and Blalock, A.: Intravenous Injections: A
Study of the Composition of the Blood During Con-
tinous Trauma to the Intestines When No Fluid Is
Injected and When Fluid ]s Injected Continuously.
J.Cl. Invest. 113249, 1932,

Berkow, S.CG.: Method of Estimating Extensiveness of Lesions
Based on Surface Area Proportions. Arch Surg.
83138, 1924.

Bernhard, E., 1936: Cited by Harkins (47).

Blair, Brown and Hamms Early Care of Burns and Repair of
' Their Defeots. J.A.M.A. 98:1356, 1938.

Blalock, A.: Experimental S8hock. VII The Importance of
Local Fluid Loss in the Production of Low Blood
Pressure After Burns. Arch. Surg. 223610, 1931.

Brenner, F., 1936; Cited by Harkins (47).



13.

14.

15.
16.

1i7.
18.
19,

20.

2l.

22.

23.

24.

25.

26.

27.

28.

29.

30.

-48-~

Breod, B. and Blaleck, A.s Shock With Particular Reference
to That Due to Hemorrhage and Trauma to Muscles.
Ann, Surg. 1003728, 1934.

Brown, J.B.: ‘he Covering of Raw Surfaces, Internat'l. Abst.
Surg. 67: 1@5, 1938.

Catimno, 1882: Cited by Harkins (47).

Christopher, F,: Toext: Minor Surgery. W. B. Saunders and
: Company, 1938, p. 130.

Cicala, G., I, 1935: Cited by Harkins (47).
Cicala, G., II, 1935: Cited by Harkins (47).
Cicala, G., III, 19363 Cited by Harkins (47).
Cicala, 6., IV, 19353 Cited by Harkins (47).

Clark, A.M. and Cruickshank, R.:' Observations on the Treat-
ment of Burns. Lancet 1:201, 1935.

Coakley, W.A.: Burns. Am. J. Surg. 36150, 1937.

€rile, G.Jr.: The Treatment of Burns. Med.Cl.N.Am. 19:1841,
1936. :

Cristophe, L., 1933: Cited by Harkins (47).

Cruickshank, R.: The Bacterial Infection of Buyns. J.Path.
& Bact. 41:367, 1935.

Davidson, E.Ce: Tannic Acid Treatment in Burns. Surg., Gyn.
& Obs. 41:202, 1925,

Davidson, E.Ce: The Prevention of Toxemia in Burns. Treat-
ment by Tannic Acid Solution. Am. J. Surg.40:114,
1926. ‘ -

Davidson, E.Cs: Sodium Chloride Metabloism in Cutaneous
Burns and Its Possible Significance for a Ration-
8l Therapy. Arch. Surg. 13:262, 1926.

Davidson, E.Ce: The Treatment of Acid and Alkali Burns.
An Experimental Study. Ann. Surg. 85:481, 1927.

Davidson, E.C, and Mathew, C.We: Plasma Proteins in Cutan-
eous Burns. Arch. Surg. 153266, 1927.



Si.

2.
33.
34.

35.

36.

37.

38.

39.

40.

=49~

Euler, U.S. and Gaddum, J.H.: An Unidentified Depressor
Substance in Certain Tissue Extracts. J. Physiol.
72:74, 1931. ‘

Fasal, P., 1935: Cited by Harkins (47).
Pasal, P., 1937: Cited by Harkins (47). |
Pasekas, I.G. and Bacsich, P., 1934: Cited by Harkins (47).

Fender, F.A.: Lymphatic Pathology in Relation to the "Poxin?
of Burns. 8Surg., Gyn. & Obs. 67:612, 1923.

Freeman, N.E.: Hemorrhage in Relation to Shock: Experiment-
' al Effect of Intravenous Injections of Saline, Gum
Acacia and Blood on the Rate of Adrenal Secretion
Resulting from Hemorrhage. Ann. Surg. 101:484, 1935.

Freeman, N.E,: Personal Communication, Quoted by Harkins (47).

Freeman, N.E.,, Shaw, J.L. and Snyder, J«Cst The Peripheral
Blood Flov in Surgical Shock, The.Reduction in
Circulation Through the Hand Resulting from Pain,
Pear, Cold and Asphyxia, with Quantitative Measure-
ments of the Volume Flow of Blood in Clinical Cases
of Surgical Shock. J.Cl. Investigation 15:651, 1936.

Prench Surgical Congress: J.A.M.A. 109:1735, 1937.

Globus, J.H. and Bender, M.B.: Disseminated Toxic Degener—
' ative Encephalopathy (Disseminated Selerosing
Demyelination) Secondary te Extensive and Severe
Burns. J.Nerv.& ant. Dis. 83:518, 1936.

Glover, D.M.: An Evaluation of Tannic Acid Treatment of
Burns: A Clinical Study of 566 Burns So Treated
Over a Period of 11 !bnrs. Ohio State M.J. 33:146,
1937.

Goldblatt, D.: Study of Burns, Their Classification and
Preatment. Ann. Surg. 85:490, 1927. :

Gunn, J. and Hillsman, J.A.: Thermal Burns. Ann. Surg.
1023429, 19356.

Harkins, H.N.: Acid-base and Salt Regulation in the' Blood.
: I The Chemical and Physiological Consequences of
Intraveous Injection of Chlorides and Bromides. Un.
Chicago Se. Series 7:469, 1928-1929.



45. Harkins, H.N.: The Shift of Body Fluids in Severe Burns.
Proc. Soc. Exp. Biol. & Med. 31:994, 1934.

46. Harkins, H.N.: Experimental Burns. I The Rate of Fluid
S8hift and Its Relation to the Onset of Shock in
S8evere Burns. Arch. Surg. 31:71, 1935.

46a. Harkins, H.N.: Correlation with Clinical Treatment of Burns
with Recent Experimental Studies. I1l.M.J. 70:332,
1936.

47. Harkins,H.N.: Recent Advances in the Study of Burns. Surg.
3:430, 1938. '

48. Harkins, H.N. and Hastings, AvB.: A Study of Electrolyte
Equilibrium in the Blood in Experimental Acidosis.
J. Biol. Chem. 90:565, 1931.

49, Harkins, H.N., Wilson, W.C. and Steward, C.P.: Depressor
Action of Extracts of Burned Skin. Proc. Soc. Exp.
Biol. & Med. 321913, 1936.

50, Harrison, W.G.Jr. and Blalock, A.: A Study of the Cause of
Death Following Burns. Ann. Surg. 96:36, 1932.

51. Hastings, Baird, Harkins and Liu, S.K.; Blood and Urine
Studies PFollowing Bromide Injections. J. Biol. Chem.
94:601, 1932.

52, Hock: Cited by Pfeiffer (79).

53. Inouye, K., 1933: Cited by Harkins (47).

54. Johnson, G.S. and Blalock, A.: Experimental Shock. XII A
Study of the Effects of Hemorrhage, of Trauma to .
Muscles, of Trauma to the Intestines, of Burns and
of Histamine on the Cardiac Output on the Blood
Presgssure of Dogs. Arch. Surg. 231855, 1931.

54a. Kapsinwo, R.: The Mechanism of Production of Curling's
Ulcer. South. M.J. 27:500, 1934.

65. Korlenko: Cited by Pack (75).
56. Lambret, O. and Driessens, I., 1937: Cited by Harkins (47).

67. Lambret, Driessens and Malatray, He., 1936: Cited by Harkins
(47).

b8, Lee, W.E.: International J.M. & Surg. 36:461, 1923.



69.

604

61.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.
73.

74.

75.

-51-

Locke, E.A¢: A Report of the Blood Examination in Ten
Cages of Severe Burns of the Skin. Boston M.&8.J.
147:480, 1902. '

Long: Cited by Bardeen (3).

Nhrsh, F.: The Toxemia of Burns. Lancet 2:1088, 1935.

Mason, E.C., Paxton, P. and Shoemaker, H.A.: A Comparison
of the Rate of Absorption from Normal and Burned
Tissues. Ann. Int. Med. 9:850, 1936.

Mattina, A., 19363 Cited by Harkins (47).

Miller, S.R.: Apjroved and Condemmed Methods in the Treat-
ment of Burns and Scalds. Internat'l. J. Surg.
30:423, 1921.

Miura: Cited by Shimada (92).

Murai, He: The Influence of Parenterally Injected Mucous
Membrane Cells of the Digestive Tract on the Organ
and Tissue, Histiological Study on the Change Due
to the Injection of Heated Gastric Mucous Membrane
Cell Constituents. Jap. J. Exp. Med. 11:407, 1933,

Macleod, J.M.H.: Quoted by Davidson. Oxford Surg. 2:438,
1919.

MceClure, G.S.: Evaporation of Water from Superficial Burns.
Arch. Surg. 32:747, 1936. '

McCrae: Cited by Pack (75).
McGandy: The Treatment of Burns. Minn. Med. 21:17, 1938.

McIlver, M.A.: A Study of Extensive Cutaneous Burns. Ann.
Surg. 97:670, 1933.

Nagamitu, G., 1933: Cited by Harkins (47).
Nagamitu, G., 1935: €ited by Harkins (47).

Newberger, C.: Tetanus as a Complication of Burns. Am.
J. Dis. Child. 4:35, 1912.

Pack, G.T.: The Pathology of Burns. Arch. Path. & Lab.
Med. 1:767, 1926.



76.
77.

78.
79,

80.

8l.
8z2.

83.

86.

86.
87.

8e.
89.

90.

9l.

92.

93.

94.

-5%-

Pack, G.T.s The ltielogy and Incidence of Thermal Burns.
Am, J. Surg. 1321, 1986.

Pack, G.,T.t Prognosis in Burns and Sclads. Am. J. Surg.
41:569, 1926. ~

Parascandolo, K., 1804; Cited by Herkins (47).
Pfeiffer, H., 1905: Cited by Harkins (47).

Ravdin, I.S. and Ferguson, L.K.: The Barly Treatment of
Superficial Burns. Ann. Surg. 813439, 1925.

Riehl, G., 1952 Cited by Harkins (47).

Riehl, G., 1938: Cited by Harkins (47).

Ritter, HJHet Burns. Am. J. Surg. 31:48, 1936.

Robertson, Bruce and Boyd, Gladys L.: Toxemia of Severe
-Superficial Burns in Children. Am. J. Dis. Child.
25:165", - lmo

Robertson, Bruce and Boyd, Gladys L.: The Toxemia of Severe
Superfieisl Burns. J. lab. & Clin. Med. 163823,
1831,

Rosenthal, S.R.: The Toxin of Burns. Ann. Surg. 106:1ll,
1937,

Rosenthal, S.R.: Neutralization of Histamine and Burn Toxin.
Ann. Surg. 106:257, 1937.

Saito, R., 1932: Cited by Harkins (47).
Schievers, J., 1986: Cited by Harkins (47).

Seeger, S.J.: The Treatment of Burns. Dean lewis's Practice
of Surgery. Chap. 17.

3hephard, G.Wes U. S. Naval & Med. Bullo 203 697' 1924,
Shimada, T., 1934: Cited by Harkins (47).
Simonart, A., 1928; Cited by Harkins (47).

Simonart, A., 1930; Cited by Harkins (47).



-53-

95. Slocum, M.A. and Lighthody, H.D.: Changes in Sugar and
Jactic Acid Content of Blood Caused by Burns. Am.
J. Physiol. 96335, 1931. ‘

96. Staus, A.: UTreatment of Burns, Discussion of Paper of
Glover, C.M. (41).

97. Styassmann, G., 1933; Cited by Harkins (47).
98. Tappeiner: Cited by Locke (59).

99, Taylor, F.: The lMisuse of Tannic Acid. J.A.M.A. 10631144,
- 1986. ,

100. Treves, N. and Pack, G+Ts: The Development of Cancer in
: Burn Scars. Gyn. & Obs. 513749, 1930. ‘

10l. Underhill, P.P.:  The Significance of _Ahhgdremia in Extensive
S8uperficial Burns. J.A.M.A. 953852, 1930.

102. Underhill, F.P., Carrington, G.,L., Kapsinow, R. and Pack,
: G.Tst Bleod Concentration Changes in Extensive
Superficial Burng, and Their Significance for Sys-
tematic Treatment. Arch. Int. M. 32:3149, 1923,

103. Underhill, P.P. and Pisk, M.E.;s The Composition of Edems
Fluid Resulting from a Superficial Burn., Am. J.
Physiol. 95:380, 1930.

104. Underhill, P.P., Piek, M.E. and Kapsinow, R.: The Extent
of Bdema Fluid Formation Induced by a Superficial
Burn, Am. J. Physiol, 9631326, 1930.

106. Underhill, F.P., Fisk, M.E. and Kapsinow, R.: The Relation-
ship of the Blood Chlorides to the Chlorides of
Edema Fluid Produced by a Superficial Burn. Am. J.
Physiol. 951334, 1930.

106. Underhill, F.P., Fisk, M.E. and Kapsinow, R.: The Composi-
tion of Tissues under the Influence ef a Super-
ficial Burn. Am. J. Physiol. 95:339, 1930. :

107. Underhill, F.P., Kapsinow, R, and Fisk, M.E.: Studies on the
Mechanism of Water Exchange in the Animal Organism.
I The Nature and Effect of Superficial Burns. Am.
J. Physiel. 85:304, 1930.

108. Underhill, F.P., Kapsinow, R. and Fisk, M.E.: Studies in
the Mechanism of Water Bxchange in the Animal Organism.
11 Changes in the Capillary Permeability Induced by
a smrfici‘l Burn. Am. J. Ph”iolo 953314, 19830.



109.

110.
111.
112,

113.

114.

115.

116.

117.

119.

120.

iz21.

-54-

‘Underhill, F.; and Kapsinow, R.s The Alleged Toxin of Burned

Skin. J. Lab. & Clin. Med. 163823, 1931.
Van der Hulst, F., 1937: Cited by Harkins (47).

Von Lesser, L., 1880s Cited by Harkins (47).

Wéiner,D.0., Rowlette, A.P. and Elman, R.: Significance of

loss of Serum Protein in Therapy of Severe Burns.
Proc. Sec. Exp. Biol. & Med. 34:484, 1536.

Weiskotten, H.G.: Fatal Superficial Burns and the Supraren-
- als: KNote on the Occurrence of Suprarenal lLesions
in Uncomplicated Fatal Cases of Extensive Superficial
Burns. J.A.M.A. 69: 775’ 191’0

Weiskotten, H.G.: Bisfepqtholegy of Superficial Burns. J.A.M.A.
v2:269, 1919.

Willems, J.D. and Kuh, L.P.: Burns, a Statistical Study of
1,206 cases. Am. J. Surg. 34:254, 1936.

VWilson, W.R.: Detoxication in Treatment of Burns. Br. M. J.
1:54, 1927.

Wilson, ¥.C.: Modern Methods in the Treatment of Burns.
Practitioner 1936:394, 1936.

¥Wilson, W.C., Jeffery, J.S., Roxburgh, A.N. and Stewart, C.P.:
Toxin Formation in Burned Tissues. Br. J. Surg.
24:601, 1937,

Wilson, W.C., Macgregor, A.R. and Stewart, C.P.: The Clinical
Course and Pathology of Burns and Scalds under Modern
Methods of Treatment. Br. J. Surg. 25:826, 1938.

Wilson, ¥W.C., Rowley, G.D. and Gray, N.A.: Acute Toxemia of
* Burns, Extract of Suprarenal Cortex in Treatment.
Lancet 10031400, 1936.



	Review of thermal burns : with especial reference to shock and toxemia
	Recommended Citation

	tmp.1453137125.pdf.bGJYp

