THE CHANGES IN THE PERIPHERAL LEUCOCYTE PICTURE
IN THE STATE OF SHOCK ASSOCIATED WITH SEVERE

BuRNs AND ScaALDS.
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PREFACE.



PREFACE.

THE PROBLEM OF THE AETIOLOGY OF SHOCK ASSOCIATED
WITH THERMAL TRAUMA HAS BEEN ATTACKED IN SO MANY WAYS
THAT IT APPEARS UNNECESSARY TO OFFER ANY APOLOGY FOR
PRESENTING THIS SUBJECT FROM THE HAEMATOLOGICAL VIEW-
POINT. AT LEAST SUCH A COURSE CAN HARDLY PRODUCE
MORE |IRRELEVANT CONCLUSIONS THAN SOME OF THE MODERN
CONTRIBUTIONS. )

THIS THESIS WOULD BE INCOMPLETE IF | WERE NIGGARDLY
IN EXPRESSING MY cRATlruné TO THOSE WHO, BY THEIR
ENCOURAGEMENT AND uELP, MADE THIS INVESTIGATION POSSIBLE
FOR ME.

IN PARTICULAR | WOULD EXPRESS MY GRATITUDE TO:-
PROFESSOR E.P. CATHCART, WHO WAS AT ALL TIMES A KINDLY
AND ENCOURAGING SUPERVISOR;

MR. A.M. CLARK, FOR PERMITTING ME TO EXAMINE THE

PATIENTS UNDER HIS CARE}

MrR. FRED GAIRNS, FOR HIS VERY CONSIDERABLE HELP WITH THE
PHOTOGRAPHIC REPRODUCTION OF MY OWN RATHER INFERIOR DIAGRAMS;

AND LAST, BUT BY NO MEANS LEAST, SISTER LAURA STIRLING, FOR

HER KINDNESS AND UNENDING PATIENCE.



CHAPTER ONE.



CHAPTER ONE.

THE IMPORTANCE OF SHOCK IS BY NO MEANS CONFINED TO
WAR TIME, ALTHOUGH THE PRESENT WAR, LIKE THE LAST, HAS
STIMULATED INTEREST IN THIS SUBJECT. THIS IS NOT
ENIRELY DUE TO THE MANY AND SEVERE INJURIES AMONG
THE FIGHTING SERVICES, BUT ALSO TO THE GREAT INCREASE
IN INDUSTRIAL INJURIES WHICH RESULTS FROM BOTH EXPANDING
PRODUCTION AND THE UTILIZING OF INEXPERIENCED LABOUR.

SHOCK IS RECOGNISED TO BE THE MAJOR CAUSE OF DEATH
IN ALL TYPES OF INJURIES. THIS IS ESPECIALLY TRUE OF
SHOCK IN BURNS, WHERE SEVENTY PER CENT OR MORE OF THE
DEATHS FROM SEVERE THERMAL TRAUMA OCCUR WITHIN THE FIRST
FORTY=EIGHT HOURS.(GIBSON).

IT 1S WITH THE CURRENTLY ACCEPTED VIEWS ON THE
AETIOLOGY OF SHOGCK IN BURNS THAT THIS CHAPTER IS
CONCERNED, BUT A BETTER APPRECIATION OF THE PRESENT
POSITION CAN BE HAD IF THE MATTER 1S DEALT WITH
FROM AN HISTORICAL VIEW=POINT IN THE FIRST INSTANCE.
THIS IS SPECIALLY SO BECAUSE RECENT ADVANCES IN THIS
SUBJECT HAVE BEEN RAPID AND IN SOME RESPECTS REVOLUTION=-

ARY, AND BECAUSE CONFLICTING OPINIONS STILL EXIST ON



Of Burns.

Even that ftupor with which
paticnts in this fituation are fometimes at-
tacked, is more rcadily removed by opi-
um than any other remedy.. As ‘this
fymptom is probably induced by fome
degree of effufion upon the brain, and as
we are to confider this as an efftc@d of
the irritation which always accompanies
burns, we may readily conceive that opi-
ates fhould prove particularly ufeful in
removing it : And 1 have found in a va-
riety of inftances that they do fo.

AN EARLY REFERENCE TO SHOCK IN
BURNS. | T wouLD APPEAR TO BE
AN EARLY CONCEPT OF THE
NErRvous THEORY.
(FROM "A SYSTEM OF SURGERY™ BY

BEnyAMIN BELL. EpiIn. 1801).



Miuy POINTS. |IT APPEARS TO THE WRITER TO BE OF GREAT
IMPORTANCE TO REITERATE SIMONART'S C}uTnoﬁ THAT THE
PROBLEM OF SHOCK .IN BURNS MAY BE QUITE SEPARATE FROM
THAT OF SHOCK DUE TO OTHER FORMS OF TRAUMA. THE STuév
OF SHOCK IN BURNS HAS GAINED SO MUCH FROM THE STUDY

OF TRAUMATIC SHOCK IN GENERAL, HOWEVER, THAT A SHORT
ACCOUNT OF THE DEVELOPMENT OF OUR KNOWLEDGE OF SHOCK

IN THiIS LESS PARTICULAR ésuse MAY SERVE AS A REASONABLE
POINT OF DEPARTURE; ‘

DEFINITION: SiINCE JAMES LATTA'S FIRST USE OF Tué

TERM IN 1795 THE DEFINITIONS WHICH HAVE BEENVFROM TIME
TO TIME OFFERED FOR SHOCK HAVE, NATuéALLY ENOUGH, BEEN
DICTATED BY KNOWLEDGE OF THE PROCESS AND FASHION OF THE
TIME. SOME IDEA OF THE HISTORICAL DEVELOPMENT MAY BE
OBTAINED FROM THE FOLLOWING LIST, WHICH IS CERTAINLY

'

NOT COMPLETE, BUT MAY CLAIM TO BE REPRESENTATIVE,

1826 TRAVERS SHOCK 1S A SPECIES OF FUNCTIONAL
CONCUSSION, BY WHICH THE INFLUENCE
OF THE BRAIN OVER THE ORGAN OF
CIRCULATION IS DERANGED OR SUSPEN~-
DED.

1834 DELCASSE AN ARREST OF INNERVATION WITHOUT
WHICH ALL ORGANS PASS INTO INSENSI-
BILITY (THIS LATER BECAME MELTZER'S

INHIBITION THEORY).



1872

1880

1882

1892

1905

GROSS

PiesHAuD

MANSELL -
MOULLIN

ROGER

LOCKHART-

MUMMERY

A MANIFESTATION OF A RUDE UNHINGING
OF THE MACHINERY OF LIFE.

s /-
LE CHOG EST UN ETAT GENERAL PLUS OU

-
MOINS GRAVE CONSECUTIF AUX TRAUMATISMES,
SPECIALEMENT AUX PLAIES PAR ARMES A
s s

FEU ET AUX GRANDS ECRASEMENT, CARACTERISE

PAR L' AFFAIBLISSEMENT DES PULSATIONS

.DU COEUR, LTABAISSEMENT DE LA TENSION,

Vd
LA PALEUR DES TISSUS, UN CERTAIN DEGRE
- \
DYANAESTHESIE JOINT A LA FAIBLESSE
MUSCULAIRE, AVEC CONSERVATION DE
LTINTELLIGENCE.
A SUDDEN CHECK TO THE CIRCULATION
BROUGHT ABOUT THROUGH THE AGENCY OF
THE NERVOUS SYSTEM.
V4
LE GCHOC EST UN ETAT MORBIDE QUI PEUT
<
SE PRODUIRE A LA SUITE DE FORTES
\
EXCITATIONS DU SYSTEME NERVEUX ET
Ve
QUI SE CARACTERISE PAR UN ENSEMBLE
DYACTES INHIBITOIRES DONT UN SEUL,
A /7
LYARRET DES ECHANGES ENTRE LE SANG
ET LES TISSuS, SEMBLE CONSTANT ET
INDISPENSABLE.
SURGICAL SHOCK IS A CONDITION PRODUCED
BY EXHAUSTION OF THE VASOMOTOR CENTERS,

AND THE RESULTING GREAT FALL IN BLOOD

PRESSURE. A



1910 LOCKHART— A CONDITION OF LOWERED BLOOD PRESSURE
MUMMERY
RESULTING FROM EXHAUSTION OF THE
VASOMOTOR CENTERS.
'I9|2 GRAY & THE REACTION OF THE CENTRAL NERVOUS
PARSONS .
SYSTEM TO EXAGGERATED OR ABNORMAL
AFFERENT IMPULSES.
1915 MORRISON A LOW ARTERIAL BLOOD PRESSURE OF SUCH
& HOOKER
DURATION THAT RECOVERY IS. IMPOSS|IBLE.
1917 BROWN EXHAUSTION OF THE FOOD MATERIAL - THE
NISSL GRANULES -~ STORED IN THE NERVE

CELLS, MORE PARTICULARLY THOSE OF THE

VASOMOTOR CENTERS.

1918 QUENU TOXEMIE TRAUMATIQUE DEPRESSIVE.
1919

& CANNON ExeMia.

1923

1926 MEEK A DECREASE IN THE EFFECTIVE CIRCUL~-

ATORY VOLUME.

1936 SCHUBERTH A PERIPHERAL CIRCULATORY INSUFFICIENCY.
1937 Davis AN ANOXAEMIA WHICH IS THE RESULTANT OF

SUCH FACTORS AS — OLEGEMIA, LOWERED
BLOOD PRESSURE, DIMINISHED FLOW OF
BLOOD, AND PERIPHERAL VASO-~CONSTRICTION.
1937 Toms THE COLLAPSE OF THE CIRCULATION FROM
OVER-STIMULATION OF THE SYMPATHETIC
NERVOUS SYSTEM.
1938  GRISWALD A DEFICIENCY IN CIRCULATING BLOOD

VOLUME.



1938 Moon A CIRCULATORY DEFICIENCY, NEITHER
CARDIAC NOR VASOMOTOR IN ORIGIN,
CHARACTERISED BY DECREASED BLOOD
VOLUME, DECREASED CARDIAC OUTPUT
(REDUCED VOLUME FLOW), AND BY
INCREASED CONCENTRATION OF THE BLOOD.
1939 DEVINE A STATE OF DEPRESSION OF ALL THE
REFLEX ARCS ACCOMPANIED BY CIRCULATORY
DEPRESSION,
1940 MinNOT & PERIPHERAL CIRCULATORY FAILURE RESULT~-
BLALOGK
ING FROM A DISCREPANCY IN THE SIZE OF
THE VASCULAR BED, AND THE VOLUME o#
INTRAVASCULAR FLUID.
1940 SELVE
DosNE A CONDITION OF SUDDENLY DEVELOPING

BASSETT &
WHITTAKER DAMAGE .

1940 FREEMAN THE CLINICAL CONDITION CHARACTERISED

BY PROGRESSIVE LOSS OF CIRCULATING
BLOOD VOLUME BROUGHT ABOUT BY THE
TISSUE ANOX!A, WHICH RESULTS FROM
INADEQUATE CIRCULATION,

1941 HARKINS BRIEFLY: A PROGRESSIVE VASOCONSTRICT=-
IVE OLIGEMIC ANOXIA.
DEscrRIPTIVE: AN oLiceEMIA INITIATED BY
TRAUMATIC LOCAL FLUID LOSS, EITHER
WHOLE BLOOD, PLASMA, OR BOTH;

ACCOMPANIED BY DECREASED CARDIAC OUTPUT,



DIMINISHED VOLUME FIL.OW, LOWERED

VENOUS PRESSURE, DECREASED OXYGEN
CONSUMPTION, ARTERIOLAR VASOCON-
STRICTION, ACAPNIA, AND SECONDARY

BLOOD PRESSURE FALLj AND PERPETUATED
BY A SUMMATION OF THESE FACTORS AND
POSSIBLY HYPERPOTASSEMIA, ANOXIlaA,
ACTION OF TISSUE METABOLITES, AND
DEFICIENCY OF ADRENAL CORTICAL HORMONE.

CLASSIFICATION: EVEN AT THE PRESENT TIME EFFORTS TO

CLASSIFY SHOCK ARE RATHER UNSUCCESSFUL, BUT THE FOLLOWING
THREE GROUPS ARE INDICATIVE OF PRESENT OPINION,

(1) DETERMINATION BY ORIGIN, THUS:- TRAUMATIC SHOCK,
OPERATIVE SHOCK, OBSTETRICAL SHOCK, MEDICAL SHOCK, BURN
SHOCK ETC. THIS IS A PURELY DESCRIPTIVE CLASSIFICATION,
AND EVEN IF THESE TYPES OF SHOCK ARE LATER FOUND TO HAVE
DISTINCT AETIOLOGIES, SUCH A CLASSIFICATION IS, IN THE
LIGHT OF OUR PRESENT KNOWLEDGE, UNJUSTIFIABLE.

(2) DIVISION INTO PRIMARY AND SECONDARY SHOCK. HARKINS
DEMONSTRATED IN 1935 THAT THE CHANGES WHICH END IN SECOND-
ARY SHOCK START AT THE POINT WHERE THE PRECIPITATING FACTOR
(FOR.EXAMPLE, INJURY) OCCURS. THUS, PRIMARY SHOCK MUST

BE EITHER A PSEUDO SHOCK STATE, UNASSOCIATED WITH TRUE
SHOCK, OR AN UNRECOGNISABLE STAGE IN THE DEVELOPMENT OF
TRUE SHOCK. |IN THE FORMER INSTANCE THE CONDITION IS

PRIMARY, BUT IS NOT SHOCK; AND IN THE LATTER, IT IS SHOCK



BUT IS NOT PRIMARY. THUS THE CLASSIFICATION IS
ERONEOUS, T MUST BE CLEAR, HOWEVER, FROM THIS
CLASSIFICATION AND THE COMMENTS UPON IT THAT THE
TERM "PRIMARY SHOCK'" |S A BAD ONE, AND ITS USE

SHOULD BE DISCONTINUED.,

(3) BLALOCK'S CLASSIFICATION., THIS HAS PROBABLY
MOST TO RECOMMEND ITj; IT IS AS FOLLOWS:
A. HAEMATOGENIC TYyPE (OLIGEMIC TYPE).

THE MAIN FACTOR 1S OLIGEMIA AND THE FALL IN BLOOD
PRESSURE 1S SECONDARY.

B. NEUROGENIC TYPE.
THIS 1S PROBABLY SYNONYMOUS WITH THE COLLAPSE STAGE
WHICH 1S USUALLY CALLED PRIMARY SHOCK. THE FALL IN
BLOOD PRESSURE 1S PRIMARY, AND IF THIS BE LONG GONTINUED,
MAY OBVIOUSLY RESULT IN OLIGEMIA,

c. VASOGENIC TYPE.
HISTAMINE SHOCK 1S TYPICAL OF THIS CLASS. THE PRIMARY
FEATURE 1S FAILURE OF THE VESSEL ENDOTHELIUM TO PREVENT
LOSS OF FLUID FROM THE BLOOD VESSELS INTO THE TISSUES,f
AND TO MAINTAIN THE BLOOD PRESSURE AT A NORMAN LEVEL.

FROM WHAT HAS BEEN WRITTEN SO FAR, IT WILL BE SEEN

THAT OPINION ON THE CAUSE OF SHOCK HAS DEVELOPED THROUGH
NERVOUS TOXIC AND ADRENAL HYPOTHESES TO THE PRESENTLY
ACCEPTED PHYSICAL THEORY, THIS LAST STANDING UNCHALLENGED
AT THE PRESENT TIME, AT LEAST IN SO FAR AS TRAUMATIC

SHOCK IS CONCERNED., Now ALTHOUGH BURNS ARE BUT ONE



FORM OF TRAUMA, (THERMAL) SHOCK IN RELATION TO THIS
TYPE OF INJURY HAS LONG BEEN REGARDED AS A SEPARATE
PROBLEM. THIS HAS BEEN PARTICULARLY NOTICEABLE SINCE
SIMONART'S PAPER IN |1930. THUS FOUR DISTINCT AND
SEPARATE THEORIES ARE TO-DAY OFFERED IN EXPLANATION OF
BURN SHOCK.
THESE ARE:=- ToXiC THEORY
PHYSI1CAL THEORY
ADRENAL AND NERVOUS THEORY
BACTERIAL THEORY.
IT 1S NOW PROPOSED TO DEAL WITH THESE IN TURN, AND
TO INDICATE THE PRINCIPAL EVIDENCE FOR AND AGAINST EACH.
NO CLAIM IS MADE THAT‘THE REFERENCES GIVEN ARE EXHAUSTIVE,
AS THE TASK OF RECORDING, LET ALONE REVIEWING, THE ENTIRE
LITERATURE ON THIS SUBJECT WOULD BE A HERCULEAN ONE,
AND AT ANY RATE FAR BEYOND THE SCOPE OF THE PRESENT
CHAPTER.

THE BACTERIAL THEORY. ALDRICH AROUSED INTEREST IN THIS

THEORY IN 1933. HE HAD FOUND THAT, FOR THE FIRST TWELVE
HOURS, BURNS WERE STERILE, BUT THEREAFTER ALL SEVERE BURNS
BECAME {NFECTED, AND IN ONE HUNDRED PER CENT OF THEM
HAEMOLYTIC STREPTOCOCCI COULD BE GROWN FROM REPEATED
CULTURES. HE STATED THAT THE CONCENTRATION OF THESE
ORGANISMS INCREASED WITH THE TOXICITY OF THE PATIENT, UNTIL
WITHIN FORTY-EIGHT TO FIFTY-SIX HOURS PURE CULTURES

OF STREPTOCOCCI COULD BE GROWN, THESE ORGANISMS HAVING



OUTSTRIPPED ALL OTHEhs. HE ALSO SUGGESTED GENTIAN
VIOLET APPLICATIONS TO COMBAT THE BACTERIAL ACTION.
CLArRk AND CRUICKSHANK (1935) SHOWED THAT INFECTION
OF BURNS WAS EXTREMELY COMMON, EVEN WITH TANNIC ACID
TREATMENT. ACCORDING TO THESE AUTHORS THE HAEMOLYTIC
STREPTbcoccus WAS THE MOST FREQUENTLY ENCOUNTERED
ORGANISM, THEY CLAIMED THAT THIS WAS THE CAUSE OF
THE FEVER AND TOXAEMIA IN THE FIRST FOUR TO FIVE 6Avs
AFTER BURNING, AND SUGGESTED THAT "DETTOL" COMBINED
WITH THE TANNIC ACID AND ANTI-STREPTOCOCCAL SERUM
SHOULD BE ADMINISTERED AS A COUNTER MEASURE,
CRUICKSHANK (1935) CARRIED OUT DETAILED BACTERIOLOGICAL
STUDIES IN BURNS AND CAME TO THE CONCLUSION THAT THE
HIGH INCIDENCE OF INFECTION WITH HAEMOLYTIC STREPTOCOCCI
WAS THE RESULT OF THE AGGREGATION OF PATIENTS !N WARDS.
MARSH (1935) WITHOUT TROUBLING TO DEMONSTRATE
WHETHER BURNS WERE INFECTED BY STAPHYLOCOCCI ADVISED,
"EVERY CASE OF SEVERE BURNING SHOULD RECEIVE, INTRA-
VENOUSLY, AT THE EARLI{EST POSSIBLE MOMENT, AN INJECTION
OF STAPHYLOCOCCUS ANTITOXIN AMOUNTING, FOR AN ADULT OF
NORMAL SIZE, TO AT LEAST FIVE THOUSAND UNITS.," HE
FURTHER SUGGESTED THAT PEOPLE WHO WERE, BY NATURE OF
THEIR EMPLOYMENT, CONSTANTLY EXPOSED TO THE RISK OF
SEVERE BURNS, MIGHT BE TREATED PROPHYLACTICALLY BY
STAPHYLOCOCCAL TOXOID INJECTIONS., SUCH A CONTRIBUTION

AS THIS LAST NEITHER ADDED TO NOR DETRACTED FROM THE



10.

WORTH OF THE THEORY, BUT IT IS RECORDED TO ILLUSTRATE
THAT THE BACTERIAL HYPOTHESIS HAS GAINED SOME POPULARITY
AND HAS ARDENT, IF RATHER BLIND, ADHERENTS.

HarkINs (1936) REPORTED THAT OVER A LARGE SERIES OF
BURNS WHICH HE HAD INVESTIGATED THE ONLY FATAL CASES
WITHIN THE FIRST THREE WEEKS OF ILLNESS RESULTED FROM
SEPSIS. THE FIRST WAS A MALE, AGED FORTY-FOUR YEARS,
WHO HAD RECEIVED SECOND DEGREE BURNS OF THE LEFT LEG,
FACE, THORAX, AND ARMS, AND THIRD DEGREE BURNS OF HANDS

AND FOREARMS, DURING A PETROL EXPLOSION. ON THE SEVENTH

DAY THE PATIENT DEVELOPED A PYARTHROSIS AND A TEMPERATURE

oF 106°F. He DIED, AND THE RESPONSIBLE ORGANISM WAS
FOUND TO BE HAEMOLYTIC STREPTOCOCCUS., THE SECOND CASE
WAS A CHILD AGED FOUR YEARS, WHO DIED ELEVEN DAYS AFTER
A SECOND AND THIRD DEGREE SCALD OF THE ARMS, LEGS,
THIGHS, AND TRUNK. THE PATIENT DEVELOPED THROMBOSIS

OF THE VEINS OF THE RIGHT ARM, QUINZY, AND A TEMPERATURE
OF l04°F. AT AuTOPSY A CURLING'S ULCER WAS FOUND.

AFTER REPORTING THE TWO CASES IN DETAIL HARKINS COMMENTS,
"THESE CASES DEMONSTRATE THAT . NOT ONLY MANY OF THE TOXIC
MANIFESTATIONS PRESENT AFTER THE FIRST FEW DAYS BUT ALSO
SOME OF THE COMPLICATIONS OF BURNS MAY BE EXPLAINED ON
THE BASIS OF A SEPTICAEMIA, ALTHOUGH THIS IS NOT
CONCLUSIVELY PROVED.M™ HIS CONCLUDING REMARK IS, HOWEVER,
MORE IMPORTANT, AND MUST MEET WITH GENERAL APPROVAL,

"DEATH FROM TRUE SECONDARY SHOCK AFTER A BURN OCCURS



WITHIN FORTY-EIGHT HOURS, WHICH 1S EARLIER THAN INFECTION

BECOMES ACTIVE,.,"

THE ADRENAL AND NERVOUS THEORY. THESE TWO ARE HERE TAKEN
TOGETHER FOR, ALTHOUGH SEVERAL SEPARATE THEORIES ARE
ATTACHED TO THE SUPRARENALS, NO PURELY NEéVOus THEORY
HAS BEEN PUT FORWARD FOR THE ORIGIN OF SHOCK IN BURNS.
|T wiLL BE NOTED THAT THIS IS CONTRARY TO THE STATE
OF AFFAIRS IN TRAUMATIC SHOCK IN GENERAL.

THE MEOULLA AND CORTEX OF THE SUPRARENALS HAVE
FROM TIME TO TIME BEEN IMPLICATED BOTH SEPARATELY
AND TOGETHER. THE EARLIEST RECORD APPEARS TO BE THAT
oF BARDEEN (1898). THIS AUTHOR REVIEWED AND CONTRIBUTED
TO KNOWLEDGE OF THE PATHOLOGY OF FATAL BURNS BY AN INVEST-
IGATION INTO FIVE CASES. HE REPORTED THAT THE ADRENALS
SHOWED NO PATHOLOGICAL CHANGES. WEISKOTTEN (1917 ano 1919)
DISCOVERED ADRENAL CHANGES IN TEN CASES OF FATAL SUPER=-
FICIAL BURNS. THESE FINDINGS WERE CONFIRMED LATER BY
MANY WORKERS, E.G. BERKOW, INOUYE, LATTES, SaALviOLI,
HARTMAN, ROSE, SCHMIDT, AND OLDBRYCHT. RieHL (1928)
WAS OF OPINION THAT, IN SPITE OF THE REPORTED ADRENAL
CHANGES, DEFICIENCY OF ADRENALIN PLAYED NO PART IN
THE PRODUCTION OF SHOCK. SAtTO (1932) EXPRESSED
OPPOSITE OPINIONS, HE BELIEVED THAT DEFICIENCY OF
" ADRENALIN WAS THE MAIN FACTOR AND REPORTED THAT HE
HAD PROLONGED THE LIVES OF EXPERIMENTALLY BURNED

ANIMALS ( BY TWENTY-SEVEN TO SIXTY-FOUR HOURS OVER



CONTROLS) BY THE INTRAPERITONEAL ADMINISTRATION OF
ADRENALINE. BROOKS AND BLALOCK (1934) SHOWED THAT
SIMILAR CHANGES IN THE ADRENALS FOLLOWED HAEMORRHAGE
AND TRAUMA TO MUSCLé; THUS THEY WERE NOT PECULIAR TO
BURNS. FReEemaN (1935), aAnD FREEMAN, Squ, AND SNYDER
(1936), FROM ALL THESE AND THEIR OWN OBSERVATIONS,
PROPOSED A THEORY OF SHOCK WHICH IS IN ESSENCE AS
FOLLOWS S~
AN OVERSECRETION OF ADRENALINE TAKES
PLACE IN ORDER TO MAINTAIN THE BLOOD PRESSURE
AT OR NEAR NORMAL, DESPITE A REDUCED BLOOD
VOLUME. |F NOW THE BLOOD VOLUME STILL DECREASES
(AND THIS IT TENDS TO DO BECAUSE OF TRANSUDATION
THROUGH AN INCOMPETENT CAPILLARY WALL ALlDED
BY INCREASED ARTERIOLATTONUS) THE ADRENALINE
OUTPUT OF THE SUPRARENALS CAN MAINTAIN THE
BLOOD PRESSURE AT A NORMAL LEVEL ONLY SO LONG
AND THEN IT MUST COLLAPSE.

MANY OTHER WORKERS HAVE INDICATED THE ADRENAL
CORTEX AS BEING THE SITE OF INJURY WITH RESULTANT
HYPO=-FUNCTION AND DEATH. SWINGLE,PFIFFNER, BOTT, VARS,
AND ParkINs (1933) anp SwiNGLE, DONAHUE, AND PARKINS
(1935) SHOWED THAT BILATERAL ADRENALECTOMY CAUSED
SHOCK AND DEATH, AND FURTHER THAT SUCH SHOCK IS IN MANY
WAYS QUITE SIMILAR TO TRAUMATIC AND SURGICAL SHOCK.

SWINGLE, PFIFFNER, BOTT, VARS, AND PARKINS (1933) WweRrEe
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S0 IMPRESSED BY THE SIMILARITY OF THE TWO CONDITIONS
THAT THEY DREW UP A TABLE COMPOSED OF THIRTY~TWO
DIFFERENT FACTORS, AND SHOWED THAT IN ONLY TWO RESPECTS
oin A DIFFERENCE EXIST (VviDoE TaBLE |).

THE SAME AUTHORS ALSO SHOWED THAT THE VARIOUS
PHYSIOLOGICAL AND BIOCHEMICAL CHANGES WHICH ACCOMPANIED
POST-ADRENALECTOMY SHOCK COULD BE RELIEVED BY THE
ADMINISTRATION OF SUFFICIENT DOZES OF ADRENAL CORTICAL
EXTRACT.

WiLsonN, RowLEY, AND GRAY (1936) APPLIED THESE
OBSERVATIONS TO THE TREATMENT OF THREE CASES OF BURN
SHOCK, AND REPORTED RECOVERY IN TWO OF THE CASES WHICH
THEY BELIEVED WOULD OTHERWISE HAVE DIED. THE WORK
IMPLICATING THE ADRENAL CORTEX WAS BITTERLY ATTACKED
BY FREEMAN (1933) anD BRITTON AND SILVETTE (1933).

THROUGHOUT THI!S LAST SECTION MENTION HAS FREQUENTLY
BEEN MADE OF "PATHOLOGICAL CHANGES IN THE ADRENALS."
THE READER MAY RIGHTLY FEEL THAT THE EXPRESSION 1S
VAGUE AND INADEQUATE. SCRUTINY OF THE CITATIONS
THEMSELVES, HOWEVER, DOES LITTLE TO CLEAR UP THE
MATTER. THE FOLLOWING CHANGES ARE THOSE MOST FREQUENTLY

NOTED ANOD LEAST VAGUELY DESCRIBED.

l. LOSS OF CHROMAFFIN AFFINITY .
2. HAEMORRHAGE (DISSEMINATED AND MASSIVE) .
3. FOCAL NECROSIS.

4, DISAPPEARANCE OF LIPOID BODIES.



2.
3'

»

5.
6.

N

U e

0
.

1C.
.
12.
13.
14,
15.
16,

7.

18.
19.
20.

21.
22,
23.
24.
25.
26,
27.
28.

29.
30.
31,
32.

TABLE |,

CONDITIONS EXISTING IN ADRENAL INSUFFICIENGCY (ANimaLsS)

AND TRAUMATIC SHOCK (Man).

(FROM SWINGLE,

PFIFFNER, VARS, BOTT, AND PARKINS

(1933).

BLOOD VOLUME

BLOOD PRESSURE

HEMOGLOBIN

HEMATOCRIT

RED CELL COUNT

VENOUR PRESSURE

RATE BLOOD FLOW

BLOOD viscOosiITY
HEMOCONCENTRATION

CARDIAC OUTPUT

VENOUR 'RETURN TO RIGHT HEART
HEART RATE

HEART CONDITION

WEAK, FAST PULSE
VASOCONSTRICTION

ABILITY TO DILUTE

BLOOD NONPROTEIN NITROGEN AND UREA
ALKAL ) RESERVE

BASAL METABOLISM

BLOOD SUGAR

DECREASED
DECREASED
INCREASED
INCREASED
INCREASED
DECREASED
DECREASED
INCREASED
INCREASED
DECREASED
DECREASED
INCREASED

NORMAL APPARENTLY

PRESENT
PRESENT
LACKING
INCREASED
DECREASED
DECREASED
DECREASED

BODY TEMPERATURE
USE VASOCONSTRICTOR DRUGS

EFFECT FORCING

VASOMOTOR CENTER

SENSITIVITY TO
SENSITIVITY TO
SENSITIVITY TO
SENSITIVITY TO

SENSITIVITY TO
URINE VOLUME

SENSITIVITY TO
SENSITIVITY TO

ADRENAL INSUFFICIENCY
NORMAL OR SLIGHTLY ABOVE
IN TRAUMATIC SHOCK
DECREASED
I NEFFECTIVE
BENEFIC 1AL
NORMAL APPARENTLY

FLUIDS

PAINFUL STIMULI DECREASED
cCOoLD I NCREASED
ANAESTHETICS INCREASED
HISTAMINE I NCREASED IN ADRENAL

INSUFFICIENCY, ACTION
UNKNOWN IN SHOCK

INFECTIONS AND TOXINS | NCREASED

DECREASED
HAEMORRHAGE INCREASED
TRAUMA AND OPERATIONS INCREASED




THE PHYSICAL THEORY. ALTHOUGH SHORT SUGGESTED tN 1913

THAT SHOCK WAS DUE TO OLIGEMIA INDUCED BY:~-
(a) LOCAL FLUID LOSS INTO THE DAMAGED TISSUES,
(8) FLUID LOSS FROM THE CAPILLARIES ALL OVER
THE BODY AS A RESULT OF GENERAL REFLEX VASOCONSTRICTION,
IT WAS LEFT TO UNDERHILL ET aL. (1923-1930) TO DRAW
ATTENTION TO TRE VERY GREAT LOCAL LOSS OF FLUID 1IN
SEVERE BURNS. UNDERHILL AND HIS COLLEAGUES CONDUCTED
A SERIES OF EXPERIMENTS AND AFTER EXPERIMENTALLY
BURNING ANIMALS, SHOWED THAT THE OEDEMA WAS MAXIMAL
AT THE SITE OF THE BURN IN TWENTY=FOUR HOURS, AND
WAS SLOWLY REABSORBED OVER A PERIOD OF FIVE OR SIX
DAYS. THEIR ANALYSIS OF THE FLUID SHOWED IT TO BE
SIMILAR TO PLASMA, THESE WORKERS ALSO MEASURED THE
AMOUNT OF OEDEMA FLUID BY SQUEEZING T OUT OF THE
ANASARCOUS TISSUES, AND FOUND IT, IN SOME CASES,
TO BE EQUAL TO SEVENTY PER CENT OF THE TOTAL BLOOD
VOLUME . IT IS HARDLY NECESSARY TO POINT OUT THAT
THIS OEDEMA ?Lulo IS NOT SIMPLY A WATERY TRANSUDATE
BUT REPRESENTS WHAT HARKINS CALLS "WHITE HAEMORRHAGE."
THIS AUTHOR COMMENTS, "A PERSON MAY EXCRETE THREE
LITRES OF URINE PER DAY, BUT CANNOT STAND THE LOSS
OF THAT AMOUNT OF BLOOD IN THE SAME TIME." THE
INFERENCE IS SO OBVIOUS THAT NO ELABORATION IS
REQUIRED,

BLarock (1931) ESTIMATED THE QUANTITY OF FLUID



LOST IN SUCH CASES BY BURNING ONE SIDE OF AN ANIMAL,
BISECTING 1T, AND WEIGHING THE TWO SIDES. USING DOGS
AS EXPERIMENTAL AN;MALS, HE FOUND THE FLUID AVERAGED
3.34 PER CENT OF THE ANIMALS' BODY WEIGHT. BEARD AND
BLaLock (1931) SHOWED THAT THE OEDEMA FLUID IN THESE
EXPERIMENTS WAS VERY SIMILAR TO PLASMA. Brarock (1931)
ALSO FOUND THAT IN PLASMAPHERESIS EXPERIMENTS THE
ANIMALS DIED iE PLASMA TO THE QUANTITY OF 3.5 PER

CENT OF THEIR BODY WE|IGHT WAS REMOVED. THUS HE CONCLUDED
THAT IN THESE BURNS THE ANIMALS' DEATHS COULD BE
ACCOUNTED FOR BY FLUID LOSS ALONE, WITHOUT INTRODUCING
BACTERIAL, ADRENAL, OR TOXIC THEORIES.

JOHNSON AND BLALOCK (1931) DEMONSTRATED THAT AFTER
BURNS THE OUTPUT OF THE HEART WAS GREATLY REDUCED. IT
1S FITTING, AT THIS POINT, TO RECORD McDOWALL'S VIiEWS,
ALTHOUGH IT REQUIRES JUMPING TO 1940 FOR THE MOMENT.

IN HIS REVIEW OF THE LITERATURE OF SHOCK McDowaLL iLLUS-

TRATES WHAT HE CALLS"THE DEATH CYCLE"™ AS FOLLOWS:-

REDUCED CARDIAC

OuUTPUT
REDUCED CARDIAGC FILLlNG~——j L———)Lﬁw BLOOD PRESSURE
REDUCED VENOUS RETURN Rzouifo BLOOD FLOW
ReEpucebD Pg;lPHERAL ‘ ASPHYXI A

RESISTANCE s;\\\\\\\\ J
CAPILLARY DILATATION

FLuitbp LOssS

BLOOD CONCENTRATION
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HarkiNs (1934 ~ 1938) IN A SERIES OF PAPERS
CONFIRMED BLALOCK'S FINDINGS AND CONTRIBUTED FURTHER
INFORMATION. BY REPEATING BISECTION EXPERIMENTS, AND
USING A TIPPING APPARATUS COUPLED TO A KYMOGRAPH,

HE SUCCEEDED IN PRODUCING TIME CURVES OF THE FLUID
COLLECTION IN THE BURNED AREAS. HE SHOWED THAT THE
WEIGHT SHIFT BEGAN AT THE TIME OF THE BURN, AND
CONTINUED IN THE FORM OF A DECELERATING CURVE, UNTIL
DEATH. Hé CONTINUES, M"AFTER MOST OF THE FLUID HAD
ACCUMULATED, THE FALL IN BLOOD PRESSURE SET IN, AND
CONTINUED RAPIDLY UNTIL DEATH OCCURRED IN A STATE

OF SECONDARY SHOCK." HE ALSO POINTED OUT THAT WITH
THE COLLECTION OF FLUID THE HAEMOGLOBIN AND HAEMATOCRIT
READINGS OF THE ANIMALS' BLOOD ROSE, AND THAT THE
BLEEDING VOLUME OF THE BURNED ANIMALS WAS MARKEDLY
REDUCED. HARKINS AND HARMON (1937) COLLECTED AND
COMPARED DATA.ON PLASMA LOSS IN TEN DIFFERENT
CONDITIONS., THEIR CONCLUSIONS WERE AS FOLLOWS:-
(1)"PLASMA=LIKE FLUID 1S LOST FROM THE BLOOD STREAM
IN A VARIETY OF CONDITIONS, THESE INCLUDE BURNS,
FREEZING, BILE PERITONITIS, TISSUE AUTOLYSIS IN VIVO,
ACUTE PANCREATITIS, PNMEUMONIA AND PULMONARY OEDEMA,
INTESTINAL MANIPULATION, PORTAL AND MESENTERIC
OBSTRUCTION, EXTERNALLY STRANGULATED COLOSTOMY LOOPS,

AND RELEASE OF A CONSTRICTOR OF AN EXTREMITY.



(2) THE TYPES OF TRAUMA WHICH PRODUCE THESE CONDITIONS
CAN BE ROUGHLY DIVIDED INTO (A) THERMAL TRAUMA,
(8) CHEMICAL AND BACTERIAL TRAUMA, (c) MiLo conNTINUED
MECHANICAL TRAUMA, (D) CAPILLARY INJURY DUE TO INADEQUATE
CIRCULATION.
(3) THE AMOUNT OF PLASMA=LIKE FLUID LOST IN THESE
CONDITIONS APPROACHES THAT WHICH, WHEN REMOVED
EXPERIMENTALLY N PLASMAPHERESIS EXPERIMENTS, WIiLL
PRODUCE DEATH. EVEN IN CASES WHERE THE AMOUNT OF
FLUID LOST IS NOT SUFFICIENT TO CAUSE DEATH, IT IS
OFTEN OF SUFFICIENT IMPORTANCE TO BE RECOGNISED."

THE MORE |MPORTANT AND INTERESTING OF THE FIGURES
UPON WHICH THESE CONCLUSIONS ARE BASED, ARE REPRODUCED

IN TABULAR FORM AS BELOW (VIDE TABLES 2,3,& 4).
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TABLE 2.

CONDITIONS IN WHICH OLIGEMIC SHOCK MAY OCGCUR.

HAEMORRHAGE - TO OUTSIDE, INTO TISSUES, INTO BODY
CAVITIES. :

MECHANICAL TRAUMA - OPERATIVE, ACCIDENTAL, TRAUMA
TO INTESTINES.

THERMAL TRAUMA - BURNS, FREEZING, PERITONEAL COOLING.

ASPHYXIAL TRAUMA = MESENTERIC VASCULAR oGCLUSION,
INTESTINAL STRANGULATION, TOURNIQUET, HEAT STROKE,

ACTINIC TRAUMA — RADIATION BURNS, SUNBURN.

CHEMICAL TRAUMA - BILE PERITONITIS, PERFORATED PEPTIC
ULCER, ACUTE PANCREATITIS, WAR GAS POISONING,

TRAUMA DUE TO SPECIFIC OR NON=SPECIFIC POISONS =
MERCURIC CHLORIDE, ARSENICALS, GOLD CHLORIDE,
SNAKE VENOM.

SPECIAL CAPILLARY POISONS -~ TISSUE AUTOLYSIS,
HISTAMINE, ANAPHYLAXIS, PEPTONE.

MEDICAL CONDITIONS = DIABETIC COMA, ECLAMPSIA.
INFECTIONS -~ CHOLERA, PNEUMONIA (ESPECIALLY INFLUENZAL
AND STREPTOCOCCAL), GAS GANGRENE, DIPHTHERIA,
PERITONITIS.

HYPERVENTILATION,

SPINAL ANAESTHESIA.
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TABLE 3.
FLuio SUGAR NacL. NONPROTEI N PROTEIN
MG PER NITROGEN GM PER
100 c.c. 100 c.c.

-}« DBURNS 134 686 66 7«6
2. FREEzZING 67 697 50 3.6
3. BILE PERITONITIS 60 516 32 4,3
4, TISSUE AUTOLYSIS

IN VIVO 83 565 71 7.6
5. ACUTE PANCREA- No No No No

TITIS DaTta DaTa DATA DaTa
6. PNEUMONIA AND No No No

PULMONARY OEDEMA DaTaA 631 DAaTA DaTa
Te INTESTINAL

MANIPULATION 221 616 6l 6.2
8. MESENTERIC

OBSTRUCTIONS 215 577 36 3.0
9. EXTERNALLY STRANG-

ULATED COLOSTOMY

LOOPS | 37 689 21 4.5
10. RELEASE OF A

CONSTRICTOR OF No

AN EXTREMITY DaTa - 619 47 4.4

AVERAGE 131 622 48 5.2

CONTROL VALUES FOR BLOOD PLASMA:=—
SucarR, 104; NacL, 676; NONPROTEIN NITROGEN, 54 Mc. PER 100 c.c.

PROTEIN, 4.2 eM. PER 100 c.cC.




TABLE 4.

BLEEDING VOLUME IN VARIOUS CONDITIONS

HAEMORRHAGE OCCURS.

IN WHICH PLASMA

HARKINS AND HARMON (1937).

2l.

CONDITION BLEEDING VOLUME PER CENT

Booy WEIGHT.

Il BuRNS 1.6
2. FREEZING 2.0
3. BiILE PERITONITIS l+8
4, TISSUE AUTOLYSIS IN VIVO 2.2
5. ACUTE PANCREATITIS No DaTa
6. PNEUMONIA AND PULMONARY OEDEMA No DaTa
7. INTESTINAL MANIPULATION o4
8. MESENTERiIC OBSTRUCTION No DaTa
9. EXTERNALLY STRANGULATED
COLOSTOMY LOOPS No DATA
10. RELEASE OF A CONSTRICTOR OF
AN EXTREMITY No DaTa
AVERAGE |8
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LAaMBRET, DREtISseENS, anD CORNILOT (1937) conbucTED
A SERIES OF EXPERIMENTS, WITH COMPARABLE RESULTS, AND
THEY, LIKE MANY OTHERS, BAéE THEIR TREATMENT ON THE
PRINCIPAL OF REPLAGCING THE PLASMA LOST TO THE CIRCUL-
ATION .

MOST OF THIS WORK 1S 0BVIOUSLY EXPERIMENTAL, BUT
Mc IvorR (1933) SHOWED THAT THE BLISTER FLUID FROM BURNED
HUMAN BEINGS WAS SIMILAR TO PLASMA, AND THAT THE HAEMO-
GLOBIN READING OF THE BLOOD FROM THESE PATIENTS WAS
CONSIDERABLY INCREASED. WEINER, ROWLETTE, AND ELMAN
(1936) POINTED OUT THAT LOSS OF FLUID BY PLASMA
TRANSUDATION (E.G. BURNS) DECREASED, WHEREAS LOSS OF
FLUID BY VOMITING ETC. INCREASED, THE BLOOD PROTEINS.

HAEMOCONCENTRATION, IT HAS BEEN ALREADY POINTED

OUT THAT HAEMOGCONCENTRATION IS AN ACCOMPANIMENT OF
SHOCK IN GENERAL, AND IS NOT PECULIAR TO SHOCK ASSOC=-
IATED WITH BURNS; NEVERTHELESS 1T 1S SO REGULARLY FOUND
IN THIS LATTER COND!ITION THAT IT HAS BEEN USED BY SOME
WORKERS AS AN INDEX OF THE DEGREE OF SHOCK. FOR THIS
REASON, AND IN SPITE OF THE FACT THAT IT FORMS AN
ESSENTIAL PART OF THE PHYSICAL THEORY, IT DESERVES A
LITTLE SECTION TO ITSELF.

EARLY INVESTIGATORS TO REPORT INCREASED BLOOD
CONCENTRATION INCLUDED BaraDuc (1862), Tarpetner (1881),
Hock (1893), ano Locke (1905). fHE LAST REPORTED A RED

BLOOD CORPUSCLE COUNT OF OVER NINE MILLIONS PER CUBIC



FIGURE I.

F-

LiTReES oF
BLooo In
MaN oF
AVERAGE
Size

HaemaTocrIT

Tvee of Gase

INITIAL IMMEDIATE  FINAL
cowoimon RESULT  RESULT
AFTER
DRUTION

45 45 27

Whote BlLooo Loss

INITIAL IMMEDIATE FINAL
COoNDITIoN RESULT RESULT

AFTER
DLV TION

45 75 45

PLAsSMA Loss

INITIAL \MMEDIATE | INAL
ConpiTioN RESULT RfosuLl

AFTER
DiLuTioN

45 58 35

BLooo awno Pasma Loss

I.LE. HAEMORRHAGE £.6. BuRNs USUAL TYPE OF ACCIDENT
] = PLASMA
] = CELLS

TO ILLUSTRATE THE FALLACY OF USING HAEMOCONCENTRATION

AS AN

INDEX TO TREATMENT OF SHOCK ASSOCIATED WITH

VARIOUS .CONDITIONS.
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MILLIMETER IN FOUR OF TEN CASES ADMITTED TO THE
MASSACHUSETTS.HOSPlTAL. PFEIFFER (1905) ALSO REPORTED
HAEMOCONCENTRATION. UNDERHILL, CARRINGTON, KAPSiINOW,
AND Pack (1923) REPORTED ON TWENTY~ONE PATIENTS BURNED
IN A THEATRE FIRE, AND RECORDED HAEMOGLOBIN CONCENTRAT-
IONS OF ONE HUNDRED AND SEVENTEEN TO TWO Hunokéo AND
NINE PER CENT OF NORMAL.

Mclvor (1933), Snimapa (1934), Douctas (1934),
WEINER , ROWLgTTE, AND ELmaAN(1936), LAMBRET, DREISSENS
AND CORNILOT (1937), LAMBRET anND DREISsseNs (1937), ALsoO
REPORTED INSTANCES OF HAEMOCONCENTRATION IN SEVERELY
BURNED PATIENTS. SIMONART (1928), BrLaLock ET AL.(1931),
AND HARKINS (1934 'AnNp 1936), DREW ATTENTION TO THE
OCCURRENCE OF SIMILAR HAEMOCONCENTRATION IN EXPERIMENTALLY
BURNED ANIMALS. |IN ADODITION TO ITS USE AS A METER FOR
SHOCK, HAEMOCONCENTRATION HAS BEEN USED BY SOME AS THE
GUIDE TO TREATMENT BY FLUID REPLACEMENT. File. |. SHOULD
BE CONSULTED AS IT INDICATES THE FALLACY OF SUCH A
PROCEDURE. (|LLUSTRATION).

THE TOXIC THEORY. FROM THE EARLIEST DAYS OF INTEREST

IN SHOCK ASSOCIATED WiITH BURNS, THE Toxic THEORY HAS BEEN ONE
OF THE FOREMOST EXPLANATIONS FOR ITS CAUSE. UPWARDS OF ONE
HUNDRED POISONS HAVE BEEN NAMsb FROM TIME TO TIME - MANY

OF THEM QUITE EMPIRICALLY. INDEEB THE NUMBER OF SUBSTANCES
INDICTED 1S THE MAIN ARGUMENT AGAINST THE ACCEPTANCE OF

@

THIS THEORY.
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As LONG AGO AS 1868 WETHEIM EXPRESSED THE VIEW
THAT DEATH IN BURNS WAS DUE TO A CIRCULATING POISON.
PonNFick (1876) STATED SIMILAR VIEWS, BUT NEITHER OF
THESE AUTHORS SPECULATED ON fus NATURE OF THE POISONOUS
SUBSTANCE. IN 1880, HOWEVER, LESSER CLAIMED THAT RED
BLOOD CORPUSCLES, IN PASSING THROUGH THE BURNED AREA,
WERE ALTERED IN SUCH A WAY AS TO MAKE THEM FOREIGN
TO THE ORGANISM; THIS HE CALLED FUNCTIONAL ANAEMIA,
CAfTIANO (1882) PUT FORWARD THE THEORY THAT AMMONIUM
FORMATE IN THE SWEAT LIBERATED HYDROCYANIC ACID, WHICH
wAs ABSORBED FROM THE BURNED AREA AND THEN PRODUCED ITS
POISONOUS EFFECTS. ParascanooLo (1904) MADE A sSTuDY OF
EXPERIMENTALLY BURNED RABBITS AND CONCLUDED THAT DEATH
WAS DUE TO THE ACTION OF A CIRCULATING POISON ON THE
LIVER AND KIDNEYS WHICH, HE CLAIMED, WERE THE SEAT
OF FATTY DEGENERATION, HE FURTHER REPORTED THAT THE
BLOOD FROM THESE ANIMALS PROVED TOXIC WHEN INJECTED
INTO OTHER HEALTHY RABBITS. PFEIFFER (1905) wroOTE
AN EXTENSIVE MONOGRAPH ON EXPERIMENTS PERFORMED ON
GUINEA PIGS AND RABBITS. HE REPORTED THAT DEATH WITHIN
THE FIRST SI1X HOURS WAS DUE TO "SHOCK," WHILE SUBSEQUENTLY
IT WAS CAUSED BY THE DECOMPOSITION PRODUCTS OF BURNED
PROTEIN WHICH HE CLAIMED HE HAD ISOLATED.,

RoBERTSON AND BovyD (1923) PUBLISHED A PAPER WHICH
STARTED WIDE POLEMICS. THEY HAD PRODUCED EXPERIMENTAL

BURNS IN SKIN, SUBCUTANEOUS TISSUE, AND MUSCLE, AND
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REPORTED FINDING A BURN TOXIN WHICH WAS PRESENT IN
WHOLE BLOOD AND CELLS, BUT NOT IN THE SERUM. THEY
CLAIMED, THEREFORE THAT THE TOXIN WAS ADSORBED ON
THE CELLS. THEY FOUND THAT ALCOHOLIC EXTRACTS OF
BURNED SKIN PRODUCED TOXIiC svuPTon WHEN ADMINISTERED
TO HEALTHY ANIMALS BY INTRAPERITONEAL OR INTRAVENOUS
INJECTION, NOT ONLY DID THE SYMPTOMS PRODUCED CLOSELY
RESEMBLE THE CONDITION OF BURNED ANIMALS, BUT "THE
AUTOPSY FINDINGS IN THE FATAL CASES WERE I1DENTICAL
WITH THOSE SEEN IN BURNED ANIMALS."

THESE SYMPTOMS DID NOT FOLLOW THE ADMINISTRATION
OF EXTRACTS OF NORMAL SKIN, OR OF SKIN WHICH HAD BEEN
BURNED AFTER ITS REMOVAL FROM THE DONOR ANIMAL. THE
SUMMARY TO THEIR PAPER WAS AS FOLLOWS:-
le. ™ DEATH FROM BURNING OCCURRING WITHIN THE FIRST
TWENTY-FOUR HOURS IS PRACTICALLY ALWAYS DUE TO PRIMARY
SHOCK. LATER THAN THIS IT IS DUE TO TOXIC SHOCK.
2. THERE 1S A TOXIN PRODUCED IN BURNED TISSUE, IN
LARGER'QUANTOTIES IN SKIN BURNS, WHICH CIRCULATES IN THE
BLOOD, EITHER IN, OR ADSORBED ON, THE RED BLOOD CORPUSCLES,
AND WHICH CAUSES THE SYMPTOMS SEEN IN BAD SUPERFICIAL
BURNS,IAND IN SOME CASES DEATH.
3. EXTRACTS OF BURNED SKIN ARE TOXIC. EXTRACTS OF
SKIN BURNED POST MORTEM ARE INNOCUOUS.
4, THERE 1S INCREASED PROTEIN CATABOLISM IN BURNS AS

EVIDENCED BY THE INCREASE IN THE NON-PROTEIN NITROGEN AND
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UREA NITROGEN OF THE BLOOD.

5. THE CONTENTS OF BURN BLISTERS ARE NOT TOXIC.

6. WHOLE CITRATED BLOOD FROM BURNED CASES IS TOXIC.
THE BLOOD SERUM 1S NOT TOXIC. SOLUTIONS OF THE CORPUSCLES
ARE MORE TOXIC THAN IS WHOLE BLOOD.

7. THE TOXIC SUBSTANCE CONSISTS OF TWO PORTIONS, ONE
OF WHICH 1S THERMOSTABILE, DIFFUSIBLE, AND NEUROTOXIC;
THE OTHER 1S THERMOLABILE, COLLOIDAL, AND NECROTOXIC.
CHEMICALLY THE TOXIN CONSISTS OF PRIMARY AND SECONDARY
PROTEOSES.

8. NO EVIDENCE OF THE PRODUCTION OF ANTIBODIES AGAINST
THE BURN TOXIN COULD BE FOUND,"

FROM THESE Fluolnés THEY ARGUED THAT THE PROPER
TREATMENT OF BURNS WAS REPLACEMENT TRANSFUSION, AND
CONCLUDED:- M"FROM A PURELY CLINICAL POINT OF VIEW THERE
'SEEMS TO BE NO DOUBT THAT THE BURNED TISSUES ARE RESPONSIBLE
FOR THE PRODUCTION OF SOME TOXIN WHICH IS TAKEN UP BY
THE BLOOD STREAM,M

RAvoIN AND FERGUSON (1925) ano Davioson (1925 ane
1927) SUPPORTED THE TOXIC THEORY, AND THE LAST'S INTRO-
DUCTION OF TANNIC ACID THERAPY WAS BASED ON THIS CONCEPT.
UNDERHILL, Kapsinow, AND Fisk (1930) SHOWED THAT THE
ABSORPTION, FROM BURNED AREAS, OF SUCH SUBSTANCES AS
STRYCHNINE AND PHENOLSULPHONEPHTHALEIN WAS GREATLY DELAYED.
THIS THEY BELIEVED TO BE EVIDENCE OF UNIDIRECTIONAL

INCREASED CAPILLARY PERMEABILITY. SIMONART (1930)
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REPEATED MANY OF THE EARLIER EXPERIMENTS AND REPORTED
THAT HE COULD FIND NO EVIDENCE OF TOXIC ACTION.
HARRISON AND BrLALOCKk (1932) ALSO REPEATED A NUMBER
OF THE EXPERIMENTS WHICH HAD BEEN SAID TO FAVOUR THE
TOXIC THEORY. THEIR FINDINGS, HOWEVER, WERE AGAINST
THE ACCEPTANCE OF SUCH A HYPOTHESIS; THUS -
l. THE TRANSPLANTATION OF SKIN FROM BURNED TO NORMAL
ANIMALS HAD NO EFFECT ON THE RECIPIENTS.
2. THE EFFECT OF DEBRIDEMENT ON THE SURVIVAL OF BURNED
DOGS WAS DELETERIOUS ( AN AVERAGE OF 74 AGAINST 17} HOURS).
3. THE TRANSFUSION OF BLOOD FROM BURNED INTO NORMAL
ANIMALS WAS WITHOUT EFFECT.

INouve (1933) REPORTED HIS POST-MORTEM FINDINGS
IN THREE CASES OF BURNS., HE WAS OF OPINION THAT THE
CHANGES IN THE ADRENALS, VIZ: DISAPPEARANCE OF LIPOID
BODIES, LOSS OF CHROMAFFIN AFFINITY, HAEMORRHAGE, AND
FOCAL NECROSIS WERE THE SAME AS THOSE PRODUCED BY
POISONING WITH PICROTOXIN, STRYCHNINE, AND BARIUM
CHLORIDE. HE ciTED PFEIFFER .(1905) AS HAVING ATTRIBUTED
THOSE CHANGES IN THE SUPRARENALS TO THE LOW BLOOD PRESSURE
WHICH HAD RESULTED FROM THE STATE OF SHOCK. HE QUOTED
KoL1sKo, NAKATA, AND NIEMEYER AS STATING THAT A TOXIN
PRODUCED THE ADRENAL CHANGES AND THAT ADRENAL INSUFFIC~
IENCY KILLED THE ANIMAL. HE FURTHER QUOTED TAKEUCHI
AS CLAIMING THAT THE SUPRARENAL CHANGES WERE SIMPLY PART

OF THE GENERAL PATHOLOGY, BUT NOT THE CAUSE OF DEATH.
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INOUYE suppoﬁTED TAKEUCHI'S VIEWS, BUT BELIEVED
THAT THE ADRENAL CHANGES WERE A MAJOR FACTOR IN CAUSING
DEATH. FENDER (1933) REVIEWED MUCH OF THE EARLY WORK
IN SUPPORT OF THE TOXIC THEORY. HE SHOWED THAT MANY
OF THE EXPERIMENTS WERE OPEN TO QUESTION MAINLY ON
THE GROUNDS THAT THEY WERE BADLY CONTROLLEDP. THE VIEW
THAT HIS WORK DISPROVED THE TOXIC THEORY IS SHARED BY
MANY, ALTHOUGH FENDER'S OWN CONCLUSIONS ARE MUCH MORE
CONSERVATIVE. M"THE THEORY OF CAUSATION OF DEATH BY
A TOXIN CANNOT BE SAID TO REST UPON ADEQUATE EXPERIMENTAL
WORK AT PRESENT."

Miura (1934) PERFUSED THE HIND LIMBS OF BURNED
RABBITS AND FOUND A SUBSTANCE WHICH WAS TOXIC WHEN
INJECTED INTO HEALTHY ANIMALS.

NagamMITu (1933 AnND 1935) SHOWED THAT, IF THE
BURNED LIMBS OF AN EXPERIMENTAL ANIMAL WERE PERFUSED
BY SERUM OR SALINE AND THIS FLUID THEN TESTED ON CAT
BLOOD PRESSURE OR GUINEA PIG UTERUS, IT CONTAINED A
HISTAMINE~LIKE DEPRESSOR SUBSTANCE. HE ALSO FOUND THAT
THIS DEPRESSOR 'ACTION COULD NOT BE ABOLISHED BY
HISTAMINASE. SHiIMADA (1934) BELIEVED THAT THE TOXIN
WAS HISTOTOXIN WHICH COULD BE DISTINGUISHED FROM
HISTAMINE BY ITS ACTION ON TOAD KIDNEY. HARKINS,
WIiLSON, AND STEWART (1935) PRESENTED RESULTS WHICH
THEY GCLAIMED WERE AGAINST A TOXIC THEORY. THEY

PRODUCED EXPERIMENTAL SKIN BURNS IN RABBITS AND USING
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TRICHLORACETIC ACID PREPARED PROTEIN—FREE EXTRACTS OF
THIS AND NORMAL SKIN., THE EXTRACT OF NORMAL SKIN
CONTAINED A DEPRESSOR SUBSTANCE WHICH WAS NOT ACETYL~
CHOLINE, ADENOSINE, HISTAMINE, OR THE "P SUBSTANCE"

OF EuLeER AND GapouM (1931). THAT FROM BURNED SKIN WAS
SHOWN TO CONTAIN AN IDENTICAL SUBSTANCE FOR PERIODS UP

TO FORTY-EIGHT HOURS AFTER BURNING. THIS LATTER EXTRACT,
HOWEVER, DID NOT HAVE A MORE DEPRESSING, AND FREQUENTLY
HAD A LESS DEPRESSING, EFFECT. |IT IS DIFFICULT TO
UNDERSTAND WHY THIS SHOULD HAVE BEEN CONSIDERED, EVEN

BY THE AUTHORS THEMSELVES, EVIDENCE AGAINST A TOXIC
THEORY, AS ALL THAT CAN BE SAID IS THAT THESE WORKERS
FAILED TO FIND ANY UNUSUALLY Toknc SUBSTANCE IN PROTEIN-.
FREE EXTRACT OF BURNED SKIN, PREPARED BY TRICHLORACETIC
ACID. IT FURTHER APPEARS TO THE PRESENT WRITER THAT THE
DIMINISHED TOXICITY OF THE BURNED SKIN EXTRACTS IS
EXPLAINED BY THE DILUTION WHICH MUST HAVE OCCURRED DUE

TO OEDEMA FLUID. IsHizawA (1935) PRESENTED A PAPER
WHICH, LIKE THE PRESENT ONE, DIRECTED ATTENTION TO THE
BLOOD CORPUSCLES. HE CLAIMED, FROM EXPERIMENTAL WORK
DONE ON RABBITS, THAT HAEMOLYSIS OF ERYTHROCYTES AT

THE SITE OF A BURN GAVE RISE TO A TOXIC SUBSTANCE WHICH
WAS THE CAUSE OF EARLY DEATH IN BURNED ANIMALS. AFTER
BURNING AN ANIMAL HE WITHDREW SPECIMENS OF BLOOD EVERY
FIFTEEN MINUTES AND ESTIMATED THE DEGREE OF HAEMO-

CONCENTRATION AND THE AMOUNT OF HAEMOGLOBIN [IN THE
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PLASMA. HE APPEARS TO HAVE DRAWN HIS CONCLUSIONS
RATHER CARELESSLY BECGAUSE:-
1. HAEMOGLOBIN WAS FOUND IN THE PLASMA ONLY IN THE
FIRST SAMPLE, EXCEPT IN THE CASES OF FOUR ANIMALS WHERE
IT WAS PRESENT UP TO ONE HOUR AFTER BURNING.
2. ALL FOUR OF THESE ANIMALS RECOVERED, WHILE THE
REMAINDER DIED WITHIN SIXTY HOURS OF BURNING.
3. THE BLOOD SHOWED INCREASING CONCENTRATION LONG
AFTER HAEMOGLOBIN HAD DISAPPEARED FROM THE PLASMA.
Mason, PAXTON, AND SHOEMAKER (1936) CARRIED oﬁT
EXPERIMENTS VERY SIMILAR TO THOSE OF UNDE%HILL, Kapsinow,
AND Fisk (1930) WHICH HAVE ALREADY BEEN REPORTED. THEY
(MAson, PAXTON, AND SHOEMAKER) INJECTED A SOLUTION OF
SODIUM 1ODIDE INTO THE SUBCUTANEOUS TISSUE OF A BURNED
AREA SIX HOURS AFTER BURNING ‘AND SHOWED THAT THE éAME
AMOUNT OF SODIUM IODIDE WAS EXCRETED IN THE URINE OF
THESE AND CONTROL ANIMALS. THEY THEMSELVES HASTENED TO
POINT OUT THAT THE ONLY ESSENTIAL ODIFFERENCE BETWEEN
THEIR OWN AND UNDERHILL'S EXPERIMENTS WAS THE USE OF A
SUBSTANCE OF LOW MOLECULAR WEIGHT, VIZ. SODIUM I0DIDE,
COMPARED WITH THE LATTER'S STRYCHNINE AND PHENOL=-
SULPHONEPHTHALEIN. BARSOUN AND GaDDuM (1936) REPORTED
THE RESULTS OF THEIR RESEARCHES INTO THE CONCENTRATION
6F HISTAMINE IN THE BLOOD FOLLOWING BURNS. THEY SHOWED
THAT THIS ROSE STEADILY, REACHING A MAXIMUM ON THE FIFTH

OR SEVENTH DAY AFTER THE BURN, AND OFFERED AS AN



EXPLANATION PROGRESSEVE INTERFERENCE WITH THE HISTAMINE
EXCRETING ORGANS, E«Ge THE KIDNEYS. THEY POINTED OUT
THAT THE PEAK WAS REACHED AFTER THE TIME OF TSCCONDARYT

SHOCK, BUT THE REASON FOR THEIR ATTRIBUTING THIS TO THE

o

FACT THAT THE PATIENTS WERE EGYPTIANS 1S TOO SU3TLE FOR
THE PRESENT WRITER. IN THEIR CONCLUSIONS, ROWEVER, THEY
STATED :~ "THE RELATION OF THIS RISE IN 8LOOD HISTANINE
TO SECONDARY SHOCK 1S UNCERTAIN. THERE |sﬁuo CLEAR
EVIDENCE OF ANY CORRELATION BETWEEN THE BLOOD MISTAMINE
AND THE CLINICAL CONDITION OF THE PATIENT."

WiLson, JEFFRY, ROXBURGH, AND STEWART (1937)
PREPARED EXTRACTS OF BURNED SKIN WHIGCH WERE NOT PROTEN=
FREE, AND THESE, THEY SHOWED, DID POSSESS TOXIC ACTIQON
QUITE DISTINCT FROM THE ACTION OF THE PROTEIN=FREE
EXTRACTS OF HARKINS, WILSON, AND STEWART (1935). THEY
ALSO DEMONSTRATED THAT THE OEDEMA FLUID OBTAINED FROM A
auausb AREA ACQUIRED TOXIC PROPERTIES} THUS FORTY=EIGHT
HOURS AFTER THE BURN IT WAS LETHAL TO HEALTHY ANIMALS.
THEY BELIEVED THAT THIS ACQUISITION OF TOXICITY WAS
INDEPENDENT OF BACTERIAL ACTION, AND THAT IT WAS PROBABLY
RELATED TO AUTOLYSIS OF THE BURNED TISSUE, |T wWAS
CLAIMED THAT THE TOXIN WAS COMBINED WITH THE GLOBULIN
FRACTION OF THE PROTEINS PRESENT AND THAT T PRODUCED
NECROSIS OF THE LIVER CELLS TOGETHER WITH A DISTURBANGEL
OF THE CENTRAL NERVOUS AND CIRCULATORY SYSTEMS. THLSGE

AUTHORS WERE OF THE OPINION THAT |IT WAS UNNECEESARY TO
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CONSIDER AS IMPORTANT SUCH FACTORS AS HAEMOCONCENTRATION,
EARLY INFECTION, AND CHANGES IN THE BLOOD CHEMISTRY.,

THE SUBJECT OF BURNS WAS VERY FULLY DISCUSSED AT
A SESSION OF THE FRENCH SURGICAL CONGRESS IN 1937.
ALL THOSE PRESENT APPEAR TO HAVE FAVOURED THE TOXIC
THEORY; THUS,
DuvAL:- BELIEVED AUTOLYSING TISSUE ACTED AS A TOXIN AND
THAT, AT LEAST IN EXPERIMENTAL ANIMALS, REPEATED BURNS
RESULTED IN A STATE OF SENSITIZATION WHICH CONFERRED A
DEGREE OF IMMUNITY TO BURNS,

MOURGE~-MOLINESs— ACCEPTED THE TOXIGC THEORY AND ADVOCATED

THE USE OF SILVER NITRATE AND TANNIC ACID IN THE TREATMENT
OF BURNS.

McCLURE (DETROIT):-— AGREED CONCERNING THE USE OF TANNIC

ACID.

Rievt (VIENNA):- SUPPORTED THE TOXIC THEORY AND ADVISED

BLOOD TRANSFUSION AND TANNIC ACID.

WiLson (EDINBURGH):= SAID THAT BURNS COULD BEST BE

TREATED WITH TANNIC ACID, GENTIAN V{OLET, AND ACRI=-
FLAVINE, TOGETHER WITH ADRENAL EXTRACTS. (THE REPORT

DOES NOT MAKE CLEAR WHETHER ADRENALINE, CORTICAL EXTRACT,
OR BOTH WERE ADVOCATED. FROM WILSON'S OTHER PAPERS,
HOWEVER, I|T SEEMS PROBABLE THAT CORTICAL EXTRACT WOULD

BE THE ONE SUGGESTED).

SEemMeN (MuNICH):— PRAISED THE RESULTS OBTAINED BY

ELECTROCOAGULATION.
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DONATI (MILAN) 2= SAID THAT THE PRIMARY OBJECT OF

TREATMENT IN BURNS SHOULD BE TO "PREVENT DEHYDRATION
AND INTOXICATION.Y

ROSENTHAL (1937):- FORGED THE NEWEST LINK IN THE CHAIN

OF EVIDENCE IN FAVOUR OF A TOXIC THEORY. HE SHOWED THAT
A. SUBSTANCE COULD BE OBTAINED F;OM THE BLOOD OF BURNED
SHOATS, GUINEA PIGS, AND HUMAN BEINGS WHICH PRODUCED
CONTRACTION OF THE VIRGIN GUINEA PIG UTERUS, HE SHOWED
THAT SOON AFTER THE BURN THIS SUBSTANCE WAS ADSORBED ON
THE RED BLOOD CORPUSCLES BUT LATER WAS FREE IN THE SERUM,.
HE FURTHER DEMONSTRATED THAT TH!S SUBSTANCE DIFFERED
FROM HISTAMINE IN A VARIETY OF WAYS. IN THE HEALING
STAGE OF THE BURN THE SERUM OF THE PATIENT, EITHER
GUINEA PIG OR HUMAN, HAD A NEUTRALISING EFFECT ON
HISTAMINE AND BURN TOXIN AS TESTED ON THE VIRGIN GUINEA
PIG UTERUS. THE FOLLOWING LIST, WHILE INCOMPLETE,

GIVES SOME IMPRESSION O? THE GREAT VARIETY OF SUBSTANCES

WHICH HAVE BEEN NAMED BY VARIOUS INVESTIGATORS AS BEING

THE "TOXIN"RESPONSIBLE FOR BURN SHOCK.

TOXIN AUTHOR
l« ABRIN AND RICIN=LIKE TOXIN STENGEL & FoXx
2. AMMONIA EpENBUI ZEN
3. AwmmoOoNIA OR UREA EDENBUI ZEN
4. ANAPHYLAXIS TUDER
5. CHOLINE=LIKE SUBSTANCE KOHLRAUSCH

6. DiaMmiNO ACIDS _ EoIN AnD HERIMAN



AETIOLOGY OF BURN SHOCK

FIBRIN FERMENT

HAEMOLYSINS AND HAEMAGGLUTININS

HYDROCYANIC ACID

I NORGANIC INTRACELLULAR
MATERI AL

METHYL GUANIDINE
PEPTONE
PoTAsstuM sSALTS

PRIMARY AND SECONDARY
PROTEOSES

PTOMA I NE

PYRIDINE BASE

TOXALBUMIN

UNSPECIFIED PROTEIN CLEAVAGE
PRODUCTS

UNSPECIFIED TOXIN

34,

Foa
Von DIETEMICHS

CaTianoO

TuURCK
HEYDE
OLDBRYCHT

SCHUERNI NG

RoBERTSON & BovD

LUSTGARTEN &
PARASCANDOLO

REISS

DORRANCE &
BRANSFIELD

PFEIFFER, FRANKEL,
SPIEGLER, BRANCATH,
NISHIMURA

Boyer, GUINARD,
McCrRAE, BARDEEN,
Pack, DAviDSsON

THE FOREGOING ACCOUNT OF THE FOUR THEORIES OF THE

1S LITTLE MORE THAN A CATALOGUE,

AND BRIEF COMMENT HAS BEEN MADE ON THE LITERATURE

MENTIONED ONLY WHERE

FURTHER ANALYSIS OF THESE THEORIES

1T WAS SPECIALLY NECESSARY. SoME

IS REQUIRED, HOWEVER,

IN ORDER TO INDICATE THE OBJECT OF THE THIRD AND FOURTH

CHAPTERS.,



35.

THE BACTER1AL THEORY MAY BE DISMISSED AS BEING,
AT THE LEAST IMPROBABLE. WHILE IT MUST BE ADMITTED
THAT BACTERIAL INFECTION MAY PLAY A MAJOR ROLE IN
CAUSING DEATH IN THE LATER STAGES OF SEVERE BURNS,
IT IS ADMITTED BY A GREAT MAJORITY THAT IT CANNOT
ACCOUNT FOR DEATHS OCCURRING IN THE FIRST FORTY-EIGHT
HOURS AFTER BURNING. PUuT IN ANOTHER WAY, IT IS 0OBVIOUS
THAT A FACTOR CAUSING DEATH AT ONE STAGE OF AN ILLNESS
NEED NOT BE THE LETHAL ENTITY ALL THROUGH.

THE AoRENAL AND NERvVOUsS THEORY 1S SLOWLY TENDING
TO BE INCLUDED IN THE PHYSI1CAL THEORY, ALTHOUGH SOME
WORKERS STILL SUPPORT ITS PRIMACY. |T APPEARS THAT
THE EVIDENCE [N FAVOUR OF THIS THEORY 1S ALMOST
ENTIRELY BASED ON POST-MORTEM FINDINGS AND, IN THE
WRITER'S OPINION, IT IS OPEN TO ONE MAJOR CRITICISM,
ViZ. THE PATHOLOGY OF THE ORGANS EXAMINED MAY HAVE
BEEN CAUSED BY ONE OR BOTH OF TWO FACTORS,

A. THE BURNS THEMSELVES
B. THE TREATMENT USED

THIS SECOND FACTOR MAY NOT BE OF PRIME IMPORTANCE,
BUT IS SURELY WORTHY OF CONSIDERATION. RECENT PAPERS
(E.c. WELLs, HuMPHREYS & COLE) HAVE ACCUSED TANNIC
ACID, WHICH IS COMMONLY USED IN THE TREATMENT OF BURNS,
OF PRODUCING PATHOLOGICAL CHANGES IN THE LIVER AND
OTHER ORGANS, BUT ITS EFFECT ON THE ADRENALS 1S NOT

DISCUSSED. IT 1S NOT CLEAR, THEREFORE, SO FAR AS



HUMAN BEINGS ARE CONCERNED, WHETHER THE ALLGED CHANGES
IN THE ADRENALS ARE THE RESULT OF THE BURN OR THE
TREATMENT OR PERHAPS BOTH.

THE PHysicaL THEORY IS, AS HAS BEEN SAID, THE
DOMINANT ONE AT PRESENT. SO FAR AS CAN BE SEEN FROM
THE LITERATURE, IT EMBRACES SUCH FACTUORS AS LOCAL
FLUID LOSS, (BLOOD AND/OR PLASMA), DECREASED CAROIAC
OUTPUT, DIMINISHED VOLUME FLOW, ARTERIOLAR VASOCONSTRICT-
ION, CAPILLARY CONGESTION AND STASIS, PROGRESSIVE HAEMO~
CONCENTRATION ETC. WITH ALL THESE CHANGES GOING ON
THE DIFFICULTY OF DECIDING WHICH ARE INITIATING AND
WHICH ARE PERPETUATING OR ACCOMPANYING FACTORS,

BECOMES IMMENSE. AGAIN THE BULK OF THE EVIDENCE FOR
THE PHYSiCAL THEORY HAS BEEN OBTAINED FROM OBSERVATIONS
ON EXPERIMENTAL TRAUMA AND INJURIES OTHER THAMN BURNS.
THE VIEW,ALREADY EXPRESSED, THAT THESE MAY BE ENTIRELY
DIFFERENT ENTITIES MUST THEREFORE BE GIVEN CAREFUL
CONSIDERATION. FURTHER, THE TREATMENT OF SHOCK
ACCORDING TO THE PROGRAMME OF THE PHYSICAL SCHOOL -
1.E. BLOOD OR PLASMA TRANSFUSION SUPPLEMENTED BY
INTRAVENOUS SALINE AND THE ADMINISTRATION OF ADREKAL
CORTICAL EXTRACT =~ HAS MET WITH SCANT SUCCESS WHEN
APPLIED TO BURHNS,

THe Toxic THEORY HAS RECEIVED RELATIVELY LITTLE
ATTENTION OF LATE, APPARENTLY BECAUSE MOST WORKERS

HAVE BEEN DIRECTING THEIR EFFORTS TOWARDS LIKKING UP
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BURN SHOCK WITH THE PHYSICAL THEORY OF TRAUMATIC SHOGK
IN GENERAL. IT MUST BE ADMITTED THAT, APART FROM
EXPERIMENTAL WORK ALTOGETHER, THERE 1S A VERY
CONSIDERABLE AMOUNT OF EVIDENCE IN FAVOUR OF THE
Toxic THEORY. THUS AS EVIDENCE OF INTOXICATION WE
HAVE NOT ONLY CLINICAL MANIFESTATIONS, SUCH AS
HAEMOGLOBINURIA, ALBUMINURIA, VOMITING, BLOODY
DIARRHOEA ETC., BUT MANY REPORTED POST=-MORTEM FINDINGS
HAVE BEEN NOTABLY SIMILAR TO THOSE DUE TO INTOXICATION
WITH BACTERIAL PRODUCTS. HERE AGAIN, HOWEVER, IT IS
DIFFICULT TO SAY TO WHAT EXTENT THESE CHANGES HAVE
BEEN DUE TO THE THERAPEUTIC MEASURES USED AND OFTEN
MENTIONED ;N SUMMARY FASHION OR NEGLECTED ENTIRELY
BY REPORTERS. IT 1S NOT INTENDED TO DISCUSS THE LEGAL-
ITY OF THE TERM "TOXI1C" AS APPLIED TO THIS THEORY, BUT
A FEW REMARKS ARE NECESSARY TO MAKE THE POSITION CLEAR.
WHILE TOXINS ARE REGARDED AS THOSE SOLUBLE
POISONOUS SUBSTANCES PRODUCED BY SYNTHETIC PROCESSES
BY BACTERIA, POISONS OF A SIMILAR NATURE PRODUCED BY
ANIMALS (ZOOTOXINS) AND PLANTS (PHYTOTOXINS) ARE
USUALLY INCLUDED. IT IS NOT CLEAR WHETHER TOXINS THUS
DEFINED ARE PROTEINS, ALTHOUGH IT 1S CONSIDERED POSSIBLE
THAT THEY CONSIST OF A PROTEIN MOLECULE TO WHICH IS
ATTACHED A TOXIC RADICAL AND WHICH MAY OR MAY NOT BE
AN INTEGRAL PART OF THE PROTEIN MOLECULE. |T HAS BEEN

SUGGESTED THAT THE SPECIFICITY OF THESE TOXINS IS DUE
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TO THE PROTEIN AHD NOT THE TOXIC RADICAL. |IT IS TO BE
REMEMBERED THAT THESE COMMENTS ARE APPLICABLE ONLY TO
THE TRUE TOXINS AND NOT TO THE LESS SPECIFIC ENDOTOXINS,
THE NON-SPECIFIC BACTERIAL PROTEINS, OR THE PTOMAINES.
1F, THEN THE WORD "TOoXxi1c" IS TECHNICALLY INCORRECT
WHEN USED IN RELATION TO BURN SHOCK, IT HAS BEEN
SANCTIONED 8Y WIDE AND LONG CONTINUED USE, AND IN
ADDITION T IS LESS UNWIELDY, IF LESS ACCURATE, THAN
THE TERM "NOXious SUBSTANCE.M

IT HAS BEEN ALREADY NOTED THAT THE GREATEST
CRITICISM OF THE Toxic THEORY CONCERNS THE LACK OF
UNIFORMITY OF OPINION AS TO THE NATURE AND NAME OF THE
TOXIC SUBSTANCE. THIS MERE LACK-OF CONFORMITY IS,
HOWEVER, NO EVIDENCE OR ARGUMENT AGAINST THE EXISTENCE
OF SUCH A SUBSTANCE. A FURTHER OBJECTION RAISED IS THE
FAILURE OF THERAPEUTIC MEASURES BASED ON THIS CONCEPT
TO DIMINISH APPRECIABLY THE INCIDENCE OR GRAVITY OF
SHOCK. THESE MEASURES ARE THE VARIOUS MODIFICATIONS
OF THE ORIGINAL TANNIC ACID THERAPY. DUNBAR, IN HIS
REVIEW OF BURNS AND THEIR TREATMENT, PRESENTED A GRAPH
(Fre.2) SHOwWING THE PERCENTAGE MORTALITY AMONG BURNED
PATIENTS ADMITTED TO THE GLASGOW ROYAL INFIRMARY BETWEEN
THE YEARS 1833 anp 1933, AND COMMENTED:-
"] THINK THE MOST OUTSTAKDING FACT SHOWN BY THE GRAPH
IS THE DIFFERENCE BETWEEN THE PRE~ANTISEPTIC AND

ANTISEPTIC ERAS. IF A LINE 1S DRAWN AT TWENTY PER CENT
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IT WILL AT ONCE BE SEEN THAT ONLY ON SIX OCCASIONS WAS
THE RATE ABOVE TWENTY PER CENT PRE~ANTISEPTIC AND NEVER
ABOVE TWENTY=FOUR PER CENT, AND SINCE THEN IT HAS ONLY
BEEN UNDER IT ON TWENTY-ONE OCCASIONS,

THIS IS TRUE IN SPITE OF THE FACT THAT IN THE
PRE=ANTISEPTIC ERA ONLY THE WORST BURNS WOULD COME TO
THE HOSPITAL, THE STATE OF THE HOSPITALS BEING WELL
KNOWN TO THE PUBLIC, WHO ALSO KNEW THAT A BURN OF
SLIGHT OR MODERATE SEVERITY HAD A BETTER CHANCE OF
RECOVERY AT HOME."

HE CONCLUDED HIS PAPER THUS:~-

"EVEN WITH THOSE (ANTISEPTIC) METHODS AND EMPLOYING
TANNIC ACID FOR THE TREATMENT OF SUPERFICIAL BURNS

OUR DEATH RATE IS STILL TOO HicH (13.8%) aND sSTiLL

DOES NOT COMPARE FAVOURABLY WITH THE PRE—-ANTISEPTIC
PERI1OD, ESPECIALLY WHEN WE REMEMBER THE DIFFICULTIES
THE PRE~LISTER SURGEONS HAD TO CONTEND WITH, AND THAT
MANY OF THEIR PATIENTS DIED OF TETANUS AND ERYSIPELAS.™

}T MUST BE REMEMBERED, HOWEVER, THAT THE TANNIC
Aélo TREATMENT AND ITS VARIANTS WERE BASED NOT ONLY
ON THE Tox1Cc THEORY BUT ALSO ON THE ASSUMPTION THAT
THE TOXI1C SUBSTANCE WAS EITHER OF A PROTEIN NATURE
ITSELF, OR WAS CAPABLE OF BEING PRECIPITATED
TOGETHER WITH THE PROTEIN. !T 1s NOT TO BE INFERRED
THAT THIS CRITICISM 1S INTENDED AS A CONDEMNATION OF

THE USE OF TANNIC ACID FOR, IN SPITE OF ITS SEVERAL
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DISADVANTAGES, SUCH AS SCARRING AND CONTRACTURE

FORMATION = WHICH HAVE BEEN RECENTLY MUCH PUBLICISED -

IT REMAINS A USEFUL, DURABLE, EASILY APPLICABLE, AND

RELATIVELY COMFORTABLE DRESSING FOR BURNS.

THIS CHAPTER WILL HAVE FULFILLED ITS PURPOSE,

IF IT HAS MADE THE FOLLOWING POINTS CLEAR:-
e THAT IN SPITE OF THE GREAT AMOUNT
OF WORK WHICH HAS BEEN DONE IN AN EFFORT
TO SOLVE THE PROBLEM OF THE CAUSE OF BURN
SHOCK, THERE 1S, EVEN NOW, NO UNANIMITY.
2. THAT ALL FORMS OF TREATMENT FAIL TO
PREVENT BURN SHOCK, AND DO VERY LITTLE TO
RESTORE THE PATIENT ONCE IT HAS DEVELOPED,

3. THAT BURN SHOCK MAY BE REGARDED AS AN

IRREVERSIBLE PROCESS.



CHAPTER TwO.

THE NEUTROPHIL GRANULOCYTE.
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CHAPTER TWwO.

HAEMATOLOGISTS HAVE BUT SLOWLY LEARNED THAT THE
LEUCOCYTES PLAY AN IMPORTANT PART IN THE PHYSIOLOGY
AND PATHOLOGY OF THE HUMAN ORGANISM. THE CREDIT FOR
THEIR DISCOVERY 1S GIVEN TO HEwsON (1773), ALTHOUGH
IT IS PROBABLE THAT SwAMMERDAM (1658) AnND LEEUWENHOCK
(1673), WHO WERE THE FIRST MICROSCOPISTS TO DESCRIBE
TAE RED BLOOD CORPUSCLES, SAW AND IGNORED THE LARGER
BUT LESS NUMEROUS LEUCOCYTES. KIRCHER, TO0O, IN HIS
ScuTiNIuM PesTis (1658) REFERRED TO WORMS AND PUTRID
MATTER SEEN IN MICROSCOPIC PREPARATIONS. OF THE BLOOD
OF PATIENTS WITH PLAGUE; THESE WERE ALMOST CERTAINLY
LEUCOCYTES AND ROULEUX OF ERYTHROCYTES. |IT WAS NOT
UNNATURAL THAT LITTLE IMPORTANCE SHOULD HAVE BEEN
ATTACHED BY SUBSEQUENT 0BSERVERS TO BODIES WHICHkWERE
PRESENT IN SUCH RELATIVELY SMALL NUMBERS IN NORMAL
BLOOD.

Virchow's DISCOVERY OF LEUKAEMIA AND HIS OBSERV-
ATIONS ON, AND DEFINITION OF, LEUCOCYTOSIS (1845)
WERE THE FIRST STEPS TOWARDS THE RECOGNITION OF THE
IMPORTANCE OF THE WHITE BLOOD CELLS IN PATHOLOGY.

IT wWAs, HOWEVER, ONLY AFTER CONHEIM'S DISCOVERY, THAT
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SUPPURATION WAS DUE TO MIGRATION OF WHITE BLOOD CELLS
THAT INTEREST IN THE LEUGCOCYTES WAS FINALLY AWAKENEOD.
CONHEIM'S OBSERVATIONS HAD DRAWN ATTENTION TO THE
FACT THAT LARGE QUANTITIES OF PUS COULD.BE~FORMED AND
LOST NOT ONLY WITHOUT IMPOVERISHMENT OF THE aLooa IN
RESPECT OF LEUCOCYTES BUT ACTUALLY IN ASSOCIATION WITH
A RISE IN THE NUMBER OF CIRCULATING CELLS. |IN THE
LIGHT OF THIS OBSERVATION, IT WAS SEEN THAT NOT WITH~-
STANDING THE SMALL NUMBER OF LEUCOCYTES IN NORMAL
BLOOD (RELATIVE TO THE ERvTHgochEs), THE LEUCOCYTO-
POIET;C TISSUE MUST HAVE AN ENORMOUS PRODUCTION POTENTIAL.
THE NEXT FEW YEARS SAW RAPID PROGRESS, ALMOST ALL
OF IT FROM THE LABOURS OF EHRLICH., HE FIRST CLASSIFIED
LEUCOCYTES ACCORDING TO THE PRESENCE OR ABSENCE OF
INTRA=CELLULAR GRANULES, THEN, APPLYING HIS NEWLY-
DISCOVERED TRI-ACID STAIN, HE DIVIDED THE GRANULOCYTES
INTO NEUTROPHILS, EOSINOPHILS, AND BASOPHILS, AND
FINALLY DEMONSTRATED THAT LEUCOCYTOPOIESIS WAS A
FUNCTION OF BONE MARROW., EVEN THEM,HOWEVER, THE
PIONEER CHARACTER OF HIS WORK WAS NOT REALISED, AND
LITTLE PROGRESS WAS MADE SINCE CLINICIANS CONTENTED
THEMSELVES WITH AN ENUMERATION OF THE WHITE BLOOD
CELLS AND THE CALCULATION OF THE RATIO OF THESE TO
THE ERYTHROCYTES. |T WAS BELIEVED AT THIS TIME THAT
CONCLUSIONS AS TO DIAGNOSIS AND PROGNOSIS COULD BE

DRAWN FROM THE DEGREE OF LEUCOCYTOS!S, AND THIS WAS
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REPUTED TO BE SPECIALLY TRUE OF PNEUMONIA, IN
WHICH LEUCOCYTOSIS HAD LothST AND MOST EXTENSIVE-
LY BEEN STUDIED. GRADUALLY IT WAS RECOGNISED THAT
THE MERE NUMBER OF LEUCOCYTES WAS OF LITTLE CONSE=-
QUENCE, SI'NCE THIS WAS A RESULT OF BOTH SUPPLY AND
DEMAND, THAT IS, IT DEPENDED UPON TWO QUANTITIES:~-
(A) THE VIRULENCE OF THE INFECTION, AND

(B) THE RESISTANCE OR REACTION OF THE PATIENT.
BOTH OF THESE QUANTITIES WERE UNKNOWN, AND THERE-
FORE THE EQUATION SO CONSTRUCTED WAS INCAPABLE OF
SOLUTION.,

IN AN EFFORT TO OBVIATE THESE DIFFICULTIES,
ATTENTION WAS DIRECTED TO QUALITATIVE CHANGES 1IN
THE CIRCULATING LEUCOCYTES, DURING THE PROGRESS
OF INFECTIONS. THESE QUALITATIVE ALTERATIONS ARE
OF TWO TYPES, (A) NucLEAR, (B) cyToepLAsMIC. THE
TECHNICAL ADVANCES IN THE STUDY OF THE LEUCOCYTES
DEPENDENT ON NUCLEAR CHARACTERS WERE AS FOLLOWS:-

l. SCHINDLER'S STUDIES. BESIDES FULLY DEVELOPED

LEUCOCYTES, SCHINDLER FOUND THEIR UNDEVELOPED
PROGENITORS ( 1. E. THE MYELOCYTES) IN THE BLOOD
DURING LEUCOCYTOSIS. HE RIGHTLY CONSIDERED THAT
THE NUMBER OF UNDEVELOPED CELLS PRESENTED A
CRITERION FOR JUDGING THE DEMANDS MADE UPON THE
BONE MARROW, SINCE MANIFESTLY ONLY AN INTENSE

TOXIC IRRITATION OF THIS COULD MAKE SUCH DEMANDS
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AS TO CAUSE THE PRESENCE OF THESE YOUNG CELLS 1IN
THE BLOOD. HE EXPRESSED HIS RESULTS WITH REGARD
TO THE FINDING OF THE MYELOCYTES IN THE BLOOD IN
INFECTIOUS DISEASE BY THE FOLLOWING PROPOSITIONS: -
. "THE MOST VARIED CAUSES (IN PARTICULAR, THOSE
OF AN INFECTIOUS NATURE) WHICH EXCITE LEUCOCYTOSIS
ARE, IN SO FAR AS THEY ARE PERMANENT, THOSE WHICH
GIVE RISE TO A MIGRATION INTO THE BLOOD OF LARGE
MONONUCLEAR CELLS, WITH NEUTROPHIL GRANULES
(MYELOCYTES) THAT NORMALLY NEVER LEAVE THE BONE
MARROW. THUS WE FIND MYELOCYTES IN PNEUMONIA,
SCARLET FEVER, DIPHTHERIA, ERYSIPELAS, MENINGITIS,
POLYARTHRITIS, SEPTIC CONDITIONS ETC. THEIR MERE
OCCURRENCE 1S NOT ALWAYS OF THE SAME SIGNIFICANCE.
IF THEY OCCUR MERELY AS AN ACCOMPANIMENT OF LEUCO-
CYTOSIS AT THE HEIGHT OF THE SAME AND DISAPPEAR
WITH ITS RECESSION, WE CAN INFER NOTHING FURTHER
THAN AN INSIGNIFICANT EXPRESSION OF THE ABILITY

OF THE BONE MARROW TO SUPPLY CELLS HASTILY,
FOLLOWING THE EXHAUSTION OF THE EXISTING RESERVES
OF DEVELOPED LEUCOCYTES. (IT SHOULD HERE BE NOTED
THAT THIS LAST STATEMENT WOULD NOW BE ACCEPTED WITH
SOME RESERVATIONS, Aé THE CELLS WHICH SCHINDLER
REGARDS AS INDICATIVE OF A NORMAL REACTION TO
GREAT DEMANDS WOULD REQUIRE TO BE,AT MOST, YOUNG

METAMYELOCYTES, TRUE MYELOCYTES OCCURRING ONLY






IN VERY SMALL NUMBERS. WITH THE TRI~ACID STAIN
WHICH HE USED, HOWEVER, IT IS LIKELY THAT MANY OF
HIS "MYELOCYTES'" HAD IN FACT SLIGHTLY INDENTED
NUCLEI - AUTHOR). |F, HOWEVER, MYELOCYTES OCCUR
AT A TIME WHEN THE LEUCOCYTOSIS HAS PARTIALLY OR
QUITE RECEDED, THEY BEAR WITNESS TO A FUNCTIONAL
EXHAUSTION OF THE BONE MARROW THE DEGREE OF WHICH
1S INDICATED BY THEIR NUMERIC RELATIONS TO THE
DEVELOPED CELLS., WHEN THE DECREASE IN LEUCOCYTOSIS
1S, TOGETHER WITH THE FALLING TEMPERATURE AND THE
GENERAL SYMPTOMS OF IMPROVEMENT, A SIGN OF THE
VICTORY OF THE ORGANISM OVER THE INFECTION, THIS
TRANSITORY EXHAUSTION 1S OF NO MOMENT AND IS SOON
RELIEVED., IT 1s, HOWEVER, OF GRAVEST SIGNIFICANCE
IF 1T SUPERVENES AT A TIME WHEN THE INFECTION 1S
STILL FULLY VIRULENT AND WHEN THE ORGANISM IS IN
GREATEST NEED OF THE SUPPLY OF PROTECTIVE CELLS.
HEREIN LIE THE GROUNDS FOR THE PROGNOSTIC AND,

SO TO SPEAK, PRACTICAL VALUE OF THE MYELOCYTES AS
A MEASURE OF THE NORMAL POWER OF THE MARROW TO
RESPOND TO STIMULATION. GREAT NUMBERS DURING A
FALLING LEUCOCYTOSIS AND AN UNCONQUERED INFECTION
ARE A BAD SIGN, (DIPHTHERIA AND PNEUMONIA).

'

2. IN THE CASES CITED THE CAUSE OF THE DEFECTIVE
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LEUCOCYTE PRODUCTION LIES IN THE EXHAUSTIVE PARALYSIS

WHICH RESULTS FROM EXCESSIVE DEMANDS ( NATURALLY, THE
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MARROW REACTS AT FIRST BECAUSE OF TS INHERENT
PROPERTIES, WHETHER OR NOT IT BECOMES INSUFFICIENT
LATER). THUS, IN TYPHOID AND IN MALARIA, THE CAUSE
OF THE LEUCOPENIA IS A DIRECT ARREST OF THE FUNCTION
OF THE LEUCOCYTE-FORMING TISSUE THROUGH THE SPECIFIC
INFLUENCE OF THE TOXINS DUE TO THE DISEASE =~ AN ARREST
WHICH IN ONE CASE (TYPHOID) 1S PERMANENT, IN THE OTHER
(MALARIA) 1S ONLY TEMPORARY. HERE AGAIN, WE CONCEIVE
THE MYELOCYTES TO BE THE EVIDENCE OF AN ABNORMAL
REACTION OF THE BONE MARROW TO STIMULATION.Y

WHEN ONE CONSIDERS THAT THIS WAS WRITTEN I[N
1904 AND THAT THE OBSERVATIONS WERE MADE WITH POOR
sTAiNlNG FACILITIES, THE BRILLIANCE OF SCHINDLER'S
CONCEPTION OF MARROW FUNCTION AND HIS INTERPRETATION
OF PERIPHERAL BLOOD FINDINGS IS TRULY AMAZING. WITH
THE EXCEPTION OF HIS VIEWS ON THE CAUSE OF LEUCOPENIA
IN TYPHOID FEVER ( NOW KNOWN TO BE DUE TO A PHENOMENON
OF DISTRIBUTION AND NOT TO MARROW INSUFFICIENCY) HIS
THEORIES ARE, EVEN TO=DAY, SEEN TO BE COMELETELY
ACCURATE. IT 1S ALMOST UNBELIEVABLE THAT HIS WORK
AND HIS NAME ALIKE HAVE BEEN FORGOTTEN, WHILE ARNETH
AND SCHILLING, WHOSE FOOTSTEPS HE DIRECTED AND WHOSE
CONTRIBUTIONS ARE HARDLY GREATER, ARE STILL WELL-
KNOWN NAMES.

2. ARNETH'S NEUTROPHIL 3L00D PICTURE. ARNETH, FROM

HIS STUDY OF THE BLOOD BOTH IN HEALTH AND IN DISEASE,
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WAS LEAD TO DIVIDE THE POLYMORPHOKUCLEAR NEUTROPHIL
LEUCOCYTES INTO FIVE CLASSES DEPENDING UPON THE NUMBER
OF NUCLEAR LOBES. (PLATE 1.) HE CLAIMED THAT HIS
DIVISIONS WERE CONSTANT IN HEALTH, BUT THAT GREAT
VARIATION WAS SEEN IN DISEASE, ESPECIALLY IN INFECTIOUS
CONDITIONS.

CLass |.

{(a) M. ceLLs., THESE WERE MOWOWUCLEAR CELLS,
IDENTICAL WITH EHRLICH'S MYELOCYTES.

(s) W. CeLLS. THESE WERE ALSO MONOMUCLEAR
CELLS, BUT THE NUCLEUVS EXHIBITED SLIGHT
INDENTATION WHICH, HOWEVER, DID NOT
EXTEND BEYOHD THE MIDDLE OF THE NUCLEUS.

(c) T. cetLs. THESE TGO WERE MONONUCLEAR
CELLS, BUT THEY EXHBIBITED DEEPER INDENT-
ATION WHICH, HOWEVER, FELL SHORT OF ACTUAL
LOBULATION.

ACCORDING TO ARNETH, THIS CLASS 1S PRESENT IN
NORMAL BLOOD TO THE EXTENT OF FIVE PER CENT OF THE
TOTAL NEUTROPHILS, THE MAJORITY OF THESE BEING OF
THE "T" TYPE.

CLass 2.

THIS CLASS EMBRACED ALL CELLS WITH TWO DISTINCT
HUCLEAR FRAGMEMTS AND HAS THREE SUB-DIVISIONSS~

(a) 2K IH THESE THE TWO FRAGMENTS WERE ROUND

BODIES.
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(8) 2S5 HERE THE FRAGMENTS WERE S=SHAPED OR
ROD~SHAPED ELEMENTS. {

(c) IK 18,

THIS CLAss REPRESENTS THIRTY-FIVE PER CENT OF THE
TOTAL NEUTROPHILS, AND OF THIS TOTAL THE 28 TYPE ACCOUNTS
FOR TWENTY~FIVE PER CENT.

CLass 3. THIS HAD THREE NUCLEAR DIVISIONS AND FOUR
SUB-DIVISIONS:~-

(a) 3K

(8) 3S

(c) 2K IS

(o) IK 28

THIS CLASS ACCOUNTS FOR FORTY—ONg‘PER CENT OF
THE TOTAL NEUTROPHILS, AND OF THESE THE 2K 1S ano
2S5 |K EACH REPRESENTS SIXTEEN PER CENT.

CLass 4. THIS WAS COMPOSED OF FOUR NUCLEAR DIVISIONS
AND FIVE SUB=~DIVISIONS:-

(a) 4K

(8) 45

(c) 2K 2§

(o) 3K IS

(e) 38 IK

THIS CLASS AGCOUNTED FOR SEVENTEEN PER CENT OF
THE TOTAL NEUTROPHILS, THE 4K, 3K IS ano 2K 28 BEING

LARGELY IN EXCESS OF THE OTHER FORMS.
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CLass 5. COMPOSED OF FIVE OR MORE NUCLEAR DIVIS|ONS
WITH SIMILAR SUB-DIVISIONS., THIS GROUP ACCOUNTED FOR
TWO PER CENT OF THE TOTAL ﬁEUTROPHILS. |

A NORMAL BLOOD PICTURE ACCORDING TO ARNETH, MIGHT BE
AS FOLLOWS:=~

| NUCLEUS 2 NUCLE! 3 NUCLE! 4 NUCLEYI 5 OR MORE NUCLE!

M.W,T.

5 35 .41 17 2
HERE THE ABSOLUTE NUMBERS REPRESENT THE PERCENTAGES
ALSO, SINCE ARNETH ALWAYS CONSTRUCTED HIS TABLES FROM
A COUNT OF |00 ceLLsS.,

IN PATHOLOGICAL coublTlous, HOWEVER, THIS RELATION

HE FOUND TO BE STRIKINGLY ALTERED, SO THAT THE NUMBER
OF CELLS TO THE LEFT OF THE ABOVE TABLE WAS INCREASED
AT THE EXPENSE OF THOSE TO THE RIGHT. ARNETH TERMED
THIS A "SHIFTING OF THE NEUTROPHIL BLOOD PICTURE
TOWARDS THE LEFT,'" AND SINCE "HE REGARDED POLYNUCLEARS
As OLDER AND MATURED DESCENDANTS OF THE MONONUCLEARS,
HE ASSUMED THAT THIS SHIFTING WAS BROUGHT ABOUT BY
THE RETIREMENT OF THE DEVELOPED CELLS IN FAVOUR OF
THE IMMATURE ONES, AND THUS IT HAD THE SAME SIGNIFI~-
CANCE AS THE APPEARANCE OF SCHINDLER'S MYELOCYTES.
THE FOLLOWING BLOOD PICTURE OBTAINED BY ARNETH IN

A CASE OF PNEUMONIA 1S AN EXAMPLE OF SUCH A SH]FT!NG:—

| NUCLEUS 2 NUGLE! 3 NUGCLEI 4 NUCLEI 5 OR MORE NUCLEI
MeW.T.

21 54 22 2 |
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ARNETH SHOWED THAT THESE QUALITATIVE CHANGES WERE
QUITE INDEPENDENT OF THE ABSOLUTE NUMBER OF THE
LEUCOCYTES, AND THEREFORE HE UNDERTOOK TO MAKE THE
FOLLOWING CLASSIFICATION OF THE PATHOLOGIGAL VARIATIONS
IN THE NEUTROPHIL BLOOGD PICTURE, TAKING INTO CONSIDER-
ATION BOTH THE QUALITATIVE AND THE QUANTITATIVE CHANGES.
HE USED THE TERM 1SOCYTOSIS TO INDICATE A NORMAL PER~-
CENTAGE OF THE SEVERAL VARIETIES OF NEUTROPHILS, AND
THE TERM ANISOCYTOSIS TO INDICATE A QUALITATIVE CHANGE
IN THE NORMAL RELATIONS.

l. HYPERLEUCOCYTOSIS OR HYPERCYTOSIS, AN

INCREASE OF THE NEUTROPHIL LEUGOCYTES.

(A) |ISOHYPERCYTOSIS = AN INCREASE WITHOUT

QUAL ITATIVE CHANGES.

(8) ANISOHYPERCYTOS1S — AN INCREASE WITH

QUALITATIVE CHANGES.

2. NORMOLEUCOCYTOSIS OR NORMOCYTOSIS -

A NORMAL LEUCOCYTE COUNT.

(A) 1SONORMOCYTOSIS = THE SAME WITHOUT

QUALITATIVE CHANGES.,

() ANISONORMOCYTOSIS — THE SAME WITH

QUALITATIVE CHANGES.

3. HYPOLEUCOCYTOSIS OR HYPOCYTOSIS =

A DECREASE IN THE LEUGOCYTE COUNT.

(A) 1SOHYPOCYTOSIS — THE SAME WITHOUT

QUALITATIVE CHANGES.
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{B) ANISOHYPOCYTOSIS — THE SAME WITH
QUALITATIVE CHAMGES.

ARNETH'S CLASSIFICATION WAS ATTACKED FROM MANY
QUARTERS, MAINLY ON THE CROUND THAT THERE WAS HNO
EVIDENCE THAT DECREASE IN THE NUMBER OF NUCLEAR LOBES
WAS A MARK OF IMMATURITY. HiIS THEORY'S CLOSE ACCORD
WITH SCHINDLER'S STUDIES, HOWEVER, WAS REGARODED AS
BEING STRONMGLY IN FAVOUR OF HIS VIEWS, PARTICULARLY
WHEN THE CERTAINTY OF THE MYELOCYTES BEINGC IMMATURE
POLYMORPHS WAS CONSIDERED.

ARNETH'S METHOD EMTAILS EXACTING AKD TEODIOUS
WORK AND IN ITS ORIGCINAL FORM WAS NEVER EXTENSIVELY
PRACTISED, SINCE (T WAS RIGHTLY FELT THAT THE VALUE
OF ITS RESULTS WAS HARDLY COMMENSURATE WiTH THE

LABOUR AND TIME INVOLVED IH OBTAIKING THEM.

SCHILLING'S HAEMOGRAM.

SCHILLING DEVISED A METHOD OF CLASSIFYING LEUCO-
CYTES AND INTERPRETING THEIR MNUMBERS INM THE CIRCULATING
BL.COD, WHICH HE AND HIS HWANY FOLLOWERS CLAIMED TO BE
SIMPLER AND MORE INFORMATIVE THAN WAS ARNETH'S. (PLATE 2.)
ScHILLING CORRELATES ALL>THE ORDIMARY DATA OF TOTAL
AND DIFFERENTIAL COUNTS WiTH HIS OWN NUCLEAR COUNT
AND CONSIDERS THE RESULTS IN THE FORM OF WHAT HE CALLS
A "HAemMOGRAM."™ THE MEUTROPHIL GRANULOCYTES HE DIVIDES

IHTO FOUR CLASSES, THUS:I-—
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(1) MverLocyTes (M) - MOST OF THESE CELLS - AS SEEN
'FROM SCHILLING'S OWN DESCRIPTIONS - ARE YOUNG META-
MYELOCYTES EXHIBITING VARYING DEGREES OF NUCLEAR
INDENTATION,

(2) JUVENILE POLYMORPHONUCLEARS (J) = THESE CELLS
WOULD NOW BE CLASSED AS LATE METAMYELOCYTES =~ THE
"BAND-FORMS™ OF SOME AUTHORS = AND POSSESS A SAUSAGE
SHAPED NUCLEUS SHOWING LITTLE CHROMATIN CONDENSATION
AND NO NUCLEAR PYKNOSIS,

(3) STtaAaB CELLS (ST) - ACCORDING TO SCHILLING, THE
NORMAL PROCESS OF MATURATION OF THE MYELOCYTE IS
THROUGH METAMYELOCYTE AND BAND-FORM STAGES TO THE
POLYMORPHONUCLEAR, BUT IF THE MARROW WORKS UNDER

THE BURDEN OF A TOXIC STATE OR OTHER DELETERIOUS

PROCESS THE JUVENILE NUCLEUS DOES NOT SEGMENT BUT

52.

TAKES ON THE STAB FORM. (PLATE 3). THIS IS A NARROW

RIBBON-LIKE PYKNOTIC NUCLEUS WITH THE STAINING
CHARACTERS OF THE MATURE SEGMENTED NUCLEUS. THE
NUCLEUS 1S BEST COMPARED TO A PIECE OF LEAD PIPE
WHICH MAY BE BENT INTO MANY BIZARRE SHAPES, E«G.
KNOTTED ROPE AND CORKSCREW. THE CELL CONTAINING
SUCH A NUCLEUS IS OF NORMAL SI1ZE, AND REPRESENTS
THE END POINT OF MATURATION, NO SUBSEQUENT SEGMENT-
ATION TAKING PLACE. THE PRACTICE OF MANY AUTHORS

OF TRANSLATING THE GERMAN "STAB" INTO THE ENGLISH

EQUIVALENT "STAFF" WILL BE SEEN TO BE INSUFFICIENT,
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AS |IT DOES NOT CONVEY SCHILLING'S MEANING, VIZ,
"FLEXIBLE AND MALLEABLE ROD." (ILLUSTRATION).

(4) POLYMORPHONUCLEARS (S) = THESE CELLS HAVE TWO
OR MORE NUCLEAR LOBES AND ARE CALLED BY SCHILLING
"SEGMENTED POLYMORPHS,"

IT witl BE SEEN THAT IN SCHILLING'S CLASSIFICATION,
EMPHASIS 1S LAID ON THE PRE-SEGMENTED FORMS OF NUCLEUS,
WHILE THE SEGMENTED FORMS ARE ALL CLASSED TOGETHER,
IRRESPECTIVE OF THE EXTENT OF NuéLEAR LOBULATION. IN
THIS RESPECT SCHILLING'S WORK DIFFERS GREATLY FROM
ARNETH'S AND 1S MORE CLOSELY ALLIED TO ScHlNDLER's
STUD!ES., APART FROM THIS, HOWEVER, HIS METHOD OF
INTERPRETING A HAEMOGRAM IS ENTIRELY DIFFERENT FROM
ARNETH'S. SCHILLING BELIEVES THAT AN INFECTION MAY
EVOKE TWwO DIFFERENT'REACTIONS ON THE PART OF THE BONE
MARROW:? -

(1) REGENERATIVE. IN THIS MANY NEW LEUCOCYTES ARE
FORMED ANDO THE WHITE CELL COUNT RISES STEADILY, LARGE
NUMBERS OF JUVENILE POLYMORPHS ENTERING THE BLOOD
STREAM, AS DO A FEW MYELOCYTES,

(2) DeceNERATIVE. THIS REACTION HE HOLDS TO BE
TYPICAL OF SEVERE TOXEMIC STATES, E.G. TYPHO!D

FEVER AND PROTOZOAL ODISEASES SUCH AS MALARIA AND

KaLA AZAR. |IN THESE A LEUCOPENIA 1S USUAL, AND IS
DUE, SCHILLING BELIEVES, TO DEPRESSION OF THE MARROW

BY TOXINS. THIS SAME TOXIC ACTION, HE ALLEGES, CAUSES
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FAILURE OF MATURATION OF THOSE JUVENKILE CELLS WHICH ARE

RELEASED FROM THE MARROW, ANWD WITH THEIR ASSUMPTION

OF STAB NUCLE! THEY REPRESENT THE END POINT OF THIS

ABNORMAL MATURATION. ( VIDE DIAGRAMS AT END OF CHAPTER).
APART FROM THESE CHANGES THUS DESCRIBED SCHILLING

ATTACHED GREAT IMPORTANCE TO THE EOSINOPHIL POLYMORPHS.

REDUCTION OR DISAPPEARANCE OF THESE CELLS AT THE ONSET

OF AN in#&craon 15 USUAL, BUT THEIR COMPLETE FAILURE

TO REAPPEAR, ESPECIALLY AS JUDGED BY EXAMINATION OF

THE BLOOD, BY THE "THICK DROPW METHOD HE REGARDS AS

AN OMINOUS SIGN, THE CONSTITUENTS OF SCHILLING'S

NORMAL HAEMOGRAM ARE AS FOLLOWS:~

ToTaL PERCENTAGES

CounT

5000 Baso. Eosin. i. J. ST. S. L. M.
o 0-1 2-4 0 0-1 3-5 5i- 21- 4-8

8000 67 35

PONS AND KRUMBHAAR, WHILE THEY EXPRESSED THEIR BELIEF

THAT ARNETH'S FORMULA REPRESENTED A TRUE INDICATION OF
THE AGE OF THE GRANULOCYTES REGARDED IT, AS DID MANY
OTHERS AS IMPRACTICABLE FOR ROUTINE CLINICAL PURPOSES.
THEY CLAIMED THAT ALL ESSENTIAL PURPOSES WERE SERVED

BY SUBDIVIDING THE NEUTROPHILS INTO:~-

i. MYELOCYTES. (Pons! ano KRUMBHAAR'S "METAMYELOCYTES -
VERY YOUNG — WITH ROUND OR SLIGHTLY INDENTED NWCLEI.")

«

2. NON-SEGMENTED FORMS WHERE THE NUCLEAR LOBES ARE
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CONNECTED BY BROAD BANDS OF CHROMATIN,

3. SEGMENTED FORMS WHERE TWO OR MORE MASSES OF
NUCLEAR MATERIAL ARE JOINED BY NARROW FILAMENTS,
THEIR FORMULA WAS THUS A MODIFICATION OF ARNETH'S
BUT THEY FOCUSSED ATTENTION ON THE PRE-SEGMENTATION
FORMS OF THE NEUTROPHILS, AS HAD SCHILLING.

COoKE AND PONDER EVOLVED A CLASSIFICATION OF THE

NEUTROPHIL GRANULOCYTES WHICH THEY CLAIMED WAS SIMPLER
THAN THAT OF ARMETH, ON WHOSE WORK (T WAS BASED. THEY
GROUPED THE NEUTROPHILS ACCORDING TO THE KUMBER OF
NUCLEAR LOBES, AND IN THIS WAY, ARRIVED AT A CLASSI~
FICATION EXACTLY THE SAME AS ARNETH'!S PRIMARY CROUPEING,
THEY DIOD NOT FURTHER SUB-UIVIDE THESE FIVE DIVISIONS,
HOWEVER, REGARDING THIS PROCEDURE AS VALUVELESS. THEY
STATED THAT THE PRIME DIFFECULTY LAY IH DETERMINING
WHETHER OR NOT THE NUCLEUS HAD DI{VIDED; THAT THE
POLYMORPHONUCLEAR NUCLEUS WNEVER DIVIDES COMPLETELY]
THAT THERE IS ALWAYS A FINE FILAMENT OF CHROMATIN
cbunscT:nc EVEN THE MOST DISCRETE LOBES. THEREFORE,
AS THE BASIS FOR OIFFERENTIATING THE FIVE CLASSES,
CookeE'!s AnND PONDERTS CRETERION IS AS FOLLOWS:— "{F
THERE 1S ANY BAND OF NUCLEAR MATER!AL EXCEPT THIS
CHROMATIN FILAMENT, CONMEGCTING THE DIFFERENT PARTS

OF THE NUCLEUS, THAT NUCLEUS CANNOT, FOR THE PURPOSES
OF THE COUNT, BE SAIO TO BE DEVIDED."

IT MUST BE APPARENT, THEREFORE, THAT, APART FROM
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ESTABLISHING A DEFINITE CRITERION FOR DECIDING THE

NUMBER OF NUCLEAR LOBES IN ANY GIVEN CELL, THEIR WORK
CONTAINED NOTHING NEW SINCE iT WAslMEéELY A SIMPLIFIED
FORM OF AN OLD FORMULA. (Fie. 3 CF.PLATE I.)

PINEY SUGGESTED THAT SCHILLING'S CLASSES | AND 2
(MyELOCYTES AND YOUNG FORMS (J)) SHOULD BE DISREGARDED,
AS THEY APPEARED, SO HE STATED, SO SELDOM AND IN SUCH
SMALL NUMBERS IN INFECTIONS AS TO BE OF NO CLiNICAL
SIGNIFICANCE. |IT IS DIFFICULT TO RECONCILE THIS WITH
SCHINDLER'S OBSERVATIONS WHICH HAVE ALREADY BEEN REFERRED

TO.

FARLEY, ST, CLAIR, AND REISINGER PREPARED A CLASSIFI~-
CATION wn;cu WAS BASED ON THE WORK OF ARNETH, SCHILLING,
Piney, Pons, KRUMBHAAR, COOKE AND PONDER. TO USE THEIR
OWN WORDS THEY ATTEMPTED, "TO POPULARIZE A VALUABLE
METHOD, BY FURTHER SIMPLIFICATION, THUS MAKING IT
AVAILABLE FOR THOSE LACKING SPECIAL TRAINING IN BLOOD
EXAMINATIONS." THEY COMPLAINED THAT ARNETH'S AND
Cooke's AND PONDER'S CLASSIFICATIONS WERE TOO COMPLICATED,
WHILE SCHILLING'S LACKED THE CLEAR-~CUT DIFFERENTIATION

OF CELL NUCLEI WHICH WAS POSSIBLE BY THE FORMER METHODS.
~THEY THEREFORE SUGGESTED THAT COOKE's anD PONDER'S FIVE
CLASSES SHOULD BE REGROUPED TO FORM TwWO LARGER DIVISIONS;
THUS THEIR CLASS | WAS LEFT UNALTERED AS GROUP |, AND
THEIR CLASSEs 2,3,4 AND 5 TAKEN TOGETHER AS GROUP 2.

FoLLowing COOKE'S AND PONDER'S CRITERION, THEY CALLED
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ICLASSIFICATION IMMATURE NEUTROPHILS MATURE NEUTROPHILS
i
: ARNETH I | LOBED _NUCLEUS 2 LOBES 3 LOBES 4 LOBES [¥ Sese. LOBES
j e MYELOCYTES | W CELLS T CELLS. alblcla [ alb[cld[e [a[b[c][d]e
KRAUMBHAAR MYELOCYTES |SLIGHTLY INDENTED DEEPLY INDENTED SEGMENTED
I' SCHILLING MYELOCYTES JUVENILE STABFORM SEGMENTED
i COOKE & 1 I 1 m W | T
J PONDER | _LOBE 2 (OBES | 3 LOBES | 4 LOBES | 5ate LOBES
] :t:}EV ET 1. NON FILAMENTED 2. FILAMENTED
z v
4
o %
a
é S °/4o
= 030
| g3
! n gz 2or
! e uw 10+
[
TYPE OF
CELL -
MYELOBLASTIMYELOCYTE |MYELOCYTE |METAMCYTE [METAM'CYTE| 2 LOBES | 3 LOBES [ 4 LOBES | 5 LOBES [Macssrervcyre
NON- FILAMENTED NEUTROPHILS FILAMENTED NEUTROPHILS
€ NORMAL RANGE N
E € ___SHIFT _TO  RIGHT
€
& IFT_T1Q LEFT N
EXTREME SHIFT TO LEFY 5

CHART

To SHOW HOW THE VARIOUS CLASSIFICATIONS OF THE

NEUTROPHIL GRANULOCYTES,

BE CORRELATED.

JUST DESCRIBED,

MAY
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THESE NON~FILAMENT NEUTROPHILS AND FILAMENT NEU%ROPHILS
RESPECTIVELY. THIS 1S VERY SIMILAR TO THE CLASSIFICATION
, ¢

oF PONS AND KRUMBHAAR, EXCEPT THAT THE LATTERS' INFREQUENT
GROUP OF METAMYELOCYTES (S IN FARLEY'S CLASSIFICATION
INCLUDED IN THE NON=FILAMENT FORM.

MANY OTHER CLASSIFICATIONS OF THE NEUTROPHILS HAVE
BEEN FROM TIME TO TIME INTRCDUCED,BUT THOSE DESCRIBED
ABOVE ARE THE MOST IMPORTANT, AND ARE AT THE SAME TIME
REPRESENTATIVE OF ANY WHICH HAVE BEEN OMITTED.{VIDE CHART |.)

IN ADDITION TO THESE FORMULAE, HOWEVER, A NUMBER
OF ﬁMEANsv "RATIOS™"™ AND "INDICES"™ HAVE BEEWN INVENTED,
BUT IT IS EXTREMELY DOUBTFUL 1F ANY OF THESE ARE OF
PRACTICAL VALWE., As AN ILLUSTRATION COOKE'TS "WEIGHTED
MEAN" MAY BE TAKEN. IN THIS THE PERCENTAGE COF CELLS
IN EACH CLASS OF THE COOKE-FPONDER FORMULA IS¢MULTIPLIED
BY THE NUMBER OF THE CLASS; THE RESULTS ARE ADDED
TOGETHER AND Di1viIDED BY I00. THE NORMAL FIGURE IS
ABOUT 2.30{- HIGHER NUMBERS INDICATE A SHIFT TO THE
RIGHT, AND LOWER ONES A SHIFT TO THE LEFT.

NEUTROPHILTA IS NOT AN OCCURRENCE WHICH IS
CONFINED TO INFECTIONS, BUT 1S FREQUENTLY ASSOCIATED
WITH MANY OTHER PROCESSES BOTH PATHOLOGICAL AND

PHYS1OLOGICAL, THUS:-

}. PuystiorLogcicaL.

A, IN THE NEW-BORN.

B. AFTER STRENUOUS EXERCISE.
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C. AFTER CONTINUED OR REPEATED VOMITING.
D. AFTER CONVULSIONS.
E. DURING LABOUR.
F. AFTER PAROXYSMAL TACHYCARDIA.
OF THIS GROUP, C,D AND E ARE PROBABLY VARIANTS
OF EXAMPLE B.

2. PATHOLOGICAL.

A. INTOXICATIONS. THESE MAY BE ASSOCIATED WITH:-
(1) METABOLIC DISORDERS, E.G. URAEMIA,
DIABETIC ACIDOSIS, ECLAMPSIA, AND GOUT.
(2) PoISONING BY VARIOUS CHEMICALS AND DRUGS,
E+G. LEAD, MERCURY, DIGITALIS, INSECT
VENOMS, AND FOREIGN PROTEINS (UusuALLY
AFTER A PRELIMINARY NEUTROPENIA).

B. FOLLOWING ACUTE HAEMORRHAGE.

C. AFTER OPERATIONS (PROBABLY THE RESULT
OF TRAUMA TO TISSUES).

D. ASSOCIATED WITH MALIGNANT NEOPLASMS,
PARTICULARLY THOSE AFFECTING THE GASTRO-
"INTESTINAL SYSTEM, THE LIVER, AND THE
BONE MARROW,

E. |N NON-INFLAMMATORY AUTOLYTIC CONDITIONS
SUCH AS CORONARY THROMBOSIS.

F. FOLLOWING SUDDEN HAEMOLYSIS OF RED

CORPUSCLES.
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G, N LEUKAEMIC MYELOSIS AND ERYTHRAEMIA,

WITH THE EXCEPTION OF THE NEUTROPHILIA OF THE NEW=-
BORN, PHYSIOLOGICAL LEUCOCYTOSIS 1S A PHENOMENON OF
RE~DISTRIBUTION AMD #S NOT ASSOCIATED WITH THE APPEAR=
ANCE OF IMMATURE GRANULéchEs.

PATHOLOGICAL NEUTROPHILIA, OK THE OTHER HAND, .
APPEARS TO BE THE RESULT OF INCREASED MARROW ACTIVITY,
AND IS CHARACTERISED B8Y THE APPEARANCE OF PRE-SEGMENTATION
FORMS OF THE NEUTROPHILS IN THE PERIPHERAL BLOOD.

THE AIM OF ALL THE CLASSIFICATIORS OF THE HNEUTRO-
PHIL GRAMULOCYTES NOW DESCRIBED IS TO GAIN INFORMATION,
BY EXAMINATION OF THE PERIPHERAL BLOOD, REGARDING THE
CONDITION OF THE MARROW WITH SPECIAL REFERENCE TO THE
DEGREE AND NATURE OF 1TS ACTIVITY AS A LEUCYTOPOIETIC
ORGAN, WITH THE EXCEPTIOM OF ARNETH, COOKE, AND PONDER,
ALL CONTRIBUTORS TO THIS SUBJECT HAVE LAID EMPHASIS
ON THE PRE-SEGMENTATION FORMS OF THE HNEUTROPHILS.
SCHILLING'S METHOD IS MOST WIDELY USED, AND THIS IS
JUSTIFIED NOT ONLY BY ITS SIMPLICITY AND RAPIDITY
OF EXECUTION, BUT ALSO BECAUSE IT DIRECTS ATTEKTION
TO THE IMPORTANT STAB NUCLEARS, AND THUS AFFCRDS MORE
INFORMATION THAN DOES ANY OTHER FORMULA. THE ScnmLLlﬁc
HAEMOGRAM HAS BEEN APPLIED AS A DIAGKOSTIC AND PROGNOSTIC
AID TO ALL KiINDS OF INFECTION BY MANY WORKERS, WHOSE
RESULTS LEAVE NO DOUBT AS TO ITS VALUE. |T HAS BEEN

SHOWN THAT THE STAB8 COUNT IS PROPORTIONAL TO THE
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SEVERITY OF THE INFECTION, AND THAT |F JUVENILE CELLS
OUTNUMBER THE STAB CELLS, THE PROGNOSIS IS GRAVE,
(WiLsoN anD CoOPER 1934, aAND CROCKER AND VALENTINE 1936).
THiIS LAST STATEMENT APPEARS AT FIRST TO BE INCOMPATIBLE
WITH WHAT HAS ALREADY BEEN WRITTEN OF SCHILLING'S WORK,
BUT WHILE THE UTILITY OF HIS FORMULA CANNOT BE DOUBTED,
HIS VIEWS ON LEUGCOCYTOSIS AND LEUGOPEN|A ARE NOT
ACCEPTABLE WITHOUT MODIFICATION,

THE WRITER 1S CONVINCED THAT AN INFECTION CAN
PRODUCE A HIGH STAB CELL COUNT WITHOUT DEPRESSING
THE MARROW TO THE EXTENT OF CAUSING A LEUCOPENIA,
AND WITH HIS OPINION MANY HAEMATOLOGISTS ARE IN
AGREEMENT. THIS POINT 15 IMPORTANT, SINCE IT MAKES
THE USE OF THE TERM "DEGENERATIVE" lNAccuaATE AS
APPLIED TO THE MARROW REACTION WHICH RESULTS IN
STAB CELL FORMATION,

lF AN INFECTION (S LOCALISED, AND OF ONLY '
MODERATE SEVERITY, THE RESULT WILL BE A LEUCOCYTOSIS
WHICH 1S BROUGHT ABOUT FIRSTLY BY THE EFFUSION fNTo
THE BLOOD STREAM OF THOSE FORMED POLYMORPHS ALREADY
IN THE MARROW AND READY FOR DISCHARGE WHEN REQUIRED,
AND SECONDLY BY INCREASED ACTIVITY OF THE MARROW
ALONG STRICTLY NORMAL LINES. AS THE GRAVITY OF THE
INFECTION INCREASES, HOWEVER, SO DO THE DEMAND MADE
UPON THE MARROW, AND THUS IMMATURE CELLS MAY APPEAR
IN THE BLOOD, IN VARYING NUMBERS. THE NUMBER OF

IMMATURE GRANULOCYTES WHICH ARE PRESENT DEPENDS,
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NOT ONLY UPON THE VIRULENCE OF THE INFECTION, BUT ALSO
UPON THE CAPACITY OF THE MARROW TO RESPOND TO THE
DEMANDS MADE UPON IT, SINCE {MMATURE CELLS ARE RELEASED
ONLY IN THE ABSENCE OF MATURE ELEMENTS. [T WILL THUS
BE SEEN THAT A HIGH JUVENILE OR BAND CELL COUNT IS
INDICATIVE OF EITHER A VIRULENT INFECTION, OR A RELATIVE~-
LY INCOMPETENT MARROW. AN OVERWHELMING INFECTION MAY
ACT IN ONE OF TwWO WAYS, |T MAY PRODUCE RAPID EXHAUSTION
OF THE BONE MARROW, AND A BLOOD PICTURE CHARACTERISED
BY A RAPIDLY DIMINISHING GRANULOCYTE COUNT AND RAPIDLY
INCREASING IMMATURITY OF THE NEUTROPHILS PRESENT, OR
IT MAY FROM THE FIRST SO DEPRESS MARROW FUNCTION THAT
A LEUCOPENIA, WITHOUT THE RELEASE OF EVEN IMMATURE céLLs,
IS PRESENT FROM THE OUTSET. IN MOST INFECTIONS, HOWEVER,
IRRESPECTIVE OF THEIR SEVERITY, THERE IS EVIDENCE OF
INTERFERENCE WI1TH, THOUGH NOT NECESSARILY DEPRESSION OF,
MARROW FUNCTION. THIS EVIDENCE IS IN THE FORM OF THE
APPEARANCE OF STAB CELLS IN VARYING NUMBERS., THE MODE
OF FORMATION OF STAB-NUCLEAR CELLS HAS ALREADY BEEN
DESCRIBED AND IT IS ON THEIR SIGNIFICANCE RATHER THAN
THEIR NATURE THAT THE AUTHOR WISHES TO DILATE.

UNLIKE SCHILLING, MANY OF HIS ADHER&NTS FREQUENTLY
USE THE TERMS "BANO CELL™ AND "STAB CELL™ AS THOUGH
THEY WERE SYNONYMS. THE WRITER BELIEVES THAT THIS
IS AN INACCURATE AND DANGEROUS PRACTICE, SINCE STASB

CELLS DO NOT REPRESENT JUVENILE CELLS POURED OUT BY
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A MARROW WHICH 1S STRETCHED NEARLY TO THE LIMIT OF ITS
LEUCOCYTOPOIETIC CAPACITY. RATHER THEY INDICATE A
COMPETENT MARROW WHICH 1S SO BURDENED BY A TOXIC
SUBSTANCE THAT, ALTHOUGH ITS PRODUCTION SCALE REMAINS
UNALTERED, ITS PRODUCTS ARE SO INFLUENCED AS TO BE
INCAPABLE OF MATURATION ALONG THE NORMAL PATH. (VIDE
PLATE 3.) STAB CELLS THEREFORE REPRESENT YOUNG POLY~-
MORPHONUCLEARS AND NOT PRE-SEGMENTATION FORMS. THE
ANATOMICAL AND PHYSIOLOGICAL CHARACTERS OF THE CELLS
THEMSELVES IN FAVOUR OF THIS VIEW, ARE = THEIR
POSSESSION OF PYKNOTIC NUCLEAR CHROMATIN AND WELL
DEVELOPED GRANULES; THE ABSENCE OF MITOCHONDRIA AND
PRESENCE OF INTER-GRANULAR RED-STAINING AREAS 1IN
SUPRAVITALLY STAINED SPECIMENS; THE PRESENCE OF PSEUDO-
POD I UM FO&MATION; STREAMING OF THE GRANULES; AND SOME
CELLULAR MOVEMENT.

THE NUMBER OF STAB CELLS OCCURRING IN ANY GIVEN
CASE DEPENDS THEREFORE, NOT ONLY UPON THE VIRULENCE
OF THE INFECTION AND THE REACTIVE POWER OF THE MARROW,
BUT ALSO UPON THE DEGREE TO WHICH THIS SPECIFIC
INTERFERENCE WITH GRANULOCYTE MATURATION I's ERESENT.A
MASSIVE INTERFERENCE OF THIS NATURE, HOWEVER, MAY
PRODUCE DEPRESSION OF LEUCOCYTOPOIESIS IN PRECISELY
THE SAME WAY AS ALREADY DESCRIBED.

REGARDING THE NATURE OF THOSE SUBSTANCES CAPABLE

OF CAUSING STAB CELL FORMATION LITTLE 1S KNOWN EXCEPT
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THAT POISONOUS SUBSTANCES (SUCH AS Amxooévnln) AND
POISONS PRODUCED BY ABNORMAL METABOLISM (E.G. THAT
OF URAEMIA) HAVE THIS CAPACITY, ALTHOUGH TO A LESSER
DEGREE, AS WELL AS BACTERIAL PRODUCTS.

WITH FEW EXCEPTIONS ALL THE STUDIES RECORDED IN
THE LITERATURE ON LEUCOCYTE CHANGES IN INFECTION DEAL
WITH NUCLEAR CHANGES AS RECORDED BY THE AFORE~MENTIONED
AUTHORS. MuCH LESS ATTENTION HAS BEEN DIRECTED, BY
CONTRAST TO THE CYTOPLASMIC ALTERATIONS IN Tﬁe
NEUTROPHILS DURING THE PROGRESS OF DISEASE.,

SINCE THE DISCOVERY BY MOMMSEN AND FREYFELD OF A
TECHNIQUE WHICH EASILY AND CLEARLY DEMONSTRATED THESE
TOX1C OR DEGENERATIVE CYTOPLASMIC CHANGES IN THE
NEUTROPHILS, MORE HAS BEEN WRITTEN OF THESE IMPORTANT
PHENOMENA., THE TECHNICAL ADVANCES (N THE STUDY OF
THE LEUCOCYTES WHICH WERE DEPENDENT UPON CYTOPLASMIC
CHARACTERS WILL NOW BE DEALT WITH IN SOME DETAIL.

CesARIS~-DEMEL IN 1908 USING SUPRA-VITAL STAINS,
OBSERVED AND DESCRIBED WHAT HE BELIEVED TO BE DEGENER-
ATIVE cQANcss IN THE LEUCOCYTES, NAMELY VACUOLATION
AND EXCESSIVE GRANULATION., HE WAS OF OPINION THAT
THE VACUOLATION WAS DUE TO LOSS OF FAT FROM THE
CYTOPLASM OF CELLS "ABOUT TO DIE" AND THAT THE PROCESS
WAS ONE OF AUTOPHAGOCYTOSIS. SCHLEIP ALSO RECORDED
INCREASED GRANULATION IN NEUTROPHILS DURING SEPTIC

LEUCOCYTOSIS. WE ARE INDEBTED TO TURK, HOWEVER, FOR
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THE FIRST COMPLETE DESCRIPTION (1912) OF THE CYTOPLASMIC
CHANGES IN THE GRANULAR LEUCOCYTES IN A VARIETY OF
DISEASES, ESPECIALLY SEVERE INFECTIONS, MOMMSEN, USING
A SPECIAL GIEMSA STAIN TOGETHER WITH A BUFFERED DILUTING
SOLUTION OF PH 5.4 RE-ENUMERATED THE CHANGES DESCRIBED
BY CESARIS-DEMEL; BUT HIS PAPER IS SPECIALLY IMPORTANT
BECAUSE OF THE FACTS THAT THE STAINING TECHN!{QUE THEREIN
DESCRIBED WAS THE PARENT OF THOSE NOW IN GENERAL USE

FOR THIS PURPOSE, AND SECONDLY THAT IT WAS THERE
SUGGESTED FOR THE FIRST TIME THAT THE DEGREE OF EXCESS~
IVE GRANULATION MIGHT BE A MEASURE OF THE INTENSITY OF
THE INFECTION, BARTA SHOWED THAT BY THIS MEANS IT WAS
POSSIBLE TO DIFFERENTIATE BETWEEN LOCALISED AND GENERAL=~-
1SED INFECTION. NAEGEL! WAS PARTICULARLY IMPRESSED BY
THESE SO-~CALLED foxnc GRANULATIONS, AND BELIEVED THAT
THEIR SIGNIFICANCE AS A DIAGNOSTIC AND PROGNOSTIC AID
COULD HARDLY BE OVER-ESTIMATED. IN THIS CONNECTION

IT IS INTERESTING TO NOTE THAT IN 1923, WHICH WAS TwO
YEARS PREVIOUS TO MINOT AND MURPHY'S CLASSICAL WORK

ON PERNICIOUS ANAEMIA, NAEGELI COMMENTED ON THE ABSENCE
OF TOXIC GRANULES WITHIN THE NEUTROPHILS IN THIS
DISEASE, THUS:= "THIS FINDING ALONE IS SUFFICIENT TO
CONVINCE ME THAT THE CAUSE OF PERNICIOUS ANAEMIA IS

NOT INFECTION." FOR PRECISELY SIMiILAR REASONS HE
CLAIMED THAT LEUKAEMIA WAS NOT AN INFECTION. His

ARGUMENT THAT THE PRESENCE OF THESE DEGENERATIVE
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GRANULES IN CASES OF A~GRANULOCYTOSIS 1S EVIDENCE OF

AN INFECTIOUS ORIGIN, 1S HOWEVER, OBVIOUSLY FAULTY,
SINCE THE PAUCITY OF NEU%RO;HILS MAY RESULT IN SEPSIS
(E.G. ANGINA) AND THIS ;Qéu LEADS TO TOXIC GRANULATION.
SPAETH, USING MOMMSEN'S sfnlutwe TECHNIQUE, INVESTI~-
GATED VARIOUS INFECTIONS AND DEDUCED FROM H1S 0BSER-
VATIONS THAT THE TOX!IC GRANULATION WAS {NDICATIVE OF
THE VIRULENCE kafH; INFECTHING ORGAN|§h. IN ADDITION
WE DEMONSTRATED THAT PATHOLOGICAL GRANULATION DID KNOT
AMWAYS RUN PARALLEL TO THE GHANGES IN THE ARNETH’AND
BTHIL NG FORMULAE. VARGA DESCRIBED TWO TYPES OF
PATHOLOGICAL GRANULATION:- (A) COARSE GRANULES WHICH
HE BEL IEVED WERE PRESENT WHEN THE INFECTION WAS AT 1TS
HEIGHT, AND (B) FINE GRANULES WHICH HE ALLEGED WERE
CHARACTERISTIC OF A CONVALESCENT STAGE, GLOOR ALSO
DESCRIEBED FINE AND COARSE GRANULES. THE FORMER HE
TALLED "AYM GRANULES, THE LATTER "™B" GRANULES. HE
INTERPRETED THEIR APPEARANCE IN ANOTHER wAY, HOWEVER,
REGARD IiING "THE COARSER GRANULES AS INDICATING A MORE
VIRULENT PROCESS OF INFECTION, AND CLAIRMING THAT THEY
WERE OF SLMILAR NATURE TO THE BASOPHILIC Aag§ggettons
CALLED DOHLE BODIES WHICH OCCUR IN GRAVE cgsgs oi
ScaARLET FEVER. MUCH MORE SIGNIFICANT WAS HIS DEMONSTRA-
TION OFf THE FACT THAT THE DEGREE OF ABSORPTION WAS MORE

IMPORTANT, WITH REGARD TO THE RRODUCTION OF PATHOLOGICAL

GRANULATION, THAN THE LOCAL SEVFRITY OF A SEPTIC PROCESS.
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HE THUS SHOWED THAT THE LARGER THE ABSORBING SURFACE,
THE GREATER WAS THE ABNORMAL GRANULATION.

MENDELL, MERANZE AND MERANZE HAVE INVESTIGATED
THE CYTOPLASMIC CHANGES IN A VERY LARGE NUMBER OF
DISEASES, AND HAVE CONCLUDED THAT IN SEVERE INFECTIONS
THE DEGENERATIVE INDEX IS OF GREATER SIGNIFICANCE THAN
NUCLEAR CHANGES AS OBSERVED IN (SAY) THE SCHILLING
HAEMOGRAM., (THE DEGENERATIVE INDEX HERE REFERRED TO
IS A DEVICE OF KUGEL'S AND ROSENTHAL'S FOR THE
REPRESENTATION OF THE EXTENT OF NEUTROPHIL TOXICITY,THUS:~

Dol .m NUMBER OF DEGENERATED NEUTROPHILS
L] .
TOTAL NUMBER OF NEUTROPHILS COUNTED

AND IS USUALLY

EXPRESSED AS A PERCENTAGE.) MENDELL, MERANZE AND MERANZE
MADE NO SWEEPING CLAIMS FOR THE UTILITY OF THEIR PROCED-
URE, AND DREW ATTENTION TO THE FACT THAT THE GREATEST
CYTOPLASMIC AND NUCLEAR CHANGES IN NEUTROPHIL POLY-
MORPHS BOTH OCCURRED IN ADVANCED STAGES OF INFECTION.
THEY FOUND THAT "NON-PURULENT INFECTIOUS STATES, SUCH
AS RHEUMATIC FEVER, ARTHRITIS, AND TUBERCULOSIS,"- DO
NOT SHOW HIGH DEGENERATIVE INDICES, WHILE THE SCHILLING
HAEMOGRAM 1S VERY INFORMATIVE, THE CONCLUSIONS TO THEIR
EXCELLENT PAPER, CONTAINED THE FOLLOWING POINTS:~

"4, THIS SERIES SHOWED THAT AT THE HEIGHT OF THE
ILLNESS THE DEGENERATIVE INDEX MORE ACCURATELY REFLECTED
THE EXISTING CLINICAL STATE AND THE SUBSEQUENT COURSE.

5. DEGENERATIVE CYTOPLASMIC CHANGES APPEARED EARLIER,

AND PERSISTED LONGER, THAN DID THE CORRESPONDING NUCLEAR
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CHANGES DURING THE CRITICAL STAGES OF THE ILLNESSES
STUDIED.

6. IT IS IMPORTANT TO NOTE HOW VALUABLE BOTH
TESTS PROVED TO BE, AND THAT, THOUGH THE DEGENERATIVE
INDEX PROVED TO BE SUPERIOR IN THE MAJORITY OF CASES,
THE ScAILLINc INDEX AGAIN SHOWED ITSELF TO BE A VERY
VALUABLE PROCEDURE.

7. FROM THIS STUDY IT IS AGAIN EVIDENT THAT NO
HAEMOGRAM IN SEVERE INFECTION 1S COMPLETE WITHOUT A
DETERMINATION OF THE DEGENERATIVE INDEX .Y

IT Is NOW RECOGNISED THAT DEGENERATIVE CHANGES
IN THE PERIPHERAL NEUTROPHILS CONSIST OF =

A. VACUOLATION OF THE CYTOPLASM,
B. ALTERATION OF THE STAINING OF THE CYTOPLASM.
C. ABNORMAL GRANULATION.

THE ACTUAL PICTURE PRESENTED DEPENDS TO A CONS|DER=
ABLE EXTENT UPON THE STAINING TECHNIQUE USED. THE
PRESENT WRITER EMPLOYS HIS OWN MODIFICATION OF KuGgeL's
AND ROSENTHAL'S TECHNIQUE, PANCHROM BEING SUBSTITUTED
FOR THEIR GIEMSA SOLUTION, AND USES A BUFFER SOLUTION
oF PH 6.2. (VIDE CHAPTER 3.) WITH THIS PROCEDURE
DEGENERATI VE VACJOLES ARE SEEN MAINLY AT THE PERIPHERY
OF THE CYTOPLASM, AND, WHEN PRESENT, GIVE TO THE CELL
A MOTH-EATEN APPEARANCE. THE CYTOPLASM OF THESE CELLS
STAINS A BLUE OR BLUISH-GREY COLOUR INSTEAD OF THE

NORMAL PINK, THE DEGENERATIVE GRANULES MAY BE E!THER
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FINE OR COARSE, STAIN A NAVY BLUE OR BLACK COLOUR,
AND ARE IRREGULARLY DISTRIBUTED THROUGHOUT THE
cCYToPLASM., THEY ARE FREQUENTLY CONGLOMERATED ROUND
THE PERIPHERY OF THE CELL, AND ARE AT ALL TIMES
DISTINCT FROM THE FINE, REGULARLY DISTRIBUTED
NEUTROPHIL GRANULES OF A NORMAL POLYMORPH.{(PLATE 4.)
REGARDING THE NATURE OF THE GRANULES THERE HAS
assﬁ MUCH SPECULATION ALTHOUGH LITTLE EXP;ANATION.v
THUS SCHILLING BELIEVES THEM TO BE DEGENERATIVE CHANGES
OCCURRING IMMEDIATELY BEFORE DEATH OF THE ceELL; NAEGEL1
BELIEVES THAT THEY CONSTITUTE A TOXIC EFFECT ON THE
CYTOPLASM; BARTA REGARDS THEM AS PHAGOCYTOSED PARTICLES}
HIRSCHFIELD AND MOLDOWSKY ARE OF OPINION THAT THEY
REPRESENT A REACTIVE CHANGE ON THE PART OF THE LEUCO=-
CYTES.
ACCORDING TO CURRENT LITERATURE, MOST HAEMATOLOGISTS
ARE AGREED THAT THESE TOXIC GRANULATIONS, WHATEVER THEIR
NATURE AND CAUSE, ARE PRODUCED DURING RIPENING OF THE
NEUTROPHILS WHILE STILL IN THE MARROW. NAEGELI, HOWEVER,
IS CONVINCED THAT THIS IS NOT SO, THAT THESE GRANULES
ARE PRESENT ONLY IN PERIPHERAL NEUTROPHILS, AND RESULT,
SO HE CLAIMS, FROM DAMAGE TO THE GRANULOCYTE EITHER AT
THE FOCUS OF INFECTION OR BY TOXINS IN THE BLOOD STREAM.
WITH THIS LATTER VIEW THE WRITER 1S IN FULL AGREEMENT.
A SERIES OF SYNCHRONOUSLY PREPARED BLOOD AND BONE

MARROW FILMS HAS RECENTLY BEEN MADE FROM PATIENTS



SUFFERING FROM VARIOUS DISEASES ASSOCIATED WITH HIGH
DEGENERATIVE INDICES. THE RESULTS SHOW THAT:-

l. Toxic GRANULES ARE NEVER PRESENT IN MYELOCYTES
OR EARLY METAMYELOCYTES IN THE MARROW.

2. THE DEGENERATIVE INDEX OF MARROW POLYMORPHS
1S CONSISTENTLY LOWER THAN THAT OF PERIPHERAL POLYMORPHS,

3. THE PERCENTAGE OF MARROW POLYMORPHS WHICH SHOWS
TOXIC GRANULATIONS 1S SUCH AS TO BE EXPLICABLE ON THE
BASIS OF CONTAMINATION OF THE MARROW SPECIMEN, OBTAINED
BY STERNAL PUNCTURE, BY CIRGULATING BLOOD.

IT 1S DIFFICULT TO‘BELIEVE THAT EVEN NOW, WHEN THE
SIGNIFICANCE AND USEFULNESS OF THESE CYTOPLASMIC CHANGES
ARE FULLY RECOGNISED IN AMERICA AND GERMANY, BRITISH
HAEMATOLOGISTS STILL CLING TO THOSE FORMULAE WHICH ARE
CONSTRUCTED FROM OBSERVATIONS ON THE NUCLEAR CHARACTERS
ALONE,

THE PRESENT POSITION OF OUR KNOWLEDGE OF LEUCO-
CYTOSIS AND THE ASSOCIATED CHANGES IN THE CHARACTERS
OF THE NEUTROPHILS HAVE NOW BEEN INDICATED,

THAT THE MYELOID TISSUE AND ITS CIRCULATING
PRODUCTS ARE EASILY ALTERABLE EVEN BY WHAT APPEAR
TO BE RELATIVELY TRIFLING STIMULI (E.G. CLIMATE,
DIGESTION ETC.) REQUIRES NO FURTHER PROOF, AND THE
FACT IS SO WELL KNOWN THAT EVEN ENUMERATION OF THE
EVIDENCE IS UNNECESSARY.

|F A TOX1C OR SUPPOSEDLY TOXIC PROCESS 1S AT



WORK IN THE BODY, EXAMINATION OF THE CIRCULATING
LEUCOCYTES, BOTH QUANTITATIVELY AND QUALITATIVELY,
WOULD APPEAR TO BE A USEFUL AND POSSIBLY INFORMATIVE
ADDITION TO OTHER METHODS OF INVESTIGATION, E.G.
CLINICAL, BIOCHEMICAL, AND IMMUNOLOGICAL STUDIES.
IN SPITE OF THE ONCE POPULAR TOXIC THEORY OF
BURN SHOCK, APPARENTLY NO DETAILED INVESTIGATIONS
OF THIS KIND HAVE BEEN CARRIED OUT. |NDEED, APART
FROM THE OCCASIONAL RECORD OF ABNORMALLY HIGH
LEUCOCYTE COUNTS (As HIGH AsS 80,000) OCCURRING N
BURNS, OBSERVERS APPEAR TO HAVE ENTIRELY I1GNORED

THIS PROMISING LINE OF INVESTIGATION.




DIAGRAMS

To ILLUSTRATE SOME OF THE MECHANISMS DiscuysseED

tN CHaPTER Two.
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CHAPTER THREE.

PERSbNAL CONTRIBUTION TO THE SOLUTION OF. THE

PROBLEM OF THE AETIOLOGY OF BURN SHOCK.
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CHAPTER THREE.

IT HAS ALREADY BEEN STATED THAT NO EXAMINATIONS
OF THE LEUCOCYTE CHANGES ASSOCIATED WITH SHOCK IN
BURNS APPEAR TO HAVE BEEN CARRIED OUT. THE Puaéose
OF THIS CHAPTER AND THE NEXT 1S TO RECORD THE RESULTS'

OF AN INVESTIGATION INTO THE CHANGES [N THE PERIPHERAL
LEUCOCYTES IN BURN SHOCK, AND TO INDICATE THE POSSIBLE
SIGNIFICANCE OF THESE FINDINGS WITH REGARD TO THE
VEXED QUESTION OF THE SHOCK'S AETIOLOGY.

BEFORE PROCEEDING TO oEAL WITH THIS MATTER, HOWEVER,
IT 1S NECESSARY TO MENTION BRIEFLY THE CLINICAL MANIFESTAT-
1ONS OF THIS STATE OF SHOCK AS IT OCCURS IN BURNED PATIENTS.
SHOCK IN BURNS DIFFERS FROM SHOCK ASSOCIATED WITH OTHER
Foéms OF TRAUMA IN RESPECT OF ITS SIGNS AND SYMPTOMATOLOGY,
AND THESE MAY CONVENIENTLY BE DIVIDED INTO FOUR STAGES.

I. INITIALLY, THAT 1S AT THE TIME OF INJURY, THE
PATIENTS APPARENTLY su?FER FROM WHAT HAS BEEN CALLED
"PRIMARY'" SHOCK, THAT 1S A STATE WHICH IS CHARACTERIZED
BY UNCOMPLICATED ?ALL IN THE BLOOD PRESSURE AND WHICH IS
APPARENTLY OF NEUROGENIC OR PSYCHOGENIC ORIGIN, PROBABLY

RESULTING FROM SUCH FACTORS AS PAIN AND FRIGHT. THiS

STAGE 1S VERY TRANSIENT AND APPEARS TO BE OF LITTLE
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IMPORTANCE, IN ALL BUT A FEW CASES HAVING PASSED OFF
BY THE TIME OF THE PATIENT'S ADMISSION TO THE INFIRMARY.

2. THIS STAGE IS THAT IN WHICH PRACTICALLY ALL
CASES ARE ADMITTED TO THE WARDS ONE TO TWO HOURS AFTER
INJURY. |T IS CHARACTERIZED BY A FEELING OF WELL-BEING,
WHICH IS OCCASIONALLY SO MARKED AS TO MERIT THE TERM
EUPHORIA., THE PATIENTS ARE FREQUENTLY TALKATIVE, AND
THE FEW WHO DO COMPLAIN OF PAIN ARE EASILY AND COMPLETELY
RELIEVED BY MODERATE DOSES OF MORPHINE SULPHATE -

GRAIN 1/6 TO 1/4. THE BLOOD PRESSURE IS REMARKABLY
NORMAL IN MOST CASES, WHILE THE PULSE VOLUME AND RATE
ARE ONLY EXCEPTIONALLY GREATLY ALTERED. THIRST IS
FREQUENTLY COMPLAINED OF AT THIS STAGE, AND WATER OR
GLUCOSE-SALINE WHEN GIVEN BY MOUTH IS WELL RETAINED.,

3. USUALLY WITHIN FOUR TO TEN HOURS, BUT RARELY
DELAYED FOR SOME TWENTY-FOUR HOURS, THE THIRST BECOMES
INTENSIFIED; BUT FLUIDS GIVEN BY MOUTH ARE NOW IMMEDIATE-
LY VOMITED. DISORIENTATION BECOMES EVIDENT, AND THE
PATIENT'S SPEECH IS INDISTINCT AND RAMBLING. |IN THIS
PHASE THE PATIENTS ARE FREQUENTLY RESTLESS AND REQUIRE
A FURTHER DOSE OF MORPHINE SULPHATE. AT THIS TIME,
HOWEVER, MODERATE DOSES APPEAR TO BE ALMOST USELESS,

AND FREQUENTLY GRAIN |/2 HAS TO BE EMPLOYED.

4, THE FOURTH AND LAST STAGE IS ONE OF DEEPENING

COMA, WHICH, IN THE AUTHORTS EXPERIENCE, INVARIABLY

ENDS FATALLY. IT HAS BEEN THE WRITER'S EXPERIENCE THAT,



73.

IF STAGE 2 1S PRESENT ON ADMISSION, STAGE 3‘ALMOST
INVARIABLY FOLLOWS, BUT TRANSITION TO STAGE 4 O0CCURS

ONLY IN THOSE CASES WHICH END FATALLY. I[N SO FAR AS
CHILDREN ARE CONCERNED, STAGE 2 DOES NOT OCCUR AS
DEXCRIBED, AS INFANTS USUALLY CRY CONTINUOUSLY, WHILE
OLDER CHILDREN INVARIABLY COMPLAIN OF CONSIDERABLE PAIN.
SHIVERING TOO, 1S FREQUENTLY SEEN IN THESE YOUNG PATIENTS.
STaGES 3 AND 4, HOWEVER, OCCUR PRECISELY AS DESCRIBED FOR
ADULTS.

SUCH THEN IS THE MELANCHOLY RECORD OF THIS IRREVERS-
IBLE PROCESS. |T APPEARS THAT A BURNED PATIENT IS, FROM
THE MOMENT OF THE ACCIDENT, COMMITTED BY THE EXTENT AND
DEGREE OF HIS OR HER INJURIES TO RECOVERY OR DEATH.

EVEN THOSE CASES WHICH DIE, COULD, WITH PRESENT DAY
ADVANCES IN SKIN GRAFTING, ANTissprlcs, ASEPTIC
TECHNIQUE, AND CHEMOTHERAPY, BE ALMOST GUARANTEED TO
HEAL, BUT FOR THEIR SUCCUMBING TO BURN SHOCK.,

THE CASES TO BE RECORDED WERE CHOSEN, NOT BECAUSE
OF THEIR SEVERITY, NOT BECAUSE OF THEIR EXTENT, AND NOT
BECAUSE OF THEIR ULTIMATE TERMINATION, éur SIMPLY BECAUSE
IN ALL OF THEM SHOCK DEVELOPED.

THE PERIPHERAL LEUCOCYTES OF ONE HUNDRED AND FIFTY
CASES ADMITTED TO THE BURN WARDS OF THE GLASGOW ROVYAL
INFIRMARY WERE INVESTIGATED AT TWO-HOURLY INTERVALS
FROM THE TIME OF THEIR AOMISSION UNTIL FORTY=EIGHT

HOURS AFTERWARDS, OR UNTIL THE DEATH OF THE PATIENT.
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THE TECHNIQUE OF THE BLOOD EXAMINATIONS WAS AS FOLLOWS:-—
l. THE BLOOD FOR EXAMINATION WAS OBTAINED IN THE CASE
OF ADULT PATIENTS BY PUNCTURE OF THE.PULP OF THE THUMB
BY A HAGEDORN NEEDLE, WHILE IN THE CASE OF CHILDREN
THE PUNCTURE WAS MADE 1IN qu HEEL. THE AUTHOR IS
CONVINCED THAT THE BEST METHOD OF OBTAINING SPECIMENS
FOR HAEMATOLOGICAL INVESTIGATIONS IS BY VENI-PUNCTUREﬁ
BUT SINCE THIS WAS SO FREQUENTLY IMPOSSIBLE, OWING TO
THE DISTRIBUTION OF MANY OF THE BURNS AND SCALDS, IT
WAS DECIDED THAT SAMPLES OF CAPILLARY BLOOD, WHILE
PROBABLY LESS AccURATE, WOULD AT LEAST BE MORE STANDARD,
AS THIS METHOD WAS APPLICABLE TO ALL CASES.
2., THE TOTAL LEUCOCYTE COUNT WAS MADE BY MEANS OF A
THOMA-ZEISS COUNTING CHAMBER AND A GROUND GLASS COVER
SLIP. THE DILUTING FLUID USED WAS A TWO PER CENT
AQUEOUS SOLUTION OF ACETIC ACID COLOURED BY METHYLENE
BLUE.
3. SYNCHRONOUSLY WITH EACH LEUCOCYTE COUNT, A BLOOD
FILM WAS PREPARED ON A GLASS SLIDE.
4. EACH SLIDE THEN HAD THE FiLM REMOVED FOR A DISTANCE
OF ONE INCH FROM ONE END, AND ON THIS STRIP A SMALL FILM
OF NORMAL BLOOD WAS SPREAD.
5. THE BLOOD FILMS SO PREPARED WERE THEN STAINED AS
FOLLOWS: -

A. EACH FILM WAS COVERED BY STOCK FILTERED

SOLUTION OF MAY-GRUNWALD STAIN, AND THIS
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WAS ALLOWED TO ACT FOR THREE MINUTES.

THE STAIN WAS THEN DILUTED WITH AN EQUAL
QUANTITY OF BUFFER soLuTioN (PH 6.2), anD .
THE SOLUTION WAS THOROUGHLY MIXED B8Y BLOWING
THROUGH A FINE GLASS PIPETTE. THIS DILUTED
STAIN WAS ALLOWED TO ACT FOR ONE MINUTE.

THE STAIN WAS THEN POURED, BUT NOT WASHED, OFF.
THE FILM WAS NEXT COVERED BY PANCHROM SOLUTION,
PREPARED BY ADDING ONE HUNDRED DROPS OF PANCHROM
SOLUTION TO ONE HUNDRED CUBIC CENTIMETRES OF
DISTILLED WATER, AND THIS STAIN WAS ALLOWED TO
ACT FOR EIGHTEEN MINUTES.

AT THE END OF THIS TIME THE STAIN WAS WASHED
OFF WITH BUFFER SOLUTION, AND THE FILM WAS

THEN THOROUGHLY RINSED IN RUNNING TAP WATER.
THE SMALL FILM OF NORMAL BLOOD WAS NOW EXAMINED
UNDER A HIGH POWER OF THE MICROSCOPE AND THE
STAINING OF THE WHITE CELLS NOTEOD. THIS
PROCEDURE PROVED TO BE OF VERY GREAT VALUE,
SINCE THE FILM OF PATIENT'S BLOOD COULD BE
CONSIDERED SUITABLE FOR EXAMINATION ONLY IF

THE CONTROL FILM WAS SATISFACTORILY STAINED.
WITH THE TECHNIQUE DESCRIBED, HOWEVER, THE
STAINING REACTIONS OF THE WHITE CELLS WERE
REMARKABLY CONSTANT, AND DEGENERATIVE GRANULES,

WHEN PRESENT, WERE EASILY RECOGNISED BY THEIR
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DEEP NAVY-BLUE COLOUR.
6. EACH FILM WAS EXAMINEDO UNDER AN OiL=-IMMERSION LENS,
AND FROM A DIFFERENTIAL COUNT OF TWO HUNDRED CELLS A
HAEMOGRAM WAS CONSTRUCTED.
7. THE VARIATIONS IN THE PERIPHERAL LEUCOCYTE PICTURE
WERE THEN REPRESENTED GRAPHICALLY BY PIECING TOGETHER
THE SERIAL BLOOD FINDINGS.

FOR THE VERY NECESSARY PURPOSES OF COMPARISON AND
CONTROL THE CASES WERE CLASSIFIED AS:=-
(1) THOSE TREATED BY TANNIC ACID OR SOME OTHER COAGULANT
METHOD, AND = .
(2) THOSE TREATED BY THE APPLICATION OF ONE PER CENT
OF EMULStON OF SULPHANILAMIDE N Cobp LIVER OiL.

SuCH A DIVISION IS NECESSARY IN ORDER THAT ANY
LEUCOCYTE CHANGES FOUND MIGHT NOT BE ATTRIBUTED TO
THE TREATMENT EMPLOYED - A CRITICISM THAT HAS ALREADY
BEEN DIRECTED BY THE AUTHOR AGAINST A NUMBER OF
INVESTIGATIONS IN THIS FIELD; AND SECONDLY BECAUSE OF
THE VERY DIFFERENT MOTIVES FOR THESE TWO FORMS OF -
THERAPY. THE COAGULANT TREATMENT HAS ALREADY BEEN
SHOWN TO BE BASED ON THE TOXIC CONCEPTION OF BURN
SHOCK, WHILE THE CHEMOTHERAPEUTIC MEASURES ARE
0BVIOUSLY FOUNDED ON THE BACTERIAL VIEW-POINT.

EACH .OF THESE PRIMARY DIVISIONS IS SUB-DIVIDED
ACCORDING TO THE AGE OF THE PATIENTS, THUS:-

A. CHILDREN - UP TO FIFTEEN YEARS OF AGE, AND
8. ApuLTs - OVER FIFTEEN YEARS OF AGE.
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THESE SUB-GROUPS ARE MADE NECESSARY BY TWO FACTORS.
FIRSTLY, INFANTS AND YOUNG CHILDREN ARE KNOWN TO DEVELOP
SHOCK EVEN waH_RELATlvva MINOR BURNS AND SCALDS AND
TO SUCCUMB TO IT READILY., FURTHER IT IS RECOGNISED THAT
THE YOUNGER THE CHILD, THE WORSE IS THE PROGNOSIS.
SECONDLY, THE LEUCOCYTOPOIETIC TISSUE OF A CHILD IS
NOT ONLY MORE QUANTITATIVELY ACTIVE THAN fns ADULT'S,
BUT APPEARS TO BE, AT LEAST AS JUDGED BY ITS REACTION
TO THE STIMULUS OF sepéls, MORE LABILE ALSO.(KATO ET AL.)
IF THE FIRST POINT ALONE IS CONSIDERED, IT MAY BE
JUSTIFIABLY ARGUED THAT THE SUB=GROUP "A™ S INADEQUATE,
SINCE IT INCLUDES INFANTS AND CHILDREN BOTH YOUNG AND
oLD. NEVERTHELESS, AS HAS ALREADY BEEN INDICATED, THE
PRESENT INVESTIGATION IS CONCERNED WITH THE LEUCOCYTE
CHANGES RATHER THAN THE DEGREE OF SHOCK OR ITS RESULT,
AND THEREFORE THE ONLY REACTION OF THE PATIENT WHICH
1S OF IMPORTANCE IS THE LEUCOCYTIC ONE. ACCORDING TO
THE INVESTIGATIONS OF KATO ET AL., THE PERIPHERAL-
LEUCOCYTE PICTURE OF THE CHILD FROM BIRTH TO ABOUT
TWELVE YEARS VARIES CONSIDERABLY FROM TIME TO TIME,

BUT BY THE FIFTEENTH YEAR IT HAS SETTLED DOWN TO THE
AVERAGE NORMAL ADULT LEVEL. THIS OBSERVATION, THEN,
HAS BEEN THE WRITER'S GUIDE IN HIS SUB=DIVISION OF THE
CASES. |T APPEARED TEMPTING TO SEPARATE THE MALE FROM
THE FEMALE PATIENTS, BECAUSE OF THE LATTERS' ALLEGED

SPECIAL SUSCEPTIBILITY TO SHOCK, BUT FOR PRECISELY
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SIMILAR REASONS THIS PLAN WAS REJECTED. |IN ORDER THAT
THE CLASSIFICATION PROPOSED AND ADOPTED MIGHT EMBRACE
ALL THE CASES, HOWEVER, A THIRD SMALL GROUP HAD TO BE
ADDED, THUS:-—

(3) THose cases ( aLL AbDuLTS, AS IT uAPPENéD) WHICH
RECEIVED NO TREATMENT FOR THEIR INJURIES BECAUSE OF
THEIR EXTENT AND SEVERITY AND THE OBVIOUS FACT THAT

DEATH COULD NOT BE DELAYED FOR MORE THAN A FEW HOURS.

ILLUSTRATIVE CASES.

GroOouPr |.
SuB-GROUP A.

(1) Case No. 4. THE PATIENT WAS A FEMALE INFANT AGED

TEN MONTHS, WHO WAS ADMITTED TO THE WARDS WITHIN
ONE HOUR OF SUSTAINING A SCALD OF THE HEAD AND
THORAX. THE CHILD HAD UPSET A CUP OF HOT TEA,
WHIGH HAD SPILLED OVER HER. ON ADMISSION SHE

WAS QUIET AND THEREFORE DID NOT APPEAR TO BE
SUFFERING PAIN; HER TEMPERATURE WAS 99.8F. THe
PULSE WAS VERY RAPID, BUT WAS REGULAR AND OF FAIR
VOLUME. THE RESPIRATIONS WERE NOT DISTURBED. I[N
SPITE OF THE PATIENT'S CALMNESS, MIN. 5 NEPENTHE
WERE ADMINISTERED IN MILK, BEFORE THE CHILD WAS
BATHED, AND THE INJURED AREAS WERE CLEANED. ALL
THE BLISTERS WERE SNIPPED AND STRIPPED. A COAGULUM

WAS APPLIED BY REPEATEDLY SWABBING OVER THE SCALDED

































































































































































































































































































































































































































































































































































































































































































































































































































































































