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A brief history of shock
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From Newton Wellesley Hospital, Newton, MA

RECENTLY, 2 MIDDLE-AGED COUSINS were admitted to
the Level I trauma center where I attend as a
trauma surgeon. Each had been shot twice. Their
wounds were similar; both suffered a single gunshot wound to the epigastrium and a second
wound in the left flank. The first cousin (let us
call him Joe), had a normal pulse and blood pressure and was oriented and composed; his skin was
pink and dry. The second cousin (let us call him
Frank) was hypotensive and tachycardic; he was apathetic and disoriented, although paramedics reported that he had been agitated and combative
in the field just minutes before. His skin was pale
and he was diaphoretic. There was 1 operating
room immediately available and 1 that would be
ready in 20 minutes. Frank was given priority. At
surgery, he was found to have a bullet track passing
through the left lobe of the liver, the gastric antrum, the pancreatic neck, and the splenic artery.
There were $2 L of blood in his abdomen. Joe
was found to have a bullet track that passed
through the right lobe of the liver (nonbleeding)
and through the hepatic flexure of colon. He
had <500 mL of blood in his peritoneal cavity,
and a moderate amount of free peritoneal fecal
contamination. In both cases, the flank wounds
were superficial. Both men recovered uneventfully.
The answer to the question of which patient to operate upon first seems obvious: It does not require
a trauma surgeon to recognize that the second
man required immediate management. Why?
Because Frank, unlike Joe, was in ‘‘shock.’’
A PubMed search for papers containing the key
word ‘‘shock’’ yields >140,000 citations. The meaning of the term ‘‘shock’’ varies depending upon the
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context. My intention is to discuss the term as it is
used in the surgical and trauma literature. In a
setting of hemodynamic instability, this word is
frequently used to indicate a syndrome of hypotension, tachycardia, and mental status change owing,
presumably, to ‘‘inadequate tissue perfusion.’’ Today we use the word shock to describe patients in
extremis who suffer from a variety of distinct
pathophysiologic processes, such as severe cardiac
dysfunction or overwhelming infection that share
insufficient tissue perfusion as a consequence.
The story of how this word came to be attached
to these dramatic clinical syndromes and how our
predecessors conceptualized the physiology of
shock is a central theme of the past 300 years of
surgical history. In this paper, I review the origin of
the use of the word shock, and describe the
evolution of the concept of shock from its first
use in the surgical literature to the present. This is
a story with hundreds of contributors. In the
interest of economy, I have marked out a path
that considers many, although not all. I limited the
source material to English language literature,
with 3 notable exceptions. There are other pathways through this topic, which feature other principal players. Please consider this a history rather
than the history of this fascinating subject.
The Oxford English Dictionary (OED) devotes
nearly 3 pages to the definition of shock.1 The
word itself may derive from the French choc, which
was originally used to describe ‘‘an encounter between two charging hostile forces, jousters, etc.’’2
The OED defines the medical usage of this word as:
A sudden debilitating effect produced by overstimulation of nerve, intense pain, violent emotion,
or the like; the condition of nervous exhaustion
resulting from this. Now used more precisely for a
condition whose principal characteristic is low
blood volume.1
The OED credits Abernathy with using the word
for the first time in 1804. However, the usually
authoritative OED is incorrect on this last point:
Shock first appeared in the English language medical
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literature in 1743 in a translation of a French treatise
on gunshot wounds by Henri-Francxois LeDran.3
THE GALENIC ERA
Before 1743, there is no record of the word
shock used to describe a clinical syndrome. Certainly the syndrome itself existed. William Bradford Cannon credited Hippocrates with first use of
the term ‘‘exemia’’ to describe patients in hypovolemic shock.4 Cannon’s aim was to replace the
term ‘‘shock’’ with exemia, believing the latter
more specific. My search of existing translations
of Hippocratic corpus failed to locate this word.
Nonetheless, the ancient physicians must have encountered patients in shock, even though little record of the syndrome or its treatment survives.
For the first 1,600 years of the modern era,
medical thought was dominated by the works of
Galen of Pergamon (CE 129--200).5 Galen, who
gained fame as a surgeon to gladiators,6 was intimately familiar with hemorrhage,7 and thus, one
supposes, with hypovolemic shock. Despite this,
he never mentions a constellation of signs and
symptoms consistent with what we understand as
shock. Ironically, whereas Galen made important
contributions to the field of anatomy,5,7,8 his notions that bodily functions were dependent on 4 humors---white bile, black bile, phlegm, and blood,
each associated with a particular attribute: choleric,
melancholic, phlegmatic and sanguine6---led him to
the unfortunate conclusion that hemorrhage was
among the conditions that benefited from bloodletting.9 Galen did not invent therapeutic venotomy,
but his advocacy of the treatment led many to adopt
it in his name. It is sobering to contemplate the
number of preventable deaths occurring over the
span of the ‘‘Galenic Era’’ attributable to the belief
that bleeding is a good therapy for hemorrhage.
Many of Galen’s notions about human anatomy
and physiology were erroneous. In the Galenic
model, blood flowed outward in both the arteries
and veins, having been created in the liver and
vitalized by the lungs. Not until 1543 was Galenic
anatomy corrected, when Andreas Vesalius published De Humani Corporis Fabrica. However, it remained for William Harvey to make the seminal
discoveries that the understanding of shock required. In Excercitatio de Motu Cordis et Sanquinis
in Animalibus (Anatomical exercises on the motion
of the heart and blood in animals, often shortened
to as ‘‘De Motu Cordis’’) published in 1628, Harvey
made 2 important discoveries: First, blood flowed
away from the heart in the arteries and returned
in the veins, meaning that the blood circulated.
Second, Harvey determined that the liver could
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not possibly manufacture the volumes of blood
the Galenic model required. He did this by estimating the stroke volume of the heart, and extrapolating from this the volume of ‘‘cardiac output’’
per hour. Thus, Harvey established that the blood
made a circuit, leaving and returning to the heart
at regular intervals, and that there was a fixed, and
presumably optimal, volume of blood circulating
in the human body.10 Harvey did not make a connection between the syndrome we recognize as
shock and disordered blood volume; it would
take 3 centuries for this to happen. However, it is
with Harvey that our present understanding of
shock began.
THE AGE OF ENLIGHTENMENT:
HENRI-FRANCxOIS LEDRAN
The first use of the word ‘‘shock’’ to describe a
trauma victim appears in the English translation of
Henri-Franc
xois LeDran’s 1740 text, Traité ou Reflexions Tire’es de la Pratique sur les Playes d’armes à feu3,11
(A treatise, or reflections, drawn from practice on
gun-shot wounds12). A number of authorities assert
that the term was a mistranslation of such words as
choc and secousse, the French term meaning to jar or
disturb.13-20 However, neither of these words appeared in the 1740 French text. LeDran’s meaning,
and the intent of the translator, can be determined
by reviewing the original text and the translation
side by side. The word shock occurs 7 times in the English version: In 3 instances, it is used to translate the
word saisissement; in another 3 instances, it is used to
translate the word commotion, and in 1 case it is inserted for the French term, coup. Saisissement in modern usage is translated as ‘‘astonishment.’’21 In the
18th century, the definition may have been more
consistent with ‘‘fright’’ or ‘‘violent emotion.’’22
The passage below, followed by the English translation, best demonstrates LeDran’s intent:
Mais Quand même un blessé ne froit pas pléthorique,
il suffit que le saississement & la commotion qui accompagnent souvent les playes d’armes à feu, suspendent pour queques moments l’odre œconomique;
ce qui est prouvé par les sincopes & autres accidents
primatifs que nous avons dit arriver affez souvent.
(p. 74)
(But though the patient be not previously laboring under a plethoric habit of the body, the shock
and agitation which commonly follows gun-shot
wound will be sufficient to suspend the laws of
œconomy for a few moments: we have a proof of
this from the syncopes and other symptoms we
have said happen at least often enough.) (p. 48)
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LeDran described a syndrome associated with
gunshot wounds where victims are stunned and
agitated as suspending the ‘‘laws of economy’’
(restless). We may infer from the choice of words
such as ‘‘agitation’’ and ‘‘syncope’’ that the author
and his translator believe they were observing a
neurologic phenomenon. This is supported by a
section following that quoted above:
Le Saississemant dont le malade se sent quelquefois
frappé à l’instant du coup & la commotion, peuvent
avoir des suites funestes. (p. 93--4)
(The shock with which the patient sometimes
finds himself, as it were, thunderstruck at the
time of the blow, together with the commotion
or agitation, may be followed by very fatal consequences.) (p. 62)
Careful review of both the French original and
the English translation reveals that LeDran was
describing the same phenomenon we see today.
Men wounded by firearms were noted to be either
agitated (commotion) or stunned (saisissement). Today, we recognize this behavior in settings other
than gunshot wounds, but would use the word shock
in the same way the English translator did. We can
draw 2 conclusions about the birth of the word
shock from this literature: First, usage in the English
version seems to be a faithful and appropriate translation of the original French text. Second, Both LeDran and the English translator considered ‘‘shock’’
to be a neurologic response, which occurs as a sequela of gunshot wound alone. It was not construed
as a result of the physics of gunshot wound.
Once introduced into the English medical nomenclature, the word shock did not immediately
enter widespread usage. In fact, Samuel Cooper’s
voluminous surgical dictionary, published in 1822,
had no entry devoted to shock.23 He does discuss the
fondness of ‘‘French Surgeons’’ for describing the
symptom of ‘‘disorganization’’ as a consequence of
gunshot wounds, and ascribes to Guthrie (below)
the description of ‘‘constitutional alarm or shock’’
as a symptom indicating severe injury from gunshot
wound.23 In fact, it seems likely that the apocryphal
history so often attached to the translation of the
word shock from LeDran’s work arises from Guthrie’s dictionary. In 1859, when Theodore Bilroth
published a comprehensive review of European
gunshot wound studies then available, he used the
word shock only in regard to the work of LeDran.24
At least 2 surgeons writing about gunshot
wounds between LeDran’s work in the 1740s and
the mid 19th century use the word shock to describe
a clinical syndrome. G. J. Guthrie, a British surgeon
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who served in the Spanish War of Independence
(1808--1814), expanded the concept of shock to
include both a stimulus resulting from trauma and
a physiologic response to devastating injury in his
Treatise on Gunshot Wounds (1827).25 He chooses the
word shock to describe the physics of wounding:
When a thigh is destroyed by cannon-shot above
or at its middle, the injury is very great, and the
danger proportionate. The shock is frequently
more than the constitution can bear, and the patient dies in a few minutes without much
hœmorrhage.25
Yet, in the following passage, he also uses the
word to connote the physical impact of wounding
by cannon fire, and then uses it to describe a
neurophysiologic response to wounding:
if a man has the femoral artery fairly divided by a
musket-ball, he will often bleed until he faints,
but he will seldom or never die: but when this
takes place from a cannon-shot, the patient will
often die, whether he suffer amputation or not.
Can this be accounted for in any other way, than
from the general derangement caused by the
shock of the blow, and the tearing away of parts?
It is the double affect on the nervous and the
sanguiferous systems, which I called shock and
alarm and to which, in a case of this kind,
many persons owe their lives, for without it
they would bleed to death; with it the haemorrhage ceases. I do not believe, that, during the
whole course of the Peninsular war, a tourniquet
was applied in one case in ten where limbs were
struck by cannon-shot’ and when they were applied the greater number were useless. The
time required to get the better of this state is various, and, where much blood is lost, the effect
on the nervous system will be greatest.25
Twenty years later, the French surgeon Velpeau
echoed Guthrie. In a Lancet article about managing the wounded during the Paris Revolution of
1848, Velpeau describes sequential physiologic decline after gunshot wound where the first stage is
characterized by the ‘‘shock’’ of wounding.26 This
phenomenon is particularly severe with regard to
the nervous system:
The first is the period of stupor; this is the result
of the sudden shock which the nervous system,
and, in fact, the whole organism, experiences by
the reception of the wound, the patient being
mostly in a state of great excitement at the time.
This period lasts generally from twenty four to
thirty-six hours.26
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Both Guthrie and Velpeau used the word shock
to describe both the physics of wounding, particularly by firearms, and the neurophysiologic response to injury. In addition, they introduced a
new concept regarding physiologic response to
injury; both authors described the period following shock as ‘‘reaction,’’ a time during which the
patient is seen to respond to clinical treatments.
At the first moment of injury, the operation
should be performed, so that the shock to the
nervous system may if possible be continuous,
and opium with purgatives should be administered to allay it. As soon as the reaction becomes
permanent, the surgeon must bring all his stores
of observation and experience forth, for an erroneous decision is pregnant with danger either
one way or the other with improvement.25
[T]he second stage, which is the period of
inflammatory reaction; this will appear towards
the second or third day, and is analogous to
the period of elimination in burns.26
For the first time, the term ‘‘reaction’’ was
applied to a state that these physicians hoped the
patient would attain after experiencing the shock
that follows injury. If shock means a neurophysiologic response to injury, then ‘‘reaction’’ describes
the physiologic recovery after shock. The surgeons
of the next century expanded on this idea and
used it to inform their treatment of the wounded.
THE AGE OF IGNORANCE: THE AMERICAN
CIVIL WAR
Over 600,000 soldiers died during the Civil War
(1861--1865); many more were wounded. Those
caring for the injured did not learn much new
about the physiology of shock, nor did they make
much effort to study it. What they did learn was
that the phenomenon of shock could be a response to more than just a gunshot wound.
LeDran, Guthrie, and Velpeau were limited by
their conviction that shock could only be a consequence of gunshot wound, but the surgeons of the
Civil War recognized shock in casualties caused by
different mechanisms, and realized that it could be
a physiologic response to injury in general.
Dr Samuel Gross of Jefferson Medical College, a
major figure in American surgery, published a
manual for military surgeons in 1861.27 Early in
this work he noted the ease of diagnosing shock
and focused on the neurologic findings:
It is not necessary to describe minutely the
symptoms of shock, as the nature of the case is
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apparent at first sight from the excessive pallor
of the countenance, the weakened or absent
pulse, the confused state of mind, the nausea or
nausea and vomiting, and the excessive bodily
prostration.27
He also recognized that shock is not solely a
response to gunshot wound, and that it may result
from a seemingly minor event:
In many cases death is instantaneous owing to
shock or shock and hemorrhage; in others it
occurs gradually or without reaction, at a period
of several hours .or days. Sometimes men are
destroyed by shock, by, apparently the most
insignificant injury, owing not to want of courage but to some idiosyncrasy.27
Professor Julian J. Chisolm, from South Carolina, made similar observations about the nature of
shock in his 1863 manual for the military surgeons
of the Confederacy.28 He, too, recognized that
shock can result from any form of injury, not just
gunshot wound. He expanded the understanding
of the concept by drawing attention to the idea
that shock is a neurologic syndrome:
nervous shock accompanies the most serious
wounds, it may often be met with the most trivial
injuries. It is recognized by the sufferer becoming cold, faint and pale with the surface bedewed with cold sweat; the pulse is small and
flickering, there is anxiety, mental depression
and at times incoherence of speech. Often this
shock is very transient when accompanying simple wounds. A drink of water and a few encouraging words may be sufficient to dispel it.28
Both Gross and Chisolm further defined shock in
terms of ‘‘nervous depression.’’27,28 The therapies
they recommended were intended to stimulate the
patient to a state of ‘‘reaction.’’ Both men prescribed
stimulants such as alcohol, ammonia, hartshorn
(ammonium carbonate), and turpentine. They
also recommended remedies such as sinapisms
(mustard plasters), ‘‘frictions,’’ and cataplasms
(poultices of hot clay). Finally, both agreed on the
importance of wrapping the patient in blankets. Betraying the persistence of Galenic thought, Chisolm
also recommended that the combat surgeon treat
casualties suffering from internal hemorrhage by
performing urgent venotomy to bleed the patient
and ‘‘save him from immediate death.’’28
The standard for clinical management of shock
in the field during the Civil War was perhaps best
exemplified by the treatment of Confederate General Thomas (Stonewall) Jackson, as reported by
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his surgeon, Hunter Holmes Maguire.29 Educated
in Philadelphia, Maguire was one of the most respected surgeons on either side of the war.30 Jackson had been wounded in the left axillary artery,
among other places, and was clearly suffering
from hypovolemic shock. Maguire’s treatment included early and frequent pre-operative administration of alcohol and coffee, both intended as
stimulants. He also wrapped Jackson in blankets
and allowed 2 hours for ‘‘reaction’’ to occur. After
this period of resuscitation, he amputated the general’s left arm. Interestingly, Maguire did not use
the word shock to describe the general’s condition
in any of the 3 accounts he published of Jackson’s
death.29,31,32
In the hundreds of pages of Medical and Surgical
History of the War of the Rebellion, there is surprisingly
little use of the word shock.33,34 One short section
entitled ‘‘The Mysteries of Shock’’ states that
autopsy reports on combat casualties exhibit
‘‘a remarkable absence of any comments on the obscure subject of shock.’’33 Apparently, the word
‘‘shock’’ was not in common use by physicians
working on the front in 1865; a decade later it
could still be labeled an ‘‘obscure subject.’’
It was the publication of Edwin Morris’s A Practical Treatise on Shock in 1868 that seems to have led
to the common use of the term shock to describe a
clinical syndrome.35 Morris, a physician at the Union Infirmary, London (now known as the Greenwich District Hospital) reviewed everything that
had been written to date about the use of the
word shock starting with Guthrie’s Treatise. Morris
further develops the theme of shock as neurologic
syndrome:
The brain and spinal cord, the very center of this
nervous power, is the medium through which
the animal system receives powerful impressions,
produced by mental or physical causes: and to
understand shock and its consequences, it is
absolutely necessary that we should have a thorough knowledge of the physical properties and
functions of the nerves themselves.35
His work seems to have had a wide readership,
and is cited by leading clinicians who use the term
shock as a matter of course.20
THE BEGINNINGS OF UNDERSTANDING:
THE LATE 19TH CENTURY
The concept of shock as a ‘‘nervous’’ condition
gained more currency after the Civil War. This may
be due in part to the influence of the work of the
great French physiologist, Claude Bernard.36 Bernard, who characterized the autonomic nervous
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system and demonstrated its effect on the cardiovascular system, did not comment specifically on
shock. However, his careful experimental method,
including the first accurate measurement of blood
pressure in the laboratory, gave currency to the
concept that the central nervous system, via the autonomic outflow, was responsible for adjustment
and maintenance of the blood pressure and systemic perfusion.37
In 1866, the surgeon Thomas Buzzard formulated a classification system for ‘‘shock to the
nervous system’’ based on his experience caring
for victims of railway accidents and ‘‘other violence.’’38 He proposed a continuum of pathology
ranging from the most severe, in which death is
rapid, to a chronic condition suggestive of posttraumatic stress disorder, with the assumed neurologic
basis of shock remaining the unifying principle.
Thirteen years later, Mansell-Moullin devoted
an entire book to the subject. On the Pathology of
Shock expanded on the idea that shock was primarily a nervous phenomenon.39 (By this time, the
sphygmomanometer had been invented, thus allowing for the addition of hypotension to the list
of the signs of shock.) According to MansellMoullin, the hypotension associated with shock is
‘‘primarily due to the power of inhibition which
is one of the inherent properties of the nerve centers.’’39 He was particularly suspicious of the
splanchnic nerves, and identified splanchnic vasodilation as a major cause of shock. This theory
was supported by the work of the German physiologist, Goltz, who demonstrated that frogs suspended by the nose and struck on the mesentery
developed shock, presumably due to a mesenteric
nervous reflex.40
In addition to crediting mesenteric nervous
elements, Mansell-Moullin believed that the forebrain was a factor in the production of shock.
‘‘Excessive emotion’’39 could modulate the physiologic response to injury as well. Another 19th-century surgeon and medical educator, Ireland’s
Edward Mapother (1835--1908), added an ethnic
twist to this theory by suggesting that those of
Saxon heritage had superior ‘‘power to endure
shock’’ than the Germans, the French and, in particular, the ‘‘more nervous’’ Celts.41 Underlying
Mapother’s theory was the belief, born more of literature review than experimentation, that ‘‘Shock
paralyzed the dilator nerves’’ leading to ‘‘contraction of the arterioles.’’41 This view was to find a
number of adherents in the 20 years preceding
the First World War (WWI).
Mapother’s theory of shock as a function of
pathologic vasoconstriction was subsequently
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amplified by Malcomb,42 who believed spasm of
the superficial arterioles was the central pathology
in shock. Interestingly, Malcomb advocated both
saline infusion, a new therapy at that time, and
older remedies such as ‘‘application of rubifactants
such as mustard’’ and rubbing the lips of patients
in shock. Like most investigators of the time, Malcomb did not draw his theories from experimental
work; instead, he relied on clinical observations.
THE AGE OF REASON, 1890--1925
Before WWI, 2 theories of shock emerged that,
unlike the ‘‘vasoconstrictor theory,’’ were derived
from work in the laboratory. Dr George Crile, the
well-known American surgeon, reporting on experiments in dogs, found that vasoconstriction occurred after both hemorrhage and burn trauma.43
He concluded that vasomotor changes resulting
from nervous stimulation played an important
role in the pathophysiology of shock through a process he termed ‘‘anoci-association.’’44 This theory,
which subsequently grew into an effort to describe
a diverse spectrum of pathology,45 posited that
shock is due to excessive activity in visceral efferent
nerves, which creates a state of visceral vasodilation
that results in hypotension. Crile’s theory was derived from laboratory work demonstrating that manipulation of visceral and sensory motor nerves
could produce shock-like states in a variety of animal models.46-48 Crile believed that sensory afferent
stimulation and expectation of noxious stimuli by
the higher centers of the brain were the key factors
in shock. Adequate sedation and anesthesia were
essential to avoiding shock.45
Although most did not subscribe to the theory
of anoci-association, some arrived at the theory
that an early phase of arteriolar vasoconstriction in
shock was eventually superseded by ‘‘depressor
impulses’’ resulting in arteriolar vasodilation, followed by dilation of the portal and Ôother internalÕ
veins in which blood volume then fatally pooled.49
This theory of nervous vasomotor collapse seems
to have had relatively wide acceptance in the period before WWI.50 The notion that the profound
hypotension of shock was due to ‘‘missing blood’’
pooled in the splanchnic vascular bed was to drive
much of the thinking on shock in the first half of
the 20th century.51
A second experimental model of shock appeared in the first decade of the 20th century
*One should not confuse this Henderson with Harvard
University’s Lawrence J. Henderson who, in 1908, described
the famous blood buffering properties of the bicarbonate/
carbonic acid system universally known as the HendersonHasselbach equation.
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based on the work of Yale University physiologist
Yandell Henderson.* He observed that animals suffering from hemorrhage had lower than normal
partial pressures of carbon dioxide in their
blood.52 Yandell Henderson knew that hypocarbia
resulted from tachypnea, and surmised that pathologic hyperventilation was an important factor in
shock.52-55 He called this the ‘‘acapneic theory.’’
Henry Janeway and Ephraim Ewing, at Bellevue
Hospital in New York, suggested that there might
have been a relationship between hypocarbia
(acapnia) and splanchnic vasodilation. After extensive experimentation with dogs, they came to
believe that hypocarbia associated with shock created a pathologic accumulation of blood in the
veins of the mesentery, resulting in ‘‘missing
blood.’’56 This work attempted to combine the
splanchnic vasodilation envisioned by Crile and
the hypocarbia measured by Henderson into a
common thread: Reflexive hyperventilation after
severe injury resulted in hypocarbia which then
promoted splanchnic vasodilation. Blood pooling
in the splanchnic vessels was effectively removed
from circulation, resulting in progressive shock.
Other proponents of the ‘‘missing blood’’ hypothesis, most notably Carl Wiggers, doubted hypocarbia was a fundamental cause of shock,51 and
looked for other reasons for blood to seem to be
missing from the circulatory system in shock.
WWI provided an opportunity to investigate
shock in a rigorous and scientific fashion. A number of investigators traveled to the Western Front,
then returned to the laboratory to test hypotheses
regarding the physiology of shock generated on
the battlefield. William T. Porter, based on his
experience with casualties, particularly those with
long bone injuries, believed that fat embolism was
the cause of traumatic shock.57 He subsequently
conducted experiments in which he injected olive
oil, cotton seed oil, cod liver oil, and cream into
the jugular veins of various small mammals.58
The animals in these experiments developed hemodynamic collapse, an observation that supported, and, in his mind, validated, his ‘‘fat
embolism theory’’ of shock.
E. M. Cowell, of the British Special Investigations
Committee of the Medical Research Committee,
introduced the concept of ‘‘wound shock’’ based
on his experience on the battlefields of France.59
Cowell believed that it was the wound itself that
was the primary stimulus leading to the physiology
of shock; he assumed that the etiologic agents were
as yet unidentified toxins liberated from wounded
tissue. Cowell further divided shock into 2 separate
phenomena: Primary shock, where a casualty is
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found to be hemodynamically unstable on arrival
at the aid station, and secondary shock, where a casualty with previously normal vital signs deteriorates after reaching medical attention. The
notion that shock was primarily a neurologic condition persisted: Cowell states, ‘‘the conditions of
excitement, cold, thirst, fatigue and possibly loss
of sleep become important pre-wound factors in
the initiation of wound shock.’’59
When the Americans joined the war effort in
1918, the British and American forces established a
joint commission to study battlefield shock led by
William Bayliss of University College, London, and
Walter Cannon of the Massachusetts General Hospital.14 Both men wrote book-length treatises on
the subject of shock, which nicely summarized
the variety of contemporary theories and the evidence for or against each based on observation
of combat casualties; both argued against the
‘‘acapneic theory’’ of shock.
Cannon measured ‘‘alkali reserve’’ in experimental dogs and cats, and grasped, as Yandell
Henderson had not, that the hypocarbia and
tachypnea seen in shock were evidence of the
presence of the bicarbonate buffer system.4,60 He
rejected most of the existing theories in favor of
a modified version of the ‘‘missing blood’’ theory.
He tried to rename hypovolemic shock using the
Hippocratic term exemia, because he believed that
there was pooling of blood within the body in response to shock, which resulted in a marked reduction in circulating blood volume.4,60 Cannon
supported this theory with evidence of a discrepancy between the red blood cell counts in capillary
specimens and those in venous blood specimens in
combat casualties.4 Capillary specimens were
found to have higher counts, indicating hemoconcentration and pooling in the capillary space.61
Intravenous saline infusion had been used as
early as 1831 for the treatment of hypovolemia
owing to cholera.62 It was first used to manage
shock by Jennings in 1882,63 followed by Robson
in England and Matas in New Orleans in the
1890s.64,65 Nonetheless, it was not until WWI that
intravenous therapy was widely used for treatment
of shock.
Both Cannon and Bayliss reported on the efficacy of a number of intravenous solutions including synthetic colloid solutions based on gum
acacia4 and gum arabic.66 Cannon’s famous warning against early aggressive fluid resuscitation---‘‘If
the pressure is raised before the surgeon is ready
to check any bleeding that may take place, blood
that is sorely needed may be lost’’67---remained a
caveat largely ignored until the past decade.
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Cannon rejected the Galenic notion that bleeding
is an effective treatment of shock. Ironically, his
1923 opus on traumatic shock concluded with the
recommendation for a novel 3-blanket wrap as
the most efficacious treatment of traumatic shock.4
In this regard, he had not progressed much beyond the resuscitation techniques offered by Maguire in the Civil War. Nonetheless, Cannon was
the first to recognize that reduction in blood volume plays a role in the production of traumatic
shock.61
By the end of WWI, what was now called ‘‘wound
shock’’ in England and ‘‘traumatic shock’’ in the
United States, was considered a 2-stage phenomenon: Primary shock, which occurred immediately
after wounding, was largely a neurologic phenomenon; secondary shock developed later due to
toxins elaborated by the wound itself.68 Hypotension and decreased tissue perfusion seen in secondary shock were believed to result from
pooling of blood in certain capillary beds, resulting in the phenomenon of ‘‘missing blood.’’ For
the next 25 years, researchers would search for
both the missing blood and the causative toxins.
This research ultimately yielded concepts now considered fundamental to the understanding and
treatment of shock.
THE MODERN ERA: BLALOCK’S EPIPHANY
Although better known for his groundbreaking
work in cardiac surgery, Alfred Blalock is also
responsible for the present heuristic approach to
the subject of shock. In 1927, Blalock presented a
theory of shock as a disorder of blood volume.69
Beginning with ‘‘10 common causes’’ of clinical
shock, he developed laboratory models to aid his
search for a unifying principle. Searching for either toxins or lost blood, he tried to induce shock
in experimental animals in a standardized model
using crushing injuries to the extremity.70 In this
work, Blalock repeated 1 of Cannon’s experiments
supporting the missing blood theory. Where Cannon had compared the weights of the experimental and control limbs amputated through the
proximal thigh, Blalock precisely divided the pelvis
and lumbar spine. Blalock found the added weight
of the crushed limb accounted for all observed hypovolemia. He concluded there was no missing
blood or fluid at all.
In additional experiments, Blalock systematically excluded central nervous system injury as a
cause of shock.71 Not satisfied, he concluded that a
number of pathologic states could be explained
with a simple model founded on an assessment
of the state of the blood volume. What emerged
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was a classification system, first published in 1934,
that grouped different pathologies together under
the central theme of disordered blood volume.72
Like Cannon before him, Blalock sought to replace the word ‘‘shock’’ with a better term: He favored ‘‘acute circulatory failure.’’ Like Cannon,
he was unsuccessful in renaming the syndrome,
but unlike Cannon, Blalock established a durable
conceptual framework that linked hypovolemia
with other etiologies for shock.
Blalock’s original framework identified 5 distinct physiologic settings for shock: (1) hematogenic shock (hypovolemic); (2) neurogenic shock;
(3) vasogenic shock (including both anaphylactic
and septic shock); (4) cardiogenic shock; and
(5) ‘‘unclassified conditions.’’ He soon discarded
unclassified conditions, leaving the 4-part classification of shock that is now standard fare for every
medical student.73 Alfred Blalock would write at
least 44 papers the topic of shock between 1927
and 1942,74 shedding more light on this subject
than anyone before or since.
Perhaps Blalock’s greatest contribution to the
subject, however, was to consider the various physiologies responsible for shock under a simple
construct: Shock results from ‘‘a decrease in the
ratio of the blood volume in circulation to the
capacity of the vascular tree.’’75 This characterization, focusing on the ‘‘effective blood volume,’’75
allows the 4 physiologies to be understood together using a simple yet profound ratio.
Blalock’s categorization of shock was not universally accepted until recently. The alternate rubric of
primary and secondary shock, first advanced by
Porter, persisted in surgical thought well into the
1960s.76 Blalock’s work refuting the missing blood
theory did not find a large number of adherents.
In fact, in his surgical text on the topic of shock a
decade later, Blalock himself seemed uncertain
on this topic, presenting many of the theories of
shock listed by Cannon, with supporting or refuting
data, but making no definitive statement regarding
the root physiology of hypovolemic shock.75
POSTMODERNISM: CELLULAR PHYSIOLOGY
OF SHOCK 1945--1965
Those searching for the whereabouts of the
‘‘missing blood’’ included Carl Wiggers. Born in
1883, Wiggers devoted his life to the study of cardiovascular physiology and shock.77 His first paper on
the topic of hemorrhagic shock was published in
191478; in 1945 he published a groundbreaking
paper on the fluid dynamics of hypovolemic
shock. Using a model subsequently known as the
‘‘Wiggers’ Preparation,’’ he demonstrated that

Millham 1033

dogs, bled to a state of severe prolonged hypotension, died despite infusion of the same volume of
blood that had been lost.79 This model was subsequently expanded by Wiggers’ son Harold.80-82
In 1949, a doctoral candidate at Columbia University named Monica Reynolds substituted large
volumes of isotonic crystalloid solution for blood in
a dog hemorrhage model.83 Reynolds found that
animals who received 2 cc of saline for every cc of
shed blood could be resuscitated from profound
shock with crystalloid alone. It remained for G.
Tom Shires, using a Wiggers’ preparation 15 years
later, to determine that adding large volumes of lactated Ringer’s solution to the shed blood resuscitation dramatically improved the survival of dogs
bled to profound shock---from 0% to 80%.84 Shires
finally seemed to determine the location of the
‘‘missing blood’’ that researchers had been searching for since the turn of the century. Fluid loss in
excess of that shed seemed to be disappearing,
not into the extravascular space, as had been supposed, but into the intracellular space. Shires
reached the surprising conclusion that both the extracellular and intravascular space contracted in
hemorrhagic shock. This finding was subsequently
explained by sophisticated work in a primate model
where measurements of cell membrane potential
changes during a ‘‘Wiggers’ experiment’’ suggested
that there was a net gain in intracellular water owing to changes in sodium pump.85 John Dillon,
also working with a dog model, confirmed the superiority of resuscitation from hemorrhagic shock
with a partial replacement of shed blood combined
with large volumes of lactated Ringer’s solution, although this work contradicted Shires’ in that there
was no evidence of intracellular accumulation of sodium in this very carefully controlled series of experiments.86 Shires’ assertion that disordered
transmembrane sodium transport was at the root
of the perplexing physiology of hypovolemic shock
remained in standard textbooks of surgery into the
1990s.
Work on shock after a burn injury was progressing concurrent with this hypovolemic shock research. In 1944, Cope and Moore87 published a
compelling series of experiments in dogs demonstrating increased capillary permeability at the
site of full-thickness skin burns but, interestingly,
not from distant tissues.87 Subsequent work, done
largely on survivors of the Coconut Grove Nightclub fire in 1942, confirmed that in humans ‘‘a relentless expansion of the interstitial fluid volume
takes place’’ after a burn, and that this expansion
was directly proportional to the area burned.88
Interestingly, Cope warned against ‘‘overzealous
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therapy,’’ which may ‘‘exaggerate the extracellular
space expansion.’’88
By the early 1970s, it was widely understood that
successful resuscitation of burn patients required
very large volumes of crystalloid.89 Furthermore, it
was understood that this volume requirement resulted from the huge parasitic expansion of the extracellular space.90 Support for liberal crystalloid
resuscitation in burns reached its apogee with the
publication of the so-called Parkland formula in
1974 and persists to the present day.91,92 During
the latter half of the 20th century, there was a belief that laboratory burn models could serve as an
excellent model for trauma resuscitation. The
work cited, which suggests that both types of injury
(burns and trauma) resulted in obligate expansion
of the extracellular space, has been used to reinforce the idea that trauma patients are also best
managed with large volumes of crystalloid.
REACHING THE NEW MILLENNIUM:
1990--PRESENT
Informed by research demonstrating that infusion of large volumes of crystalloid solution improved survival of experimental animals subjected
to large blood loss, and perhaps influenced by the
high-volume resuscitation now known to be effective in burn care, clinicians adopted aggressive
volume resuscitation strategies. Injured patients
received volumes of resuscitation fluid in ratios of
$3:1 to estimated blood loss. By the early 1990s,
some researchers had begun to wonder if early
fluid resuscitation actually improved outcomes in
hypovolemic patients.93 Indeed, in 1994, Bickell et
al94 demonstrated that delay in resuscitation of hypotensive trauma patients suffering from penetrating wounds results in superior survival. This finding
seemed to confirm Cannon’s 1924 observation that
delayed and even limited resuscitation increases
survival rates in patients with hypovolemic shock.95
Data from the laboratory confirm that crystalloid
resuscitation is harmful at a cellular level.96,97 Recent experience in the care of combat casualties
has resulted in the concept of ‘‘damage control resuscitation’’ where restoration of circulating blood
volume is often delayed until definitive control of
bleeding is possible.98 This approach focuses
equally on restoration of red cell mass and coagulation factors and eschews crystalloid infusion.
Research on the physiologic mechanism of the
shock syndrome has led to insights too numerous
to list here. However, a few recent reports deserve
mention. Work at the molecular level has illuminated the role of histone acetylation in shock,
suggesting novel resuscitation strategies involving
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manipulation of DNA transcription.99 Recent work
by Navy researchers suggests that in the most severe form of hypovolemic shock, hemodynamic
collapse may be worsened by the Bezold-Jarisch reflex, a central nervous system reflex.100 Further, genetic polymorphisms in the autonomic nervous
system have recently been shown to affect mortality
in trauma patients.101 No one has yet found these
genetic traits overrepresented in any particular
ethnic group, including the ‘‘Celts,’’ but one
must wonder nonetheless whether Mapother and
his contemporaries were as far wrong as they
once seemed to be.
Perhaps the most lasting lesson to be learned
from the study of the history of shock is the
difficulty in arriving at a single definition. Cannon
himself proposed abandoning the word in favor of
exemia, a term he could define precisely as a state resulting from loss of blood.4 Blalock’s thinking about
definitions for shock evolved over more than a decade from a state of ‘‘diminished blood volume’’69
to a more modern notion of ‘‘inadequate tissue perfusion.’’72 Yet to Blalock we owe our modern typology of shock, which turns out to be an excellent
conceptual framework, although it does not help
us to define this syndrome any more clearly.
After the World War II, Edward Churchill, trying
to reconcile the differences in definition of shock as
used by American and British medical officers,
theorized that differences between the 2 allies arose
from distinctions in frames of reference rather than
differences in understanding.102 The British focus
on symptoms led to a typology quite different from
that of the more physiologically oriented Americans. In the end, though, combat casualties died
in the same way for the same reasons regardless
country of origin. With regard to ‘‘shock,’’ Churchill
advised, ‘‘It is misleading when invested with a connotation of specificity that does not exist in reality.’’102 Sadly, in the 60 years since these words that
illuminate the pathophysiology of this syndrome,
were published, little progress has been made in defining it. It might be that the more poetic definitions
of prior eras are, in fact, better at capturing the sense
of ‘‘shock’’ than are phrases that parse notions of tissue perfusion.
Samuel Gross implied as much in his 1882
warning about the insidiousness of shock: ‘‘[A]
more careful examination soon serves to show that
deep mischief is lurking in the system; that the
machinery of life has been rudely unhinged.’’103
However imprecise, this definition hints at the systematic derangement, now understood as multiple
organ system failure, that ‘‘lurks’’ within the shock
patient. In 1895, John Collins Warren described a
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multiply injured patient who was ‘‘staring at the
surgeon with an expression of complete indifference as to his condition.’’104 Strikingly, Warren described shock as ‘‘this momentary pause in the act
of death.’’104 Evocative descriptions such as these
provide us with as much practical insight into the
phenomenon of shock as any scientific model.
In conclusion, several weeks after the 2 cousins
were shot, a young man was brought to the
emergency department after having been struck
by a motor vehicle. He was grossly intoxicated, and
had a dramatic open fracture of his forearm.
Nursing notes describe him as ‘‘belligerent.’’ It
was presumed his behavior was due to his drunkenness and he was intubated and chemically paralyzed on this basis. A focused abdominal
sonogram was ‘‘negative’’ and on the strength of
this, brief episodes of hypotension were explained
away. Seventy minutes after arrival he was taken to
the CT scanner, where he was found to have a
massive hemoperitoneum with a large jet of contrast seen arising from an injury to the splenic
hilum. He was rushed to surgery for splenectomy.
His hospital course was prolonged by respiratory
failure, probably aggravated by the prolonged
shock he experienced on admission. I am certain
that all the physicians who cared for this patient
were able to define shock as a syndrome of inadequate tissue perfusion: The problem was that
none was able to recognize it.
Even with all of the advantages of modern
medicine, shock remains a clinical challenge.
Our understanding of the physiology of this syndrome far exceeds that of our predecessors, yet
perhaps in our focus on ‘‘disordered perfusion’’ we
miss its behavioral manifestations. Perhaps we can
learn from Gross and Canon that it may be better
to be able to recognize shock than define it. This
review does, however, allow us to draw a number of
definitive conclusions about the history of shock.
The term ‘‘shock’’ has been used to describe
hemodynamically unstable patients since at least
1743. The origin of the term results from a faithful
translation of Henri Francois LeDran’s treatise on
gunshot wounds. For the first 150 years of its use,
the term ‘‘shock’’ implied a neurologic response to
injury. Common usage of the term ‘‘shock’’ began
after the American Civil War, probably as a result of
the publication of Morris’s Practical Treatise on
Shock. Success with crystalloid burn resuscitation
methods in the 1960s and 1970s may have contributed to the inappropriately large volume crystalloid resuscitation strategies common in non-burn
trauma during the 1970s and 1980s. Notions about
the physiology of shock have changed over years

and continue to evolve, but the clinical syndrome
itself has not changed. Patients whose behavior
‘‘suspends the laws of economy’’ can be found in
the resuscitation areas of any major trauma center.
Because concise physiologic definition of this syndrome has proven so elusive, historical descriptions can be surprisingly useful and informative.
The author would like to thank research librarian
Ross Sharp for his assistance with this work.

REFERENCES
1. Shock. In: The Oxford English dictionary. 2nd ed.
Oxford: Oxford University Press; 1989. p. 293-4.
2. Shock. In: Shorter Oxford English dictionary. 5th
ed: Oxford University Press; 2002 p. 3793.
3. Riede U, Sandritter W, Mittermayer C. Circulatory shock:
a review. Pathology 1981;13:299-311.
4. Cannon WB. Traumatic shock. New York: D. Appleton
and Co.; 1923.
5. Ustun C. Galen and his anatomic eponym: vein of Galen.
Clin Anat 2004;17:454-7.
6. Bagwell CE. Respectful image, revenge of the Barber surgeon. Ann Surg 2005;241:872-8.
7. Goss CM, Chodkowski EG. Whether blood is contained in
the arteries of the living animal by Galen of Pergamon: a
translation. The Anatomical Record 1985;213:1-6.
8. Sakai T. Historical evolution of anatomical terminology
from ancient to modern. Anatomical Science International 2007;82:65-81.
9. Kuriyama S. Interpreting the history of bloodletting.
J Hist Med Allied Sci 1995;50:11-46.
10. Gregory A. Harvey’s heart. In: Turney J, editor. Cambridge: Totem Books; 2001.
11. LeDran H-F. Traite ou Reflexions Tire’es de la Pratique fur les
Playes d’armes a feu. 2nd ed. Paris: Charles Osmont; 1740.
12. LeDran HF. A treatise, or reflections, drawn from practice
on gun-shot wounds. London: John Clarke; 1743.
13. Wiggers CJ. Physiology of shock. New York: The Commonwealth Fund; 1959.
14. Block JH, Dietzman RH, Pierce CH, Lillehei RC. Theories
on the production of shock. Br J Anaesth 1966;38:234-49.
15. Clowes GHA. Trauma, sepsis and shock, the physiological
basis of therapy. In: Burke JF, Morris PJ, editors. New
York: Marcel Dekker; 1988.
16. Hardaway Rm. A Brief review of traumatic shock leading
to a new theory and a new treatment. The Journal of
Applied Research 2003;3:464-8.
17. Pope A, French G, Lonnecker DE, editors. Fluid resuscitation, state of the science for treating combat casualties
and civilian injuries. Washington (DC): National Academy Press; 1999.
18. Sethi AK, Sharma P, Mohta M. Shock: a short review.
Indian J Anesth 2003;47:345-59.
19. Simeone FA. Shock, trauma and the surgeon. Ann Surg
1963;158:759-74.
20. Veiga C, Mello PM, Sharma VK, Dellinger RP. Shock overview. Semin Respir Crit Care Med 2004;25:619-28.
21. Saissisement. In: Dictionnaire Cambridge Klett Compact
Franc
xais-Anglais/English-French. Cambridge: Cambridge
University Press; 2002. p. 1384.
22. Tarver JC. Royal phraseological English-French, FrenchEnglish dictionary. 5th ed. London: DuLau & Co; 1879.

1036 Millham

23. Cooper S. A dictionary of practical surgery. 4th ed. London: Longman, Hurst, Rees, Orme and Brown; 1822.
24. Billroth T. Historical studies on the nature of gunshot
wounds from the fifteenth century to the present time.
New Haven: Nathan Smith Medical Club; 1859.
25. Guthrie GJ. Treatise on gunshot wounds. London:
Burgess and Hill; 1827.
26. Velpeau M. On the gravitye and treatment of gunshot
wounds. Lancet 1848;52:3-5.
27. Gross SD. A manual of military surgery. Philadelphia: J.P.
Lippincott & Co.; 1861.
28. Chisolm JJ. A manual of military surgery. Richmond: West
& Johnson; 1861.
29. Maguire HH. Last wounds of the late General Jackson
(Stonewall) the amputation of the arm, his last moments
and death. American Medical Weekly 1883;3:71866.
30. Herr HW. Hunter Holmes McGuire and the coffee pot
spout procedure. J Urol 2007;177:1250-3.
31. Maguire HH. Last wounds of the late General Jackson
(Stonewall) the Amputation of the Arm, His Last
Moments and Death. American Medical Weekly 1883;
Jan:3-7.
32. Maguire HH. Last Wounds of the late General Jackson
(Stonewall) the Amputation of the Arm, His Last Moments and Death. In: Cooke JE, editor. Stonewall Jackson:
a military biography. New York: D. Appleton and Company; 1876. p. 477-85.
33. Otis GA. The medical and surgical history of the War of
the Rebellion. Part II Volume II, Surgical history. In:
Barnes JK, editor. Washington (DC): Government Printing Office; 1876.
34. Otis GL, Huntington DL. In: Barnes JK, editor. Surgical
history, Part III. 2nd ed. The medical and surgical history
of the war of the rebellion, Vol. II. Washington (DC): Government Printing Office; 1883.
35. Morris E. A practical treatise on shock after surgical operations and injuries. Philadelphia: J.B. Lippincott & Co.;
1868.
36. Thayer JF, Lane RD. Claude Bernard and the heart-brain
connection: further elaboration of a model of neurovisceral integration. Neurosci Biobehav Rev 2009;33:81-8.
37. Bernard C. An introduction to the study of experimental
medicine. New York: Dover Publications; 1957.
38. Buzzard T. Shock to the nervous system. Lancet 1866;87:
186.
39. Mansell-Moullin CW. On the pathology of shock. London: H.G. Saunders; 1879.
40. Goltz F. Ueber den Tonus der Gefasse und seine Bedeutung
fur die Butbewegung. Virchows Arch 1864;29:394-431.
41. Mapother ED. Shock: it’s nature, duration and mode of
treatment. Br Med J 1879;2:1023.
42. Malcomb Jd. A Lecture on the condition of the blood vessels during shock. Lancet 1905;166:573-9.
43. Crile GW. An experimental research into surgical shock.
Philadelphia: J.B. Lippincott Co.; 1899.
44. Crile GW, Lower WE. Anoci-association. Philadelphia:
W.B. Saunders; 1914.
45. Crile GW, Lower WE. Surgical shock and the shockless
operation through anoci-association. Philadelphia: W.B.
Saunders Co.; 1920.
46. Porter WT, Marks HK. The effects of haemorrhage upon
the vasomotor reflexes. Am J Physiol 1908;21:460-5.
47. Porter WT, Quinby WC. Further data regarding the condition of the vasomotor neurons in ‘‘shock’’ Am J Physiol
1908;20:500-5.

Surgery
November 2010

48. Porter WT, Richardson R. A comparative study of the
vasomotor reflexes. Am J Physiol 1908;23:131-9.
49. Sheen W. The nature of surgical shock. Lancet 1906;167:
1825-6.
50. Cushing H. On the avoidance of shock in major amputations by cocainization of large nerve-trunks preliminary to
their division. With Observations on blood-pressure
changes in surgical cases. Ann Surg 1902;36:321-45.
51. Wiggers CJ. Modern aspects of the circulation in health
and disease. Philadelphia: Lea & Febiger; 1915.
52. Henderson Y. Acapnia and shock---VII. Failure of the
circulation. Am J Physiol 1910;27:152-76.
53. Henderson Y. Acapnia and shock---II. A principle underlying the normal variations in he volume of the blood
stream, and the deviation from this principle in shock.
Am J Physiol 1909;23:345-73.
54. Henderson Y. Acapnia and shock---V. Failure of respiration after intense pain. Am J Physiol 1910;25:385-402.
55. Henderson Y. Acapnia and shock---IV. Fatal apnea after
excessive respiration. Am J Physiol 1910;25:310-33.
56. Janeway HH, Ewing EM. The nature of shock, it’s relation
to acapnia and to changes in the circulation of the blood
and to exhaustion of the nerve centers. Ann Surg 1914;
52:158-75.
57. Porter WT. Shock at the front. Boston: Atlantic Monthly
Press; 1918.
58. Porter WT. Shock from fat embolism of the vasomotor
centre. Am J Physiol 1925;71:277-315.
59. Cowell EM. The initiation of wound shock. JAMA 1918;
70:607-10.
60. Cannon WB. A consideration of the nature of wound
shock. JAMA 1918;70:611-7.
61. Cannon WB. In: Keen WW, editor. Surgery its principles
and practice. Philadelphia: W.B. Saunders; 1921.
62. O’Shaughnessy WB. Proposal of a new method of treating the
blue epidemic cholera by the injection of highly-oxygenised
salts into the venous system. Lancet 1831;17:366-71.
63. Jennings CE. The intra-venous injection of fluid for
severe haemorrhage. Lancet 1882;120:436-7.
64. Robson AWM. Treatment of certain cases of shock by
saline injections. Lancet 1893;141:955-6.
65. Matas R. A clinical report on intravenous saline infusion
in the wards of the New Orleans Charity Hospital from
June 1888 to June 1891. New Orleans Medical and Surgical Journal 1891;19:81-93.
66. Bayliss WM. intravenous injection in wound shock. London: Longmans, Green and Co.; 1918.
67. Cannon WB, Fraser J, Cowell EM. The prevention of
wound shock. JAMA 1918;70:618-21.
68. Cannon WB. Studies in experimental traumatic shock: IV:
Evidence of a toxic factor in wound shock. Arch Surg
1922;4:1-22.
69. Blalock A. Mechanism and treatment of experimental
shock, I. Shock following hemorrhage. Arch Surg 1927;
15:762-88.
70. Blalock A. Experimental shock: the cause of low blood
pressure produced by muscle injury. Arch Surg 1930;20:
959-96.
71. Blalock A, Bradburn HB. Trauma to the central nervous
system---its effects on cardiac output and blood pressure:
an experimental study. Arch Surg 1929;19:725-32.
72. Blalock A. Acute circulatory failure as exemplified by
shock and haemorrhage. SG&O 1934;58:551.
73. Blalock A. Shock and hemorrhage. Bull N Y Acad of Med
1936;12:610-6.

Surgery
Volume 148, Number 5

74. Blalock A, editor. The papers of Alfred Balalock, Vol. 1.
Baltimore: The Johns Hopkins Press; 1966.
75. Blalock A. Principles of surgical care, shock and other
problems. St. Louis: C.V. Mosby Company; 1940.
76. McNair TJ, editor. Hamilton Bailey’s emergency surgery.
8th ed Baltimore: William and Wilkins Co; 1967.
77. Braunwald E. Circulation research: reflections on the
founding editor, Carl J. Wiggers. Circ Res 2003;92:253-4.
78. Wiggers CJ. The pathologic physiology of the circulation
during hemorrhage. Arch Intern Med 1914;July:33-47.
79. Wiggers CJ. The failure of blood transfusions in irreversible hemorrhagic shock. Am J Physiol 1945;144:91-101.
80. Wiggers HC, Ingraham RC. Hemorrhagic shock: definition
and criteria for its diagnosis. J Clin Invest 1946;25:30-6.
81. Wiggers HC, Ingraham RC, Dille J. Hemorrhagic-hypotension shock in locally anesthetized dogs. Am J Physiol
1945;143:126-33.
82. Wiggers HC, Ingraham RC, Roemhild F, Goldberg H.
Vasoconstriction and the development of irreversible
hemorrhagic shock. Am J Physiol 1948;153:511-20.
83. Reynolds M. Cardiovascular effects of large volumes of
isotonic saline infused intravenously into dogs following
severe hemorrhage. Am J Physiol 1949;158:418-28.
84. Shires T, Coln D, Carrico J, Lightfoot S. Fluid therapy in
hemorrhagic shock. AMA Arch Surg 1964;88:688-93.
85. Shires GT, Cunningham CR, Backer CR, Reeder SF, Illner
H, Wagner IY, et al. Alterations in cellular membrane
function during hemorrhagic shock in primates. Ann
Surg 1972;176:288-95.
86. Dillon J, Lynch LJ Jr, Myers R, Butcher HR Jr, Moyer CA,
Moyer CA. A bioassay of treatment of hemorrhagic shock:
I. The roles of blood, Ringer’s solution with lactate, and
macromolecules (dextran and hydroxyethyl starch) in
the treatment of hemorrhagic shock in the anesthetized
dog. AMA Arch Surg 1966;93:537-55.
87. Cope O, Moore FD. Study of capillary permeability in experimental burns and burn shock using radioactive dyes
in blood and lymph. J Clin Invest 1944;23:241-57.
88. Cope OMD, Moore FDMD. The redistribution of body
water an the fluid therapy of the burned patient. Ann
Surg 1947;126:1010-46.
89. Moylan JA, Mason AD, Rogers PW, Walker BL. Post burn
shock: a critical evaluation of resuscitation. J Trauma
Injury Infect Crit Care 1973;13:354-8.
90. Baxter CR, Shires T. Physiological response to crystalloid resuscitation of severe burns. Ann N Y Acad Sci 1968;150:874-94.

Millham 1037

91. Baxter C. Fluid volume and electrolyte changes in
the early post-burn period. Clin Plastic Surg 1974;1:
698-703.
92. Pham TN, Cancio LC, Gibran NS. American Burn Association practice guidelines burn shock resuscitation. J Burn
Care Res 2008;29:257-66.
93. Kaweski SM, Sise MJ, Virgilio RW. The effect of prehospital fluids on survival in trauma patients. J Trauma Injury
Infect Crit Care 1990;30:1215-9.
94. Bickell WH, Wall MJ, Pepe PE, Martin RR, Ginger VF, Allen MK, et al. Immediate versus delayed fluid resuscitation for hypotensive patients with penetrating torso
injuries. N Engl J Med 1994;331:1105-9.
95. Holcomb JB. Damage control resuscitation. J Trauma Injury Infect Crit Care 2007;62:s36-7.
96. Rhee P, Koustova E, Alam HB. Searching for the optimal
resuscitation method: recommendations for the initial
fluid resuscitation of combat casualties. J Trauma Injury
Infect Crit Care 2003;54:s52-62.
97. Alam HB, Stanton K, Koustova E, Burris D, Rich N, Rhee
P. Effect of different resuscitation strategies on neutrophil
activation in a swine model of hemorrhagic shock. Resuscitation 2004;60:91-9.
98. Holcomb JB, Jenkins D, Rhee PM, Johannigman J, Mahoney P, Mehta S, et al. Damage control resuscitation: directly addressing the early coagulopathy of trauma. J
Trauma Injury Infect Crit Care 2007;62:307-10.
99. Lin T, Alam HB, Chen H, Britten-Webb J, Rhee P, Kirkpatrick J, et al. Cardiac histones are substrates of histone deacetylase activity in hemorrhagic shock and resuscitation.
Surgery 2006;139:365-76.
100. Wisbach G, Tobias SV, Woodman R, Spalding A, Lockette
W. preserving cardiac output with beta-adrenergic receptor blockade and inhibiting the bezold-jarisch reflex during resuscitation from hemorrhage. J Trauma Injury
Infect Crit Care 2007;63:26-32.
101. Morris JA Jr, Norris PR, Moore JH, Jenkins JM, Williams
AE, Canter JA. Genetic variation in the autonomic nervous
system affects mortality: a study of 1,095 trauma patients.
J Am Coll Surg 2009;208:663-8.
102. Churchill E. The shock frog. Ann Surg 1952;135:573.
103. Gross SD. A system of surgery; pathological, diagnostic,
therapeutic and operative. Philadelphia: Henry C. Lea’s
Son & Co.; 1882.
104. Warren JC. Surgical pathology and therapeutics. Philadelphia: W.B. Saunders; 1895.

