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INTRODUCTION

A sudden fall in blood pressure 15 a common
occurrence 1 many conditions It 15 a symptom
found at the bedside 1n the operating room and 1n
the emergency ward Whether due to blood 10ss
cardiac arrhythmia or vasomotor paralysis it must
be dealt with promptly to prevent the changes that
may lead to death from severe or prolonged hypo-
tension  Treatment to be effective must be based on
an d of the T mvolved 1n
the of hy R of 1ts
causes and a knowlcdne of the methods and the drugs
available for the restoration of normal blood pressure
are of equal importance in therapy

Shock 15 no longer an enigma  The cause and the
treatment of traumatic or surgical shock are now well
known and as a consequence 1ts morbidity and mor
tality have been reduced greatly However the sub
Ject 15 so important that even the well established facts
about shock need re emphasis and repettion Fur
thermore the experience of the past few years has
added new knowledge

Hypotension during surgical operation 1s 2 common
occurrence  Turther improvement in preoperative
and postoperative care depends on an understanding
of the factors other than blood loss that may be re
sponsible for a fall 1n blood pressure The effects of
anesthetic medication and procedures of operation
atself espeaially 1n the elderly and those with cardio
vascular disease the use of blood fractions and sub-
suitutes norepinephrine and other drugs are some of
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i Introduction

the more recent advances that require consideration
Many new facts about hypotension from laboratory
and chinical studies have accumulated 1n recent years
Some of them are to be found m monographs on
shock others 1n textbooks and journals of cardiology
medicine surgery and anesthesta  Therefore 1t was
considered worth while to bring together 1n a single
volume as many of these facts as would be helpful 1n
the climcal management of any patient who suddenly
develops low blood pressure. Its mcidence and ur
gency especiaily among the increasing number of
older patients undergoing major surgery are further
reasons for presenting the established facts about the
problem so that the causes of hypotension may be bet
ter known and 1ts treatment improved
Most of the matenal presented heremn has been de-
nived from expertences 1n the chinieal vestigation
and treatment of peripheral airculatory failure at the
Royal Victoria Hospital over the past 15 years  These
have formed the basis but the experiences of others
also have been drawn upon Th:y are too numerous
to but the bibliograp the most
recent and complete review articies  The combined
expenence of many who have investigated and treated
shock and cardiocirculatory failure presented 1n 2
concse form in 1ts practieal aspeets for climecians has
been the aim of the author 1n this treatise
Acknowledgment 1s gratefully made to Miss Helen
Gates secretaty Miss Ruth Baldry research tech
maan of the Royal Victoria Hospital Transfusion
Service for asustance in the preparation of the manu
scnipt and to Muss Helen MacArthur of the Depart
ment of Medical Tllustration RVH
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REGULATION OF THE
NORMAL BLOOD PRESSURE

Blood pressure 1s regulated by 2 combination of
factors having to do with the mantenance of the
diastolic pressure and the production of systolic pres-
sure  The latter 1s primarily dependent on the
amount of blood ejected by the left ventricle with
each systole The resistance of the aorta to the blood
entering 1t also plays a part  The diastolic pressure
13 mamtamed by the resistance of the perpheral vas-
cular system and to 2 lesser extent by the hearr rate

The stroke volume or cardrac output per ventricu
Iar systole depends on the amount of blood that flows
mto the left ventricle from the lesser airculation  The
amount of blood that enters the pulmonary arcwit
m turn depends on the venous return to the nght
aunicle  The factors on which this depends are the
blood volume and the peripheral blood flow

“The resistance of the aorta to the blood flow durmng
systole 15 determined by the sue and the elasticity of
the aorta This central resistance as 1t 1s called 13
ncreased by ngidity of the aoruc walls A decrease
1n the capaaty of the aorta also increases central re
sistance

Peripheral reststance 15 directly related to the calt
ber of the capillaries the venules and most impor
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tant the artersoles It 1s regulated by three mecha
msms (1) nervous impulses (2) hormonal agents and
(3) the inherent tone of arteriolar smooth muscle
An ncrease 1n ntravascular pressure sets up impulses
mediated through the autonomic pathways ansing 1n
the aortic arch and the carotid stnus which reach the
vasomotor and cardiac centers in the medulla  Effer
ent impulses ongimating m these centers slow the
heart rate and decrease arteriolar resistance thereby
lowering both systolic and drastolic blood pressure
The humoral agents that affect blood pressure are
prinapally those of the adrenal gland cortical as
well as medullary and the posterior piturtary Ar
teriolar tone 15 probably an nherent property of
the vascular musculature which is only modulated
by neural and humoral mechanisms

Because diastolic pressure falls as the duration of
diastole 15 lengthened 1t 1s also dependent on heart
rate  The rate of the heart 15 regulated by the same
nervous and humoral mechanisms that control periph
eral r 1e I and adreno
medullary secretion as described above ‘Thus there
13 a close integration of peripheral and central fac
tors maintaining the level of the blood pressure within
the normal range

In the mnnervation of the heart the sympathetic
system mediates the accelerator impulses the vagus
the wmhibitory ones The caroud sinus reflex 1€
slowing of the heart when blood pressure rises has
beten mentioned already Another important reflex
in the homeostatic control of blood pressure 1s that
whereby an increased venous return to the right aun
cle increases heart rate




Regulation of the Normal Blood Pressure 3

The main factors regulating the level of normal
blood pressute are summarized below

SystoLie
Cardiac Output Central Resistance
{ Venous Return Elastiaty of Aorta Walls
Blood Volume Capacity of Aorta
Penpheral Blood Flow
DusstoLtc
Perpheral Resistanee Heart Rate
T Caliber of Arterioles Nervous Impulses
Humoral Agents

Nervous Impulses
Humoral Agents
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CAUSES OF HYPOTENSION

‘There are many causes of hypotension but they all
act 1n one of three ways to produce the fall 1n blood
pressure  The mechanisms of its production are (I)
a reduction 1n blood volume (2) perspheral vascular
dilatation and (3) fatlure of the heart or cardiogentc
In most cases only one mechamsm 15 usually mvolved
m other cases however there may be several espe
cially n the later phase if the hypotension 1s not
treated properly With the exception of infection the
mechanism of the manufold causes of hypotenston 15
known and the treatment 1s both defimitive and effec
tive 1f mstituted early The prinaipal causes of hypo
tension are as follows

1 Reduced blood volume
Hemorrhage
Plasma Joss
Dehydration

2 Penpheral vascular dilatation
Anesthesrta
Surgreal procedures
Drugs
Infections

3 Cardiogenic
Valvular lesions
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Pericardial damage

Dasturbances in rate and rhythm
Myocardial 1scherma
Cardiopulmonary
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SHOCK

CAUSES

The most commeon of all causes of acute hypoten
sion 1s hemorrhage The terms shock  collapse
and penipheral creulatory failure have been used
to describe the conditron that supervenes following a
reduction 1 blood volume The term shock tself
has been qualified further depending on the arcum
stances of 1ts causation as wound or traumatic shock
and surgecal shock It 1s also known as hypovolemc
oligemic secondary and hemorrhagic shock

The less common causes of oligemic shock are a loss
of plasma as 1n burns or a loss of water and electro
Iytes n dehydration In these as 1n hem
orthage there 15 a reduction in arculating blood
volume

DIAGNOSIS AND CLINICAL FEATURES

The clinical features of the fully developed state of
shock are well known The patient complains of
feeling cold and of insatiable thirst He 1s appre
hensive and 1n pain which may not be severe The
temperature 1s subnormal the skin feels cold and 1s
covered with sweat  Pallor and in severe shock mot
tled cyanosis of the skin of the extremities 1s present
There 13 a delay in filling of the vessels of the skin
blanched by pressure  The pulse 1s usually rapid and

7
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easily compressihle  The blood pressure 13 fow and
may be unobtainable

Diagnosss of shock s not difficult  However the
recogmtion of the factors responuible for 1t 1s often
dficult  Since hemorrhage 1s the mamn factor m the
great majority of cases one must know under what
arcumstances and to what extent blood loss has re
sulted 1n or may lead to shock

Hemorrhage may be either external or internal 1t
may be due 10 mnjury 1t may oceur dunng or follow
ing operation or 1t may be spontaneous The large
amounts of blood that may be Jost postpartum in cet
tain operations and after severe injunes have been
shown many times  Blood loss fram gastro intestinal
lesions such as esophageal varices duodenal ulcer and
c 15 and may be

The swelling of soft tissues or the prescncc of dull
ness on percussion over body cavities s useful a5 an
wdication of the extent of hemorrhage There is &
correlation between wound size and blood Ioss 1n
those with trauma to the extremties A patent with
1 of tus own fist s volume of tissue damaged has smait
blood loss with 1 to 3 moderate and between § and
5 a large blood loss amounting 1o 50 per cent of the
blood volume in the first few hours of injury Asa
further guide to treatment it may be assumed that if
the systohic pressure is below 100 approximately one
third of the blood volume has been lost  In an aver
age size patent this would amount to about 1500 cc.

PHYSIOPATHOLOGY

Hemodynamics  In shock due to fluid loss there 1
a decreased eardsac output resulting from 1nadequate
filing of the ventricles because of a dsminished venous
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return  There 1s no sigmficant change 1n hemoglobin
or hematocnit Jevels tn shock from hemorrhage except
hours later However when the reduction mn blood
volume 15 due to plasma loss or dehydration there s
hemaconcentration early

‘The metabohc changes 1n shock are consequent to
the anoxia resulting from deficient circulation  There
18 an acidosis with a fall m CO, An mmpaired renal
function 1s manifested by 2 nise 1 plasma NPN and
2 decreased formation of urme Acute renal farlure
the 5o called lower nephron nephrosis may supervene
as discussed later Impairment of lwver function may
occur with serious consequences 1n terms of 1ts Tole
1n protection agamst sepsis as mentioned elsewhere

Vasoconstriction ~ Expersmentally 1t has been
shown that the kidney and the liver also contribute
to the state of shack by the elaboration of humoral
factors In profound shock the kidney produces a
vasoconstrctor principle called VEM and the hiver
a vasodilator matersal called VDM As the amimal
approaches the stage of irreversible shock VDM ap
pears in the blood in 1ncreasing amounts It has been
shown to be identrcal with on contaming protemn
fernun  In ammals made resistant to damage by
previous graded exposures there 15 a decrease 1n the
blood VDM  Furthermore there 15 an increas¢ in
the 1nactwvation of VDM by lver shces obtained from
resistant rats ‘The VEM VDM mechanism concerns
only the smaller vessels and 1s a result of shock 1n
the experimental animal

Certain p ry ph pany shock
Vasoconstriction causes 2 pallor of the skin and con
tributes to the oliguria  Vasoconstriction of the ves
sels of the skin makes blood available to more vital
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regions At the same time constriction of the renal
vessels may have an ultimately harmful effect on the
excretory function of the kidney as described later
It may mask severe hemorrhage 1n the earliest stages
by 1ts mantenance of blood pressure at or near the
normal level
Hemodilution  The ozher physlologlc change of a
B y nature 1s h 1on  As blood pres
sure falls extracellular flurd 1n the extravascular
spaces flows mnto the capillarzes thereby increasing
the blood volume Whereas vasoconstriction and its
effect on blood pressure are :mmediate hemodilution
1s a slower process taking several hours to achieve a
significant effect  Furthermore 1n dehydration hemo
dilution may not occur  Nesther of these compen
satary mechanisms 1s eflective 1n severe shock and
never must be relied upon to take the place of treat
ment

CONSEQUENCES

The consequences of severe or untreated shock are
several  Some of the more serious of them are acute
renal failure myocardial infarction cerebral throm
bosis and irreversible or delayed shock  Myocardial
nfarction and cerebral thrombosis are more likely to
occur 1n the elderly and tn indivtduals with coronary
or cerebral artersosclerosts

Delayed shock 13 a term used to describe the fatal
form 1n whch after restoration of normal blood pres
sure by transfusion following an imitial period of
severe or prolonged hypotension the blood pressure
steadily declines and the paucent dies although the
blood volume may be normal or even above mor
mal The cause 1s unknown but severe infection and
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massive hemorrhage inadequately treated esther sepa
Tately or 1n combination are important contributory
factors

The term rreversible shock  has crept into clim
cal usage where 1t has no place It belongs in the
expermmentaltsts vocabulary where 1t means that
shock has been produced in such a2 way (amount of
blood removed length of bleeding period etc) that
the ammal cannot recover when all the removed
bleod 15 replaced Often the term has been used
to describe therapeutic failure 1n patients who have
been treated for shock Its clinical usage should be
discouraged not onlv for the reasons just mentioned
but also because it 15 dangerous in that 1t may Jead
to the neglect of opportumity for eflective therapy

PATHOLOGIC ANATOMY

The findings of the pathologist will seldam offer
any clues at a chinicopathologie conference held to
discuss the pathogenesis of the condition mn cases of
death due to shock  Except for the typrcal patho
logic findings of the consequences and the complica
tions of the syndrome such as cerebral thrombosis
myocardial 1infarction or lov\er nephron nephrosis
there 18 no ch 1811C h The
organs may be pale and bIoadles: 1f transfusions were
1madequate or they may be congested n those dymg
of delayed shock despite adequate replacement

FREVENTION OF SHOCK

It 1s almost an understatement to assert that surgt
cal shock could be considered as a preventable dis
ease The factors that have combined to bring this
about are several The cause blood loss 15 well
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known Ity recogmuon 1s relatively simple  Blood
has become available 1n adequate amounts and trans
fusions have been made safe

Measurement of Blood Loss The only reliable clin
1cal guide 1n the prevention and the treatment of
shock 15 the frequent determunation of blood pressure
In operations 1n which blood loss may be severe or
I patients m whom 1t 13 important that a normal
blood p be d (cardiac artenoscl
elderly etc) the actual determnation of blood Joss
by sumply weiglung the blood soaked sponges 15 2
valuable method for estimaung the amount of blood
to be transfused

Anemua  In many patients with chromic disease
there 15 often an anemia assocated with infection
malignancy or malnutrition  Such pauents usually
have a reduced total blood yvolume They withstand
operation poorly and may develop shack following a
small amount of blood loss 1f the anemia 53 not cor
rected before operation  ‘The usual practice in such
cases 1s to give repeated small transfustons (500 cc) of
whole blood or red cell suspensions for several suc
cesuve days before operation

Dehydration  Of equal importance 1s the correction
of dehydration m patients about to be operated on
mm whom blood volume may be reduced because of
vomung diarthea or other causes of depletion of
water and electrolytes

Coagulation Defects Defects n the clotting meclt
amism of the bloed must be sought 1n the history and
m speaial cases such as jaundice actual tests for defi
aenaies 1n coagulation must be carried out  Excessive
hemorthage at operation due to such conditions as
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usually can be

h !

and hypop
anuapated and prevented

Anesthessa  The importance of anesthesia 1s dis-
cussed elsewhere In the presence of existing or m
pending shock the choice of the anesthetic agent and
uts use demand great care The use of the anesthetic
and oxygen are the responsibility of the anesthetst
His 15 also the du(y of detecung the early sign of
shock—hyp by freq of the
blood pressure

Surgical Techmc  Careful surgical techmic both 1
the gentle handling of tissue and 1 the use of hemo-
stasis 1s important in munumizing hemorrhage  The
practice of leaving severed vessels to bleed by not
tying off or otherwise stopping hemorthage should
be condemued Such practice 15 wasteful of blood
and mvites postoperative shock

Re operation A fall 1n blood pressure at the be
gwmnng of an operation usually 1s not due to blood
loss It may be cardiogenic but 15 most likely to be
due to one of the factors responsible for peripheral
vascular dilatation usually anesthessa  Hypotension
oceurring later in the operation 15 most often due to
hemorrhage but may be due to any of the varions
factors mentioned and only a knowledge of the pa
tient and the arcumstances of the operation will pro-
vide the answer as to the most Iikely cause  However
when shock occurs several hours after the completion
of the operation anesthesia as a cause may be ex
cluded There remains to be considered cardiogemc
causes or blood loss The most common 1s hemor
thage from a loose higature a ruptured vessel unde
tected at operation or capillary oozing  In such cases
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transfusions wall have only a temporary effect 1n re
storing the blood pressure Immediate re operation
must be senously considered for control of hemor
rhage 1n patients who develop hvpotension following
operation and 1n whom the blood pressure cannot be
restored and mamtaned by transfusion  The use of
vasoconstrictor drugs may only delay the necessary and
nevitable operation beyond the point of no return
In elderly artenosclerotic patients other rarer causes
of hyp such ay my fial infarction or pul
monary embolism must be ruled out by chimeal and
electrocardiographic methods

The ymportance of maintatming the blood pressure
as nearly as possible within the normal range before
duning and after the operation 1n patrents n the
older age groups 15 emphasized In younger indi
viduals with normal cardiovascular systems a sudden
and even profound decrease 1n blood pressure 15 not
usually serious 1f 1t 1s self lumited or corrected by ap
propriate therapy However transient and moderate
declines 1n blood pressure 1n the elderly or in those
wuth coronary or cerebral anermxderom may lead (o
the sertous ¢ es ¥ ly The
prevention of such acardents 13 the joint responsibility
of intermst anesthetist and surgeon  Careful pre
operative assessment of cardiovascular status and prep
aration smooth induction and even course of anes
thesia as well as the skilf and the judgment of the
surgeon are necessary to guide such panents safely
through the stress of a major surgical operation

TREATMENT OF SHOCK

Transf Thet of shock 13 !
Enough blood must be administered to restore and
maintain blood volume  Not only are [arge amounts
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frequently needed but it must be given as soon as
posstble and rapidly The know how of transfu
s10n cannot be overemphasized Treatment 1s deter
mmed neither by ones impression of the amount of
blood lost which 1s usually an underestimation nor
by the Jarge amounts which may have already been
transfused but only by the response of the pauent to

pe- operat n-————-l
blood ¢

rassurc
4 0

tlood 4300
4000 L]

3300,

blood ltoss

2000
2300,
2000 vlood
cplacomant——
100,
1000
s00)

o 5 1 15 =z 23 3 85 ¢+ a3
time (hours)

Fic 1A This illustrates (1) the large amount of blood
that may be lost at operation 1in this case a pneumonec
tomy for Y 2) the of
shock during operation because of failure to “maintam
blood replacement pari passu with blood loss 2s shown
m hne o-a and (3) the proper treatment of shock by
mmediate rapid and adequate replacement of blood as
shown by Iine a-b
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transfusions will hase only a temporary effect 1n re
stormg the blood pressure Immediate re-operation
must be seriously considered for control of hemor
thage in patients who develop hypotension following
operation and 10 whom the blood pressure cannot be
restored and marintamed by transfusion  The use of
vasoconstrictor drugs may only delay the necessary and
mevitable operation beyond the pomnt of noreturn
In elderly arteriosclerotic patients other rarer causes
of hypotension such as myocardial infarction or pul
monary embohism must be ruled out by chinical and
electrocardiographic methods

The mmportance of maintaining the blood pressure
as nearly as possible within the normal range before
during and after the operation in patients n the
older age groups 1s emphasized In younger inds
viduals with normal cardiovascular systems a sudden
and even profound decrease 1n blood pressure 15 not
usually sertous 1f 1t 15 self lumited or corrected by ap
propriate therapy However transient and moderate
declines 1n blood pressure in the elderly or in those
with coronary or cerebral arteroscleresis may lead to
the serious consequences mentioned previously The
prevention of such acadents 1s the joint responsibility
of mntermst anesthetist and surgeon Careful pre
operative assessment of cardiovascular status and prep-
aration smooth induction and even course of anes
thesia as well as the skill and the judgment of the
surgeon are necessary to guide such patients safely
through the stress of 2 major surgical operation

TREATMENT OF SHOCK

£ The t of shocl 15
Enough blood must be admimustered to restore and
maintain blood volume Not only are large amounts
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sive hemorrhage requinng large amounts of blood to
restore blood pressure to normal adequate transfu
sions may not be given for fear of overloadmg the
arculation  Such fears are unfounded if the level of
the blood pressure 15 taken as the guide for estimat
ing the amount of blood to be infused Only after
the blood volume and the blood pressure have been
restored to normal 1s it Likely that further transfu
sions will overload the arculation  When the nor
mal blood volume as reflected by a normal blood
pressure has been achieved and maintained the need
for rapid transfuston 1s no longer present  Then the
transfusion may be continued at a slower rate
If the patient has been overtransfused the transfu
sion should be stopped immediately and a phlebot
omy should be performed Enough blood should be
hd to cause a pp! of the signs of
circulatory overloading which are a fullness of the
veins of the neck riles at the Iung bases and vlt1
mately frothy sputum 1e pulmonary edema
Blood must not be withheld on the mistaken no
tion that transfusion by raising blood pressure may
1ncrease or cause a resumption of bleeding If hypo
tension persists desprte transfusion 1t indicates that
the cause 15 other than or m addition to blood loss
eg myocardial infarction ‘Transfusions must be
d unul the ding has been ¢ Hed 1n
those cases m which shock 1s due to continutng blood
loss
InTrRAVENOUS TRANsFUSION Usually transfuston 1s
given mto the veins of the antecubutal fossa but any
accesstble one may be used  In massive or continuing
hemorrhage 1t may be necessary to transfuse 1nto sev

7
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eral vemns simultaneously and to increase the speed
of the transfusion by applying pressure to the flow of
blood from the transfusion bottle In the severely
shocked pauent with cold extremities and collapsed
peripheral vessels 1t 15 necessary to do a cutdown at
once without losing valuable time searching for vemns
mn the usual locatons

INTRA ARTERIAL TRANSFUSION  Sometimes intra
arterial transfusion via the radial artery 15 used when
resuscitation by intravenous transfusion fails  How
ever evidence 15 accumulating that 1t s not the route
but the rate of transfusion that 1s the important fac
tor 1n treating the severely shocked patient

Ancillary Measures  Besides transfusion other an
allarv measures are used  The control of hemorrhage
15 obviously of prime importance Pain and appre-
hension are affayed by morphme I0 mg (gr 1/6)
given 1ntravenously rather than intramuscularly be
cause of the impaired absorpuon due to arculatory
depression  The morptune may be combined with
10 mg barbiturate

To combat infecuon antibiotics should be given
espeaally 1if shock 15 due to mnjury of the abdommnal
cavity or penmeal region A good combunation 33
penicillin 1660000 U and sweptomyen 1 Gm ye
peated at 6-hour antervals

Vasoconstrictor drugs such as norepinephnine are
vsefnl 1n certain cases where perspheral vascular dila
tation contributes to the reduced blood volume eg
hemorrhage with sepsis

Body temperature should be mamtained but the
excessne application of heat should be avouded be
cause 3t causes vasodilatation
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Except m those cases with cerebral or cardiopul
monary complications or mjuries patents in shock
should be placed 1n the headlow position to shuft
blood from the lower parts of the body thereby 1n
creasing the crculation to the vatal organs the bramn
the heart the lver and the kidneys Pauients in
shock should be moved as little as possible to muint
mize the stumulatton of peripheral vasodilatory re
flexes

LABORATORY ASPECTS OF TRANSFUSION

The treatment of hemorrhagic shack with transfu
sion and the mmportance of administening the blood
as soon as possible after blood loss rapidly and in
sufficient amounts have been discussed previously
Without describing 1n detall the laboratory aspects
of transfuston 1e collection preservation grouping
crossmatching of blood certamn ones should be men
tioned  Only group speafic blood may be used 1e
group A Rh negative blood for a group A Rh negative
pauent In some instances of Immited supplies of
blood or emergency situations group O blood can be
gwen to mdividuals of any group and those who
belong to group AB may receive blood of any group
Only Rh negative blood may be gwcn to Rh ncgame
females to the of
transfusion reaction and hemal)uc disease of the new
born

The responsibility of the laboratory staff in the per
formance of the necessary tests prior to transfusion 15
umque 1n laboratory medicine  The results of most
laboratory tests are used to corroborate a chinical diag
nosts  Any discrepancy between the clinical and the
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laboratory findings can be checked by repeating the
tests or taking a new look at the patient before treat
ment 1s begun Howesver an error in technic nter
pretation or labeling by the staff of the transfusion
service may result 1n a serious or even fatal transfusion
reaction

TRANSFUSION REACTIONS AND COMPLICATIONS

The 1nadence of transfusion reactions and their oc
currence 1n spite of the greatest care mn collecting

groupng hing and tr of blood af

ford a der that t i should be
d only when defi y nd d

I or F R The most ser1

ous of all 15 that known as an ncompatible or hemo
lytic reaction which occurs when a patient gets the
wrong blood (usually a group O patient receives
group A blood) It 1s due much more often to care
lessness by those responstble for admumstersng the
blood rather than to laboratory errors

Symproms  The symptoms are chill increased tem
perature and pulse restlessness dyspnea pamn mn the
chest or the lumbar region and arculatory collapse
followed later in severe cases by jaundice and renal
failure  Since the earhiest mamifestations are those
complained of by the patient eg a feeling of culls
ness or pains 1n the back extra care must be exercised
m gving transfusions to those under general anes
thesia

PatHocenesis  The pathogenesis of the renal fail
ure known as lower nephron nephrosis that may fol
low 2 hemolytic transfusion reaction 1s probably simi
lar to that of profound or prolonged shock The



Shock 21

factors involved may be summarized as Iowered blood
pressure vasoconstriction of renal vessels and a re
duced renal blood flow

‘TREATMENT may be divided into the following
phases (1) The umportance of preventing such ace
dents by constant vigilance to make sure that the
patient gets the right blood (2) If in spite of such
efforts the patient gets the wrong blood a knowledge
of the climcal features of a reaction should lead to
an immediate cessation of the transfusion if there 1s
someone by the side of the patient who will recogmze
the reaction and stop the transfusion If in doubt
that a transfusion reaction 1s taking place stop the
transfusion  (3) After having stopped the transfusion
determune if 1t really 15 a hemolytic reaction by ob-
taming a spectmen of the patient s blood and sendmg
1t to the lab y for regrouping and
(4) The patient should be given soduum lactate to al
kalimze the urine and should receve glucose to pro
vide fluid for dresis  (5) During the last phase the
aim of treatment 1s to maintain a balance between
fluid mtake and output and the acid base equiibrium
until renal function returns to normal  Unul such
tume 1t 15 Jruportant not to force fluids otherwise pul
monary edema may develop A useful rule 1s to give
every 24 hours an amount equal to that excreted 1n
the previous 24 hours plus 500 to 1000 cc. for 1n
sensible loss

Pyrogenic Reactsons  The mcidence of pyrogemic
reactions has been greatly reduced since the introduc
ton of disposable donor and transfusion sets which
are pyrogen free  The symptoms are those of a hemo-
lytic reaction  The treatment 15 to stop the transfu
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sion  Since 1t 15 1mpossible on the basis of symptoms
to differentiate between a pyrogemc and a hemolytic
reaction all reacuons following the transfusion of
whale blood or redcell suspensions should be re
garded as due to sncompatiility unul proved to be
otherwise

Allergic reactions sometimes occur  The usual man
ifestation 15 urticania  They are not serious The
treatment 1s symptomatic

Edema There 15 no evidence that even 1n large
transfusions of 10 or more bottles of blood grven over
2 short period of ume the atrate has any toxic effect
or causes a clinteally significant change in the coagu
lation of the recipient s blood However the sodium
radical which 1s not excreted raprdly may cause water
retention and pulmonary edema In large transfu
sions in the elderly or those with cardiorenal disease
this complication must be guarded against Intra
venous solution of saline should be used sparingly in
such pauents who are recewving large amounts of
blood  Smce the ratio of diluent to blood 15 approx:
mately 1 to 3 a transfusion of 4 liters contans shightly
more than 1 hter of diluent with abaut 20 Gm of
sodium aitrate

In such patients 1t may be beneficial to use 1 bot
tle of packed cells for every 3 or ¢ bottles of whole
blood to avoid crculatory overloading and pulmo-
nary edema Ii y edema develop:
by t 1s expedited by using a
blood donor bottle of the vacuum containing kind

Emholism caused by the introduction of air in the
transfusion never should occur Tt 1s necessary to use
speclally prepared transfusion sets contaiung fine
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mesh filters to remove particulate matter which
mught be the cause of embolism 1n transfusing whole
blood packed cells or plasma

Jaundice There are three causes of jaundice fol
lowng transfusion (1) hemolysss of donor cells prior
to transfusion (2) hemolysis of donor cells after trans
fusion due to patibility and (3) h ! se
rum hepatitis

PRETRANsFUSION HEmorysis The least important
n ts chimical 1mplications 1s that due to hemolysss
of the donor cells either before or tmmediately after
transfusion  The hemolysis 1s due to the early death
of the cells because of improper storage or handling
of blood 1e their hfe span has been so shortened
that the cells are moribund when they are transfused
Blood 35 taken out of the blood bank to the wards or
the operaung theater It may be left standing at
room temperature for several hours and then returned
unused The same blood may be crossmatched again
and taken out for another patient If this sort of
thing happens 2 or 3 times and the blood has not
been cared for properly the red cells reach senility
earlier than the date of obsolescence stamped on the
bottle  When such blood 1s transfused massive he-
molysts and jaundice may occur There are usually
no other manifestations such as precede the appear
ance of jaundice in the next type to be discussed The
prevention of this 1 1s the
of everyone who orders a blood transfusion or handles
a boutle of blood

Post TraNsFUsioN HEMovvsis  Causes of Jaundice
By far the most important of the causes of jaundice
following transfusion 1s known as the hemolytic or
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sion  Since 1t 15 impossible on the basis of symptoms
to differentiate between a pyrogenic and 2 hemolytic
reactton 2ll reactions followmng the transfuston of
whole blood or red ce'l suspensions should be re
garded as due to incompatibility until proved to be
otherwise

Allergic reactions sometimes occur  The usual man
destation 1s urticarta  They are not sertous The
treatment 1s symptomatic

Edema There 15 no evidence that even n large
transfusions of 10 or more bottles of blood given over
a short peniod of time the atrate has any toxic effect
or causes a chinically significant change 1n the coagu
Iation of the recipient s blood However the sodium
radical which 15 not excreted rapidly may cause water
retentron and pulmonary edema In large transfu
sions n the elderly or those with cardiorenal disease
this complication must be guarded agamst Intra
venous solution of saline should be used sparingly in
such patients who are recewving large amounts of
blood  Since the ratio of diluent to blood 15 approx:
mately 1 to 3 a transfusion of 4 liters contans shightly
more than 1 Iiter of diluent with about 20 Gm of
sodium citrate

In such patients it may be beneficral to use 1 bot
tle of packed cells for every 3 or 4 bottles of whole
blood to avoid arculatory overloadmng and pulmo-
nary edema If It Y edema lop:
by b 18 dited by using a
blood donor bonle of the vacuum containung kind

Embolism caused by the introduction of atr 1n the
transfusion never should occur It 1s necessary to use
speaally prepared transfusion sets contamung fine
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utmost importance m transfusing such patients that
the Rh type be determined accura(ely and blood
fused only after

Rare Factors and Multiple Tram/u:mn: The last
group of incompatibilittes 1s that due to a combina
tion of rare factors (eg hell) and multiple transfu
sions The reaprent whose celfs do not contamn one
of the factors 1s given by chance blood that does have
that partrcular factor he develops antibodies to 1t and

during a sub i of blood
the same factor he has a hemolytic reaction
This may also happen to an Rh negative patient
who receives multiple transfusions of Rh positive
blood However when supplies of Rh negative blood
are limited 1t may be justifiable to transfuse male
patients with Rh positive blood 1f transfusion 15 1m
peratve but with female pauents the risks of such
a procedure must be weighed more carefully (As
mentioned already Rh positive blood cannot be given
under any circumstances to a patient who has antr
bodies to the Rh factor}) Rhposittve blood given
to an Rhnegative female may sensitize her so that
even years later 1n her first pregnancy the infant 1f
Rh posittive may have hemolyuc disease It may
also be dangerous to transfuse the Rh negative woman
with Rh positive blood 1n large amounts for 1if she
ever has been sensitized during pregnancy she may
respond to the transfusion with the production of
to hemolyze the fi cells

and cause jaundice
To prevent this type of jaundice 1t 15 necessary that
the Jaboratory be informed 1f the patient 15 a recipient
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of multiple transfusions because incompatibilities
due to such factors can be detected only by special
grouping and crossmatching procedures

Homologous Serum Jaundice Finally the third
cause of jaundice 15 not a hemolytic process but a
hepatitts which 1s caused by a virns transmitted mn
the blood the plasma or the serum of the donor
Although the morbidity 1s low the mortality 1s high
It may be differenuated from the preceding type of
Jaundice by its Jate appearance on an average of 60
days following transfusion and by the various tests
used to distinguish between hemolytic and nonhemo
lytic jaundice The prevention of the disease 1s ren
dered all the more difficult because of (1) the preva
lence of carriers who are also actual or potential
blood donors (2) the absence of any test for the ex
clusion of such donors and (3) the lack of any method
for destroymng the virus in bank blood The blood
derivatives albumun gamma globulm and fibrinogen
have been rendered free of the virus in their prepa
ration recent reports would indicate

BLOOD DERIVATIVES

Red Cell Suspensions Besides whole blood various
fractions and products of whole blood are available
They may be preferable or supplementary to whole
blood 1n certain conditions Red blood cell suspen
sions or packed cells as they are often called are use
ful 1n the treatment of hemorrhage 1n the elderly or
1n those with cardiorenal or cardiopulmonary disease
In such patients the use of whole blood 1 large
amounts because of the contamned diluent of antt
coagulant and preservative may overload the creu
fation Packed cells which contain only a minimal
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2mount of diluent may be used to mncrease the hemo
globin content of the arculating blood without the
addrtion of excess amounts of fluud  Usually they are
prepared by allowing the blood to stand undisturbed
for several hours and drawing off the supernatant
plasma or they may be obtamned more quickly by
centrifuging  1f means are not available for the ster
ile preparation of packed cells they may be obtained
by standing the transfusion bottle head down for
several hours and after the cells have settled admin
istersng only the first half of its contents In trans
fusing packed cells the same precaution in respect
to stenihity {reshness compatibility etc should be
observed as for whole blood Their preparation has
been simplified by the introduction of the Fenwal
blood pack

Platelet Suspensions The treatment of shock due
to hemorrhage resulting from deficient platelets has
been mmproved recently by the introduction of meth
ods for the preservation of platelets for transfuston
Even fresh blood drawn in the ordinary way contains
no apprectable number of thrombocytes Hemor
rhage from th P 15 often unc 11abl
by ordinary transfusions If blood 15 drawn 1into
plastic bags or glass containers coated with silicone
the platelets may be preserved long enough to effect
cessation of bleeding 1n such cases provided that the
blood 15 A simple [ d
used at the Royal Victoria Hospital 15 as follows (1)
the patient s blood 1s grouped (2) a blood sample 15
obtamned from a donor of the same group as the pa
tient (3) the donors and the patients bload 15 cross
matched (4) if compatible the donor 1s bled into 2
Fenwal plastic bag or a Baxter bottle coated with
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siltcone (5) the pattent 15 transfused immediately after
the donation has been completed

Plasma In addition to the cellular components of
blood used 1n the treatment of hemorrhage there are
several plasma fractions that are nseful

Alburmun was prepared for the United States Armed
Forces during World War II for the emergency treat
ment of shock It 15 a valuable substance for this
purpose since 1t 15 the plasma protemn which normally
maintains colloid osmotic pressure in the blood Its
admumstration provides a rapid method of treating
shock because 1t quickly shifts extravascular fluid 1nto
the arculation It must be used with extreme can
tion in patients suspected of being dehydrated and
1 such patients its use must be accompanied by tntra
venous saline In the concentration commercially
available {or satravenous use 1t 1s five times as effec
tive as an equal amount of plasma 1e 100 cc of
albumin 1s equivalent to 500 cc of plasma as a plasma
expander Albumn 15 also used to reduce cerebral
edema and to provide metabolic requirements 1n se
vere burns

Fibrinogen The remammng plasma protemn frac
tion used 1n transfuston treatment of hemorrhage 13
fibrinogen More and more cases of bleeding due to
a coagulation defect resulung from hypofibrinogene
miz 1re being reported Fibrinogen admunistration
1s often the only means of restoring the fibrmogen
level to normal and correcting the coagulation defect
n such cases The d of hypofibr
must be considered i the presence of hemorrhagc oc
curring 1n cases of metastic carctoma of the pros
tate and the pancreas severe liver disease toxemia
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and Rh sosensitization with a dead fetus It 15 also
to be suspected in severe hemorrhage occurring dur
g major lung surgery The most mmportant how
ever from all aspects 1s premature separation of the
placenta
Chncally the condition should be suspected in ob-
stetric patients who continue to bleed from the vagina
despite repeated transfusions of even freshly drawn
blood and other measures usually employed to stop
hemorrhage The patients blood can be tested for
fibrinogenopema by the follow1ing procedure (I) with
draw 3 cc of blood (2) incubate at 37 for 30 min
utes (3) if no clot appears the fibrinogen level 1s at
a cratacally low level  Fibrinogen 1s now commeraally
as P lied by Cutter Labora
tories Every maternity hospltal should maintain an
adequate stock for emergency use Usually bleeding
can be controlled by the infusion of 4 mg

BLOOD SUBSTITUTES

Onginally called blood substitutes 1t 1s now custom
ary to refer to the substances whlch mcrease blood vol
ume as plasma d or
There 15 no subsmme for blood when large amounts
are needed However n cases where amounts rang
g from 500 to 1500 cc of blood are ordinanly used
plasma expanders may be substiuted for blood In
emergency situations thetr use 15 often a hfesaving
measure during the time necessary to start a transfu
sion  Therr use 1n these arcumstances justifies their
being called blood substitutes

‘They comprise a variety of substances of animal or
plant ongin or synthetically produced They all have

vl
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a common physical property similar to that of albu
min-of holding fluid 1n the vascular system  Dextran
1s a polysaccharide derived from the fermentation of
sucrose  Polywinyl pyrrolidone (PVP) 1s a synthetic
polymer made from acetylene Gelatn 1s derived
from an ammal and pectin from a plant source

They are all reliable and safe substitutes  Clinical
experiences with these substances have demonstrated
that they do not give rise to reactions of any kind
Recently 1t has been found that following the admn
istration of more than 1000 cc of Dextran n any one
infusion there may be an increased bleeding tendency
as revealed by Jaboratory studies It has not been
shown to be of chimeal significance and the exact
mechamsm 1s unknown

They restore and maintain blood pressure 1n cases
1n which blood loss does not exceed 1500 ecc  In pa
tients with severe or prolonged bleeding as men
troned previously 1t s necessary to use whole blood
Even 1n such cases however they may be used to
supplement Imited supplies of blood

In many cases a substitute alone wiil prevent shock
Most blood transfustons are given for operations re
qunng from 500 to 1500 cc of blood replacement
It 1s m this type of case that the substitutes have an
important role as blood sparing agents

They have other advantages too Theiwr use wiil
lessen the nadence of serum hepatitis due to trans
fusion of blood contasming the virus of the disease
Simlarly the incdence of reactions due to transfu
ston of incompatible or contaminated blood will be
decreased  The danger of sensitization to the Rh and
related factors by blood transfusion in female patients
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and the development of hemolytic disease of the new
born 15 also reduced

PLASMA LOSS

Burns  Reduction of the blood volume from loss
of plasma most commonly occurs 1n cases of burns
The loss of plasma from the damaged capillaries in
the burned regions of the body leads to an actual re
duction 1n the blood volume The injury also pro-
duces psychic and physical stimuli that cause periph
eral vascular dilatation and 2 reduction in effective
blood volume

Hemoconcentration 1s 2 constant feature of severe
burns  The determination of the degree of hemocon
centration by hemoglobin or hematocrit studres 1s of
great value 1n estimating the reduction in plasma vol
ume and the amount of plasma to be transfused
Hemoconcentration studies zs a guide to therapy are
likewise of value 1n other condiuions i which a re
duction 1n blood volume 1s that of plasma loss or loss
of water and electrolytes

Crush Syndrome A condition 1n which shock 1s
usually present 7 d by h ration 1s
the crush ys d which
follows compression injuries to the extremities When
the compression 1s released plasma transudes into the
tissue from damaged capillaries distal to the compres
sion

Acute Purulent Exudation Shock due to a reduc
tion 1n plasma volume is also to be found in cond:
tions m which there 15 acute purnlent exudation such
as empyema and peritomitis A raré condition n
which plasma loss may be considerable 1s pemphigus




32 Hypotension

In intestinal obstruction especally when accompa
nted by local circulatoty stasis as 1n mesenteric throm
bosis there may be a diffusion of plasma into the
perttoneal cavity and the bowel lumen with resultant
reduction i plasma volume

Obstruction  In strangulating obstruction of the
small bowel particularly if 1t wnvolves a large seg
ment reduction 1n blood volume may be great

of the abd may impede the

venous return from the lower extremities Dehydra
tion due to vomiting present in such cases 1s also an
important factor contributing to the reduction n
plasma volume

Treatment The treatment of shock due to these
causes 1s the mfusion of plasma The vanous plasma
substitutes described have been used with good effect
In the treatment of severe burns blood transfusion
also should be given because of the anema which be
comes manifest when the hemoconcentration disap
pears  Intestinal obstruction must be treated with
saline infusion as well as plasma to replace the fluids
lost by vomiting

DEHYDRATION

A reduction 1n blood volume occurs 1n dehydration
Loss of water and electrolytes 1n excessive amounts
from the skin the gastrontestinal tract or via the
kidneys and nsufficient intale of flind give a chinical
picture characterized by dryness of the mouth flushed
skin ncreased temperature oliguriz and low blood
pressure Hermoconcentration 15 usually present but
may be masked by the coewstence of anemiz  Espe
czlly 1n the elderly there may be psychologic changes
with restlessness delirium stupor or excitement  Salt
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depletion may be extreme from vomiting diarrhea
gastro wmtestinal fistula and gastric suction In the
low salt syndrome sometimes occurring in patients
with congestive heart failure treated with mercurial
diuretics 1n diabetic coma and 1n adrenocortical 1n
sufficiency circulatory collapse may be profound De
hydration in 1nfants and children may be rapsdly
fatal

Treatment The correction of the electrolyte mm
balance that may result from dehydration 1s often
more difficult than the correction of the dehydration
aself  The clintcal biochemical aspects of the prob
lem such as the tendency for an acidosis to develop
if sodium 15 lost 1n excess of chlonides (pancreatic
1leal jejunal secretion and urine) or for an alkalosts
to develop if chloride 1s lost in excess of sodum (gas
tric secretion) lie outside the scope of the present dis
cussion  However the treatment of dehydration re
solves 1tself 1nto the restoration of reduced blood vol
ume by ntravenous tnfusion of NaCl 1n the first 1n
stance and only later 1n the correction of electrolyte
1mbalance by the use of modified solutions

Isoronic NACL or normal saline probably 1s given
most frequently It 1s used for patients with dehydra
tion resulting from vomiting and in those i whom
1t 15 necessary to replace asprrated gastro mtestinal
flmds  Hypotontc NaCl infusion 1s used mn sumple
water deprivation mn hypoalbuminemia ared in any
condition where the ymmediate need is water replace
ment without increasing the osmotic pressure of the
plasma or raming the serum sodum level Such 2
solution 1s obtamed by the simultaneous infusion of
a soluston of dextrose 1n water and normal saline

HyperTonie NACL 15 used 1n conditions such as the
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low salt syndrome 1n which the large volume of 1so-
tonic solution required to raise the low sodium level
might cause crculatory overloading  Thus solution
because of its hypertomaty draws water from the
ntracellular into the extracellular ussue causing de
hydration of the cells 1f impaired renal function does
not permit the excreton of excess sodium  For these
reasons hypertonic sahine solutions must be used cau
tiously

SOLUTIONS GONTAINING POTAsstuM such as Ringers
Hartmans Darrows are used for treatment of de
hydration due to diarthea or other conditions n
which there 15 a loss of secretion from the lower gastro-
sntestinal tract and 1n diabetic acxdosls In such cases
there 15 a loss of p of m
addition to the Toss of other eleclroly!cs Other 1ntra
venous solutions containing all the electrolytes found
in normal human plasma 1e sodium chloride cal
cum magnesium and potassium  have been intro-
duced recently
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PERIPHERAL VASCULAR
DILATATION

The nervous regulation of vascular tone through
out the whole arculatory system or any of 1ts parts
may be interfered with by a variety of agents drugs
procedures 1nfections psychic and other stimuli to
produce d ton and
‘They are mediated by one of tho mechanisms exther
inhibition of vasoconstriction or initiation of vaso-
dilator actiity or both In the past hypotension due
to vascular dilatation has been called neurogemc or
primary shock

ANESTHESIA

Next 1n importance to hemorrhage as a cause of
hypotension dursng surgery 1s the anesthesia itself
Anesthetic agents besides blockmg paimful sttmult
and relaxmg the musculature have certain unde
sirable effects paralysis of vasomotor tone 1nterfer
ence with the conduction mechamsm of the heart
and the deleterious effects of anoxia on the myocar
dium and the medullary centers controlling circula
tion and respiration

5 Vas
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Preanesthetic Medication  Either because of an i
creased sensitivity of the pauent or an overdosage
preanesthetic medication with avertin barbiturates
morpline etc may cause a lowening of the blood
pressure  Operation should be deferred n such cases
unul the blood pressure mises of 1ts own accord or 1§
restored to normal with vasoconstrictor drugs 1f 1m
mediate operation 1s imperative

Ether and Pentothal Sodutn  Ramd induction with
ether or Pentothal Sodium may produce hypoten
sion due to uncompensated penipheral vasodilatation
Lighteming the depth of anesthesia usually suffices for
the return of the blood pressure to normal levels Or
1t may be necessary to interrupt the anesthesia for a
short ime and admunister oxygen under pressure  As
a general rule vasopressors are used with conduction
anesthesia

Cocamne when used as a local anesthetic has been
known for years as a potentially dangerous drug be
cause of the collapse and even death that occasionally
followed 1ts use Now 1t s rarely used except as a
topical agent in weak concentrations and combined
with a vasopressor 1n eye operations and broncho-
SCOPXC examination

Prtuitnin preparations have been reported to cause
a severe fall 1n blood pressure n patients anesthetized
with cyclopropane Care must be taken not to nject
oxtocn or other pitunrnn preparations tn obstetric
patrents until after the anesthesia has worn off

With these as with all other anesthetic agents and
premedscation drugs 1t must be remembered that they
nterfere with the normal balance between vasocon
stricave and vasodilator winfluences on the one hand
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and on the other the reflexes which slow or increase
the heart rate There sometimes results an increase
but more often a decrease 1n blood pressure  Of the
two hypotension 1s by far the more important The
significance of the various forms of tachycardia brady
cardiz and other arrhythmias 13 considered later

Spwnal Anesth Spinal h
etc) causes a reductton in blood pressure because of
the paralysss of the vasomotor mechanism with dilata
tion of the vascular bed below the level of anesthesia
The time of appearance of hypotension due to this
mechanism 15 usually shortly after the induction of
anesthesia exther before or at the beginning of the
operatton  The prevention and the treatment of
hypotension due to spinal anesthesia depends on the
use of ephedrine gr 3/4 to 1 1/2 before the spinal
Ppuncture 1s made and a vasopressor drug such as neo
synephrine or pinephrine 1f
following 1njection of the :mestheuc drug  As men
tioned elsewhere epinephrine 1s not used because of
uts harmful effects on the heart m susceptible indi
viduals or 1n those anesthettized with cyclopropane ot
related anesthetic agents

Cyclopropane has been shown to cause the most
sudden and dangerous of all forms of hypotenston
namely that of ventricular fibnllation and cardrac
standstill  Its mode of action 1s considered to be duc
to 1ts sensitization of the heart to wrregularities in
duced by reflex stimulation via the autonomic nerv
ous system or by the direct action of epmephnne on
the cardac di system  T'r a
ethyl chloride may act 1n the same way as cyclopro-
pane to produce cardiac irregularizes  Chloroform
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content of blood returns to normal the stimulation
ceases and the blood prcssutc falls

As already d. pauble it may
cause collapse  The early symproms of such a reac
tion eg pam in the back and a feeling of chulhness
wsll be absent f the panent 1s unconstous from 3
general anesthetic but the presence of a chull wall
warn that 2 transfusion reaction may be talang place
However f both a general anesthets and a muscle
relaxing drug such as curare have been used there
will be none of the usual symptoms {pan) or signs
{r1gor) of an sncompatible transfusion reaction  Un
der these arcumstances however tachycardia tachyp
nea an ncreased bleeding tendency or a fall in blood
pressure may indicate that an meompatible blood 15
being transtused  But they are unrelizble manifesta
nons 1t 13 better to rely on extra precautions to make
cettasn that the proper blood s adnunsstered to such
PZHEHKS

SURGIGAL PROCEDURES
Position of Patient ‘There are surgical procedures

and pulations dunng op that of them
selves cause a fall m blead presmrc aparz from bleod
foss and h § of p e

flexes mnduces dil and hyp Pos
turing the patient sn certain ponttons as m the wse
of the kidney bar or the jacknife position may cause
a drop :n blood pressure which may be corrected by
change of posture and the wmjection of 2 yaioron
sterctor drug

Visceral Mampulation  Operations on the thoracic,
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the abdominal or the pelvic organs also may cause re
flex vasodilatation and a lowenng of blood pressure
‘The hypotension 15 not related to the slowing of the
heart whach 15 a secondary response to the vasodilata
tion  The decreased blood pressure due to these fac
tors 1s usually transient and self imited However
mn the presence of other causes of hypotension such
as hemorrhage these reflexes through their additive
effect on the blood pressure may assume unusual m
portance It can be corrected by the use of vasocon
strictors

In operations on the neck durng mtubation or
duning thoracentesis the vasovagal reflex may be actr
vated as shown by a slowing of the pulse and a fall
mn blood pressure  Unlike the peripheral vascular
type Just descnbed 1t 18 of cardiogenic onigin and may

P d or abolished by Js and smularly

actmg drugs which prevent the vagus from respondmng
to such stimuls

During operauons for the removal of a pheochro-
mocytoma or a diseased kidney causing hypertension
hypotension may result because of the sudden cessa
tion of secretton of epinephrine or hypertensin  In
such operations 1t 1s now routine to use norepineph
rine or other vasopressor drugs during the operative
and the immediate posmperauvc periods

with V: In
Ppatients undergoing the second stage of sympathec
tomy and splanch for hyperte cardio-

vascular dusease hypotension durng the operation
may result from mterference with the vasoconstrictor
mechanism of the lower spinal segments unless a vaso-
pressor agent 1s used It 1s frequently necessary mn
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such patients to continue the wntravenous adrusira
tion of norepmephrine or simular drugs dunng the
postoperative period to prevent a fall sn blood pres
sure due to un d sascular dil 1 the
lower himbs

Vasopressor Drugs  As this and preceding sections
have shown the vasopressor drugs are very valuable
antishock substances  In certain conditions such as
those just descrsbed and during spinal anesthesia they
are specific antagonsts to shock  In others such as
hemorrhage they may be useful adjunctne agents
In sull others such as myocardsal infarction severe
mfection ete to be discussed later they may be of
benefit and should be used to treat the accompanying
shock

¥

ADRENOCORTICAL HORMOVES IN TREATMENT OF SHOCK.

These substances have specal value in the treat
ment of shock 1 the following circumstances (1) op-
erations wvelving removal or interference with secre
tiont of puustary and adrenal glands eg Cushing s
disease (2) operations on patients who have bheen un
der long term treatment with cortisone and {3y Adds
son s disease  In the fist type of case the sudden with
drawal of adrenocortical secretion may preapitate
collapse  In the second type patients whose adreno-
cortical activity has been suppressed by fong continued
treatment cannot respand to the sudden increased
demand of the added stress of operation  Peripheral
arculatory collapse and hypoglycema result  In both
cases teatment conststs of giving cortisone n ade
quate doses {rom 100 to 200 mg damly before and
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after operation gradually reducing the dosage n the
postoperative period  Durnng operation it may be
necessary to treat with intravenous cortisone  Blood
transfusions and vasoconstrictors are also ndicated

‘The occurrence of collapse 1n patients with adreno-
cortical insufficency when infection or trauma super
venes 15 treated with cortisone ntramuscularly and
mtravenously  As mentioned above shock may also
occur n patients under longterm treatment with
cortisone who develop infection or receive an imjury
or undergo an operation Such an eventuality must
be guarded against in pauents with arthrius asthma
dermatitis or others receiving cortisone for long pe
nods  Evidence of 1ts use must be specifically sought
m taking the history of such patients prior to opera
tion  Under such arcumstances as well as during the
course of any intervening illness the cortisone should
be increased  In all such cases when shock 15 erther
Ppresent or may be anticipated 1t 15 well to support
the 3¢ by using phrine or other vaso-
constrictors and to give blood transfusions or other
blood volume expanders during the critical phases

Patients who are chronically 11l may not show an
adequate response to an added stress In rare m
stances i those with an undetected adrenocortical
nsufficiency the stress of iliness injury or operation
may also cause collapse The diagnosts 1n such cases
can be confirmed by determiming the eosinophilic re
sponse  But except in these and the previous cases
mentioned where cortisone 1s specifically indicated 1t
has no use mn the prevention or the treatment of
shock
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ADDOMINAL EMERCENCIES

Many panents with signs of an acute abdomen
have sn addition the signs of shock  The collapse
may be extreme in those with infection of the pery
toneal cavity as described later  But even in patients
with early mimmal or absent peritoneal contamna
ton signs of shock are usually present  Perforation
of a viseus ey ruptured duodenal uleer empyema
of the gallbladder acute pentomus spleme ofare
t10n etc wsually are accompanted by collapse  Other
visceral disturbances 1n which shock may be a2 prom
nent feature are torsion of a testicle renal or ureteral
colic a twisted ovarian €yst In all of these cond:
tions the treatment of the collapse 15 the treatment
of the underlying condition by surgery vasoconstric
tors antibiotics and wlusions of bloed and flwd

INFECTION

Wounds The profound effects of contamsnated
wounds especially those of the abdominal cavity on
the blood pressure of severely mjured casuattes has
been known since World War 1 and ntenswvely stud
sed since World War I In such cases collapse may
be serere despue muumal reducnon i actual bleod
solume and may persist even after adequate replace
meat as measured by blood volume determinations

Pertph y coflapse also
may occur in varous fulmanating infecuons accom
poamied by a b with the § me
ngococeus streptococcus and gram negatne baalls
The severe shock that 15 usually fatal foliowing trans
fusion with contemmmated blood or plasma belongs
m thy otegory  The aroulatory depression fre
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quently found in cases of pentomtss and mtestnal
obstruction i spite of correction of fluid balance 1s
probably of a similar nature

Although the mechanism of the vascular collapse 1s
stll uncertain 1t 1s thought to be due to perzpheral
vascular dilatation 1n which the venules are chiefly
wmvolved It has been shown that 1t 1s not due to re
duced bloed volume It 16 not considered to be due
to cardrac impairment although a dyrect action on the
heart as well as on the peripheral vasculature by the
bactenal toxins cannot be excluded

TREATMENT 15 most unsatsfactory The nse of
wide spectrum antibiotscs early and 1 large amounts
(eg Pemallin with Streptomyan) may be helpful
and always should be instituted  The replacement
of blood plasma water and electrolytes mn cases 1n
which blood volume 1s reduced by 2 loss of one or
more of these constituents of the arculation 1s ex
tremely important  Vasoconstrictors may be of ben
efit and always should be administered

Contaminated Infusion Fluids The prevention of
shock due to the infusion of contamsnated blood or
plasma requires special menuon  Smce the danger
of contamunants 1s always present bleod or plasma
should be used only when indicated Blood before
bemng admimistered should be checked for hemolysis
and for a charactersstic vermilion hue imparted to
the inner surface of the bottle on shaking which inds
cates contamitation

The use of plasma stored i the hqud state 1s
fraught with the danger of shock Nox only may 1t
be to d plasma but
even p]asma stored m xhe cold may contain contami

Va
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nants that grow at Jow temperatures The use of
drsed or frozen plasma reconstituted or thawed im
medsately before being used and the plasma expand
ers as discussed elsewhere wall mmimuze the wmadence
of shock due to contamnated plasma

“The preparation of plasma and red cell suspensions
demands the most careful technic and stertfe precan
unons since these matenzals which are excellent bac
tersal culture medsa may be stored for a considerable
pertod before bemng used I a transfusion for any
reason has to be stopped a safe rule to follow 1s that
the same bottle of whole blood plasma red-cell sus
pension or any other mtravenous sotution should not
be used agamn if more than an hour has elapsed be
tween the first attempt and the next because of the
danger of contamination

DRUTCS

Hypertension  Drugs recently introduced for the
rehef of hypertension may produce in some nstances
taarked lowening of the blaod pressure They may
be classified according to thetr mode of action as (1)
the ganghionic blocking agents tetracthyl ammomum
and k h @ Hly acting sy t
drugs  hydral {Apresol dihyd nine
(DHO) and Veratrum (8) peripherally acting sym
patholytic depressants Dibenamume and Priscoline
The final common pathway of action of alf of these
drugs (and sodwm miurate) s peripheral vascalar
pnral)m “The vasomotor coliapse responds to the
vasoconstrictor drugs such 2s norepinephnne  Be
cause of its cardiac effects and the underlying cardiac
disease that may be present n cases an which these
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hypotensive drugs are uwsed epmnephirme 1s contra
ndscated

Bart and p with 0 her
drugs or toxic agents s almost. mvarrably accompa
nied by collapse The treatment of the collapse 13 as
tmportant as the removal of the drug by stomach
washing or neutrahzation of 1ts effect w1th an ant
dote  Ahhough there s no reduction m actual blood
volume blood tramsfusion tn addition to the vse of
vasotonstrictors may be lifesaving  Oxjgenation of
the tissue must he achieved not only by restoring the
clrculanon but also by artsficial resprration

Anapt of which hyr 12
manifestations may be so rapudly fatal that no treat
ment 15 of any avail However 1n many nstances
they can be prevented Penicsihin 1s known to cause
such reacuions when given by injection o allergic
mdiiduals  Mamfestations of allergy always should
be inquired nto before mjection of any drug or for
eign substance whenever possible In the case of
pemailin s oral rather than ntramuscular admin
stration 1s the one of choice When a drug an antt
brouc a foresgn scrum or any agent that may cause
such a reaction 15 used epinephrine always must be
at hand ready for instant use to counteract the fall m
dlood pressure

CONTROLLED HYPOTENSION DURING SURGERY

The use of controlied hypotension during surgery
has been recommended by some anesthetists as a val
uable method 1n stably sclcctcd patients undergomng
certain op The ling ta 1tg
advocates are that hemorrhage Is lessened :hercby
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pernutting more rapid technic and a better view 5n a
relatively bloodless field

Induction There are several means of inducing
hypotension which may be used Spinal anesthesia
and Hexamethonmum paralyze the vasoconstrictors of
the Jower spinal segments Hypothermia by refrigera
tton or phenothiazine derivatives 1s also used  Besides
the possible harmluf efiects of hypotension the pheno
thiazine drugs such as Largactal may cause hver dam
age Sull another method of reducing blood pressure
15 by phlebotomy or rather artersotomy whereby the
pauent 1s bled snto a closed system the blood can be
remfused quickly ¢f the need arses If this method
13 used the patient must be postured n the head-down
positon and blood replacement must keep step with
blood loss  Because of the removal of the normo-
tensve c } of iction
when spinal anesthesia or Hexamethonrum are used
ulting the patient anto the head up position by caus
g a further pooling of blood 1 the Jower part of
the body may further reduce the blood pressure to
dangerously low Ievels The loss of even small
amounts of blood may have a similar effect

Compheations  The major complications of this
form of preventing blood loss duning surgery are
¥ ry b i from bleeding vessels not de
tected and hgated at operation acute renal fatlure
thrombosis of cerebral coronary or retnal vessels
feading to hemiplegia myocardial wfarction or blnd
ness and death  The contramdicanions are many and
mclude the elderly arteriosclerotic hypaotentive or
hypertensive individuals and all patients in whom 3t
may be anticipated that blood replacement and oxy
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genation may be difficult or n whom blood loss may
be large  Even its proponents point out that 1t 1s 2
potentially hazardous method which should only be
used 1n carefully selected cases by skillful and ex
pertenced anesthetists

ORTHOSTATIC HYPGTENSION

A clinical entity characterized by orthostatic hypo-
tension  vertige hypohydrosis impotency bladder
dysfuncton and relatively slow cardiac rate has been
described  This 15 considered to be due to disturb-
ances 1n the autonomic nervous system as mamnifested
by the mmpairment 1n both vasoconstrictor and vase
dilator components The hypotension 15 a reflection
of the failure of vasoconstriction in some partts of
the body to compensate for vasodilatation 1 others
and also to the absence of reflex tachycardia The
lesion responsible for the defect i autonomic func
tion 15 thought to be situated in the hypothalamus

Postural hypotension may occur also n patients
with organic nervous diseases such as myasthema
gravig ular syphilis sub: combined scle
rosts and the various neuropathues due to vitamin de
ficeney  Speaific treatment of the disease process it
self apd p of the hyp by
the usual measures of abdominal binders and elastic
stockings should be undertaken The increase of
blood volume by increased daily wmtake of sodum
chloride and the use of vasoconstrictor drugs such
as ephedrine may be helpful

Other forms of orthostatic hypotension snclude
those due to large varicosities or angromata of the
extremmties and phlegmasa dolen caerulens  Stand
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g for long perods of time without moving the
muscles of the legs suffictent]y to aid the return venous
flow may cause a severe fall in blood pressure with
syncope  In the aged and those mma)cscenr from a
long or d g illness h 1c

may result from the deficient sup;mn to the vases
lature afforded by the k Jature Treat
ment consists of p € exercses abd 1 bind
ers and ¢phednine




5

CARDIOGENIC
HYPOTENSION

Hypotension resulting from a reduced cardiac out
put secondary to duminished venous return (second
ary shock) or reduced peripheral resistance (primary
shock) has been discussed already A rhird cause of
sudden lowering of the blood pressure s that due to
the heart 1tself  Cardiac output may fail because of
permanent structural changes due to disease processes
{rsheumatic fever arteriosclerosts eic) or transient
functional influences (anoxia during anesthesta tachy
cardia etc)

ENDOCARDIAL CAUSES

A sudden fall 1n blood pressure due to aortic or
mutral stenosts may occur during exertion or the stress
taadent to surgical operation  The increased meta
bolic demands of the body are met ordinarily by an
ncrease 1n the blood supply to the tissues through
an increase 1 both peripheral vasodilatation and ear
diac output However in aortic or mitral stenosts
the cardiac output cannot ncrease because of the 1m
pediment to the fow of blood :hrcugh 1he constricted
valves The re
mains unopposed and hypmcnsxon ensues

Furthermore 1n patients with aortic or mitral steno-

53
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sis reflex tachycardia brought on by such stunule 28
exertion and operative procedures (mtubauion  vis
ceral mampnlanon ete) shortens the duastobe filhng
ume Dmmushed cardiac output results which m
turn leads to a fall in blood pressure

The recognition of thys cause of hypotension dunng
surgery depends on an adequate preoperative hustory
and physical examumatian  The occurrence of syn
cope on exertion and the presence of the character
sstic systohe thnll and murmnr at the base of the
heart are the principal diagnostc features  The mur
mur of aartic stenosis 1s heard best at the end of ex
prration with the pauent learsng well fornard

In pattents with mutral stenosis the charactersuc
apical duastolic murmur and 3 hustory of rheumanc
fever ate ravely absent In contrast with those with
aomic stenosis 3t usually occors m the younger age
group

Treatment When blood pressure falls during op
eration 1n such patients 11 may be restored by (I}
measures which increase pertpheral resistance ¢
norepruephrine and (2) thote which decrease heart
rate such as prosugmine  The Jarter drug augments
tbe nfuence of the vagus in slowing the heart
Awopme scopolamutie and similarly acting vagal de
pressant drugs should not be used preoperatinely
Pam apprehension anxiety and excytement which
crease the heart rate should be avorded and such
sumuli emunated by the use of morphune and bar
hrturates preoperatively

Many patients with mutral or aortic steposis can
be benefited now by cardiac surgery Dufing opesa
on on the heart stself the above considerations apply
with even greater force
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PERICARDIAL CAUSES

Large pencardral effusions of sudden onset often
£ause severe compression of the heart and a decrease
n the venous return resulung in a dimmution af
cardiac outpur  The efluston may be hemorrhagic
due to trauma or serous due to wnfections wually
rheumatic fever or more rarely tuberculosis The
symptom complex of cardiac 1amponade s pathogno
momec and conststs of a rapid decline 1n blood pres-
sure with dyspnea and engorgement of the cervical
vens and the iver On percussion the area of car
diac duliness 1s mcreased  Auscultation teveals de
creased heart sounds and often the presence of a pery
cardial friction rub A roentgenogram shows a diffuse
enlargement of the cardiac shadow  Electrocardto-
graphically there 1s a decreased amplitude of the QRS
complex (Fig 3)

®

~ A~ /PN
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a} eavmnal L]
Fiouke 8

Treatment conststs of percardral paracentests 1f
ligauon of a ruptured vessel 15 requured surgical inter
vention 1s pecessary

CARDIAC ARRHYTHMIAS

Disturbances mn cardhac rate and rhythm or cardiac
arrhythmias as they are called ate frequent marufesta
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uon of structural changes 1n the heast due to disease
During operauon when factors such as apowa the
toxic effects of anesthetic agents or sumub 2rising
from the handiing of viscera way be active arrhyth
myas may start as a result of such functional factors
m 2 narmal heart  Tu esther case whether due to
permanent pathologic changes or transient physwo-
logic wiluences the arzhythma may Jead to hypotea
sion  If the cause 15 mot removed quickly or if the
proper drugs are not used unmedsately the lowered
blood pressure may lead to dire consequences  Most
of the arthythmuas that may occur during operation
and are sersous enough to cause hypotenston can be
recognrzed readhly and treated It s important there
fore that surgeon and anesthenst ay well as internst
be famliar with them
Classification {t 15 customary o clasafy the cardm¢
arrhythmias according to whather the disturbance (in
rate or rhythm) s that of impulse smitratson or 1m
pulse conduction A depression of the narmal rhythm
ymiated at the sinus node may result 1 staws brady
cardia or smus arrest which f suficiently prolonged
may cause hypotension and 1n rare wnstances sudden
death Ongmauy called hy Sir Thomas Lewss the
the dng 1 falt
of bluad pressure dizniness and syncope 15 due to 2
wide vaniety of factats wcluding psychic sumuli diggt
talis certan snfectious diseases (influenza varus pneu
monta zyphoxd) carolid sinus pressure and anesthesnd
The 15 char of
a projongation of normat complexes as shown 1 Fig
ure 4
1n operations especsally i the region of the neck
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Figure 4

that may stimulate the carotid sinus reflex and mduce
vagal slowing atropine banthine or similarly acting
parasympatholytic drugs should be admumistered pre
operatively to paralyze the vagus

Tachycardia  Paroxysmal tachycardia of auricular
or ventricular onigin 15 a disturbance of mmpulse 1t
tiation 1 which the arrhythmia 1s minated 1in an
ectopic focus 1n either the auncle or the ventricle or
more rarely the auriculoventricular node If the
tachycardia persists long enough there may result 2
decrease 1n cardiac output and a fall m blood pres
sure

AURICULAR TACHYCARDIA  In paroxysmal auricular
tachycardia the aunicular and the ventricular rates
are regular and constant varymng from 150 to 250
per mmnute The electrocardiographic evidence con
sists of absent or abnormal P waves with otherwise
normal complexes (Fig 5)

VENTRICULAR TACHYCARDIA  Ventricular parox
ysmal tachycardia 1s a less common but more senous

Fiours 5
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form of arrhythmia It may occur under a variety
of arcumstances  Among the drugs that may cause
1t are even those which are used for the treatment of
heart dusease such as digiealis quintdine and p

amude hydrochlonde (Pronestyl) Others are Dilaa
tm tetraethylammonium chloride and the central
nervous stmulant used n the treatment of barhitu
rate pousoning mikethamide {caffeine amphetamine
TOTAMINE MIXture)

Potasstum ntovscation such as mav oceur fol
lowing an ncompatible transfusion reaction or 1n
acute renal failure may cause arthythmias Potav
stum however when sts level in the blood has been
depressed below normal a5 a resuit of overdosage of
digitalis 1 useful as an antiarrhythmie agent for the
treatment of the digualis mduced arrhythmias

Anxwety has been shown to cause ventrscular tachy
cardia It has been suggested as a passible explana
ton for cases of sudden death m ndividuals with
normal hearty

Cardiac catheterizatian may be a cause of seriovd
arrhythmtas  Several cases of premature ventrscular
systoles ventricular tachycardia and fibrilation have
beent reported following this procedure It ¢ not
uncommon 1n patients with severe myocardial disease

{ly after m dial nf:

‘The occurrence of ventricular arthythmas duriag
major SUrgery 1s apparently on the mcrease They
occur not only 1 thase with diseased but also in those
with normal hearts and sn the young as well as m
the old. Arrhythmias of ventrieular ongin anse dut
1ng operagions 51 the thorax on pulmonary and car
iae stractures and s the regron of the great vessels
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with their Itple card: hibitory and

P
reflex potentials They also occur n operations n
other areas and on other systems of the body

No single factor 15 responsible for the arrhythma
However the combination of factors that conspire to
cause ventricular arrhythmias and lead to the dreaded
ventricular fibrilation and cardiac arrest may be sum
marized as follows the patient especially when some
degree of heart disease 15 present the anesthesia—mul
tiple agents depth of anesthesta ntubation anoxia
the operation—especially cardiac and thoracic surgery
Of all the factors anoxia and an accentuated vasovagal
reflex are perhaps the most mportant

Diagnosis  The diagnoss of ventricular tachycar
dia 15 usually difficult without the aid of the electro-
cardiogram  However 1t should be suspected at the
bedside or 1n the operating room 1n patients who
show failure of vagal sumulation to produce an ef
fect a qugular pulse rate slower than the ventricular
rate arregulaniues of length of cycle and changmg
intensity of the first heart sound The electrocardio
gram 15 as 1n Figure 6

Treatment Procamne amide (Pronestyl) 1s a valn
able drug for the control of ventricular arrhythmma
It may be given orally intramuscularly or mtrave
nously When given intravenously 1t may cause hypo

Ficure 6
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tension if too large a dose 1 used the dose should
not exceed 100 g per munute  Norepinephriae will
counteract the hypotenswve eftects of Pronestyl over
dosage By mouth the usual dase 15 200 to 500 mg
repeated nx 2 haurs bur much larger doses may e
needed  In emergency situanions 1t 1s best ta use the
iptravenous voute cawtiously and to have norep
nephnine handy

Quundine much older than Pronestyl as au ant1
arrhythmic drag especally sn the treacment of aurcn
lar fbrillauon 1 also a valuable agent for the treat
mem of the ventricular variety 1t may be admins
tered sntravencusty with safety if certain precautions
are observed  The drug m the form of the Jactate 13
diduted 1 10 cc of glucose and admunustered at the
rate of 2 ¢ per minute  Frequene ECGs are taken
so that the nfusion may be stopped at the first evt
dence of toxiciry and so that 1t may be ducontnued
rmmeduately after notmal thythm has been restored

Digstalss the oldest of a¥f anuarzhythmc drugs has
a more hmued field of usefulness an the therapy of
this disorder  However i the treatment of the emes
genaies due to aunicular fibrlation esther acute ¢
culatory collapse or tongestne falure certan 2
venous preparations are of great value Lanatoside C
acety! strophantidin and ouabaiy are the hous
digatalis preparations mosr commonly used 1n emer
gences because of ther rapidity of acuon and rapid
elmmation  OQuabain 15 used at the Royal Victor2
Hospital for such cardiac emergeneies 1 a dasage of
85 mg follawed within an hous by ¢ % mg st needed
2s an intravenons solution of 100 cc of gicose con
rawning the drug




Cardiogensc Hypotension 61

The routine preoperative use of quinidine or Pro-
nestyl to prevent arrhythmuas occurring 1s inadvisable
because of their depressant c&cct on the myocardium
and the to cardiac
arrest Their use should be teservcd for the treat
ment of arthythmias as they arise when by intravenous
or intracardrac 1njection they act immediately Digi
talis may be dangerous if used 1n the presence of ven
tricular fibrillation

Ventricular Fibnllation Causes  One of the most
sertous of the cardiac arrhythmuas 13 ventricular fibnl
lation It 1s an wregularity of mcreased rate due to
the continuous imitiation of mmpulses by an ectopic
focus 1n either ventricle (Fig 7) The causes are  coto-
nary arter digatals
especially cyclopropane 1n excess and other factors
leading to anoxia dunng operation as already men
tioned It may be p d by
and 1f not ll‘eated immedrately 1t may termnate fa
tally 1n cardiac arrest Therefore the prompt remg
nition and hy as a
tion of this form of mrdnac arrhythmia 15 of utmost
importance

Dracwoss A sudden and profound fall in blood
pressure during an operation always should arouse
suspicion of ventricular fibnllation or cardrac arrest

Ficure 7
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However the other causes of acute hypotension—
blood loss vagal arrest vascular dilatation—should
be considered first It may be that only by an ECG
traang can ventricular fibrillation or standsull be
confirmed or ruled out Or 1t may be that to wait
for confirmatory evidence of the ECG 1s to wait too
Jong There are dangers in both courses of action
Opening the chest with 1ts attendant trauma and
fecion may place an unsupportable burden on an
already serously 1ll patrent On the other hand
delay 1n doing just that may jeopardize his chances
for survival

TREATMENT A muddle course would seem to be
as wise as 1t 15 valorous and consists of the following
procedure for the treatment of cardiac arrest (1) Re
mave excess anesthesta by hyperventilation with oxy
gen (2) Compress the heart from without the thorax
1e through the diaphragm (8) Inject 10 cc CaCl
10 per cent or 1 cc. epmephnine 1 1000 anto the Jeft
ventricle through the chest wall In many cases this
will suffice to restore normal rhythm

The treatment of ventricular fibrillation 1s less sat
isfactory than that for cardiac arrest It conssts of
(1) The mtracardiac 1njection of 10 cc procamne 10
per cent to produce standsill and then manual com
pression to matntain circulation until the heart beats
normally (2) Return of normal heart beat 1s aided
by CaCl and epmephrine  (8) If the chest has been
opened the aorta should be compressed to help main
tamn cerebral and coronary arculation and also ad
1n the flow of the intraventricularly injected drugs
1nto the coronary arculation  (4) The use of an elec
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trical defibnillator may be required if these measures
fail

Throughout the period during which resusatative
measures are bewng applied to the heart artifictal res
Pprration must be given also to ensure adequate oxy
genation and transfusions continued at a more rapid
fate to maintam an adequate venous return to the
heart

Heart Block The disturbances of impulse conduc
tion that are important 1n causing hypotenston are
Sinoauricular block and aurculoventricular block
The former 13 an interference i the transmission of
the 1mpulse origmating 1n the sinoaurscular node
The physiopathology of this arthythmia 15 the same
as for sinus bradycardia and sinus arrest described
previously In sinoauricular block however the in
terference in impulse transmssion 15 due to struc
tural changes in the heart Not only the mamifesta
tions but also the diagnosis and the treatment are
those already described for sinus arrest

Auriculoventricular block 13 an mterruption of m
pulse conduction at the AV node It may be tem
porary when g during or h
or f due to arter syphilis rheu
matic fever or hypertension Complete heart block
gwes rise to the phenomenon known as the Stokes
Adams syndrome This consists of episodes of hypo-
tension syncope and convulsions due to ventricular
asystole  Although the SA node imitates normal 1m
pulses they are blocked at the AV node Since they
are not conducted mto the ventricles the latter 1
tiates 1ts own rhythm in an ectopic focus either 1n
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FIGURE 8

the junctional tissue or in the left or the right ven
tricle At tumes ventricular asystole takes place (Fig
)

Cardiac arrest may occur also 1n heart block due to
disease of the auriculoventricular conduction system
or to caroud sinus hypersenstivity The treatment
of heart block consists of the administration of ephed
nne epinephrine and related compounds ~ Atropine
may be useful in diminishing vagal sensitivity In
the presence of heart block quinidine and Pronestyl
are dangerous drugs and should not be used because
they may induce fibnillation of the ventricle by de
pressing the basic 1dioventricular pacemaker But as
already menuoned :n patsents with previously normal
conductive mechamsms who develop ventricular fibnl
lation eg during surgical operation quimidine or
Pronestyl 15 the drug of chorce

In complete block the rate usually averages about
40 per mimnute and the rhythm s regular  Electro-
cardiographically the P waves have no uniform ume
relationshup to the QRS complexes which are aber
rant The prevention of attacks 1s aided by ephed
nine Durning an attack norepinephrine 1s used intr2
venously

Myocardial Infarction ‘The term medical shock
has been used frequently to describe the clnical fea
tures of severe myocardial infarction  Present are all
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FI6 94 The deletenou, effects of preoperative medica
100 with atropine 1n 2 case of mtral stenosis with hemolytic
anemia in which a splenectomy was performed  Atropme
prevented the vagus from counteracting the effects on the
heart rate of the sympathetic stiumuli induced by the opera

tion

Tachycardia ensued s 1th engorgement of the lesser

arculation which was followed by inadequate llmg of the
left ventnicle and hypotension



64 Hypotension

Ficure 8

the junctional tissue or 1n the left or the right ven
tricle At times ventricular asystole takes place (Fig
)

Cardiac arrest may occur 2lso 1n heart block due to
disease of the auriculoventricular conduction system
or to carotd sinus hypersensinvity The treatment
of heart block consists of the administration of ephed
rine epinephrine and related compounds Atropine
may be useful m diminishing vagal sensitivity  In
the presence of heart block quumdine and Pronestyl
are dangerous drugs and should not be used because
they may induce fibrillauon of the ventricle by de
pressing the basic 1dioventricular pacemaker But as
already mentioned 1n patients with previously normal
conductive mechanisms who develop ventricular fibnl
Jaton eg dunng surgical operation quimdme or
Pronestyl 1s the drug of choice

In complete block the rate usually averages about
40 per minute and the rhythm 1s regular  Electro-
cardiographically the P waves have no umform time
relationship to the QRS complexes which are aber
rant The prevention of attacks 1s aided by ephed
nine During an attack norepinephrine 15 used intra
venously

Myocardial Infarcion The term medical shock
has been used frequently to describe the climical fea
tures of severe myocardial infarction  Present are all
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TR!:ATMENT Therapy consusts of oxygen rapad act
g d 1 1ons and p ‘The
operatxon dcuscd by Trendelenberg for treatment of
pulmonary embolus has had very httle success Per
sistence 1n the use of symptomatic treatment espe
aally vasoconstrictors may be rewarding

Cardiopulmonary Causes Patients with pulmonary
hypertensive disease may have eprsodes of hypotension
during exercise or excitement At such times the 1n
crease i [ y artenal t a
vagal reflex resulting 1n slowing of the heart and
arteriolar dilatation with a fall in systemic arterial
pressure

Other pulmonary causes of cardiocrrculatory farlure
are acute cor pulmonale such as that due to tenston
pneumothorax or mediastinal shift due to hemor
thage etc pleural shock from therapeutic pneumo-
thorax or thoracentesis and hyperventilation

CONCLUSION

The management of shock because of 1ts emergency
nature has been compared with the therapy of dia
betic coma 1n that 1t 15 not enough to start treatment
write orders and return later to see how the patient
15 pr g Some of card latory
failure present the most serious of all emergencies
Probably no other conditions demand such resource
fulness close supervision and sense of urgency during
the entire peniod of treatment The effects of anoxta
are so serious that in severe shock the penod during
which transfusions and other resuscitative measures
may be effective 1s often measured only in minutes
ocaasionally even in seconds but almost never

hours
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