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External Counterpulsation

Management of Cardiogenic Shock After Myocardial Infarction
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William C. Birtwell; Linda A. Bagley, RM; Jaseph V. Messar, MD

& Twanly patlents In cardiogenic shock following myscardial Infarction
wara lresied wilh sxiamal counterpulsation, Eleven patients dled during or
saan after treatfment. Cne patlent survived for threa days and anather far
three weaks; both died In the hoaplial al campllcallons apparantly unrelated
to eounterpulsation. Seven patlents wers dlscharged from the hospital and
rameined wall. The patienizs who'respended 1o sxternal counterpulsation did
23 wilhin lhe firet few hodra, There seamed to be no Banalll |n applying
counterpulsaiion for more than six hours. Sequenilal analysis of mertallty
atatiellcs Indicated 1hal the 45% sunvlval rate (whick Included the two shor=

term survivors) was a significant Imprevement (P <.01) over the usual 15%

(SAMA 229:1441-1450, 1974)

EXTERNAL counterpulsation (ECP)
=3 methed of assisting the circulation
withaut invading the vasaslar aysieme-
was conceived by our group® and, at
the same cime, By Denpis et al® and
Dsborn et al! We have published
many reparts of redults in bath exper-
imental animals and mermal valun.
teers during the last ten years.-"" Qur
studies have shown that application
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of a positive pressure pulse to the
lower extremities durng cardiac
diastele can raise the diastalic pres-
sure by 40% Lo 0%, while releasa of
pressura or application of negative
prezzure during cardisc systole can
lower the aystalic pressure by about
2%, Studies in narmal voluntesrs and
in animals have indicated that ECP
increaszes the wencus recuen ta the
hear: because of the unidirectional
vaives in the peripheral venous bed.
In cardiogenie sheek sccompanied by
myceardial ischemia, the Increased
caranary Aow that ECE provides may
impreve cardiae function and thus in-
directly affect the hemedynamic re-
apanse to ECP.

This report describes a eooperative
study=conducted over & year's lime—
in which 20 patients aufering frem
eardiogenic shack following myocar-
dial infarction were treated with

‘ECF.

Managamant ¢ Cardreganic Shocx=5araf &1 4l

Maihada

Selection of Patients.—Feour women
and 16 men, ages 47 1o 73 years (an
average of G3), were referred by phy-
sicianz from nine differenc hospitals
Each patient's condition prier ta ECF
iz summarized in Tables 1 and 2

The diagnosis of cardiogenic shack.,
made initially by the referring phvai-
cian, was based zolely on conventional
clinical criteria: recent myoeardial in.
farction, lew syateliz bleod pressure
{E} mm Hg or less), cligurda (urine
autput of 30 mishr or less), cold and
clammy skin, and mental lethargy or
confusion. (Meszsurements of was-
ables such a3 cardiac index, although
very useful, wers not available ta va.)
11, despite Aluid-loading, a patienc re-
quired drigs for more than four haurs
to maintain 3 syatolic pressure of 20
ta W mm Hg, the patient was can-
sidered a candidata far assistad circu-
lation. Similarly, if diurstics in-
creased the weine putput bui the
arterial pressure remained low, the
patient was tpeated with ECPE We
did not execlude any patient whose
phyaician thought that a tral of ECP
was warranted and whose condition
Tulfilled aur critera.

Treatment Pratocel.—0Our ECP team
was penerally able to assemble at a
patient's bedside with the ECT equip-
ment in less than an hoor, althaugh in
some cases we took as long as owo
houes. Meanwhile, the medical per
sonnel in immediate charge of the pa-
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Table L.—Patlants’ Conditlan Prigr 1o External Counlarpuleallon
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tient began to carry out the following
procedores:

L If necessary, a transvenous
pacemaker was inserted for contral of
heart block. Digitalis was given if
needed. Andisted ventilazion through
an endatracheal tube was provided if
oxygenation by mask or nasal cathe-
tar proved inadeguate

2 Urine volume was messdred
hourdy,

4, A cathetar was insertad Lo mes-
iure contral vepsud pressure. (In s
faw cases & Gwan-Ganr catheter wis
nsed to measurs polmonary artery
wodge pressgre )

4 If the central venous presmore
waa below 10 em H,0), the patient was
challenged with 150-ml aliquots of

JAMLA, Segrt W THTL & Vol 229, Mo 11

Auid over & one-hour peried in an at-
tempt to increase the preload of the
left ventricle. For monitaring of arte.
risl preasure, & polyathylene cathetar
(14 to 1% gauge) was inserted into a
radial artery through an incision in
the skin.

b. Arterial lactate lavel, pH, carban
diozide presaure (Pon,) and oxygen
presaure (Po) wers detarmined {re-
quently. Metabolic acidoais was cor-
rectad with sodinm biesrbonats.

When the ECP team wrrived, the
masint gyziemn was placed around the
patient's lower limbs, and ECP waa
spplied for up to two bours. ¥asopres-
sor therapy was discontinued wa soon
is possible—in most cesed withio 15 ta
3 minutes, [f the bemodymamic re-

Managemert of Cardlogenic Shock—Soron of ol

outpedt [mUfhe] Immadintaly preceding ssalar,

sponse during ECF was less than ap-
timal, several measures couid be
taken. Fluids (5% glucose in water ar
lactated Ringer salution) wers sd-
ministered until the venous pressurs
roae to about 15 em H,0. Steroida (2
gm methylprednisclone sodiom sued-
nate] were given to inerease the
vasodilatation, and if this was inef-
fective, chlorpromazine {10 mg in-
traveooualy} was given. In moat pa-
tients, mephentermine sulfate (500
mg/F ml} was slowly infused dur-
ing the [ast 15 minutes of ECP to en-
aure an adequats peripheral vasomo-
tor tene following the "wssist.”

If a systolie blood pressure of at
lezat 30 mm Hg could oot be main-
talfed without vasopressors, ECP
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Fig 1.=Improvament in hamadyAamic ePecis of axpasmal counterpulisation wilh positive-

Curing Treaiment

Positres Pasitiva and Magalva
Pressure Prossuro
Algna

Aagative pressure Mode as compared with pasilive prossure sicne.

wad applied for additional twe-hour
periods until the bloed pressure was
srable o the patient died

Mode of “Assisr."=The ECP equip-
ment ased in this study i3 2 salf-con-
tained, partable conaole that provides
far monitoring of presaure and olec-
trocardiogrTam. The patient remains
in bed while the actuator and pres-
sore envertar are quickly placed
around the lower limbz. Nondistensi-
ble seals attached to rgid, conical leg
housings with hinged eovers allow ap-
plication of positive pressure up ta
250 mm Hg and negative preasure to
=3 mm Hg over the surface af the
limba,

Initially, with a patient in shoek,
only the positive pressure pulse ia
used. The positive pressure is slawly
increased during eardiac dinstole un-
til & maximum effact iz abserved an
the diastolic pressure. This i usually
achioved with the machine operating
at & phanic pressure of 0 to 200 mm

-

Onee the vascular bed has been ase
tively dilated, and an adequate intra-
vascular volume j» ensured, the podjs
tive-negative mode of aasist ia begun.
With the machine operating at pres-
sures varying from =30 mm Hp dur-
ing cardias sysiole to +200 mm Hg
during curdipe diastele, the be
modynamic responss may be greatly
improved, as jllustrated in Fig 1. Of
erucial impartsnes, with sither mede,

T4E4
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ia the synchmonization of the countar-
pulzation pump with the action af the
heasrt ™

Evalusdon of Clinical Response,—
MNomsurvivers were patients who died
during ECP and those wha showed
samé reaponae but died ssan after, In
the latter eategory were patients
whoae peak systolie pressure eonld be
maintained at 90 ta 100 mm Hg =ith-
cut vasopreszars for leas tham 48
hours aftar ECP,

Patients were considersd ashori-
ferm surizors (f the blood pressure
waa mormal srithout vasopresssrs for
at least 48 hours, if tiszue perfusion
waa adequate [aa refdected in urine
output end efinical appewranca) for
the samea period of time, and if the ui-
timate cause of desth was noncarding
in neture

Patients were considered long-term
survivery if they were eventually din-
charged from the hespital,

Sequential Analyals of Mortallty Sta-
tsticy.~To determine if ECP could ba
considered substantially better than
current appeoaches to cardiogenic
shock, we used & sequential design—a
uzeful technique when the number of
subjects is limited and studien must
be dome in a clinical satting where
there &0 oo practical poeaibility of
having adequate controls ar whers
the referring phymicians consider a
paired-control design unacceptabie A
decailed explanation aof sequential

analysiz ia given in a classic hook by
Wald" and in ether ststigtical toxty,

Resulis
Of the 20 patients, 9 (45%) sgr-
vived—1  statistically  aignifieant

{P<01) improvement aver the usual
10% to 20% survival cate™ (Fig 23,

To determine whether the surviv.
ors had been at lasa sk than the ron-
survivars before ECP, we calculated
each patient’s Peel [ndex (Table 1),
This index,” a prognedtiz tool for
grading the severity of an infarer,
takes inte account & variety of fictom
that affect martality=-age, sex, his-
tory of keart didgesae, and immediate
problems such as shoek, cangestive
heart failure, electrocardicgraphic
changes, and acrhythmias. Mermally,
2 peraon with an indax of 20 or mare
naz less than 3 35% chanee of surviv-
ing. The average Pes] Index of our
survivars was 20, and the average of
those who disd was 21,

The average age of the survivers
wad &4 vears; the average amang
thoze who died was 82 vear.

Thare was fittle diferenze between
survivard and nonsurvivors with re
Aggt to aither the losation of infarce
or assoeiated factors such as previous
infarction. Four of the {1 patients
who died and three of the nina surviv-
ors had had previous ipfarcsions.
Eight patients who died and five wha
survived were in desp mma when
ECP waa begun. X-ray films showed
that almost all the patients had pul-
monary edema, cangestion, or areas
of pRsumonitis

Arthythmins sod Hearr Block.—
Eight patients wha died and eight
who sumived (Table 1) had varjous
forma of awrrhythmiss befare ECP.
There were four instances of partiz!
heart bleck in the deaths as compared
with two in the survivers, and thres
instaness of complete heart block in
the deaths 23 compared with one in
the survivers. Five patients who died
and four who survived necded pace-
makors before ECP waa begun.

Croset of Shock and Timlag of Treat-
meat—The [nterval (rom the time
that the diagnoais of thook was made
to the start of ECP averaged ten
houtn for the deaths snd 3% hours for
the survivaers {Table 2). All the pa-
tienta weare given vasopressors when

Managemen o Cardioganic Shack=Sarar at al
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shock was disgnosed and were on &
regimen of vasopressory when ECP

was begun” 77
Phurdological Measmements.—Arte.

rial blood pressurs, taken by aphyg-

momanometor at the time of the
dingnosis of cardiogenic shosk, aver-
sged 59/47T mm Hg io patients wha

JAMA, Tacd B, 1874 = Yol 229, Mo 11

died and B5/57 mm Hy in these whe
survived (Fig 3). The aversga aystolic
pressura of the survivors was signifi-
cantly higher (F<.001) than that of
the dying both befers and during
ECP. Both wurvivers and deaths
showed similar inereasss in systalic
pressitre during the asaist, but st the

¥ Menagemaent of Cardioganie Shock—Sorott at &l

tima ECP was begun, the patients
who died were in more profound
sheel than the gurvivors. The averags

.dinstolic presmrs of the survivars was

also significantly higher (£<.01} than
that of the dying both before and
during ECP.

Average ceotral venous pressure

L]
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*ECP Indlcwtme exrerral ssmtermolmtton,
TRecquired ECF 24 hr after Arwe paried of susiet courss of gecond trwatrrast described In “Resiits.”
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Segquantial Analysid el Survivars
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Gwar CUrrent rate! a rapresants predabiliy of AFTCResULly Fejeching extiernal
countarpulsadan (ECP) & 2 benadicial reatmant; end § feoreasn (§ progsapfity af
arfonecusly accepiing ECP g3 a baneiicial trealmani. Lira H, marka PoirE at whnich
unfawaracie Rypolhasis shauld oe acgagied (ie, there 18 A0 substantal Impravamans ia

Suraval rate whan ECP ia usaoh Ling H, taprg
should e accaprad (is, ECP should b can
Ihaérapeulic i8cnnigues) As sach Sansacyii

ERnL3 pairts At which (avorasie hypaifesls
didered an imgrovemant avar swndard
8 Pallant wai Ireaind, an appropdisle padnik

wit gloted on the graph, and at BECA POINT it was gacidad whather 12 continue our

studhy,

wis 13 em H.O in the deaths and 14
em H,0 in the survivers, The difar.
£nce wad not statistically significant.
As might be azpected, however, tha
central vencus pressure of the aurviv.
ars fell to 11 em H,O during ECP,
while the average n the dying was 20
em H,O (P<.05).

At the time that shock was dizg-
nased, the urine sutput {¥V, in Table 2)
averaged 10 mlshr for those who died
and 16 ml/hr for the survivars, Flujd
therapy was ‘intensified at that time,
and 15 of the patients who were
aliguric were given diuretics, Nine re-
sponded, and by the time ECP was
begun, the average urine output [V,]
was 15 mlshrin the patients who died
and 67 mishr in the survivers,

Blochemical Messurements.— At tha
time of diagnosis of shock, the sver-
REe arterial lactate comeentratiom af
the patients who died was 32 mg 100
ml whila that.of the survivers was |5
mg/100 ml [Table 2). During ECP, a3
the clinical condition of the survivers
improved, the lactate levels (il
slightly, but in those wha died the
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level rose to 38 mgs100 mi (P =<.08),

The pH and Po, of the arteria
blood were similar in theae who died
and in the survivora at the time shock
wis disgnosed. The average Po, of
the survivors incressed during ECP
to 35 mm Hg while in those whe died
it remained unchanged, but the dif-
ference was not statistically signifi-
cant because of a wide scattar of tha
data. The Pea,, however, was signif-
cantly lower in those whe died than in
the survivers befarp ECOP (P 0G)=
perhaps reflecting a COMpanaatary
mechaniam  for metabalic cidoais,
gince the pH of the blood was similar
in both Eroups.

Quallty of Counterpulsation.—Our
criteria for judging the effectiveness
of ECP are given in a footnots tg
Table 2. [n general, the hemodynamic
TRIponss o counterpulsation was
good even [n the patients who died
The augmentation of their diastslic
Pressure during aasist was COMmpa-
rable ta that of the survivera (Table
3). In the deaths,.the sverage dias-
tolic pressure was raised only to tha
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level af the systolie Presqurs (S0/E5
mm Hg) In the aurvivery, the aver.
ape blood pressure was 109114 mm
Hg during ECP,

Erternal counterpalastion was car-
red out for an aversge of L4 haur in
the patients who died and an iverage
of three hours in the surviver Thres
patients who died (Mg, 14, 16, snd 20)
had caunterpulaation repestadly—in
one case for a total of 15 hayrs (Table
d). Amang the survivors, the langest
total period of ECP was five hours

Course of Patlents After ECP.~Tahla
4 summarizas each patient's condition
after ECP, and the available poat-
mortem findinga in the cases of thoss

. Wha died,

Patients 2, 13, and 17 initially re-
spanded well ta ECP, and VASOpressor
therapy was discontinued. Hawever,
they became hypotensive several
hours later, and when ECP was resp-
plied for one to two bowrs it was not
effective. They all died aither during
ar soon after the second period of
ECP.

Commani

Patleat Selection-One question
raised hy any study auckh ay this [g
whether the patients wers represent-
ativa of the genera| papulstion of car-
dicgenic shock patients A related
question in whether thers werg ATy
Important differences betwesn thosa
who died and tha UTVIVOrE, A5 B Te-
lt of unwitting biases in patient
selection or variations in initia] trest-
ment. [t happens that the twa Eroups
wern of almost the same ags rangme,
their chaness for survival, based on
the Feal Indax, wera virtually identj-
cal, and the types of infarction wers
timilar in both groups (Tabls 1). The
sequence of entry into the study did
nat influence whether the patient
lived or died, nor did it seem to mate
ter which of the nine heapitals & pa-
tient was treated in. The hospitals (n-
elude both uwnivemity-afiliated and
eommunity-hased institutions, sama
without house staff, Furthermers, tha
hoapitals are widely scattersd and
therefors serve different types af pa-
tient papulations in tarmy of socioeac
nomic strata and recial and sthnis
ar g na.

Some might think that the deme-
gTaphic heterogeneity of the patients
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and the variability in Initial treat.
muent edl doubit an Lhe validivy of sur
data, but in ocur epinion thess are
sirengthening factors since they min-
imized the paasibility of our patiencs,
a5 3 group, being either unoavally re-
siztant ar unuavally vilnerabla ta the
sequelae of @ myoeardial infaretion.
Disgnosis of Cardiogenie Shock.—
Anather question that could be ralaed
ia whether all of our patients ware
truly sufering fram pump failore or
eardiogenie shock, and whether 3l
standard therapeutic measures had
been exhausted before ECP was
- tried. Tablas | and 2 show that 3] the
patienta had indeed met the waual
clinieal criteria af cardiogenic shook
and that gvery cffort was made 1o
treat them by standard procedures.
Future studies in 2 cancrailed envis
ronment obvisvsly should inelude
fezqurements of eardiae autput and
pulmenary eapillary wedge pressures
4z eriteria far apoliestion ef FCP

The diagnoaiz of cardlagenic shock
or pump failure cavers dogroas of se-
verity ranging fram mild ta terminal
pump failure. Altheugh the diagnosis
of cardizgeniz sheck was made in
#ach case aceording to the eritaria
atated earlier, it i3 clear from the
data that in geseral, the patients who
did nat survive were in desper shoek

‘than thase wha did.

Even though the Myscardial In-
farction Research Uniws (Mational In-
stitutes of Health) have established
precise, quantitalive eriteria for diag-
nesing eardiogenic shock, most haagi-
tals are nat équipped to make the nec-
84%ary moasurements. As 1 rule,
physicians must base their diagmoses
o clinieal judgment, Far example,
urine valuma is generally conaidercd
1 good Indicator of renal perfusion
presaure, [n cur patients, wrine oue-
Put at the time of diagnoais af shoek
wid 0 ml ke or leas, but many of the
putients respanded o diuretica and
Auid-loading, 3a that by the time ECP
was begun nine of them had 1 erina
autput af over 0 milske Al of therm,
howevar, were 31il] suffering from
cardiogenic shock s evidanecad by low
blood pressurs, nead for ¥a3apreasacs,
clammy skin, and mental enn fusjan,

A major preblem in planning the
management of patients in eardfo-
genic shock i3 tha difficuley of quickly
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determining the underlying pathos
lagic lesion. Don Mishael et al o
in & rotrospective atudy of 100 pa-
tients dying of eardiagenic shack see-
andary ts myoeardial infacstion,
identified threa subgroups whess clin.
ieal eourses redected faidy distirect
abnormalities. The Arac subgraup
(57%) had difuse exrdiec iechamia
with leas of function in & major por-
tion of the myocardium. The seeand
aubgroup (15%) had & specific and lim.
ited  mechapicsl lesion provaking

shock. The third subgroep (225 Eiva
a histary of & previcws jafare=icn, had
cardiomegaly, and hud § [[rmized hut
eritical infaretion in an alrandy
grossly damaged ventride We think
that early application of ECP might
help ta presarve mycessdiyl f==ction
in the flrez end third [rotps Ay des
cressing myoeardial axygen requin-
mants end inerewsing the cronary
callataral eirculation. Srperimants in
oy La.hun;nq-* whawed thyt r=s fupe.
tlon of an fschernic portop of roa lefs

Managemant of Cargloganic Shoes Goemt # U



ventricle could be preserved and pro-
tected by early application af eoun-
terpulsation. Ia 3 cantrs! group, a 45
minute pericd of ischemiz irrevers-
ibly damaged 35% of the jschemie tis-
sue. When counterpuldztion weas ap-
plied during the izchemic period, cnly
2% of the tizsue was irreversibly
famaged, and whea 2 45-minute pe-
ried of eounterpulsation preceded the
4-minute occlusion, only 48% of
the {nvalved tizsue was irreversibly
damaged.

Timiag af Appllcation.=%e beligve,
en the basis of cur arperimental
data," that the seomer eountar
pulsation i3 applied after the snset of
2 myeseardial infarction the more ef-
feetive it will be In protecting the via-
bility of the myocardivm, In bath the
survivers aod the deaths in our study,
the averaga delay, from the time that
shock was diagnessd to the time tha:
ECP was begun, was abaut nine
bours, Tdeally, ECP should be inaci-
tuted within two hoors

There s glza seme evidenee that
ECP may aventuslly become an jm-
partant toal in prevention of myoesss-
dial infarction. In ana EXPErimant,’
wr groduced diffuss comanary opesly-
sions by injection of microapherns
inta tha coronary arteries. When EOP
was applied before the injection, 15 af
A0 animals [50%) seevived, and when
ECP waa applied immeadiately after
the injection, 12 of 25 animals (43%)
survived, compared with anly 11 of 41
(27%) in & control group. The diffar-
once ‘wa3 mosr notizeshle and was
qatiatically  significant at  higher
doses of microspheres. Pestrmortam
COFBAArY Angiograms suggeated that
the lower martality in the cownter-
pulsated groups waa associated with
the opening of collatera! coranacy
channels. This concept is being &x-
tended ta the study and treatment of
patients with sngina'*

Pregoostle Slgnificascs of Yardous
Mewsurementsn—'Wa  szamined the
data ta determine If there were any
important differences between the
qrvivors and thosa who died that
might sarve in the future eslection af
candidales for ECP,

AL tha time of the diagnesis of car
diogenie shack, the peak syatolic pres-
fure wea significantly higher in the
aurvivarm than In these who died
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(P<001), and the central venous
preasurs was somewhat lower. Al
though there was little difference in
trine output at the time of diagnasis,
urine output in those wha died did net
reapond to adminfstration of Auids or
divretica and became subatantizlly
lower at the time ECP was begun.
Arterial lactate conesntrations and
arterial blocd gases wers similar [n
both groups at the time af diagnoais
During ECP, the rise in both sys-
tolic and diastalic pressures was alg-
nifteantly greater in tha survivors
(P<.001). Central vemous pressurs
fell in the survivers but remained
high In the patients who died
{P<.08), Artarial |actate lavels rose to
in even higher level in thess who
died, but f&]l in the survivor [P, 05].
Effectiveness of Counterpuleation —
The effectiveness of csuntersuliation
can be judged by the degres of dias-
tolic mugmentation that is schjeved
If the disatslic presaure can be mised
to tha level of the syatolie pressurs, it
indicates that the driving pressurs In
the cordnary vascular bed (s greatly
impraved. Experiments have shown
that the coronary veseular resistages
8 somewhas redueed durfng coantar-
pulsaticn=gn irdicstion that dos
mant collataral chanpals may be
apened during countarpulsation,
Thearetically, the advantagn of tha
external approach to waisted dreyls-
tien is that the application of & posi-
tve pressure ta the lower extremities
during eardias disatole couses & de-
crease in the transmural pressurs and
Crédles & preasurs wava that is trans-
mitted in & retrograde fashion ta the
toot of the sarts, Tha releass of this
pressurs, or the spplication af DELR-
tive pressurs, during cardise ayatole
cildey a0 [ocreass [n the transmess)
pressure that ssrves Lo decrssss the
peripheral resistance. When the er-
ternal pressure is zape (je, atme-
pheric pressure} dusing cardiss ays-
tole and 150 t9 20 mm Hg during
carding disstola, the decrenss in 1=
tolic pressure is anly about 5 ta 10 mm
Hg.* However, whan & oagative pros-
sure of =25 ta =50 mm Hy ls applied
during cardiss systols, the decrasss in
dyatalic pressurs s about 25 o 30 mm
Hg. In patienta in shock, it 15 eften
dificult to decument this decraasas in
the systalic pressurs an & beat-by-
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beat basis becanse the mesn Eyetalla
preasiure tends to ineresss w the pa
tient begina ta recover. The decresss
In syatolic prewure has, bowever,
been well documentad in normal val
untesrs, !

There is ansther theoretical pdvan-
tage of aperating the suaist devies [o
the positive-negative mode if the pa-
tient is In profound shoek. The degree
ta which the disstaliz pressurs can be
augmented is limitsd by the voluma
af the arterial system of tha lege. A
negative pressure spplied during cas-
diac aystale tends to [ncrasss the Al
ing of the peripheral arterial bed
With the subssquent compression of
the full vascular bed during diastala,
dlastolic sugmentation is improved

Rexpanse of Pafeats to ECP.~Se
queatial analyzisof martality statis-
ties indicated that the survival racs
waohtained was & statistically signif-
icant improvement over the currant
survival rata® in cages of cardlegenic
shock. However, the sequantia) azaly.
5is was not desigoed to quantify the
effectivaness of cur treatment Mors
armiully cootrallsd stedles  ars
aeeded to forther chars-tar{rs the
Uped of patlents for whem ECP
would ba most banadelal snd to dacar
mine if patients whe respond ta ECP
might aurvive eardicgeniz shoek with-
out the mesise

Honetheleas, fram AITAr 8y
guined to data, it {s waually peaaible ta
foreses the ultimats cutcome [n & pe-
tient early in the course of ECP. It
4 patient does not respond hemody-
bamically to counterpaleation despita
sdequate Anid-leeding and the uss of
vasodilatery, the progmoais is mawally
grave. Tha resporss ahould ba notics-
eble within 45 minutes after the gtart
of pesitive-negative pressurs nasist
and sppropriats sdjunctive tharapy.
Patiants who show 2 dramatle e
apanse within 45 minutse—that |y, ele-
vation of dlastolle pressore above tha
systolic lavel and & gradual rise of
mesn and pesk systolic presere-
Laually survive the period of pump
fallure. With patlents who show a
good but mot excellent reaponss—ale
vation of diastclic pressurs ta the
lavel of syatolic pressurs and & amall
ries [n systolfc pressure—[t (s dlfMenlt
ta asssns their chances for survival
untll savaral hours have alopesd As
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can bagaen fmm Tabla 7, semo af tha
latter patients survived and some did
not In two patients (Ne. 16 and 20)
ECP was prolonged to no avail, [t ap-
Pears Lo us, an the basis of aor eup-
rent data, that if 2 patient haa nat re-
sponded to external caunterpulaation
by six or ar most eight hours, gasistad
circulation will not be adequate ther-
apy. The only reasanable alternative,
al that paint, may be correstive caro-
RAFY artery surgery=—an approach
that we belleve should be reserved
uneil assisted erculation has been
tried, [n patients who recover and ars
discharged from the hospital, long-
term follow-ug studies are needed Lo
dsgeesy bath Lhelr residual eardiss
function and pessible sequalas such 2
mitral insufflefency or veneefeular an-
curyam that arg amenable ta corress
Liva surgery,

This investigation was wappored ln part by
rrada fram e Generd Chirlea) Rysgares Cane
tars Pragram of the Division of Rasserci Rae
surces, Hational Tratituces of Health (FR-543,
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Buran Paleseky, Rlchard 3. Sagnaats, Thomaa
d. Rysa. Gordon A Seunders, Jume J. Sldd,
Zamual Stawert, wnd Theodorm Waltuss,

Robart Lo Harien, Jaks Calémen, Frank Gras
ham, Hubar Haigopiaa, and Hamld 3 Sauar
halpad dasign Lha 0 sqHipmant
usaid [5 18ig itudy. Jarey Lo Jones sad Blelzs C
Trvut aided in eardiee esthatergation siedies
and in hicchamicl piodisn Phyllls Cxilds per
for=ed Bachemimml determing and helped
with doid vnslypie Sheils OConmall nd Gad
Wigad bt ud marfermaed speein] nurlagp funclions.

This slady waa cirrlad gul in moperution it
Boaeon Cliy Hospital, wnd Poier Begt Bripham
Hempiral, Boaton; Cardlest Cushing Caniral Hos-
pitel, Brochiton, Wasc Framinghas [aion Hose
pital, Frasisgham, Maesy Jordes Hespital,

TPlymauns, Musa: Wilfesd  Howpiad, Milfaed

Mase; How Englasd Madical Centar, Soacsns
Hawtan-®alleadey Hospital, Mawion Mass: T
Elizabyth's Hoapitsl, Brighton, Mesm: wnd
Srmmes Hospiead, Acfingion, Misi

Honpreprialary Mames ard
Trademarcs of Druga
Chlorpromarice— Thorsineg Clor-Pr Crewalks-

" Pursssmide—Laris.

Eihicrrnic peid= Edacrin,

Relarences

L Bimwell 'WE, b al: Assisced Srmulatics: W,
U af longm wn puzpe Michod for maadacing pujb
=manary bleod fow by varring diresy prosscrs
srnchronoualy wity EXG. Tram Am S Arif
fnlrrm Organs B152-201, 1561

2 Dwnois C, ot il Stucdlas o2 arternel couniaes
puleeiicn as putentid Sewurs £5F soite leE
heeri fulluse. Troag Am S Aeif faiers Crpana
FrLB=1RE, 1541,

+ Caborn IS, Main FB, Gerbels FL: Circala-

Lery mipport by g dar sireuy puless (& szper.
manlil mitral lesafsany. Ot 2751
TRI, 1ML

L Berell HA, st ol Srochmemy arrers ep
Silatory ualie, Trane Am S Araf futers Op.
pans TSI, 1964

L Gipsy P'_-r.n.h.l.-h-idm:uh-b;qﬁ-
eransg puliseiss of exiramarad Bremarh Swes
Py B9 S3L 1968

L Ruiz U ot ok Asiisted drenlacles by rys-
theitow pulistion of artmasal ey, S
Thera Cardivvass Sury SEATIAE, 194L

To Hishimurs A, a0 ol Evilostion of eslluiary)

Wgply by dirscs massiramist of U pars
farmance af lefamic myoesrdisl mussle. Trns
Am Soe Artif interen Orpana ThcdSo-isg, L.

L Antabl B et ik Exparisanial arilakiion gf
#TLarTal Orodsiary maie ke § Eeslmi=t (5 e
enary oeluaien, Surp Farum 30106155 1970,

. Cloatiar CT. at il Tha PhTiialogis afecta af
rechronss wriomal droclslory mislines |a
Pl b8 cardlsgesis shoer  Swry Ferem
STIETA134, 1971 Ll

H. Zarof H, ab ol Baparimesial pad dinic
sudlem ln asicted mrmilytiog Trearplanisllen
Froe L1485 1433, 1971 !

IL Jorsd MT, g ak Asalicsd dmsletlon §1
Efects of sunterpuliacing 4g laft wstrailer
SETENS Sliumpiion rad bemedyeemio, Ol
Lrpiom ':.‘.‘!E-TI-I., ImEd, 3

L Wil A Sagurmiial dnafnis New Yark,
Wiley Babiluhers 1547, »

L Thubiz H, Wed MH: Tressest of shock
smpliodtieg sty myocrdial sl Prig
Coradineic Do L5084, 1947, |

I Peal AP, okl A enevdary pmgresils ja-
cax for prading the sererty of [afurcioa, S
Haary £ 3:TO-760, 141

L& Dom Michesl TA, ot el [Zenilfescion of
ellAleal sabwans in curdiopasle sheck, 4m J Cire
dial 25594, 1572 .

1L Banwa 3, ot al; Evalostiog of axtas=al
Sausbarpeliailon for b et et of mevics pa-
Floa  pamor Cirmadiarion of &
S 0T, 1972

Albert Elnstele, bern in Ulm, Ger-
many, in 1879, efectod the ETRAL-
est revolution in sclentifle theory
since Copernicus, Ha evolved his
“apecial” theary of relativity in
1205 while he war an examiner |n
the patent affles at Berne, Switzer
lard, whersas his "geperal™ the-
ory, invelving & new concept of
gravitation, was complated abeut
1315, Einaceins main contribu.
tions were his theory of relativiey
and bis work related to staristical
mechanies and the quantum theary
af radlation,

il Bl

| e L

He was appointed & professor at
the University of Zurich, Switzar-
land, in 1909 and at the Deutscha
University in Prague In 191L In
1913, he became o professor at the

University of Barfin. Later, ha
emigrated to the Unitad States,
where he spent tha rest af his Jife
it the Tmatituta for Advanesd
Study in Prisicatan, MJ. He dised In
1355, and his contributicns paved
the way far the atamis age, and
arn the hasis for much of the madi-
cal work done with the atom.

He hai been henared philatel-
ically by Israel, Paland, Parsguay,
and the United States Tarsal -
(Seott Moo 11T) hoporsd bim In
1964, shartly after his death —M.
A Shampe aod B A Kyle
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