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External Counterpulsation Produces a
Significant Reduction in Stable Angina
Class, Episodes, Medication Use,
and Hospitalization

The authors performed a multicenter, retrospec-
tive assessment of data from 38 patients with
Canadian Cardiovascular Seciety (CCS) func-
Honal class I (n=27), class ITT (n=22), or class
IV {n=8) ehronic, stable angina and document-
ed coronary artery disease who were serially
treated with the Cardidssist TM External Coun-
terpulsation System (ECP) (Cardiomedics, Inc.,
frvine, CA). All of the patients received 30-35
treatments of one hour/day voer a 6-7-week pe-
riod. The ECF System reduced angina in CCS
class 11, class I1l, and class IV stable angina pa-
tients by an average of one CCS class, lowered
the incidence of anginal episodes in 21% of the
pratients (53 of 58], and resulted in a 96% re-
duction in the number of patients requiring hos-
pitalization for angina, from 24 in the 6§ months
prretreatment to onie patient in the 6 months
post-treatment, (CVRER, 2001; 22:154-158)
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External counterpulsation (ECP) is a noninvasive
treatment for coronary artery disease., The CardiAs-
sist™ ECP Svstem emplovs the sequental inflation
of pncumatic cufts about the calves, thighs, and but-
towks toaugment digstolic pressure and increase venous
remrn to the heart, decreasing left ventricular afterload.
Augmenting diastolic pressure increases coromary
artery perfision pressure and possibly enhances eoro-
nary collateral development, resulting in the reduction
or elimimation of the schemia associted with episodes
of angina.

Historical Perspective

The concept of counterpulsation was first introduced
in the U5, in 1953, when Kantrowitz and Kantrowits!
proposed that elevation of aortic diastolic pressure
contld improve coronary blood flow and hencfit patients
with coronary insufficiency. Several early ECF devices
incresed coropary ol Mow and demonsirated be-
modynamic benetits. However. their uscfulness in
clinical practice has been limited beciuse of numerous
ubstacles, including patient comfart, risk of eleciric
shock, and economics. The first ECP systems consist-
cd of o hydraulically driven device with water-hilled
Bilidders that were wiaipped around the lower legs and

thighs.

ECP in Acute Myocardial

Infarction

In 1972, Mueller et al.? first studied the use of ECP
in the treatment of uncomplicated myocardial in-
farction {M1). ECF was associated with increases in
diastalic pressure amnel in coronary hlood Tow,
Later, Parmley et al.? demonstrated that combining
the use of nitroprusside and ECP provided greater
benelits than the use of either agent alone. ECP re-
versed the decrease in diastolic arterial pressure
produced by nitroprusside-induced vasodilatation
and augmented the cardiac index.
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ECP in the Treatment of Angina

Over the past two decades, a number of studies
have suggested the efficacy of ECP in the treat-
ment of patients with chronic stable angina. -7 The
first sham-controlled study, reported by Clapp et al.f in
1974, vaing i predecessor o the corvent CardiAssise™
System, demonstrated improvement in functional lassi-
fication, nitrate usage, and double product. [n a subse-
quent study published in TH99, Aror et ol concluded
that enhanced ECP (EECP#, disrributed by Vasomed-
ical, Inc., Westhury, BYb reduced angina and extended
tirme 1 exercise-induced schemia in 1359 patiests wath
sympromitic coronary arrery disease (CALD): cxer-
cise duration imcreased i both active groups, but
nat significantly. !

Methods

Subjects. Ar Iour cardinlogy practices thar servedd as
study sites (see Appendix), data were collected on cvery
patient treated with the CareliAssise™ ECT" System B
mween June, 1997 and April. 19949 who met the follosw-
ing criteria: age A0-80 vears; angina classificd as
Canadian Cardiovascular Sociery (CCS) laoctional class
11, ML or IV documented evidence of CALD: and 30-55
L-howr tresuments with the CordiAssst™ Svstem, Decu-

mentition of CALD required that a patient have a least
one of the following: angiographically proved stennsis
of greater than 709 in ot least one of the major arerics,
ancl/or a history of M documented by characieristic
creatinine kKinase clevation amd development of O winies
o electrocardiography. Data were extracted from oreat-
ment forms wsed by each of the sites that sdministered
the CardiAssist™ treatment regimen, When the tres-
ment form did not provide the necessary dara, they
were obtained at the stady site from the patient’s com-
prletes medical secored. The soudy sires rowrinely exclade
|1.l|:I.-L‘I11E from treatment if they have any of the Follow-
e S8 class 1 or unstable apgiea; M1 or CABG 10 the
J'I-I'd..‘ﬂi:\{lij'lg F monihs; cardiac catheterization in the pre-
ceding 2 weeks; overt congestive heant failure or a left

verriculn ejection faction of <30%; Blood presare of

=RO00 mm Hy: a permancent pacemaker or im-
plantabbe defibrillator; significant valvabr heart disease;
a history of varvicnsities, deep vein thromhosis, phiehiris,
or stasis ulcers atral fibrillation or frequent ventricular
premature heats; bleeding diathesis; or current preg-
nancy. CCS class [T and 1V patients were seleceed who
were not surgical condidates becinse their conditions
were inoperable or they were at igh risk of apesative
complications or postoperative filure, had coronary
apwatomy that was nol veschily somenalale 1o sich [Friees

{. ﬂ'r.n!L.-LnuE"“.f:EF affers mew JJHPE'_III-I.I'J' chronfe angiita palierts,

BE
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dures, or had comorbid conditions that created exoes-
sive risk. COS class 11 padents were selected according
o the same criteria or if they refused mterventional
procedures.

CardiAssist™ ECP System. The Cardifssist™ System
15 an enbanced version ol the ariginal ECT device
(Coardiomedics, Toc., Iovine, CA). The RYSLET CONSISES
of a console containing air COMPressors, a computer-
i touch screen contenl console, vialves, hoses, and
three sets of culfs. Prior to the beginning of a treat-
ment session, the cuffs are wrapped aroond the pa-
tept's legs and buttocks and Tastened with Veloro®
(DuPont Corporation}. Pressure is applied via com-
pressed air to the culls in the following sequence:
calves, thighs, and buttocks, in synchronization with
the *r" wave of the patient’s electrocairdiogmm, This
propels arterial blood back oo the coronary arteries
and heant muscle. Before the end of diastole, all air is

released simultaneously Trom all cufls by removal of

the externally applicd pressure. This allows the com-
pressed anteries and veins to reconform, reducing vis-
cular impedance, Pressures that can be applied range
from 0~310 mm Hg. Patients in this study received
250=310 mm Hg pressure. Blood pressure changes
were monitored by finger plethysmography. Assess-
ment of the hemodynamic effect of the CardiAssist™
System is caloulated via the device’s Central Process-
ing Unit (CPU). using the svstolic and disstolic peak
wave heights. A systolic to diastolic ratio eogual (o or
preser than 1 (diastolic pressure equal o or greater
than systolic pressure) is generally considered thera-
prutic, In this study, the average diastolic 1o systalic
prressure ratio was 1.1 (high of 1.9, low of 0.4).

End Points. CC5 functional class was determined
prior to treatment and compared mathematically o
the ending CCS class. Angina episodes, rebospital-
ization for angina, and angina medication consump-
tion were recorded daily, During the treatment
pl:riml al =T weeks, evenrs were tabulated and re-
ported at the conclusion of treatments as “increased,”
“decreased,” or “no change.” The average frequency
of angina episodes per day was computed by divid-
ing the total number of angina episodes over a 1-
week period both pre- and post-treatment. In
addition, the difference in frequency ol angina
episndes between pretreatment and the end of
treatment was caleulated as percentage change and
categorized as follows: 0%+, 25%—49%, and
05—24% improvement. Mo patient’s condition wis
waorse after trearment; all patients reated with the
CardiAssist™ System in this study displaved
improvement in at least one of the parameters listed
above.

Statistical Analysis. Analysis of variance, prefreat-
ment vs. post-treatment, was performed to deter-
mine the F ratie, as well as a single variable tese with
a .05 level of significance. Changes in the inci-
dence of angina episodes from pre- to post-treat-
ment and thorough Fallow-up were analyzed by
analysis of variance, and differences between groups
with respect to percentage changes i the number
of angina episodes were determined. Qrher oh-
served factors (rehospitalization for angina, angina
medication consumplion, and CCS classification)
were alio assessed by compuring percentage
changes.

TABLE L. PATIENT CHARCTERISTICS

MUMBER G
Age in vears (mean 2510 (Tl 10k
Bfale 42 [(72%)
Fenale 16 (285
Carmovascuran Hisiors

CCS funcrional class

[1 27 iME%)
[ 25 (40}
v B %)
Previoas CARG 15 {265%)
Previows PTCA I (247%)
Multiple procedures O [ LG%)
CARMOVASCULAR MEDICATIONS

Mitrates 6l (BE%)
COS=Canadian Cardiology Society; CABG =coronary artery bypass grafting; FTCA=percutaneous rransluminal
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TABLE 1L CANADIAN CARDIOLOGY SOCIETY FUNCTIONAL CLASSIFICATION

MUMDBER PRETREATAMENT FLINMCTIONAL L4558

POST=-TREATMENT FUNCTHENAL (LSS

F WALLTE

53 267071

171 £0.465 TAY N 1012

TABLE HL PERCENT [IMPROVEMENT [N ANGINA SYMPTOMS

MUMDBER Bk} Bt s b (=2

5A 42 11 5 |
TABLE TV, AVERAGE NUMBER OF ANGINA EPISCHES OVER 24 HOLURS

MNUBMBER PRETREATMENT ANGINA POsT-TREATAMENT ANGING FYALUE

] 1.59% " (155 =01 LERAIAD

TABLE V. HOSPITALIZATIONS FERE PATIENT OVER 6 MONTHS OF FOLLOW-UP

MuUsBERL PRETREATMENT PosT-TREATMENT rYaLUE

24 ]-ITiDSH (k04 =020 1.02 x 10-16

Results

Patient Characteristics. Of the 58 patients, 54 received
33 1-hour treatments over a T-week perod, Four pa-
tiers received <35 meatments (30, 31, 33, and 343, The
average age was 70 (oldest, $0; youngest, 47}, Forte-two
patients were mitle (T2%) and 16 female (28%), Twenty-
seven patients were G5 class TT (46%:), 23 were CCS
class 111 (40%), and eight were class IV (14%), Twenty-
nine of the 58 patients (50%) had andergone prior
invasive procedures, such as coronary artery bypass
grafting (CABG) or anpgioplasty, Nine patients (167}
had previously undergone muoliiple CARG, percuta-
nenus ransluminal coronary angioplasty (FTCA),
and/or stenting. These data are shown in Table 1

CCS Functional Class, Changes in functional class
are shown in Table IT, The eight class TV patients im-
provesd by an average of 1.7 COS classes (<00 1o 205},
There was a 4% average improvement in the class IV
patients (530% improvement in six and 25% improve-
ment in the remaining two paticnts). The 23 class 11
patients mmproved by an average of 008 class (3000
2.1, the average improvement being 299% (four
showed no improvement, 18 showed 33% improve-
ment, and one showed an improvement of 67%). The
27 class I1 paticms improved by an average of 0.8
class (2.0 w0 1.2} There was 41% improvement on av-
erage among the 27 class 11 patients (22 showed an
improvement of 504, while five patients showed no
improvernent), Al of the eight CCS cliss TV patients,
#4535 of class III patients (19 of 23), and 81% of class

11 patients (22 of 27) improved in terms of CCS fune-
tional classification. For the entire group of 58 pa-
tients. the CCS class was reduced from 2.67 o 171
Crhverall, 84% of the patients (49 of 58] experienced a
peduction in their COCS classifications, while 6%
inine of 58) showed no improvement.

Angina Incidence. Fifty-three of the 58 paticnts (919%)
experienced a reduction in their angina episodes post-
trestment, from an aversge of 1.3922 86 epismdes per
24-hour perind o 0.31=0.57 episodes per 24-hour pe-
rind. Forty-two of the 38 patients {72%) had a significant
decrease in the number of angina episodes and were
caloulated to have achieved 50% + improvement.
Eleven patients (19%) showed a0 25%=48% reduction in
anpgina episodes. while five patients (8%} tell into the
09 —24% category. Mo patient had an increase in the
frequency of angina episodies, These resulis are given in
Tabsles M andd IV,

Hospitalization Incidence. Twentv-three of the 24 pa-
tients (96G5) whao had been hospitalized in the G6-month
period before treatment reduced their hospitalizstion
rate for anging 1o zera in the & months following reat-
mcnt {Table V),

Nitroglycerin Usage. As detailed in Table VI, con-
sumption of anging medication (expressed as the
number of times aken per 24 hours) decreased by
T74%, from an averapge of (MG220.7] pretreatmen (o
an average of 0, 14033 post-ireatment.

157
d



ECP TREATMENT FOR ANGIMNA

CVRER MARCH 2IH1

TABLE V1, SUBLINGUAL NITROGLYCERIN CONSUMPTION PERL DAY

Y

MUMBER PRETREATMENT

Fosp-TREATHENT F W ALUE

Ak 06EL0T]

014005 T894 x 1

TABLE VIL CANADIAN CARDIOVASCULAR SOCIETY FUNCTIOMNAL CLASSTFICATION

congditions and at a normal pace.
Class 1Y

LARS Diescrirmios

Class | Chrdinary physical activity does gol cause anging, Anging with strenuous, rapid, or prolonged exertion
avwork or recreagion,

Clnss T1 Shight liemattion of codinzry activety.
Angina with walking or climbing staits rapidly, Walking uphill, walking or siaic climbing after meals.
Walking in cold ot wind, or under emotional steess. During the few hours after awakening. Walking
more than two blocks on level ground and climbang maere than ome fight of ordinacy stairs aca soesal
paace and weader socomal comditions.

Class I[11 - Marked limitation of erdinary physical activity.

Angina with walking 1-2 blocks on level ground and climbing one flight of stairs under normal

Truabsiliey tor caarry on any miniowal phvsical activiry withewt discomfor, Anginal smdrome may be present at rest.

Discussion

Study Limitations, The sample sioe was relatively small
and this study wis niot randomized or blinded. The long-
term effects of ECP on symptoms and clinical events are
unknown, although it s encouraging that 14=24 months
post-treptiment maost patients continue to have relied. De-
spite the lack of controls, the results actually reflect o
lack of bius, as the stedied colort was a popatation meat-
el consecutively based on sccepred incusionfexclusion
criteria for patients at very high risk for additional oper-
attivee procedures or whose anastomy was not amenzhle 1o
invasive procedures. All patients who met the inclusion
criteria were trested, The hindinges of this stody micror
muny af the recently reparted results of the MUItcenter
STudy of Enhanced ECP {the MUST-EECT trial)," a
prospective, mndomized, blinded siudy,

Possible Clinical Implications. CAL is chronic in na-

re, Normally, long-term suevival can be extended it

same type of secondary intervention/prevention can be
applicd. The practitioners in these study centers rou-
tinely see patients with recurrent siahle angina despite
current or previous therapy with anti-ischemic agents
and varions revascularisition siempes, The patients in
this soady [all into this category and thus it would seem
that ECF may offer an additional treatment aption,

Conclusion

One of the authors' motivations was (o determine il
daily application of ECP therapy in a normal clinical
serting would produce results similar to those obtained
in a controlled, scientific study sewring. Despite (he
shoricomings mentinned ahove, it is comforting to have

Fousred that am ECP systein applied in a real-workd treat-
ment sctting provided excellent results for a large ang-
na patient population. A body of data, including this
smicly, demonstrates that ECP, delivered pneumarically
in a sequential manner via coffs encircling the lower
extremities (calves, thighs, and huock area), is an of-
fective therapy for paticnts with chronic stable angina,

Apfeenalic ELF Comter of Wew ferzey, 42 Threchmenton Avenne, O Bradpe,

N RYET, TGP Nrvada Cardialary Aseciates, 710 N, Tera
Weay, Re 460, Lo Vegas, N ARI2K, TiZ2-252- [0 —Twoson Heard!
Cerongy, 530 Mok Mone, Tueion, A2 8370, 3206864780 —Lirange
Conrdy Thorenr anad Codimasrrder Siegeews, 1270 Werd Seurmed e,
St 5062, Ewmge, 0 S2RGE, P TAG07. 22240
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