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INTRODUCTION

Natural history studies have shown that progressive left ventricular (LV) remodeling & directly related to future deterioration
n LV performance and a less favorable clinical course in patients with heart failure.1,2 These studies have led to the hypoth-
esis that the mechanical burdens engendered by left ventricular remodeling - increased wall stress, decreased cardiac
output, increased mitral regurgitation with increased hemodynamic overloading - may contribute to disease progression
independently of the patient's neurohormonal status (reviewed in 3 Accordingly, several innovative approaches have been
evaluated to address LV remodeling, including cardiomyoplasty, partial left ventriculectomy ("Batista procedure") and the
endoventricular circular patch plasty (the "Dor procedure").4-7 The suggestion that passive containment of the ventricle
might prevent and/or reverse LV remodeling arose from studies in patients who underwent the cardiomyoplasty procedure
and found the external girdling provided by the skeletal muscle wrap more beneficial than the systolic assistance pro-
vided by the skeletal muscle contraction.4 This review examines the role of cardiac support devices (CSD), specifically the

CorCap™ CSD (Acorn Cardiovascular, Inc.™, St. Paul, MN) currently being evaluated in clinical trials.

CARDIAC SUPPORT
DEVICES
CorCap™ CSD: Design and
Implant Procedure. The CorCap™
CSD: (Figure 1) is made from a
mesh-like polyester fabric construct-

ed from a multi-filamentous yarn
with high-strength, fatigue-resistant
properties. The device is designed
with bi-directional compliance to
minimize the potential constriction
while providing a degree of cardiac
support - stretching more in the
base-to-apex direction than the cir-
cumference to effectively maintain
the heart's normal ellipsoidal sh, e.
The CSD's knit construction allows
a smooth fit around the heart with
minimal abrasion ofthe epicardium
and coronary vessels, and its base
material has been used in other
implantable devices with long-term
biocompatibility. Currently, the
CorCap™ CSD is implanted by a
sternocomy, after which the base-
line internal diameter of the left
ventricle is measured at the mid-
papillary muscle level using trans-
esophageal echocardiography.8 The

CSD is secured to the heart with a
series of 4-0 polypropylene sutures
placed around the base. Excess fab-
ric i accumulated anteriorly and
a new anterior seam is formed.
Transesophageal echocardiography
measurements are then repeated
to ensure that the LV end-diastolic
diameter has not reduced by more
rhan 10% compared to baseline.

Pre-Clinical Experience with
the CorCap™ CSD: In three dif-
ferent animal models of heart fail-
ure, CSD implantation resulted in
decreased LV wall stress, decreased
LV pressure and volume (i.e. reverse
remodeling), and i, , roved adren-
ergic sensitivity.9-11 Moreover, in
experimental studies, CSD implan-
tation resulted in decreased cardiac
myocyte hypenrophy, improve-
ments in cardiac myocyte shorten-
ing, favorable changes in LV geom-
etry and decreased myocardial
fibrosis. 12-14

Thus, CSD implantation
appears to reverse many aspects of
the "heart failure phenotype."

Early Clinical Experience with

the CorCap™ CSD: Phase I safety
studies in patients with moderate to
advanced heart failure - either alone
or in conjunction with micral valve
repair, mitral valve replacement,
or coronary artery bypass grafting
- have shown CSD implantation to
be safe and associated with improve-
ments in ventricular structure and
function similar to those observed
in pre-clinical models.!5,'s Initial
safety studies were undertaken in
48 patients with NYHA functional
class III or early IV heart failure, of
either ischemic or idiopathic etiolo-
gies.17 In a second safety study, 29
patients were enrolled at Charit<!
Universitatsklinikum, Humboldt-
Universitat in Berlin, Germany.!$
Twelve patients had the CorCaprm
CSD-only implant while 17 patients
had a concomitant cardiac surgery
such as mitral valve repair or replace-
ment, and all 29 patients were fol-
lowed for up to 48 months. The
LV end-diastolic dimension signifi-
cantly decreased as early as three
months post implant with an even
greater reduction at six months,
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and this benefit was sustained at
one, two and three years of fol-
low-up. LV function also improved
as manifested by an improvement
in LV ejection fraction at three
months that appeared to peak by
six months and was maintained
at one, two and three years post
surgery.19

Safety Issues: One objective of
these early studies was to assess the
risk of excessive fibrosis around the
device and the subsequent devel-
opment of constrictive physiology.
Kleber et al performed pressure-
volume loop analyses in 11 patients
from Charite using biplane contrast
left ventriculography and measured
LV pressures using a Millar cathe-
ter at baseline and at 3, 6 and/or 12
months following CSD implanta-
tion.20 These hemodynamic studies
showed no evidence of constrictive
physiology. Furthermore, pressure-
volume loops were shifted to the
left, consistent with an improve-
ment in LV size and function, and
with no change in diastolic filling
parameters. To exclude any adverse
effect on coronary vasculature and
vasomotor tone, the same patients
also underwent selective coronary
angiography and flow veloci, , stud-
ies using a Doppler wire and intra-
coronary injections of adenosine.
Coronary angiograms were normal
in all patients, with no signs of
vascular constriction, and coronary
flow reserve was maintained at 3, 6
and 12 months.

Acorn Randomized Clinical
Trial: Based on the preliminary
safety studies showing that the
CorC, ;™ CSD could be implant-
ed safely and without excess opera-
tive morbidity or mortality, a much
larger trial was initiated in June
2000. The Acorn trial i one of
the largest studies of its kind - a
prospective, randomized, con-
trolled evaluation of 300 patients
with NYHA TIII-IV heart failure,
of ischemic or non-ischemic eti-

Figure 1.
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ology, who are symptomatic on
optimal medical therapy (reviewed
in 21). Inclusion criteria includ-
ed patients with evidence of LV
dilation (LVEDD > 60 mm or
LVEDD index> 30 mm/m2), and
decreased LV function (LVEF <
35%). Patienrs needed a six-minute
walk test < 450 meters and labora-
tory and pulmonary function tests
within a relatively normal range.
Patients were enrolled in one oftwo
strata, depending on whether or
not there was a clinical indication
for mitral valve repair or replace-
ment (MVR) (Figure 2). Patients
about to undergo a MVR were

enrolled in the "MVR Stratum"
and randomized to either treatment
(MVR plus CSD implant) or con-
trol (MVR alone) groups. Patients
without an assessed need for MVR
surgery were enrolled in the "no
MVR" stratum (or CSD-only stra-
tum), and also were randomized
to either treatment (CSD implant
plus optimal medical therapy) or
control (optimal medical therapy
alone) groups. All patients were
maintained on optimal medical
therapy conforming with estab-
lished guidelines that included beta
blockers and ACE inhibitors where
tolerated.
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Figure 2.
Overall design of the Acorn Pivotal Trial (see text for description). (Adapted with
permission from Journal o f Cardiac Failure 14549).

Trial enrollment commenced
in June 2000 and was completed
in June 2003 after 300 patients
were enrolled. Twcnty-nine centers
in the United States and Canada
participated. Follow-up in the trial
is divided into two phases. The
"primary efficacy phase" starred at
the time of enrollment and ended
when the last enrolled patient was
followed for a minimum ofone year
(July 2004). The median follow-up
will be approximately two years.
During the efficacy phase, patients
are followed at 3, 6, 12 months, and
every 6 months there after. After
the efficacy phase, patients enter
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into the "extended follow-up phase."
Long-term safety monitoring is con-
tinued for each patient up to five
years after enrollment. The primary
endpoint of the trial s a change
in clinical status from baseline to
the end of the efficacy phase, as
determined by a clinical composite
score. Patients are classified into one
of three mutually exclusive catego-
ries - "improved," "unchanged" or
"worsened" - based on three crite-
ria: vital status, the occurrence ofa
major cardiac procedure consistent
with the progression of heart failure
(e.g- heart transplant, LVAD), and
change in NYHA functional class.

Patients are considered "improved"
ifthey are alive, did not have a major
cardiac procedure and improved by
at least one NYHA class compared
to baseline. Patients are considered
"worsened" if they died, experi-
enced a major cardiac procedure,
or if NYHA class worsened by one
class. Patients were "unchanged" if
th, , are alive, did not have a major
cardiac procedure and NYHA was
unchanged compared @ baseline.
Secondary endpoints included mea-
sures of LV structure and func-
tion, exercise capacity, quality of
life and levels of BNP. The results
of this study, which were presented
at the 2004 Scientific Sessions of
the American Heart Association,
showed that CorCapTM CSD
implantation was safe and result-
ed in significant improvements in
patient functional status, LV struc-
ture and patient quality of life.

CONCLUSION

The current interest in devices
such as the CorCap™ CSD stems
from the hypothesis that relief of
wall stress and myocyte stretch could
have important benefits in heart
failure b, ond chose provided by
pharmacotherapy. The Acorn Trial
is the first human study to direct-
ly test and confirm this hypoth-
esis by examining the effects of the
CorCap™ CSD on the functional
status of patients with NYHA class
III-1V heart failure, on LV structure
and function, and on patient mor-
bidity and mortality.

~ REFERENCES

1L Douglas PS, Morrow R, loli A, Reicheck
N Lefi ventricular shape, afierload, and
survival in idiopathic dil.Ited cardiomy-
opath . ] Am Coll Ctrdiol 1989;13:311-
315.

2. Vamm RS, Lirson MG, Benjamin EJ
FErans JC Leiv D, Left teenrvimlar dila-
tion and the risk o fcongestil'e heartfailure
in people without m)'ocardial infizraion.
N Engl] Med 199""-336.1350-1355.

J (21 2110 1 JNIDIIC



3. Comerl S Coech AP. Direct targets o’
phosphoinositide 3-kinase products in
membr,me traffic and signal tramduc-
tion. Trends Cell Biol !998:8:"I-12-
446.

4. £lss DA, Baughman KL, [l'ak PH,
Cho PW: Lezin HR, Gardner TJ
Halperin HR, Tsitlik JE, Acker MA.
Rezearse remodeli,, from c.irdiom yoplts-
1w in human he,lrt fililure. External con-
stritint lersus actizee assist.  Circulation
1995:91:2314-2318.

5. Batista R Partial left Iventricullrec-
blly - the Batist] procedure. Euro j
CardiothorSurg 1999;15(Suppl /):S12-
S19.

6 Dor l; Saab M, Coste P Kornaszewsk,1
Af, .Montiglio F Lefi zeentricular aneu-
nsm: a new surgical ,Ipproach.  Thorac
Cardioicasc Surg 1989;3.:":1I-19.

Sarling RC. Clrdiac surgery for heart
Sililure.  Semi  Thorac ~Cardiol'ascular
Surg 2002, /22-124.

8 Oz MC. Surgical implmtation of
the Acorn  Cardiac Support Device.
Operatilee  Techniques in  Thoricic ,md
Cardiomscular Surgery 2002; ~-10-
JI0.

9 Saavedra UFE, Tunin RS, Puaolocci N.
Mishim 1 T Suzuki G Ema/a CW,
Chaudh,y PA,  Anagnostopoulos P,
Gupta RC, Sabbah HN. Kas DA.
Relase
adrenergic resenve from passive extemal

remodeling and enhanced

support in experimental dilated hezrt
Jailure. j Am Coll Cardiol 2002 jun
19;39(12):2069--6.

10, PowerJAJ, Raman, Dornom A, Farish
SI Bumi! LM, Tonkin AM, Buxton
B Alferness CA. Passive ['entricular
constrtint amends the cowrse of heIrt
Jailure: g study in an ozine model of
dil,ued cardiom yopatlry. Cardiol'llsc Res
1999;44:549-555.

1l Pilla ff, Blom AS, Brockman DI
Ami,%e ventriculir constraint improres
lefi zeentricularfunction and mechmics
in a model ofheart fijijye secondiry b
acute m_weardial infarction. Circulation
2002; 106 (suppl)): 1-20 -I-21 1.

12, Sabb,th HN, Sharov VG, Chaudry PA
Suzuki G Todor A, and Moriti H
Chronic therapy with the Acom cardiac

I (21 200'% | J\IDIIC

mpport dezeice in dogr with chronic he,irt
flillre: three and six months hemo-
dynamic, histologic and ultrastructural
findingr. J Heart Lung Tr,msplant 2001
Feb:20(2): 189.

13. Ranous NH, Paone G Aforit] H,
Suzuki G Haithcock BE, Shiole VG
Todor A, Brewer R ,ind Sabbah H N
Rezase left ventricular remodeli, .
with the Acorn mrdiac support dellce
in dogs with adisanced he,trt Sililure:
r,mdomized, placebo controlled study.
Circulation 2002;106(Suppl-11)(}9),
11-5"10

Lf. Ristogi S Gupta RC, Mishr,1 S Morita
H, Sabbah HN. Long-term therapy with
the Acom ctrdiac support dei-ice nor-
malizes gene expression & alpha-m_josin
heazy chain in dogr with chronic heart
filitlwre.  Circulltion 2002 106(Suppl-
1)(19), 11-384.

15 Aonertz \'F, Kleber F< Dushe S
Hotz H, Stanke K Austin L, Wzsh R
Efficacy trends with the Acorn cjirdiac
support device: two_yagsfollow-up. J Am
Coll Cardiol 2002,;39(Suppl A), 1424.

16. Raman JS, Power JA[, Buxton BF.
Alferness C. Hare D. Ventricular con-
ttimnent as an adjunctiz,e procedure in
ischemic cardiomyopaty:  earfi results.
Ann Thmac Surg 200/; 0.-1124-1126.

L OzMC. Konertz \'F, Kleber F,[| Mohr
F\" Gummert JF, Ostame er |. Lass
Af Raman J, Acker AJA, Smedir,l N
Global surgiml experience with the
Acom cardiac support derice. J Thmac
Cardiomsc Surg 2003, 126:983-991.

18 Konertz \'F, Shapland JE, Hotz H,
Dushe S, Braun JP, Stantke K Kleber
FX Passive containment and reverse
remodeling by a nozel textile Cardiac
Support Device. Cirwfation 2001; 104
(Suppll), I-TO-1-T5.

19 Konmertz ', Sonnt,1g S Dushe S Hotz
H. Efficacy trends with the Acorn c,zvdi-
ac support device: three yaus follous-up.
Circulition 2003, 108: H-36""

20. Kleber FX; Sonlltlg S Krebs H, Stantike
K Rombeck B Konertz \\" Follow-up
m passfre cardiomJoplasry in congestive
heart fililwe: influence of the plssile
Acom Cardiac Support Deisice on left
Leentricul Irfil  iction. J Am Coll Cardiol

21

2004, T (Supp/4), 1434.

Mann DL, Acker MA, Jessup M, Sabbah
HN. Starling RC. Kubo SH. Rationale,
desi, ,,, and methods for a pilOtal ran-
domized c/inic,d triafor the ,wessment o f
a alrditlc support del'ice in patients with
New fork hetllth association class 111-H'
he,mfailure. J Clrd Fail 2004, /0:185-
192





