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Metabolic and Cardiac Assist Technology and Other Scientific Realms

Ischemic dilatative cardiomyopathy and aneurysms

of the left ventricular cavity:

transplantation vs alternative surgery
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ABSTRACT: Patients with ferminal end-stage heoard failure due to severe coronary disease
associaled with dilatative cardiomyapathy have an annual monality of 30-50%. Between July
1997 and December 1999, 21 patiants at the University Hospital in Frankfurt, and 25 patienls
from Skopja underwent folal circular repaic with simultansous coronary artery bypass. (Int JArf

rgans 2002; 25: 407-10)
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INTRCDUCTION

Fatients with terminal end-stage heart falure due 1o
severe coronary disease associated with dilatative
carciomyopathy and low gjection fractan (EF= 25%)
nave an annual mortality of 30 to 50%. thus making

‘em the best candidates for heart transolantation and
firtificial heart. Transplantation has already been
established as a last resart and its application has baan
further limited because of! dencr shortage (13, world
wide cultural-econamical constrainis and limited
applicability in older patienis aor those with comarbid
diseases. While the artificial heart is suppased to be
free from such limitations, a totally implantable device is
nol yet available for unlimited use (2). These problems
oblige us o search for ancther surgical stratagy o
manage patienls with end-stage heart disease.

Increased wall stress and afterload [Law of Laplace)
A5 the ventricular wall expands due to infarc

expansian. the siress on the ventricular wall increasas
According o Laplace's law, the wall stress on the ventricle

is equal ta the pressure limes the radius divided by two
times the wall thicknass (3). Mathematically, the formula is

Pressure x Radius
2x (Wall Thickness)

Wiall Stress =

Infarel expansion dramatically alters ventricular wall
stress by increasing the radius of the vantricle and
reducing the wall thickness of the ventricle 3L
Afterload on the ventricle is defined as the arterial
blood pressure plus the walls stress of the ventricle As
wall stress increases, aflerload increases, and as the
afterload increases the myocytes have to work hardar
to centract and oump blood to the arterial systam.

The increased work by the ventricle causas greater
demand for axygen and nutrients to the myocytas. If
not satisfied, an escalating pattern occurs: infarct
extension; infarct expansion; further increases in wall
stress; higher demand for oxygen and nutrignts,
Ultimately, this pattern can lead to pump failure and
death. In most patients with myocardial infarction the
neart s able to reach stasis, although with the cost of
reduced reserve capacity for increased waork,
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Increased preload (Frank Starling Mechanism)

If the infarcl 15 substantial {greater than 7% of the
ventnou ar surface), then stroke volume decreases
zoutely due to the loss of contracling myocyles. Thea
larger the infarct, the lower the resulling stroke vaolume.
Hamodinamic meachanisms manitor stroke volume and
ry to compensate for decreases by incraasing the
diastolic volume (preload) in the ventricla, The increasa
n chaslolic valums is beneficial in thai the viahle
myocylas contract with greater force if there is greater
distensian of the individual myocytes. When the
oraload increases, the myocyles can generate more
farce to increase the stroke work of the ventricle o
compensate for the loss of the infarcled myacytas. This
i5 known as the Frank Starling Mechanism.

However, the increase in preload is only parliatly
beneficial. Once the ventrcle distends past a certain
point, the force generated by e contraciing myocytes
decreases and the heart beging to fail to maintain the
siroke volume necessary to meeat the bodies demands.
Additionally. the increase in prelead dilates the ventricle
ard accalerates the process of vanincular remodeling,

The increases in afterload and preload after an acute
myocardial infarction start a process of ventricular
dilatation of the viable argas of the ventncle. The
remadeling halps to maintain the stroka work of the
wventricle, However. this normal stroke volume comes
with a price of increased preload according to Frank
Starlings orinciples and ncreasad aftericad due 1o
increased wall stress via Laplace's Law, The myocyies
also begin o grow in thickness (nyoertrophy} to try to
reduce the wall stress. The increase in preload means
that the hearl cannot respond as well to increasad
stress such as exercise.

Yentricular remodzling is thought 1o be compsnsatory
in the first four weeks after an acute myocardial
infarction. Patients that hawve small infarctions {less than
7a% of the vantricular wall involved) have imited 1o no
remodeling, Patients who have moderate infarclions
(from aboul 152% of the ventncle invalved) will bave
compensatory remadeling in the first few wecks which
then stablizes, Even whan the dilatation process is
stable, left venlricular functian 5 considered low when
the ventnoular end dastale pressure s clevated and the
stroke volume is normal or reduced. Thesa stable

patients often experience quality of life reduction
hecause the heart has less reserve and cannot increase
cardiac output ta the same extent as a normal heart. The
patient may experience angina ar cther cardiac
symptoms with exercise. Additionally, if there is anctner
myocardial infarction later in iife. these patiants
compensation capacily is compromised. In patients with
extensive infarcts (20% or greater ventricular
involvemnent) the ventricular remodeling can ocour aftar
the mitial four weeks and may continue for years
dapencing on the medical therapy received, This
remadeling is no longer considered compensatory bul
pathologic, As the ventricle continues to enlarge,
electrical instability increases and the heart begins to fail
due to greater preload and afterload. As this process
continues, pump failure or arrnythmias can ocour which
may lead ultimately to cardiac death.

Alternative therapies for treating chronically failing
hears

It is recognized that preventing ventricular
enlargement and/or reducing the volume of an enlarged
venlricle is beneficial. Considering the limitations of
fradilional replacement surgery for advanced heaart
farlure there are a few methods which can be
considered as alternatives.

All of these methods contain the concepl of volums
reduction surgery and are built upen several solid
surgical and physiclogical principles. Currently, thare
are four treatment cptions: medical treatment, surgical
revascularization, surgical remaval of scar tissue, and
surgical removal of viable lissue.

Medical treatment

Imitial medical treatment consists in treating the acute
myocardial infarction with thrombolytics or angioplasty
immediately after onset of symptoms o reopen the
occluded coranary artery and to prevent further
nacrosis due ta infarct extension. After the thrombalytic
therapy, afterload reducing agents are given to help
maintain stroke work and limit infarct axpansion and
vantricular remodeling, The mast used afterload
reducing agent is an Angiotensin Converling Enzyme
inhikitor [ACE-inhibitor). Other medications can also be
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given such as vasodilators, beta-blockers, growth
hormone (5) etc. Maedical therapy slows the prograssion
of ventricular remaodeling for patients with exlensive
infarcts. but does not halt it. Therelore, lhase patients
reated medically are on a slow path to heart failure ar
sudden death due to electrical instability of the hear:,

Surgical revasculanzation

Rewvascularization is well accepted and ona af the
mast commanly used medical pracedures. Coronary
Artery Bypass Grafting (CABG) has been proven to
nhioit infarct extension, restare hibernating myo-
cardium and raduce the risk of further infarction of the
ventricle. Generally, surgical revascularization is
parformad after the patient has stabilized and
recoverad fram the acute phase of infarction.

Surgical removal of non-conlracting scar fissue

Ors. Coaley (71, Dar (8-10). and athers have
developad surgical lechnigues to remave infarcted scar
tissue and to try to restore the ventricle to a more
narmal geometry. These procedures can also traat
infarcted septal defects within lha ventricle.

Maost patients with & |large peost infarction left
wertricular aneurysm undergo aperation through linear
resection of the dyskinetic area (11). After direct inear
clasure of the left ventricular wall ansurysmectomy. the
MEDY decreased significantly, resulling in neaar
iormalization of preload reserve and reduction af
lensile wall force (afterload) (12, 13). This generaliy
leads to improvement in varicus hemodynamic
variables such as ejeclion fraction {14) or NYHA
classification.

This method has become a principal drawback to
rasaction of the aneurysm by linear repair becavse it
tislorts left ventricular gecmetry.

Recent advances in surgical technigques for the repair
of left ventricular aneurysm include the use of an
encdoventricular patch (15, 16} to resect ar exclude the
aneurysm. This remodels the left ventricular cavity and
improves lefl ventricular function. The palch repair
{gxcluding the anaurysm) described by Dor leavas
fergan matgrial (the patzh) within he heart. The siza of

the patch is net standardized (17} and can lead o

residual deformity of the left ventricular cavity due toiis
non-contractile properties which postoperatively hinder
the contractile function of the myocardium.

Surgical removal of viable tissue to reduce wall
stress

Dr. Batista of Brazil pioneered a new surgical
technigue to actually restore normal heart geomeiry to
patients suffering from non-ischemic cardiomyopathies.
In VMentricular Velume Reduction Surgery ar YWRS
(more commanly known as the Balista Procedure), the
heart is incised and a wedge-shaped section of
myocardium is laken from between the papillary
musclas of the apex and the base of the left ventricle.

The original procedure involved LV lateral wall
excision between the papillary musclas, which
measures up to G0 mm over the short axis equator of
the LY {4). Removing the lateral LV free wall
thecretically allows a reduction in the shart axis by up
to 19 mm. In some patients with extreme LY dilatatian,
he later started removing the papillary muscles together
with the mitral apparatus to allow greater diameter
reduction. The mitral valve is then replaced (extended
ventriculectomy). Initially the Batista procedure was
effective for patients with end stage cardiomyopathy,
End diastolic and systolic velumeas were significantly
reduced and ejection fraction improved, Many patients
wha survived did well in the intermediate {erm,
hovwaver, high one-year marbidity and mortality and
ane-vedr survival rates as low as 55% in some sludies
have reducad the interes!t of many surgeons in this
procedure,

Darsal cardiomyoplasty

An expermental approach that holds considerable
promise is the skeletal muscle ventricle [SMV), an
auxiliary blood pump formed from a pedicle graft of
latissimus dorsi muscle and connected to the
circulation in a cardiac assist configuration (6). Adaptive
transformaticn, er condilioning, by electrical stimulation
@nables the skeletal muscle to perform a significant
propartion of cardiac work indefinitely without fatigua.
The one year survival according to Saoc Paulo
Universily was 78%, and after two years 59% (18).
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Total circuiar repair-technique

Median siernatomy was performed on all patients

With mild hyoothermic cardiopulmonary bypass (32°C)
and after blood cardioplegic arrest, aneurysmectomy
resection 1s performed prior to total myocardial
revascularization. The surgical technique includes: 1)
campleta coranary revascularisation with use of LITA to
LAD. 2) circular resection of the scar, 3) left ventricular
recanstruction without using synthelic or pericardial
oatch. An incision is made in the center of the
aneurysm and the endoventricular cavity is inspecited 1o
identily the border zone of fiorous tissue and vital
myocardium. The length of the ventriculotomies ranged
from 4.0 to 10.0 cm. After the careful removal of
arganized thrombus. the anaurysm was resected,
leaving an at least 1.5 cm wide fibrous sewing cuff. Far
gaamealric recanstruction af the ventricle. & 2-0 prolens
purse string suture was placed within the fibrous
sewing ring, leaving about 1cm of fibrous barder and
pulled to reduce the ventricular orifice to a diameter of
approximately 1om. Next a 2-0 prolena suture {120 am
long) is used over two autologue pericardial strips to
bring the circular cuff tagether. This suture to close the
fibrows cuff is placed in such a fashion, that the suture
lines retain the circular aspect. Excluded external lissue
5 folded to reinforce the suture ling with the othar sida
of the 2-0 prelene suture which is placed aver the
recanstruction so that an even epicardial surface
psUlts after the reconstruction (Fig. 13, The resected
scarred myozardium did not include the septal scar;
this was anly excluded, especially in the distal third,
because it was expected that hibernized myocardium
wouid become viable after revascularization of LAD
with internal thoracic artery through saptal branches,

METHODS

Betweer July 1987 and December 19%9, 21
consecutive, nonrandomized patients at the Universily
Haspital in Frankfurt/® (group F), and 25 patients at the
Institute of Pathelogy in Skopje (group ). between
March 2000 and March 2001 undervent total circular
repair with simultancous caronary artary bypass
grafting.

Every patient was assessed according to his
preoperative cardiac history, angiographic, hemo-
dynamic and intraoperative data and postoperative
course and complications.

In all patiants, trans-thoracic twa-dimensional
echocardiography was performed before and after
cperation. Measurements of left ventricular hemadynamic
parameters were performed precperative and
postoperative with echocardiography and inserted
pulmonary arery catheter. Histological samples were
taken systematically from every patient wha undenwvent
these procedures. Observalions were taken o ascertain
the status of capillary myocardial met, atheroselerotic
changes, exislence of fibrous tissue. hypertrophied
myocites. or present of inflarmmatony cells. We also took
electron microscopy images, to show up abnormal
structure of myccites, subsellular structure {rmitachondria
nucleus), or existence of apoptosis, as a form of cellular
death. It is vary important through this investigation ta
eslablish the difference betwsen necrotic (hypoxia
ischemia) cell death, and apoploic (programmed-energy
cansuming) cell death.

Oparations were performed with institutional approwval
and informed consant. All data are presentad as
meant50. Comparisons of preoperative and post-
operative dala were made using Wilcoxon's rank-sum
test. Probability values of 0.05 or fess were considered
statistically significant.

RESULTS

in the Frankfurt group, 21 patients {18m/3f) were
inciuded in the study. Patients’ age ranged from 42 1o
70 (mean 73 + 9.4). In-group $/25 patiants (20m/5f)
were evaluated with mean age 57+8.3. Mean number
of myocardial infarcts was 1.19 in group F ws 1.2 in
greup S (p=nsy. All patients showed symptomatic
improvement after the operation. The mean Mew York
Heart Association functional class impravad from 3,33
tr 1.62 (p=< 0.001} in the group F, and from 2.76 to 1.8
(p=0.001} in group S.

Cardiac history data was similar in both groups. {Tab.
[} with a tendency of younger patients in group S.

Catheterization {angio) data and distribution af
coronary artery disease were not statistically different in
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Fig. 1 - Dpeative fechnigues.
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Fig. 2 « Infiliralion with infammalary celis befwesn myiocardial
cells i the palisnts with diarative cardiomyopaihy

the two groups. However, ane palient in group F
undarsant mitral valve replacement because of severa
mitral insufficiency, and two other patients (9.6%1 in the
sarme graup had a carobid thrombendarterectomy. Other

associated defects did not require surgical intervention. Localion of aneurysm
In the Intracperative Data Table |1, comparing variables Anlasior 24 (100%) 24 (86%)
of the two groups showed no significant differences. Pastenar ] 1
Fercen f emergency operations was significanll
eceltage a gency: ap ; Ons was sig ILRELY Repperation 4 (19%) 312%)
nigher in group F 14 patients (19%)). In group S no patients
nad emergency operations. The number of intracavitary ~ Elective operation 17 {81%; 22 [858%,)
Emergency operation 4 119%) o
By pass fimamin 120 14948
TABLE | - CARDIAC HISTORY DATA . i
T= #vin = Crossclzamping fimedmin 74 a2
Cardinplegia blaad {100%) bigad {100%)
- = Size ol aneurysmicm? 2081 224
Ana 70 a7
Intracavitary thrombus 5 {24%) 3(12%)
Sex ralio
Mala 18 20 Cancamilant praceduras
Famale 3 5 Aprtic valva repair 0 o
- ) o i titral valve repair 1 (4.8%) 2 (8%
TERHR MO iy E.(e0%] Caratid endanarectormy Z106%) I
Preyious M=o 4 (19%) 5 (20%) Pastnfarction WSO closed 1 j4.8%) a
—esatian of K Mo al wanous grafls'patiant 2,38 1.96
Anlenon 1 k| : =
b : o ;
Fostarior 3 y IMA implantztion] % 18 [85.7%) 22 (88%)
LAD revascularisation 19 (G0 45%) 249 [96%)
Mlpatent 1.19 1.2
A = internal mammarian artery
Wi = myocardial inlarct LAD = el anlencr descending artery

p
o )
fey )
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Fig. 4 - Electron micrascopy image of garly ireversibie damage
with focal mofioriiar hess,

thrembus was higher in group F, 5 patients (24%) vs 2
Fatients {12%) in group 5. There was a tendency towards
more LAD revascularisation and mare frequent use of the
internal thoracic artery in graup S (19-90.48% vs. 24-96%,)
and (18-85 7% ws. 22.88%) but this did not reach
significance. The average number of vein grafts par
patient was 2.38 in group F, and 1.96 in group S,

All precperative hemodynamic data shows significant
improvement early in the postaperative period. Thus
gjection fraction improved from mean 256%
preoperative to 45% postoperative (p<0.001) in group F
and from mean 24 6% to 37.5% (p<0.001) in group S.
The mean end-systalic valume decreased from 131 ml

reoperalive to 83 ml postoperative (p<0.001) in group
Fus 177 mlto 113.2 mlin group 5 (p=<0,001).

Left ventricle end-diastalic velume decreased from
180.3 ml precperative to 105 m| [p=0.001)
postoperative in group Foand from 2449 ml to 175 ml
(p=0.001) in group S withoul significant decreased in
stroke volume from 494 ml o 467 ml in group © vs
59.6 ml to 58.8 mlin group S {p=ns) in both groups

The same improvement was achieved with cther
hemodynamics (CO; Clo PAWRY (Tab. 1.

Fostoperatively one patienl in aroup F (4 8%) and §
patiznts (20%) in group 5 developed law cardiac autput
syndrome, but they were suceessfully treated with intra
aortic baloonpurnp (IABP). “entricular archythmias in
both groups were successfully treated with
antiarrhythmic drugs. There was ane haspital death in

Fig. § « Eleciron microscopy of myofibriliar lysis found in ong of
oue palienss,

Fig- 6 - See legend Fig. &,

both graups {4.8% in-group F vs 8% in group S). The
cause of death was sepsis and hear failure in group 5.
and intractable ventricular arrhythmias in group F.

There were no cases of bleeding or sternal infection
in either group and the intensive care stay was longer
ingroup 3, 5.1 days vs group F 1.48 (p<0.001).

Other postoperative complications were similarly
dislributed in the two groups (Tab. 1V).

Histalogical results

Light microscopic examinations of resected
myocardial wall showed dominant fibrasis multifocal
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TABLE Il - HEMODYNAMIC DATA

Cardiac culpul (CO)

Cardiac index (Cl) 203 28 3 31
End dyastwolic volume 18031 10467 245 175
End syslalic velume 13084 57.%0 175.8 M58
Stroke volume 4930 4668 62.1 B8
Ejectan fraction 28B2 4495 2.6 T
LAP [FAWE) 15 121 20 145
NYHA& CLASS 3133 1.62 178 165

Embelizm
Rhylhm disturaances

Zinus rhylhrm 20 [955%) 38 {100%) n.s.
Vantricular arrhytnmiz 5 [24%) 5120%) n.s

Supraventricular archythmia 4 [15%) 2{12%) n.s,
Myeocardial infarction " 0 n.s.
Law cardiac oulpul 14,83 520%) 0.05
Parmanert nacing 104 8% [b] n.a,
Sternal infection a 1 (4%} ns

IZU umeddays 148 [1-4) 51012 a0t
Morality (%) 14 3%} 248%) r.s.

degeneration af myocardial cells and atherosclerotic
changes of the capillary nat.

Special stain for viable myodites revealed exisienca
of contraciion band — the first sign of irreversible
ischemic change in cells, The infiltratinn of the
inflammatory cells which were present betwsen
myocardizl cells points lowards subacute phase of
myocardial infarct ar auloimmune reaction comparable
with what has been found in human dilated cardio-
myapathy (Figs. 2, 3).

Using elaciron microscopy the haarl showad focal
myefiorillar lysis, the loss of normal myofilament
banding pattern, mitcchondrial swelling and the
deposition of dense granules in bath sarcoplasm and

Fig. 7 - Improvement of the ciinical data.

myofibrilles-lipophuscin, Mitochondrial inner space
showed swelling and disruption of crystas (Figs, 4-6).

CONCLUSIONS

Cardiomyapathy and resulting congestive heart failure
continue to be a major cause of death in the warld,
Despite improved medical therapy which reduces
mortality, both diagnesis and guality of life remain
dismal for clinically symptamatic cardiomyopathy,

Heart replacement by transplantation or use of
mechanical device, is the only “cure” for such patients.
Cardiac transplantation 1s a very limited option dus to a
lack of argans, numerous contraindications and
dangerous side effects. Mechanical replacemant and
assist devices are still in their infancy because of
severe complications, which are not acceptable, unless
the mechanical devices are used as a bridge to
transplantation. Disadvantages comman ta bath
methads are the high expense, the low availability of
organs and the huge burden placed on the health care
aystem,

The lack of medical alternatives for such a large
group of patients. many of whom are relatively young,
explains the enthusiasm with which total circular repair
was greeted by many,

These prefiminary results demonstrate that TCA may
e performed with very low postoperative mortality and
marbidity rates probably due to the improvement of
hemodynamic data increase in ejection fraction by
decrease of EDV without reduction in SV,
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The fefl anterior descending artery, the artery
respansible for the left ventricular aneurysm in many
studies. was not bypassed in all patients or only in 50-
7O% cases). In contrast to TCR, where up to 90-100%
LAD was revascularised with [MA,

The aver all results of TCR are comparabla armd even
better than those of Batista procedure dorsal
cardiomyopnlasty, or transplantation {Fig. 71, We are not
talking only about survival, but also improving the
quality of life.

Altered geometry of the inferg-apical wall exerts
disadvantageous effects on the contractie myocardium
at the border of the aneurysm and negative curvature
at the barder of the infracted area indicates high local
stress. The shape and funclion of the border zone are
related to each othar and to global left ventricular
function. From the morphologic point of view, the TCA
creates a twin apex heart with its own scar tissue which
aven when hypokinatic, makes the systolic ventricle
nearly conical in shape.

Thus, the remadeling achieved by TCA is closer to
the natural geametry, which 15 a desirable goal in every
aneurysmatic and dilated heart.
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