Resection of Scarred Papillary Muscles Improves
Outcome after Surgery for Ventricular Tachycardia
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Papillary muscle scarring is encountered frequently during op-
erations for sustained ventricular tachycardia (VT). Indications
for excision of the papillary muscle scar and mitral valve re-
placement (MVR) are controversial. The findings in 46 consec-
utive patients undergoing operative electrophysiologic map-di-
rected endocardial resections for VT were reviewed. There was
papillary muscle scarring in 15 patients (average age: 59 years;
sex: 11 male, 4 female; average ejection fraction: 31 =+ 14%).
Eleven patients had a VT with the site of origin on a scarred
papillary muscle; four had another VT site of origin. Six patients
underwent papillary muscle scar resection (5 with MVR); six
underwent papillary muscle cryotherapy (—60 C X 2 min); and
three had neither papillary muscle resection nor MVR. All six
patients with papillary muscle resection + MVR are alive and
free of arrhythmia after 14.3 + 7.6 months of follow-up. Five of
six patients treated by papillary muscle cryotherapy alone man-
ifested spontaneous (4 patients) or inducible (1 patient) VT during
early postoperative evaluation. Two of the three patients with
untreated papillary muscle scarring developed late complications
requiring reoperation. One patient developed mitral regurgitation
requiring MVR 5 months later. The other developed a previously
undocumented VT 2 years after operation. Significant papillary
muscle scarring visualized at the time of operation for arrhythmia
is an indication for resection of the scar and the papillary muscle,
even if this necessitates MVR. In this series, attempts to preserve
the papillary muscle, by incomplete resection of the scar or by
cryotherapy, resulted in a high failure rate owing to recurrent
VT or mitral regurgitation.

fective approach to the control of ventricular
tachycardia (VT) since Harken, Josephson, and
Horowitz described the technique of intraoperative map-
ping and endocardial resection in 1979.! This approach
is based on the concept that sustained VT in patients with
coronary artery disease is due to re-entry originating in

SURGICAL THERAPY has become an accepted and ef-
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the border zone between myocardial scar and normal
myocardium.? Excision of endocardial scar from most
parts of the heart is simple and well tolerated, but the
optimal approach when scarring of the papillary muscles,
a common finding, is present remains controversial. Two
of the three early failures reported by Horowitz and col-
leagues were in patients whose arrhythmia was localized
to the base of a papillary muscle, which was only partially
resected at the time of operation.> Moran and coworkers
suggested that in patients with scarring of one or both
papillary muscles, extended endocardial resection of all
visible scar with mitral valve replacement (MVR) should
be performed.* Others have suggested that the use of either
cryosurgery or an encircling endocardial ventriculotomy
around the base of the papillary muscle might be suc-
cessful, thus obviating the need for MVR.* In this report,
we review our operative results in patients with papillary
muscle scarring who underwent left ventricular aneurys-
mectomy and subendocardial resection for recurrent VT.

Materials and Methods
Patient Characteristics

Forty-six consecutive patients with coronary artery dis-
ease and prior myocardial infarctions underwent electro-
physiologic map-directed left ventricular aneurysmectomy
and endocardial resection between 1983 and 1985 for re-
current sustained ventricular tachyarrhythmias. Among
these 46 patients, 15 had extensive scarring of one or both
papillary muscles and form the study group for this report.
There were 11 men and four women, with a mean age of
59 years (range: 45-76). The left ventricular ejection frac-
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tion was 31 + 14% (mean + SD). All patients had sus-
tained monomorphic VT, with the diagnosis confirmed
at preoperative electrophysiologic study in 14 of the pa-
tients. Preoperative electrophysiologic study was not per-
formed in one patient, owing to unstable angina. The
techniques of electrophysiologic study used in our labo-
ratory have been described previously.® Electrophysiologic
studies were performed after discontinuation of antiar-
rhythmic drugs. Eight patients who had relatively well-
tolerated arrhythmias underwent preoperative endocardial
catheter mapping to localize the site of origin of the ar-
rhythmia.

Twelve patients had failed two or more antiarrhythmic
drug trials, and medically refractory VT was the primary
indication for operation. In the remaining three patients,
persistent angina and heart failure necessitated operative
intervention, and multiple drug trials were not under-
taken.

Intraoperative Technique

All patients were anesthetized with narcotics and ni-
trous oxide and placed on normotheric (38-40 C) cardio-
pulmonary bypass prior to induction of VT. Three pairs
of reference electrodes were sutured to the right and left
ventricular epicardial surfaces to permit recording of local
electrograms and programmed stimulation. After induc-
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FIG. 1. Resection of papillary
muscles in mitral valve re-
placement through a left
ventricular aneurysmectomy.

tion of VT, endocardial mapping was performed with a
finger-held electrode (Elecath, Rahway, NJ). Resection of
the site of earliest activation and surrounding areas of
visible scar was performed, and the effects of the resection
were assessed by the inability to reinduce VT.

The treatment of scarred papillary muscles varied. If
the VT was not localized to the papillary muscles, they
were left intact. If the site was mapped to the papillary
muscles, we either resected the papillary muscle and re-
placed the mitral valve or applied a cryoprobe to the pap-
illary muscle (Ron Wallach, Inc., Fairfield, CT). Cryoab-
lation was performed by two or three 2-minute applica-
tions of a 1.5-cm? probe at —60 C to the involved papillary
muscle. This was repeated after aortic cross-clamping and
administration of cardioplegia in order to increase the
size of the cryolesion.” In one patient, the base of the
posterior papillary muscle was resected and the remaining
muscle reimplanted in the ventricle.

After the endocardial resection was completed, mod-
erate hypothermia was induced, the aorta was cross-
clamped, crystalloid cardioplegia was instilled, and aor-
tocoronary bypass and/or MVR was performed. All valve
replacements were performed through a left ventriculot-
omy with a porcine bioprosthesis (Fig. 1).

Postoperative electrophysiologic study was performed
7-14 days after the operation, using a single electrode
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catheter placed in the right ventricle through a peripheral
vein. If the follow-up study revealed sustained VT, long-
term antiarrhythmic drug therapy guided by repeat elec-
trophysiologic testing was prescribed.

Results
Electrophysiologic Findings

Eleven of 15 patients with VT and papillary muscle
scarring manifested VT that originated in the region of
one or both papillary muscles at the time of intraoperative
mapping. Five of these 11 had multiple morphologies,
with the additional site or sites of origin identified on the
interventricular septum. The septum was the only site of
VT origin identified in the four remaining patients (Table
1; Fig. 2).

Papillary Muscle Resection with Endocardial Resection

Six patients underwent papillary muscle resection: five
had MVR and one had reimplantation of the posterior
papillary muscle. All had at least one site of origin of VT
localized to a papillary muscle. Two of these six patients
had severe mitral regurgitation after operation. All patients
who underwent papillary muscle resection survived the
operation. All had negative postoperative electrophysio-
logic study and were discharged without antiarrhythmic
drugs. They remain alive and free of recurrent VT after
an average follow-up of 14 months (range: 3 months-
3 years).

Papillary Muscle Cryotherapy with Endocardial Resection

Six patients were treated with cryotherapy of either the
posterior (5 patients) or anterior (1 patient) papillary
muscle. In five of these patients, endocardial mapping
had localized the site of origin of VT to a papillary muscle.
One other patient had obvious scarring of the posterior
papillary muscle, but the site of VT was located on the
septum. Repeat intraoperative programmed stimulation
after placement of the cryolesions failed to initiate VT.
These six patients were all successfully weaned from car-
diopulmonary bypass, but four of the six developed spon-
taneous episodes of sustained VT during the early post-
operative period. The VT experienced by two of these
patients was finally controlled by the administration of
amiodarone; in another, it was controlled by procain-
amide. Despite control of the arrhythmias, two of the four
patients required prolonged ventilatory support and died
of sepsis and complications of their arrhythmias 3 months
after operation. A third patient was discharged on pro-
cainamide with the arrhythmia controlled. The final pa-
tient who developed postoperative VT had repeated epi-
sodes that were uncontrolled despite multiple drug trials.
At reoperation 1 week after his initial operation, he un-
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derwent papillary muscle resection and MVR, but he
could not be weaned from cardiopulmonary bypass.

Two patients who underwent simple papillary muscle
cryoablation had no further clinical VT. One was dis-
charged without antiarrhythmic drugs after undergoing a
negative electrophysiologic study. The other patient man-
ifested VT in response to ventricular stimulation during
his postoperative electrophysiologic study. This arrhyth-
mia was suppressed with procainamide and has remained
asymptomatic.

Untreated Papillary Muscles

Three patients had scarring of one or both papillary
muscles at the time of operation; however, the VT orig-
inated only from the septum and could not be induced
after resection of the septal endocardium. The papillary
muscles were therefore left intact. These three patients
initially did well and were discharged on no antiar-
rhythmic drugs. One patient continues to do well 18
months after operation. The other two, however, even-
tually required reoperation for complications related to
the scarred papillary muscles. One patient developed mi-
tral regurgitation and required MVR and repair of a small
ventricular septal defect 6 months after the initial oper-
ation. He has done well during the subsequent 18 months.
The other patient had no cardiac symptoms for 2 years
after his initial operation but then developed a VT that
did not respond to antiarrhythmic therapy. Endocardial
catheter mapping localized the site of VT origin to the
posterior papillary muscle. The patient underwent reop-
eration, which confirmed the site of origin of the arrhyth-
mia to be the posterior papillary muscle. After MVR and
despite initially satisfactory cardiovascular hemodynam-
ics, he could not be weaned from bypass because of ful-
minant noncardiac pulmonary edema.

Discussion

The appropriate treatment of scarred papillary muscles
found during operations for VT remains controversial.
Moran and colleagues® reported that 15 of 67 patients
(22%) undergoing surgical therapy for VT had papillary
muscle scarring, and they compared results in the nine
(of these 15) patients who had papillary muscle resection
and MVR with results in the six who did not. Among the
nine patients with MVR, there was one perioperative
death; two patients continued to have VT. However, all
six patients whose scarred papillary muscles were not re-
sected had recurrent VT after operation, either sponta-
neously or at electrophysiologic study.

Ivey and coworkers described their results in 11 patients
with recurrent VT and prior inferior myocardial infarc-
tions. Two patients with a site of origin on a papillary
muscle underwent resection and did well. Five others with



Ann. Surg.  June 1986

KRON AND OTHERS

688

‘uoNe[UQY JE[NOUUIA = JA ‘WSAIMIUE JRMOLRUdA Y3 = VAT ‘yeid ssedAq A1due Areuosod = DV dosnu Arefided = Wd ‘Apnis or30101sAydonsopd = S44 ‘BIpIeoAyoe) Je[noLjudA = JA

wnydos
pue Nd
Sfjuow AN Joudisod
€ ‘Tiom pue Al SUON aAnedoN SUON  1DEVI/VAT uonsIsY [louzuy Jounuy +1 W Ly Sl
Nd
syjuowr ‘1504 aseqg wnydss pue
9 TIoM pue aAlY uUON aAnedoN SUON  7OEVI/VAT uonsesay Nd ltouasod Jouaisod 0 d 19 i4!
sypuow (] wmdoss pue
‘Iom pue ANy SUON aanedoN SUON VA1  uone[qeokrd Wd Jousisod Jouuy 0 d €L ¢l
syuows 9 1A wnidas pue
‘Tiom pue Al Jplureuresold paureisng SUON VA1  uone[qeoki) Nd louquy Jouuy 0 N 14 Cl
syuow p JAN wnydss pue 10U31S0d
‘Tiom pue ANy SUON aanedoN SUON  7DEVI/VAT uonxasay d 1ousisod ¥ Jouauy 0 W 13 11
anjrej
K1orendsax
Jo sqyuowr 1A
¢ J3ye piq Juorepormry Suop 0N  snosuejuodg €04vVD  uoneqeokr) Nd toudisod Jouaisod 0 4 S9 01
syiuow O
‘[iom pue ANy SUON aanedoN SUON VA1 SUON wmdag Jouuy 0 W 09 6
stpuows 7]
‘oM pue ANY SuUoN aAnedoN SUON YANW/VAT uondesy d Jousisod Jousod +1 14 9 8
sqpuows 7z AN
‘[iom pue JAITY SUoN oanesoN UON  €DEVI/VAT uonxosay Nd Jouduy Jouquy + W 79 L
syqiuowt (g
‘TIom pue dAlfe
‘uonesado 1aye
sfuowt 9 JANW QuoN aanesoN SuoN VA1 SUON wnydag Jouuy +C n 0s 9
uonesxdo
Jaye sypuomr IA LA
€ stsdas jo paiq dplwreuresolq poureisng  snoduejuodg €08VD  uoneqeokr) Nd ltoudisod Jouaisod 0 W L9 S
uoneiadoar
e paIp 'sIedk g
18 LA juaunxy SuUON aanedaN UON  €DEVI/VA SuoN wndag Jouquy +1 W 9¢ 14
sypuows §g 1A IA
‘oM pue ANy Juorepolury paureisng  snoauejuods €08VD  uonejqeokr) d 1oudisod Jouaisod 0 14 L 13
Juosepoiwe
uonerddoar ‘aprureuresoid dA/LA Joudsod
1 pagq ‘uresopr] - wonddy  7OEVO/VAT  uoneqeoks) wmdds  pue Jouduy 0 W 9 [4
syuows 8 AN
‘oM puE ANV SuoN aAnEsaN SuoN gV uonsesay WNd 1ouisod Jouaisod +v 4 6$ I
SHnsY suonesIpo Sdd senuyAyLy SaINpajdold SIS uBuQ uonorejuy uoneidmdsy  xag  (s1B3L) ‘ON
sruyiAyLrenue aaneiadoisod  anesadoisod aanersdo Arepdeq Joans 1A [eIpIecok N [eIIA ady Juaned
aaneradoisog aAnpunipy Jowdsunear],  saneradoenu]  Jo uonedo] aaneradoarg

SO1IS1421004DY)) UV *| T1AVL



Vol. 203 « No. 6

6noVT
papillary muscle/'
/ resection (6)

(1)

cryoablation (5) —>1 no VT

1 VT at EPS
3 spontaneous
vT
PM site of VT
intraoperatively
(15)
scarred
PM

PM not site of VT
intraoperatively

/ cryoabilation (1) —> 1 spontaneous
vT

4)
no treatment

3)—>2no VT
(1 late MVR)

1 late VT on
PM

FIG. 2. A summary of electrophysiologic results and the outcome of
operation.

papillary muscle scarring did not have resections, and two
of these patients developed VT after operation.

Other techniques for managing papillary muscle scar-
ring in patients with recurrent VT have been proposed.'°
Encircling endocardial incisions interrupt the blood sup-
ply and produce an ischemic area that may be electrically
inactive. No report on their use only for papillary muscle
scarring is available, but their use in other regions appears
to be associated with increased mortality in comparison
to that from endocardial resection.'!-!4

Cryosurgery also has been used to treat arrhythmias
originating from scarred papillary muscles. A cryolesion
at —60 C can experimentally ablate the electrical activity
of myocardial tissue and produce an inert lesion that is
different from normal myocardium.'*'¢ However, our re-
sults with cryosurgery of scarred papillary muscle have
been poor. There are several possible explanations. Map-
ping of VT is not precise, but the cryolesion is specific for
a small area. Cryoablation of larger areas would take mul-
tiple applications, and it is still not certain that the source
of the arrhythmia would be rendered electrically inert.
Our technique of sequential mapping and resection is not
an effective guide to cryoablation. Initially, a larger area
is made electrically inert, and the arrhythmia cannot be
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reinduced in the operating room. Despite this, when
thawing occurs and myocardial edema regresses, the ar-
rhythmia has recurred 1 to 2 days after operation.

Our results indicate that the safest short-term treatment
of severely scarred papillary muscles shown to be the site
of VT is resection and MVR. Severe scarring of both pap-
illary muscles, if left untreated, has led to late mitral re-
gurgitation or VT requiring reoperation with high mor-
bidity and mortality. At present, the issue of MVR in
patients with scarred papillary muscles and the arrhythmia
clearly localized to another site remains unsettled.
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