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TRANSMYOCARDIAL REVASCULARIZATION WITH A CARBON DIOXIDE LASER
IN PATIENTS WITH END-STAGE CORONARY ARTERY DISEASE

O.H. Frazier, M.D., RogeeT J. MagcH, M.D., AND KEMH A. Horvats, M.D.,
toR THE TransMyocarDtal CArson DioXIDE LASER REVASCULARIZATION Stuey Group®

ABSTRACT

Background The construction of subendocardial
channets to perfuse ischemic areas of the myacardi-
um has been investigated since the 1950s. We as-
sessed the safety and efficacy of trangmyocardial re-
vascularization with a carbon dioxide faser in patients
with refractory anging and left ventricular free-wall
ischemia that was not amenable 1o direct ¢oronary
revascularization,

Methods In a prospective, controlled, multicenter
trial, we randomly assigned 91 patients to undergo
transmyocardial revascularization and 107 patients
10 receive continued medical treatment. The severity
of angina (according to the Canadian Cardiovascular
Society [CCS] classification), quality of life, and car-
diac perfuzion (as assessed by thallium-201 scan-
ning) were evaluated at base line and 3, 6, and 12
months after randomization.

Results At 12 months, angina had improved by at
least two COS classes in 72 percent of the patients
assigned to transmyocardial revascularization, as
compared with 13 percent of the patients assigned to
madical treatmant who continued medical Treatment
(P<0.001). Patients in the transmygcardial-revasculars-
ization group also had a significantly improved qual-
ity of life as compared with the medical-treatment
group. Myocardial perfusion improved by 20 parcent
in the transmyocardial-revascularization group and
worsened by 27 percent in the medical-treatrment
group (P=0.002). In the first year of follow-up, 2 per-
cant of patients assigned 10 undergo tranimyocat-
dial revascularization were hospitalized because of
unstable angina, as compared with 69 percent of pa-
tients asgigned to medical reatment (P-20.001). The
perioparative mortality rate associzted with trans-
myocardial revascuiarization was 3 percent, The rate
of survival at 12 months was 85 percent in the trang-
myocardial-revascularization group and 79 percent
in the medical-treatment group (P=0.50).

Conclusions  |n patients with angina refractory 10
medical treatment and coronary artery disease that
precluded corgnary-artery bypass surgery or percu-
taneous trangluminal coronary angioplasty, trans-
myocardial revascularization improved cardiac per-
fusion and clinical status over a 12-month period.
(N Engl J Med 1999:341:1021-3.)
©1999, Massachusetts Medical Soclety.

Begrivecd from THE NEW ENGLAND JOURNAL OF MEDRICINE
{135 Q028=4793) Vol, 241:1021-1023 (Sopramber 50, 1999).
Copyright £ 1999 Musachuscres Medical Sociery. All righrs reserved.
Printed in che US.A, Fax: (FEL) 8938103 www,ngjm.org

N the 1950s, Goldman and associates! and
Massimo and Boffi? proposed that natural or
artificial conduirs could be implanred in the
subendocardium to dircct left ventricular blood
through the coronary sinusoids and into ischemic
areas of the myocardium. In 1968, after extensive ex-
periments in anirals, Scn and colleagues? described
transmyocardial revascularization through wansmu-
ral channels created with a 16-gauge intravenous can-
mula, In 1981, Mirhoscini and Cayton* used a laser,
to create wansmyocardial channels in animals; five
years latcr, Okadd and colleagues® did the same 1in
humans. Investigators have continued 1o Test trans-
myocardial revascularization in both anirnals®? and
humans..? :
In 2 nonrandomized, longitudingl trial undertak-
cn 1o establish the safety, efficacy, and value of trans-
myocardial revascularization performed with a laser
in 201 patients at cight U.S. centers, angina was re-
lieved and cardiac perfusion improved in 75 percent
of the patients over a 12-month period 2 We con-
ducred a prospective, randomized, multicenter trial
to cxamine further the safety and efficacy of trans-
myocardial revascularization in patients with refrac-
tory angina and documented left ventricular frec-wall
ischemia that was not amenable to direct coronary
revascularization and to compare this treatment with
maximal medical therapy.

METHODS

Study Design

Beoween July 1995 and Sepromber 1997, 12 U8, centers par-
ticipared in this prospeetive, randomized, controtled study. Writ-
ten mformed consent was obtained from cach patient before ¢n-
rollmens. By meams of randomization at a cenual institution,
patients were asdgned, in 3 1:] ratio, 1o undergo wansmyocardiay
revaseularization with 3 carbon dioxide laser (the Hearr Laser
Systers:, PLG Medical Systems, Franklin, Mass.) or to receive con-
tinued medical weatment. Fatients were selected by the attending
cardiotogist, interventional eardiologist, oF surgeon after 3 review
of climical symproms, recent angiograms, and perfusion scans,

"fo be enrolled in the trial, patients weze required to mect the
following criteria; Canadian Cawrdiovascular Sociery (QC3) class

From the Department of Cordiovataular Surpery and Research, Texar
Hearr Insirore, Howstan (O E); the Department of Curdievascular Sure
gery, Rush-Presbyrerian—§t. Lukes Medieal Cearer, Chicage (R.J.M.3
and the Division of Cardiothoracic Surgery, Morthwestern Univeraty Mad-
ieal Sehoal, Chicago (K.A.01.). Addross rapriat requests wo Dn Fragicr at
ehe Texax Heart inemmiee, By, Box 20345, I-Iousm. ™ 77225-0345.

*(ther members of the Transmyocardial Carben Dhiowide Laser Revas-
cularization Scudy Group are listed in the Appendix,
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Figure 1. Overview of the Qutcomes of Patients Assigned 1o Undergs Trangrmyocardial Revascularization (TMR), These Assigned 1o
Receive Medical Treatrent Alone, and Thoze Crossed ovar from Medical Traatment to TMR.

Numbars in parentheses zre numbers of patients. *Procedura” refers to any additional revascularization procedura, including per-
cutaneous Translumingl coronary angioplasty or coronany-arery bypass grafting. '

IT or IV angina that way refractory o medical treatment, revers:
ible ischermia of the keft ventmculir free wall, and coronary disease
thar was not amenable to coronary-artery bypass grafting or per-
cutancows translumingl corenary angioplasty. Patients whese cor-
onaty dissase was severe and diffuse or who did not have 3 taeger
vessel or conduit nuitable for grafting were considered to have dis-
¢ase 1301 amenable to the latter two procedures, Patients were ex-
cluded i the loft ventioudar ¢joction fraction was less than 20 per-
cent or if they had a1 conqurrent major ilfness,

Cromover from medical treatment to transmyocardial revascu-
larization was allowed if 3 patent had unstable angina that nedes-
sitared intravenous andanginal therapy for 48 hours or medc in
an intengive care URit, After erouover, parients were followed for

an additional 12 months, regarcless of how long they had been -

in the group assigned vo medical treatment. These paticnts were
considersd part of the medicai-teaument group untl cromoves,
after which they wers fallowed separately.

Clirical Evaluation

The patients’ clinjcal status was avaluated with respeet o CC5
angina class, use of eardioacrve medications, and responses on

quality-of-lift questionniaires. Angina was classified at enrollment

and at 5, 6, wmd 12 meonths according to CCS guwidelines,
To climinare potential bias, anging was alio dassified in 3 blind-
ed manner by an independent gvaluater. Success at foliow-up
was defined as an angina class at least two classes below that at
base hine,

To study fully the offcens of wansmyocardial revascularization
in comparizon with medieal reearment, both intention-to-zrear
and “on-treamment” analyses of angina were conducted, The in-
tenton-1o-teear analysis, which included paticnts who cemaned
in the medical-trestmient group a3 well as paticnts who were
crossed aver to transmyocardial revascularizaton as part of the
medical-treatment group, provided a conservative estimate of the
effect of vansmyosardial revascularizaton, preventing overly op-

1022 - September 30, 1999

timisrie conclusions. The on-treatmens analysis, which did not in-
¢lugie patients who were crossed over to rransmyoéirdial revasou
larization, was considered the best way to evaluate the resulu
from & clinical pertpectve, Thug, patients assigned to transmye-
cardip] revasculadzation were compared first wizh all the patienss
assigned to medical treatment and then separately with those as-
signed to medical weatnent and not crossed over,

Crualiry of ife was assessed in all pacients at enrollment and at
%, 6, and 12 months during follow-up. Ar these tmes, e3ch pa-
ticnt completed two questionnaires; the 3¢-itemn Medical Out-
comes Study Short-Form General Health Survey (8F-36)11 and
the Seattle Anpina Questionnaire.1?

Single-Photon-Emission Computed Tomography

The extent and reversibility of myocardial ischemia at rest and
during excrcise were assessed in cach pagicat at enroliment and it
3, 6, and 12 monthe, Farients nnderwent rhalliam-201 single-
photen-emission compured tomography (SPECT) with pharma-
cologie stress witing (with dipyridamele at 2 dess of 0.56 mg per
kilogram of body weight, to 2 maxdmum of 6 mg) and four-hour
redivtribution-reinjeetion imaging. All the images were prog-
essed according 1o 2 standard protocol by a single technician ar
Cedars=Sinai Medical Center. Every image was then analyzed by
an exporienced nuclear cardiologise who way unaware of the pas
tient's identity, treatment assignment, and sean date

Each image was divided into thrae cross sections (agieal, mid-
veptricalar, and basal) parallel to the atioventricular groove.
Each of thete cross sections was then divided inte sight scg-
menrs, which were individually analyzed to assess perfusion sma-
rus. Hach segment was' ¢xamined for the presence of normal
tissue, a fixed defect (sear), a reversible defect (ischemic or hi-
bernating myecardium), or both fixed and reversible defects.
The sum of the number of sagmenss in ¢ach perfinion catcgory
is expressed a8 2 percentage of all 24 segments and wsed to char
acterize the perfasion of the left side of the beart. Perfusion re-
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sulze ar 3, 6, and 12 monthe were compared with the sceres ar
base ling for cach patent.

Transmyocardial Revascularization

The technique of mansmyocardial revascularization hos becn
deseribed in detail clsewhere.1® Transmura) channels approximate-
ly 1 pom in dizmerer were areated with a single pulte of the car-
bon diexide lager (peak power, 850 W) through the Ief ventncle,
Approvimately one channel was ercated per square cennmeter of
myocardial surface, Transmural penctration by the Jaser was con-
_ firzned by tmnsesophageal echocardiography.

Statistical Analysis

Analyses were performed with 2 two-sided standard t-test, paired
t-test, or analysis of variance for nommally distribured continudnus
variables; with a rwo-sided Wileoxon signed-rank est, the Wilcox-
on rank-sum test, or the Krskal -Wallss sest for variables not nor-
rrally distributed; with 2 two-sided chi-square test or Fisher's cxact
test for diserene varisbles; and with the Kaplan=Meler wst or 2 log-
rank test for survival free of cardiae events. P values of less shan
0.05 were considered to indicate sratistical significance.

To determine whether specific cuteemes, such as treatment
succes or mortality, could be prodicted on the basls of the pa-
Lient's characteristics 2t base ling, multivariae logistic-remression
analyses wers conducted with stepwise regression (SAS soffware,
version 6.12, 545, Cary, N.C).

RESULTS

Characteristies of the Study Population

MNinety-one patients were randomly assigned o un-
dergo transmyocardial revascularization, and 101 pa-
tients were assigned to receive medical therapy (Fig.
1). The groups were balanced at base line with re-
spect to sex, age, cardiac status, medical history, and
cardiac risk factors (Table 1). Approximately 60 per-
cent of the patients in ¢ach group were considered
to be at high risk for 2 poor outcome as derermined
by the established scoring systern of the Cleveland
Clinic for surgical revascularizarion.* All the paticnts
in both groups had severe coronary discase with le-
sions in all three major vessels.

Results of Transmyocardial Revascularization

During surgery, 2 mean (%8D) of 36213 chan-
nels were created, 3028 of which were confirmed
by transesophageal echocardiography to be transmu-
ral. Epicardial sutures were needed for hemostasis in
1 pereent of the patients. There were no intraoper-
ative deaths. The median stay in the intenpsive carc
unit for the parients who underwent ransmyocandial
revaseularization was two days, for 2 median hospital
stay of scven days.

Clinical Status

‘Two paticnts.assigned to transmyocardial revascu-
Jarization and four assigned to medical treatment
were Jost 1o follow-up. Twe of the four patients in
the medical-treatment group had been crossed over
to transmyocardial revascularization; thus, the six
patients were evenly distributed among the three
groups analyzed (Fig. 1) and their exclusion did not
maodify the results, regardless of the cutcome.

— s —— e e————

TasLe 1. CHARACTERISTICS OF THE FATIENTS
AT RANDOMIZATION.®

IVIEDH-AL
TMR  TREATWENT (ROESOVER
VARIABLE (Nm31}  fNm107) (N=&HT
Female sext (% of paticnrs) 19 23 18
Age (yr) 61=10 61210 6111
Cardize statns
CS clags TV angina (% of parientsy &9 &3 100
CO8 clags 1T angina (% of pasienzs) 31 37 ¢
Unstable angaa (% of paticnes) 2 13 70
IVEF (%) 50x11  §50x11  5l=11
LVEF #45% (% of pariencs} 47 55 30
Acvrs myeardial infarerion
History (% of patients) 52 77 73
No. of cpisedes L8x1.)  laxlz  18+11
Congestive heart falure (% of 84 35 37
paticnt)
CABG
History {% of paticnts) @2 91 23
Mo, of episodes 16207 L6207 1.6x0.7
FTCA
Kigtory (% of patient) 47 5% g3
Mo, of procedures 24x2.0  29x33 30240
Risk facters (% of patients)
Hyperrension &5 &4 &8
Diaberes 49 5l 47
Hypercholesterolormia 57 &5 &2
Current tobacce wse 9 7 10
Risk mssociated with CABRGY
Seorc 61zi4 56229 Ddxie
High risk (% of patients) 59 57 &7

*Plus—minus values are means 25D, TMR denotes trapsmygeardial re-
vaseulirization, OGS Cansdian Cardiovaseular Sodiery, LVEF left venericu-
lir ¢jection fracrion, CARG covanary-armery bypats grafting, and FTCA
perentaneous ganslaminal coranary angioptasty,

+The crossover group consisted of 60 paticnts candomly assigned o
receive medical mestment whe subsequently underwent wansmyesardial
revasculazization besswse of wistable anging that required antdangind sher-
apy for at least 48 hours, These patients are alse included in the medical-

TEAIMENT gIOWP.

*The risk axsociated with coronary-artery bypaus grafting was 2ssesscd
with the seoring wyzem of the Cleveland Chinie.® A soore of 33 ndicates
a high risk,

Angina Class

With success at follow-up defined as a reduction
of at lcast two anging classes as compared with base
line, transmyocardial revascularization was significant-
ly more successful in both analyses (Fig. 2). At three
months, 67 percent of the paticnts assigned w ans-
myocardial revascularization, 20 percent of those as-
signed to medical treatment (including those crossed
over), and 6 percent of thosc assigned to medical
reatment and not crossed over had a ¢linically sue-
cessful result (P=20.001 for the comparison between

the ransmyocardial-revascularization group and cach

medical-treatment group) (Fig. 2). At 6 months, the
suCcess rates were 67 percent, 27 percent, and 6 per-
cent, respectively, and at 12 months, the success rates
were 72 percent, 43 percent, and 13 percenr, respec-
tvely (P<0.001 for both sets of comparisens).

A blinded, independent assessment of angina was

Voluome 341 Number 14 - 1023
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Figure 2. Relief of Angina According to Traatment Group.
Results are shown for both intention-to-treat and on-treatment
apalyses. The intention-lo-Trest analysis included all patients
assigned 1o the rmedical-restment group. ingluding those
crossed over to transmyocardial rovasculanization (TMR). Relief
was defined as an improvement in angina by at least two Ca-
nadian Cardiovaseular Sogiety classes from base line. Tho
T bars indicate standard deviations. Asterisks indicate P-<0.007
for the comparison with the transmyocardial-revascularization
group.

conducted in addition to the on-site evaluations, For
80 percent of the patients, the result of the inde-
pendent assessment was within one CCS class of the
result of the on-site assessment, indicating consis-
tency in the evaluations, When the on-site and inde-
pendent evaluations were compared, no significant
differences were found (P=0.20).

Cardioactive Medications

Changes in the use of cardicactive medications (ni-
trates, bets-blockers, and calcium-channel blockers)
from base line to follow-up were analyzed for their
potennal influence on outcomes with respect o angl-
na. The clinical success of ransmyocardial revascular-
tzation was not dug to changes in medication; the use
of medications decreased or remained unchanged in
83 percent of the patients in whom transmyocardial
revascularization was successful. Conversely, the use of
medications increased or remained unchanged in 86
percent of the patients assigned to medical treatment.

Quualicy of Life

According o the respenses on the SF-36 ques-
tonnaire, paticnts in the transmyocardial-revascutar-

1024 - September 30, 1999
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Figure 3. Chonge in Left-Sided Myocardial Perfusion during
Follow-up, Accarding 10 Treatment Assignment.

The percent change in myocardial perfusion differed signif-
icantty batween the groups st each time point (P=0.001 at
3 monthe, Pm0.02 aT 6 months, and P=0.002 ai 12 months),
The peregntage change in myocardial parfusion is calewlated as
the number of defects at base line minus the nurmber of defectz
at fallow-up, divided by the number of defects at base linc.
Numbers shown represent results from patients with uiable
data. TMA denotes tranemyocardial revasoularization,

ization group had a greater improvement in their
quality of life (38 percent improvement) than pa-
nents in the medical-treatment group (6 percent
improverent) as compared with base line at three
months (P<0.001). This difference was also signif-
icant at 6 and 12 months (P=0.01 and P<0.00],
respectively). For each of 15 components of the Se-
attle Angina Questionnaire, transmyocardial revas-
cularization was associated with a significantly better
result than medical treagment.

SPECT Scans

The rates of compliance with the protocel and
the proportion of scans that were usable during fol-
low-up were similar in the two groups (81 percent
and 72 percent, respectively, in the wansmyocar-
dial-revascularization group and 79 percent and
69 percent, respectively, in the medical-treatment
group). The mean number of segrments with revers-
ible perfusion defects at enroliment was 71+3.7
per patient in the transryocardial-revagcularization
group and 6.8x3.3 in the medical-trestment group
(P=0.60). At cnrollment, the mean number of seg-
ments that were judged to have fixed defects was

May., 21 26884 B3:58PM P =
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90=+3.6 in the transmyocardial-revascularization
sroup and 9.0%3.3 in the medical-treatment group
(P=0.96).

Medications were not stopped before the per-
formance of SPECT imaging. Use of medicatons
was balanced berween the groups at cach time point.
Figure 3 shows the percent change in lefr-sided my-
ocardial perfusion at 3, 6, and 12 rmonths. In the

- group assigned to transmyocardial revascularization,
reversible ischemia decreased by an average of 1.5
segments per paticnt at 3 months, 0.8 scgment ar
6 months, and 1.4 segments at 12 months. In con-
trast, in the group assigned 1o medical weatment, re-
versible fschemia increased by an average of 0.8, 0.8,
and 1.3 segments, respectively (P=0.001 for the
comparison between groups at 3 months, P=0.02
for the comparison at ¢ months, and P=0.002 for
the comparison at 12 months). However, there were
no statistically significant differences betwoen the
groups at any of these time points in the number of
fixed defects per patient.

Morbidity

During the first 30 days after transmyocardial re-
vascularization, 6 patents (7 percent) had acute my-
ocardial infarction, 10 (11 percent) bad congestive
heary fatlure, 7 (8 percent) had ventricular tachycar-
dia or ventricular fibrillation, and 1 {1 percent) had
unstable angina, Sixty-two paticnts had no comph-
cations, 18 had one, 7 had two, 1 had three, 1 had
four, and 2 had five. The only complication resulting
specifically from the surgical procedure was an acdi-
dental laser-induced injury of the miwal apparatus,
which was repaired, in one patient.

During the 12-month follow-up period, the rate
of hospital admission du¢ to unstable angina was
2 percent among patients assigned to mansmyocar-
dial revascularization and 69 percent 2mong patents
assigned to medical weatment (P<0.001). Rates of
admission to the intensive care unit during the 12-
month period were (.02 admission per patient in the
transmyocardial-revascularization group and 1.37 ad-
rmissions per patient in the medical-treatment group.
There was no significant difference in the rate of
freedom from acute myocardial infarction between
patients assigned to transmyocardial revascularization
(87 percent) and those assigned to medical treatment
who did not cross over (80 percent, P=0.24), but
the rate of frecdom from wostable angina was signif-
icantly higher after transmyocardial revascularization
(84 percent, as compared with 25 percent afrer medi-
cal weatment ondy; P-<0.001). The proportion of pa-
tients who did not die and who were frec of acure
myocardial infarction, wistable angina, and class IV
angina was also significantly higher in the wansmyo-
cardial-revascularization group (66 pércent, as ¢onm-
pared with 11 percent in the medical-treaument group;
P<0.001). Event-free survival is shown in Figure 4,

TRANSMYOCARDIAL REVASCULARIZATION FOR END-5TAGE CORONARY ARTERY DI!..-l‘.-EASE

100

B0+

60 =

Crossover

40+
Medicat treatment

204 with&ut erossover

Survival Free of Cardiac
Events (3 of patients)

0 T T T 1
0 2 8 9 12

Months of Follow-up

Figure 4. Event-free Survival According to Treatrnent Group.

Cardize events wera defined ag acuto myacardial infarction, un-
stabie anging, or ¢lags IV angina. TMR denotes ransroyocardial

revascularization.

* Mortality

There were no intraoperative deaths among the
patients assigned to trapsmyocardial revasculariza-
tion; the 12-month survival rate was 85 percent, In
comparison, the 12-month survival ratc was 79 per-
cent among the 41 medically treated patients who
were not crossed over to wansmyocardial revascutar-
ization (P=0.50). Of the paticnts assigned to trans-
myocardial revascularization, 3 (3 percent) died per-
ioperatively, and 10 (11 percent) died from cardiac
causes during follow-up (Table 2).

The sole predictor of perioperative mortality was
the occurrence of unstable angina. The time be-
tween an occurrence of unstable angina and surgery
was significantly related to the risk of perioperative
death (P<<0.001): the risk increased by 2 factor of
22.9 when the time between angina and sargery de-
creased to less than 2 weeks (1 to 7 days: § of 30
paticnts died [27 percent; 95 percent confidence in-
terval, 11 to 43 percent]; 8 to 14 days: 3 of 19 died
[16 percent; 95 percent confidence interval, 0 to 32
percent]; =15 days: 1 of 102 died [1 percent; 95 per-
cent confidence interval, 0 to 3 percent]) (P<0.001).
A low left ventricular ejection fraction was & signifi-
cant predictor of overall mortality in the wansmyo-
cardial-revascularization group (P=0.02). The inci-
dence of acute myocardial infarction during the study
was significantly associated with overall mortality in
both groups {transmyocardial revascularization, P=
0.05; medical weatment, P=0.03). The treatment-
group assignment was not predictive of mortality,
confirming the similarity of overall mortality in the
two groups.

' Grossover Group

Of the 101 patients assigned to medical rrearment
60 (59 percent) were crossed over 10 LANSHyoCar-
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TomiE 2. CalSES OF [IEATH ACCORDING 1O TREATMENT GROUT.

No. oF STuny
Cauze of Deatw PATIENTS Dav*
Group asigned to transoyocardind revascn-
havizavion .
Early deaths
TnIraoperative or perioperative acute myocar- 3 59,12
dial infaretion
Late deaths frorn cardiac causer
Sudden cardise death after tow gardiac ont- 1 26
pur syndrome
Acure myotardial infarcien after snultiple- 1 112
organ filure
Congestive heart failure dut 1o venmicular ) 124
fbolhtion
Unstable angina 1 194
Stroke : 1 19§
Vepmrienlar Gbrillation after gallbladder sur- 1 24
£y
Loa‘i: cardias output syndrome after laser 1 72
revascularization ‘
Acure myotardial infarction 2 38, 161
e dearhs o noncardiae gauses
Drchydrarion due to vim! nfecton 1 157
Group assigocd to modical freatrnont
without ercesover
Early deaths
Acute myecardial infarction 1 13, 24
Loate deatha . ’
Arure myocardial infarcdon prededed by ua- 1 204
$table angina
Sudden death ar home from presumned 3 30, 99, 146
arrhythmia
Lare deaths fronn soticardize cavses :
Mon=cirdise-relarad ¢ader i 244
Group cxossed over to trangmyscirdial
revaseulariraton
Early deadhs
Venmiculr Sbndlaten 3 602
Cardisg amest 2 7,14
Perioperative acure myocardial infarcton 2. 7.9
Ferigperative low cardiac output syndrome 2z 8,11
Lazc deaths from cardiae Sauics :
- Arrhythmiz 4 45,158, 201, 203
Acute myocardial infarcton 2 2,273

"Day { iz the day of eperation.

dial revascularization a mean of 107+89 days after
randormnization. Because of their unstable angina, these
paticnts were considered to be at high risk for a poor
outcome (Cleveland Clinie risk score, .3£2.6, as
compared with a score of 5.8+2.9 ar enrollment for
all paticnts assigned to medical treatment, where a
score of =5 indicates 2 high risk; P=0.02). During
the first 30 days after surgery, 3 of the 60 padents
(5 percent) had acute myocardial infarction, 2 (3 per-
cent) had unstable angina, 3 (5 percent) had arrhyth-
rmias, and 3 (5 percent) had congestive heart failure.
One patient sustained laser-induced damage to the
mitral apparatus during surgery. Twenty-three of the
patients who were crossed over underwent the 12-
month follow-up assessment of angina; 16 of these
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23 paticnts (70 percent) had CCS class I or 1T angi-
na, 3 (13 percent) had dass I, and 4 {17 percent)

kad class IV.

DISCUSSION
Before this study was conducted, the potental ben-

ofits of Transmyocardial revascularization performed .

with 2 carbon dioxide laser had been observed in
most of the 2500 patients who had undergone this
wearment. A nonrandomized study of these paticnts
showed significant improvement in symptoms and
perfusion after the laser weatment.0 Whether this
improvemnent would have occurred without transmy-
ocardial revascularization was unknown. This question
prompted the current randomized investigation.

In this study, the proportion of patients who had
relief from angina was greater in the group assigned
to undergo wransmyocardial revascularization (72 per-
cent) than in the parients iz the group assigned 1o
receive maximal medical therapy who did not cross
over to transmyocardial revascularization (15 per-
cent). This significant decreasc in the patients’ CCS8
class was confirmed by a blinded, independent as-
sessment and with use of the Seattle Angina Ques-
Honnaire. Morcover, patients who were assigned to
medical treatment had a rate of hospital admission
for unstable angina of 69 percent, as compared with
only 2 percent in the transmyocardial-revasculariza-
tion group. Among patients who underwent wans-
myocardial revascutarization, relief of acute and chron-
ic angina resulted in an improved quality of lifc, as
measured by the §F-36 questionnaire, and reduced
usc of antianginal medications.

In addition, myocardial perfusion improved after
transmyocardial revascularization and worsened with
medical treatment alone. The price of the benefits of
transmyocardial revascularization was a 3 percent rate

of perioperative mortality. If the procedure was de- -

ferred for two wecks, this rate decreased to 1 per-
cent, making the mortality associated with transmy-
ocardial revascularization less than thar associated
with coronary-artery bypass grafting.1* Overall sur-
vival ar 12 months was similar in the t™wo groups
(transmyocardial revascularization, 85 percent; med-
ical treatment, 79 percent; P=0.50). :
This study did not directly address the mecha-
nisms underlying the benefits of rransmyocardial re-
vascularization; however, several inferences can be
made. There may be a shore-lived placebo cffect. In
a nonrandomized trial, long-term follow-up of pa-
tients who underwent ransmyocardial revasculariza-
tion showed no change in the improvement in symp-
toms after 3 years (average CCS class, 5.820.4 at
base line, 1.4%1.2 2t 12 months, and 1.5=1.2 at 36
months).!* The conversion of ischemic myocardi-
um to infarcred myocardium misy also improve an-
ginal symptoms. In our study, however, the extent of
fived defects in perfusion over the 12-month period
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was similar in the two groups, and there was 0O Sig-
nificant increase in fixed defocts after transmyocar-
dial revascularization as compared with medical teat-
ment. Denervation is another possible mechanism of
the benefit. If this were the explanation, however,
one would cxpect o scc an increase in myocardial
infarction, sudden death, and heart faihare with trans-
myocardial revascularization — nene of which in-
creased in the patients assigned to this treatment.

Improved pecfusion and relief of symproms after
transmyocardial revascularization could result from
patent channels created by the laser or from laser-
induccd angiogenesis. lsolated anatomical evidence
of patent channels has been reported.s4” In addi-
tion, real-time, high-resolution contrast echocardi-
ography has shown patent laser channels perfusing a
1.5-cm?® secrion of myocardium with cach systole.t®
Tn our study, perfusion improved over a period of 12
months, indicating that the laser may increase perfu-
sion by stimulating angiogencsis.

Although we assume that transmyocardial revascu-
larization directly enhances myocardial perfusion, pro-
viding relief of angina, we cannot cstablish a direct
correlation. Changes in clinical symptoms and chang-
cs on perfission scans reflect two related but distinet
phenomena, and in our study the degree of sympto-
matic improvernent was no: necessarily matched by
the degree of improvement in the results on scan-
ning. Symptoms and perfusion improved in most of
the paticnts assigned to transmyocardial revascular-
ization but not in those assigned to medical treat-
ment who did not cross over to transmyocardial re-
vagcularization,

The option for crossover from the medical-treat-
ment group to the mansmyocardial-revascularization
group was the greatest limitation of this study.
Crossover was allowed a5 an incentive for patients as-
signed to maximal medical therapy to remain in the
study if medical therapy failed. The atition rate in
this group was considerable because the condition
of these patients did not improve substantially and
because, by definition, they had unstable angina that
required intravenous medication. Despite the limiza-
ton inherant in the erossover design, the patients as-
signed to wansmyocardial revascularization showed
improvernent at three and six months as compared
with their base-line values and as compared with
values in their medically meated counterparts. In
addition, although lifestyle changes can be limiting
facrors in clinical trials, there were no significant dif-
ferences in lifestyle or medication use that might
have influenced the outcomes.

In & recent report on 2 randomized study at 2 sin-
gle center,?? Schofield et al. concluded that transmy-

ocardial revascularization should not be recommend.

ed because it did not significantly increase exercise
capacity or ] Z-minuge walking distance at 12 months.
However, the patients who underwent transmyocar-

dial revascularization did have significandy decreased
angina (as indicated by the CCS class), increased
functional capacity, less nced for antianginal medi-
cations, and fewer hospiral admissions as compared
with medically treated paticnts. With respect to ¢x-
ercise capacity and walking times, comparisons were
made between the groups at ¢ach follow-up period,
not between base line and follow-up within «ach
group. The authors reported similar decreases in re- -
versible defects in the two groups. Howcver, they
did not consider the effect of changes in fixed defects.

With regard to fixed defects, there was no signifi-
cant change from basc line to 12 months in the
transmyocardial-revascularization group.? The med-
ically treated group, however, had a significant in-
crease in fied defects from base line (38 segments
[8 percent]) to 12 months (68 scgments (17 per-
cent]); in other words, reversible defects decreased
when fixed defects increascd, as ischemic areas be-
came scarred. In addition, follow-up data on perfu-
sion were pooled, and comparisons were again made
between the groups rather than between base line
and follow-up.

In zeneral, the study by Schofield et al.*? is not
closely comparable with our muldeenter wial, Pa-
tients in our wial were much sicker (70 to 30 per-
cent had CCS class IV angina at base line, as com-
pared with 27 percent in the study by Schofield et
al.1%), and we did not exclude patients with unstable
angina, whereas Schofield et al. did. If patients with
unstable anging are excluded, the pertoperative mor-
tality rate in our study falls to 1 percent, which is less
than the 5 percent reported in the other sericst?

In summary, we conducted this multdcenter, ran-
domized, controlled trial to determine the effect of
transmyocardial revascularization with a carbon diox-
ide laser on symptoms and cardiac perfusion in pa-
dents with end-stage coronary discase, We found that
wansmyocardial revascularization significantly alleviat-
¢d anging and improved cardiac perfusion in padents
with severe angina that was reffactory to convendonal
medical therapy or revascularization procedures.

Wr are indebred to Fhilip T. Lavin, Ph.D. (Boston Biostatisics,
Eoston), for statistieal asistance and v Marianne Malhia (Tede
Eearr [ryeituce, Housoon) for cditorial auisvanes in ghe preparition
of the manteseript.

APTENDIX

Orher members of the Tranamyecardial Carbon Diowide Laver Revavow-
larizadion Study Group wefe AM, Lansing (Auduben Regioral Medical
Center, Louisville, ¥yv), L.H. Cohn and 8.F Aranki {Brigham and Wom-
en's Jiospitat, Boston), G. Fontana (Ceday—Sinai Medical Genrer, Los da-
geles), BW, Lyzle (Cleweland Clime, Cleveland), C. Smidh (Columbia~
Preshyvrerian Medica! Genter, Mew York), KU Landolfs aad TE. Lowe
(ukc University Hospital, Durham, N.C), LE. Crew (Seton Medical
Cenrer, San Francisco), M.&. Mirhosaini (St Zukes Medical Center, Mil-
wankes), DA, Cooley and KA. Kadipasaogle (Toxss Heart Institute,
Houseon), B8 Grffith and §. Fartder (Universry of Pirsbuargh Brestine
rian Heospital, Pittsburgh), and SW. Boyce {Washington Fespiead, Wash-
ington, 13.G).
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