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Objective — Report clinical experience in surgical
treatment of atrial fibrillation (AF) by Cox-maze procedure.

Methods — 61 patients underwent surgical treatment
for AF. Two had primary AF and 59 AF secondary to heart
disease (2 atrial septal defects, 57 mitral). Ages ranged
from 20 to 74 years (mean = 49). There were 44 females
(72%). The surgical technique employed was Cox 3
without cryoablation. The patients were follow-up in
specific at patient clinics and underwent periodical ECG,
exercise tests, echocardiogram and Holter monitoring.

Results — In-hospital mortality was 4.9% and late
mortality 1.6%. A temporary pacemaker was used in 28
(46%) and a definitive in 7 patients (11.4%). On hospital
discharge, AF remained in 17%, 63.9% had sinus rhythm,
6.9% atrial rhythm, 1.7% junctional vhythm, and 10.3% had
pacemaker rhythm. In the last evaluation, AF was present in
19.5%; (70.5% sinus rhythm, 4% atrial rhythm, 2% atrial
tachycardia, and 4% pacemaker rhythm). There was no re-
port of thromboembolic episodes. Chronotropic response
was considered adequate in 19%, intermediate in 29%, and
inadequate in 42%. In Holter monitoring, the mean heart
rate was 82+8 bpm, with a minimum of 57+7 bpm and maxi-
mum of 126£23 bpm, with supraventricular extrasystoles in
2.3+5.5% of the total heartbeats and ventricular extrasysto-
les in 0.8+0.5%. In the echocardiogram, the A wave was
present in the left atrium in 87.5%.

Conclusion— Maze procedureis effective and has accep-
table surgical risk. Atrial or sinus rhythms remain stable witha
small but remarkable frequency of atrial and ventricular
arrhythmias. Left atrial contraction is present, although
attenuated, as well as the chronotropic response to exercise.
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Atrial fibrillation (AF) hasbeen treated traditional ly
with methods established decades ago, whose objectives
arethe recovery of the sinus rhythm or, when thisis not
feasible, the control of theventricular rate associated with
anticoagulation*. Thisarrhythmiawasconsidered benign,
andtherewerefew effortsto study itingreater detail. Since
thelast decade, however, AF has become more and more
frequently investigated and treated.

Establishment of an adequatetherapy for AFisconsi-
dered one of the major challenges for cardiologistsin the
near future.

Theunderstanding of AF asanonbenign entity witha
clear increaseinmorbidity and mortality initspresence, es-
pecially when associated with risk factors, such asstructu-
ral heart disease, hypertension, etc 23, hasled to effortsto
reverseit. Inaddition, pharmacol ogica methodsthroughin-
terventional catheterization*”, implantable defibrillators’®,
and surgery *** have also been devel oped.

Since 1991, we have been studying the surgical treat-
ment of AF. Initially, we used themaze procedure proposed
by Cox*2, with modifications, inaseriesof patientswith sur-
gica indication duetomitral valvelesion. Later, weexten-
dedtheseries,including other lesionsand primary AF. This
study aimsto report thisexperience.

Methods

BetweenMay 94 and June 98, 61 patientsunderwent the
maze procedure. Fifty-nine patients had organic lesions,
among which were 57 isolated or associated mitral lesions
and 2 atria septa defects(ASD). Thelesionsassociated with
themitral valvelesionwereoneaorticlesionand one case of
ischemic heart disease. In 2 patients, who had previously
undergone catheter ablation without success, the AF was
primary andrefractory to themedi camentoustreatment.

Agerangedfrom 20to 74 years(mean age=49years) a
thetimeof surgery. Therewere44fema es(72%of thepetients).

Thepatientsreferred for surgery included thosewith
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chronic AF for more than 6 months, who were considered
refractory to clinical treatment and without reversion to
sinus rhythm during this period. These patients did not
have severe left ventricular dysfunction, i.e., ejection
fraction £ 20% on theechocardiogram and therewasno pre-
vious heart surgery and no pericardial adhesions of any
other origin. These patientswould betreated with surgery
duetotheir basiclesion, except thosewith primary AF. The
criteriafor surgical indicationwerethoseof themainorganic
lesion, except inthe 2 patientswith primary AF, wherethe
criterionwasrefractorinessto previoustreatment. During
thestudy, all patientswith chronic AFreferred for surgery
andwhodidnotfulfill all theexclusion criteriacited above
underwent themaze procedure.

The most employed surgical technique wasthethird
modification of themazeprocedure, knownasCox 3. Insome
of the first cases, the septal incisions were longitudinal
instead of oblique-transversal, asinthe Cox 3technique, and
thelongitudinal incision in the inferior vena cavawas
omitted. After becoming acquai nted with the procedure, we
began to use all the original incisions proposed by the
author. Cryoablation of theextremitiesof theatrioventricular
incisions, aswell asof the posterior coronary sinus, wasnot
performed because adequate equipment was not available.
Toreplace cryoablation, abroader dissection of the sitewas
performed aswasel ectrocoagul ation of the adjacent tissues.

Inthe postoperative period (POP), wetriedtomaintain
theatrial frequency above 80 bpm, activating atemporary
atrial pacemaker, when necessary. Spironolactonewasrou-
tinely administered to prevent water retention consequent
totemporary reduction of theatrial natriureticfactor®.

All patientswerefollowed in specific ambulatory cli-
nicsor by their attending physicians. The patients periodi-
cally underwent aclinical assessment and also €l ectrocar-
diogram, ergometric test, echocardiogram, and 24-hour
Holter monitoring, to determinetheir functional condition,
basic heart rhythm, arrhythmias, chronotropic responseto
exercise, andleftandright atrial contraction.

Quantitative datawere expressed in percentages or
mean £ standard deviation. Statistical analyseswereperfor-
med throughthe SPSSand EPI-INFO softwarein computers
with the operating system Windows 95. Theresults are
shownintablesand chartsasindicated.

Results

The global mortality rate was 6.5% (4 patients), of
which 3 (4.9%) werein-hospital desthsand one(1.6%) was
alate death. The causes of the early deathswerethefollo-
wing: 1) neurologic damagedueto apreviouscarotidlesion,
followed by multiple-organfailureina72-year-oldfemae
patientinfunctional class|V referredfor surgery dueto se-
veremitral regurgitation accompanied by moderateventri-
cular dysfunction; 2) immediate postoperativeendocarditis
inmitral bioprosthesis, treated with aninitially successful
reoperation that wasfollowed by pulmonary embolismand
deathintheearly POP of the second surgery; 3) ventricular
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failure after two redo operations to correct postoperative
bleeding. The cause of thelatedeath wasnot clarified, and
sudden death may have been dueto arrhythmiaat the 14"
month of POP becausethe Holter monitoringinthispatient
showed ventricular arrhythmias.

Intheearly POP, atemporary pacemaker necessitated
by atrial bradycardiawas employed for hours or days, 14
daysbeingthelongest period, in 28 patients. Definitivesti-
mulationwasusedin 7 (11.4%) patients, withtheDDD sys-
temin 6 patientsand the VVI-R systemin one patient. Of
thesepatients, 3had total atrioventricular block (AVB)inthe
early POR, 2 had junctional bradycardiaintheearly POP, one
patient had brady-tachyarrhythmiasyndromewith synco-
peinthelate POP, and one patient had third-grade AVB in
theearly POP, which later disappeared, returningtothesi-
nusrhythm. During thisperiod, therewasinfection at the
siteof the pacemaker generator in one patient, andthesys-
tem wasremoved without another implant. AF evolvedin
thispatient. Atthelast evaluation, therewere 6 (9.8%) pati-
entswith definitive pacemakersimplanted.

Temporary atrial arrhythmiaswerefreguent and were
the major cause of prolonged hospital stay. Episodes of
fibrillation and flutter weretreated with el ectrical cardiover-
sionor chemical cardioversionwithintravenousamiodaro-
nefollowed by oral maintenance doses, whenever possible,
at the same hospital stay. These episodes occurredin 6
(10%) patients.

The most significant early surgical complications
werethefollowing: 2 patientswith strokeand no sequelaon
hospital discharge; one anaphylactic reaction to protami-
ne; withdrawal of foreign body fixed to the superior vena
cavathrough venous catheter; perioperative aortic dissec-
tion; acutecholecystitis, twore-operationsdueto excessive
bleeding; and one case of acute pulmonary edemaduring
the operation.

Inregardtothelengthsof surgery and hospitalization,
they varied asfollows: themean time of extracorporedl cir-
culationwas91 minutes, varying from41to 151 minutes; the
meantimeof myocardial ischemiawas63 minutes, varying
from43to 116 minutes; thetimeof hospital stay variedfrom
81037 days(mean = 14 daysand mode= 8 days).

Onhospitd discharge, 63.9% of the patientshad sinus
rhythm. Atrial rhythmwasfoundin 6.9% of thepatients, the
junctiond rhythmin 1.7% of the patients, and the pacemaker
rhythmin10.3%. Atrid fibrillationwaspresentin 17.2% of
theoperated patients(Fig. 1).

At least one postoperative eval uation was carried out
in 51 patients, and the last one was performed at a mean
timeof 14.7 monthsafter thesurgery (1to 36 months). Atthe
last evaluation, 36 (70.5%) out of 51 patients had sinus
rhythm, 2 patients (4%) had atrial rhythm, onepatient (2%6)
had paroxysmal atria tachycardia(PAT) withAVB 2:1,and 2
patients (4%) had arhythm of DDD pacemaker. AF rhythm
waspresentin 10 patients(19.5%) (Fig. 2). Therewasnore-
port of systemic or pulmonary thromboembolic episodein
the patientsduring follow-up.

Fromthe 31 patientsundergoing the ergometric test, 3
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Fig. 1-Pie-chart r epresenting the cardiac rhythmson hospital discharge.
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Fig. 3—Maximal heart rate(HR) during theergometrictest of part of theseriesstudied
(Maze patient) compared with arandom sample of healthy patients of the same
laboratory (IC/FUC patient) and themaximal HR cal cul ated for thetest (maximal HR),
distributedinregardto age. The patientsof the seriesstudied show maximal HRinfe-
rior to that of the healthy population of the laboratory (p<0.01).
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Fig. 2- Pie-chart representing the cardiac rhythm at thel ast postoperative eval uation
(1to36months, mean= 14.7 months).

developed AF during thetest. Intheremaining 28 patients,
the chronotropic responseto exercisewas considered ade-
quate (> 85% of themaximal heart rate (HR) calculated) in
19% of the patients, intermediate (between 75% and 85% of
themaximal HR) in29% of the patients, and inadequate (<
75% of themaximal HR) in 42% of the patients. Themean
maximal HR reached in thisgroup of patientswas 126+26
bpm. Themean HR of arandom sampleof patientswith smi-
lar characteristicsregarding sex and agewho underwent the
ergometrictest at thesameservicewas 149+22 bpm (p<0.01)
(Figs. 3and4). Thissamplecomprised randomly chosen pa-
tients, who came to the ergometry laboratory for distinct
reasons, at the sametime of the study.

Twenty-four hour Holter monitoringwasperformedin
17 patientschosen amongthosewith atrial rhythmat clinical
evaluation. Therewere12femal es(70%) and 5males(30%).
Themean agewas51+12 years. Fromthese patients, 9were
receiving medication (digitalis or beta-blockers). ECG-
Holter wasperformed at ameantimeof 12+7 monthsof the
POP. Themean HR was82+8 bpm, themaximal was126+23
bpmandtheminimal was57+7 bpm. Supraventricular extra
systolesaccounted for 2.3+5.5% of thetotal heartbeatsand
theventricular extrasystolesfor 0.8+0.5%. Chronotropic
competencewasinterpreted asnormal in 9 (53%) patients
and alteredin 8 (47%) patients. Atrioventricular conduction
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Fig. 4 — Graphic representation of the chronotropic response (CR) to exercise,
evaluated through the ergometric test in asample of 31 patients of the series. 13
patients(42%) had aHR bel ow 75% of the heart rate cal cul ated; 9 patients (29%) had
HR between 75% and 85% of the heart rate cal cul ated; and 6 patients (19%) showed
chronotropic response of 85% or more.

wasnormal in 13 (76%) patientsand therewasfirst degree
AVBin4(24%) petients.

On echocardiogram, the mean diameter of the | eft
atrium (LA) was61.5mminthePOPand51.5mm 12 months
after the surgery (p<0.01). The A wave of the LA waspre-
sent in 87.5% of thetests performed at the third month of
thePOPand, in 88% of thetestsperformed at the 12" month
of the POP. The E/A waveratio was 1.9+1.2 at thethird
month of thePOPand 2.37+0.80 at the 12" month of the POP,
Themeanvelocity of the A wavewas89.3 cm/sat thethird
month of the POPand 70.3 cm/sat the 12" month of the POP,

Discussion

Absenceof anideal treatment for chronic AF hascom-
pelled researchersto look for advanced treatment options.
Proceduresthat restore atrial contraction and AV synch-
ronism have been sought to reestablish atrial transpor-
tation and to reducetherisk of thromboembolism, through
theelimination of itscause, i.e. blood stasisinsidetheatria.
Among the surgical procedures, the corridor procedure of
Guiraudon et al*® and the electrical isolation of the left
atrium?® (or right atrium, depending on thedisease) havesig-
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nificant ratesof success, although inferior to themazepro-
cedureproposed by James Cox et a > who performedit for
thefirsttimein 1987.

Themost recent seriesdescribed by Cox et a*® reports
178 patients who underwent surgery. Out of these 178
patients, 118 were operated upon according to the current
technique (Cox-maze 3) with an early mortality rate of 2%.
Intoleranceto arrhythmia, intoleranceto drugs, and throm-
boembolismweretheindicationsfor surgery. Therewere 26
patientswithmitral lesions. Therewassuccess(atrial or snus
rhythm) in 96% of the patients, atrial flutter in 1%, and
persistenceof AFin 3%. A definitive DDD pacemaker was
implanted in 22% of the patients due mostly to sinus dys-
functionandtototal AV B insomepatients. Patientswith pri-
mary or secondary, paroxysmal and chronic AF wereopera
ted upon. Inthe POPfollow-up, therewas evidence of right
atrial contractionin 98% and left atrial contractionin 94%.
The patientsdid not receive anti coagul ants.

Our experiencereportedinthisstudy showsasurgical
risk similar to that of other seriesintheliterature (Tablel).
Thesurgical successwasdightly inferior tothat of Cox, but
yet within the expectationsof others, becauseitinvolved a
group of patientswith another basiclesion, wheretheatria
lesion may have becomeirreversible. Inaddition, failures
duetothelearning process of the procedure and the selec-
tion of the patients should al so be considered. The use of
dissection and electrocoagulation instead of cryoablation
could have al so contributed to somefailures. Comparison
withaseriesof patientstreated only for thevalvular lesion
showednoincreaseinsurgical risk®. Ontheother hand, the
analysis of aprecedent setting seriesat our institution, in
whichonly themitral lesionwastreated, showed reversion
tosinusrhythminonly 26% of thepatients””. Therefore, the
benefitsof the Cox method areunequivocal ly demonstrated
by the results obtained.

K obayashi et a8 reported a series of 42 patientswho
underwent the maze procedure and the redo of the mitral
valveoperation, with no early deaths. Sinusrhythmwasres-
toredin 67% of the patients, suggesting that selected patien-
tsmay benefit fromtheprocedure, eveninre-operations.

Other series of patients have been reported, and their
results are shown in table 11516192, Usually, atrial or sinus
rhythmisrestored 85%t090%of thetime. Anatrid pacemaker
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isnecessary in 10%to 22% of thecases, dependingonthepre:
viousdisease. Thereseemstobenoincreaseinmortality when
the procedureisassociatedwiththecorrection of structural le-
sions, eventhoughthehospital stay andtheearly mortality rate
may behigher withthemazeprocedure.

On the other hand, in our case series and in others,
thereisan attenuation of the chronotropic responsedueto
partial denervation of the heart in the first months of the
POP?4%, This response improves in a more prolonged
follow-up®. Late occurrence of incessant atrial tachycardia
has been described, emphasizing the need for the clinical
observation of the patients.

Theissue of efficacy of atrial contraction frequently
arises. Several serial studies®®3! show therestoration of ef-
fective atrial contraction and reduction of the size of the
atriainmost patients. Contractionismoreintenseintheri-
ght atriumand seemstoimprovewithtime. Giant atriatend
to remain without contraction, despite the restoration of
atrial electrical activity*. Comparison between groupstrea
ted and those that underwent only mitral valve surgery
showsadecreasein theincidence of thromboembolism af -
ter themaze surgery®®.

Atfirst sight, the surgical treatment for primary AF
may seem strange. However, considering what hasbeenre-
ported, theevidencein theliteratureand the reproducibility
of theresults, surgery should be considered when patients
of anactiveagearelimited by arrhythmiaand at the cons-
tant risk of systemicthromboembolism. Comparingthesur-
gical risk of 2% withthealready knownrisk of embolismor
hemorrhage, we can assumethat through therestoration of
atrioventricular synchronism the patients operated upon
will benefit within one or two years of the POP. Atrial
thrombi, previousthromboembolism, hypertension, diabe-
tes, recent heart failure, intoleranceto drugs, severe symp-
tomatol ogy, or evidence of tachycardiomyopathy can help
withthesurgical indication. Ontheother hand, thetenden-
cy toward lessinvasive procedures, through smaller thora-
cotomies, can reducetheimpact of thesurgical aggression
andturnthisprocedureinto amore attractive option.

In conclusion, the maze procedure (Cox-maze) to
correct chronic AF is efficient and effective in most pati-
ents. Therewasnoincreasein mortality when it was asso-
ciated with the correction of other cardiac defects. Morbidi-

Table I - Results of the surgical treatment of atrial fibrillation through the maze procedure (Cox-maze)

Author/year n Primary Secondary Early Sinug/Atrial With
Mortality (%) Rhythm (%) Pacemaker (%)

Cox, 1996 ** 178 152 26 2 97 22
Kosakai, 1995 *° 101 - 101 2 86
Gregori, 1995 2 20 - 20 0 90
Jatene, 1998 1© 20 - 20 5 95
Sandoval, 1996 # 21 - 21 5 85
Melo, 1997 2 12 - 12 0 75
Kawaguchi, 1996 % 51 - 51 0 88 -
Kalil, 1999 61 2 59 4,9 76,5 4
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ty and the duration of the intervention slightly increased.
Atrial rhythmismaintained at medium-termandthereisa
small but remarkable frequency of atrial and ventricular
arrhythmias, which deserveobservation. Left atrial contrac-
tion is present, although attenuated, in the patients with
atria rhythm. Thechronotropicresponseisdightincompa
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