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Surgical treatment of atrial fibrillation
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Despite its proven efficacy in the treatment of atrial fibrillation (AF), the Cox-Maze llI
procedure has not been widely accepted owing to its complexity and technical difficulty.
New ablation technologies have led to the development of various simplified lesion sets,
including minimally invasive techniques. Given recent improvements in the percutaneous
catheter ablation technique, it seems to have replaced surgical treatment of AF, especially for
lone AF. However, suboptimal results of catheter ablation have been reported, and it has been
well established that the Cox-Maze 11l procedure is still the gold standard for surgical AF
ablation. Nevertheless, many physicians and patients are reluctant to undergo surgery for lone
AF because of its invasiveness. In this regard, improvements in minimally invasive technology
should be directed toward replicating the original Cox-Maze IIl technique and ultimately on
performing it on the beating heart without cardiopulmonary bypass. This review provides an
overview of the current state of the art and future directions in the surgical treatment of AF.
Based on a better understanding of the mechanisms of AF and various treatment techniques,
and improvements in diagnostic techniques, the appropriate option among various surgical
techniques should be selected tailored to individual patients, making the surgical treatment of AF
available to a larger population of patients.
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Table 1. Consensus indications for surgical ablation of AF (2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and Surgical
Ablation of Atrial Fibrillation)

Indications Class Level

Indications for concomitant surgical ablation of AF
Symptomatic AF refractory or intolerant to at least one class 1 or 3 antiarrhythmic medication

Paroxysmal: surgical ablation is reasonable for patients undergoing surgery for other indications lla C
Persistent: surgical ablation in reasonable for patients undergoing surgery for other indications lla C
Longstanding persistent: surgical ablation is reasonable for patients undergoing surgery for other indications lla C

Symptomatic AF prior to initiation of antiarrhythmic drug therapy with a class 1 or 3 antiarrhythmic agent

Paroxysmal: surgical ablation is reasonable for patients undergoing surgery for other indications lla C
Persistent: surgical ablation in reasonable for patients undergoing surgery for other indications lla C
Longstanding persistent: surgical ablation may be considered for patients undergoing surgery for other indications Ilb C

Indications for stand alone surgical ablation of AF
Symptomatic AF refractory or intolerant to at least one class 1 or 3 antiarrhythmic medication

Paroxysmal: stand alone surgical ablation may be considered for patients who have not failed catheter ablation ls) C
but prefer a surgical approach

Paroxysmal: stand alone surgical ablation may be considered for patients who have failed one or more attempts IIb C
at catheter ablation

Persistent: stand alone surgical ablation may be considered for patients who have not failed catheter ablation llb C
but prefer a surgical approach

Persistent: stand alone surgical ablation may be considered for patients who have failed one or more attempts Ilb C
at catheter ablation

Longstanding persistent: stand alone surgical ablation may be considered for patients who have not failed llb C
catheter ablation but prefer a surgical approach

Longstanding persistent: stand alone surgical ablation may be considered for patients who have failed one or lIb C
more attempts at catheter ablation

Symptomatic AF prior to initiation of antiarrhythmic drug therapy with a class 1 or 3 antiarrhythmic agent

Paroxysmal: stand alone surgical ablation is not recommended 111 C
Persistent: stand alone surgical ablation is not recommended 1l C
Longstanding persistent: stand alone surgical ablation is not recommended 1l C
From Calkins H, et al. Heart Rhythm 2012;9:632.e21-696.e21, with permission from Elsevier [10].
AF, atrial fibrillation.
ok, Wobd Aae g, 921ea B A A @ o)z 5% Fo FANAZ el BE Afws
(electrical cardioversion), Ak ZZ(rate control) 99.4%2 XM FTH8,9]. 2007 Heart Rhythm Society7}
epAlot F-3aAlE o83 A7 FolH, FeH Age 7t A AAREe] 7HIE 9 A A8 H8F52 Table 1
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Figure 1. The traditional cut-and-sew Cox-Maze Ill procedure (From
Cox JL, et al. JThorac Cardiovasc Surg 1991;101:569-583,
with permission from Elsevier) [13].
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Figure 2. Structure and mechanisms of atrial fibrillation. (A) Schematic drawing of the left and
right atria as viewed from the posterior. The extension of muscular fibers onto the
pulmonary veins can be appreciated. Shown in yellow are the five major left atrial
autonomic ganglionic plexi and axons. Shown in blue is the coronary sinus, which
is enveloped by muscular fibers that have connections to the atria. Also shown in
blue is the vein and ligament of Marshall, which travels from the coronary sinus to
the region between the left superior pulmonary vein (LSPV) and the left atrial ap-
pendage. (B) The large and small reentrant wavelets that play a role ininitiatingand ~~ 3}2 Z 18} A
sustaining atrial fibrillation. (C) The common locations of pulmonary veins (red) and

ganglionated plexi)olg} E2|& 217

’ A opdS 7HAL =], Al epi-

/ cardium)©] AZ3} nlF <l (liga-

ment of Marshall)el] 33} ¢Jr}
(Figure 2) [10].

Aol 5|29} vlursto] g

O] A Z= B A AEARTo] &

3L A A= miztait, o=

B 2 s Sl sgaels o

o= 714 Ashrt o wol st

1, o] 2|3k A48 thdE A7)# o

2 AAF o2 F44 Hsks T

4 Sk ARl s & 5 Sl

AP Q1 #HgH AHsh(triggered

spontaneous pulmonary vein firing)

D &A% Fuel AR AT

2% f APsd) o) Rad £

712 28] AAES o 4 3l

Tl BarEar Qleh20], o]#gh

A= A AR A HA

o

\
\

)

S
=

o]

&)

A st

o
also the common sites of origin of non-pulmonary vein triggers (green). (D) Com- TS doZd Qv S
posite of the anatomic and arrhythmic mechanisms of atrial fibrillation. SVC, supe- &1 o~ =
rior vena cava; RSPV, right superior pulmonary vein; LIPV, left inferior pulmonary M
vein; RIPV, right inferior pulmonary vein; IVC, inferior vena cava (From Calkins H, et

al. Heart Rhythm 2012;9: 632.621-696.621, with permission from Elsevier) [10].

dial muscle fiber)7} ™ ¢to & 1-3 cm A% AT
o, 2957 7P #7191 (1-1.5 mm) AR 2
grolxIt}, AHb2& V)5 (pacemaker activity)S 713
shel dmAo] A2 20 el o], ofelet 24/e]

A7} AP AlE o] B2} E 5= 9] B A 19l

N dm

3. AE K2AEA ¥ e APLA o MoK 3

A AgA17 A (central [extrinsic] autonomic ner-
vous system) 5= A A4 A (intrinsic autonomic
nervous system) FFol|A] Aol kg A1 s e

At} A A7 AlE A 2174 Bk autonomic

808 uwMisol 285 %1z

A AE o] Aol A E et RIS fIg
A zz o] Vo] B T3k Zlo® WolEo{A|aL gl
o} wbA AAES FEHoR S JHHEH WReR
2 g53t7] Sfeire, EgjAE A AY Az o] 774
2 714 S 71 A A7shRs 2] Basit. ol
Al =5 A7]F o8 a1 ¥ (electrical isolation)A]7]A
w2 S o] EAlehs nhE Qs dAlske] 2he-Al
A A Abtsles A, A #lol 1714 Al (abla-

>.\l

J Korean Med Assoc 2013 September; 56(9): 805-816



Figure 3. Similar line patterns, different type of lesions. (A), (B), and (C) show the lines de-
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Figure 4. Diagram of the left atrial (A) and right atrial (B) ablation
procedures using cryoablation (dotted lines). SVC, supe-
rior vena cava; LAA, left atrial appendage; PV, pulmonary
vein; MV, mitral valve; IVC, inferior vena cava; RAA, right
atrial appendage; TV, tricuspid valve; CS, coronary sinus
(From Kim JB, et al. AnnThorac Surg 2011;92:1397-1404,
with permission from Elsevier) [22].
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Table 2. Recommendations regarding ablation technique BE RFE 2oul= A 2S5 S )

Ty T =
Recommendations %0] WA o] Zbguka QA
Ablation strategies that target the PVs and/or PV antrum are the cornerstone for o}zl 1 g &4l thak JXF dloleg 7}t

most AF ablation procedures. 1 23] 35lo|o}

ol2fgk =& thA| A A AR

If the PVs are targets, electrical isolation should be the goal.
Achievement of electrical isolation requires, at a minimum, assessment and

demonstration of entrance block into the PV. 3t 7175 Yol 4u1 7HEastE A
Monitoring for PV reconduction for 20 minutes following initial PV isolation should be X - . %

considered. AX M E(esion set)7} 7FsalFaL
For surgical PV isolation, entrance and/or exit block should be demonstrated. 2~ #5249l W (minimally inva-
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If a focal trigger is identified outside a PV at the time of an AF ablation procedure, A o] A A7 Azl v §
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pacing maneuvers to assess for line completeness. Z2 A3 AT & Qs Al T
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typical atrial flutter or inducible cavo-tricuspid isthmus dependent atrial flutter. o] AZoll 23 Ed& whsoiof sk
If patients with longstanding persistent AF are approached, operators should (transmurality lesion), HA 7] oF
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posterior wall near the esophagus. ofo} BT}, el 2k Aol v

>
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PV, pulmonary vein; AF, atrial fibrillation; RF, radiogrequency. =
o] = A (beating heart) oA &
2 30 QIeH22,23) e AMEES] AN SRS B 871 2191 AW epicardial lesion)& Y=t ol
7] $13te] shfgd - rHdd J5 AAE 5 mlo]= AA HdskaL glo], o] & RIsHH o3l thAlellU =] o] 2E
Aol FFAATH24]. 201249 Heart Rhythm SocietyollA] Fofol & 272 th) 2t
Zhol=eel o 2 AAR 71 E B s Aol ik A Aol #= ol AhdHendocardium) 21t 4
AYaRe- Table 29} 2TH10]., oo 2 W ghHgh Al Ao Ax Ath(transmural
lesion)o] 7}5& A, oufA] ol wp2 Al &2%e] J=7} 4

2. =™ HH|E A= oL x| gel -2k ukg- 34 (dose-response curve) ZHAIYL A wh
J

71&] AE AN 5 oA Al B3 i e 23 Qb A S v dE A, 71 Fa
HARZS sistal AR g |ee mYoR zZro] Afd A, a2ja H23G Dhrsds & + A
ofg] UALE o]-&5F dAHo| A= o, WEd E5 717 7keal 4 A soltk
A(cyroablation), WA 3K radiofrequency), =25
IHmicrowave), dlo]#(aser), LAE=HF 253 high- HEAHIN|SO| =X X2
intensity focused ultrasound) %5-¢| It} AR S A o A FES™ HMAHO| BEHH
2] tlofe] A= B3l 3t Y5 Ho] BaH o & ARgslal
A= 71T AR F=523(bipolar) AR alFEsto|m, 1, AN S X R 2
=d(monopolar) WAMY 1Fute} Sxdvl= 1 53 A 2E 71752 B3 tiEo] 4 352 (minimally
7} RS2 A| o} Ftolls AL AREHA| a1 lek 1L invasive approach)o| 7haal| 7l %7 HE o] W5l

810 AuMse 22 X2 J Korean Med Assoc 2013 September; 56(9): 805-816



Surgical treatment of atrial fibrillation @(;)IJI-II.
o+

Left fibrous trigone
linear lesion

LAA
excision
LAA
linear Right PV
lesion antrum
isolation
antrum
isolation
LA dome (roof) © Suture electrode
linear lesion (unipolar recording
and pacing)

Figure 5. The Dallas epicardial lesion set for minimal access left atrial maze. 1, 2 and 3 indi-
cates position of the temporary pacing and recording electrodes for intraoperative
physiological evaluation to insure complete isolation across each lesion line. LAA,
left atrial appendage; PV, pulmonary vein; LA, left atrial (From Edgerton JR, et al. Ann
Thorac Surg 2009;88:1655-1657, with permission from Elsevier) [27].
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Figure 6. A significant difference in cardiac event-free rate was
ob-served between patients with preoperative sinus
rhythm and atrial fibrillation (AF) undergoing degenera-
tive mitral valve repair. SR, sinus rhythm; HR, hazard ratio
(From Eguchi K, et al. Eur Heart J 2005;26:1866-1872,
with permission from Elsevier) [32].
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Table 3. Summary of results of randomized clinical trials on concomitant AF ablation at the time of cardiac surgery

Study Enrolled patients

Randomization

Ablation

method Outcomes

Doukas et al. [33]
Permanent AF

Deneke et al. [34] Patients undergoing MV

replacement

Patients undergoing MV surgery Ablation+(n=49)
Ablation-(n=48)

Ablation+(n=15)

Monopolar RF  Increased sinus rhythm restoration

Left side only  Improved exercise capacity and LV
function
Cooled-tip RF  Highly effective in restoring sinus

rhythm

Permanent AF Ablation—(n=15)  Biatrial ablation Increased maximum workload
Abreu et al. [35] Rheumatic MV disease Ablation+(n=42)  Cooled-tip RF  Effective in restoring sinus rhythm
Permanent AF Ablation—(n=28)  Biatrial ablation Improved LV function

Budera et al. [36]  Surgery for coronary and/or VHD

Paroxysmal, persistent, or
longstanding AF

Ablation+(n=117)

Ablation—(n=107)

Argon-based
cryo-probe
Left side only

Increased sinus rhythm prevalence at
1 year after surgery

No benefit in peri-operative and 1-year
mortality/morbidity

AF, atrial fibrillation; MV, mitral valve; RF, radiofrequency; LV, left ventricle; VHD, valvular heart disease.
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Table 4. Standardized outcome rates stratified using ten propensity subclasses Ao 7 AHE X|2o] AEen X2
Standardized Standardized P-value T EE%S A7 SAERE x5
Outcome outcome rate outcome rate among for mantel - ) .
among STAF  non-STAF patients  Haenszel e, A=Y P E 0 s
1 0, 0,
patients (%) % Tt by 7 Sl by dae) A
Mortalit 5.26 5.34 0.9955
- ol olel Holx] 2 ojufat Ajze:
Any reoperation 11.84 11.84 0.9542 N - y
o] MHAE F2-Ho| = 15 27t
Renal failure or dialysis 734 6.92 0.4363 7o) HHE F-lel= 11s
AP = =]
Prolonged ventilation 18.84 19.45 0.4484 o8 dh= Fed Ags Adsk=
Need for permanent pacemaker 710 5.94 0.0158 o= wds) 4 Ao}, tlso] A
Postprocedure LOS >14 days 14.68 15.22 0.5684 AEe] vl YZo EH?'& = ] Bo o

From Gammie JS, et al. Ann Thorac Surg 2008;85:909-914, with permission from Else-

vier [40].

STAF, surgical treatment of atrial fibrillation; LOS, length of stay.
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