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The maze IV operation is not always the best choice:
Matching the procedure to the patient
Patrick M. McCarthy, MD
The key focus of ablation for most cardiac surgery
patients is the left atrial lesion set.

CENTRAL MESSAGE

Numerous variations of AF sur-
gery have been developed over
30 years and ablation concomi-
tant with cardiac procedures is
advised when safe. Matching the
extent of ablation to the patient
makes sense.
Surgery for atrial fibrillation (AF) has long been a work in
progress. The earliest iterations from the 1980s included
left atrial (LA) isolation, atrial transection, and the corridor
procedure.1-3 The corridor procedure created a pathway (ie,
corridor) from the sinoatrial node to the atrioventricular
node but did not innervate the rest of the atria, and
therefore patients continued in AF. Isolation and
transection were also not designed to ablate AF, just to
isolate it. After extensive laboratory investigation, the
maze procedure was designed by Dr James L. Cox to
ablate AF, maintain atrioventricular synchrony, innervate
both atria, and excise (or close) the left atrial appendage
(LAA). These 4 fundamental concepts continue today.
The maze procedure itself has evolved over time from
maze I, to maze II, and eventually to what we now refer
to as the Cox-maze III procedure (sometimes referred to
as the cut-and-sew maze). After the introduction of bipolar
radiofrequency (RF) clamps, the maze IV was developed
with the goal to simplify the technique and make it faster.4

Eventually, bipolar RF clamps were approved by the Food
and Drug Administration and labeled specifically for AF
ablation, which is why industry is allowed to educate sur-
geons about the use of the clamps and AF surgery.5 But,
the maze IV is still complex and adds cardiopulmonary
bypass (CPB) time and morbidity such as need for new
pacemakers and renal dysfunction.5-10 Furthermore, based
on electrophysiology studies showing AF triggers arising
primarily at the pulmonary vein–LA junction, sometimes
only bilateral pulmonary vein isolation (PVI) is performed
using bipolar RF clamps.11,12 Although PVI was almost as
good as a maze IV in a randomized trial, further analysis
showed less effectiveness.12 Electrophysiology studies as
the basis of PVI were relevant to lone AF, but patients
with underlying structural heart disease (such as valve dis-
ease) have a different pathophysiology.11
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In addition to lesion sets, the technology that creates
transmural lesions has evolved. There was never a concern
with transmural ablation with the cut-and-sew technique
because the electrical wavefront cannot transmit across
the suture line. Cryoablation is required for portions of
the maze I through IV procedures and creates reliable trans-
mural lesions (Figure 1).13 Bipolar RF also creates reliable
lesions. Disposable tools—using cryoprobes with or
without bipolar RF—are used in the majority of AF surgical
ablations in the United States. Over time, other energy sour-
ces such as microwaves, high-intensity-focused ultrasound,
laser, and bipolar cryoablation clamps have come and gone.
Unipolar RF is still available, but creating transmural le-
sions is not reliable.
An important aspect of AF ablation surgery that should

be emphasized is the LAA closure. Originally, this was
accomplished by LAA excision or various suture closure
techniques. Staplers were eventually used, and a clip was
commercially released that is simple to use, consistently
successful, and it electrically isolates the LAA.14,15

Notably, a database study of Medicare patients showed
improved late survival and freedom from stroke for AF pa-
tients undergoing cardiac surgery who had LAA closure.16

Also, a study of LAA closure in AF patients, the Left Atrial
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FIGURE 1. The left atrial lesion set. The most important focus of ablation

for almost all cardiac surgery patients is the left side lesion set. At North-

western Medicine, we start with epicardial clip application to the left atrial

appendage, which also electrically isolates the appendage. Only in the case

of extensive pericardial adhesions do we close the left atrial appendage inter-

nally. The first 3-minute cryolesion (dashed black line) uses a disposable

probe from the superior extent of the atriotomy across the dome of the left

atrium, and the base of the appendage, and typically ends at about the P2 loca-

tion. The second 3-minute cryolesion (red dotted line) extends from the infe-

rior atriotomy, across the end of lesion 1 to complete the box lesion, and the

probe is bent to create themitral annular lesion. The third 2-minute cryolesion

(yellow line) is applied on the epicardium across the coronary sinus.
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Appendage Occlusion Study, randomized 4811 patients and
found late reduction of stroke for those with LAA closure
compared with those without LAA treatment (7.0% vs
4.8%; P ¼ .001).17 Only 34.0% and 31.5% underwent
concomitant surgical ablation.
TABLE 1. Hierarchy of atrial fibrillation ablation treatment for

adaptation to patient and procedure*

Lesion location Treatment

Left atrial appendage Epicardial clip, or securely close in 2 layers

Left atrium lesions Box lesion

Left atrial appendage base

Mitral annular line

Coronary sinus

Right atrium lesions Right atriotomy to tricuspid annulus

Atriotomy to superior vena cava

Atriotomy to inferior vena cava

*The highest priority is left atrial appendage closure to reduce the risk of late stroke.

Unusual patients with very high risk due to comorbidities, and a low chance for abla-

tion success, may be treated with left atrial appendage clip alone, but this is rare in our

experience. The second highest priority is to treat the left atrium, which is typically

dilated and abnormal in mitral valve and most other concomitant operations. For

the vast majority of patients, and near 100% of mitral patients, a complete left atrial

lesion set is added using only 3 cryoablation lesions. For patients without significant

comorbidities and with right atrial dilatation, tricuspid valve pathology, long standing

persistent or symptomatic atrial fibrillation, then 3 right atrial cryolesions are added to

complete a biatrial lesion set. This may increase the need for a pacemaker and extends

the cardiopulmonary bypass time, so it is not used in most patients referred for early

mitral intervention.
NORTHWESTERN MEDICINE APPROACH TO
CONCOMITANTABLATION

AF surgery may appear to be chaotic because there are
many lesion sets, techniques, and technologies (often used
in combination) and ardent supporters of each.18,19 Patients
with preoperative AF are frequently elderly with comorbid-
ities, and the primary cardiac surgery indication (eg, valve
or coronary artery bypass) is almost invariably the focus
of the operation. Concomitant AF ablation is a secondary
goal. Here, we summarize our approach at Northwestern
Medicine. First, we try to treat as many patients as we can
with preoperative AF because a variety of studies have
shown improved late survival for AF-treated patients.20-23

Other centers and surgeons are more selective, and may
not treat patients with known risk factors for failure (eg,
large LA or long duration of AF), but our approach is
more inclusive.6,7 Second, adding ablation must be safe
(primum non nocere). Generally, Society of Thoracic Sur-
geons reports and single-center reports show little differ-
ence in perioperative outcomes between AF-treated and
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untreated patients, except for higher need for pacemakers
and renal dysfunction.8,24,25 As with all matched studies,
the untreated group may include unmeasured confounders
(eg, frailty) that could influence outcomes. And although
some think the increased need for pacemakers is benign,
the late outcomes from the Cardiothoracic Surgery Network
(CTS Net) randomized trial showed a higher mortality for
those who needed a pacemaker.26

To achieve our goal to treat as many patients as possible
but minimize morbidity, we avoid prolonged CPB time and
avoid ablation or incisions that may increase the need for
pacemakers.27 We do that by matching the amount of abla-
tion and LAA closure to the patient and the primary cardiac
operation. Our approach has evolved along with our experi-
ence and as more reports appeared. In rank order (Table 1),
reducing stroke risk is our top priority for concomitant AF
surgical ablation, so LAA closure is performed as often as
possible, even if there is no intent to perform AF ablation.
Originally, we did this with internal or external closure of
the LAA. But studies indicated a high degree of failure
and>10 mm residual stump.14 We were skeptical and per-
formed our own randomized trial, and found similar re-
sults.28 Therefore, we switched to using a commercial
clip that has a near 100% successful occlusion rate, and it
electrically isolates the LAA so there is no need for addi-
tional LAA ablation lines.15,29,30 Although this is an added
expense compared with suture or stapler LAA occlusion, it
is more effective and preventing stroke is among the most
important goals of AF surgical treatment. Only in rare cir-
cumstances, in very-high-risk patients with little chance
of successful ablation, would we only treat the LAAwithout
at least LA ablation.
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Second, the LA is the location of the pathology in pa-
tients with mitral disease and many other patients, and is
the driver of AF. Therefore, an LA lesion set is used that in-
cludes a box lesion that encompasses the base of the LAA, a
mitral annular line, and an epicardial coronary sinus abla-
tion. We found acceptable results using PVI with bipolar
RF clamps with aortic valve replacement operations,31 but
unlike the CTS Net trial, we never used PVI alone for mitral
surgery. For mitral reoperations we used internal cryoabla-
tion for years in a pattern similar to that described below,
and eventually we compared those results to bipolar RF re-
sults (unpublished data). There was no difference in results,
so since 2013 we have used cryoablation almost exclusively
for mitral surgery. It is quicker and easier, and does not
require dissection around the left pulmonary veins, which
is hard to do with the small skin incisions we use routinely.

Third, for most patients with right-side pathology (eg,
right atrial dilation or tricuspid regurgitation) and/or clin-
ical factors (eg, young patient, symptomatic AF, or long-
standing persistent AF), we may add a right atrial (RA)
lesion set. Omitting RA ablation is a tradeoff between the
risks of more CPB time and higher pacemaker risk versus
decreased freedom from AF effectiveness.18,32 The CTS
Net trial also showed an association between pacemaker
use and late mortality.10 But, if there is a failure only
from the omission of right-sided lesions, those may be
easily handled later with catheter ablation.

LA-ONLYABLATION OPERATIONS (MITRAL
VALVE)

While cardioplegia is being administered, the LA is
opened in Waterston’s groove. As soon as antegrade cardi-
oplegia is complete, the heart is elevated and a clip is
applied under direct vision to the base of the LAA and
away from the circumflex coronary artery. A self-
retaining mitral retractor is placed and a 3-minute cryole-
sion is placed from the superior aspect of the atriotomy,
across the LA dome and the base of the LAA, and along
the left midwall of the LA. Typically, the flexible cryoprobe
is bent into a C shape for this application and the tip of the
probe is approximately at the level P2. After thawing, the
cryoprobe is adjusted to an L shape at the last 3 cm of the
probe. The second 3-minute freeze starts at the inferior
end of the atriotomy, extends along the inferior LAwall un-
til it overlaps the end of the prior lesion, and the bent 3 cm of
the probe crosses the mitral annulus and posterior leaflet at
approximately P2. After thawing, the probe (in the same
shape) is placed on the epicardium through the transverse
sinus underneath the inferior vena cava and ablates the cor-
onary sinus (which was already partially ablated by the sec-
ond freeze). This third and final freeze is only a 2-minutes
duration because the coronary sinus was already partially
frozen (Figure 1). During the freezes, the mitral valve in-
spection begins and it may be possible to place some
sutures. This minimizes crossclamp and CPB time. The
ablation itself takes 8 minutes (2 cryoablations for 3 mi-
nutes; 1 cryoablation for 2 minutes).

BIATRIAL ABLATION: RA LESIONS
After the LA portion of the procedure is complete and the

LA incision is closed, then a vertical or transverse right at-
riotomy is performed (about 3 cm long for tricuspid valve
surgery and 1.5 cm for ablation only). The first 3-minute
freeze extends from the right atriotomy across the inferior
RA wall along the posterior tricuspid leaflet (usually for
about 1 cm) and ends with the tip of the cryoprobe inside
the coronary sinus. The crossclamp is then removed and
the last 2 lesions are created as the heart resumes function.
A sucker in the RA evacuates the blood returning from the
coronary sinus to minimize warm blood touching the probe.
One 2-minute freeze extends from the right atriotomy into
the inferior vena cava. The third and final 3-minute freeze
extends from the right atriotomy up to the superior vena
cava. This ablation line crosses the crista terminalis, which
is thicker than the surrounding RAwall.
Proper application of the cryoprobe is needed to ensure a

transmural freeze. Technical tips to improve probe contact
without gaps include direct visualization of the probe
against the atrial surface with steady pressure until the
freeze holds the probe in place. This may be facilitated by
releasing tension on the retractor blades and applying pres-
sure from the outside (epicardial surface) using a sucker,
sponge, or another tool. Occasionally, an epicardial touch-
up freeze is needed on the crista terminalis or on the endo-
cardial lesions at a thick area of atrial tissue that does not
seem to be completely ablated, or if any gap is identified
when the probe is removed.

LA-CLOSED OPERATIONS (CORONARYARTERY
BYPASS, AORTIC VALVE REPLACEMENT)
For straightforward cases in healthy patients we do not

hesitate to open the LA to do the complete box lesion,
including the LAA base, mitral line, and coronary sinus
epicardial ablation as described above. It adds a few mi-
nutes to open and close the left atrium but provides an
extensive lesion set. The preference of other surgeons (we
have done this in the past) is to use bipolar RF clamps to
only isolate the left- and right-side pulmonary veins without
opening the LA. With manipulation of the clamp you might
be able to cross the lesions posteriorly and get more poste-
rior LA wall ablated, but this does not treat the LAA base,
mitral annulus, or coronary sinus. In addition, we typically
use small sternotomy incisions and manipulating the clamp
for PVI may be difficult and time-consuming through a
small incision. In some complex cases in patients with co-
morbidities (eg, aortic valve surgery with aneurysm and
coronary artery bypass), we may only close the LAA with
a clip. For other patients, especially reoperations and those
JTCVS Techniques c Volume 17, Number C 81
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with comorbidities, including renal dysfunction, making a
surgical judgment to not treat the AF and LAA may be
appropriate.
CONCLUSIONS
The Cox-maze IV was the lesion set used when industry

received Food and Drug Administration approval to market
bipolar RF clamps specifically for AF ablation.5 Therefore,
the clamps and the lesion set are marketed currently but
there are many alternatives. Prospective multicenter studies
with this approach have shown lower freedom from atrial
fibrillation than most single-center reports,5,33 a high use
of pacemakers, and this may be too much surgery for
some patients with prolonged CPB times. At Northwestern
Medicine, we have a nuanced approach that matches the pa-
tient and the primary operation with the ablation and LAA
treatment (Table 1). The basic first step is to close the LAA,
which we routinely do with a clip. The majority of our pa-
tients then receive an LA lesion set (modeled after the maze
III) using cryoablation. Select patients with right side
involvement receive right-side lesions. Near 100% of pa-
tients with mitral disease with preoperative AF receive abla-
tion and LAA closure.34 Currently, about 30% have right-
side ablation as well. For operations such as coronary artery
bypass and aortic valve replacement without the need to
open the LA, about 70% receive LAA clip and ablation.
For a standard mitral valve operation with LA ablation
the need for a new pacemaker has been<1%. A successful
AF ablation strategy should balance the risks of ablation
against the benefits. Surgeons should not approach surgical
ablation as 1 operation for all patients.
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