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Background and aim of the study: The surgical treat-
ment of atrial fibrillation (AF) by Cox and other abla-
tion methods shows a 50-90% conversion rate to
sinus rhythm. However, to date no study has
addressed the influence of ablation on the mortality
rate.

Methods: The perioperative and postoperative mor-
talities of 210 consecutive patients with permanent
AF was investigated for up to two years after cardiac
surgery with (n = 111) or without (n = 99) endocardial
microwave ablation within the framework of a
prospective register study. All patients were fol-
lowed up.

Results: In the ablation group, one patient (0.9%)
died perioperatively, seven died during the first year
of follow up (6.3%), and nine in the second year of
follow up (8.1%). In the control group, five patients
died perioperatively (5.1%), 12 died in the first year

Worldwide, the maze procedure is recognized as
being the ‘gold standard’ in the surgical therapy of
atrial fibrillation (AF). However, due to its complexity
this procedure could not be established as a routine
cardiosurgical therapy. Since the spontaneous conver-
sion rate into sinus rhythm was less than 10%, Raine et
al. (1) concluded that an additional ablation procedure
should be performed in order to obtain a postoperative
sinus rhythm in all cases of mitral valve surgery. There
are similar opinions regarding coronary bypass sur-
gery (2,3). The introduction of ablation procedures has
led to a renewed interest in the treatment of AF.

An increasing number of study groups are currently
performing intraoperative ablation of permanent AF
(4). Until now, the most frequently used method has
been that of radiofrequency ablation, which was intro-
duced into the clinical scenario in 1986 (5), though fur-
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of follow up (12.1%), and 22 in the second year of fol-
low up (22.2%). During the two-year follow up peri-
od, significantly more patients died in the control
group than in the ablation group (Log-Rank test: p =
0.0051).

Conclusion: The results of this register study showed
that among patients with permanent AF who under-
went cardiac surgery with ablation, mortality was
significantly lower than in those who underwent
comparable surgery but without ablation. The
marked difference in mortality was essentially based
on the typical clinical consequences of AF (e.g.
thromboembolic complications, cardiac arrhythmias
and bleeding complications due to anticoagulation
therapy), which occurred less often in the ablation

group.
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ther procedures are based on cryotherapy and laser
ablation.

One possible alternative to these methods is to use
microwave energy for ablation. To date, approximate-
ly 2,500 patients have been treated in this way world-
wide (6), with a total of 330 receiving treatment at the
Dresden center since the procedure was introduced in
1998. While severe complications (lesions of the left
coronary artery) have been reported with the epicar-
dial use of microwave ablation (7), there have been no
reports of complications with endocardial use.
Therefore, the procedure appears to be very safe and to
have few complications. Indeed, the results with
regard to the restoration of sinus rhythm and atrial
transport function are comparable to those obtained
with other ablation methods (8).

In the initial randomized studies using this tech-
nique, there was shown to be a clear advantage for the
ablated group in terms of restoration of the sinus
rhythm compared to the non-ablated group (9,10).
However, as yet insufficient investigations have been
made as to whether the patients also had an advantage
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Table I: Patient characteristics at baseline.
Parameter Microwave Control p-value
ablation
No. of patients 111 99 -
Gender ratio (M /F) 51/60 53/46 NS
Age (years)’ 68.5 + 7.5 (45.1-83.5) 72.3 £9.3 (36.6-86.9) NS
PAF before surgery 111 (100) 99 (100) -
Duration of pAF (years)’ 6.5 +8.4 (0.1-50.8) 42+6.9(0.1-38.5) NS
Ejection fraction (%)’ 56.1 +12.1 (32-80) 52.4 +2.1 (30-78) NS
LAD (mm)” 52.6 +9.9 (30-102) 51.9 + 9.4 (24-90) NS
Diabetes mellitus 41 (36.9) 32 (32.3) NS
Arterial hypertension 83 (74.8) 61(61.6) 0.0677
Pulmonary hypertension 23 (20.7) 51(55.5) <0.0001
Preop. stroke 11 (9.9) 15 (15.2) NS
Preop. MI 21 (18.9) 25 (25.3) NS
Rheumatic disease 27 (24.3) 3(3.0) <0.0001

Values are mean = SD (range).
Values in parentheses are percentages.

LAD: Left atrial diameter; MI: Myocardial infarction; NS: Not significant; pAF: Permanent atrial fibrillation.

in survival rate as a result of ablation. The present
study included an analysis of mortality rate after
microwave ablation compared to a non-ablated control
group, and covered the initial two-year period follow-
ing surgery.

Clinical material and methods

Patient population

A total of 370 patients was entered into the study reg-
ister. All patients were followed up for two years, with
follow up being 100% complete in both the ablation
group (n = 111) and the control group (n = 104) at a
mean of 2.0 + 0.1 years. In the control group, five
patients were excluded due to exclusion criteria (ejec-
tion fraction <30%); thus, data from 99 patients were
evaluated. The two groups did not differ in either
demographic, anatomical or hemodynamic data and
preoperative duration of the permanent AF. With
respect to cardiovascular risk factors, both groups
were similar, though the incidence of pulmonary
hypertension in the control group was significantly
higher (55.5% versus 20.7%). In contrast, the incidence
of rheumatic disease in the ablation group was 24.3%
compared to only 3% in the control group. The inci-
dence of preoperative stroke and myocardial infarction
were similar in both groups (Table I).

The average duration of surgery for both groups was
comparable (ablation group 3.19 + 1.12 h; control
group 2.58 + 0.46 h). In addition, the frequency of iso-
lated and combined procedures was comparable
(Table II). The frequency of coronary artery bypass
grafting (CABG) was also similar in both groups, but
more aortic valve replacements were performed in the

control group. In contrast, more mitral valve opera-
tions were performed in the ablation group (66.6% ver-
sus 32.3%). The frequency of isolated procedures
performed in both groups are listed in Table III, while
details of combined cardiac operations are listed in
Table IV.

Study design

All patients who underwent endocardial microwave
ablation in the same session as the primary surgical
procedure (n = 111) were registered consecutively.
Within the framework of this prospective register
study, a control group (n = 104) who underwent com-
parable surgery but without concomitant ablation was
also registered. The selection of the patients for either
group was carried out before the operating schedule
was completed, because all ablation procedures were
performed by the same surgeon (M.K.). All patients in
both groups had permanent AF (11). For clinical,
hemodynamic or prognostic reasons, cardiac surgery
was already decided on for all patients in the study.
The only exclusion criterion was an ejection fraction
<30%. The end point of the study was death (from
whatever cause).

Further treatment of patients after discharge was car-
ried out by either the family doctor or the cardiologist
to adjust medication, the clotting screen, and to check
heart rhythm. Follow up examinations were carried
out on all patients after one, three, six, 12 and 24
months; this involved conducting 24-h Holter electro-
cardiography and transthoracic echocardiography. A
study nurse followed up all patients, the data for
whom were entered into the study register for the mor-
tality statistics.
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Table II: Intraoperative data.
Parameter Microwave Control
ablation (n=99)
(n =111)

Duration of surgery (h)*

CABG 49 (44.14)
Aortic valve replacement 12 (10.8)
Mitral valve replacement 48 (43.24)
Mitral valve repair 26 (23.42)
Tricuspid valve repair 10 (9)
Tricuspid valve replacement -
Atrial septal defect closure 13 (11.7)
Isolated procedure 68 (61.3)
Combined procedure 43 (38.7)

3.19 £0.59 (1.47-12.22)

2.58 +0.46 (1.36-4.47)

49 (49.49)

38 (38.38)

26 (26.26)
6 (6.06)
1(1.01)
1(1.01)
7(7.07)

66 (67.3)
33 (32.8)

“Values are mean + SD (range).
Values in parentheses are percentages.
CABG: Coronary artery bypass grafting.

The benefits and risks of ablation were explained to
all patients, and informed consent was obtained from
each patient prior to surgery. The patients also agreed
that their data could be entered anonymously into a
register for scientific evaluation.

Medication

Patients were admitted to hospital before surgery,
and all anti-arrhythmic drugs were discontinued on
the day of surgery (but re-continued on the first post-
operative day); all other cardiovascular medication
was continued.

Postoperatively, sotalol was given to almost all abla-
tion group patients, with the exception of a few treat-
ed with metoprolol (13%) or amiodarone (4.5%).
Similar proportions of the control patients received

either ~metoprolol, sotalol or amiodarone.
Anticoagulation was treated with phenprocoumon,
with a target International Normalized Ratio (INR) of
2.0-3.0. If a mechanical mitral or aortic valve was
implanted, the target INR was increased to 3.0-4.0.
Anticoagulation was stopped for all patients who
showed a stable sinus rhythm at the three-month fol-
low up, provided that they had not received a mechan-
ical valve. All control group patients received lifelong
anti-arrhythmic therapy.

Microwave ablation system

An AFx microwave surgical ablation device (Flex 2)
was used to produce the linear lesions on the endocar-
dial surface. The device was designed to allow the
application of microwave energy to the tissue through

Table I1I: Type and frequency of isolated cardiac operation.

Parameter Microwave Control p-value Mortality
ablation (n=99) rate (%)"
(n=111)

CABG 22 36 0.0182 3

Aortic valve replacement 5 17 0.0056 4
Biological valve 4 14 - -
Mechanical valve 1 3 -

Mitral valve replacement 32 11 0.0027 6
Biological valve 1 3 - -
Mechanical valve 31 8 - -

Mitral valve reconstruction 9 1 - 3

Tricuspid valve replacement 0 1 - 11

Atrial septal defect closure 0 2 - -

"Based on Society of Thoracic Surgeons (1999).
CABG: Coronary artery bypass grafting.
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an antenna. Details of the method utilized have been
published elsewhere (12).

Ablation procedure

The ablation lines followed the concept described by
Zarse et al. (13). The procedure was started under visu-
al guidance at the posterior mitral valve annulus,
including all pulmonary veins. The lines connecting
the pulmonary veins ended 1 cm deep in the veins. The
next lesion line was then started at the same depth, but
at the contralateral site. The geometry of the lesion
lines is shown schematically in Figure 1.

Statistical analysis

The mean + SD were calculated for all continuous
data, and percentage frequency with classified vari-
ables. Probability of survival over time and overall sur-
vival rate were calculated using Kaplan-Meier curves
and compared with the log-rank test. The variables
used for confounder analyses included operative data
(CABG, aortic valve surgery, mitral valve surgery),
concomitant disease (stroke, myocardial infarction,
rheumatic disease, diabetes mellitus, arterial hyperten-
sion, pulmonary hypertension), and factors which may
influence the clinical results of the ablation procedure
itself (left atrial diameter, ejection fraction, duration of
preoperative AF). This approach aimed to balance out
patient preoperative characteristics by incorporating
variables that might have related to either systematic
bias or simply bad luck.
A p-value <0.05 indicated a statistically significant dif-
ference (at the 5% level) between the ablation and con-
trol group outcomes.
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Figure 1: Schematic representation of the lesion lines.
LAA: Left atrial appendage.

Results

In the ablation group, one patient (0.9%) died peri-
operatively (by the 30th postoperative day), and seven
died during the one-year follow up period (6.3%).
During the two-year follow up period, a total of nine
patients died (8.1%). None of the patients died as a
result of complications related to the surgical proce-
dure.

Among the control group, five patients died periop-
eratively (5.1%), 12 died during the one-year follow up
period (12.1%), and 22 in the two-year follow up peri-
od (22.2%). Significantly more control patients died
during the two-year follow up period than did ablation
patients (Log-rank (Mantel-Cox) test: p = 0.0051). The
Kaplan-Meier curve of survival is shown in Figure 2.

The results of the present study showed that, consid-

Table IV: Type and frequency of combined cardiac operation.

Surgery Microwave Control
ablation (n=99)
(n=111)
CABG + (MV repl./AV repl.) 8 2
CABG
(+ A. carotis/Ao. asc. repl./ ASDC/AV repl.) 9 8
CABG + MV reconstruction
(+ TV recon./ASDC/AV repl.) 10 3
MYV replacement
(+ AV repl./TV recon./ASDC) 9 12
MYV reconstruction
(+ ASDC/TV recon./AV repl.) 7 1
AV replacement
(+ ASDC/Ao. asc. enlargement) 0 3
TV reconstruction (+ ASDC) 1 0

Ao. asc.: Aorta ascendens; ASDC: Atrial septal defect closure; AV repl.: Aortic valve replacement; CABG: Coronary artery
bypass grafting; MV repl.: Mitral valve replacement; TV recon.: Tricuspid valve reconstruction.
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Figure 2: Kaplan-Meier curve for surviving patients of the
ablation group compared to the control group.

ering the confounder analyses, the differences in mor-
tality rate during the first two postoperative years
between the ablation and control groups remained sig-
nificantly different (p = 0.0243). The causes of death for
all patients are listed in Table V.

For all patients in the ablation group, and for 20 of 22
in the control group, the cause of death was taken from
the final epicritical evaluation by the hospital, or pro-
vided by the family doctor; in the other two cases,
death certificates were used.

Sinus rhythm was restored in 68% of patients in the
ablation group after six months, in 58% after 12
months, and in 54% after 24 months. Restoration of

Table V: Causes of death for both groups during the two-
year follow up period.

Cause of death Microwave Controls

ablation

Heart failure 3
Septic multiorgan failure 2
Bilateral pulmonary embolism
Mesenteric ischemia
Cardiogenic shock

Malignant cardiac arrhythmia
Cranial hemorrhage

Stroke

Corpus uteri carcinoma
Bronchial carcinoma

Acute subdural hematoma
Pulmonary embolism

Colonic carcinoma -
Mesenteric hemorrhage -
Pneumonia -
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sinus rhythm in the control group at similar times were
8%, 10% and 11%, respectively.

Discussion

The data obtained in this register study showed that
intraoperative microwave ablation, although adding
approximately 15 minutes to the duration of the oper-
ation (14), does not lead to any increase in periopera-
tive and long-term mortality. Rather, a significant
reduction in mortality was achieved (p = 0.0051). This
result can be influenced by a number of confounders,
these being variables that influence the long-term risk
for postoperative mortality. Several such variables are
known from the literature. Depending on the type of
operation performed, the mortality risks are clearly
different: CABG, aortic valve replacement, mitral
valve replacement or reconstruction (15,16).
Furthermore, the postoperative mortality rate can be
influenced by concomitant disease (e.g. stroke,
myocardial infarction, rheumatic disease, diabetes
mellitus, arterial hypertension, pulmonary hyperten-
sion), as well as atrial and ventricular specific con-
founders (e.g. left atrial diameter, duration of
preoperative AF, ejection fraction) (17-20).

If the above confounders were to be considered as

co-variables in the analysis, the difference between the
ablation and control groups remained significant (p =
0.0243).
An analysis of all of the Dresden patients who received
microwave ablation included the personal learning
curve of the performing surgeon (M.K.), as well as the
initial technical difficulties (inhomogeneous energy
application) related to the introduction of a completely
new ablation device (21).

It was also noteworthy that, in the ablation group,
only one patient died during the first 30 days after sur-
gery, in this case from multiple embolisms caused by
diffuse atheroma of the aorta. This was caused by
insertion of the cardioplegic catheter, which subse-
quently required complete replacement of the ascend-
ing aorta. Although five of the control patients died
during the same period, three of these deaths were due
to the typical consequences of AF (pulmonary
embolism, mesenteric ischemia, continuing malignant
arrhythmia) (22). Later during the follow up period of
up to two years, 22.2% of the control patients died,
which was significantly more than in the ablation
group (8.1%; p = 0.0051). The mortality rate of the abla-
tion group in the present study was comparable to that
reported by others performing radiofrequency abla-
tion, including Lemke et al. (23), who noted postoper-
ative mortality rates of 12% at one year and 14.2% at
three years. Khargi et al. (24) reported a mortality rate
of 11.3% at 19.7 months postoperatively, while
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Manasse et al. (25), in performing cryotherapy, noted
postoperative mortalities of 6.5% after one year and
9.5% after three years.

Mortality rates following CABG surgery without an
ablation procedure range from 8% to 19% (26), under-
lining the consideration that additional intraoperative
microwave ablation does not lead to increased mortal-
ity among these patients. Indeed, to prove whether
these patients benefit from such additional therapy
should be the aim of further studies with an appropri-
ate sample size.

Quader et al. concluded, from a risk analysis of
46,984 cases, that all patients with AF undergoing
revascularization should undergo an additional intra-
operative ablation procedure (2), while Raine et al. (1)
advocated additional ablation therapy in all cases of
mitral valve surgery. Wolf et al. however, in reporting
data from the Framingham study, suggested that the
prevention of AF in patients with cardiovascular dis-
ease might yield benefits in terms of reduced mortali-
ty and stroke (3).

In the present study, nine of the control patients died
as a consequence of their continuing AF (from pul-
monary embolism, stroke, malignant cardiac arrhyth-
mia, mesenteric ischemia) or as a result of treatment of
the AF (mesenteric hemorrhage, acute subdural
hematoma), whereas in the ablation group only one
patient died. This patient suffered a cranial hemor-
rhage whilst receiving anticoagulation therapy that
had been continued because a mechanical heart valve
had been implanted.

Patients suffering from AF, even without any organ-
ic heart disease, have a markedly higher risk of throm-
boembolic events (27). Taylor et al. showed the risk of
stroke in the elderly to be five-fold higher compared to
patients without AF (28).

Study limitations

Although the present study involved a retrospective
review of prospectively collected data, it was likely to
suffer from inherent limitations of observational stud-
ies on non-randomized patient groups. An attempt
was made to control for imbalances between the two
patient groups by the statistical analysis of demo-
graphic, anatomical and hemodynamic data. However,
it was not possible to control for other factors such as
inter-patient differences in the extent or distribution of
coronary artery disease or valve disease and the differ-
ences in performance between individual cardiac sur-
geons.

In conclusion, additional ablation treatment during sur-
gical procedures proved to be effective in the treatment
of AF (9,10,20,25,29,30). In 50-80% of patients, restora-
tion of a stable sinus rhythm was achieved, depending
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on the type of AF and the efficacy criteria used. The
results of the present study have shown that patients
with permanent AF undergoing open-heart surgery
with concomitant microwave ablation therapy have a
significantly lower mortality rate than those not receiv-
ing microwave ablation.
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