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Abstract

Background: Atrial fibrillation is common in patients with structural heart disease who are undergoing cardiac surgery. Surgical CryoMaze
has been shown to be an effective treatment in several trials, but success rates have varied considerably, between 47-95%. The sequential
hybrid approach, combining surgical CryoMaze followed by radiofrequency catheter ablation, can achieve high freedom from atrial
arrhythmias. However, in patients with concomitant surgical atrial fibrillation treatment, data comparing the hybrid approach to
CryoMaze alone are lacking.

Methods: The SurHyb study was designed as a prospective, open-label, multicentre randomized trial. Patients with non-paroxysmal atrial
fibrillation who were scheduled for coronary artery bypass grafting or valve repair/replacement were randomized to either surgical
CryoMaze alone or surgical CryoMaze followed by radiofrequency catheter ablation 3 months post-surgery. The primary outcome measure
was arrhythmia-free survival without class I or III antiarrhythmic drugs, which has been evaluated using implantable cardiac monitors.
Conclusions: This is the first randomized study that compares concomitant surgical CryoMaze alone with the staged hybrid surgical
CryoMaze followed by catheter ablation, in patients with non-paroxysmal atrial fibrillation using rigorous rhythm monitoring. The
results may contribute to the optimization of the treatment in patients undergoing concomitant CryoMaze for atrial fibrillation.
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Highlights:

The publication of a detailed study protocol of the first randomized study comparing concomitant surgical CryoMaze alone with the
staged hybrid surgical CryoMaze followed by catheter ablation, in patients with non-paroxysmal atrial fibrillation using rigorous rhythm
monitoring. The results may contribute to the optimization of the treatment in patients undergoing concomitant CryoMaze for atrial
fibrillation and may affect further guidelines.

nach et al., 2008), and it can be as high as 50% in individuals
with mitral valve disease (Grigioni et al., 2002). Both surgical
and catheter ablations have become recognized treatments for

Introduction

Atrial fibrillation (AF), the most common cardiac arrhythmia,
is associated with increased mortality and morbidity (Kannel
etal., 1998). In patients indicated for cardiac surgery, the prev-
alence of AF is higher compared to the general population (Ba-

AF. Surgical ablation consists of a pre-defined set of lesions
in both atria. The Cox MAZE IV procedure was developed as
an alternative to the cut-and-sew procedure (Cox MAZE I) to
decrease invasiveness. Currently, the procedure is performed
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using cryothermal tissue destruction (CryoMaze) (Gammie et
al., 2005). The CryoMaze procedure is usually done in conjunc-
tion (i.e., concomitant ablation) with a coronary artery bypass
grafting (CABG) or valve surgery.

The efficacy of the concomitant CryoMaze procedure as
treatment for persistent AF has been shown in several studies,
but the results were somewhat marginalized by small numbers
of patients and far from optimum follow-up assessments of
heart rhythm (often just telephone interviews with only oc-
casional use of continuous electrocardiographic (ECG) record-
ings (Grigioni et al., 2002; Hanke et al., 2010). Inconsistency of
ECG monitoring methods has led to discordant rates of “free-
dom from AF” that were reported between 47-95% (Gammie
et al., 2009; Watkins et al., 2014). So far, no study assessing
the effect of the CryoMaze procedure has used continuous
ECG monitoring using an implantable cardiac monitor. More-
over, in contrast to endocardial catheter ablation using 3D
mapping, the conduction block across the ablation lines after
cryoenergy delivery during the surgical procedure is difficult
to assess. Incomplete lines after CryoMaze have been proven
as common and could be pro-arrhythmic (McElderry et al.,
2008; Wazni et al., 2006). The lines can be mapped and com-
pleted using subsequent transvenous radiofrequency catheter
ablation (RFCA). However, the effect of RFCA performed rou-
tinely on top of previous surgical procedures is unknown. In
a non-randomized study in patients with non-paroxysmal AF,
sequential surgical CryoMaze procedures followed by RFCA
(i.e., “hybrid” approach) led to excellent rhythm outcomes us-
ing stringent ECG monitoring (Eisenberger et al., 2015). How-
ever, randomized clinical trials comparing the hybrid approach
to the CryoMaze procedure alone are lacking. Therefore, rec-
ommendations regarding the best treatment strategy for post-
CryoMaze patients are not available.

We proposed a multicentre, prospective, open-label, par-
allel-group, randomized controlled trial, entitled “Sequential

Hybrid Ablation versus Surgical CryoMaze Alone for the Treat-
ment of Atrial Fibrillation” (SURHYB), aimed at comparing a
staged hybrid approach consisting of surgical CryoMaze fol-
lowed by RFCA, to surgical CryoMaze alone. The purpose of
this article is to provide a comprehensive review of the study
protocol.

Materials and methods

The main study hypothesis was that routinely performed
RECA, which maximizes completeness of the previous Cryo-
Maze lesion set, will be associated with better sinus rhythm
control and favourable clinical outcomes.

A flowchart of the SURHYB trial is shown in Fig. 1. Patients
were recruited from seven major cardiovascular centres in the
Czech Republic. Patients were approached during the clinical
review before the surgery and were offered an opportunity to
participate in the study.

The study protocol was reviewed and approved by the in-
stitutional ethics committees. The study has been conducted
in accordance with the Helsinki Declaration of 1964 and its
later amendments, and the Good Clinical Practice Guidelines.
Written informed consent was obtained from all patients be-
fore the study. Participants could withdraw their consent to
the trial at any time for any reason without their medical care
being affected. The reason for withdrawal was documented
whenever possible.

The study was investigator-initiated and supported by the
research grant of the Agency for Medical Research of the Czech
Republic (registration No NV19-02-00046). The regulations
regarding medical confidentiality and data protection were
fulfilled. The trial was registered in the Czech Clinical Trials
Registry, cz-020420181253 (accessible at www.ablace.cz).

Patients assessed for
eligibility

=3 Screened but excluded

Enrolled and cardiac
surgery with concomitant
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Not before the 3"
post-operation day
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Fig. 1. SurHyb study flow chart. Randomization in a 1 : 1 ratio. ICM — implantable cardiac monitor
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Enrolment criteria

Inclusion criteria

Patients with non-paroxysmal AF need to meet all criteria as

follows:

+ planned cardiac surgery (CABG or valve surgery, or a com-
bination of both) with concomitant CryoMaze as a treat-
ment for non-paroxysmal AF based on the 2018 definition
(Calkins et al., 2018);

+ documented AF using repetitive 12 lead ECGs or continu-
ous long-term monitoring devices;

+ age 218 years;

+ ability to comply mentally/physically with all pre-, post-
operative, and follow-up testing and requirements;

+ willingness to sign the informed consent form.

Exclusion criteria were as follows:

+ paroxysmal AF;

+ previous surgical or catheter ablation for AF or atrial tachy-
cardia (AT);

« AF secondary to a reversible or non-cardiac cause;

+ left atrial (LA) diameter (in parasternal long axis view)
>55 mm,;

+  chronic kidney disease (CKD Stage >4);

+ estimated life expectancy <1 year;

+  pregnancy or the possibility of pregnancy, or breastfeeding
potential;

+  contraindication to systemic anticoagulation;

+ enrolment in a clinical study evaluating another device or
drug.

Randomization

The screening was done before the surgery. However, the suit-
ability of patients for the study was reassessed after cardiac
surgery, and patients with unfavourable short-term progno-
sis were not ultimately offered participation. Dropout reasons
(e.g., significant change in health status, consent withdrawal,
etc.) were recorded. Thus, the study was offered to patients
with favourable prognosis, i.e., surviving >3 days after the
surgery. After providing informed consent, patients were ran-
domly assigned to one of two groups, (i) the hybrid group or
(ii) the surgery group, in a 1 : 1 ratio. Covariate-adaptive rand-
omization was used to ensure the balance between treatment
groups. The covariates included binary factor of the type of
surgery (open/closed-heart) and the CHA,DS,-VASc score in
three categories (i) 0-2, (ii) 3-5, and (iii) 6-9. The randomiza-
tion was done using a web-based electronic system. Post-op-
erative randomization ensured that the surgeons performing
CryoMaze were unaware of treatment group allocation at the
time of surgery.

Interventions

In the hybrid group (treatment group), patients received sur-
gical CryoMaze followed by RFCA after 90 + 20 days. In the
surgical group (control group), participants received surgical
CryoMaze only. RFCA in the hybrid group and CryoMaze in
the surgery group were considered index procedures. During a
3-month blanking period following the index procedure, any
treatment was allowed to maintain normal SR (i.e., electrical or
pharmacological cardioversion, antiarrhythmic drugs (AADs)
initiation, or dose escalation), except repeated RFCA, unless
an urgent clinical need arose. All Class I and III AADs were
discontinued at the end of the blanking period (i.e., 3 months
after the index procedure).

Surgical ablation

The CryoMaze was performed as an adjunct to CABG, valve
surgery, or a combination of both. It was done using the stand-
ard sternotomy approach, and each lesion was created using
an application of cryoenergy at a fixed temperature depending
on the system (argon-based or nitrous-oxide-based). The tar-
get temperature, duration of application, and location of each
lesion were recorded. The freezing period for each lesion was at
least 2 minutes.

The minimum CryoMaze procedure protocol consisted of
circular lesions around the ipsilateral right and left pulmonary
veins with linear lesions between the superior and inferior pul-
monary veins to create a “box lesion”, i.e., isolation of the LA
posterior wall. Pulmonary vein isolation and box lesion were
carried out either endocardially or epicardially, depending on
the type of concomitant surgery (e.g., with or without open-
ing of the left atrium) and the operator’s preference. A mitral
isthmus ablation line was created in all patients from the in-
ferior connecting lesion towards the mitral annulus. In addi-
tion, the ligament of Marshall was cut off in all patients. The
LA appendage was excluded in patients with a CHA,DS,-VASc
score 22, preferably using the AtriClip® Left Atrial Appendage
Exclusion System (AtriCure, USA). However, other techniques
may have been also used. No other lines were allowed in the
LA. In the right atrium (RA), additional cryolesions may have
been created at the surgeon’s discretion. Such lesions may have
included but were not limited to superior vena cava isolation,
intercaval lesion, and cavotricuspid isthmus lesion.

All patients who remained in AF after the surgical proce-
dure underwent cardioversion before chest closure, and later,
if the arrhythmia persisted, before implantable cardiac moni-
tor (ICM) insertion. An ICM with telemonitoring capabilities
and everyday ECG transmission (Biomonitor 2-AF and later
Biomonitor III, Biotronik, Germany) was implanted before
hospital discharge, but not earlier than the 3rd post-opera-
tive day. Telemonitoring function of the device was enabled,
and the patient unit (Cardiomessenger) was distributed to all
patients. If the patient refused ICM implantation, he/she was
not excluded from the study, but 7-day Holters were serially
performed at each clinical follow-up visit.

Catheter ablation

Patients randomized to the hybrid group were admitted for
a staged RFCA 90 + 20 days after the surgical procedure. The
procedure was performed in conscious sedation and target
activation clotting time of 300-350 seconds. Double trans-
septal puncture was done with the guidance of intracardiac
echocardiography. Dense electroanatomical mapping of the
left and right atria was performed using a CARTO3 navigation
system and a Thermocool SmartTouch® ablation catheter (Bio-
sense Webster, Inc., USA) to provide information about the
location of the cryolesions (usually regions with low voltages,
i.e., <0.1 mV in sinus rhythm).

In patients coming in normal sinus rhythm, RFCA of the
cavotricuspid isthmus in the RA was the first step. If the supe-
rior vena cava was isolated during surgery, electrical isolation
was verified using a multi-electrode circular mapping catheter,
and eventual gaps were eliminated. Then, pulmonary vein iso-
lation was confirmed after a demonstration of both entry and
exit blocks using a multi-electrode circular mapping catheter.
If found incomplete, electrical isolation was finalized at the
original surgical circular lesions. Completeness of all remain-
ing linear lesions in the LA was confirmed by proving a bidi-
rectional conduction block. Any identified gaps were ablated.
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If the patient presented with AT (focal or re-entry) at
the beginning of the catheter procedure, the arrhythmia was
mapped and ablated as the first step. The same applied to all
mappable ATs observed or subsequently induced during the
procedure. In patients who present with AF, electrical cardio-
version was performed at the beginning of the procedure to re-
store sinus rhythm. Then, the ablation protocol was performed
as described above.

The inducibility of AF or AT was assessed at the end of the
procedure. Burst atrial pacing, preferably from the coronary
sinus, starting at 200 bpm with increments of 10 bpm up to
300 bpm or loss of 1 : 1 capture, was mandatory. Neither iso-
proterenol challenge nor adenosine testing was performed.

Follow-up

Patients were seen at outpatient clinics at 3, 6, 12, and there-
after every 6 months after the index procedure (CryoMaze in
the surgical group and RFCA in the hybrid group). An extend-
ed (up to 5 years) follow-up is planned for the final assessment
of clinical endpoints.

Clinical status, medication, blood pressure, 12-lead ECG,
and any adverse events were documented during every visit.
Unless necessary, all Class I and III AADs were discontinued at
the 3-month visit, at the end of the blanking period. Medical
records were reviewed at each visit to record the history of all
changes in antiarrhythmic medication.

A transthoracic echocardiography was performed at base-
line and at the 12-month follow-up visit. LA size was deter-
mined using the long-axis parasternal view and the apical
4-chamber view. Changes in quality of life (QoL) were also as-
sessed using both the generic instrument — EuroQOL/EQ-5D,
the last-updated questionnaire version of the EuroQOL work-
ing group, and the disease-specific instrument — the Atrial
Fibrillation Effect on QualiTy-of-life (AFEQT) comparing the
patients’ status between baseline and the 12-month visit.

The absence or presence of atrial tachyarrhythmias on
ICM recordings was assessed at regular intervals in a central
core lab for all enrolled patients. Cardiologists who were ex-
perienced in Holter tracings reading were blinded to the rand-
omized assignment of the study participants. Total AF burden,
longest AF/AT episode, and maximal and average heart rate
during episodes of arrhythmias were also recorded.

The trial was initiated in May 2019 and the recruitment
was completed on March 31, 2022, with a final enrolment of
236 subjects. It is anticipated that the trial’s primary results
will be available in December 2023.

Study objectives

Primary endpoints

(1) Time to the first recurrence of AF/AT lasting >6 mi-
nutes during the post-blanking follow-up period starting
3 months after the index procedure, or failure to discontin-
ue Class I or III AADs at the beginning of the post-blanking
period. Death from any cause will be considered a compet-
ing event.

(2) The composite of two competing events: cardiovascular
death or hospitalization for any of the following events:
arrhythmia recurrence, worsening of heart failure, car-
dioembolic event, or significant bleeding, as the clinical
study endpoint.

Secondary endpoints

(1) The first recurrence of on-AADs AF/AT lasting >6 minutes
during the post-blanking follow-up period (i.e., disregard-
ing all off-AAD episodes).

(2) Arrhythmia burden irrespective of AADs (i) within the first
year following the index procedure and (ii) throughout the
entire duration of the study.

(3) Number of hospitalizations and/or emergency out-patient
visits related to AF/AT recurrence, worsening of heart fail-
ure or to other cardiovascular diseases.

(4) Number of electrical cardioversions.

(5) Proportion of patients on AADs at the end of follow-up.

(6) RECA-related complications.

Other endpoints

(1) Description of predilection sites of electrical reconnections
(gaps) of surgical circumferential or linear lesions.

(2) Comparison of efficacy (continuity) of endocardial vs. epi-
cardial surgical cryolesions.

(3) Comparison of efficacy (continuity) of argon-based vs. ni-
trous-oxide-based cryolesions.

(4) Change in LA dimensions and left ventricular function be-
tween baseline and the 12-month visit.

(5) Change in N-terminal of the pro-brain natriuretic peptide
levels between baseline and the 12-month visit.

(6) Change in quality of life between baseline and the
12-month visit.

Statistical methods and sample size consideration

The primary hypothesis was that the hybrid approach will be
superior to surgical ablation only. In our previous non-rand-
omized study on concomitant CryoMaze complemented by an
electrophysiological study and RFCA, we found the AF/AT re-
currence rate to be 14% after one year, based on 7 consecutive
days of ECG Holter monitoring (Eisenberger et al., 2015). Be-
fore catheter ablation (2-3 months after the CryoMaze proce-
dure), any AT/AF (paroxysmal or persistent) was documented
in 54% of patients. Therefore, using the more rigorous ICM-
based follow-up, we hypothesised that the actual arrhythmia
recurrence rate might be as high as 30% in the hybrid arm
(worst-case scenario), and is very likely to be at least 50% in
the surgical arm (optimistic scenario). Hence, for statistical
power analysis, we set the off-AAD arrhythmia recurrence rate
(primary endpoint) after the hybrid vs. surgical ablation pro-
cedure to be 30% vs. 50%, respectively. To ensure 90% power
of the study to detect the difference between both arms at the
5% significance level (one-sided Z-test), a total of 101 patients
had to be analysed in each arm of the trial. With a predicted
dropout rate of 10%, the trial was designed with an enrolment
target of 222 patients.

Outcome measures will be compared between the
randomized groups according to the principle of “inten-
tion-to-treat”. Additionally, per protocol analysis will also be
performed. Cause-specific cumulative incidence functions as a
function of follow-up time for the primary (AF/AT recurrence)
as well as for the composite clinical endpoint in the presence of
competing risk (all-cause death, or non-cardiovascular death,
as appropriate) will be shown for the two trial groups (Putter
et al.,, 2007). Additionally, hazard ratios (HR) with associat-
ed 95% confidence intervals and Wald tests of the treatment
group effect, all derived from the Fine-Gray subdistribution
hazard model (Austin and Fine, 2017; Fine and Gray, 1999)
will be calculated. Further, a multivariable Fine-Gray model
will be fitted for each outcome measure while including the
treatment group among the covariates and adjusting for the
effect of gender, age, surgery type, and LA size. Interactions
between treatment allocations and those additional patient
baseline characteristics will be assessed. P-values < 0.05 will be
considered statistically significant. Analyses will be performed
using the R software (R Core Team, 2022).
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Data management and safety monitoring

A dedicated electronic web-based case report form was used to
collect all relevant data during the screening, enrolment/ran-
domization, treatment, and follow-up periods. A core lab for
ECG tracing evaluation consisting of cardiologists experienced
in Holter readings was established. A central adjudication com-
mittee was also established to ascertain the cardiovascular na-
ture of recorded deaths.

A Data and Safety Monitoring Board (DSMB) was consti-
tuted. The interim efficacy and safety analysis was performed
at least once per year. Serious adverse events (SAE) were de-
fined as life-threatening events, or events resulting in death
or hospitalization. All SAE linked with the study were reported
within 24 hours of investigators becoming aware of the event.
SAE forms were completed with detailed information, such as
event description, date of onset and resolution, severity, and
action taken. DSMB was empowered to suggest termination
of the trial at any time based on the appearance of SAEs, or if
one of the study groups appeared to have superior outcomes in
terms of clinical endpoints.

Significance of the trial

Recommendations regarding the best treatment strategy for
patients undergoing CryoMaze are currently unavailable. This
randomized controlled trial is the first of its kind in which
hybrid ablations are compared with surgical CryoMaze alone
concerning (1) freedom from atrial tachyarrhythmias and
(2) overall clinical outcomes. Hybrid ablations can potential-
ly overcome the limitations associated with both surgical and
transvenous endocardial ablations alone. However, neither of
the approaches alone can guarantee transmurality of the creat-
ed lesions, which is crucial in controlling arrhythmia — particu-
larly in the setting of non-paroxysmal AF. It is also possible to
ablate all ATs after surgical ablation, which would otherwise be
left untreated. By using rigorous ICM follow-up and composite
clinical endpoints, our study may have the power to influence
future guidelines on AF management, specifically addressing
the adjunctive effect of RFCA after concomitant CryoMaze
procedures.

Success rates for CryoMaze procedures have been reported
to be as high as 95% at 12 months. However, follow-ups were
“lenient”, and in some studies were only conducted through
telephone interviews (Gammie et al., 2005). When more ac-
curate methods were used to determine heart rhythm, success
rates fell to 76% or even 47% (Gammie et al., 2009; Watkins et
al., 2014). Thus, our SURHYB study using ICM will, for the first
time, allow specific insight into the success of standardized
CryoMaze procedures alone (i.e., the surgery group), and may
also allow a comparison of the efficacy of epicardial and endo-
cardial cryolesions in a human setting (i.e., the hybrid group).

Numerous studies on simultaneous or sequential hybrid
procedures have reported success rates from 83-94%, but the
experience has only been with bipolar or monopolar radiofre-
quency energy (Bulava et al., 2015; Gehi et al., 2013; Osmancik
et al.,, 2016; Pison et al., 2012). On the contrary, the only two
so far published reports on hybrid ablations used cryoenergy
during the surgical part of the procedure, and revealed overall
freedom from atrial tachyarrhythmias to be 86% at 12 months
(Eisenberger et al., 2015) or 73% after 10-year follow-up (Gai-
ta et al., 2013). Both studies were small and observational
(35 and 33 patients, respectively) and both studies revealed
a considerable proportion of incomplete lesion scheme after
CryoMaze. In the study of Gaita et al. (2013), the accomplish-

ment of the planned lesion scheme led to significantly higher
preservation of normal sinus rhythm when compared to pa-
tients in whom RFCA was unable to complete the lesion set
(81% vs. 43%, P = 0.048). As far as we know, there are no other
ongoing randomized trials using cryoenergy for the surgical
part of the hybrid procedure.

Conclusions

This is the first randomized study that compares concomi-
tant surgical CryoMaze alone with the staged hybrid surgical
CryoMaze followed by catheter ablation in patients with
non-paroxysmal atrial fibrillation using rigorous rhythm mon-
itoring. The results may contribute to the optimization of the
treatment in patients undergoing concomitant CryoMaze for
atrial fibrillation.

Trial registration
Czech Clinical Trials Registry, cz-020420181253. Registered
on 2nd April 2018.
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