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Atrial fibrillation (AF) is imposing a rapidly increasing burden on 
healthcare systems worldwide. The reported prevalence of AF in South 
Africa (SA) is 3% in general practice,[1] and the rate of newly diagnosed 
AF was 4.6 - 5.9% in patients within specialised cardiac care.[2,3] Globally, 
catheter ablation (CA) is the recommended therapy for patients with 
symptomatic AF.[4] However, a national survey from 2014 (Jardine et al.
[5]) showed that only 4.2% of AF patients in SA underwent CA for the 
treatment of AF. In fact, the number of CA procedures overall has 
steadily increased in the past decade.[6] SA is the only country in the sub-
Saharan African region to perform complex cardiac ablations requiring 
three-dimensional (3D) mapping and trans-septal puncture.[7] Mkoko 
et  al.[6] reported that AF ablation accounted for most of the CA cases, 
and radiofrequency ablation (RFA) was more commonly used than 
cryoballoon ablation (CBA; 94.7% v. 5.3%), respectively. CBA is a ‘single-
shot’ anatomical ablation approach to pulmonary vein isolation (PVI), not 
requiring 3D mapping. Compared with RFA, CBA is associated with an 
increased long-term cost-effectiveness.[8,9] However, outcome data of CBA 
in the SA population are limited. This sub-analysis of the Cryo Global 
Registry assessed the procedural characteristics, safety and efficacy of CBA 
in patients with AF according to real-world practice in SA. 

Methods
Study design
The Cryo Global Registry (NCT02752737) is a global multicentre, 
prospective, post-market study collecting data on AF ablation 

procedures conducted with the Arctic Front Family of cryoablation 
catheters (Medtronic, Inc., USA). This sub-analysis enrolled 
participants in two SA centres. Data collection adhered to the 
principles outlined in the Declaration of Helsinki, the National 
Department of Health’s guidelines and the Health Professions Council 
of South Africa (HPCSA)’s General Ethical Guidelines for Health 
Researchers. Participants provided written informed consent prior 
to enrollment in the study. The Cryo Global Registry study protocol 
was reviewed and approved by an ethics committee (Pharma-Ethics, 
ref. no. 161115379) affiliated with both study sites in SA. A global 
steering committee of physicians advised on data quality, analysis 
and publication milestones. All medical procedures were performed 
according to the local standard of care. The aim of this sub-analysis 
of the Cryo Global Registry was to assess CBA usage, efficacy and 
safety in SA. 

Study cohort
All AF participants aged ≥18 years undergoing a planned 
CBA procedure were eligible for inclusion into the Cryo 
Global Registry. There were no pre-existing characteristics or 
medical conditions that were considered exclusion criteria for 
participation. In this SA sub-analysis, data from participants with 
paroxysmal AF (PAF; episodes <7 days) and persistent AF (PsAF; 
episodes ≥7 days and ≤12 months)[4] were enrolled between May 
2017 and August 2021; participants with longstanding persistent 
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AF were excluded from this analysis for statistical considerations 
(N=3). 

Cryoballoon ablation
CBA procedures in the Cryo Global Registry were performed 
according to local standard of care using a 23 or 28 mm CBA catheter 
(Arctic Front Advance or Arctic Front Advance Pro, Medtronic Inc., 
USA), as described previously.[10] In brief, dedicated, a 15-F steerable 
sheath (FlexCath or FlexCath Advance Steerable Sheath, Medtronic 
Inc., USA)  was used to introduce the CBA into the left atrium 
via trans-septal puncture. The CBA catheter and sheath were then 
delivered to each pulmonary vein (PV) using a J-tip guidewire or a 
dedicated inner-lumen octopolar/decapolar circular mapping catheter 
(Achieve or Achieve Advance, Medtronic Inc., USA). Operators were 
required per protocol to confirm PVI by entrance and/or exit block 
using either a multi-electrode circular diagnostic catheter or the 
dedicated inner-lumen octopolar/decapolar circular mapping catheter. 
Phrenic nerve monitoring, oesophageal temperature monitoring 
and procedural imaging were operator determined. However, it was 
recommended (per protocol) that pacing and one other adjunctive 
method for phrenic nerve monitoring were used during all right-sided 
PV freeze applications. All freezes were halted upon detection of a 
decrease in diaphragmatic response. Post-ablation antiarrhythmic drug 
(AAD) initiation or continuation and participants’ discharge occurred 
according to the centre’s standard of care method. 

Follow-up and endpoints
Participants were followed for 12  months according to standard 
of care at the participating centres, with a protocol-required visit at 
12  months’ follow-up. In this sub-analysis, all adverse events were 
reported and classified by the treating physician on seriousness (e.g. 
leading to death or a serious deterioration of health) and relatedness to 
the device or procedure. The primary efficacy endpoint was occurrence 
of a ≥30  second recurrence of AF, atrial flutter (AFL), or atrial 
tachycardia (AT) post a 90-day blanking period through 12  months. 
Atrial arrhythmia (AA) monitoring was performed according to each 
centre’s standard of care and included (but was not limited to) the 
following methods: Holter monitor, electrocardiogram recording, trans-
telephonic monitor, implantable  cardiac monitor, pacemaker and/or 
implantable cardioverter defibrillator. Quality of life (QoL) over the study 
period was assessed by the EQ-5D-3L questionnaire[11] and participants 
were asked to report predefined AF symptoms at baseline and 12-month 
follow-up. Freedom from first (cardiovascular) hospitalisation and first 
repeat ablation through 12 months were assessed. 

Statistical analysis
Continuous variables are summarised as mean and standard 
deviation and categorical variables are summarised as counts and 
percentages. Kaplan-Meier methods were used to estimate 12-month 
freedom from atrial arrhythmia recurrence, repeat ablation and 
hospitalisation. Standard error was approximated with Greenwood’s 
formula. Changes in QoL from baseline to 12 months were assessed 
with a two-sided t-test, while changes in symptoms and usage of 
AAD from baseline to 12  months were assessed with a McNemar’s 
test. Values of p<0.05 were considered statistically significant. 
Statistical analyses were performed with SAS software version 9.4 
(SAS Institute, USA). 

Results
Baseline characteristics
This sub-analysis of the Cryo Global Registry included 81 participants 
treated with CBA in SA. In total, 66 of 81  participants (81.5%) 

completed a 12-month follow-up visit. Twelve participants were lost 
to follow-up, 1 participant requested withdrawal from the study, 
1 participant relocated to a different country and 1 (1.2%) died due 
to natural causes (unrelated to CBA) at 315 days after the procedure. 
Baseline characteristics are presented in Table  1. Participants were 
a mean (standard deviation (SD)) of 60 (12) years of age, 76.5% 
male and 59.3% had PAF. Mean (SD) time from AF diagnosis to 
enrollment was 34.5 (61.0) months, and the mean (SD) left atrial 
diameter was 42 (8) mm. Participants failed a mean (SD) of 0.6 (0.7) 
class I or III AAD prior to CBA, with 23.5% of participants receiving 
CBA as a first-line rhythm control therapy. A history of AFL was 
reported in 16.0% of participants. 

Procedural characteristics
Mean (SD) procedure, left atrial dwell, and fluoroscopy times were 

Table 1. Baseline characteristics

Characteristic
South African 
cohort (N=81)

Male sex, n (%) 62 (76.5)
Age, years, mean (SD) 60 (12)
Body mass index (kg/m2), mean (SD) 30 (6)
Time from AF diagnosis to enrollment 
(months)*, mean (SD)

34.5 (61.0)

CHA2DS2-VASc†, mean (SD) 1.5 (1.5)
Paroxysmal AF, n (%) 48 (59.3)
Persistent AF (7 days - 12 months), n (%) 33 (40.7)
Prior atrial flutter ablation, n (%) 8 (9.9)
Prior pulmonary vein isolation, n (%) 2 (2.5)
History of atrial flutter, n (%) 13 (16.0)
History of atrial tachycardia, n (%) 1 (1.2)
Left atrial diameter (mm)‡, mean (SD) 42 (8)
Left ventricular ejection fraction (%)§ 59 (9)

 Number of previously failed class I or 
III AADs, mean (SD)

0.6 (0.7)

0 AAD, n (%) 41 (50.6)
0, on AADs at baseline, n (%) 22 (27.2)
0, not on AADs at baseline, n (%) 19 (23.5)

1 AAD, n (%) 29 (35.8)
2 AADs, n (%) 10 (12.3)
3 AADs, n (%) 1 (1.2)

Arterial hypertension, n (%) 29 (35.8)
Prior cardiac rhythm device¶, n (%) 4 (4.9)
Participant has heart failure, n (%) 21 (25.9)

NYHA class I, n (%) 9 (11.1)
NYHA class II, n (%) 6 (7.4)
NYHA class III, n (%) 3 (3.7)
NYHA class IV, n (%) 0 (0)
NYHA status, not available||, n (%) 3 (3.7)

Prior myocardial infarction, n (%) 0 (0)
Prior stroke/transient ischaemic attack, n (%) 2 (2.5)
History of coronary artery disease, n (%) 3 (3.7)
Diabetes mellitus, n (%) 10 (12.3)
Sleep apnoea, n (%) 2 (2.5)

SD = standard deviation; AF = atrial fibrillation; AAD = antiarrhythmic drug;  
NYHA = New York Heart Association classification for heart failure.
*Number of participants with measure available: 72 (88.9%).
†Number of participants with measure available: 78 (96.3%).
‡Number of participants with measure available: 33 (41%).
§Number of participants with measure available: 68 (84%).
¶Implantable pulse generator was reported in 4 (4.9%) participants.
||NYHA classification not performed at baseline.
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82 (27) minutes, 54 (20) minutes and 15 (7) minutes, respectively 
(Table  2). Most (98.8%) procedures were performed under general 
anaesthesia. Pre-procedural imaging with computed tomography (CT) 
or magnetic resonance imaging (MRI) and the use of intracardiac 
echocardiography (ICE) were unusual (9.9% and 0.0%, respectively).  
The phrenic nerve was monitored in 100% of cases. Acute PVI success 
was 98.8%. Participants received additional cavotricuspid isthmus 
(CTI) ablation in 22.2% and additional non-PVI and non-CTI ablation 
in 7.4% of cases. A total of 529 cryoapplications were applied to 341 
veins, and the median (interquartile range (IQR)) application duration 
was 240 seconds. Additional cryoapplication information can be found 
in Table 3. 

Safety and efficacy
All safety events in the SA cohort are reported in Table  4. Serious, 
procedure-related adverse events were reported in two participants 
(2.5%). One was an arteriovenous pseudoaneurysm. Surgical repair 
was needed to close the right femoral artery tear. The other was a 

Table 2. Procedure characteristics

Characteristic
South African 
cohort (N=81) 

Total laboratory occupancy time, minutes, 
mean (SD)

172 (38)

Total procedure time, minutes, mean (SD) 82 (27)
Left atrial dwell time, minutes, mean (SD) 54 (20)
Total cryo fluoroscopy time, minutes, mean (SD) 15 (7)
General anaesthesia, n (%) 80 (98.8)
Conscious sedation, n (%) 1 (1.2)
Pre-procedural imaging CT or MRI, n (%) 8 (9.9)
Intracardiac echocardiography, n (%) 0 (0)
Oesophageal monitoring, n (%) 0 (0)
Phrenic nerve monitoring, n (%) 81 (100)
CTI, n (%) 18 (22.2)
Non-PVI non-CTI ablation, n (%) 6 (7.4)

Superior vena cava vein trigger, n (%) 2 (2.5)
Mitral valve isthmus or line, n (%) 1 (1.2)
Other, n (%) 3 (3.7)

Acute success, n (%) 80 (98.8)
Focal RF PVI adjunctive ablation, n (%) 8 (9.9)
Focal cryo PVI adjunctive ablation, n (%) 0 (0)

SD = standard deviation; CT = computed tomography;  
MRI = magnetic resonance imaging; CTI = cavotricuspid isthmus  
PVI = pulmonary vein isolation; RF = radiofrequency.

Table 3. Cryoapplications

Cryoapplication
South African 
cohort (N=81) 

Applications per vein, n
Mean (SD) 1.6 (0.7)
Median (IQR) 1 (1 - 2)
Veins, n 341

Duration of cryoapplication (seconds) all PVs
Mean (SD) 223 (56)
Median (IQR) 240 (240 - 240)
Applications, n 529

Cryoballoon nadir temperature (ºC), all PVs
Mean (SD) –48 (17)
Median (IQR) –49 (–54 - –43)
Applications, n 341

SD = standard deviation; IQR = interquartile range; PV= pulmonary vein.

Table 4. Safety events

Event
South African  
cohort, N = 81 

Serious, procedure-related adverse events 2 (2 - 2.5)
Groin-site complication* 1 (1 - 1.2)
Phrenic nerve paralysis 1 (1 - 1.2)

Serious, non-procedure-related adverse events 3 (3 - 3.7)
Death 1 (1 - 1.2)
Supraventricular arrhythmia 2 (2 - 2.5)

Non-serious, procedure-related adverse events 2 (2 - 2.5)
Phrenic nerve paralysis 2 (2 - 2.5)

*Femoral artery dissection.
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phrenic nerve paralysis (PNP) classified by the physician as serious 
(owing to prolonged hospitalisation) and procedure related. The 
PNP resolved within 5  months of the procedure without further 
sequelae. No atrio-oesophageal fistula, cardiac perforations, or deaths 
related to the procedure were reported.  In addition, three serious 
adverse events were reported that were not classified as related to 
the procedure (one death (morbidly obese patient failing attempts 
to lose weight) and two supraventricular arrhythmias that were both 
resolved during follow-up). Two more adverse events were reported 
that were classified as non-serious and procedure related. Both 
events were PNPs (one PNP was resolved at discharge, and the other 
resolved without further intervention during follow-up).

Clinical freedom from AA recurrence in the SA cohort is shown 
in Fig.  1A. The PAF cohort had a significantly higher freedom 
from 30 second AA recurrences at 12  months (97.4%) compared 
with the PsAF cohort (78.4%, p<0.05). In total, 41 of 81 (50.6%, 
Fig.  1B) participants received rhythm monitoring at least once 
during 12-month follow-up. Standard of care monitoring was mainly 
performed using 12-lead electrocardiography (ECG). The frequency 
of arrhythmia monitoring through 12  months was not statistically 
different between PAF and PsAF cohorts (p=0.99). 

In 52% of participants, class I or III AADs were prescribed 
at discharge for the management of post-procedure arrhythmias 
(Fig. 2A). The AAD prescription was 30% at 12 months. Participants 
in the PsAF cohort were prescribed AADs post ablation more often 
than in the PAF cohort. The Kaplan-Meier estimate for freedom 
from repeat ablations was 97.2% (95% CI 81.9 - 99.6%) in PAF and 
96.4% (95% CI 77.2 - 99.5%) in PsAF participants (p=0.78; Fig. 2B) at 
12 months’ follow-up. The Kaplan Meier estimate for freedom from 
all-cause hospitalisation was 97.5% (95% CI 83.5 - 99.6%) in PAF and 
100% in PsAF participants (p=0.40; Fig. 2C) at 12 months’ follow-up. 
Over the course of follow-up, one participant was hospitalised for 
supraventricular arrhythmia.

Participant-reported outcomes
Reported EQ-5D-3L Index scores showed a significant and 
clinically relevant improvement in mean (SD) QoL from baseline to 
12 months (0.90 (0.11) to 0.97 (0.07), p<0.001). Seventy-six percent 
of participants experienced at least one symptom related to AF in 
the 3  months before study enrollment (Fig.  3). The most common 
symptoms were palpitations (47.0%) and fatigue (40.9%). The 
proportion of participants with ≥1 symptom decreased at 12 months 
to 34.9%. The most common remaining symptom at 12 months was 
palpitations in 30.3% of participants post ablation, and the percentage 
of participants reporting fatigue decreased to 3.0%. 

Discussion
Within the Cryo Global Registry platform, 81  participants were 
enrolled in two private hospitals in SA, of which 66 participants 
completed a 12-month follow-up. Participants were a mean (SD) 
of 60 (12) years old, 19 (23.5%) were female, and 48 (59.3%) 
presented with PAF at the time of enrollment. Procedures were 
lean and efficient, with an acute PVI success rate of 98.8%. Clinical 
freedom from a >30 second AA recurrence at 12 months was high 
in the PAF and PsAF cohort (97.4% and 78.4%, respectively), with 
a low occurrence of serious procedure-related events (n=2, 2.5%). 
In addition, participants had high freedom from repeat ablations 
and hospitalisations (97.0% and 98.8%, respectively) and showed 
a significant improvement in QoL and symptom burden at the 
12-month follow-up. 

Most participants in this SA sub-analysis of the Cryo Global 
Registry presented with PAF at study enrollment. In the general SA 
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population, the incidence of PAF is generally 
lower (32.1 - 50%), and more patients suffer 
from PsAF (21.2 - 29%) or permanent AF 
(12 - 46.7%).[5,13] The discrepancy with the 
general AF population may reflect that 
(i) all participants in the current registry 
were enrolled and treated in two private 
hospitals in SA, and (ii) higher success 
rates are observed in patients with PAF 
v. PsAF. Participants in the current sub-
analysis also had a relatively low percentage 
of comorbidities when compared with other 
SA reports or the global Cryo Registry 
cohort.[2,5,10] 

Efficacy in this SA cohort was high when 
compared with earlier published global 
results in the Cryo Global Registry (86.4% 
in PAF and 70.9% in PsAF at 12  months) 
and larger randomised controlled trials.[10,13-15] 
It is also likely that the rate of arrhythmia 
recurrences is underestimated in this 
analysis owing to limited cardiac monitoring 
during follow-up in SA. In this sub-analysis, 
cardiac monitoring was mainly driven by 
the presence of symptoms. As shown by 
Aguilar et  al.,[16] monitoring frequency and 
monitoring modality both correlate with 
arrhythmia-free survival. In addition, 30% 
of participants in this SA sub-analysis were 
being prescribed AADs at 12 months, which 
may influence the number of recurrences. 
AAD prescription rates in the current 
registry are comparable with what is 
described earlier for SA patients undergoing 
AF ablation (63% at discharge and 26% at 
9-month follow-up) and represent standard 
of care in SA.[17] 

Regardless, CBA resulted in a significant 
improvement in QoL and AF-related 
symptoms at 12  months post ablation, and 
repeat ablations and rehospitalisations were 
uncommon in the SA cohort. Specifically, 
the low hospitalisation rate (n=1) is an 
important finding, considering that high 
rates of hospitalisation due to cardiovascular 
reasons were reported earlier for SA patients 

with AF (50.5% of rhythm control patients 
and 25.4% of rate control patients had at least 
one hospitalisation in 12  months).[5] Large 
randomised trials[18,19] have also demonstrated 
a favourable impact of CBA on healthcare 
utilisation and QoL. However, reported 
freedom from repeat ablations (84.3 - 88.2%) 
and all-cause hospitalisations (67.4%) 
were lower[18,19] compared with the results 
presented here. Further studies would be 
needed to better understand the reason for 
the low hospitalisation and repeat ablation 
rates. It has been shown that CBA results 
in clinically and statistically significant 
improvements in QoL. The QoL results using 
the EQ-5D-3L questionnaire were previously 
reported between 0.85 and 0.88 at baseline 
and between 0.88 and 0.93 at 12 months after 
CBA. Participants in this SA sub-analysis of 
the Cryo Global Registry scored higher at 
baseline and improved more from baseline to 
12  months. In total, these data demonstrate 
the safety, efficacy and efficiency of CBA 
usage in this cohort of SA patients. 

Limitations
In the Cryo Global Registry, participants 
were treated according to the local standard 
of care. In this SA sub-analysis, cardiac 
rhythm monitoring was not performed 
during follow-up in approximately half 
of the participants. The mean frequency 
of arrhythmia monitoring in the current 
cohort was 0.9 (1.2) times in 12 months, and 
mainly performed by 12-lead ECG. Also, 
it should be noted that in 15/81 (18.5%) of 
participants, the 12-month visit was missing.

Conclusion
Standard of care CBA in SA resulted in a high 
clinical freedom from arrhythmia recurrence 
with a low risk of safety events within 
12  months post ablation. The perceived 
high costs of a catheter ablation for AF are 
countered by a significant improvement in 
symptom burden, QoL and a high freedom 

from healthcare utilisation at 12  months. 
These results support a wider adoption of 
CBA for the treatment of AF in SA.
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