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Abstract 

OBJECTIVES: The CEASE-AF trial demonstrated that epicardial-endocardial hybrid ablation (HA) had superior effectiveness compared to 
endocardial catheter ablation (CA) for non-paroxysmal atrial fibrillation (AF), without significantly increasing major complications during 
a 12-month period. Most contemporary AF ablation trials have not evaluated durability beyond 12 months. Therefore, 24-month effect
iveness and safety of HA and CA are compared.

METHODS: CEASE-AF is a prospective, multicentre, randomized trial. Patients 18–75 years of age with symptomatic, drug refractory per
sistent AF and left atrial diameter >4.0 cm or long-standing persistent AF were randomized 2:1 to HA (posterior wall and pulmonary vein 
isolation with left atrial appendage exclusion) or CA (pulmonary vein isolation). Secondary effectiveness was freedom from AF/atrial flut
ter/atrial tachycardia off class I/III anti-arrhythmic drugs except for those who previously failed at doses not exceeding those previously 
failed through a 24-month follow-up period. Major complications and reinterventions were evaluated.

RESULTS: The intention-to-treat population was 102 patients with HA and 52 patients with CA. Seventy-five percent were male, 80.5% 
had persistent AF and 19.5% had long-standing persistent AF, with a mean age of 60.7 ± 7.9 years. Effectiveness for 24 months was 66.3% 
(63/95) with HA and 33.3% (17/51) with CA [absolute difference 33.0% (95% confidence interval 14.3%, 48.3%; P< 0.001)]. Major compli
cation rates were 10.8% (11/102) with HA and 9.6% (5/52) with CA (P¼ 1.0), and fewer patients had reinterventions after HA than CA 
[18.9% (18/95) vs 52.9% (27/51), P< 0.001].

CONCLUSIONS: CEASE-AF demonstrated that the 32.4% absolute benefit of HA over CA for 12 months was durable for 24 months at 
33% with continued similar safety rates and fewer reinterventions after HA (funded by AtriCure, Inc.; NCT02695277).

Clinicaltrials.gov registration: NCT02695277

Keywords: Atrial fibrillation • Hybrid ablation • Catheter ablation • Left atrial appendage • Surgical ablation

ABBREVIATIONS   

AAD Anti-arrhythmic drug  
AF Atrial fibrillation  
AFL Atrial flutter  
AT Atrial tachycardia  
CI Confidence interval  
ITT Intention to treat  
LAAE Left atrial appendage exclusion   
mITT Modified intention to treat  
PV Pulmonary vein  
PVI Pulmonary vein isolation  
RF Radiofrequency 

INTRODUCTION

Atrial fibrillation (AF) is a progressive cardiomyopathy that was 
estimated to affect approximately 50 million people worldwide 
as of 2020 [1]. It can impair patient quality of life due to debili
tating symptoms and confers substantially increased risks of 
stroke, heart failure and death. Early rhythm control for AF has 
been shown to be superior to rate control [2]. Clinical trials uti
lizing radiofrequency (RF), cryothermal and pulsed field endo
cardial ablation catheters to isolate the pulmonary veins (PVs) 
have reported rhythm control rates of 70–75% for 12 months in 
patients with paroxysmal AF [3–5]. However, in non-paroxysmal 
AF, endocardial ablation has proven more challenging, with trials 
reporting from 55% to 74% 1-year effectiveness even with 
advanced catheter technology and an aggregated historical suc
cess rate of 48% across more than 15 000 patients [6–11]. 
Additive endocardial ablation strategies to target non- 
pulmonary vein (PV) substrate, such as the left atrial posterior 
wall, have not shown a consistent rhythm control benefit over 
PV isolation (PVI) [12, 13]. In addition, published data on the 
durability of endocardial ablation as a rhythm control strategy in 
persistent and long-standing persistent AF are currently lacking. 

Most reported mid- and long-term effectiveness is from single 
centres [14, 15].

Hybrid ablation is an epicardial-endocardial ablation strategy, 
involving a heart team of electrophysiologists and surgeons, that 
has been evaluated in several clinical trials [16–18] and was 
included in the 2023–2024 AF treatment guidelines led by the 
American College of Cardiology, the European Heart Rhythm 
Association and the European Society of Cardiology [1, 19, 20]. 
CEASE-AF is the largest randomized controlled trial to date to 
compare a hybrid ablation (HA) strategy to an endocardial cath
eter ablation (CA) strategy, which showed superior effectiveness 
of HA and comparable safety over 12 months [17]. In this study, 
we report the 24-month outcomes of the CEASE-AF trial includ
ing effectiveness, safety and repeat interventions.

PATIENTS AND METHODS

CEASE-AF (NCT02695277) is a prospective, multicentre, 2:1 
randomized controlled trial carried out at 9 centres in Germany, 
the Netherlands, the United Kingdom, the Czech Republic and 
Poland. The trial was performed in accordance with the 
Declarations of Helsinki and BS EN ISO 14155: 2011. Ethics com
mittee or institutional review board approval of the trial was 
obtained, and written informed consent was collected from 
each patient. A contract research organization (Cardialysis, 
Rotterdam, Netherlands) was responsible for data management, 
monitoring and analysis. A second contract research organiza
tion (Banook Group, Nancy, France) performed blinded review 
of electrocardiogram and Holter monitor recordings. The trial 
sponsor was AtriCure B.V. (Amsterdam, Netherlands).

The trial objective was to evaluate the efficacy and safety of 2 
interventional approaches (HA vs standard CA) in preventing the 
recurrence of AF in symptomatic, drug refractory patients with 
advanced AF. The trial design and 12-month effectiveness and 
safety results were published previously [17].

Inclusion criteria were age 18–75 years and having symptom
atic, drug-refractory persistent AF with an enlarged left atrium 
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(diameter > 4.0 cm) or long-standing persistent AF. Key exclu
sion criteria were history of prior ablation, paroxysmal AF, long- 
standing persistent AF >10 years, AF secondary to electrolyte 
imbalance, thyroid disease or other reversible or non- 
cardiovascular cause, contraindication for catheter or epicardial 
ablation and/or the need for concomitant cardiac surgery. The 
HA arm consisted of a first stage epicardial procedure to, at min
imum, isolate the PVs and create a box around the posterior left 
atrium with left atrial appendage exclusion (LAAE). Between 90 
and 180 days after the index procedure, the endocardial ablation 
stage of the hybrid procedure was performed to address gaps to 
ensure PV and box lesion isolation. The CA arm received an 
index endocardial RF CA to, at minimum, isolate the PVs. 
Between 90 and 180 days post-index procedure, a repeat CA 
could be performed as clinically necessary. In both arms, add
itional lesions were permitted per institutional standard practice 
and were detailed in the previous publication [17].

Patients were followed up at 3 and 6 months (after the index 
procedure) and then at 6, 12 and 24 months after T0 (index pro
cedure plus 6 months). Rhythm assessments were performed at 
scheduled visits during 48-h Holter monitoring, and symptom- 
driven rhythm monitoring was evaluated by a 12-lead electro
cardiogram of at least 30 s at unscheduled visits. Medications 
and adverse events were also evaluated at each scheduled visit. 
Final analysis of the 36-month data is ongoing.

The primary effectiveness end point, as previously reported, 
was freedom from documented AF/atrial flutter (AFL)/atrial 
tachycardia (AT) episodes >30 s over a 12-month follow-up 
period, in the absence of a class I or III anti-arrhythmic drug 
(AAD) (with the exception of previously failed AADs at doses not 
exceeding those previously failed) [17]. A failure of the primary 
effectiveness end point included any documented AF/AFL/AT 
lasting >30 s; any previously failed class I or III AAD adminis
tered at a dose higher than baseline; any newly introduced class 
I or III AAD usage; a direct current cardioversion for AF/AFL/AT 
or any ablation intervention occurring during the 12-month 
follow-up visit, respectively. The present analysis is focused on 
secondary effectiveness over the 24-month post-T0, defined as 
freedom from documented AF/AFL/AT episodes >30 s over 24 
months of follow-up, in the absence of class I or III AADs (with 
the exception of previously failed AADs at doses not exceeding 
those previously failed).

The safety end point consists of composite major complica
tions during follow-up, comparing cumulative complication 
rates occurring during any procedure in the 2 study arms. Major 
complications are defined as death, stroke, transient ischaemic 
attack, myocardial infarction in the context of AF ablation, peri
carditis, bleeding, wound infection, atrio-oesophageal fistula, oe
sophageal injury, permanent phrenic nerve paralysis, a 
permanent pacemaker implant as a direct result of injury to the 
specialized conduction system (sinoatrial or atrioventricular 
node), PV stenosis of >70%, cardiac tamponade/cardiac perfor
ation, empyema, wound infection at the surgical site or puncture 
sites requiring reoperation for wound debridement, vascular ac
cess complications, pneumonia and pneumothorax requiring 
intervention. An independent Clinical Events Committee consist
ing of non-trial physicians reviewed and adjudicated the trial 
safety events. Safety during 12 months post-T0 was previously 
reported [17].

Reinterventions were evaluated for 24 months and defined as 
crossover to epicardial ablation, electric cardioversion, pharmaceut
ical cardioversion, pacemaker implant, implantable cardioverter 

defibrillator implant, repeat ablation, surgical ablation or other 
interventions.

Statistical analysis

The intention-to-treat (ITT) population was defined as patients 
who had an attempted index procedure (first-stage epicardial 
ablation in the HA arm and first CA in the CA arm) and was the 
population used to evaluate safety. The modified ITT (mITT) 
population was defined as patients who had an attempted index 
procedure and had available effectiveness end-point data after 
the T0 visit and was the population used for effectiveness and 
reintervention analyses. All statistical tests use a 2-sided signifi
cance level of α¼ 0.05. The effectiveness end-point analysis tests 
the null hypothesis of no-treatment group difference, using a 5% 
2-sided significance level and a Fisher’s exact test. The 95% 2- 
sided confidence interval and P-value are reported. SAS 9.3 (SAS, 
Cary, NC, USA) was used for statistical analysis.

RESULTS

As previously published, the 102 patients in the HA arm and 52 
patients in the CA arm (ITT population) had similar baseline pro
files, with a mean age of 60.7 ± 7.9 years, 74.7% male, mean body 
mass index 29.7 ± 3.4 kg/m2, mean left atrial diameter 4.7 ± 
0.4 cm and a normal left ventricular ejection fraction. The type 
of AF was persistent in 80.5% and long-standing persistent in 
19.5%, with a mean 3.08 ± 3.36 years of AF.

The mITT population comprised 146 patients (95 patients in the 
HA arm and 51 patients in the CA arm) (Fig. 1). Of these patients, 
141 patients (91 in the HA and 50 in the CA arms) had a 24-month 
follow-up visit. In the HA arm, 2 patients died before the 24-month 
visit, 1 patient withdrew consent and 1 patient was lost to follow- 
up; in the CA arm, 1 patient withdrew consent.

Rhythm outcomes during 24 months

In the mITT population, 143 patients (93 HA and 50 CA) had 24- 
month effectiveness data available. For the remaining patients, 
the last observation was carried forward. Effectiveness through 
24 months post T0 was 66.3% (63/95) in the HA arm and 33.3% 
(17/51) in the CA arm [absolute difference 33.0% (95% confi
dence interval (CI), 14.3%, 48.3%; P< 0.001)] (Fig. 2). In subgroup 
analysis of patients with persistent AF at baseline, primary effect
iveness was 66.2% (51/77) in the HA arm and 37.2% (16/43) in 
the CA arm [absolute different 29.0% (95% CI 6.8%, 46.2%; 
P¼ 0.004)]. In patients with long-standing persistent AF, primary 
effectiveness was 66.7% (12/18) in the HA arm and 12.5% (1/8) 
in the CA arm [absolute difference 54.2% (95% CI 5.3%, 79.7%; 
P¼ 0.030)]. Freedom from AF/AFL/AT off class I/III AADs was 
57.9% (55/95) in the HA arm and 29.4% (15/51) in the CA arm 
[absolute difference 28.5% (95% CI 12.5%, 44.5%; P¼ 0.001)].

Safety outcomes over 24 months

In the ITT population, the proportions of patients who experi
enced major complications over 24 months after the index pro
cedure were similar between arms, at 10.8% (11/102) in the HA 
arm and 9.6% (5/52) in the CA arm (P¼ 1.0) (Table 1). In the HA 
arm between 12 and 24 months from the index procedure, there 
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was 1 cardiovascular death and 1 death of unknown cause. One 
patient died during sleep of undetermined cause; the other pa
tient died of sudden cardiac arrest during vascular surgery on his 
lower limbs for symptomatic atherosclerosis. Pneumonia also 
occurred in a patient in the HA arm who had experienced an 
earlier major complication. In the CA arm, a patient experienced 
bleeding and vascular complications after transcatheter ablation, 
and another had community-acquired pneumonia. No new 
strokes or transient ischaemic attacks were reported. Cumulative 
major complication rates through 30 days post-index ablation 
and second stage/repeat ablation, through 12 months and 
through 24 months are shown in Fig. 3.

Reinterventions during 24 months

During 24 months in the mITT population, 18.9% (18/95) of 
patients in the HA arm and 52.9% (27/51) of patients in the CA 
arm had a reintervention procedure (defined in Methods) 
(P< 0.001) (Table 2). Cardioversions (electrical or pharmaceut
ical) were performed in 14.7% (14/95) of patients in the HA arm 
and in 29.4% (15/51) of patients in the CA arm (P¼ 0.034). The 
number of cardioversions ranged from 1 to 3 per patient in both 
arms. Two patients (2.1%) in the HA arm versus no patient in the 

CA arm received a permanent pacemaker as a repeat interven
tion (P¼ 0.34). One permanent pacemaker was implanted 
485 days post-index procedure for atrioventricular block, and 
the other was implanted at 841 days post-index procedure for 
bradycardia with Morgagni-Adam-Stokes syndrom. The repeat 
ablation rate was 7.4% (7/95) in the HA arm and 37.3% (19/51) 
in the CA arm (P< 0.001). In addition, 9 patients (17.6%) in the 
CA arm crossed over to receive an epicardial ablation. After the 
epicardial ablation procedure, 6 patients remained in sinus 
rhythm at subsequent follow-up visits through 24 months. The 
outcomes of the other 3 patients who experienced arrhythmia 
following the crossover ablation are described in Supplementary 
Material, Table S1.

DISCUSSION

Persistent AF with advanced left atrial pathology and long- 
standing persistent AF are recognized for their resistance to 
treatment with endocardial CA approaches. To date, no standard 
endocardial ablation strategy has been shown to effectively ad
dress advanced AF substrate resulting in consistent, durable clin
ical outcomes exceeding those of PVI. Therefore, the question 

Figure 1: CONSORT diagram for CEASE-AF over the 24-month follow-up period. AAD: anti-arrhythmic; AE/SAE: adverse event/serious adverse event; 
CHA2DS2VASc: Congestive heart failure, Hypertension, Age ≥75 years (doubled), Diabetes mellitus, prior Stroke or TIA or thromboembolism (doubled), Vascular 
score; ECG: electrocardiogram; ITT: intention to treat; LAAE: left atrial appendage exclusion; mITT: modified intention to treat; PVI: pulmonary vein isolation; T0: index 
procedure plus 6 months; TEE: transesophageal echocardiography.
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remains whether standalone ablation efficacy is limited merely 
for these types of AF. The CEASE-AF trial showed that the add
ition of epicardial ablation and LAAE to endocardial CA resulted 
in significantly improved freedom from atrial arrhythmias with 
and without AADs through a 12-month follow-up period, with 
the positive benefit–risk ratio being supported by the absence of 
an increase in major complications [17]. A smaller randomized 
controlled trial HARTCAP-AF (Hybrid Versus Catheter Ablation 
in Persistent AF) also showed a significant benefit of HA and 
LAAE compared to CA including endocardial posterior wall isola
tion in all patients during a 12-month follow-up period [18]. In 
the present analysis, the CEASE-AF 24-month results demon
strate that the significant improvements in effectiveness after HA 
over CA are sustained through 24 months and that safety rates 
continued to be similar, though numerically higher, in the 
HA arm.

Until now, longer term outcomes of similar hybrid ablation 
techniques have been reported from single-centre observational 
studies. Pannone et al. [21] reported a 10-year experience with 
thoracoscopic hybrid ablation for treating AF either as a de 

novo or repeat procedure. At 12 months, freedom from atrial 
tachyarrhythmias without AADs was 76.7% and was 67.5% at 24 
months. There were no significant differences in rates between 
patients who had a de novo ablation procedure, all of whom 
had persistent and long-standing persistent AF or a repeat pro
cedure. Dunnington et al. [22] reported freedom from AF with 
and without AADs to be 88% and 80% through 12 months, re
spectively, and 79% and 75% through 24 months, respectively, 
after HA using RF bipolar pens and clamps and LAAE. Together, 
these studies confirm the durability of HA for preventing atrial 
arrhythmia recurrence shown in the CEASE-AF trial.

Repeat interventions including repeat ablation and cardiover
sions were more common in the CA arm than in the HA arm. 
Approximately half of the patients who experience AF recur
rence after the initial CA will have repeat CA [23]. Repeat abla
tion rates after CA in patients with persistent and long-standing 
persistent AF are approximately 10% to 30%, and trials such as 
STAR-AF II (Substrate and Trigger Ablation for Reduction of 
Atrial Fibrillation Trial Part II) and CAPLA (Catheter Ablation for 
Persistent Atrial Fibrillation) suggest that endocardial ablation 

Figure 2: Freedom from atrial fibrillation, atrial flutter and atrial tachycardia off anti-arrhythmic drugs except those previously failed at doses not exceeding those 
previously failed, unless otherwise indicated, through 24 months in the hybrid and catheter ablation arms. AAD: anti-arrhythmic; AF: atrial fibrillation; CI: confi
dence interval.
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outside the PVs does not reduce repeat ablations in persistent 
and long-standing persistent AF [24, 25]. In this context, the re
peat ablation rate observed in the CEASE-AF CA arm is not un
expected, particularly given the advanced AF population 
included. Through 24 months, 67% (34/51) of patients in the CA 
arm failed secondary effectiveness and 37% (19/51) had at least 
1 repeat ablation; additionally, 17% (9/51) of patients crossed 
over to receive epicardial ablation. The repeat ablation rate in 
the HA, in which 33% (32/95) of patients failed secondary effect
iveness, was significantly lower at 7.4% (7/95). The combined 

impact of arrhythmia recurrence, complications, AAD utilization 
and repeat interventions have the potential to impact patient 
quality of life, which is the subject of a separate analysis, and 
health care resource utilization, an analysis of which 
is warranted.

The PVs and left atrial posterior wall are key driver and sub
strate regions for AF; thus they are critical ablation targets in 
advanced AF. Successful acute isolation of these regions is im
portant to restore sinus rhythm, and then durable isolation is 
important to sustain sinus rhythm. The epicardium and 

Table 1: Major complications over 24 months after the index procedure

Characteristic Hybrid arm  
ITT population

Catheter arm  
ITT population

Total  
ITT population

Two-sided 
P-value

(n ¼ 102) (n ¼ 52) (N ¼ 154)

Composite major complications within 730 days after index procedure 10.8% (11/102) 9.6% (5/52) 10.4% (16/154) 1.00
Type of major complicationa

Death (regardless of cause) 2.9% (3/102) 0.0% (0/52) 1.9% (3/154) 0.55
Stroke 1.0% (1/102) 0.0% (0/52) 0.6% (1/154) 1.00
Transient ischaemic attack 0.0% (0/102) 1.9% (1/52) 0.6% (1/154) 0.34
Myocardial infarction in the context of atrial fibrillation ablation 1.0% (1/102) 0.0% (0/52) 0.6% (1/154) 1.00
Pericarditis 1.0% (1/102) 1.9% (1/52) 1.3% (2/154) 1.00
Bleeding 1.0% (1/102) 1.9% (1/52) 1.3% (2/154) 1.00
Wound infection at surgical site or puncture sites requiring  

re-operation for wound debridement
0.0% (0/102) 0.0% (0/52) 0.0% (0/154)

Major vascular access complications 1.0% (1/102) 1.9% (1/52) 1.3% (2/154) 1.00
Atrio-oesophageal fistula 0.0% (0/102) 0.0% (0/52) 0.0% (0/154)
Oesophageal injury 0.0% (0/102) 0.0% (0/52) 0.0% (0/154)
Permanent phrenic nerve paralysis 0.0% (0/102) 0.0% (0/52) 0.0% (0/154)
Permanent pacemaker implant 1.0% (1/102) 0.0% (0/52) 0.6% (1/154) 1.00
Pulmonary vein stenosis 0.0% (0/102) 0.0% (0/52) 0.0% (0/154)
Cardiac tamponade/cardiac perforation 0.0% (0/102) 1.9% (1/52) 0.6% (1/154) 0.34
Empyema 0.0% (0/102) 0.0% (0/52) 0.0% (0/154)
Pneumothorax requiring intervention 1.0% (1/102) 0.0% (0/52) 0.6% (1/154) 1.00
Pneumonia 2.0% (2/102) 1.9% (1/52) 1.9% (3/154) 1.00
Other major complications 1.0% (1/102) 1.9% (1/52) 1.3% (2/154) 1.00

aSome patients experienced more than one major adverse event.
ITT: intention to treat.

Figure 3: Cumulative major complications over 24 months in the intention-to-treat population.
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endocardium have been shown to have distinct activation pat
terns in AF, and an endocardial-only ablation approach may not 
be able to fully address the epicardial component [26]. 
Nakamura et al. [27] reported a 40% rate of epicardial reconnec
tions after a first-pass endocardial roof and floor line to isolate 
the posterior wall after PVI. The epicardial reconnections were 
often present in the centre of the posterior wall and required 
multiple endocardial RF applications in multiple posterior wall 
segments to eliminate. Patients who have arrhythmia recur
rences after endocardial ablation also have high reconnection 
rates at the PVs and posterior wall. In a 3-year follow-up of the 
CAPLA trial, 32% of patients who received endocardial PVI and 
posterior wall isolation required at least 1 redo ablation [25]. 
Among those patients, 75% had posterior wall reconnections 
and 55% had PV reconnections. A hybrid ablation approach that 
targets the epicardium and endocardium may facilitate durable, 
transmural lesions, resulting in higher and sustained effective
ness compared to an endocardial ablation approach.

CONCLUSION

To date, CEASE-AF is the largest randomized controlled trial of 
HA with thoracoscopic LAAE compared to endocardial CA to re
port follow-up over 24 months. The absolute benefit of HA plus 
LAA exclusion to maintain freedom from atrial arrhythmias with
out new AADs or increased doses of previously failed AADs was 
33% over CA over 24 months. This result extends the 32.4% ab
solute benefit observed through 12 months, underscoring the 
durability of HA during 24 months.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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Institute, Abbott, Astra Zeneca (lecture honoraria); Johnson & 
Johnson, BSI (travel support); European Society of Cardiology (ques
tion writing committee); Gerold M€onnig—Abbott, Medtronic (lecture 
honoraria); Jonathan Sahu—Bayer, Pfizer (speaker honoraria); Steven 
Hunter—AtriCure, Inc. (consulting fees, payment for educational 
events); Erik Fransen: employee of AtriCure Europe, B.V.; Piotr 
Suwalski—AtriCure, Inc., Medtronic (consulting fees); Edwards (hono
raria). The following authors report no disclosures other than funding 
on this study from AtriCure, Inc.: Drs. Petr Nemec, Tomas Ostrizek, 
Ales Mokracek, Alan Bulava.

Table 2: Reinterventions over 24 months

Characteristic Hybrid arm  
mITT population

Catheter arm  
mITT population

P-value

(n ¼ 95) (n ¼ 51)

Number of interventions 27 56
Patients with an intervention 18.9% (18/95) 52.9% (27/51) <0.001
Number of interventions per patient <0.001

0 events 81.1% (77/95) 47.1% (24/51)
1 event 12.6% (12/95) 21.6% (11/51)
2 events 3.2% (3/95) 15.7% (8/51)
3 events 3.2% (3/95) 5.9% (3/51)
4 events 0.0% (0/95) 9.8% (5/51)

Mean number of interventions per patient 0.3 ± 0.7 (95) 1.1 ± 1.3 (51) <0.001
Number of electrical/pharmaceutical cardioversions 17 24
Patients with an electrical/pharmaceutical cardioversion 14.7% (14/95) 29.4% (15/51) 0.034
Number of electrical/pharmaceutical cardioversions per patient 0.022

0 events 85.3% (81/95) 70.6% (36/51)
1 event 12.6% (12/95) 15.7% (8/51)
2 events 1.1% (1/95) 9.8% (5/51)
3 events 1.1% (1/95) 3.9% (2/51)

Mean number of electrical/pharmaceutical cardioversions per patient 0.2 ± 0.5 (95) 0.5 ± 0.8 (51) 0.024
Number of implants of a permanent pacemaker 2 0
Patients with an implant of a permanent pacemaker 2.1% (2/95) 0.0% (0/51) 0.54
Number of repeat ablations 8 23
Patients with a repeat ablation 7.4% (7/95) 37.3% (19/51) <0.001
Number of repeat ablations per patient <0.001

0 events 92.6% (88/95) 62.7% (32/51)
1 event 6.3% (6/95) 31.4% (16/51)
2 events 1.1% (1/95) 3.9% (2/51)
3 events 0.0% (0/95) 2.0% (1/51)

Mean number of repeat ablations per patient 0.1 ± 0.3 (95) 0.5 ± 0.7 (51) <0.001

mITT: modified intention to treat.
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Thopaz+ is a portable digital chest drainage and 
monitoring system developed by Medela. It offers 
continuous objective monitoring of fluid loss and 
air leaks, which facilitates assessment of patients’ 
progress, as well as standardisation of chest drainage 
management across different departments.1 Clinical 
evidence has demonstrated that Thopaz+ is a useful 
tool in the management of patients that require chest 
drains and has clear clinical advantages compared 
with underwater� seal drains.1–3

Thopaz+ and its predecessor, Thopaz, have been 
used within the Cardiothoracic Department at Oxford 
University Hospital NHS Trust since 2012. A report 
on this experience contributed to National Institute 
for Health and Care Excellence (NICE) Medical 
Technology Guidance 37.1,4 Use of Thopaz+ in Oxford 
has since expanded to other departments within the 
trust. This document summarises the experience 
with Thopaz+ based on interviews with healthcare 
professionals (HCPs) at Oxford University Hospital 
NHS Trust in February/March 2024.

CHEST DRAINAGE PROTOCOLS
Each department has a chest drain 
protocol based on their use of Thopaz+� 
or underwater seal drains, and whether 
active suction or physio mode is needed.

MOBILISATION
Improved and earlier mobilisation is a 
major advantage of Thopaz+ in relation to 
complications associated with immobility.

OBJECTIVE AND CONTINUOUS 
MONITORING LEADS TO IMPROVED 
DECISION-MAKING
Continuous monitoring improves chest 
drain decision-making by providing 
objective estimates/measurement of 
leakage. It helps determine when air leaks 
are resolving (allowing for earlier drain 
removal and discharge planning) or when 
further intervention is needed (such as 
referral to a surgeon).

LENGTH OF STAY
Digital drainage facilitates day-case 
procedures by giving HCPs confidence 
that their patients have no persistent air 
leaks or fluid loss.

RESPIRATORY
70% of patients following pleural 
intervention and 60% undergoing 
thoracoscopy return home the same day.

CORONARY CARE UNIT (CCU)
Length of stay of 7 days with Thopaz+ 	
compared with 10 days with underwater 
seal drains.

THROUGHOUT THE PATIENT JOURNEY
Thopaz+ can be used throughout a 
patient’s journey, which can reduce the 
possibility of issues and errors, because 
drains can become kinked or displaced 
whenever a device is changed. Suction 
can be added to a Thopaz+ device set up 
to provide straightforward drainage simply 
by pressing a button to initiate suction via 
the device itself.

COSTS AND EFFICIENCIES
The use of the device can lead to 
improved operational efficiencies and 
cost savings, which may justify the 
acquisition costs. From an evidence-based 
practice project in the USA, a digital air 
leak detection device after pulmonary 
lobectomy led to cost savings of $2,659 
per hospital day.5

IMPROVED PATENT SAFETY
Thopaz+ is a closed system, reducing 
incidents, errors, mishaps, and infections. 
As a dry system, Thopaz+ prevents issues 
with water and device positioning. Non-
medical staff can manage Thopaz+� if it 
is knocked over, with no patient impact. 
Thopaz+ has its own suction source, 
preventing complications with wall suction 
becoming displaced or unclipped.

STAFF EXPERIENCE
Precise fluid and air leak measurements 
including time trends, improve clinician 
confidence and decision-making and 
facilitate continuity of care. The user-
friendly interface makes it easier to track 
air leaks and fluid output. Nursing time 
is saved with easy canister replacement, 
reduced manual monitoring, and visual 
and audible notifications alert HCPs 
of issues.

PATIENT EXPERIENCE
Patients can move around freely without 
nursing or healthcare assistant support. 
Earlier discharge reduces hospital stay. 
Patients can monitor their progress in 
terms of reducing volumes of fluid and 
air leaks on the display.

Real-world experience with

Thopaz+
The Oxford University Hospitals
NHS Foundation Trust experience

*Percentage of cases using Thopaz+, where known from interviews. 
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Evolution of Thopaz+ use in Oxford: initial introduction by department and current usage*   
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Summary of the real-world experience with Thopaz+

The experience of HCPs within Oxford University Hospitals NHS Foundation Trust over the past 12 years 
has shown that Thopaz+ has multiple benefits in the right circumstances and should be available for the 
vast majority of patients requiring a chest drain.

Francesco Di Chiara MD, MS THOR (Hons), FEBTS 
Consultant Thoracic Surgeon Oxford University 
Hospitals NHS Foundation Trust 

Overall, our experience at �Oxford University 
Hospitals NHS Foundation trust has shown that 
Thopaz+ is an indispensable asset for HCPs, 
redefining standards of care and operational 
efficiency across multiple medical departments. 
We encourage all units using chest drains to 
consider making the move from underwater seal 
drains to Thopaz+ in the vast majority of patients 
requiring chest drainage.

Quotes from interviews with a number of 
healthcare professionals at Oxford University 
Hospital NHS Trust:

From the NHS perspective, I think it 
probably allows us to make earlier decisions 
about withdrawing chest drains and getting 
people�out of hospital earlier.

There are a number of ways to recoup 
the costs: efficiencies in the system, less 
litigation because things don’t go wrong, 
staff sickness due to back injuries, and 
length of stay if you can get patients home 
quicker.

Read the full report:

The summary report has been written by HSJ Advisory on behalf of Medela AG, reflecting the views 
expressed in interviews with healthcare professionals. Medela AG funded the project and had input 
into the development of this report.

Thopaz+  
#1 reference for digital 
drainage*

Turning Science into Care

Read the evidence

*Pioneering the digital chest drainage market since 2007. Market report and data show number 1 market share as of 
January 2024. Thopaz/Thopaz+ being named or referred to in >100 published studies, reports, or publicly available data.

https://www.nice.org.uk/guidance/mtg37
https://www.nice.org.uk/guidance/mtg37/resources/adoption-support-resource-insights-from-the-nhs-6718515805/chapter/6-Shared-learning-examples
https://www.nice.org.uk/guidance/mtg37/resources/adoption-support-resource-insights-from-the-nhs-6718515805/chapter/6-Shared-learning-examples
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