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Aims Atrial fibrillation (AF) and atrial flutter (AFL) after cardiac surgery are common and associated with adverse outcomes. The 
increased risk related to AF or AFL may extend beyond discharge. This study aims to determine whether photoplethysmo
graphy (PPG)-based smartphone monitoring to detect AF or AFL after hospital discharge following cardiac surgery improves 
AF management.

Methods 
and results

The intervention group performed 1 min rhythm checks three times daily using a smartphone-based PPG application during 
6 weeks after hospitalization for cardiac surgery. The primary outcome involved AF management interventions by independ
ent physicians, including initiation of oral anticoagulation (OAC), direct cardioversion, and up-titration or initiation of anti
arrhythmic drugs. The study included 450 patients [mean (SD) age, 64.1 (9.2) years; 96 women (21.3%); 130 patients with AF 
history (28.9%); median (IQR) CHA2DS2-VASc score, 2 (1–3)], of whom 238 were randomized to PPG-based monitoring 
and 212 to usual care. AF/AFL was detected with PPG or electrocardiography in 44 patients (18.5%) in the monitoring group 
and 4 patients (1.9%) in the usual care group (OR 11.8; 95% CI, 4.2–33.3; P < 0.001); these were new detections in, respect
ively, 22 patients (9.2%) and 1 patient (0.5%) (OR 21.3; 95% CI, 2.9–166.7; P = 0.003). AF management interventions oc
curred in 24 patients (10.1%) in the monitoring group compared to 5 patients (2.4%) in the usual care group [odds ratio 
(OR), 5.1; 95% CI, 1.8–14.4; P = 0.002].

Conclusion In unselected patients discharged home following cardiac surgery, PPG-based smartphone monitoring revealed significantly 
more AF/AFL which led to significantly more optimization of AF management.
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What’s new?

• Home-based self-monitoring of atrial fibrillation (AF) or atrial flutter 
(AFL) using a smartphone application is feasible after cardiac surgery, 
demonstrating good compliance in the majority of patients.

• Utilizing a photoplethysmography (PPG)-based smartphone applica
tion significantly increased the detection rate of AF or AFL in pa
tients discharged after cardiac surgery.

• PPG-based smartphone monitoring led to a five-fold increase in AF 
management interventions, including the initiation of oral anticoagu
lation therapy and rhythm control therapy.

• A substantial proportion of AF or AFL detected after hospital dis
charge were subclinical, underscoring the importance of prolonged 
monitoring for early detection and management.

Introduction
Post-operative atrial fibrillation (POAF) is the most common type of 
secondary atrial fibrillation (AF) and the most common complication 
after cardiac surgery.1 AF or atrial flutter (AFL) after cardiac surgery oc
curs in 30–50% of patients during their hospital stay.2 However, there is 
paucity of data on AF or AFL after the hospitalization phase. Data from 
continuous electrocardiography (ECG) monitoring during the first 
30 days after discharge from cardiac surgery found a recurrence of 

AF or AFL in 33% of patients who suffered AF or AFL during hospital
ization and found new-onset AF or AFL in 19.6% of patients during the 
first 30 days after discharge from cardiac surgery.3,4 While POAF is gen
erally defined as newly occurring AF or AFL immediately after surgery, 
there is no consensus on the details of its definition. The guidelines 
of the European Society of Cardiology (ESC) and the European 
Association for Cardio-Thoracic Surgery (EACTS) do not define a min
imal duration of the arrhythmia nor a maximal time limit after surgery.5

To specify the time relationship between surgery and AF or AFL, the 
term ‘early POAF’ is used to describe AF or AFL during the hospitaliza
tion phase as opposed to ‘late POAF’ which describes AF or AFL after 
the hospitalization phase.6,7

Early POAF is known to be associated with a two-fold increase in early 
adverse outcomes such as stroke and mortality, both early and long- 
term.2,8–10 It is unknown whether these outcomes could be generalized 
to late POAF. Moreover, the evidence on oral anticoagulation (OAC) ef
fects in patients with early POAF to mitigate the stroke risk is not very 
robust. Hence, the ESC/EACTS guidelines recommend that long-term 
OAC therapy may be considered following early POAF in subjects at 
risk for stroke.5 Whereas, the American College of Cardiology (ACC) 
guidelines state that OAC should be considered in this situation, however 
for a restricted period of 60 days.11 The treatment of late POAF is not 
described by the guidelines. However, from a temporal perspective, late 
POAF is more closely related to non-surgically related AF or AFL, for 
which there is a body of evidence for OAC therapy and rhythm 
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control.12,13 It is recommended that stroke prevention strategies in pa
tients with solitary AFL follow the same principles as in patients with 
AF and the ABC (‘A’ Avoid stroke; ‘B’ Better symptom control; and ‘C’ 
Cardiovascular and Comorbidity) pathway for integrated AF management 
largely applies to patients with AFL.5 Therefore, the management of both 
arrhythmias is concisely referred to as ‘AF management’ in this paper.

The problem, until recently, was that rhythm monitoring after the 
hospitalization phase was cumbersome with either short-duration 
ECG monitoring or invasive ECG devices.3,4,6 Nowadays, digital devices 
increasingly permit intensified heart rhythm monitoring at home with 
ECG or photoplethysmography (PPG) technology.14 Whereas the 
2020 ESC guidelines still require an ECG to make the diagnosis of 
AF, PPG-based smartphone applications can detect AF with high accur
acy based on either manual reading of the PPG recording or algorithm 
interpretation.5,15,16 However, the effect of home-based POAF moni
toring with digital devices has not been studied. Accordingly, we con
ducted a randomized clinical trial comparing intermittent PPG-based 
smartphone monitoring with usual care for the detection and manage
ment of AF or AFL after hospitalization for cardiac surgery.

Methods
Study design
The SURGICAL-AF 2 trial was an investigator-initiated, prospective, open- 
label, multicentre, randomized, pragmatic clinical trial at three tertiary care 
cardiac surgical centres in Belgium. The trial protocol (registered at 
ClinicalTrials.gov, identifier number NCT05509517) was approved by the 
central ethical review board and local ethical review boards of all participat
ing centres. All participants provided written informed consent. The study 
complies with the Declaration of Helsinki, and the report was prepared 
in accordance with the Consolidated Standards of Reporting Trials 
(CONSORT) reporting guideline for randomized trials.

Study population
Patients were eligible if they were aged 18 years or older, underwent car
diac surgery [coronary artery bypass grafting (CABG) or valve repair or re
placement with or without CABG], and were able to perform PPG-based 
smartphone measurements three times daily at home during the study 

period. Patients were excluded if they had a pacemaker, were in AF or 
AFL at the time of randomization, or were incapable to participate in the 
trial due to language or cognitive barriers that incapacitated the patient 
to follow the study protocol. Detailed inclusion and exclusion criteria 
were listed in the Supplementary material online, Table S1 and Table S2.

Study procedure
Patients were randomly assigned in a 1:1 ratio to the monitoring group 
(PPG measurements three times daily and while perceiving symptoms of 
AF) or to usual care with no mandated monitoring. Randomization was per
formed by the electronic case report from the software REDCap using a 
random allocation with 1:1 odds.17,18 Randomization was performed at 
the latest possible day before the discharge date from the hospital, contin
gent upon the availability of the study personnel.

Patients randomized to the monitoring group were instructed to per
form intermittent rhythm checks using a PPG-based smartphone applica
tion three times daily and while perceiving symptoms of AF (Figure 1). 
Patients were instructed to commence the PPG measurements on the 
day of discharge from the hospital and to continue until the follow-up visit 
with their cardiologist or cardiac surgeon, scheduled 6 weeks after dis
charge (allowed from 21 to 91 days after discharge). Patients performed 
the measurements using their personal smartphone and the FibriCheck 
(FC) application (Qompium NV, Belgium). The FC app is a CE-certified 
(Class 2a, European Union Directive 93/42/EEC) and FDA-approved med
ical device for the detection of AF. The FC algorithm has a sensitivity of 
98.3% and a specificity of 99.9% to detect AF.15 Manual reading of the 
PPG recordings has a sensitivity of 97.7 and 99.4% to detect AF or AFL, re
spectively.16 Both the algorithm and manual reading were combined in this 
study. The FC app reminded participants to take self-measurements 
through push notifications. To perform PPG measurements, patients 
were instructed to place their index finger over the smartphone camera 
while the FC application was activated. The smartphone LED flashlight 
automatically turns on during the procedure and the camera captures the 
changes in reflected light intensity, generating a pulse waveform, as de
scribed elsewhere.19 The PPG signal acquisition time was set at 1 min, dur
ing which a visible countdown timer was displayed on the smartphone 
screen. At the end of the recording, patients were questioned for symp
toms and were subsequently provided with feedback on the quality of 
the measurement and the heart rhythm. In case of insufficient quality, the 
patient was instructed to repeat the procedure until a measurement of suf
ficient quality for analysis was recorded. Measurements categorized as AF 

Three times daily

Day 0

1 : 1

Week 6
(allowed from day 21 to 91)

Usual care

Hospitalization

Surgery Discharge
home

Early clinical follow-up
GP, ED, cardiologist/cardiac surgeon

AF or AFL detected

Scheduled follow-up visit
study cardiologist/cardiac surgeon

PPG-based monitoring

Figure 1 Study protocol. Patients were randomly assigned in a 1:1 ratio to the monitoring group (PPG measurements three times daily and while 
perceiving symptoms of AF) or to usual care with no mandated monitoring. Patients randomized to the monitoring group were instructed to com
mence the PPG measurements on the day of discharge from the hospital and to continue until the follow-up visit with their cardiologist or cardiac 
surgeon, scheduled at 6 weeks after discharge (allowed from 21 to 91 days after discharge). In case of AF or AFL detection with PPG, the patient 
was instructed to visit a physician. Early follow-up was either performed by the patient’s general practitioner, cardiologist, or cardiac surgeon or at 
the emergency department. Patients randomized to the usual care group did not undergo any protocol-mandated rhythm monitoring after random
ization. AF, atrial fibrillation; AFL, atrial flutter; ED, emergency department, GP, general practitioner; PPG, photoplethysmography.
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or AFL were subsequently reviewed by a medical technician within one 
business day (example in Supplementary material online, Figure S1). In 
case of a confirmed abnormal PPG finding, the local study personnel con
tacted the participants by phone and instructed the patient to visit a phys
ician (general practitioner, cardiologist, cardiac surgeon, or emergency 
department) who examined the patient and verified the current heart 
rhythm with ECG. If necessary, patients were offered assistance in schedul
ing the appointment. The PPG recordings demonstrating AF or AFL were 
made available to the physician conducting the (early or scheduled) follow- 
up visit. Therapeutic decisions, such as initiation of OAC therapy or antiar
rhythmic drugs (AAD), were left to the treating physician’s discretion, who 
was not involved in the study. All therapeutic actions performed between 
hospital discharge and the scheduled follow-up visit were registered.

Patients randomized to the usual care group did not undergo any 
protocol-mandated rhythm monitoring after randomization. This practice 
is consistent with current guidelines, which make no recommendations 
for routine monitoring.5,11 However, if clinically indicated, patients in the 
usual care group could undergo standard ECG or Holter monitoring prior 
to the follow-up visit with their cardiologist or cardiac surgeon. Any AF or 
AFL detected by an ECG, Holter, or any other type of monitoring per
formed in the usual care group was included in the outcome assessment. 
In parallel to the monitoring group, therapeutic decisions, such as initiation 
of OAC therapy or initiation of AAD, were left to the treating physician’s 
discretion, who was not involved in the study, and recorded at the follow- 
up visit.

Outcomes
Outcome events were monitored and documented during the follow-up 
period, spanning from the patient’s discharge from the hospital until their 
scheduled follow-up visit. The primary outcome was defined as a composite 
of initiation of OAC, direct cardioversion, up-titration or initiation of AAD 
(Vaughan Williams Class I or III), and implantation of a cardiac implantable 
electronic device (CIED). The secondary outcome was incidence of AF or 
AFL detected with either PPG or ECG technology. Subgroups were prede
fined based on the history of AF or AFL (including both presurgical AF or 
AFL and post-operative AF or AFL during hospitalization) and based 
on OAC prescription at discharge. A sensitivity analysis was conducted, 
excluding patients with active OAC or AAD treatment at the time of 
enrolment.

Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) or 
median with interquartile range (IQR), as appropriate. Comparisons were 
made using the student t-test, the Wilcoxon rank sum test, or the 
Kruskal–Wallis tests where appropriate. Categorical data are summarized 
with the use of frequencies and proportions and were compared using 
the χ2 test.

The trial was designed to test the hypothesis of the superiority of 
PPG-based monitoring over usual care in the detection of the primary out
come within the follow-up period after discharge from the hospital. Based 
on the results of previous rhythm monitoring trials after cardiac surgery, the 
rate of the primary outcome was estimated to be 2% in the usual care group 
and 9% in the monitoring group.4 To detect significant differences between 
the monitoring group and the usual care group, a total of 442 patients 
(221 in each group) would be necessary to provide the trial with 90% 
power at a two-sided α = 0.05. Assuming some attrition, the final sample 
size was 450 patients.

Outcome analyses were performed on the intention-to-treat population, 
which analysed patients according to their randomization status. The pri
mary outcome was a composite of four endpoints. Accumulation of mul
tiple events across these four components within individual patients was 
allowed and accounted for in the analysis. However, accumulation of recur
rences of events in a single component was not accounted for in the ana
lysis. Hence, the maximum number of events in the primary outcome of 
a single patient was four. A logistic regression model with repeated mea
sures was constructed using generalized estimating equations (GEE) to ac
count for the accumulation of events in the four components of the primary 
outcome. The comparison in the primary outcome between the two study 
groups was reported as odds ratios (OR) with associated 95% CIs. Binary 
logistic regression was used to compare the groups for individual compo
nents of the primary outcome and secondary outcomes. A subgroup ana
lysis was performed involving prespecified subgroups based on AF 
history, OAC use, and CHA2DS2-VASc risk score. Kaplan–Meier curves 
of the primary and secondary outcomes were generated for illustrative 
purposes. They were compared between the monitoring group and usual 
care group using a log-rank test. A two-sided P-value of <0.05 was consid
ered statistically significant. Statistical analyses were performed with 
SAS Enterprise Guide 8.2 (SAS Institute Inc., Cary, NC, USA), IBM SPSS 
Statistics (version 29, Chicago, IL, USA), and Prism 8 (GraphPad Software; 
San Diego, CA, USA).

Results
Study population
Between December 2021 and June 2023, 450 patients [mean (SD) age, 
64.1 (9.2) years; 96 women (21.3%)] were randomized to PPG-based 
rhythm monitoring (238 patients) or usual care (212 patients) at three 
Belgian sites (Figure 2). The median (IQR) time from surgery to random
ization was 6 (4–8) days, and the median (IQR) time from randomiza
tion to discharge was 1 (0–2) days.

Baseline characteristics of the two assigned groups are listed in 
Table 1. The median (IQR) CHA2DS2-VASc score was 2 points 
(1–3); the median EuroSCORE II was 1.2% (0.8–2.1%); 266 patients 

Patients randomized (n = 450)

Included in the primary (intent-to-treat)
analysis (n = 238)

Included in the primary (intent-to-treat)
analysis (n = 212)

Deceased (n = 1)

Did not perform protocol-mandated
rhythm monitoring (n = 19)
- No compatible smartphone (n = 4)
- Not interested (n = 15)

Monitoring group ( n = 238) Usual care group (n = 212)

Figure 2 Study flowchart.
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(59.1%) underwent CABG alone, 152 patients (33.8%) underwent valve 
repair or replacement alone, and 31 patients (6.9%) underwent both 
CABG and valve repair or replacement. A presurgical history of AF 
was documented in 37 patients (8.2%). A presurgical history of AFL 
was documented in only three patients (0.7%); these patients also 
had a presurgical history of AF. Early POAF (more than 30 s) was docu
mented in 105 patients (23.3%) during hospitalization. At hospital dis
charge, anticoagulation was prescribed for 103 patients (22.9%), and 
AAD (Class I or III) was prescribed for 59 patients (14.4%).

All study-related follow-up visits were attended by 449 patients 
(99.8%). The median (IQR) time between hospital discharge and 
follow-up consultation was 42 (37–48) days. Among the 238 patients 

in the monitoring group, 19 patients (8.0%) did not perform any PPG 
measurements during the follow-up period. The remaining 219 pa
tients in the monitoring group cumulatively performed 23 099 PPG 
measurements (see Supplementary material online, Figure S2). 
Among these patients, the median number of measurements was 
102 (64–135). During the follow-up period, at least one PPG meas
urement was performed every single day by 74 patients (33.7%), 
and a least one PPG measurement was performed every 2 days by 
194 patients (88.6%). The overall compliance (number of PPG mea
surements performed / number of PPG measurements requested) 
was 77.0% (23 099 / 29 988).

Atrial fibrillation or atrial flutter detection
AF or AFL was detected with a PPG-based smartphone application or 
clinical ECG in 44 patients (18.5%) in the monitoring group during the 
follow-up period vs. 4 patients (1.9%) in the usual care group [OR (95% CI) 
11.8, (4.2–33.3); P < 0.001]. The number needed to monitor to detect one 
additional patient with AF or AFL was six patients (95% CI, 5–9 patients). 
The time to AF or AFL detection was significantly lower in the monitoring 
group compared to the usual care group (P < 0.001) as illustrated by the 
Kaplan–Meier curves with non-overlapping CIs in Figure 3B.

AF or AFL detected with PPG or ECG technology was a new detec
tion in 22 patients in the monitoring group (9.2%) and in 1 patient in the 
usual care group (0.5%) (OR 21.3; 95% CI, 2.9–166.7; P = 0.003). AF or 
AFL detected during the follow-up period was first detected during 
hospitalization for cardiac surgery in 13 patients (5.5% of the monitor
ing group) and 1 patient (0.5% of the usual care group) and was already 
known before surgery in 9 patients (3.8% of the monitoring group) and 
2 patients (0.9% of the usual care group). Among all 44 patients with AF 
or AFL in the monitoring group, 20 patients (45.5%) perceived symp
toms during the arrhythmia. The technology used to detect patients 
with AF or AFL is detailed in Table 2. Of the 37 patients with 
PPG-detected AF or AFL, 22 patients had sequential measurements in
dicating the arrhythmia. The other seven patients with AF or AFL de
tection in the monitoring group were detected with a clinical ECG 
only. The overall compliance (number of PPG measurements per
formed / number of PPG measurements requested) of these seven pa
tients was only 20.7% (176 / 852). The number of PPG measurements 
indicating AF or AFL is displayed for individual patients in the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

Baseline 
characteristics

Intervention group 
(n = 238)

Usual care 
group (n = 212)

Age, y 63.7 ± 9.4 64.5 ± 9.1

Sex, female 50 (21.0) 46 (21.7)

BMI, kg/m² 26.9 ± 3.9 28.0 ± 4.6

Euroscore II (IQR) 1.2 (0.8–2.1) 1.3 (0.8–2.2)

CHA2DS2-VASc score

0 22 (9.2) 22 (10.4)

1 52 (21.8) 47 (22.0)

2 67 (28.2) 71 (33.5)

3 59 (24.8) 35 (16.5)

≥4 38 (16.0) 36 (15.6)

Congestive heart failure 22 (9.4) 18 (8.5)

Ischaemic 13 (5.5) 11 (5.2)

Non-ischaemic 6 (2.5) 6 (2.8)

Arterial hypertension 153 (64.3) 132 (62.3)

Diabetes mellitus 55 (23.1) 33 (15.6)

Stroke, TIA, or systemic 

embolism

22 (9.2) 12 (5.7)

Peripheral vascular 

disease

53 (22.5) 49 (23.2)

Chronic pulmonary 

disease

22 (9.2) 16 (7.5)

COPD 11 (4.6) 7 (3.3)

Sleep apnoea 

syndrome

11 (4.6) 8 (3.8)

LVEF

>50% 184 (79.0) 167 (79.9)

40–50% 38 (16.3) 39 (18.7)

<40% 11 (4.7) 3 (1.4)

AF history 70 (29.4) 60 (28.3)

Prior to surgery 20 (8.4) 17 (8.0)

Early POAF 56 (23.5) 49 (23.1)

Surgical Procedure

Isolated CABG 146 (61.3) 120 (56.6)

Isolated valve surgery 77 (32.4) 75 (35.4)

Combined CABG and 
valve surgery

15 (6.3) 16 (7.5)

Continued

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued  

Baseline 
characteristics

Intervention group 
(n = 238)

Usual care 
group (n = 212)

Drug therapy at discharge

Anticoagulation 54 (22.8) 49 (23.1)

NOAC 23 (9.7) 26 (12.3)

VKA 31 (13.0) 22 (10.4)

LMWH 0 (0) 1 (0.5)

Antiarrhythmic drugs

Class I 4 (1.7) 2 (1.0)

Class III 31 (13.0) 28 (13.2)

The Vaughan Williams classification was used to classify antiarrhythmic drugs. AF, atrial 
fibrillation; BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic 
obstructive pulmonary disease; LMWH, low molecular weight heparin; LVEF, left 
ventricular ejection fraction; NOAC, non-vitamin K oral anticoagulants; POAF, 
post-operative AF; PVI, pulmonary vein isolation; SD, standard deviation; TIA, 
transient ischaemic attack; VKA, vitamin-K antagonist
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Supplementary material online, Figure S3. The AF or AFL episode dur
ation was calculated for patients with sequential PPG measurements in
dicating the arrhythmia, using the methods displayed in the 
Supplementary material online, Figure S4. The longest episode duration 
of individual patients is displayed in Supplementary material online, 
Figure S5. The median (IQR) episode duration was 13.8 h (1.5–33.0).

Atrial fibrillation management 
interventions
In the monitoring group, the AF management interventions occurred in 
24 of 238 patients (10.1%) compared with 5 of 212 patients (2.4%) in 
the usual care group (OR 5.1; 95% CI, 1.8–14.4; P = 0.002). The number 

needed to monitor for one additional AF management intervention was 
13 patients (95% CI, 8–30 patients). The time to an intervention was 
significantly lower in the monitoring group compared with the usual 
care group (P < 0.001) as illustrated by the Kaplan–Meier curves with 
non-overlapping CIs in Figure 3A.

The endpoints constituting the primary outcome ‘AF management in
terventions’ were compared between both groups and presented in 
Figure 4. The outcome was driven by initiation of OAC therapy [docu
mented in 17 patients (7.1%) in the monitoring group vs. 3 patients 
(1.4%) in the usual care group (OR 5.4; 95% CI, 1.5–18.5)] and interven
tions to restore or maintain sinus rhythm [in 16 patients (6.7%) in the 
monitoring group vs. 2 patients (0.9%) in the usual care group (OR 7.6; 
95% CI, 1.7–33.3)]. The latter included cardioversion and initiation or 
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Figure 3 Kaplan–Meier curves showing the cumulative incidence of the primary and secondary outcome for the monitoring and usual care groups. 
Kaplan–Meier estimates for the cumulative incidence of (A) the primary outcome, which is a composite endpoint driven by initiation of OAF therapy and 
rhythm control intervention, and (B) AF or AFL detection in the monitoring group (blue) and in the usual care group (red). AF, atrial fibrillation; AFL, 
atrial flutter.
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Table 2 Primary and secondary outcomes by measurement technology

n patients (%) Intervention group  
(n = 238)

Usual care  
(n = 212)

AF or AFL 
detected

PPG-detected  
(n = 37)

ECG-detected  
(n = 7)

ECG-detected  
(n = 4)

With ECG  
confirmation

Without ECG  
confirmation

AF only 13 (5.5) 17 (7.1) 6 (2.5) 2 (0.9)

AFL only 0 (0) 3 (1.3) 1 (0.4) 2 (0.9)

AF and AFL 1 (0.4) 3 (1.3) 0 (0) 0 (0)

AF intervention 12 (5.0) 7 (2.9) 4 (1.7) 4 (1.9)

OAC therapy 8 (3.4) 6 (2.5) 2 (0.8) 2 (0.9)

Cardioversion 10 (4.2) 0 (0) 2 (0.8) 4 (1.9)

AAD therapy 6 (2.5) 1 (0.4) 2 (0.8) 0 (0)

AAD, antiarrhythmic drug; AF, atrial fibrillation; AFL, atrial flutter; ECG, electrocardiography; OAC, oral anticoagulation
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up-titration of AAD (Figure 4). Implantation of a CIED was not observed 
during the follow-up period. The accumulation of endpoints in individual 
patients is presented in Supplementary material online, Table S3.

Relation between atrial fibrillation or atrial 
flutter detection and atrial fibrillation 
management interventions and subgroup 
analyses
Of the 24 patients in the monitoring group in whom the primary out
come occurred, 23 patients (95.8%) had at least one episode of de
tected AF or AFL. Of the five patients with a primary outcome event 
in the usual care group, AF or AFL was detected in four patients (80%).

The predefined subgroups were analysed by the intention-to-treat 
group allocation. The effect of PPG-based monitoring on AF or AFL de
tection by subgroup is presented in Supplementary material online, 
Table S4. There was significantly more AF or AFL detection in the mon
itoring group compared to the usual care group in all subgroups. The 
effect of PPG-based monitoring on AF management interventions by 
subgroup is presented in Supplementary material online, Table S5. 
There were more AF interventions in the monitoring group compared 
to the usual care group in all subgroups. This was statistically significant 
in the subgroup without a history of AF or AFL prior to randomization 
and in the subgroup without OAC prescription at discharge. In the sen
sitivity analysis, patients with OAC or AAD treatment at the time of 
enrolment were excluded. Still, there were significantly more AF manage
ment interventions in the intervention group (13 out of 166 patients, 
7.8%) compared to the usual care group (2 out of 149 patients, 1.3%) 
(OR 8.4; 95% CI, 1.7–40.6; P = 0.008), confirming the results of the pri
mary analysis. In the subgroup with an elevated CHA2DS2-VASc score 
(1 or more for men, 2 or more women), OAC initiation occurred signifi
cantly more frequently in the intervention group (15 out of 209 patients, 
92.8%) compared to the control group (3 out of 186 patients, 1.6%) (OR 
4.7; 95% CI, 1.3–16.7; P = 0.015).

Discussion
The SURGICAL-AF 2 study was a randomized trial that compared en
hanced rhythm monitoring after discharge from the hospital following car
diac surgery with usual care. Enhanced rhythm monitoring was performed 
during 6 weeks with twice daily rhythm checks using a PPG-based smart
phone application. PPG-based monitoring led to an increased detection of 
AF or AFL, resulting in more AF management interventions.

In this study, PPG-based monitoring was essential to uncover the on
going risk of AF and AFL after the hospitalization phase. AF or AFL after 
the hospitalization phase is referred to as ‘late POAF’, as opposed to 
‘early POAF’, which occurs during the hospitalization phase and is con
sidered to be an early, transient phenomenon because of pericardial ef
fusion and inflammation, cardiac ischaemia, haemodynamic fluctuations, 
and high adrenergic state, which is assumed to resolve in days.20,21 Late 
POAF occurs when acute stressors have waned; therefore, late POAF 
is more closely related to non-surgically related AF or AFL. However, 
the incidence of late POAF occurring weeks to months after surgery 
is not well-defined; apart from the SEARCH-AF trial, prior studies 
are few, retrospective, or non-randomized.4,22,23 This represents an 
important unknown for clinicians managing these patients. In this study, 
PPG-based rhythm monitoring detected AF or AFL with PPG or ECG 
technology within 6 weeks after discharge in one out of three patients 
with a history of AF and one out of eight patients without a history of 
AF. This indicates that a substantial proportion of AF or AFL after hos
pitalization is subclinical and would not be diagnosed without the use of 
PPG-based rhythm monitoring. Remarkably, only half of the patients 
with AF or AFL were asymptomatic and qualify as truly subclinical. 
However, symptoms after surgery are common and may not solely 
be related to AF or AFL. Compared to the SEARCH-AF trial that stud
ied screening for post-operative AF or AFL during a similar window of 
the post-hospitalization phase, the detection rate of new-onset AF or 
AFL was slightly higher in the SEARCH-AF trial (one of five patients).4

This higher detection rate may be attributed to continuous monitoring 
with ECG and the inclusion of patients with a higher CHA2DS2-VASc 
score (median 4 points), which is associated with the development of 

Outcome PPG-based
monitoring  n (%)

Usual care
n (%)

Odds ratio (95% CI)

AF or AFL detection

AF management intervention

Components of AF interventions

Oral anticoagulation

44 (18.5) 4 (1.9) 11.8 (4.2–33.3)

5.1 (1.8–14.4)

5.4 (1.5–18.5)

2.7 (0.9–8.7)

*

*

24 (10.1) 5 (2.4)

17 (7.1) 3 (1.4)

12 (5.0) 4 (1.9)

10 (4.2) 0 (0)

0 (0) 0 (0)

0.01 0.1

Usual care better Monitoring better

1 10 100

Cardioversion

Anti-arrhythmic drugs

CIED

Figure 4 Primary and secondary outcomes by intent-to-treat analysis. Odds ratio for the primary outcome was calculated with GEE logistic regres
sion. Odds ratios of components of the primary outcome and secondary outcomes were calculated with binary logistic regression. AF or AFL were 
detected with PPG or ECG technology. *Odds ratios could not be calculated because 0 events occurred in one group or both groups. AF, atrial fib
rillation; AFL, atrial flutter.
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AF.4,24,25 Compared to the eBRAVE trial that used smartphone-PPG to 
screen for AF in a non-surgical population with similar age and 
CHA2DS2-VASc score to that of this study (median age = 65, 
CHA2DS2-VASc = 3), the detection rate of new-onset AF was much 
lower in the eBRAVE trial (1.6% after 6 months follow-up with inter
mittent PPG measurements).26 This demonstrates that the increased 
incidence of AF or AFL after the hospitalization phase for cardiac sur
gery was much higher than in a general, matched population. There is 
accumulating evidence from other studies that the increased risk for 
AF persists for years after POAF detection.3,6,27,28

To detect AF or AFL, this study utilized PPG technology in the inter
vention group. This technology is promising and has rapidly advanced 
over the last decade,29,30 particularly in combination with artificial 
intelligence.31 Its use is increasing both in clinical trials and real-world ap
plications.31–33 However, the ESC guidelines for the diagnosis 
and management of AF are not updated as frequently as PPG technology 
advances. Recent validation studies have demonstrated that PPG-based 
smartphone applications can detect AF or AFL with high accuracy, using 
either manual reading of the PPG recording or algorithm interpret
ation.15,16 This has led to conflicting situations where AF management in
terventions were performed based on PPG measurements without ECG 
confirmation, contrary to the guidelines. Given these validation studies, 
cases where AF or AFL episodes were detected with multiple sequential 
high-quality PPG measurements using the FC algorithm and confirmed by 
manual reading, yet terminated prior to ECG confirmation, had a high 
likelihood of being true AF or AFL episodes. This was particularly evident 
if subsequent PPG measurements following the AF or AFL episode de
monstrated sinus rhythm, indicating the episode had terminated. The 
study shows that this was convincing enough for the independent phys
ician, not involved in the study protocol, to guide AF management despite 
being aware that this approach is not yet supported by the guidelines. 
This is increasingly relevant as PPG is already being used to detect AF 
or AFL in clinical trials and in clinical practice.14,34,35 Interestingly, the 
intervention group exhibited a higher number of patients diagnosed 
with AF or AFL by ECG alone compared to the usual care group (seven 
vs. four patients). This observation is assumed to be due to a heightened 
awareness of AF and AFL among patients induced by the study interven
tion. These patients were all diagnosed with clinical ECGs. The main rea
son why these arrhythmias were not detected with PPG in the 
intervention group was non-compliance with PPG monitoring.

The ABC pathway for integrated AF management also applies to pa
tients with AFL and includes: (i) stroke prevention with OAC, (ii) symp
tom reduction with rate or rhythm control, and (iii) evaluation of risk 
factors.5 In patients with non-surgical AF or AFL at risk for stroke, 
OAC therapy is strongly recommended.5,11,13 In patients with early 
POAF, OAC therapy should be considered (at least for a limited 
duration).5,11 Patients identified with AF or AFL during the post- 
hospitalization phase occupy an intermediate position within this spec
trum for which data from randomized studies are lacking. Hence, initiation 
of long-term OAC therapy remains a case-based decision. In this study, 
OAC therapy was initiated five times more often in the monitoring group 
compared to the usual care group. However, not all patients with AF or 
AFL who were eligible for OAC therapy based on the CHA2DS2-VASc 
score were started on OAC. This reflects the case-based assessment 
by independent physicians opting not to initiate OAC in some patients 
with a detection of AF or AFL despite an elevated CHA2DS2-VASc score.

A rhythm control strategy includes interventions to restore and main
tain sinus rhythm with direct cardioversion and/or AAD. In patients with 
new-onset non-surgically related AF and cardiovascular conditions, early 
rhythm control decreases the risk of important adverse cardiovascular 
events.12 In patients with early POAF, the determination to pursue 
rhythm control, is a clinical decision primarily based on factors such as 
haemodynamic instability, symptoms, or difficult rate control.5 The evi
dence in early POAF is limited and fails to establish clear benefits of 
rhythm control for early POAF in terms of hospital length of stay, 

recurrence of AF, or mortality.36 Again, patients with AF or AFL detected 
in the post-hospitalization phase are situated in the middle of this spec
trum. Therefore, the effect of early rhythm control to decrease the 
risk of cardiovascular events is more likely to apply for AF or AFL in 
the post-hospitalization phase than for early POAF during the hospitaliza
tion phase. This study observed a seven-fold increase in rhythm control 
interventions due to PPG-based monitoring. Hence, considering the pre
sumed effects of OAC initiation and early rhythm control in this popula
tion, we hypothesize that enhanced cardiac monitoring can play a role in 
optimizing outcome following cardiac surgery.

The primary outcome measure extends the beneficial effect of 
PPG-based rhythm monitoring after the hospitalization phase from in
creasing the detection rate of AF or AFL to optimizing AF management. 
A larger trial with longer follow-up is needed to determine whether the 
optimization of AF management will lead to improved patient outcomes.

Limitations
This study monitored patients during 6 weeks after hospital discharge. 
The study did not monitor the long-term, ongoing risk of AF or AFL. 
The study used a smartphone-based monitoring technique. Patients 
without access to a smartphone were not included in this trial. Even 
with this patient-centred monitoring technique, some patients did 
not complete the digital monitoring. Lack of adherence by these pa
tients led to underestimation of AF or AFL. With intermittent monitor
ing, short asymptomatic AF episodes remained undetected. However, 
the importance of short asymptomatic AF episodes remains question
able,37–40 and there was no improvement in clinical outcomes with con
tinuous monitoring over intermittent monitoring for early POAF in a 
recent meta-analysis.41 By design, this study was not powered to detect 
differences in major adverse cardiovascular outcomes and stroke rates. 
As a consequence, the study’s scope did not extend to the potential 
modification of ischaemic risk by OAC therapy.

Conclusion
In unselected patients discharged home following cardiac surgery, 
PPG-based smartphone monitoring revealed significantly more AF and 
AFL detection with PPG or ECG technology which led to optimization 
of AF management, including OAC therapy and rhythm control therapy.
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