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Introduction Early diagnosis of atrial fibrillation (AF) is essen-
tial to reduce complications such as stroke, and improve
patient quality of life. Novel screening techniques using
smartphone camera photoplethysmography (PPG) can be used
for AF detection, but their clinical applicability remains
unclear. Our aim was to assess the diagnostic accuracy of
smartphone PPG compared to conventional ECG for AF
detection.
Methods We performed a systematic review of MEDLINE,
EMBASE, Cochrane library, and other databases (1980-
October 2019), including any study or abstract where
smartphone finger-tip PPG was compared with a reference
ECG (1, 3 or 12-lead). Outcomes were sensitivity (SE),
specificity (SP), positive and negative predictive value
(PPV; NPV) and overall accuracy. Bivariate hierarchical
random effects meta-analysis was performed for studies
with confidence intervals for SE and SP, and funnel plots
were used to identify publication bias. Study quality was
assessed using the established QUADAS-2 tool by two inde-
pendent graders.
Results 1350 publications were screened, of which 17 studies
were included in the systematic review (7 full text publica-
tions and 10 abstracts), providing 21 comparisons of accu-
racy for AF detection. Most studies were based in secondary
care and small (range n=33 to 1095), with a total of 5469
participants including 1384 with AF. Only 4 studies were
multi-centre. Smartphone applications used were Cardiio
Rhythm, Fibricheck, Preventicus and Heartbeats, with 7 stud-
ies not specifying the tool used. Overall SE and SP for AF
detection were high, ranging from 76 to 100%, and 85 to

100% respectively. PPV ranged from 54 to 100% and NPV
from 77 to 100%, with overall accuracy between 61 and
99%. The meta-analysis included 12 comparisons from 10
studies (n=2714; 936 with AF). The pooled SE was 93%
(95% CI 90-96%) and SP 97% (95-99%); Figure A. QUA-
DAS-2 assessment demonstrated poor quality of studies over-
all, with a high or unclear risk of bias in at least one
domain for all studies. There was clear evidence of publica-
tion bias; Figure B.
Conclusions PPG offers the potential for large scale, non-inva-
sive, patient-led screening of AF. However, current evidence is
limited to biased, low quality studies often with unrealistic
results for AF detection. These are insufficient to advise clini-
cians on the true value of current smartphone PPG
technology.
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Background Biomarkers reflecting different biological path-
ways have been associated with atrial fibrillation (AF). These
discoveries motivate the consideration of a multiple bio-
marker model in the context of AF screening to improve
detection.
Objective We assessed a selection of clinical characteristics and
biomarkers known to be associated with AF as established in
literature, to identify a mechanism-based combination of
markers for simplifying patient selection for screening.

Abstract 63 Figure 1 Meta-analysis & publication bias
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Methods and Results 1485 patients presenting acutely to
hospital (median age [Q1, Q3] 69 [60, 78] years; 60%
male; 45% with AF) with either diagnosed AF or ≥2
CHA2DS2-VASc risk factors (silent AF ruled out by 7-day
ECG monitoring) were analysed. From EDTA plasma, 12
known cardiovascular biomarkers selected from published
literature were quantified at a single centre on a high-
throughput platform (Roche Diagnostics GMBH, DE).
After adjustment for known confounders (age, sex, BMI,
eGFR, heart failure, stroke/TIA, hypertension status), 6
biomarkers remained univariately associated with increased
odds of AF (BMP10, ANG2, NTproBNP, IGFBP7, FGF23,
CA125; see Figure). A model which simultaneously consid-
ered clinical characteristics and biomarkers was developed
in a discovery cohort (n = 933) randomly sampled from
all included patients (60:40 discovery:validation) and subse-
quently validated on the remaining patients (n = 552)
using both logistic regression and machine learning meth-
odologies for comparison. Using regression with backward
statistical selection, an optimism-adjusted model of Age,
Sex, BMI, BMP10, ANG2, and FGF23 was found to dis-
criminate between patients with and without AF with an
area under the ROC curve, AUC, of 0.743 [95% confi-
dence interval, 0.712, 0.775], corroborated by machine
learning (AUC 0.760 [95%CI 0.746, 0.764]). Performance
was similar in the validation cohort for regression (AUC
0.719 [0.677, 0.762]) and machine learning (AUC 0.733
[95%CI 0.691, 0.775]). In a sensitivity analysis using bio-
marker quartiles instead of absolute values, an additional
biomarker was selected: NTproBNP.
Conclusion In our analysis of known markers of AF, a combi-
nation of 3 simple clinical characteristics (Age, Sex, BMI) and
3 biomarkers (BMP10, ANG2, and FGF23) robustly discrimi-
nated between patients with diagnosed AF and sinus rhythm
patients with cardiovascular risks in both discovery and valida-
tion cohorts. Biomarkers implicate pathways related to inflam-
mation (BMP10), fibrosis (FGF23) and hypoxia (ANG2),
known to be associated with AF. Prospective studies can
examine if AF screening with multiple biomarkers has the

potential of identifying patients who could benefit from fur-
ther ECG monitoring.
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Introduction The European Society of Cardiology guidelines
on the management of Atrial Fibrillation (AF) advocate the
use of direct oral anticoagulants (DOACs) over warfarin. Their
use is also licenced for the treatment of pulmonary embolism
and deep vein thrombosis. DOACs have superior efficacy in
stroke reduction, reduced rates of intracranial haemorrhage
and improved overall mortality. DOACs are safer, easier to
use and don’t require monitoring.
Aims We sought to describe changes in prescriptions for anti-
coagulants over the 20 years from 1998-2018 and to describe
the financial implications of the shift away from warfarin.
Methods We conducted a comprehensive nationwide retrospec-
tive study. Data were obtained from the Prescription Cost
Analysis system, which holds information on every prescrip-
tion dispensed in the community in England, covering a popu-
lation of more than 50 million people. We obtained data for
warfarin, dabigatran, rivaroxaban, apixaban and edoxaban
from 1998 to 2018.
Results There was a linear increase in warfarin prescriptions
from 1998 to 2014 but this plateaued in 2015. Thereafter
there has been a linear decrease in prescriptions for warfarin.
Conversely, total prescriptions for all DOACs combined has
increased exponentially in the same time frame and for the
first time, there were more prescriptions for DOACs than
warfarin in 2018 (9.3 million prescriptions for DOACs vs. 8.2
million prescriptions for warfarin). Rivaroxaban and Apixaban

Abstract 64 Figure 1 Univariate odds ratios and 95% confidence intervals of quantified biomarkers
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