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The SRA Procedure 
 
Scientific base 
 
Numerous scientific investigations during the last two decades have shown that the heart beat 
dynamics can provide much more information than just the heart rate. Conventional Heart Rate 
variability (HRV) is a very useful tool and extensively used, but it often fails in predicting clinical 
outcome. Including non linear methods in the analysis, the heart rate dynamics discloses much more 
information about the functional state of the heart and diseases. This is because non linear 
approaches are able to capture feedback mechanisms, which are numerously present in living 
organisms. 
 
One of the frequently used methods its he time series analysis. Given any signal over a certain time, 
the time between distinct points from the signal are represented as a Lorenz plot or Poincaré plot. 
Each chose time distance is plotted against its previous one. The construction of a Lorenz plot from a 
continuous ECG recording is shown in figure 1. 
 

Fig. 1 
Construction of s Lorenz plot. 

 
The distinct points are the R peaks. The time between two R peaks is the RR interval. One RR interval 
is plotted against its previous one. The Lorenz plot for a one hour ECG is shown in figure 3. With this 
procedure, the ECG is transformed into a geometrical structure which is subjected to further 
mathematical treatment. 
 
 
 
 
 
 
 
 

Fig. 2 
Lorenz plots from one hour ECG recordings. A is from a healthy volunteer, B from a patient with paroxysmal atrial 

fibrillation and C from a patient with acute atrial fibrillation. 
 

 
During fibrillation, the irregular ventricular Response is well known. This impaired heart rate dynamics 
has a certain expression in the Lorenz plot representation, as shown in figure 3 C. 
 
Several recent publications have demonstrated an impaired ventricular response also outside of 
fibrillation episodes using different methods of non linear analysis. 
 
This is the basic strategy used in the SRA procedure. With a combination of six different linear and 
non linear parameters, identification of patients with established paroxysmal atrial fibrillation outside of 
their fibrillation episodes was possible. With this approach, the sensitivity for the identification of 
patients with paroxysmal atrial fibrillation was significantly higher than finding them according to 
fibrillation episodes. 
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During the fully automated SRA procedure the ECG signal is first cleaned from artefacts. In parallel 
there is a beat type classification. This is necessary as only normal beats, which means beats that 
start in the atrium, are included in the calculation of the risk fore atrial fibrillation. Ventricular beats 
contain no information regarding the atrium. Those ventricular beats are stored and provided as an 
information about other cardiac disrhythmia besides atrial fibrillation. The corresponding points in the 
Poincaré plot will be marked in red (see also viewer function). The subsequent analysis combines then 
all the linear and non linear parameters into a decision matrix. This decision matrix is weighing the 
different parameters according to their relevance in predicting the risk for atrial fibrillation. The 
weighing factors were determined on patient data from different origin. An overview of the complete 
SRA procedure is given in the diagram in figure 3. 
 

 
 

Figure 3 
The SRA procedure 

 
The SRA procedure has been retrospectively validated with a clinical trial. The results are summarized 
in an abstract in the appendix 1.  
 
 
The SRA – Procedure in Practice 
 
ECG recording and Report 
Using the SRA procedure as a screening tool, just a one hour ECG recording is necessary. The ECG 
is digitally stored and transferred to the computer. With the help<of a small communication software 
tool, the ECG is transferred via internet to the analysis server of apoplex medical technologies, were 
the fully automated analysis is performed. The result is back within minutes at the doctors desk. An 
example report is included in appendix 3. 
 
The Viewer - Function 
To gain a fast overview over all cardiac disrhythmia in the ECG recording, the Viewer Function has 
been integrated into the SRA procedure. It allows fast assessment of all disrhythmia with the help of 
the Poincaré plot. To enter the viewer function, there is a link in the email with the report which allows 
access to the original ECG on the central analysis server. When the link is opened, the Poincaré plot 
of the corresponding ECG is visible (figure 4). As each point in the Poincaré plot is generated by two 
successive RR intervals, the corresponding RR intervals are shown by clicking one of the points in the 
Poincaré plot. Ventricular beats are now easily assessed just by clicking the red points (for example 
see figure 5) or even find existing fibrillation episodes when present (figure 6). 
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Figure 4 
Start window of the Viewer Function 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 
Clicking at a red point in the Poincaré Plot (blue circle) shows ventricular disrhythmia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 
Clicking at a black point in the Poincaré Plot (blue circle) shows a fibrillation episode. 
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Introduction: 
Atrial fibrillation (AF) is one of the most frequent reasons and the leading single risk factor for 
ischemic stroke (relative risk between 5 and 17, compared to hypertension (3 to 5) or smoking 
(1.5). Because oral anticoagulation is highly efficacious for both primary and secondary 
prevention of stroke in patients with AF, with a risk reduction of 61% (47% to 71%) versus 
placebo, detection of AF is essential. 
 
As AF is often asymptomatic and intermittent, appropriate diagnosis – and thus treatment – is 
frequently missed. Even when suspected, more than 50% of cases of paroxysmal atrial 
fibrillation (PAF) may escape detection. Relative to standard ECG, 24 hour recording doubles 
the detection rate of PAF but still misses about one third of cases later identified by 
ambulatory 7-day ECG monitoring and up to 44% of cases detected by long-term event 
recorders. The diagnose of PAF is essential as the risk for ischemic stroke is not less than for 
chronic AF: 
 
Since even short duration AF induces contractile and electrical atrial remodeling, previous 
episodes of PAF may increase the variability of the atrial electrical wavelength also in the 
absence of fibrillation. This phenomenon may manifest as increased R-R interval dynamics on 
ECG and, combined with an adequate analysis tool, it may increase the detection rates of 
PAF (fig. 1). 
 
In this study we analyzed ECG data from patients with an increased risk for stroke because of 
established PAF to find out, whether analysis of R-R interval dynamics might lead to higher 
detection rates of PAF. 

Fig. 1: Examples of time series analyses from R-R intervals. The plot 
from a healthy volunteer (A) shows the typical form of a baseball bat. 
The calculated risk level is 0. The disseminated cluster of a PAF patient 
(B) indicates an increased R-R interval dynamics (risk level 1). The plot 
of a patient with acute AF expresses the well known irregularity during 
fibrillation episodes (C). The calculated risk level is 2. 
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Methods: 
29 patients with established diagnose of PAF underwent a conventional 24 hour ECG 
analysis. In addition the same ECG data have been subjected to a fully automated R-R 
interval analysis. 9 patients with chronic AF served as a positive control and 21 ambulatory 
patients with no diagnose of AF served as a negative control. 
 
For that purpose the 24 hour ECGs were divided in one hour ECG recordings. For each 
hour the risk for having PAF was calculated. 
 
Risk level 0:  Sinus rhythm 
Risk level 1:  deviations from the pattern of sinus rhythm, significant hint for PAF 
Risk level 2:  acute AF 

Results: 
Conventional ECG analysis identified 4 of the 29 (14%) patients with PAF, the R-R interval 
analysis 26 patients (90%). In 17 hours out of 560 hours (3%) there were fibrillation 
episodes and hence were identified by both methods. A further 258 (46%) hours without 
fibrillation events were identified as risk for PAF by the analysis of the R-R interval dynamics 
(fig. 2). 



Fig. 2: Study design and outcome 
paroxysmal AF 
n = 29 
 

chronic AF 
n = 9 
(positive control) 

control subjects 
n = 21 
(negative control) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

conventional manual ECG analysis 
plus  

automated RR-interval dynamics analysis (by one-hours segments) 

Long-term ECG recording: 19.5 hours 
 (SD ± 2.5) 

Total: 560 h of ECG recording Total: 392 h of ECG recording Total: 174 h of ECG recording 
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13 h 
classified as 
risk 1 

174 h of AF 
identified 

174 h 
classified  as 
risk 2 

17 h of AF 
identified 

275 h 
classified as 
risk 1-2 

conventional          R-R-interval 
    analysis 

• All AF episodes classified 
as risk 2 by R-R-interval-
analysis 

• 13 h of 392 h (3.3%) 
classified as risk 1 

• All 17 h of  AF episodes 
classified as risk 2 by R-R 
interval analysis 

• Additional 258 h classified 
as risk > 0 by R-R interval 
analysis 

• Additional 22 patients 
identified by R-R interval 
analysis 

• 25 patients “missed” by 
conventional ECG-analysis 
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Conclusion: 
The part of identified patients with established diagnose of PAF was 6 times higher with the R-R 
interval analysis than with conventional 24 hour analysis. The fully automated algorithm and the 
easy handling of the hardware allows the use of the R-R interval analysis for an effective 
screening of stroke patients in stroke units. Patients with a risk for PAF but with no fibrillation 
episodes are then subjected to further diagnose e.g. 7 day ECG monitoring. Analysis of the R-R 
interval dynamics could result in a more efficient use of diagnostic resources (fig. 3). 
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Fig. 3: Example of a 68 hour long term ECG analysis from a stroke 
patient with unclear stroke aetiology. Fibrillation episodes were only 
present in two hours. Classification with conventional ECG analysis would 
have rated 66 hours from 68 hours as false negative whereas the R-R 
interval analysis classified 62 hours as risk level 1 (risk for PAF) and the  
two hours with fibrillation episodes as risk level 2 (acute fibrillation) 
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Further reading 
 
Basics 
 
How to describe the complex system „Heart“ has been addressed by the paper of Schmidt and Morfill. 
Georg Schmidt, Gregor Morfill 
Complexity Diagnostics in Cardiology: Fundamental Considerations 
Pacing and Clinical Electrophysiology, (1994)17, 6, 1174-1177 
 
A special edition of „Cardiovascular Research“ published many contributions concerning non linear 
dynamics in the cardiovascular system 
Cardovascular Research 31 (1996) 331-433 
www.elsevier.com 
 
Atrial fibrillation and non linear dynamics: 
 
Vikman et al. find a reduction in the complexity of the R-R dynamics and a change in fractal properties 
before the onset of atrial fibrillation. 
 
Saila Vikman, et al. 
Altered complexity and correlation properties of R-R interval dynamics before the spontaneous onset 
of paroxysmal atrial fibrillation 
Circulation, 1999; 100:2079-2084 
 

 
 



Changes in the ECG before the onset of atrial fibrillation have been found by Hnatkova et al. Katerina 
Hnatkova, et al. 
Analysis of the cardiac rhythm preceding episodes of paroxysmal atrial fibrillation 
Am Heart J 1998;135:1010-9 

 
 
Changes in the RR dynamics in connection with atrial fibrillation are also found by Krstacic et al. More 
can be found on their web page: www.irb.hr. 
G. Krstacic et al. 
Some important R-R interval based paroxysmal atrial fibrillation predictors 
In press and personal communications 

 
The question about changes in the RR dynamics before the onset of fibrillation in patients with 
paroxysmal atrial fibrillation has also been addressed by Moody et al. The best prediction was 
achieved by a combination of premature atrial activity and P-wave variability. 
GB Moody et al. 
Predicting the onset of paroxysmal atrial fibrillation:  
 

The computers in cardiology Challenge 2001, Computers in Cardiology 2001;28:113116 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the following paper the authors are able to predict cardiac abnormalities with a certainty of 80% just 
from RR dynamics. Among them are atrial fibrillation, left bundle branch block and dilative 
cardiomyopathy.  
 
R. Acharya U et al. 
Classification of cardiac abnormalities using heart rate signals 
Med. Biol. Eng. Comp., 2004,42,288-293 
 

 
 
 



Vascular factors that contribute to the development of Dementia have been described by Knecht and 
Berger in Deutsches Ärzteblatt Jg. 101 Heft 31-32 am 02.08.2004. 

 

 



 

Appendix 3 
 

Example Report 
 
 
 



 
 


