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Abstract 

Background 

Cardiac arrhythmias, including atrial fibrillation (AF), are a common cause for seeking 

medical care. AF has many causes; where valvular disease, hypertension, heart failure and 

diabetes mellitus are among the most common ones. The golden standard for arrhythmia 

monitoring is a 24- or 48-hours Holter monitor. The aim with this paper was to compare the 

Holter monitor with chest strap ECG, regarding the sensitivity to detect atrial fibrillation, and 

the amount of noise and artifacts.  

Patients and methods 

Five patients were included in the study. Patients fulfilled the inclusion criteria if they were 

>18 years old and scheduled for rhythm monitoring in order to detect atrial fibrillation.  

Patients with a history of mental illness were excluded. A total of 123 hours and 20 minutes 

were registered simultaneously with each monitor type. A Holter (DigiTrak XT) from Philips 

(Amsterdam, The Netherlands). monitor was used, and the chest strap ECG (Linkura AB, 

Linköping, Sweden) is made of a small device, which is snapped on the chest strap belt 

(Polar, Finland).  

Results 

Patient number five had atrial fibrillation during the whole monitoring time according to both 

the Holter and chest strap ECG. The chest strap ECG recorded a greater number of episodes 

of noise and artifacts/hour (median 97.0) compared to the Holter monitor (median 7.3), p = 

0.07. The chest strap ECG monitoring resulted in 0-13.9 % (median 2.7) of noise and artifacts 

of total amount of time, compared to the Holter monitor (0-0.6 % , median 0.2), p = 0.07. 

Patient number three was an outlier with 503 episodes/hour and 13.9% noise and artifacts of 

total amount of time, on the chest strap ECG registration. 

Conclusion 

In conclusion, the chest strap ECG can be used to detect atrial fibrillation on the basis of p-

wave detection, although it needs to be tested more, and with an automatic algorithm, which 

allows an analysis of a larger study population. The chest strap ECG recorded a greater 

number of episodes of noises and artifacts compared to the Holter. This did not reach a 

statistical significance, but can be clinically relevant. 
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Populärvetenskaplig sammanfattning 

Arytmiövervakning- en jämförande studie mellan olika metoder för 

hjärtrytmregistrering 

Bakgrund  

Hjärtarytmier är en vanlig orsak till att människor söker vård, och förmaksflimmer är en av de 

vanligaste arytmierna. Orsaker till förmaksflimmer kan vara klaffsjukdom, diabetes mellitus, 

högt blodtryck och hjärtsvikt. Den mest använda metoden för att övervaka hjärtrytmen är ett 

24- eller 48-timmars Holter-EKG, trots att tidigare studier visat att den är relativt okänslig på 

att upptäcka arytmier.  

Syftet med denna studie är att undersöka om registrering med Holter-EKG har jämförbar 

kvalitet med bröstbands-EKG, samt att undersöka om det går att hitta förmaksflimmer i 

samma utsträckning med de två olika metoderna.  

Metod  

Bröstbands-EKG är ett elastiskt band som knäpps om bröstkorgen och som sedan registrerar 

EKG. Bröstbandet har utvecklats av Linkura AB, Linköping, Sweden.  Studien inkluderar fem 

patienter, varav fyra rekryterades från Fysiologiska kliniken (dit de remitterats för utredning 

om förmaksflimmer), Universitetssjukhuset, Linköping, och femte patienten rekryterades från 

avdelning 6, thorax-kärlkliniken, US, Linköping. 

Patienter rekryterades om de var över 18 år och hade förmaksflimmermisstanke i remissen. 

Patienter med psykiska besvär valdes bort på grund av den extra stress en ytterligare 

undersökning kan medföra. Totalt registrerades 123 timmar och 20 minuter med de båda 

övervakningstyperna, parallellt med varandra.  

Data analyserades dels med hjälp av ett program från Philips (Amsterdam, Nederländerna), 

dels från Linkura ABs internetbaserade plattform.  

Resultat  

Patient nummer fem hade förmaksflimmer hela registreringsperioden, vilket både Holter-

EKG och bröstbands-EKG hittade i samma utsträckning. Resultatet visar att bröstbands-EKG 

registrerar ett större antal episoder av brus och störningar jämfört med Holter-EKG, dock ej 

ett signifikant resultat (p = 0.07). 
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Sammanfattning 

Slutsatsen är att bröstbands-EKG går att använda för att hitta förmaksflimmer, men att det 

behövs fler studier för att utveckla det vidare, samt för att med större säkerhet kunna säga att 

det inte finns någon reell skillnad mellan de två olika metoderna.  
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Introduction 

Cardiac arrhythmias are a common cause for seeking medical care, with symptoms such as 

palpitations and dizziness (1) and atrial fibrillation (AF) account for about one third of all 

admissions for cardiac arrhythmias in the United States (2-4). The prevalence of AF in a total 

population is approximately 1 %, and it is increasing with age, with a prevalence of 5-10% in 

the population above 75 years of age (2, 5). AF has many causes, but sometimes the etiology 

is unknown. Among the most common causes are hypertension, heart failure, diabetes 

mellitus and valvular disease (2, 5, 6). AF is frequently initiated by rapid electrical activity, 

and often orginates in the muscular sleeves of the pulmonary veins (7). Structural and 

electrical remodeling seems to be the most common mechanism that promotes maintenance of 

arrhythmias (6, 8). Postoperative AF is also very common; approximately one third of the 

patients undergoing thoracic surgery and up to 40% of heart surgery patients develops AF. 

However, most post-operative patients with AF convert to sinus rhythm spontaneously (9, 

10).  

The electrical dysfunction during AF prevent full contraction of the atria, leaving a small 

amount of residual blood in the blind-pouch atrial appendage, which seems to be the most 

important determinant for the increasing risk of thromboembolic events. The risk for 

thromboembolic events increases if blood stasis, endothelial dysfunction and 

hypercoagulability occurs, according to Virchows triad (6). Due to this, AF increases the risk 

for stroke six fold and has a higher mortality rate, even after adjusting for comorbidity (7, 11). 

The most commonly used oral treatment for prevention of thromboembolism is vitamin K-

antagonists such as Warfarin, which has unwanted side effects such as serious bleeding and 

interactions with other medicines (12).  

Other arrhythmias, such as bradyarrhythmias, can lead to functional limitations in the 

patient’s daily life, and give symptoms such as dizziness and lightheadedness (13).  

Considering this, appropriate diagnostic tools are important for preventing complications and 

for adequate treatments.  

 

Short episodes of arrhythmias may result in syncope, but they are difficult to detect.  

Therefore, longer periods of monitoring are required to better establish a correlation between 

ECG and symptoms of the patient.  
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Since the introduction of the Holter ECG, more than 50 years ago, the ambulatory ECG 

monitoring has rapidly evolved. At the beginning, it was a big backpack that the patients 

carried around, and it could record ECG for several hours (14, 15). Nowadays it is much 

smaller, and weighs less than 100 grams. The device has 2 or 3 leads (up to 12), and the most 

modern devices have a capability of recording up to 2 weeks. During the recording time the 

patient is asked to keep a diary as a way to increase the correlation between detected 

abnormalities and symptoms (16). Ambulatory ECGs, such as Holter monitor, usually uses an 

algorithm such as the Lorentz plot, which uses the R-R-interval to distinguish between sinus 

rhythm and AF (13). Although recent studies have shown that Holter ECG has a 

comparatively low diagnostic yield and sensitivity, it is still considered the golden standard 

for out hospital use (17-20). Most hospitals use 24-48 h Holter monitoring when patients have 

a confirmed diagnose of atrial fibrillation as a way to control rate, rhythm and post-ablation 

results, although Holter monitoring for less than four days can miss an important part of 

recurrent atrial fibrillation. Previous studies show that Holter only detects 59% of recurrences 

(1). The Holter monitor was found to have a mean sensitivity as low as 44-60% to detect AF 

that last more than 5 minutes, compared to implanted devices, where the mean sensitivity was 

96-98%.  

The advantages of the Holter monitor are its detailed information on arrhythmias, their 

initiation and termination and AF burden expressed in minutes of total recording time (20). 

Unfortunately, some patients experience that the electrodes and the attached wires are 

uncomfortable to wear and limit their daily life. Furthermore, it is not uncommon that patients 

develop allergies to the electrodes (18, 20).  

 

With the expanding market for cardiac monitoring methods, the demands are increasing as 

well. Previous studies show that prolonged monitoring is useful and can be more beneficial 

for the patients, as a greater proportion of recurrent AF or syncope episodes can be found. 

This is beneficial for the healthcare and for the society, as missed diagnoses, malpractices and 

unnecessary drugs can be avoided, as well as unneeded costs.  

Therefore, already existing devices should be challenged through new techniques.  

 

Linkura AB (Linköping, Sweden) offers a lifestyle monitor, which can monitor stress and 

inactivity, as they are two big factors that can influence our health. The monitor uses the heart 

rate as an indicator for stress and inactivity level, and consists of a chest strap belt with an 

electrode that measures heart rate.  
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As a way to possibly expand to the medical market, particularly as an arrhythmia monitor, 

this lifestyle monitor needs to be optimized for this purpose, and be validated through tests 

that include patients with arrhythmias.  

 

The aim with this paper was to compare the Holter monitor with chest strap ECG, regarding 

AF burden, signal quality, noise and artifacts. The hypothesis is that there are no differences 

between the Holter ECG and the chest strap ECG in the signal quality (i.e number of episodes 

of noises and artifacts) or the ability to detect atrial fibrillation.  

Patients and methods 

Subjects 

Patients were included in the study if they were >18 years old and were referred to the 

Department of Clinical Physiology for the investigation of possible atrial fibrillation. 

Patients with anxiety or other mental illnesses were excluded due to the increase of stress that 

an extra device can cause. Five patients were included in the study. Patients 1-4 were included 

from the patient database system that is used at the department of clinical physiology, 

University Hospital in Linköping. Patient five was recruited from the postoperative ward at 

the cardiothoracic and surgery dept. in Linköping.  

All patients, except for patient number five, were planned for Holter monitoring before this 

study. Patient five had telemetry monitoring at the postoperative ward. All patients gave their 

written consent before participating in the study. Three patients (1,2,4) were monitored for 24 

hours; one patient (3) for 48 hours and patient number five was monitored for 3 hours and 20 

minutes.  

Patients’ ages ranged from 59-83 years, with a mean age of 71 years, and 60% were males 

and 40% were females.  

Instrumentation 

The Holter monitor that was used is a DigiTrak XT from Philips (Amsterdam, The 

Netherlands). It has three leads, with five electrodes, weighs 62 grams and has the dimensions 

width 91.44x19.05x55.88 mm. The data is downloaded through a USB docking station at the 

department of clinical physiology. Zymed Holter Software (Philips, Amsterdam,The 
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Netherlands) ws used for the Holter monitor analysis. The chest strap ECG-monitor (Linkura 

AB, Linköping, Sweden) is a small device, measuring 6,0x3.5x1,0 cm, which is attached to a 

chest strap by snap fasteners. The chest strap belt (Polar, Kempele, Finland) is made of 

polyester and has conductive electrodes of carbon rubber. The device stores a single lead 

ECG (500 Hz, 10 bits) and the data is then transmitted using USB for offline analysis. The 

chest strap was positioned around the thorax with its electrodes under the m. pectoralis major 

over the trunk muscles (21), as can be seen in figure 1. Three chest strap monitors were used 

and the chest straps were washed between every patient. 

Protocol 

The staff at the department of clinical physiology performed the Holter monitoring by using 

recommended protocol. The chest strap with the ECG-monitor was then positioned on the 

patient, as seen on figure 1. Signal quality was checked before the patients were instructed to 

get dressed and could leave the exam room. A green light could be seen on the monitor if the 

electrodes were in the right position and had made contact with the monitor. Patient five had 

telemetry monitoring, a Holter monitor and chest strap ECG at the same time.    

When the monitoring time expired the patients could either send back the devices by mail, or 

leave it at the department of clinical physiology.  

 

 

 

 

Figure 1. Position of the chest strap (21) 
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The Holter monitor was analyzed using a program by Philips, which is used in the department 

of clinical physiology as a part of the Holter system. The program detects atrial fibrillation by 

measuring the R-R-interval, and the guidelines states that there has to be a variation of at 

least 20% in the R-R-intervals and there has to be a minimum of 25 heart beats in a row to 

qualify as a atrial fibrillation, otherwise it is registered as heartbeats with atrial origin and not 

as a atrial fibrillation.   

The program scans through the whole registration and it presents various episodes of e.g 

arrhythmias such as AF, supraventricular extra systoles and ventricular extra systoles as well 

as noises and artifacts. Possible episodes of atrial fibrillation, noise, and artifacts were written 

down. They were registered as numbers of seconds they lasted. If there was more than one 

episode registered in one second, it was only noticed as one episode. AF is reported as % of 

total number of heart beats in the final report. The Holter monitor was analyzed twice, as the 

author first analyzed it, before any data had been changed, and then the biomedical scientist 

analyzed the data by using their standard protocols. Blinding was not possible, as the 

biomedical scientist collected both the submitted Holter and the chest strap ECG at the same 

time. The biomedical scientist did not take part of the first analysis before the second one. The 

author then went back to the final report to confirm that the right data had been registered. 

Only the author analyzed data from patient 5, since he wasn’t planned for a Holter in clinic, 

just for this study.  

 

The data from the chest strap ECG was then registered. Due to the lack of an existing 

analyzing tool the data were analyzed manually by using a web based online platform 

developed by Linkura AB. The ECG was analyzed patient by patient, and every episode of 

noise and artifacts was manually registered, as number of seconds it lasted. An episode can be 

defined as “onset of a self-limiting bout of arrhythmia” (13), and here it also represents self-

limiting bouts of noise and artifacts in the signal.  

 

Both data from Holter monitor and from chest strap ECG were documented in Excel, with 

information of which patient used which chest strap and monitor, and when (date and time) 

the registration took place. The consent papers, the Holter reports and the data were filed at 

the department. 

 

Statistics  
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Due to non-Gaussian distribution, a Wilcoxon signed rank test was used.  P-value <0.05 was 

regarded as significant. The test was performed in the statistical program Prism. A Spearman 

correlation test was also performed, to test the association between the two groups. 

Ethical considerations 

The local ethical committee approved this study 2015-09-23, registration number 2015/312-

31.  

Patients with mental health problems were excluded due to the increased levels of stress an 

extra device could cause.  

Results 
 

Atrial fibrillation 

Patient 1,3 and 4 had episodes of atrial fibrillation according to the automatic scan done by 

the Holter program, but when analyzed manually the atrial fibrillation was actually 

supraventricular tachycardia with irregular R-R-intervals, as the ECG showed distinct p-

waves. Patient five had atrial fibrillation during the whole registration, according to both the 

Holter monitor and to the chest strap.  AF was clearly seen when manually analyzing the 

chest strap ECG, as an absence of p-waves and irregular R-R-intervals (figure 2). 

 

Figure 2. Atrial fibrillation, chest strap ECG registration.  

As a comparison, a normal sinus rhythm with distinct p-waves can be seen in figure 3. 
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Figure 3. Normal sinus rhythm, chest strap ECG registration. 

 

 

Noise and artifacts 

 Number of episodes of noise and artifacts per hour are given in table 1. The chest strap ECG 

tended to register more episodes of noise and artefacts than the holter monitor, median 97 and 

7, respectively (p = 0.07). In total % the chest strap recorded a median of 2.7% compared to a 

median of 0.2% with the Holter monitor, p = 0.07.. Figure 4 shows total episodes of noise and 

artifacts per patient. Patient number three is an outlier with 24 000 episodes of noise and 

artifacts. Figure 5 shows episodes per time unit per patient.  

 

 

Table 1. Noise and artifacts during registration 

Patient Monitoring time 

(hours) 

Number of episodes/hour % noise and artifacts of  monitored time  

  Holter Chest strap ECG Holter Chest strap ECG  

1 24 7.3 51.4 0.2 1.4  

2 24 12.4 97.5 0.3 2.7  

3 48 5.1 503.0 0.14 13.9  

4 24 23.9 150.3 0.6 4.2  

5 3 0.0 0.0 0 0  

Median (25th to 75th perc) 7.3 [5.1-12.4] 97.0 [51.4-150.3]* 0.2 [0.14-0.30] 2.7 [1.4-4.2] *  

 

* p=0.07 
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Figure 4. Overview, total number of episodes of noise and artifacts/patient 
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Figure 5. Episodes of noise and artifacts/hour/patient, Holter and chest strap ECG 

 

Spearman’s rankorder correlation test showed rs = 0.4 (p = 0.52).  

 

Discussion 
 

The difference between the Holter monitor and chest strap ECG in noise and artifacts did not 

reach significance (p= 0.07). This supports the H0-hypothesis that there would not be a 

difference between the two methods. However, it’s close to being statistically significant, and 

it is possible it is clinically relevant nevertheless. If the study population was bigger, then it 

would perhaps show a different result. Patient number three wore the monitors  for 48 hours, 
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which naturally led to a greater number of episodes, but even stratified for the extra monitor 

time, this patient is qualified as an outlier (figure 4). 

Exclusion of patient number three would have resulted in a higher p-value. Some patients 

have a lot of noise in their Holter registrations as well, and sometimes repeated monitoring is 

necessary.   

 

The Holter monitor has a couple of advantages in in this study over the chest strap ECG. The 

Holter monitor uses five electrodes (three leads) and the chest strap has only one electrode 

and one lead. This means that the Holter monitor can compensate if one of the electrodes 

loses contact for some reason.  

In this study, the patients were already scheduled for a Holter monitor, and therefore the chest 

straps were positioned after application of the Holter electrodes. This could mean that the 

chest strap was not placed optimally, and that there had to be some compromises. Patients 

with a smaller thorax had even less space to place all of the equipment.  

The chest strap is also more sensitive to electrical noises and artifacts; in this case the trunk 

muscles bio-signal (TMS) (figure 6). It is mostly m. rectus abdominis and m. obliquus 

externus abdominis that generate these signals. The intensity of this noises and artifacts 

depends on how intense the contraction of the muscles are (21).  

 

 

Figure 6  a) ECG-signal without noise, b) ECG-signal with superimposed TMS noise (21) 

 

The TMS can lead to a substantial difficulty to interpret the ECG-signal, e.g seeing the p-

wave and to distinguish atrial fibrillation from irregular supraventricular arrhythmias. The 

chest strap belt is also more sensitive to sweat. The population in this study didn’t exercise as 
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much as maybe a younger population would, but this is an important factor for the signal 

quality that should be taken in account.  

 

Linkura AB’s analyzing tool has been optimized for future tests, as improvement proposals 

have been suggested simultaneously to the project. This has been necessary, to be able to 

complete this pilot study.  

In the future, a bigger study population would be necessary to determine if there are real 

differences between the two monitor methods. Linkura AB is developing a more automatic 

algorithm, which means that a greater number of patients can be included. A future study 

would be to compare this manually analyzed data to data that has been analyzed with the 

automatic algorithm.  

 

Conclusion 

The chest strap ECG can be used to detect atrial fibrillation, as it detects and shows distinct p-

waves on the ECG signal.  

The chest strap ECG tends to results in more noises and artifacts compared to Holter monitor. 

Patient number three is an outlier, with 13.9% noise and artifacts of total amount of time. 

Patients 1,2 and 5 have an acceptable amount of time with noise and artifacts (0-4.2%), if the 

purpose is to estimate atrial fibrillation burden.  

The chest strap ECG could be an effective method for monitoring arrhythmias in the future, 

although it needs to be more tested, especially on bigger study populations, and with more 

automatic algorithms.  
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