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ABSTRAK 

Latar Belakang: Penyakit 'Atrial Fibrillation', (AF), merupakan suatu penyakit jantung 

yang dikesan apabila degupan jantung seseorang itu adalah didapati tidak sekata. 

Terdapat pelbagai sebab yang dikenalpasti boleh menyebabkan terjadinya 'Atrial 

Fibrillation' seperti pesakit injap jantung kronik dan sebagainya. Penyakit angin ahmar 

atau 'stroke' merupakan komplikasi utama kepada pesakit AF. Kebanyakan pesakit AF 

tidak mengalami tanda-tanda penyakit justeru lambat menerima rawatan.  Antara cara 

untuk mengenalpasti penyakit ini adalah melalui pemeriksaan nadi dan perlu disahkan 

melalui 12-lead ECG, yang perlu mengambil masa yang agak lama, tetapi pada masa 

kini terdapat banyak cara lain yang boleh mengesan AF, seperti menggunakan alatan 

menyukat tekanan darah yang dilengkapi dengan peranti yang boleh mengesan AF 

secara cepat dan berkesan.  Kajian ini dijalankan untuk mengetahui samada alat 

Rossmax X5 mampu mengesan AF secara terperinci atau tidak. 

 

Metodologi: Ini merupakan 'cross-sectional study' yang dijalankan di Klinik Pakar 

Perubatan Hospital Universiti Sains Malaysia (HUSM) dari bulan Jun hingga Julai 2020 

menggunakan alat penyukat tekanan darah yang dilengkapi dengan peranti pengesan 
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'atrial fibrillation'. Sebanyak 123 orang pesakit yang menerima rawatan di KPP telah 

dikenalpasti. Seramai 51 pesakit terbabit mempunyai 'Atrial Fibrillation' dan selebihnya 

tidak mempunyai penyakit 'atrial fibrillation'. Pesakit yang tersebut telah menjalani 

proses mengambil tekanan darah menggunakan Rossmax X5 sebanyak 3 kali dan pada 

waktu yang sama, alat 'single-lead ECG' akan dilekatkan pada dada pesakit untuk 

meningkatkan lagi kejituan pengesanan nadi. Selepas itu, semua pesakit akan menjalani 

prosedur 12-lead ECG. Data akan diperiksa untuk proses penilaian samada alat tersebut 

dapat mengesan 'atrial fibrillation' secara terperinci. 

 

Kesimpulan: Kajian ini menunjukkan bahawa alat penyukat tekanan darah Rossmax 

X5 dapat mengesan penyakit 'Atrial Fibrillation' dengan tepat. Berdasarkan kajian, 

peratusan ketepatan Rossmax X5 untuk mengesan 'atrial fibrillation' adalah 99.3% 

dengan peratusan kepekaan 100% dan kekhususan 98.6%. Manakala nilai ramalan 

positif dan negatif juga mempunyai peratusan yang ketara iaitu masing-masing 98.6% 

dan 100%. Justeru, berdasarkan hasil kajian ini, Rossmax X5 boleh dijadikan alat 

saringan penyakit 'atrial fibrillation' di kalangan pesakit-pesakit di Klinik Pakar 

Perubatan Hospital Universisti Sains Malaysia. 
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DIAGNOSTIC ACCURACY OF AUTOMATED 

BLOOD PRESSURE MONITOR: ROSSMAX X5 

FOR DETECTION OF ATRIAL FIBRILLATION IN 

KLINIK PAKAR PERUBATAN, HOSPITAL USM 

 

ABSTRACT 

Background: Atrial Fibrillation is one of the heart diseases identified by its 

uncoordinated of cardiac rhythm. There are lots of causes that can contribute to this 

condition, especially patients who have chronic rheumatic heart disease and so on. 

Stroke is one of the identified complications of AF, and it is associated with significant 

morbidity, mortality and contribute to high medical expenses. This justifies the 

important to detect AF early. However, most patients with AF  are asymptomatic; hence 

this leads to difficulty in detecting them and treating early. AF traditionally can be 

detected by manual palpation of pulse and confirmed by 12-lead ECG, but these 

methods are time-consuming. Automated Blood Pressure Monitor (ABPM) that 

integrated with the AF algorithm is now recommended as a new method for AF 

detection. Rossmax X5 is one of the ABPM that has this feature to detect AF. This 

study is carried out to know the accuracy of Rossmax X5 to detect AF. 

 

Methodology: This is a cross-sectional study that carried out in KPP HUSM from June 

to July 2020 by using Rossmax X5. One hundred twenty-three subjects will be recruited 

and 51 of them known to have AF. All of the selected patients will undergo BP 

measurement using Rossmax X5 for three times with concurrent single-lead ECG 
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monitoring. Subsequently, 12-lead ECG will be performed to all patients. All data will 

be recorded, and abnormal rhythm will be confirmed by a cardiologist. 

 

Conclusion: This study has shown that the ABPM, Rossmax X5 has greater accuracy 

for detection of atrial fibrillation. From the data that we collected, Rossmax X5 has an 

accuracy of 99.3%, the sensitivity of 100% with a specificity of 98.6%. Its positive and 

negative predictive values are also significant, which are 98.6% and 100% respectively. 

Hence, Rossmax X5 can be suggested to be used in our daily clinical practice, 

especially in Klinik Pakar Perubatan Hospital Universiti Sains Malaysia. 
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CHAPTER 1: MANUSCRIPT 

1.1 Introduction 

Atrial fibrillation is the commonest sustained cardiac arrhythmia worldwide. (Chugh et 

al., 2010) . The prevalence is increased with age. Besides, it is associated with an 

increases risk of mortality and morbidity that contributing from cerebrovascular 

accident, congestive heart failure, and impaired quality of life. These unwanted 

outcomes lead to negative socioeconomic and healthcare impacts. (Stewart et al., 2002). 

The common risk factors of atrial fibrillation include being elderly, certain cardiac 

diseases such as valvular heart disease, hypertensive heart disease and others. Most of 

these patients are asymptomatic for atrial fibrillation (Zoni et al., 2014) This leads to an 

idea of creating a suitable method of atrial fibrillation screening especially in the 

general population with higher atrial fibrillation risk to detect and treat them early. The 

current recommended way by the European Society of Cardiology of atrial fibrillation 

detection is by pulse palpation and electrocardiogram (ECG) rhythm strip (ESC, 2016). 

However, for the past few years, there was an emerging of using blood pressure monitor 

to detect atrial fibrillation. This particular blood pressure monitor is integrated with an 

algorithm for atrial fibrillation detection so that it can be used as a screening tool for 

those patients with risk factors (ESC, 2016). 

Rossmax X5 is one of the automated oscillometric blood pressure monitors that 

integrated with this function. At the moment, in Malaysia, there were no reported 

studies using this device for this purpose. Thus this monitor can be used in our busy 

clinic day as a screening tool to detect atrial fibrillation despite blood pressure 
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monitoring. By doing this, hopefully, we can detect the patient with AF earlier before 

presenting with complications of atrial fibrillation. 

1.2 MATERIAL & METHODS 

This is a cross-sectional study that used ABPM, Rossmax X5 to detect its accuracy of 

atrial fibrillation detection that was done from 1 June until 31 July 2020. All 

participants were recruited from the Klinik Pakar Perubatan (KPP) who attended for 

cardiology and INR clinic. The subjects were randomly selected based on the listed 

inclusion and exclusions criteria. The inclusion criteria are all patients that received 

treatment in Klinik Pakar Perubatan and age of 50   years and above. The exclusion 

criteria include patients with arm circumference beyond the maximum provided cuff 

size of 40cm or more. The patients with bilateral fistulas or any abnormality of upper 

limbs that can interfere with BP measurement are also excluded from this study. Written 

consent will be obtained prior to procedures. Blood pressure measurements will be 

performed based on the recommendation by the American Heart Association, 2005.  

The participant will be sitting on the chair or lying in a supine position on the 

examination couch during the blood pressure measurement. The blood pressure cuff 

will be applied neatly on the arm, 2cm above the brachial artery and aligning the 'artery 

mark'. Concurrent single-lead ECG monitoring will be used during the blood pressure 

measurement to identify any discrepancy of rhythm detection. The participant must be 

resting for at least 5 minutes before blood pressure measured. The measurement will be 

done thrice for at least 5 minutes each, and the results will be documented. Any 

abnormal rhythm other than sinus rhythm will be shown on the monitor as ARR-Afib, 

ARR-PC or both (refer to appendix C).  A subsequent confirmatory electrocardiogram 
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will be performed and analysed. Any abnormal rhythm will be further interpreted by the 

cardiologist. 

1.3 RESULTS 

1.3.1 Demographic Data 

A total of 123 subjects were recruited at the end of the study. Among 123 subjects, 

41.46% has Atrial fibrillation, and 40% comes from the age range of 60-69 years old. 

Most of the subjects have ischemic heart disease as co-morbid. All of the demographic 

characteristics of our study cohort are presented in Table 1. 

Table 1.1 Characteristics of subjects participating in this study 

Demographic 

Data 

n= 123 Patients with 

AF 

Patient 

without AF 

Mean Age (SD) 65.07±1.53 66.33±2.35 64.18±2.06 

Age Range 

(years) 

50-59 11 25 

 60-69 21 28 

 70-79 14 16 

 80-89 5 3 

Male 88 27 61 

Female 35 24 11 

Ethnicity n(%) n=123   

Malay 113(91.87) 46 67 

Chinese 10(0.081) 5 5 

Indian 0   

Others 0   

Diagnosis n(%) n=123   

Atrial Fibrillation 51 (41.46)   
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Sinus Rhythm 71(57.72)   

*Others 1(0.008)   

Blood Pressure: 

Mean (mmHg) 

   

Systolic Blood 

Pressure 

 135±5.9 138±4.4 

Diastolic Blood 

pressure 

 78±3.3 78±1.9 

Co-morbidity:    

Ischemic Heart 

Disease 

 25 55 

Hypertension  28 59 

Type 2 Diabetes 

Mellitus 

 8 29 

Dyslipidemia  14 36 

Hyperthyroidism  4 0 

Cardiomyopathy  1 1 

Chronic 

Rheumatic Heart 

Disease 

 7 5 

Pulmonary 

Disease (Chronic 

obstructive 

pulmonary 

disease, 

Bronchial 

asthma) 

 3 2 

Stroke  7 6 

Chronic Kidney 

Disease 

 5 8 

*sinus arrhythmia 
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1.3.2 Detection of Atrial Fibrillation by Rossmax X5 

We found out that Rossmax X5 has high accuracy index for AF detection, which is 

around 98%. It has an excellent sensitivity of 100% and specificity 98% compared with 

other previous studies that used different types of automated blood pressure monitor. 

Among 123 patients that recruited, we found only one patient with the false-positive 

result. The positive and negative predictive value also has an outstanding result of 

98.3% and 100% respectively. Details of the results are presented in Table 2. 

Table 1.2 Result of the Accuracy of Rossmax X5 of Detecting Atrial Fibrillation 

 Disease     

Test Present N Absent n TOTAL 

Positive True Positive a = 51 False Positive c = 1 52 

Negative False Negative b = 0 True Negative d = 71 71 

TOTAL a+b 51 c+d 72 123 

 

Results: 

Statistic Value 95% CI 

Sensitivity 100.00% 93.02% - 100.00% 

Specificity 98.61% 92.50%- 99.96% 

Positive Predictive Value 96.63% 91.14%-99.80% 

Negative Predictive Value 100.00% - 

Disease Prevalence 50.00%  

Accuracy 99.31% 95.76% - 99.99% 
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1.4 Discussions 

This study was conducted among patients from Klinik Pakar Perubatan, specifically 

INR clinic and cardiology clinic. The cardiology and INR clinic are mainly selected 

because these clinics are believed to have more number of patients with AF as well as 

among the concentrated number of patients with all risk factors for AF. The purpose is 

to identify the accuracy of Rossmax X5, an automated blood pressure monitor to detect 

atrial fibrillation among these patients and eventually, this device can be suggested to be 

used as a screening tool for AF detection despite its usual usage in the clinic as a blood 

pressure measurement tool. This is as suggested by guidance from the National Institute 

for Health and Care Excellence (NICE) advocates the use of automated BPMs for the 

detection of suspected atrial fibrillation in patients being screened or monitored for 

hypertension (NICE, 2013). Furthermore, we use ABPM because of is readily available 

and cost-effective as it is affordable as compared to an ECG machine. 

 

Rossmax X5 is designed to detect abnormal rhythm, including atrial fibrillation despite 

its routine use as a blood pressure monitor. It is integrated with pulse arrhythmia 

(PARR) technology that enables to detect rhythm abnormality, namely premature 

contraction and atrial fibrillation. In this study, we just concentrate on the accuracy of 

atrial fibrillation detection because AF is a well-known condition associated with more 

severe complications yet preventable, namely stroke.  

 

Accuracy of any devices can be determined by measuring the sensitivity, specificity, 

positive and negative predictive value. Sensitivity is the probability that a test gives a 

positive diagnosis, given that the individual actually has the condition for which the 
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person is being tested. In other words, it is the accuracy of the screening test in 

identifying disease in people who genuinely have the disease. Whereas specificity is the 

probability that a test yields a negative diagnosis given that the individual does not have 

the condition for which the person is being tested. If results for a highly specific test for 

the individual is positive, the individual will be most likely to have the disease. These 

parameters are usually influenced by two factors which are the spectrum of disease and 

patient characteristics. However, they are not affected by disease prevalence. 

 

In this study, we found out that this tool has very excellent in the detection of AF with 

the sensitivity of up to 100% with its specificity of 98%. This contributes to its accuracy 

of 99% for atrial fibrillation detection. Among patients with atrial fibrillation, Rossmax 

X5 can detect all of them. This study is comparable to the research that has been 

performed for another blood pressure monitors, Microlife and OMRON device that 

showed the sensitivity was around 98% and specificity of 97% (Marazzi et al., 2012). 

Apart from that, there was only one subject with sinus pause that falsely detected as 

atrial fibrillation. This probably reflects that due to irregularity of the rhythm that leads 

to identifying the rhythm as atrial fibrillation falsely.  

 

The sensitivity and specificity are essential measures of the accuracy of a test but cannot 

be used to estimate the probability of disease in an individual patient. This can be 

provided by positive and negative predictive values, but both parameters vary according 

to disease prevalence. Positive predictive value is the probability of subjects with a 

positive screening test truly have the disease. Negative predictive value is the 
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probability of subjects with a negative screening test truly does not have the condition 

(Diana et al., 2010).  In a nutshell, screening in a high-risk group is more effective. 

We found that Rossmax X5 has a positive predictive value of 98.6% and a negative 

predictive value of 100%. These values reflect that Rossmax X5 has a rather excellent 

device as a screening tool. 

 

The traditional way for detection of AF is by manual pulse checking for irregularities 

and require confirmation by 12-leads electrocardiogram (Stott et al., 2012). Currently, 

in our clinic, we are using automated blood pressure monitors without integrated 

technology to detect atrial fibrillation. Owing to the high workload in the clinic, we 

usually tend to miss pulse-check during blood pressure measurement. So, by using 

automated blood pressure monitors that integrated with AF detection technology, we 

can reduce the opportunity to miss patient with asymptomatic atrial fibrillation. This 

was projected by the previous study by Taggar et al. which found that blood pressure 

monitor to have substantially greater accuracy for detecting pulse irregularities caused 

by atrial fibrillation than pulse palpation; such devices are likely to be practical 

alternatives to pulse palpation as blood pressure checks are an integral component of 

existing cardiovascular.  

 

Furthermore, automated devices would enable screening to be conducted by all 

healthcare professionals without the need for additional training (Rona et al., 2019). 

However, to date, there have been no economic analyses comparing automated blood 

pressure monitors to pulse palpation for detecting suspected atrial fibrillation. This 

would help to inform optimal planning and service configurations of any future atrial 
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fibrillation screening programme (Hobbs et al., 2005). Besides, the ABPM is easily, 

widely available and cost-effective compared to ECG machine. 

 

Paroxysmal AF is a condition that occurs when the episodic of irregular rhythm that 

terminates spontaneously or with intervention in less than seven days. Few patients that 

have underlying AF, but not detected during the procedures. Limitation of the ABPM is 

that it cannot detect AF in this group of people because of the episodic nature of the AF. 

They need to undergo 24 hours or more ECG recording such as Holter in order to detect 

AF. A study in 2009 by   Niamh et al. showed that paroxysmal AF contributed around 

32.2% among stroke patients. 
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1.5 Conclusion 

This prospective cross-sectional study was carried out among 123 participants that were 

recruited in INR and cardiology clinic, HUSM between 1 June to 31 July 2020. This 

study was conducted to determine the accuracy of Rossmax X5 ABPM to detect AF. 

This study has shown that Rossmax X5 has excellent accuracy for AF detection. Hence, 

this kind of specialised blood pressure monitor can be recommended as an alternative to 

conventional blood pressure monitors in daily clinical practice, especially among patient 

with a high risk of atrial fibrillation. This is owing to the attributed complication of AF 

such as stroke that can lead to increase morbidity, mortality and burden to 

socioeconomic of a society. 

 

 

 

 

 

 

 

 

 

 



 
 

11 
 

1.6 Study Limitation  

This study is not without limitations. Among the limitations are: 

1. The cases were known to the investigator before the test. This leads to selection bias, 

and this can be minimised by the randomised selection of patients.  

2. This screening method of using ABPM may not be able to detect paroxysmal AF. 

Owing to the episodic nature of AF, continuous ECG recording such as holter is the best 

approach to identify these patients and should be used in a specific population (Dewar 

et al., 2007). 

3. The ABPM cannot detect any other arrhythmias apart from AF. Thus the result from 

this study is only valid for AF patients. 
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1.7 Recommendation 

There are a few recommendations that can be identified to improve the future study.  

1. Screening of AF by using ABPM should be performed not only in the medical 

specialist clinic but also in the other clinic, especially in the primary care setting. This is 

because there are many patients with risk factors of AF who come for regular follow-up 

in this clinic.  

2. This study may be confounded by selective bias. Blinding the investigator is the 

suggested way to reduce the possibility of the bias. 

3. More participants with cardiac rhythm abnormality other than AF should be recruited 

in the future study so that we can assess more about the accuracy of the Rossmax X5 to 

detect them. 
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CHAPTER 2: STUDY PROTOCOL SUBMITTED FOR ETHICAL APPROVAL 

2.1 Introduction 

Atrial fibrillation (AF) is the most common cardiac dysrhythmia that occurs worldwide. 

It has an irregular electrical activity in the atria that can lead to the ineffective ejection 

of blood into the ventricles and result in an irregular ventricular response (Farlex and 

Partners, 2012). Cerebrovascular accident and congestive heart failure (HF) are 

commonly associated with AF, which can lead to impaired quality of life and give other 

negative socioeconomic and healthcare impacts. (Stewart et al., 2002). 

Being an elderly is one of the risk factors for AF, and other risk factors include certain 

cardiac diseases such as valvular heart disease, hypertensive heart disease and others. 

Most of the patients with AF are asymptomatic (Zoni et al., 2014). This leads to an idea 

of creating a suitable method of AF screening, especially in the general population with 

higher AF risk to detect and treat them early. The current recommended way by the 

European Society of Cardiology of AF detection is by pulse palpation and 

electrocardiogram (ECG) rhythm strip (ESC, 2016). Nevertheless, for the past few 

years, there was an emerging of using blood pressure monitor to detect AF. This unique 

blood pressure monitor (BPM) is integrated with an algorithm for AF detection so that it 

can be used as a screening tool for those patients with risk factors (ESC, 2016). 

Rossmax X5 is one of the automated oscillometric blood pressure monitors that 

integrated with this function. At the moment, in Malaysia, there were no reported 

studies using this device for this purpose. Thus this monitor can be used in our busy 

clinic day as a screening tool to detect AF despite BP monitoring. By doing this, 
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hopefully, we can detect the patient with AF earlier before they are presenting with 

complications of AF. 

2.2 Problem statement & Study rationale  

Most patients with atrial fibrillation remain asymptomatic, and the prevalence is higher 

among patients with concurrent co-morbidities such as hypertension, diabetes, heart 

failure, valvular heart disease and others (Kannel et al., 1998). Thus we can use this 

opportunity to screen all patients with these potential risk factors of AF during their 

regular check-up.  

The method of AF detection should be ideally fast and easy to be carried out. This can 

be achieved by using an automated blood pressure monitor which is commonly used in 

daily practice in every clinic to monitor blood pressure. Nowadays, there are few 

ABPM that have been integrated with the algorithm for AF detection tool.  

Rossmax X5 is one of the ABPM that designed for this purpose. It can be used as a 

screening tool for AF detection as well as blood pressure monitoring device in our busy 

clinic. Subsequently, this will lead to the improvement in achieving the percentage of 

AF detection in the clinic and overall, to reduce the risk of a patient to get AF-related 

complications. 
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2.3 Literature review 

Being the most frequent heart rhythm disorder that encountered worldwide, atrial 

fibrillation incidence is expected to rise in the future (Friberg et al., 2013). It can lead to 

many unwanted outcomes such as stroke, heart failure, sudden death, and 

cardiovascular morbidity. Furthermore, the patient who suffered from this disorder can 

experience symptoms such as shortness of breath, sleep disturbances, malaise, 

palpitations, chest discomfort and giddiness. These symptoms can contribute to 

psychosocial distress and result in a lower quality of life (Thrall et al., 2006). 

 

Atrial fibrillation is recognised based on the presentation, whether it is acute or chronic, 

and based on the duration of the episode, whether it is paroxysmal, persistent, long-

standing persistent or permanent (Chiang et al., 2012). Paroxysmal AF is best detected 

by using holter, which is a 24-hour ambulatory ECG because of the rhythm is non-

sustained in nature and may be missed on 12-lead ECG recording. There are many risk 

factors associated with AF, which the most important are valvular heart disease, 

hypertension, cardiomyopathy and ischaemic heart disease. The most patient remains 

asymptomatic that leads to difficulties to identify them (Grond et al., 2013). 

 

The most crucial morbidity contributed by AF is stroke. According to the US Preventive 

Services Task Force (USPSTF), AF is a significant risk factor for ischaemic stroke that 

it can cause 5-fold risk for stroke. Around 20% of patients who has a stroke associated 

with AF are newly diagnosed AF upon presentation (JAMA, 2018). Therefore, by early 

detection of AF, this can lead to early assessment and starting appropriate treatment 



 
 

19 
 

such as anticoagulant prophylaxis in those high-risk patients. It is mentioned that the 

stroke caused by AF tend to be more severe than other causes (Wolf et al., 1991). 

 

In addition to this, it was reported both in the UK and US that the direct costs of AF 

were higher which contributed by costs driven by AF-related complications such as 

stroke and hospitalisation (Kim et al., 2011). Thus by performing AF screening, all 

these costs related burden hopefully can be reduced and avoided. 

 

Opportunistic screening is the best way to detect patient with AF. Based on the SAFE 

trial, which was the most extensive randomised study of AF screening in primary care, 

had identified an effective method for increasing AF detection when compared to 

routine practice (Sarah et al., 2016). Screening of AF is a two-stage process. Firstly, 

asymptomatic patients with irregular pulses are identified, and then AF is confirmed or 

excluded using 12-lead electrocardiography (ECG) (ESC, 2016). A 12-lead ECG is the 

gold standard of AF confirmation, read by a cardiologist (Hobbs et al., 2005). 

 

The SAFE trial used opportunistic pulse palpation to identify patients over 65 years of 

age with an irregular pulse. Even though this approach was found to be effective, no 

other methods for identifying irregular pulses have been tested in trials of AF screening. 

Pulse palpation is a cheap method for AF detection, but can result in a high false-

positive index and furthermore it is time-consuming. Thus it may be possible to 

improve the accuracy of identifying patients with suspected AF using alternative 

methods (Fitzmaurice et al., 2007) 
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Blood pressure monitor and non-12 leads ECG devices had a greater accuracy for 

detecting pulse irregularities caused by AF than pulse palpation (Jiang, 2012). 

Electrocardiography is the equipment used to record the electrical activity of the heart 

using electrodes (or leads) that placed on the skin. It can be measured with 12 leads, 

fewer than 12 leads, or a single handheld lead. The 12-lead ECG has around 93% 

sensitivity and 97% specificity for AF detection and has been used as a confirmatory 

method of AF detection (Welton et al., 2017).  

 

However, recent guidance from the National Institute for Health and Care Excellence 

(NICE) advocates the use of automated oscillometric BPMs for the detection of 

suspected AF in patients being screened or monitored for hypertension (NICE, 2016). 

Automated oscillometric BP monitors may provide accurate information on the 

irregularity of the cardiac rhythm by measuring the width and amplitude of pulse waves 

during BP measurement (Yi Chen et al., 2018).  

 

The algorithm was developed from a new angle to improve specificity in the detection 

of AF. These algorithms were designed by assessing pulse rate irregularity. False-

positive results can be present in patients with irregular heartbeats other than AF, such 

as various forms of premature beats and sick sinus syndrome. It was reported that 

around 25% of patients would have false-positive results in other arrhythmias, 

especially frequent premature complexes.  
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Up-to-date, there are few automated oscillometric BPMs for AF detection in the market. 

Most of them have around 96-97 % sensitivity and >90% specificity to detect AF (Prati 

et al., 2017). Rossmax X5 also one of the available BPM integrated with AF detection 

with new ARR integrated rhythm. A study in Italy also supports the use of blood 

pressure monitor that integrated with the AF algorithm as opportunistic screening which 

shown a good number of AF detection (Minuz et al., 2018).  

. 
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2.4 Conceptual framework 

Figure 2.1 Diagrammatic illustration of the study framework based on literature 

review 

 

An inadequate aspect of AF screening during a busy clinic day 

 

 

 

 

 

Detection of AF by Automatic BP 

monitor 

 

  

The traditional way of AF detection: 

Manual pulse check 

(Time-consuming) 

 

   

 

 

 

Confirmed by ECG 

 

 

 

Early and appropriate treatment in newly detected AF patient; 

reduce morbidity 

 

 



 
 

23 
 

2.5 Research Questions 

1) What is the diagnostic accuracy of Rossmax X5 in AF detection? 

2) What are the sensitivity, specificity, positive predictive value and negative predictive 

value of Rossmax X5 in AF detection? 

2.6 Objective 

 2.6.1 General:  

 To determine the accuracy of AF detection using Rossmax X5 in Klinik Pakar 

Perubatan HUSM 

 2.6.2 Specific: 

 1)To determine the sensitivity and specificity of Rossmax X5 

 2)To determine the positive and negative predictive value of Rossmax X5 

2.7 Methodology 

 2.7.1 Research design:  

 Cross-sectional study 

 2.7.2 Study area: 

 Klinik Pakar Perubatan, Hospital Universiti Sains Malaysia 

 

 2.7.3 Study population 

 Reference population – All patients who have risk factors for Atrial Fibrillation 
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 Target population- All patients that are attending to cardiology and INR clinic, 

Klinik Pakar Perubatan HUSM 

2.8 Subject criteria 

 2.8.1 Inclusion criteria: 

 All patients who received treatment in Klinik Pakar Perubatan HUSM with the 

age of 50 years and above 

 2.8.2 Exclusion criteria 

1) Patients with arm circumference beyond the maximum provided cuff size; 40cm 

2) Patients with bilateral fistulas or any abnormality of upper limbs that can 

interfere with BP measurement 

2.9 Sample size estimation 

The sample size was calculated for each objective by using an online calculator (Arifin, 

2020).  

Table 2.1 Sample size calculation by estimation of sensitivity and specificity  

Sensitivity/Specificity - Estimation Reference 

Expected Sensitivity 0.97  

 

(Taggar et al., 2016) 

Expected Specificity 0.92 

Prevalence of Disease 0.5 

Precision 0.07 

Confidence Level 95% 

Expected Dropout 10% 

 


