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Abstract: Health monitoring has become widespread these past few years. Such applications 

include from exercise, food intake and weight watching, to specific scenarios like monitoring 

people who suffer from chronic diseases. More and more we see the need to also monitor 

the health of new-born babies and even fetuses. Congenital Heart Defects (CHDs) are the 

main cause of deaths among babies and doctors do not know most of these defects. Hence, 

there is a need to study what causes these anomalies, and by monitoring the fetus daily there 

will be a better chance of identifying the defects in earlier stages. By analyzing the data 

collected, doctors can find patterns and come up with solutions, thus saving peoples’ lives. 

In many countries, the most common fetal monitor is the ultrasound and the use of it is 

regulated. In Sweden for normal pregnancies, there is only one ultrasound scan during the 

pregnancy period. There is no great evidence that ultrasound can harm the fetus, but many 

doctors suggest to use it as little as possible. Therefore, there is a demand for a new non-
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ultrasound device that can be as accurate, or even better, on detecting the FHR and not 

harming the baby. The problems that are discussed in this thesis include how can accurate 

fetus health be monitored non-invasively at home and how could a fetus health monitoring 

system for home use be designed. The first part of the research investigates different 

technologies that are currently being used on fetal monitoring, and techniques and 

parameters to monitor the fetus. The second part is a qualitative study held in Sweden 

between April and May 2016. The data for the qualitative study was collected through 

interviews with 21 people, 10 mothers/mothers-to-be and 11 

obstetricians/gynecologists/midwives. The questions were related to the Swedish pregnancy 

protocol, the use of technology in medicine and in particular during the pregnancy process, 

and the use of an ECG based monitoring device. The results show that there is still room for 

improvements on the algorithms to extract the fetal ECG and the survey was very helpful in 

understanding the need for a fetal home monitor. Parents are open to new technologies 

especially if it doesn't affect the baby's growth. Doctors are open to use ECG as a great 

alternative to ultrasound; on the other hand, midwives are happy with the current system. 

The remote monitoring feature is very desirable to everyone, if such system will be used in 

the future. 
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1 INTRODUCTION 

The world’s population is 7.32 billion [1] and growing. There is one birth every 8 seconds 

in the USA; and the population of Sweden is expected to be 12 million by 2050 [1]. Although 

the birth rate is high, the death rate shows almost the same numbers. According to the same 

sources, one person dies every 15 seconds in the USA. Fetuses and new-born babies account 

among those deaths.   

The most common birth deaths are as a result of Congenital Heart Defects (CHD). CHD are 

problems presented at birth that affect the structure and function of the heart [2]. Besides 

blood circulation, these anomalies1 can affect the growth of the rest of the body [3]. The 

most common type of CHD is the Ventricular Septal Defect (VSD - a hole in the wall 

separating the bottom two chambers of the heart (the ventricles)).  

Detection of cardiac anomalies can suggest the presence of other anomalies, which can be 

conducted only if we record and analyze fetal heart rate (FHR) and RR intervals [4]. A list 

of some of the most common anomalies related to cardiac diseases is shown in Table 1.  

In Sweden, the costs for the antenatal care, including one scan during the second trimester 

[5], is covered by the Swedish public health care insurance. The most used techniques to 

monitor the baby and to discover any problems are Ultrasound and Cardiotocography (CTG) 

machines. Both these devices are ultrasound based, relatively big in size, only available in 

hospitals and not for continuous use. The number of ultrasound and CTG screenings depend 

on the parents’ health history, the mother’s age, and at least until the first ultrasound scan on 

18th week, also called as the fetal anomaly ultrasound scan, for normal pregnancies. 

Nevertheless, for many parents the relatively long waiting period until the first ultrasound 

checkup, and fetal heartbeat confirmation can be quite unpleasant.  

In many countries, the ultrasound examinations are limited and in Sweden the institution 

which decides on the number of ultrasound examinations (in straightforward pregnancies) is 

the Swedish Radiation Safety Authority (SRSA). SRSA specifies that the ultrasound may be 

                                                 

1 There are many types of heart defects, which differ based on size, location, and other associated defects. In 
more severe forms of CHD, blood vessels or heart chambers may be missing, poorly formed, or in the wrong 
place. 
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performed only if “the medical benefits (to the mother and the baby) are greater than the 

risks” [6]. There is no great evidence that ultrasound can harm the fetus, but many doctors 

suggest using it as little as possible due to the sound waves it sends to the fetus. Therefore, 

there is a demand for a new non-ultrasound device that can be as accurate, or even better, on 

detecting the FHR and not harm the fetus.  

Table 1. Genetic syndrome and cardiac anomalies 

Cardiac Syndrome Most common cardiac anomaly 

Radial anomalies Thrombocytopenia with 
Absent Radius (TAR) 

Atrial Septal Defect (ASD), VSD, 
Atrioventricular Septal Defect 
(AVSD) 

Cornelia de Lange VSD 

Holt-Oram ASD 

VATER2 Tetralogy of Fallot, ASD 

Skeletal dysplasia Fetal Valproate syndrome / 
Short rib-polydactyly 

Wide variety 

Ellis-van Creveld AVSD, common atrium 

Campomelic dysplasia VSD, ASD, tetralogy of Fallot 

Nuchal 

oedema/hydrops 

Smith–Lemli–Opitz AVSD, ASD 

Noonan Left ventricular hypertrophy, 

pulmonary stenosis 

ECG is one of the oldest methods to detect and monitor the heart rate, but it is usually used 

on adults or during labor, invasively. Recent studies recommend ECG to be used in fetal 

monitoring as well, in a non-invasive way. An ECG based device will be comfortable enough 

to not disturb the mother-to-be and safe for the baby, even when used daily throughout 

pregnancy.   

                                                 
2 sometimes called VATER or VATERL Association) is a set of birth defects which often occur 
together. The initials in V.A.T.E.R. syndrome refer to five different areas in which a child may have 
abnormalities: Vertebrae, Anus, Trachea, Esophagus, Renal (kidneys) (Source: 
https://www.verywell.com/what-is-vater-syndrome-3105635 [Online] Accessed: 29 May 2016) 
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In this thesis we will discuss a portable new ECG based device that can be used during 

pregnancies at home. We will look at the research that is being done in the field of ECG 

signal processing and the contribution of the PhysioNet, PhysioBank and WFDB software 

toolbox. Considering that the most used monitoring device during the pregnancy period is 

ultrasound, many researches have studied the use of ultrasound. However, in this study 21 

people were interviewed, 10 mothers/mothers-to-be and 11 obstetricians, gynecologists and 

midwives. The aim of these interviews was to introduce a new way to monitor the baby, 

rather than ultrasound, and to explain how it works, in this case the ECG. Besides ECG base 

fetal home monitoring, the participants were asked about their thoughts on the pregnancy 

protocol/program being used in Sweden, the use of technology in medicine and in particular 

during the pregnancy process. These questions were prepared to understand if these 

interested groups were open to use such alternative devices. 

The importance of such home monitoring system, is not only for medical reasons, but also 

for sustainable reasons. By using a fetal home monitoring device, we reduce the worry that 

mothers have in between checkups and help do regular checkups at home on their own and 

in their own comfort, which means mothers might not need to commute to the hospital all 

the time. By reducing the number of checkups, these parents save on transportation costs 

and they can also manage their time better. On the other hand, doctors will still be able to 

follow all the mothers, but if the pregnancy is going fine, they can focus on other risk 

pregnancies, thus allowing the doctors to be more productive and not overworked. Hospitals 

will profit by reducing the number of hospital beds, hospital staff as nurses and midwives 

and as such allowing more time and resources to focus on treatment of fetal heart defects 

and other pregnancy related complications. 

1.1 Motivation  

As stated earlier, CHDs are the main cause of deaths among babies, and statistics from 

American Academy of Pediatrics (AAP)3 show roughly 100 to 200 deaths are due to 

unrecognized heart disease in a newborn each year, excluding those dying before the 

diagnosis. So there is a need to study what causes these deformations, and by monitoring the 

fetus daily there will be a better chance of identifying the defects in early stage and increasing 

                                                 
3 https://www.aap.org/en-us/Documents/chphc/chd_fact_sheet_long.pdf 
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the fetus chance of survival and its recovery post-delivery. By analyzing the data collected, 

doctors can find patterns and come up with solutions, thus saving peoples’ lives.  

Sustainability aspects are of utmost importance as well and in two settings. In developing 

countries, going to a hospital might be challenging due to low number of doctors or even no 

hospitals at all in certain geographic areas. The solution proposed in this thesis is portable 

and cheap and will help women in these countries monitor their babies, and connect them 

with a doctor somewhere in the world, not necessary from their hometown or country. The 

main pillar in this setting is the people, saving lives. In developed countries, there is another 

situation: there are qualified doctors and hospitals, but the number of pregnant women is 

high and the distances, at times, long. Although the development of the fetus may be on 

track, parents still need to attend hospital check-ups. By using this proposed solution, parents 

will not be worried all the time, doctors will continue checking up on babies remotely and 

medical staff shall have more time to follow the severe cases. Hospitals on the other hand 

will not be overcrowded and they might reduce bed occupancy and unnecessary ante natal 

care day cases. This will lead to more efficient time and financial management for all parties, 

and less pollution for the environment. The pillars of the sustainability are all equal and 

working together for a better life to all people who are part of this setting. 

1.2 Problem definition  

Monitoring the fetal health is very important during the pregnancy. However, the methods 

of monitoring vary for each hospital and clinic. The most common method of monitoring is 

the ultrasound, but studies and advancements in ECG and sensor technology have shown 

that it is possible to monitor the fetus during the pregnancy by using this technology. In the 

past decade there have been research combining all these techniques and technologies 

together. The problems that are discussed in this thesis include how fetus health can be 

accurately monitored in a non-invasive way at home, and how a fetus health monitoring 

system could be designed for home use. To solve the first problem, we will look at how the 

fetal heart works and how we could extract the fetal ECG using some of the Computing in 

Cardiology 2013 conference challenge algorithms. The second problem will be addressed 

by conducting interviews with mothers and doctors in Sweden. The results of these 

interviews will show if all involved participants are interested in such a device and how it 

will look and what it will measure. 
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1.3 Strengths and Delimitations  

In this thesis we will talk about some techniques and technologies that are relevant to our 

specific product requirements. Hence, we will not go into deep discussions or compare 

different techniques for monitoring FHR. There is research already done on that [7]. We will 

explain how the fetal heart works and discuss some of the algorithms that were developed 

for Noninvasive Fetal ECG: The PhysioNet/Computing in Cardiology Challenge 2013, and 

test them with the test dataset provided by the organizers.  

To strengthen credibility in this study we recruited participants from different obstetric 

clinics of different regions and counties in Sweden, who differed in characteristics such as 

age, gender and working experiences in obstetric practice. For the mothers group, the main 

characteristics were the age, professional background and the stage of the pregnancy. To 

promote transferability, we paid careful attention to describe both the typical and atypical 

views expressed by the participants. Nevertheless, the research was done in Sweden and the 

results are related to the Swedish setting and culture, and the organization of Swedish 

obstetric care. 

1.4 Thesis structure  

This section gives an overview of the thesis structure with a brief introduction to the 

following chapters. 

Chapter 2 – Related Work 

Chapter two presents some health monitoring devices and applications that are used at home. 

We will analyze the great help that PhysioNet has given to the possibility to build fetal home 

monitoring devices, the WFDB software toolbox for processing physiological signals that 

are found in PhysiBank in the form of datasets. In the last part of this chapter we will 

introduce two similar devices, one in the research stage and one commercially used in the 

hospitals in UK. 

Chapter 3 – Fetus home monitoring 

Chapter three shows how it is possible to monitor the fetus by describing the fetal heart and 

different fetal monitoring technologies that have been used and then continuing with the 

possible algorithms and how we envisage the device to monitor the fetal health from home.  
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Chapter 4 – Research questions and methodology 

This chapter will firstly present the methodology and then will advance with the study and 

the characteristics of the participants.  

Chapter 5 – Results 

In this chapter we will discuss the results from the surveys. It will introduce us with the 

theme of this research and will progress with the categories and their sub-categories. Each 

sub-category is further explained. 

Chapter 6 – Discussion 

This chapter is divided into two parts and each part discusses the main problems discussed 

in this thesis. 

Chapter 7 – Conclusions and Future Work 

Chapter six concludes this master thesis and sets light for future plans. 
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2 RELATED WORK 

In this chapter we will look at the research done in the field of health monitoring at home. 

We will continue with the importance of PhysioNet website and its components as a way to 

process all the physiological data that are used in different health monitoring applications. 

In the last section, we will discuss two fetal health monitoring devices, one still in the 

research phase and the other already in the market. 

2.1 Background 

During the past decade there has been an increase in the use of technology [8], showing its 

importance in people’s everyday life (Figure 1). By 2020, CISCO believes that there will 

rather be a connection of things, people, processes and data, which will make networked 

connections more valuable and relevant, turning information into action (Figure 2) [9].  

 
Figure 1. The Internet of Things boom (Source: Cisco IBSG, April 2011) 
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Figure 2. The What, Where and How of Internet of Everything (IoE) (Source: Cisco IBSG, 2012) 

Internet of Things (IoT) have introduced new scenarios and applications in different aspects 

of life, such as smart homes (home automation), smart cities, in manufacturing industry, 

business, wearables in gaming and entertainment industry, fitness and healthcare etc. It is 

said that organizations will introduce more than 13 million health and fitness tracking 

devices into the workplace by 2018 [10].  

Current healthcare system is suffering, because we don’t have enough trained medical 

personnel [11]. There are more and more people needing help and care, because the 

population today is much higher than before. There are not enough people going into 

healthcare, so there are not enough people to take care of other people, there is not enough 

staff at the hospitals. According to SocialStyrelsen [12] for a population of 100,000, there 

are only 13 obstetricians and gynecologists and 70 midwives, as of 2013 statistics for 

Västerbotten County. For Norrobben County these numbers are 11 obstetricians and 

gynecologists, as well as 66 midwives. By having a home care system, we are improving 

care while working around this problem when we don’t have enough nurses/ midwives. This 

is especially true in larger cities where there are not enough medical staff/personnel. In 

Sweden, especially the northern region, this is a real problem, not only because the medical 

staff is over worked, but also because the counties are really big, hence distances are really 

long as well. We see this trend where we don’t have enough medical personnel at the 

hospital, as a sustainability aspect. The need for self-management at home systems or home 
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care systems is important. If there are not enough medical personnel, it means the city cannot 

grow. The health care system will crumble, and that is not sustainable. We cannot sustain a 

large population with the current medical personnel. We cannot grow further without us 

suffering. For sustainability aspect we need to turn to technology for support. 

2.2 Health monitoring at home 

Many big technology companies, like Apple, Google, Samsung etcetera, nowadays have a 

mobile phone application or device that help normal people track their health. The most 

popular ones are fitness or health trackers such as smart watches. Usually in these watches, 

different applications are installed for different purposes, the main ones being [13]: 

• exercise and sleep trackers, which one can view activity levels, get dietary advice, 

and monitor the sleep patterns 

• food and water intake, helping one by choosing the right nutrients and monitoring 

the body’s hydration level 

• discovering healthy meals and monitoring the calories one ate 

• daily medication schedules, which include when the next dose is due, and 

medication instructions 

• heart rate monitoring, which is very important for the cardiovascular health 

There are other health monitoring devices being used today, besides smart watches. An 

interesting one is the BAM Labs smart mat [14]. The touch-free sensor mat located under 

any ordinary mattress continuously detects trends in heart rate, respiration rate, motion and 

bed-presence. This solution can be used in a hospital or home setting, since the data collected 

is transmitted online to a mobile application and a website making it easy for doctors and 

caregivers to monitor multiple patients at once. This device is approved by the U.S. Food 

and Drug Administration (FDA). 

Independa [15] has created the IndependaTV™, which is a smart TV designed specifically 

for elderly people. These aging people can switch between watching their favorite channels 

and shows, and engaging with family and friends quickly and easily by using a familiar 

technology, a simple TV remote [16]. Caregivers monitor these people by reminding them 

of their medication and other appointments, receive alerts when something is wrong, and 

video, messaging and photo sharing with family members. 
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Watermark Medical in collaboration with SleepMed Inc. introduce Apnea Risk Evaluation 

System ARESTM an FDA and ISO 13485 certified device [17]. It is engineered to integrate 

physiological and anthropomorphic data to determine the presence and severity of 

obstructive sleep apnea (OSA). The Physiological data is acquired when the device is worn 

on the forehead while sleeping at home, where it is easier to gather the patient’s breathing 

and sleeping information accurately. ARES™ measures: blood oxygen saturation, pulse rate, 

airflow, snoring levels, head movement and head position. 

The European Union has been actively supporting research in the health sector for quite 

some time now towards the ultimate goal: better health for all. The current EU framework 

program for research and innovation is the Horizon 2020 [18]. There are many projects that 

are funded by this framework [19], which are specifically focused on monitoring patients 

from home. Such project is ACROSSING, which has a focus on four categories of smart 

home applications based on the urgency and nature of the use cases and the envisioned social 

and economic impacts, including Assisted Living with Cognitive Impairments, Self-

Management of Chronic Diseases, Patient Empowerment and Citizen Engagement and 

Wellbeing, Early Risk Detection and Prevention [20]. 

2.3 PhysioNet, PhysioBank, PhysioToolkit; WFDB toolbox and 2013 

Computing in Cardiology (CinC) conference challenge 

In order to make sense of all the data collected from different sensors, there is a need for a 

software to process these physiological signals and also to have some signals to test 

innovative ideas. In the latter case, there is PhysioBank, where there are different datasets of 

different signals and from different patients of different countries. This reduces the time 

spent in finding the candidates and even more if the research targets people with specific 

characteristics. 

2.3.1 PhysioNet, PhysioBank, PhysioToolkit 

Established in 1999, PhysioNet is a website where anyone can freely access large collections 

of recorded physiologic signals and related open-source software for analyzing them [21]. It 

was funded by the National Institute of Biomedical Imaging and Bioengineering (NIBIB) 

and the National Institute of General Medical Sciences (NIGMS) at the National Institutes 
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of Health. Its intention is to stimulate current and future research in the study of complex 

physiologic and biomedical signals [22]. 

It has three interdependent components: 

PhysioBank is a continuously growing archive of well-characterized digital recordings of 

physiological signals, time series and other related data for use by the biomedical research 

community. It currently includes more than 60 databases such as multi-parameter 

cardiopulmonary, neural, and other biomedical signals from healthy and unhealthy patients 

with a variety of conditions with major public health implications.  

PhysioToolkit is a library of open-source software for: 

• physiological signal processing and analysis 

• the detection of physiologically significant events using both classic techniques and 

novel methods  

All PhysioToolkit software source is available under the GNU General Public License 

(GPL). 

PhysioNetWorks is the virtual laboratory where colleagues from anywhere in the world 

collaborate together to create, evaluate, improve, document, and prepare new data and 

software "works" for publication on PhysioNet. To use this feature, you need to create an 

account, which also provides reliable and secure web-accessible backup, tools for viewing 

and annotating your data interactively, and an active community of more than 3000 

researchers around the world. Currently there are undergoing more than 70 collaborative 

projects.  

2.3.2 WFDB software toolbox 

There is need for a specialized software to effectively use any of the databases of 

physiological signals found in PhysioBank. That software is the WaveForm DataBase 

software package [23], which contains the WFDB library, about 75 WFDB applications for 

signal processing and automated analysis, and the WAVE software for viewing, annotation, 

and interactive analysis of waveform data. Tutorials, manuals and other collection of 

documentation are also included in the package, such as WFDB applications guide (WAG), 

WAVE user guide (WUG), WFDB programmer’s guide (WPG) etc., and they are updated 
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frequently. The package is written in highly portable C and can be used on all used platforms, 

including GNU/Linux, MacOS/X, MS-Windows, and all versions of Unix.  

WFDB records have three main components [24]: 

• an ASCII header file: contains information about the binary file format variety, the 

number and type of channels, the lengths, gains, and offsets of the signals, and any 

other clinical information that is available for the subject. It allows for rapid querying 

• a binary data file: is the file where the recorded physiological signals are 

• a binary annotation file: can be associated with the main binary file just by using the 

same name (with a different extension) 

Furthermore, WFDB allows the virtual concatenation of any number of separate files, 

without the need to actually merge them. 

A WFDB software package version is also available as WFDB Toolbox for MATLAB and 

Octave. It is a set of Java and m-code wrapper functions for reading, writing, and processing 

physiologic signals and time series in the formats used by PhysioBank databases, that make 

system calls to WFDB Software Package and other PhysioToolkit applications. The Toolbox 

is compatible with 64-bit MATLAB and GNU Octave on GNU/Linux, Mac OS X, and MS-

Windows. [25]. This toolbox will be used for testing the algorithms in the next section. 

Appendix 1 has a step by step guide on how to install the WFDB software package and the 

WFDB toolbox for MATLAB and Octave on your computer.  

2.3.3 PhysioNet/CinC challenge 2013 

The PhysioNet/CinC Challenge 2013 [26] [27] purpose was to encourage fast development 

and enhancement of algorithms to evaluate FHR, fetal inter-beat intervals (FRR), and fetal 

QT intervals (FQT), from multichannel recordings made using electrodes placed on the 

maternal abdomen. To compile a large standardized database, five different sources of data 

were collected, which were later divided to be used throughout the challenge, as a training 

set, open test set and a hidden test set (not available to participants). The later one was used 

by the organizers to evaluate the submitted algorithms for three challenge events, FHR 

estimation, FRR and FQT segment. The open test set was used in two other challenge events, 

which required only user-submitted QRS annotations to evaluate FHR and FRR estimation 
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accuracy. There were 91 open-source software entries from 53 international teams, and the 

10 best scoring and open-source software/algorithms are available at PhysioNet4.  

2.4 ECG based fetal monitoring: existing research and devices 

2.4.1 Telefetalcare  

This device is still in the research phase [28]. The group that is working in this project in 

based in Italy and they are also working with ComfTech, a company based in Milano. 

According to them in Italy the Cardiotocography (CTG) is the most common antepartum 

monitoring technique. Their system has flat band frequency response between 1-60Hz and 

claims to guarantee good signal quality. This device was tested on pregnant women between 

the 30th and 34th gestational week. They also tested different electrode configurations, so that 

the best solution could be identified. Implementation of a simple algorithm for FECG 

extraction permitted the reliable detection of maternal and fetal QRS complexes.  

System Specifications 

The system is characterized by an analog preprocessing stage, which consists in a pass band 

filtering (0.08Hz – 110Hz), with a gain of 1740. Signals are sampled with a sampling 

frequency of 256 Hz. The 16-bit ADC has a voltage resolution of 50μV, corresponding to a 

30nV resolution before amplification. The power supply is provided by a 3.6V battery. To 

compute the frequency responses, 28 sinusoids of known amplitude were generated using a 

wave generator, with a frequency ranging from 0.1Hz to 100Hz. The average cross 

correlation between the sinusoids recorded by Telefetalcare and sinusoids simulated in 

Matlab is 0.98 ± 0.02. Telefetalcare asserts a flat band and very good performances between 

1Hz and 60Hz.  

Configuration of abdominal electrodes 

Abdominal ECG signals are obtained by computing the differential voltage between each of 

the 8 abdominal electrodes and the reference, as shown in Figure 3. Two electrodes 

configurations were tested in order to identify the best solution. The first configuration, 

Figure 12a, consists of a reference electrode placed on the right side of maternal chest, and 

                                                 
4 Top-scores: http://www.physionet.org/challenge/2013/top-scores.shtml 
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8 electrodes placed just below the abdomen, and it was used for preliminary recordings. This 

configuration produces signals of big amplitude, but the SNR between maternal and fetal 

ECG is not sufficiently good to guarantee a reliable FECG extraction. For this reason, a new 

configuration was proposed, Figure 12b, which consists of a reference electrode placed on 

the navel, and 8 electrodes placed around it with radial symmetry. This configuration was 

selected for the realization of the wearable garment and the recorded signals are 

characterized by smaller amplitude (up to 150 mVpp after amplification), but SNR between 

maternal and fetal ECG is good enough to allow efficient fetal QRS detection. 

 
Figure 3. Electrode configurations (Source: Fanelli et al. 2011) 

At the moment of publishing their research article, the contributors said that the digital 

processing was performed offline, using a graphical user interface implemented in Matlab, 

Figure 4. 
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Figure 4. Telefetalcare, the wearable garment and the user interface (Source: Fanelli et al. 2011) 

In order to have a good signal quality, they suggest to have a tight contact between the 

wearable garment and the patient skin. The loss of contact causes a complete signal 

corruption. For this reason, they used an elastic garment, which perfectly adheres to the 

abdomen and announced that they will realize different sizes to allow the optimal fit to 

pregnant women of different body types. 

As the next step for the development of this project, they wanted to implement the algorithms 

on the digital board embedded in the device, stating that the package had to be miniaturized, 

reducing battery drain. Since the decrease of fetal QRS detection is often associated to signal 

corruption caused by patient movements, they said the system should be improved in order 

to reduce signal loss caused by mother movements. Until the time of publication, they were 

still thinking of designing and developing the data transmission to the remote station. 

They built up this wearable system to have an accurate and continuous monitoring of fetal 

wellbeing, to allow pregnant women to monitor fetus health state without moving to the 

hospital or asking for clinician’s support and to contribute to reduce costs in fetal monitoring, 

leading to a significant improvement in the quality of fetal wellbeing assessment. 
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2.4.2 Monica AN24 with IF24  

Monica AN24 [29] is a device for fetal monitoring, built by a company, Monica Healthcare 

Ltd, which is based in Nottingham, United Kingdom. This is a commercial device, thus there 

is not much technical information about it. A look on the design of this device is presented 

in Figure 5. In their website, they list what this device can provide, such as an in-room 

ambulatory monitoring solution for: 

• monitoring obese women 

• improving patient comfort & satisfaction 

• accurate ECG based monitoring 

• a single set-up solution with no transducer/belt adjustment 

 
Figure 5. Monica AN24 with IF24 (Source: monicahealthcare.com) 

Technology 

The AN24 wearable device uses standard electrodes provided by Monica itself, the Ambu 

Blue R and the Ambu Blue VLC ECG, which are placed on the abdomen of the mother to 

monitor the fetal ECG, maternal ECG and uterine EMG. An internal processor extracts in 

real time the FHR, MHR and UA waveform validated against fetal scalp electrode, SpO2 

and IUPC.  All three traces, the FHR, MHR and UA, are then sent via a low power Bluetooth 

connection (30m line of site) to the IF24 interface. The Monica AN24 and IF24 are CE 
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approved (from 20 weeks through to delivery), have FDA clearance (Intrapartum term 

maternal/fetal monitoring) and the Monica AN24 is approved for use in the BRIC5 countries 

(ANVISA, GOSSTAR, SFDA).  

A list of benefits is also included in their website: 

• High BMI monitoring: With High BMI patients, traditional ultrasound/TOCO 

based monitors can be difficult to use. The Monica AN24 offers a solution that 

requires no belt/transducer adjustment without loss in performance in high BMI 

women 

• Accurate: The Monica AN24 monitors the maternal and fetal ECG shape to 

confidently separate the fetal heart rate from the maternal heart rate, even when 

fetal and maternal heart rates are similar. 

• In room ambulation without transducer repositioning 

• Monica is a single set up device that requires no adjustment or repositioning no 

matter what the fetus or patient does 

• Midwives spend less time adjusting the equipment 

• Patient-friendly and convenient 

• No belts (meaning no pressure or belt irritation) 

• Freedom for natural birthing positions 

• Increase space around the bed for clinicians and birthing partners 

• Enhances the birthing experience 

• No adjustment, allowing women to sleep, change position and mobilize 

 

  

                                                 
5 BRIC is a grouping acronym referring to Brazil, Russia, India and China 
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3 FETAL HEART MONITORING 

This chapter shows how it is possible to monitor the fetus wellbeing. We will describe the 

fetal heart and different fetal monitoring technologies that have been used. We later continue 

with the possible algorithms and how we envisage the device to monitor the fetal health from 

home. The methodology followed for this part of the thesis was a step by step one. An 

intensive research was conducted to find any project done on this field, which lead to the 

datasets and algorithms. Several tutorials and online courses were taken to have a better 

understanding on how the human heart works and how to interpret the ECG. The best 

algorithms were selected and tested using the WFDB toolbox for MATLAB.  

3.1 Fetal heart rate 

The heart is one of the first organs to develop in the fetus. In most cases, a heartbeat can be 

detected at 6 to 7 weeks, and it would be 90-110 beats per minute (bpm). In the gestational 

age week 8 and 9, the embryo has everything that is present in an adult human and it enters 

the fetal stage. The fetal heartbeat in this stage is strong and should be 140-170 bpm [30]. 

From there on the rhythm of the heart rate becomes more regular, 110 to 160 bpm [31]. 

Figure 6 shows different stages of the fetal heart development.  

 
Figure 6. The fetal heart and its development stages during gestation (Source: Sameni and Clifford 2010) 
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There are some differences between the anatomy of a fully developed fetal heart and an adult 

heart, Figure 7. For the fetus, the placenta supplies the fetal oxygen and not the lungs; 

therefore, both ventricles pump the blood into organs and other parts of the body. For this 

reason, there are two extra parts in the fetal heart, the foramen ovale and the ductus 

arteriosus, which link the outgoing vessels of both ventricles. After the baby is born, both 

these parts close and the baby’s heart anatomy is similar to that of an adult [31]. Although 

the anatomy of the fetal heart is different to that of an adult, the electrical activity is 

considerably the same.   

 
Figure 7. The anatomy of the fetal heart (Source: Sameni and Clifford 2010) 

3.2 The requirement for a fetal home monitoring system 

To build a safe fetal home monitoring system, we need to define the requirements of such 

system. Besides functional requirements, we need to think of non-functional ones as well, 

which will help choose the right techniques and technology for monitoring these small and 

sensitive unborn human beings. The main requirements that will be discussed in this chapter 

are: 

1. The technique of measuring the FHR should be non-invasive 

2. The technique of measuring the FHR should be non-ultrasound 

3. The algorithms should have a very good fetal heart rate estimation 
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4. The algorithms should have a very good fetal RR interval6 estimation 

5. The algorithms should have a very good fetal QT interval7 estimation 

6. The device should not harm the fetus (baby) 

7. The device should be easy to wear and comfortable 

8. The device should be not very expensive 

9. Some possible future customers should be interviewed to see if such device is 

welcomed  

10. Customer’s profile should fit in any of these groups: mother, mother-to-be, midwife, 

obstetrician or gynecologist 

All these requirements will be discussed on the upcoming sections of this chapter. For the 

1st and the 2nd we will look at different techniques and a summary of them is presented in 

the next section. The next step is to look at different algorithms. For this reason, we 

compared the top 3 algorithms from the Computer in Cardiology conference challenge of 

2013. The results for the selected technique and technology are discussed at the end of the 

chapter, including the other requirements. 

3.3 Fetal monitoring techniques 

The first fetal heart rate (FHR) monitors were developed about 50 years ago, and became 

extensively feasible around mid-1970s [32]. There are invasive and non-invasive techniques 

to monitor the FHR. While invasive techniques8 are more accurate, but present high risk for 

infections, non-invasive techniques are seen as a better approach. Non-invasive techniques 

include fetal electrocardiography (FECG)9, photoplethysmography (PPG)10, Doppler 

ultrasound, ultrasound based cardiotocography (CTG)11 and fetal magnetocardiography 

                                                 
6 Time between beats (interbeat timing) – duration of ventricular cardiac cycle 

7 Total duration of ventricular depolarization – time from the beginning of QRS (ventricular depolarization) 
to the end of T wave (ventricular repolarization) 

8 Fetal electrocardiographic (FECG) monitoring using a fetal scalp electrode, possible during the labor 

9 Using abdominal surface electrodes 

10 Using near infrared (NIR) light 

11 Known as electronic fotal monitoring 
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(FMCG). A review of these techniques is done by Abdulhay et al [7] and Table 2 shows the 

comparison between them.  

Table 2. Comparison of non-invasive FHR monitoring techniques (Source: Abdulhay et al. 2014) 

Method Advantages Drawbacks Gestational 

age 

Energy type 

FECG Low cost, easy to 

handle, suitable for 

long-term recording, 

beat-to-beat 

variability12 

monitoring  

Complex design 

requirements, 

dependency on fetal 

orientation in-utero  

20-40 weeks  Electrical 

PPG Low cost, low power 

consumption, 

harmless, easy to 

handle, suitable for 

long-term recording, 

suitable in a clinical 

setting, can be designed 

to be portable, can be 

used in an MRI 

environment  

Dependency on S-D 

separation, 

dependency on fetal 

orientation in-utero  

 Optical  

Doppler 

Ultrasound 

Low cost, easy to 

handle, can be used 

during labor  

Short-term variability 

cannot be observed, 

not suitable for 

continuous monitoring  

20-40 weeks  Ultrasonic 

CTG Measures uterine 

contractions, provides 

continuous FHR 

tracings  

Short-term variability 

cannot be observed, 

difficult to interpret, 

limited accuracy  

 Ultrasonic 

FMCG Not affected by tissue 

impedance, relatively 

accurate  

High cost, large size, 

complex system 

design, requires 

20-40 weeks  Magnetic  

                                                 
12 Also called heart rate variability (HRV) 
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minimized subject 

movement  

In this project, we chose to work with ECG technology and used ECG sensors to monitor 

the heart rate (HR).  

3.4 ECG and FECG diagnosis   

ECG is a graphic representation of two electrical events, depolarization and repolarization. 

Depolarization is the spread of the electrical impulse across the heart, and repolarization is 

the recovery stage. Impulses are detected by electrodes/ leads which are placed on the skin, 

and are represented on a graph (depicted in Figure 8) as positive and negative deflections 

called waves and complexes [33]. ECG is also called PQRST complex and it sometimes can 

be followed by a small wave known as U wave. 

 
Figure 8. The graph, waves, QRS complex, intervals and segments of an ECG (Source: ECG assessment, 

FutureLearn 2016) 

The use of ECG as a monitoring tool is relatively old; however, there are still problems that 

are gradually being solved with advances in filtering, pattern recognition, and classification 

techniques, combined with memory capacity and the computational power occurring these 

past decades [34].  

Non-invasive FECG is the method of measuring the electrical activity of the fetal heart by 

placing electrodes on the abdomen of the mother. Different from the Neoventa’s STAN [35] 

invasive way of detecting any fetal heart anomalies, it can be used during the pregnancy, not 
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only during the labor. The accuracy of the abdominal FECG was evaluated by [36], 

concluding that the FHR and ST change calculated using the maternal abdomen and fetal 

scalp electrode (FSE) data “are highly accurate and on average clinically indistinguishable”, 

see Figure 9. Two examples of lead placements on the abdomen of the mother are depicted 

on Figure 10, and the formula to calculate the FHR is as follows: 

FHR = [1/ (median RR - interval)] *60 

 
Figure 9. A fetal heart beat recorded from FSE (in pink) and an extracted FECG from the abdominal ECG (in 

blue) (Source: Clifford et al. 2011) 

 

       
Figure 10. Lead placement on the abdomen of the pregnant woman (First picture - Source: Clifford et al. 

2011, Second picture – Source: Midwives Magazine, UK, 2008 [37]) 
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3.5 Algorithms 

All algorithms presented in the conference had followed different approaches and signal 

processing methods. The steps for the signal processing of top three algorithms will be 

shown, which follow the same pattern, signal preprocessing, maternal QRS detection, 

MQRS cancellation, fetal QRS detection and FQRS selection.  

3.5.1 A Multi-Step Approach for Non-invasive Fetal ECG Analysis 

This algorithm was developed by [38]. For the analysis of FECG a multi-step approach is 

proposed, which starts with: 

1. pre-processing stages of baseline removal13 and power line interference14 canceling; 

2. Independent Component Analysis (ICA) for maternal ECG extraction;  

3. mother QRS detection; 

4. maternal ECG canceling using a PQRST approximation obtained by weighted 

Singular Value Decomposition (SVD); 

5. second ICA applied to enhance the fetal ECG signal; and 

6. fetal QRS detection.  

Overall, this algorithm had good results, but when the FECG was very low compared to 

noises, it performed badly. Different ICA algorithms (FastICA, JADE, SOBI) were used to 

solve the problem, but with no improvements. The EMG noise seemed to have the most 

negative effect on fECG extraction process impairing ICA. In conclusion, the algorithm will 

be good if protocol for abdominal ECG acquisition include: 1) accurate skin-electrode 

contact in order to reduce the electrical noise and artifacts; 2) care to reduction of muscular 

contractions. 

                                                 
13 Computed applying a low pass first order Butterworth filter in forward and backward direction to avoid 
phase distortion 

14 If detected, a notch filter (forward-backward, zero phase, 1Hz bandwidth) was applied to remove its 
characteristic frequency and its next three harmonics 
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3.5.2 Fetal Heart Rate Discovery: Algorithm for Detection of Fetal Heart Rate from 

Noisy, Noninvasive Fetal ECG Recordings  

This algorithm [39] focuses on detecting the RS slope. It is divided into four main parts: pre-

processing of the signal (steps 1-5), RS slope detection (6-9), covariance signal enhancement 

(10-14), fine-tuning (15-17), Figure 11. Firstly, the two channels with the best quality fetal 

ECG is found. Then, localize the repolarizations having the required characteristics 

(adequate amplitude and slope). The algorithm is adaptive and for every recording it finds 

by itself the optimal RS slope characteristics. Even when there were noisy data, these steps 

gave accurate and reliable results of fetal R peak detection.  

 
Figure 11. Flow chart of the fetal heart rate discovery algorithm (Source: Podziemski et al. 2013) 

To improve the accuracy of the algorithm further work should be focused on a better noise–

filtering approach and incorporating the information from all the channels. 

3.5.3 Non-Invasive FECG Extraction from a Set of Abdominal Sensors 

The first step in this algorithm [40] is the preprocessing of the ECGs by cascading a low 

pass and a high pass filter, to remove higher frequency and baseline wander. To remove 

power interferences at 50Hz or 60Hz a Notch filter was applied. Before applying different 

source separation techniques to cancel the MECG, the normalization of the signals was done. 

The source separations techniques included: template subtraction, principal/independent 

component analysis (PCA/ICA), extended Kalman filter and a combination of a subset of 

these methods (FUSE method). FQRS detection was performed on all residuals using a Pan 



33 
 

and Tompkins QRS detector and the channel with the smoothest FHR time series was 

selected.  

 

Figure 12. FECG extraction block diagram (Source: Behar and Clifford) 

Figure 12 shows the stages of the approach followed in this research for FQRS detection: 

1. Preprocess all four ABD channels by removing the baseline wander and higher 

frequency components, and if required Notch filtered 

2. MQRS detection was performed on each of the pre-filtered channels,  

3. A source separation algorithm was applied to the ABD signals in order to extract the 

FECG 

4. FQRS detection was performed on the post-filtering residual signals containing the 

FECG 

5. Select one of the FQRS time series detected on the residual channels 

6. The RR time series was smoothed to reduce the effect of missing and extra detected 

beats. 

Using a high cut-off frequency for baseline wander removal led to improved results. This 

was because the high cut-off results in a large reduction in the amplitude of the P- and T-

waves, leaving only the MQRS and FQRS (and noise) in the ABD mixture. However, such 

a high cut-off cannot be used for FECG morphological analysis, because the clinically 

interesting features (such as the T-wave) are highly distorted or completely removed. 

Limitations:  

• the limited number of simultaneously acquired signals (adaptive source separation 

approaches, which are very promising, require more than four abdominal ECG 

leads) 

• the absence of chest ECG which could have strengthened the MQRS detection step 

and allowed evaluation of additional methods such as 

a. the presence of errors in some of the reference annotations 
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b. the lack of pathological examples. 

In conclusion this work:  

• evaluated a variety of standard and state-of-the-art methods used for FECG 

extraction on a low dimensional public dataset; 

• benchmarked these algorithms on the same database and with the same 

experimental set-up; 

• showed that improvement can be obtained by combining different methodologies; 

and  

• described and evaluated a method for fetal QT extraction. 

3.6 Our fetal monitoring device 

In the previous sections we discussed different technologies and techniques that can be used 

to monitor the fetal health at home. The outcome is ECG sensors. We will use these ECG 

sensors in the abdomen of the mother and that is a non-invasive technique to monitor the 

baby’s health. At the same time ECG is a non-ultrasound technique, since it works 

differently. ECG is a process of recording the electrical activity of the heart over a period of 

time using electrodes placed on the skin, instead of sending sound waves to “listen” the heart 

beats. By using ECG, we comply with other requirements, to not harm the baby and a 

cheaper solution, making it a safe choice for long monitoring and convenient for everyone.  

We looked at the algorithms that were part of the CinC 2013 conference competition. The 

results show that all algorithms use almost the same steps:  

• Signal preprocessing 

• Maternal QRS detection 

• Maternal QRS cancellation 

• Fetal QRS detection 

• Fetal QRS selection 

However, different algorithms use different methods. Podziemski et al. focused on detecting 

the RS slope, which is considered as the most prominent part of the QRS complex and used 

notch filter in cases an extensive noise filtering was necessary. This algorithm also estimated 

the QT interval. Varanini et al. used Independent Component Analysis (ICA) and FastICA 
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to detect and select the best FQRS complexes. No QT interval was calculated. Behar et al. 

used a FUSE method, which was defined as the combination of a subset of evaluated 

methods (ICA-TS, ICA-TS-ICA, TS-ICA, ICA, TS) with only one FQRS time series being 

selected. They also estimated QT interval.  

The algorithms were tested and scored by the conference organizers, and the results are 

shown on Table 3. Although, the lower the number, the better the algorithm, it is hard to say 

which of these algorithms is the best. Varanini et al. performed good on the first two events, 

but did not estimate the QT interval. The researchers who worked on Behar et al. were part 

of the organizers and they also scored less on the 3rd event. It is worth mentioning that all 

these algorithms need further improvements, depending on the methods they used. All are 

open source and available to anyone at PhysioNet website. 

Table 3. Scores for Podziemski et al., Varanini et al., Behar et al.  

 Event 1 – FHR 
estimation 

Event 2 – Fetal RR 
interval estimation 

Event 3 - Fetal QT 
interval estimation 

Podziemsky et al. 255.989 25.059 152.71 

Varanini et al. 187.091 20.975  

Behar et al. 179.439 20.793 153.07 

Below are screenshots of FQRS detection of all three algorithms when tested using the 

record a01 of the open data set A.  

   
Figure 13. The outcome when running the algorithms, starting from left to right, Podziemski et al., Varanini et al., Behar 
et al. The red dots on the first picture are the fetal QRS detected by the algorithm 

At this stage, the design of the prototype itself and the interface of both, parents and doctors, 

mobile applications will be simple. Figure 14 shows a very bold design for the wearable. It 

consists of a cloth, which will be in different sizes and colors, and leads connected to ECG 

sensors. The position of the leads will be the same as explained at Clifford et al. 2011 and 
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they will be fixed, so mothers will not need to worry and/or study the placement of the leads. 

During this thesis we used Shimmer sensors15 that were intended for multiple purposes 

(hence why the sensors are bigger than they will be when the prototype is finished). 

 

Figure 14. A bold design of the smart belt 

The user interfaces will look like Figure 15 for parents, where they will be able to see a 

simple status, and Figure 16 for doctors, where they will be able to check and study the ECG 

as needed. The doctor’s interface can be used remotely to monitor the health of the fetus so 

that the mother and the doctor can have an online consultation. The connect button will be 

used to connect the ECG sensors with the device the mother and/ or doctor is using, 

smartphone, tablet or computer. To stream the data and check the ECG graph users need to 

press the stream button. To stop the stream and disconnect from the device, the stop and 

disconnect buttons are used. If there are more than one ECG sensors on the range, users need 

to select the ones they are using from the popup menu, and refresh the list of sensor ports by 

using the reload button.  

                                                 
15 Shimmer website: http://www.shimmersensing.com/ 
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Figure 15. Parents mobile app interface 

  
Figure 16. Doctors’/midwives’ desktop app interface 

This wearable will be very useful for mothers who worry all the time about the wellbeing of 

the baby and who live far from the healthcare clinic or hospital. The comic strip below, 

Figure 17, depicts one of the many situations. Mothers worry about everything, and that is 

why they want to be safe all the time. 

 
Figure 17. A comic strip showing the usefulness of a fetal monitoring wearable at home or wherever the mother is  
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We are not faced, then, with a stark choice between words and numbers, or even 

between precise and imprecise data; but rather with a range from more to less 

precise data. Furthermore, our decisions about what level of precision is 

appropriate in relation to any particular claim should depend on the nature of 

what we are trying to describe, on the likely accuracy of our descriptions, on our 

purposes, and on the resources available to us; not on ideological commitment to 

one methodological paradigm or another. (Hammersley, 1992a: 163) 

4 INTERVIEW QUESTIONS AND METHODOLOGY 

This chapter introduces the research questions and the research methodology that is being 

applied, and how the data is collected and analyzed.  

4.1 Design method (study design) 

A qualitative study design was applied, and data were collected through individual 

interviews. An inductive approach was used in the analysis of data [41]. 

4.2 Setting 

In Sweden the costs of the antenatal care are covered by Swedish public health care 

insurance. Each pregnant woman follows a protocol which is described to her during her 

first pregnancy appointment. The Swedish medical system is built in a way that mothers will 

be in contact mostly with the primary care medical specialists, the midwives. In a normal 

pregnancy, each woman can have one ultrasound screening, which is done between 18 to 20 

gestational week and performed by a doctor, obstetrician, or a midwife sonographer16. In 

cases when the women have medical conditions that demand comprehensive fetal 

examinations and consultation, the obstetrician performs the routine ultrasound scan. 

However, women can have more ultrasound screenings, outside the public health care 

system, in private clinics and/or by purchasing online the Doppler ultrasound, which they 

can use at home. 

                                                 
16 specially trained midwife who usually also conducts additional ultrasound examinations for assessment in 
later pregnancy such as estimation of fetal growth and amount of amniotic fluid 
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4.3 Participants 

People who participated in this research were divided into two groups, mothers/parents in 

one group, and doctors/ midwives in the other one. Participants were recruited from five 

hospitals in different parts of Sweden, the majority being in Västerbotten county, Umeå and 

Skellefteå, and Norrbotten county, Luleå. Names and contact details of both groups were 

obtained in different ways.  

Mothers/parents were recruited using these approaches: 

1. Social media, by posting on special Facebook groups for pregnant women in 

Skellefteå and Västerbotten county 

2. Participants who had been interviewed suggested their friends  

3. Participants that were met spontaneously in the street 

4. Colleagues at Luleå University of Technology (LTU) suggested their friends 

Doctors and midwives were recruited by: 

1. Going to Skellefteå hospital and talking directly with the midwives 

2. Searching online for doctors and midwives in the Västerbotten county, especially in 

university websites, i.e. Umeå University 

3. Contacting doctors/ midwives who were suggested by the contacted or interviewed 

doctors/ midwives 

4. Contacting doctors/ midwives who were suggested by colleagues at LTU 

A very important point was the diversity between the participants in the mothers/parents 

group regarding the stage of the mothers’ pregnancy17, which was very hard to keep and 

later was dropped. However, we managed to have interviews with mothers that were in the 

2nd and 3rd trimester and also with a mother who had given birth to twins.  

The main criteria for doctors were being still active gynecologists, obstetricians, performing 

ultrasound examinations on a regular basis, either as a major work task or as part of general 

care; and for midwives it was advantageous if they had some experience in the delivery ward 

also.  

                                                 
17 First, second or third trimester (or the gestation week) 
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The initial quotas for this study were to interview ten participants for each group. At the end 

of the interview period, ten mothers, five doctors and six midwives were interviewed.  

All ten interviews for the mothers/parents were conducted with the mothers themselves. 

Thirty-seven doctors and midwives were contacted via email, where the nature of study and 

interview was explained. Twenty-five of contacted people responded, fourteen of them set a 

time and date for the interview, but one doctor could not make it for the interview, another 

doctor was more a researcher and it had been 15 years since she was an active doctor, and 

one midwife was only working in the maternity ward. While the rest of the doctors and 

midwives who replied were either retired, didn’t have time for the interview, or had a 

different field of expertise, for example. pediatrics.  

The email and text message responses are considered as a form of consent from the 

interviewees to participate in this study. The mother’s age ranged from 19 to 39 years old, 

with more than half of the women being above 30 during their pregnancies. The age range 

of doctors and midwives was between 33 and 61 years old, where half of them were between 

54 and 58 years old. One was male and ten were females, and they reported to have between 

4 months and 30 years (only 2 had less than 10 years) of experience in the field of obstetrics 

or midwifery. Their level of training ranged, some of the doctors/midwives were also 

actively researchers and some were head of the obstetrics and gynecology department and 

head midwife. The hospitals and/or health clinics where the participants worked at the time 

of the interview, varied from size and specialty of the clinic, and the number of births given 

in a year. 

4.4 Data collection procedures 

The guide for the interviews was put together after a comprehensive literature review on 

technology for building the prototype and it was based on the need to discover if there was 

a demand on the market for such wearable. During the interviews, the interviewees were 

encouraged to give their own opinions regarding their experiences and views related to the 

pregnancy protocol/program, the use of technology during this period, and a non-ultrasound 

method to monitor the baby. 

The key areas in the interview guide were as follows: 
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The mothers’ experiences/views on: 

• The pregnancy protocol/program, the amount of checkups and how they were 

• Uncertainties and/or fears they had during the pregnancy 

• Support and help they got during the pregnancy 

• The technology in general and in particular on monitoring the baby at home 

• Sharing information with the doctors/midwives 

The doctors’/midwives’ experiences/views on: 

• The pregnancy protocol/program, the number and the time of ultrasound screenings 

• The importance of fetal monitoring 

• The technology in general and in particular on monitoring the fetus at home 

• The use of ECG instead of ultrasound for fetal monitoring 

• What information to measure from home 

The interviews took place from beginning of April to beginning of May 2016 and were 

conducted in a place chosen by the interviewee. The first part of each interview was about 

background characteristics such as gender, age, professional qualification and professional 

experience for doctors/ midwives; and gender, gestation week, professional status and 

previous pregnancies for mothers. Five of the doctor’s/midwife’s interviews were phone 

interviews, one was a Skype interview and 5 were face-to-face interviews. For the other 

group, mothers/parents group, five of them were phone interviews and five face-to-face 

interviews. 

All interviews were digitally recorded by firstly obtaining a consent from the interviewee. 

The mothers’ interviews lasted between 12 and 37 mins (average time 20.7 mins). The 

doctors’ interviews lasted between 18 and 49 mins (average time 32.4 mins). 

4.5 Data analysis 

Data was analyzed using qualitative content analysis [42]. The same method was used at 

[43], where the use of ultrasound in Sweden was discussed. First, all audio recordings were 

transcribed manually. Sometimes, some parts of the conversation were not transcribed due 

to the irrelevance to the topic or question. After, all interviews were read to get a sense of 
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the whole. Data addressing the aims of this study were then coded. Then the codes were 

compared for similarities and differences, grouped into content areas and subsequently into 

preliminary categories and sub-categories. These codes, sub-categories and categories were 

then reviewed. Interview questions for both groups can be found in Appendix 2. 

Ethical approval was not deemed as necessary to obtain for this study. It was mostly 

theoretical work and no prototype was built or tested. The concept of the study was given 

the moment the participant was contacted, and only the participants who voluntarily accepted 

to participate in this survey, were interviewed. During the interviews, no measurements were 

taken or made; we only asked questions and expected their opinion and experience on this 

topic. 
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5 RESULTS FROM THE INTERVIEWS 

In this chapter, the results of 21 interviews are described, organized by the corresponding 

categories and sub-categories. The data is analyzed following content analysis method of 

qualitative study. 

5.1 Survey theme - ECG based fetal home monitoring as a way of bringing 

value or not to the current pregnancy protocol in Sweden 

The main theme “ECG based fetal monitoring as a way of bringing value or not to the current 

pregnancy protocol in Sweden” developed from the overall analysis. On one side, the 

participating mothers, doctors and midwives expressed great satisfaction with the protocol 

that is being followed nowadays and there is no need for more checkups; on the other side, 

they admitted that the protocol was and should evolve so that better care would be given to 

mothers and babies and that home monitoring could be a great help for mothers and doctors 

particularly during the last trimester and in risky pregnancies. The theme was constructed on 

four categories:  

I. Pregnancy protocol is good, but should always improve  

II. Support and help for mothers during the pregnancy 

III. Fetal health monitoring from home, the good and the bad 

IV. The characteristics for the prototype 

The connection between these categories is pictured below, Figure 14, and the Table 4 

describes these categories together with their sub-categories. 
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Figure 18. The connection between categories 

Table 4. Theme, categories, and sub-categories 

Theme  Category Sub-category 

ECG based fetal monitoring 

as a way of bringing value or 

not to the current pregnancy 

protocol in Sweden 

Pregnancy protocol is 

good, but should always 

improve 

 

Good experience, but need more checkups 

The health of the mother and baby, equally 

prioritized 

Dynamic protocol which may or may not 

include more ultrasound screenings 

Support and help for 

mothers during the 

pregnancy 

 

Internet, part of every woman’s pregnancy 

People, always there 

Fetal health monitoring 

from home, the good and 

the bad 

 

 

Two sides of technology 

Home monitoring, mothers’ and 

doctors’/midwives’ views 

ECG, an alternative to ultrasound 

The characteristics for the 

prototype 

 

If possible, all information 

Everything that helps doctors help the parents, is 

great 
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5.1.1 Pregnancy protocol is good, but should always improve 

The first category describes the mothers view on the system as a whole, the protocol they 

followed during their latest pregnancy and how they feel between the appointments; and 

doctors and midwives view on the pregnancy program, their responsibility towards the 

pregnant woman and the importance of monitoring both, the mother and the baby.  

Good experience, but need more checkups 

Most of the mothers considered the appointments during their pregnancy to be very good 

and that midwives and doctors checked everything. They recognized the role of the midwife 

as very important and having the same one throughout the pregnancy was felt as personal. 

However, there were mothers who were not as satisfied with the process as they were on 

their first pregnancy, during the summer or when they encountered miscarriage.  

 “not as good as I expected … it’s in the attitude. [I] Was really annoyed during the 

end of the pregnancy … it was during summer and I had no appointments in July, 

because almost everyone is on holiday.” (Participant 1 – mother) 

Although the overall experience was satisfying, they still wanted more checkups. Worries 

about the baby’s health were constant for mothers, and that was labeled as a normal worry 

especial towards the end of the pregnancy or when the mother was of age.  

“… more checkups, so you can see everything in the baby” (Participant 3 - mother) 

The health of the mother and baby, equally prioritized 

When asked about their responsibility, doctors and midwives mentioned that having only 

medical examination is not enough. Psychological and sociological examination and 

preparation for both parents is included in the protocol nowadays. Monitoring the baby was 

seen as really important, but routine blood pressure, blood sugar, hemoglobin (iron), weight, 

urine test for the mother were of the same importance. To further ease the mother’s life, 

doctors and midwives could share information and give resources in case mothers wanted to 

know more.  

“I check all the physicals … check if the pregnancy will succeed as good as possible. 

And I also talk about their social situation, how it is at home and what they need 

to prepare at home before the baby will come. And I also talk about psychology 
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things, if they have problems with that. So it is not only medical, it’s the whole 

situation. … “(Participant 4 - doctors/midwives) 

Dynamic protocol which may or may not include more ultrasound screenings 

Doctors/ midwives considered the protocol to be somehow national, at least the basic 

protocol for normal pregnancies. However, they claimed that in some counties there might 

be some changes, and this was mostly due to resources, economy and/or people. The health 

status of the mother and that of the baby played a great role in these changes, making this 

protocal unique for each woman and each pregnancy 

“…it is also a matter of economy and people.” (Participant 3 – doctors/midwives) 

The participants who had more than 15 years of experience in the field mentioned that this 

checkup program was not the same as it was when they started, in fact it rather improved 

over time. They acknowledged the addition of the psycho-social preparation and counselling 

for parents as must and very crucial for having a good and successful pregnancy as a whole.  

“… women are unnecessary scared and want a c section, some people aren't 

prepared, or very bad with pain. I feel that women today have had a very 

protected life and that makes them more vulnerable. …” (Participant 2 – 

doctor/midwives) 

There were also concerns among doctors/midwives about the number of ultrasound scans. 

Some felt that having only one ultrasound was not enough and admitted the need for an 

earlier ultrasound screening on 12th week, especially to catch risky or twin pregnancies as 

soon as possible. Some others requested that maybe a later ultrasound could be good too, 

around 31st week, citing that many other countries had these screenings and maybe it was 

about time for Sweden to have those as well. 

“… In some counties there is an earlier ultrasound on week 12, and that would be 

very good if it was in all regions, but because of resources it's not possible. … I 

don't think one ultrasound is enough, an earlier one on week 12, and a later one 

on week 31 should be good to have. Many countries have those.”  (Participant 7 – 

doctors/midwives) 
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For some doctors/midwives, the amount of time spent with the mother during the checkups 

was also an issue. They said the time should be flexible, in particular with women of special 

needs or different nationally. 

 

5.1.2 Support and help for mothers during the pregnancy 

The second category depicts the women’s perception on the help and support she got 

throughout her pregnancy period, as well as the role Internet played in her pregnancy life.  

Internet, part of every woman’s pregnancy 

Every woman tried to look up any problem on the Internet at any stage of their pregnancy, 

even though the majority of them knew that not every information online is trustworthy. 

Many said they used official websites such as 1177 Health Care Guide, the official Swedish 

website and telephone service with information, counseling and services in the health and 

care, online forums or mobile applications that showed the pregnancy progress week by 

week. However, there were women that took the online search on the next level by reading 

conference or journal research articles. Books were also part of the resource of information. 

“Used to read research papers … sometimes online forums, but I don't think the 

information was very reliable so I didn't do that very often” (Participant 2 - 

mother) 

People, always there 

Human element was very important to each and every woman during their pregnancy. 

Family was the main source of comfort to all of them, followed by the husband and/or 

partner. Friends, especially the ones who had already been pregnant, were considered a good 

source of confirmation if they had any fear. Nevertheless, if any of them had any medical 

questions, the main contact was the medical staff, with the midwives being number one. 

Support groups were helpful as well, but they were only for first pregnancies and women 

were not very interactive with each other after those meetings.  
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“… the information was good, but the group discussions were OK … answering as 

fast as you can … the staff had to be in the group meeting trying to drag 

comments from the participants.” (Participant 9 - mother) 

5.1.3 Fetal health monitoring from home, the good and the bad 

This third category describes the contrasts between the great usefulness that home 

monitoring could bring during the pregnancy period for both the mother and the 

doctor/midwife and the frustration they would feel in problematic situations where the 

results from the fetal home monitoring device examination caused unwarranted anxiety for 

expectant parents. 

Two sides of technology 

Every participant was very content about new technology in general in medicine and in 

particular in prenatal care. For the medical participants that had worked for a long time, the 

ultrasound and CTG were seen as very important inventions for examining the health of the 

fetus and making the right call when any complication occurred. It was part of their everyday 

checkup routines. Mothers on the other hand felt as they trusted technology more than the 

doctors/midwives, whom were somehow aware of that when they would listen to the fetal 

heart rate with a wooden stethoscope18 and parents would react strangely and wanting 

something more advanced so that they could also hear the baby’s heart beats. 

“I've had both extremes. There are some very few parents that have bought the 

Doppler ultrasound, and very very few that they don't want to do ultrasound. 

During my years working as midwife (26 years of experience) I've had 5 or 6 cases 

that didn't want to know much.” (Participant 11 – doctors/midwives) 

The bad thing about technology was that it was slowly getting more attention than the human 

interaction and both groups were worried about the side effects of it on fetuses. 

Home monitoring, mothers’ and doctors’/midwives’ views 

Participants came with different reasoning and explanations as to why home monitoring was 

good or bad. Mothers were very open to such a device and expressed they would have used 

                                                 
18 also known as Pinard horn 



49 
 

it if they knew about it during their pregnancy. Some went on saying they would use it every 

day, but others were also concerned about the safety of using such device on the baby, the 

price of it and its aesthetics, having a normal everyday life while using the device/ wearable. 

Doctors argued that the use of such device on early stages of the pregnancy would not change 

much, neither treat any form of fetal abnormalities, but they suggested it could be very useful 

during the last trimester and specially with risky pregnancies, with pregnancies that were 

fine but the mother had miscarriage history, or when the mother was living far from the 

hospital, and in Sweden this was very often. 

“the device has to be safe, and someone has to interpret the information” 

(Participant 7 – doctors/midwives) 

 “… If we have something reliable and practical, it will help us reduce the amount 

of patients at the hospital … easier for practitioner to manage patients, because 

we don't have enough space at the hospital. …” (Participant 3 – doctors/midwives) 

It was also admitted though that such device could add unnecessary anxiety to women and 

some problems to midwives, since they are in a constant contact with parents. The midwives 

showed their concerns by saying that one should be educated to interpret the information 

shown in these devices and home was not the right place to monitor the baby. Others stated 

that it was a problem to “see” the fetus all the time, and there were many measurements that 

could define if the baby was healthy or not, not just one or two.  

“… its many things we put together when we do the assessment to get the whole 

picture” (Participant 5 – doctors/midwives) 

It’s very important having the technology, but it’s also very important to have the 

human feeling in it.” (Participant 6 – doctors/midwives) 

Additionally, everyone agreed the technology is moving fast and didn’t know what the future 

might bring. 

ECG, an alternative to ultrasound 

Both doctors and midwives were confused about the use of ECG during the pregnancy. 

During the checkups the only used devices to scan the fetus were ultrasound device and 

CTG, which are both ultrasound based. The only time they knew to use ECG was during the 
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labor, but that was in an invasive way. They had never used or heard anyone used ECG 

during the pregnancy, hence the interviewer had to explain how it worked. After the 

explanation, some expressed that they needed to know more how ECG could work and 

educate themselves, as a consequence they did not have any opinion for the moment. And 

others were interested on trying if it could add value to the process, and the fact that it was 

a non-ultrasound device, was very much appreciated. 

“It seems interesting … it's good to avoid ultrasound” (Participant 8 – 

doctors/midwives) 

5.1.4 The characteristics for the prototype 

The fourth category describes the participants’ opinions on what type of information or vitals 

should be monitored, be it the mother’s or the baby’s vitals, if the parents were fine with 

sharing such information with their doctor/midwife and how this information should be 

displayed to mothers and doctors/midwives. In addition, they argued if this type of device 

could add any value to the process. 

If possible, all information 

Approximately every participant suggested monitoring the position and the heartbeat of 

fetus. Mothers were more focused on the baby’s growth, the whereabouts of the umbilical 

cord and actually seeing the organs are forming as it should; whereas the doctors and 

midwives were more interested on the wellbeing of both the mother and the baby. They 

proposed to monitor such information as: blood pressure, blood sugar and some other 

metabolic diseases that need to be checked 2 to 3 times per week, fetal movements, uterine 

contractions and to check if it is a single or twin (or more) pregnancy. There were some who 

had not thought about such thing before, hence suggested measuring everything, if that was 

possible.  

Furthermore, doctors and midwives recommended that parents should have a simple design 

for the mobile application, considering that not every mother could understand an ECG. The 

same recommendation came from the mothers’ side as well, but they were more specific by 

naming some options such as:  
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• a graph showing the values for a normal pregnancy and the values that the mother 

was measuring 

• something that could be described in levels or colors 

• or something that was with levels or colors but had the option to be more informative 

than that 

“… easy measurement like the happy face, sad face … and if you want to see more 

closely what the happy face means and what were the criteria or measurements 

that made it happy or sad face” (Participant 8 - mother) 

Everything that helps doctors help the parents, is great 

This subcategory was named after one comment of one of the participants when asked how 

he/she would feel if it was possible to share the measurements remotely between the mothers 

and the doctors/midwives, and every participant had the same feeling but expressed in 

different words. Everyone, but in particular midwives, were very much in its favor, knowing 

that this way a person with medical experience was going to check the measurements and 

say if the pregnancy was going fine or not.  

“I would like to remotely check the information and also have a notification/ 

warning when something is wrong.” (Participant 5 – doctors/midwives) 

However, one participant saw it as being more focused on the fetus, and ignoring the 

mother’s health.  
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6  DISCUSSION 

This study aimed to explore the opportunity to commercialize a non-invasive device that 

could monitor the fetal health at home and to understand if there was a need for such device 

in Sweden by surveying mothers, doctors and midwives.  

6.1 Designing the prototype 

The first problem was solved by going through the theory on how to actually design and 

build the prototype. At first all technologies, be it invasive or non-invasive, were seen as an 

option. Considering that an invasive solution would bring many ethical dilemmas, we chose 

a non-invasive solution, which would be as much accurate as an invasive one. ECG sensors 

were selected due to other alternatives being either not very accurate, relatively harmful for 

the baby [44] [45], expensive or not comfortable for the everyday life. Open source 

algorithms from the Computer in Cardiology conference in 2013, were tested for the 

extraction of the fetal ECG from the mother ECG using open datasets available in PhysioNet 

website. Although a lot of progress has been done in this domain, a lot more needs to be 

done. Most of these algorithms are at the same stage and do not move forward. The same 

goes about the devices and prototypes that already use ECG. One is still in the research stage, 

since 2011, and the other one is progressing but very slow.  

6.2 The survey  

The second part of this thesis was focused on understanding the views of mothers, doctors 

and midwives on the possibility to use fetal health monitoring at home. The interviews were 

broad, so we could get a better picture of the current situation in Sweden.  

The main theme “ECG based fetal monitoring as a way of bringing value or not to the current 

pregnancy protocol in Sweden” depicts the overall finding from this study. The participants 

viewed the fetal health monitoring at home as a very good way to follow up risky 

pregnancies, mothers with miscarriage history in their late pregnancies and for mothers who 

lived far from the healthcare centers and clinics. And on the other side, as it could bring more 

anxiety and increase the number of checkups due to not appropriately wear the wearable or 

giving the full attention to the baby and ignoring the mother.  
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The advancements in technology and its widespread use has however, also brought new 

challenges for the professionals. Nowadays, more care is moving from the hospital to home 

because of wanting to improve care quality and reduce costs. The most challenging issues 

described by participants in this study, were the issues doctors and midwives raised 

concerning: 

1. The use of the fetal monitoring devices as a medical measure for the benefit of fetal 

health when it was necessary 

2. The possible risks to pregnant women on not being educated to comprehend the 

results, especially when receiving any “bad news” while wearing the “smart belt”. 

What is different with ECG? 

All the doctors and midwives used Doppler ultrasound, ultrasound and CTG on regular bases 

during pregnancy. Especially midwives who used the Doppler ultrasound on every checkup. 

However, they said they do not recommend mothers to buy and use such device. There are 

studies showing that ultrasound, and specifically Doppler ultrasound, can harm the fetus. 

Yet, you find them in every health clinic. When a “new” way of monitoring the heartbeat 

was introduced to them, they were not very open to it, but after the explanation of how this 

new ECG based device would work, we got the attention of some participants. These 

participants were mostly doctors, who use the ultrasound only when needed. The midwives 

who use it on every checkup, on the other hand, hesitated. The reason why the midwives are 

not as open as doctors is maybe because they are not as happy as they say about new 

technology, or they still might be for to it, but using new devices may feel like extra work 

and training. This trend was not only for the ECG. Most of the midwives still use the Pinard, 

an old wooden stethoscope to “listen” to the FHR. If it wasn’t for parents wanting to “listen” 

to their baby’s HR themselves as well, they wouldn’t use Doppler ultrasound either. 

Home monitoring 

When participants were asked about what they thought of home monitoring, mothers and 

doctors were mostly excited about it, midwives not that much. The reason may be the same 

as discussed above. It was interesting to hear the answers of the participants when asked 

about the measurements they would have wanted to monitor. At the beginning the answers 
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were: “I don’t know”, “I have never thought of it before”, “I need some time to think”. It felt 

they were not prepared for such question, when they clearly answered the previous questions 

related to what is their main procedure or test during these pregnancy checkups. So it needed 

a push or a clarification. Almost all of the medical participants worried about the mothers 

not being able to understand the information being given to them. But how about the Doppler 

ultrasound or any other device that normal non-medical people use nowadays? We have 

home monitoring systems for elderly people with different conditions, but the fact that they 

don’t understand it at first never stopped anyone from using them. The same applies to this 

ECG based fetal monitoring device, which however will connect the mothers and 

doctors/midwives via remote monitoring, so it will not be entirely monitored by mothers, 

but also by medically trained people. This feature, doctors being able to remotely monitor 

the baby, was very much appreciated by both groups. It was seen as important when 

following risk pregnancies and for mothers who lived far from the healthcare clinic or 

hospital.  
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7 CONCLUSIONS AND FUTURE WORK 

The use of ECG in fetal health monitoring will bring new research questions focused on fetal 

arrhythmias and CHD in general, prolongations in the fetal RR and QT intervals, and 

morphologic waveform evaluations. These waveform evaluations are generally inaccessible 

to researchers today due to lack of data. In the near future these questions will be addressed 

and answered, and the results will be incorporated into clinical algorithms that will improve 

the safety of obstetrics. 

Medical professionals, like it or not, are using technology on diagnosing, monitoring and 

treating patients on their everyday work routine, and technology is playing a significant role 

on managing the patients in general. The continuing advances in the potential of fetal 

monitoring at home to impact on pregnancy management will also increase the need for 

appropriate information and counselling. Together with parents, doctors and midwives 

therefore need to develop new ways of making the pregnancy duration and the health of the 

mother and the baby as safe as possible. Although there are some similar products in the 

market already, there is still a need for further discussions regarding the use of such devices.  

Parents on the other hand, trust the technology and they welcome it in any aspect of their 

life, especially if they could get closer to their unborn child. They want more checkups, and 

this wearable offers them what they want, and at the same time helps them feel safe knowing 

that the doctor is remotely checking them, and not relying only on their knowledge on any 

fetal health monitoring device.  

Alongside the medical aspects, sustainability is the other main concern of the thesis, as it has 

an impact on all three pillars of the sustainability, the people, the planet and the profit. By 

using this device every party involved wins. Parents feel more comfortable and secure while 

staying home and still receiving constant care. They reduce cost on travelling to hospital, 

and by doing so they also emit less CO2 and other greenhouse gasses that are harmful for the 

environment. Doctors and midwives still monitor the patients anywhere they are remotely, 

and most importantly they can follow up and have more time with the patients with risky 

pregnancies. Hospitals can reduce their expenses on hospital beds and still being able to take 

care of patients remotely.  
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Finally, in the near future, the author of this thesis intends to build the prototype and start a 

company, which will be based in Sweden. The prototype will be based on the findings of 

this thesis, in addition to taking a deeper look into the market and going further with the 

algorithms. The prototype will not be based only on the survey results, but it will be a 

combination of the results and the author’s views. 
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APPENDIX 1. Installing WFDB toolbox for MATLAB 

The WFDB Toolbox for MATLAB contains and uses its own copies of the compiled WFDB 

library and many of the WFDB applications, meaning that separate shared libraries and 

executable applications are components of the toolbox for each supported platform. The 

prerequisites to install this package include 64-bit operating system (MS-Windows, Mac OS 

X 10.9, or GNU/Linux) and MATLAB R2014a or later, with a working Java Virtual 

Machine (JVM) that supports Java 1.7 or later. In our case, we worked on 64-bit Windows 

7 computer and used MATLAB R2015a.  

To install or update a previous installation of this Toolbox:  

1. Open MATLAB  

2. You can create a new directory or go into the directory where you wish to install the 

Toolbox:  

 

3. Type (or copy and paste) the following commands into the MATLAB window: 

 

To test the toolbox, simply type in the window: 

 

Which reads sample of ECG signal from MIT-BIH Arrhythmia Database and plots 

annotations (human labels) of QRS complexes performend on the signals in 2D and 3D. The 

graphs are shown bellow 

       

(continues) 



 

 
 
 

APPENDIX 1. Installing WFDB toolbox for MATLAB (continues) 

   

Figure 19. The 2D and 3D plot of a sample ECG signal from the MIT-BIH Arrhythmia database 

To find more information type wfdb or help physionetdb, where some simple exercises are 

also shown. 



 

 
 
 

APPENDIX 2. The interview questions 

Doctors/Midwives: 

1. Gender: 

2. Age (range): 

3. What is your field of expertise, job role? 

4. How many years have you been working on this field? 

5. What do you see as your responsibility towards the pregnant women? (What is your 

role on the duration of the pregnancy?) 

6. I checked with the hospital here in Skellefteå, and in a normal pregnancy there are 

10 check-ups and one ultrasound (on week 18) during this period.  Is this a national 

protocol, or only applies to Skellefteå hospital?  

7. What do you think about this protocol (what’s good and what’s bad about it)? (Why 

is only one ultrasound? Do you think one is enough?) 

8. What is the most common test/procedure you do during the pregnancy period? 

9. How important do you think is monitoring the foetus during the pregnancy? 

10. How you feel about new technology, in general in medicine?  

11. What do you think of technology being used in your field? (does it help, or is better 

to continue with the old fashioned technology)  

12. What do you think parents feel about using technology? 

13. Has any mother/parent express any feelings on using technology during the 

pregnancy? 

14. What do you think about ECG? 

15. Have you ever think of using ECG parallel to ultrasound? 

16. Have you heard any doctor/ midwife use ECG parallel to ultrasound?  (continues) 



 

 
 
 

APPENDIX 2. The interview questions (continues) 

17. What do you think about ECG being used in foetal monitoring?  

18. How do you know the baby is healthy through ultrasound? 

19. What do you think about home monitoring? 

20. What kind of information you think should be monitored from home? 

21. How should this information be provided to parents? 

22. How would you feel if you could remotely be able to check this information? 

23. Do you think home monitoring can bring any value to the process? 

24. Are the mothers open to share any information with you regarding the pregnancy?  

Mothers group: 

1. Age (range): 

2. What’s your profession? 

3. On which week of the pregnancy are you? 

4. Do you have any other children?  

5. How many check-ups have you done during the period of pregnancy? 

6. What do you think about check-ups you have done so far? (or you did) 

7. How do you feel about the current process/system?  

8. How did the doctor consider your pregnancy? (Was/is it a normal one?) 

9. Have you experience any certain fears about the health status of your baby in between 

check-ups? 

10. Did you ask for any help? Where did you go for support?  

11. Who is helping you during the pregnancy?  (continues) 

   



 

 
 
 

APPENDIX 2. The interview questions (continues) 

12. Are you satisfied with the help support you have right now (or had) during the 

pregnancy)?    

13. How do you feel about new technology? 

14. What do you think about technology being used during pregnancy? 

15. How do/did you feel between check-ups? 

16. Have you heard about home monitoring (ex. Doppler ultrasound)? What do you think 

about it? To what extend would you use it? 

17. How do you feel about monitoring your baby yourself at home in between the 

doctor’s appointments? 

18. What type of information would you like to measure/check? 

19. Would you be comfortable sharing this information with your doctor? 

20. How would you want to see this information? 

21. Is the current process enough for you? Would you like to know more about the 

wellbeing of the baby? 
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