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Abstract 
 
Growing populations and especially the growing proportion of elderly in the developing 
countries in South Asia pose an increasingly higher pressure on the health care systems in these 
countries. For example, in Bangladesh, a part of the pressure is currently eased by the unofficial 
health care workers called village doctors but with the cost of wrong diagnoses and unnecessary 
medications leading to excess use of e.g. antibiotics. In order to help to produce a correct 
diagnosis and in planning the follow-up or preventive measures to improve the general health 
of the population, medical technology could be brought to the village doctors. Even though 
medical equipments are already been imported from developed countries to developing 
countries it has not notably improved the situation. This project has been conducted to unravel 
factors that affect bringing new medical technology to low resource settings, and to find out 
the specific needs that countries with large rural populations but low income status have with 
medical technology. 
 
The purpose of this study is to investigate what demands should be placed on basic monitoring 
medical devices to ensure highly accurate and reliable readings, similar to those in Europe, but 
also an affordable product that meets the specific needs of rural health care in low income 
countries such as Bangladesh. This study also aims to find out what is the current need in the 
rural areas of Bangladesh. The goal on the long run is to contribute to the development of safe 
and efficient medical devices that would increase the accessibility and quality of healthcare 
especially for the people living in the rural areas.  
 
The research questions were approached by first defining the current situation and the currently 
known barriers in bringing two cost efficient medical devices for monitoring purposes to the 
Bangladeshi-market, and to define which requirements they should fulfil for the needs of the 
public health care. Secondly, European legislation was examined to research how the goal 
could be reached in practice. The methodology chosen for this project is qualitative 
methodology based on literature research and standard open-ended interviews. In addition, 
sensor-development work was done at KTH to study the properties of the sensors and the 
electric circuits. 
 
The results of this project show that, currently, medical technology is not used in large parts in 
South Asia such as in the rural areas of Bangladesh, but that there is a need and potential market 
for new devices that has not been researched before. Medical companies are aware of this, but 
the technology has not been developed yet to meet the local conditions. The results of this 
report suggest the following areas to be researched when developing new medical technology 
for rural areas in Bangladesh: technical requirements from an internationally acknowledged 
regulation (e.g. the EU regulation 2017/745 and ISO standards), reusability, robustness, user 
friendliness, post market surveillance, monitoring of performance and maintenance work.  
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Sammanfattning 

 
Världens växande befolkning och speciellt den ökande andelen äldre i utvecklingsländerna 
utgör ett allt större tryck på hälsovårdssystemen i dessa länder. Till exempel i Bangladesh tas 
en del av trycket hand om av de inofficiella vårdpersonal, så kallade by-läkare. Eftersom en 
by-läkare oftast inte är utbildad inom medicin blir felaktiga diagnoser och onödiga läkemedel 
allt vanligare. Detta kan i sin tur leda till överdriven användning av till exempel antibiotika. 
För att bidra till mer effektiva och pålitliga diagnoser samt att underlätta planeringen av 
uppföljning eller förebyggande åtgärder för att förbättra allmänhälsan skulle medicinsk teknik 
kunna användas mer av by-läkarna. Trots att medicinsk utrustning redan har importerats från 
västländer till utvecklingsländer har det inte förbättrat situationen avsevärt. Det här 
examensarbetet har genomförts för att hitta olika faktorer som påverkar hur medicinsk teknik 
kan implementeras i låga resursinställningar samt för att ta reda på de specifika behov som 
länder med stora populationer men låg inkomst har med att använda medicinsk teknik. 
 
Syftet med denna studie är att undersöka vilka krav bör ställas på grundläggande övervaknings 
medicintekniska produkter som används i rurala omständigheter för att säkerställa pålitliga och 
säkra resultat som i Europa. Samtidigt borde detta produkt uppfylla även de specifika behoven 
hos landsbygdshälsovården i låginkomstländer som Bangladesh. På lång sikt är målet att bidra 
till utvecklingen av medicinsk utrustning av hög kvalitet som skulle öka tillgängligheten och 
kvaliteten på vården särskilt för de som bor i landsbygden i låginkomstländer. 
 
Först definierades de viktigaste hindren för två kostnadseffektiva medicintekniska produkter 
som skulle användas i övervakningssyfte att komma till den bangladeshiska marknaden. De 
krav som produkterna borde uppfylla för att möta folkhälsovårdens behov definierades. EU-
lagstiftningen analyserades och hur målet skulle kunna nås i praktiken undersöktes. Metoden 
som valdes för detta projekt är kvalitativ metodik. Därmed är resultaten baserad på 
litteraturforskning och öppna intervjuer. Även sensorutvecklingsarbete utfördes vid KTH för 
att studera egenskaperna hos sensorerna och el-kretsarna. 
 
Resultaten som hittades i detta projekt visar att ny medicinsk teknik används inte tillräckligt i 
stora områden i Södra Asien som till exempel i Bangladesh. Det finns en potentiell marknad 
men detta har inte undersökts tidigare. Resultaten antyder att de följande områdena som borde 
undersökas när nytt medicinsk teknologi utvecklas till denna marknaden är: tekniska krav från 
en internationellt erkänd lagstiftning (till exempel EU:s medicinsktekniska direktivet 2017/745 
samt ISO standarder), återanvändbarhet, robusthet, användarvänlighet, reglerad ”post-market” 
-uppföljning, samt underhållsarbete. 
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1. Introduction 
 
Developing countries in South Asia have densely populated rural areas which pose large 
pressure on the country’s health care system. Bangladesh is one of the most densely populated 
countries in the world, which leads to high requirements and needs for the rural health care. 
Rural areas face issues specifically with availability and reachability to the health care facilities 
since the facilities are often situated far compared to the villager’s location. In addition, there 
is not enough qualified personnel available. Currently the so-called village doctors, unqualified 
health care workers, are mainly responsible for the provided health care in rural areas of 
Bangladesh. [6] 
 
Malkin et al. and Perry et al. describe some barriers and difficulties when trying to bring high 
quality medical technology to low resource settings. Donating machines without service 
contract, the low availability of spare parts and lack of engineers specialised in the specific 
technology are often some of the main underlying reasons why it is difficult to implement new 
technology in the already existing system [19-20]. Other conditions and factors to take into 
account when developing sensitive medical devices to rural areas are the often rough local 
conditions, large population and population density, aging population, lack of professional 
healthcare staff and relatively high costs of health care services for the rural people [6,4,5,12]. 
Also, a paper by Cordero lists some problems concerning the development of medical devices 
for low income countries such as knowing the customer’s needs, cultural acceptance and after 
sales support [22].  This report is written in order to address the need for the electrocardiogram 
(ECG) and blood flow measuring devices. 
 
Especially the health care of the elderly, here defined as people of age 60 and older, would 
benefit from having monitoring devices in the rural areas. The proportion of the elderly of the 
world population, and Bangladeshi population, is increasing and thus presents a constantly 
growing need. The elderly account for six percent of the total population of Bangladesh but 
have currently very limited access to health care facilities [7][13]. By developing affordable 
high-quality devices to low resource surroundings where even basic medical devices are not 
available could contribute to the equalisation of the existing system. In order to help healthcare 
staff in the rural areas with the determination of the health status of especially the aging 
population to prevent illnesses, it is important to have access to basic medical instruments 
measuring different health indicators. In this project, two monitoring devices are intended to 
measure parameters of the function of the heart, the ECG and blood flow. These signals will 
be recorded and displayed in a digital form so that it can be easily and safely transported to 
even distant qualified health care professionals. The devices are aimed specifically at 
addressing the current challenges medical technology meets when being brought to low-
resource settings. 
 
The purpose of this thesis project is to contribute to the overall development of safe and reliable 
medical devices to be used in low resource settings and demanding environments. This report 
presents information about the current situation in Bangladesh as an example and specifies 
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some of the needs and requirements for medical devices to be used there. This information is 
then applied to the two medical monitoring devices being currently developed at KTH. The 
aim is to provide examples of how medical devices could be developed from the very beginning 
to being cost efficient but safe and reliable mobile phone connected medical devices that can 
be manufactured by any instance with the adequate know-how. Requirements that were set 
beforehand to these devices are that they will be basic monitoring devices of high quality (safe 
and reliable) but at the same time affordable and manufacturable in the country of intended 
use. Also, a short study of which standards should be implemented to achieve a high-quality 
device to meet these needs is made in the end of this report to lay grounds for the next step of 
the development of the products. 
 
The main research question handled in this thesis is which legal requirements and standards 
apply when developing and designing cost efficient but safe and reliable medical devices for 
use in rural areas in developing countries. The second research question is which requirements 
the conditions and current needs set to the usage and performance of the monitoring 
devices. Literature review about the current situation in South Asia and specifically Bangladesh 
was performed and is presented in the following section. Interviews were then designed from 
this basis to gather more specific and practical information from both the user’s perspective 
and a company’s perspective about the difficulties when bringing medical devices to 
demanding surroundings. The interviews combined with literature research provided 
information about multiple aspects to take care of while both developing a medical device but 
also after releasing it on the market. With the help of updated information, the current situation 
could be improved with better access to medical technology that has been developed with the 
users need and interest in mind.    
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2. Background 
 
The population of the world is increasing and aging, creating new demands for the health care 
systems around the world. New, efficient and technology-based solutions are being developed 
to meet the requirements in order to continue providing healthcare of good quality for everyone. 
Inequality, costs and accessibility are some of the factors that can be addressed by developing 
high quality but cost-efficient medical devices. By high quality devices in this report is meant 
safe, accurate and reliable devices that fulfil relevant safety aspects listed in the European 
legislation. To gain better understanding how the society and health care system currently 
works and how new solutions could be best integrated in the already existing systems, a short 
general introduction to Bangladesh is presented. 

 

2.1 Current situation in Bangladesh 
Bangladesh is one of the densest populated countries in the world with currently a population 
of over 167 million people living on an area of roughly 140 000 km2 [1,2]. Approximately 
37% of the population live in urban areas [1]. Bangladesh is a Muslim country with 90% of the 
population being Muslims, and Hinduism being the second largest with 9% of the population. 
Bangla is the national language and it is understood by everyone. Due to the large population 
and population density the country has a large need for health care workers to run the healthcare 
system especially in the rural areas [2]. Though locating close by geographically and sharing 
similar climates, Bangladesh is a relatively homogenous country compared to India for 
example. Most of the Bangladeshi population follows the same religion and speaks the same 
language, for instance. However, some issues in India’s rural areas may be found similar to the 
ones found in Bangladesh: long distances, climate and working conditions [3]. 
 

2.1.1 Health care in rural areas 
In rural areas in developing countries factors affecting the health of the population are many. 
Often poor hygienic facilities lead to that skin diseases, acute respiratory infections and 
diarrheal diseases are the main leading diseases in the rural areas of Bangladesh. According to 
the national health survey these diseases are strongly linked to clean drinking water, poor 
hygiene and sanitation facilities [2]. In addition to this, developing countries along with 
developed countries are facing new demands from the aging of the population. In many 
countries all over the world their population is aging, meaning that the proportion of elderly is 
increasing with respect to other age-groups mainly due to decreased birth rate. In Bangladesh, 
there has been listed several causes for this. Firstly, life expectancy has increased so that 
currently it is 72 years for women whereas for men it is 69 years. Nowadays, the elderly 
population build up 6% of the Bangladeshi population. Also, birth rate has been recorded to be 
decreasing in Bangladesh, possibly due to the political actions that have been made to promote 
family planning, which is now one of the top priority political questions in Bangladesh. [2] 
 

2.1.2 Issues with the current health care system 
An issue that the healthcare system is facing especially in developing countries are the demands 
from an increasing population and large number of patients per day. To meet the high pressure 
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many educated doctors would be needed. Because the need is large new solutions must be 
adapted to improve the existing situation. Currently it is mainly the so called “village doctors”, 
informal health care providers without enough education, who take care of especially the health 
care services in the rural areas of Bangladesh. In this way, it is possible to provide a possibility 
for the patients to meet someone to get help for their illnesses. The weakness of this system is 
that these village doctors are not qualified doctors, which leads to that the quality of the 
consultation provided is not of certain standard and may vary from village to village. In a 
survey done by Bhuiya et al. in 2009, when the population was approximately 153 million 
people, it was found that only 4% of the village doctors had gone through a government 
accredited training, and that 82% of them sell medicines as well gaining thus financial benefits 
[4][5].The amount of village doctors has increased since 2009, and currently they are the most 
affordable option for the rural population to get access to health care services. [4] 
 
The rural people often choose to visit the village doctors instead of educated doctor or hospital 
care. Village doctors appeared to be popular within all the classes with different socio-
economic status, according to a study by Mahmood et al. [6]. Approximately 65% consulted a 
village doctor at some point and for 46% the village doctor was the only source of help for the 
patient. 38% of the patients chose their health care provider due to their proximity to the patient. 
Also, the demand for health care providers is huge in the rural areas so the amount of needed 
educated physicians is unrealistic to achieve soon. An example of this is that there are estimated 
of 75 000 health care seekers per day in Chakaria, where there are 39 qualified doctors. [6] 
Therefore, by helping the village doctors to increase the level of quality of the health care that 
they provide for the villagers could be a way to increase the quality of healthcare in Bangladesh. 
 
One of the greatest issues with the health care provided by the village doctors is the lack of 
quality of provided information and health care. According to Rasu et al. only 10% of the 
prescribed medicines by a village doctor are appropriate. 90% of the prescriptions are either 
inappropriate, such as antibiotics prescribed for a common cold, both inappropriate and 
appropriate, or harmful (e.g. steroids). The group also found out that possibly due to cultural 
reasons the doctors face a pressure to prescribe at least one medicine during a visit, which may 
lead to polypharmacy and even harmful medication. [5] 
 
Even though the village doctors are one of the most economical way to get in contact with 
medical health care, it is often not enough. One of the main issues of the healthcare system in 
Bangladesh is the high cost it produces for the people when more advanced help is needed than 
consultation and medicines given by the village doctor. In general, health care expenditures 
create financial issues for the relatively poor rural population since 40% of the patients could 
not afford to pay a health care provider to get consultation. [6] Another research done by 
Rahman et al. found out that families face catastrophic expenditures if they need to use the 
health care system or need to be hospitalised and argue that new measures should be taken to 
equalise the system. Since the prevention and taking care of chronic diseases was one of the 
burdens that lay heaviest on the households, their management and correct diagnosis is crucial 
to decrease the burden. [7] Because a trip to a hospital might ruin a family financially, emphasis 
should be laid on correct diagnosis in the rural areas. This could be done by developing eHealth 
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systems so that in order to get qualified consultation the family would not need to travel far. 
Also, if proper medical consultation and help is provided in the early stages of the illness 
leading to proper treatment from the beginning, the number of trips to hospital may decrease 
in overall during a patient’s lifetime. 
 
Time is also a crucial factor in seeking health care and in affecting the financial burden to the 
families since illnesses and disabilities tend to only get worse with time without proper care. 
Because using the health care is so expensive, the decision when to seek help may be delayed 
[7]. A study by Herdman et al. found out that poorness, indicator calculated through different 
parameters such as household assets, electricity, floor material, sanitation etc., affects the time 
in which the patient seeks for help from health care systems. Families classified as poor were 
also less likely to consult a qualified doctor. The total pre-hospital expenditure took a large part 
of a poor household’s income, which could be a cause for delay in decision making and thus 
the worsening of the disease. [8] In addition, correct characterization of the disease often is 
difficult due to lack of diagnostics [9]. Good quality but cost efficient medical devices would 
help the village doctors to make a more reliable diagnosis based on physiological data and 
would help them to give more accurate advice to the patient, such as when it is necessary to go 
to a hospital. Therefore, the electrocardiogram (ECG) and blood flow are crucial parameters 
that need to be followed and these devices would help increase the quality of provided health 
care especially in the rural areas of Bangladesh. 
 
A survey done by Chaudhury et al. found out how the staff experience their working conditions 
and how it affects the health care system. Working conditions seem to influence how often the 
health care staff come to their working places and do their work. [10] This also affects the 
female workers in especially the rural areas. Main reasons for females not working in the rural 
areas was dirtier conditions and it was not regarded as a safe environment for females. [11] 
Since the number of female students in medical schools is increasing it is interesting to see how 
the working conditions could be improved so that even female doctors could work effectively 
in rural areas. On the other hand, many of them do not continue in working life due to marriage 
and the difficulty to combine family life and pursuing a career [11]. This phenomenon 
combined with the increased number of female students and bad working conditions may have 
a partial effect on the lack of educated health care staff especially in the rural areas. Income 
does not seem to have as great as an affect on the staff being onsite than the working conditions. 
These findings could indicate that possible solutions to the problem of absent health workers 
should be considered, such as improved working conditions and equipment, and increased 
safety [10]. 
 

2.1.3 Aging population 
Population aging is a phenomenon that is happening worldwide. In Asia the number of elderly 
people is expected to increase in the following 15 years by 66%. In addition, in Bangladesh in 
areas such as Chittagong and Sylhet divisions fertility is declining [3]. Therefore, the 
proportion of the elderly in Bangladesh is increasing with less young workforce or families to 
take care of them. Costs of the health care for the elderly is mainly financed through OOP-
payments (Out of Pocket Payments) due to lack of public pension systems [12]. The global life 



 

6 
 

expectancy is growing so that nowadays it is realistic to assume a young person to live up to 
the age of 80 in many countries, excluding Africa. Due to the rapid increase of aged people 
technology-based solutions are promoted by WHO [12]. For future policy developing it is 
important to monitor in how good condition the elderly is in terms of disability, since lack of 
health affects the needs of the aged group. 
 
The current health care system in Bangladesh faces many issues arising from costs, population 
density, poor hygiene, not enough health care workers meeting an increasing aging population, 
all leading to many patients per day at a healthcare facility. The aging of the population is taken 
into closer consideration since it is a global issue. In addition, technologies functioning in 
developing countries could maybe be later implemented to developed countries also. The 
reasons why elderly care in Bangladesh is considered instead of taking both developed and 
developing countries into the scope of this report are based on the large need and inequality 
currently present in the area. 
 
In Bangladesh, care for the elderly is traditionally provided by the family, and formal care 
services are still not often used especially in the rural areas. The elderly are dependent on their 
family in several ways. Family has an impact on most part of its members lives starting from 
self-esteem to financial situation and social aspects. In a study made in India older women 
often reported to have a lower level of literacy, economic independence and property 
ownership than men. [13] Since there is no official pension system, the elderly relies heavily 
economically on their family, and later even physically when they are not able to perform 
certain tasks anymore, such as dressing, taking a bath or going to the toilet. [14,12] Decline in 
the physical condition, such as weakened function of the heart, decreased blood flow in 
peripheral areas of the body can be measured and then used to help to determine the general 
health of the patient. Also, the information could help to advice the patient in how to change 
living style to decrease its negative effects on aging. Environmental factors have been found to 
have great influence on the process of aging and developing risk for diseases. [15] 
 
The health of the elderly is affected by how often they have access to a healthcare facility. Roy 
et al. conducted a research about the factors that are linked to the usage of healthcare facilities. 
For example, they found out that women report worse self-rated health but less usage of the 
health care facilities. They also noted that older women have less access to needed care. 
According Roy et al. this can be explained with differences in socioeconomic status between 
the genders. If the socioeconomic status is empowered, then it is likely that the health status is 
also better among the elderly. [13] Therefore, because health and possibility to use health 
services seem to be connected strongly to the patient’s financial situation, cost-efficient devices 
detecting ECG and blood flow could help to bring more equality to the system and even 
decrease the threshold for patients with low financial situation to seek for care. [13,7] 
 
When a family member needs hospital care, often the whole family travels with to take care of 
the patient. Government hospitals are less expensive than private hospitals, but people’s 
choices are led by lack of trust, long queues or issues with accommodation are some of the 
reasons why not everyone can use the governmental hospitals. The OOP expenditures consist 
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of transport, accommodation, food, and fees from the health care such as medications and 
surgeon fee. Surgeons and anaesthetists are paid by the government in public hospitals, but in 
private hospitals the patient and their family need to cover the cost, which increases the OOP. 
Only one attendant can stay at the hospital with the patient, others must book a hotel which 
increases the expenditures even more [16,17]. 
 

2.2 Introduction to heart function monitoring devices 
The devices being developed in this project are medical devices intended for monitoring the 
function of the heart. The function can be measured directly by measuring the electrical activity 
of the heart, or indirectly through measuring the blood flow. Changes in the ECG, heartbeat 
and blood flow are all indications of possible pathological changes in the function of the heart 
and are therefore important parameters to be monitored. Cardiovascular diseases (CVDs) are 
according to WHO the leading cause of death globally as 31% of the total deaths around the 
world were caused by CVDs. CVDs are a problem especially in low-income countries since 
the detection happens in a relatively late phase leading to patients dying younger. [18] 
 
In this project, two medical devices under development was chosen as case studies to research 
what aspects should be considered when monitoring devise are being developed to rural areas 
in low-income countries. The ECG is measured by the first device through three electrodes 
placed on the skin of the patient. Peripheral blood flow is measured by the other device by 
sensing the reflection of photons with an opto-sensor. The performance of these devices relies 
on the sensor characteristics and how the signal is processed. In order to make the devices as 
robust and simple to manufacture as possible, the signal is cleaned from noise and amplified 
by designing the electric circuit in a suitable way (see images 1 and 2).  
 
The signals measured by the devices are classified as bio-signals since the property being 
measured origins from the human body. Specific characteristics for bio-signals are that they 
usually include noise, need amplifying and are unstable due to the measuring environment. 
Often to ensure good quality signal the patient must be as still as possible, and the sensors 
require good contact with the patient in order to minimise noise and artefacts. Bio-sensor 
characteristics are sensitivity, range, precision, accuracy, resolution, offset value, hysteresis, 
response time, reliability and reproducibility. These factors can be used to measure the quality 
and robustness of the devices. The instrumentation amplifiers used in this project to amplify 
the bio-signal are of type INA128. 
 
All measurements of bio-signals are approximate values due to limitations of the sensor, 
measuring environment, process of measurement and human error. Therefore, calibration is 
necessary to detect the errors in a sensor and to be able to gain correct enough measurements. 
The sources of error can be divided into two classes, systematic and random errors. Systematic 
errors are usually caused by e.g. faulty practices or insufficient accuracy. These can be fixed 
by measurements and tests. The effect of random errors can be minimised by repetition and 
removing the values that are out of a set limit. 
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The first device measures blood flow (see Image 1 and Table 1). It is built based on an opto-
sensor that uses a diode to send photons to the tissue and another diode to sense the incoming 
reflected photons from the tissue. The patient’s finger is placed directly on top of the sensor 
and needs to be kept still and in tight contact with the sensor in order to gain reliable signal. 
The incoming photons produce a current in the sensing diode which is the bio-signal that is 
analysed further to gain information about the blood flow. Depending on the blood flow, 
different number of photons will be reflected to the sensor. This is measured as changes in the 
signal amplitude. The signal is periodic and for example the pulse of the patient can be counted 
from the peaks of the signal. 
 
An opto-sensor needs a large current to have enough energy to send the photons through the 
epithelial layers of skin. Therefore, a voltage of 10V is divided over two resistors to reduce 
heating effect but giving a large enough current for the opto-sensor. Reflected signal comes 
from all the cells on the way to the blood cells as well as blood cells themselves which leads to 
a noisy signal. Change of blood cells happen periodically which are shown as periodic changes 
in the amplitude of the signal. Two amplifiers of type INA128 were used to acquire a clear 
periodic signal. The signal is first passed through a high pass filter to filter away high frequency 
noise, then it is amplified. To extract the periodicity from the signal, a low pass filter is applied, 
and then the signal is amplified again. 
       

        Table 1. Values for the components of the opto-sensor. 
Component Value 

R1 3,3 kΩ 

R2 1 kΩ 

R3 470 Ω 

R4 1 kΩ 

R5 9 kΩ 

R6 3,3 kΩ 

R7 3,3 kΩ 

R8 470 Ω 

R9 470 Ω 

C1 2 µF 

C2 2 µF 

C3 2 µF 

 
Image 1. The electric diagram for the blood flow measuring device. In the design should be noted especially that the 
resistors R8 and R9 should be far from the opto-sensor since they will heat up during the usage of the device. 
 

 
The second device is a device measuring the electrocardiogram of the heart (see Image 2 and 
Table 2). It detects the changes of the impedance of skin through three electrodes placed on 
both wrists and left ankle of the patient. Pacemaker-cells in the sinoatrial node in the heart 
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produce an electrical current that causes the heart to contract and pump blood periodically. The 
human skin is a good electric conductor due to salts and moist present naturally on skin, which 
leads to that the change of electric potential in heart muscle can be detected by the electrodes 
on the skin. The electrodes detect changes in the impedance of the skin in certain positions in 
relation to the heart. The potential change in the heart can be calculated from this change of 
impedance. To improve the contact and ensure that there is no air in the gap between the sensor 
and the skin, a special gel is used. When the electrodes are placed in this configuration the 
characteristic ECG-curve is acquired. Information about the heartbeat and pulse can be gained 
with adequate accuracy when the signal is strong and clean enough from noise. 
 

   
 
 
 
                 Table 2. Values for the components of the ECG-device. 

Component Value 

R1 1 kΩ 

R2 1 MΩ 

R3 4 MΩ 

C1 1 µF 

C2 1120 µF 

 
 
 
 
 
 

Image 2. The electric diagram for the ECG measuring device.  

 
 

2.3 Current known issues while bringing medical technology into low income 
countries  

Bringing new medical devices to a new country requires several steps to be taken into 
consideration. In addition to the country’s own legislations, a report by Malkin lists out several 
possible issues affecting bringing new medical devices to the markets of developing countries. 
The paper concentrates mainly on hospital surroundings but lists out the main problems to be 
lack of spare parts, lack of consumables, trained staff and continuous availability of power. 
[19] Therefore, the monitoring devices in this project should be designed to be accustomed to 
the developing countries specific needs: avoid consumable parts, use the availability of labour 
for low cost and use battery or little power. Similarly, a study by Perry et al. found out aspects 
to be considered when designing new technology for developing countries. Reasons for 
medical equipment such as ECG monitors and anaesthesia equipment to be out of order were 
found to be caused by factors such as: infrastructure and resources (lack of disposables, spare 
parts), health technology management (not following preventive maintenance schedules, not 
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reporting problems) and training (not enough trained biomedical engineers) [20]. Also, a report 
by WHO found similar problematic areas [21]. 
 
Another issue mentioned in several papers is the problem concerning maintenance of medical 
devices. In Europe, medical systems such as X-ray machines, MR-imaging machines and 
monitoring systems are often delivered with a service contract to ensure good performance. In 
the case of developing countries to where medical devices are often donated, there is no 
accompanying service contract leaving the receiving hospital with the problem of how to 
maintain each donated machine correctly. Efficient maintenance would require educated 
biomedical engineers but also customer service provided by the manufacturers. Due to the lack 
of service from respective manufacturers the hospitals have a functioning machine only until 
something breaks, which leaves them also with a disposal problem [20-22]. When bringing 
new monitoring devices to developing countries, it would therefore be necessary to consider 
how the maintenance would be performed and who the intended user would be so that the 
devices can be used safely. 
 
Bangladesh has developed fast a health system to match the needs of a large population despite 
economic poverty [23]. On the other hand, the current health care system in Bangladesh relies 
greatly on the village doctors. The educated staff will not increase fast enough in number to 
fulfil the increasing demands of especially the elderly care. Therefore, it is important to 
research on how to increase the quality of provided health care by the village doctors through 
new solutions using available technology. Since 89% of the households own a mobile phone, 
and 53% of the population owns a mobile phone this suggests that solutions based on the use 
of mobile phones could be affordable and accessible to most even in the rural areas [2]. Because 
a mobile phone is already common even in the rural areas, it is likely that the village doctors 
are equipped with a mobile phone. Given the access to medical devices that function with a 
mobile phone they could achieve higher quality information about the patient with a relatively 
small cost. Thus, building a health system using the mobile phones as e.g. displays and a way 
to communicate with healthcare providers could be a solution to ease the pressure of the village 
doctors. 
 
The relatively high usage of mobile phones could be taken advantage of in the development of 
the two monitoring devices. The ECG measuring device and blood flow measuring device 
could be connected to eHealth and thus contribute to the development of this technology. 
However, a system which would rely in developing eHealth or other similar technology faces 
many challenges: limited access to the Internet, lack of continuous access to electricity and the 
expensiveness to provide these connections or know-how. E-Health based solutions can still 
improve the effectivity, timeliness, sustainability and equity of the health care system [24]. 
Another report by Vaidya et al. also concluded that tele-health care could decrease the financial 
burden which the healthcare system poses on the national economies of developing countries 
[25].  
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3. Methodology 
 
The purpose of this study is to investigate what demands need to be placed on basic monitoring 
medical devices to ensure a good quality signal but an affordable product that meets the needs 
of rural health care in low income surroundings, such as the rural areas in Bangladesh. The aim 
of this project is to define the main barriers in bringing two cost efficient medical devices for 
monitoring purposes to developing countries in the rural areas and to define which 
requirements they should fulfil for the needs of the public health care. Two monitoring devices, 
ECG and blood flow measuring devices, were chosen as examples to investigate the research 
questions because they were under development in the research group when this project was 
started. 
 
Qualitative research methodology was chosen to conduct this project to gain best understanding 
about underlying features affecting the development of new medical technology in new 
environments. Literature research, sensor development work and interviews were performed 
to gain a good understanding of both the devices and the needs in Bangladesh. Image 3 shows 
the overall structure of the project. 
 

 
Image 3. Diagram of the structure of the project. The research questions of the project would be answered based on the data 

acquired from scientific articles, EU-directives, Ubora e-platform, interviews and sensor development work. 

 
 

3.1 Literature research 
Literature research was performed to find studies about the current situation in Bangladesh and 
its health care sector. Peer reviewed articles not older than 20 years with focus on articles 
written within the past ten years, in English, were chosen. Older articles were not considered 
firstly because they were not found and secondly because medical technology is developing 
fast leading to that the current situation in Bangladesh and the development of said technology 
is best described by recent researches. Other criteria on which the articles were chosen by were 
based on according to the relevance of their findings to the topic of rural health care, health 
care of the elderly population in developing countries, the costs of healthcare and the 
accessibility of health care in developing countries.  
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Scientific articles were searched from Google scholar, PubMed, and through a search tool 
Primo, which is provided by KTH. When an interesting and relevant   article was found the 
date of publication and whether the paper is peer-reviewed was checked. Search words that 
were used were always related to Bangladesh and health care, and included words such as: 
medical devices, costs, low cost device, rural area, monitoring devices, village doctor, e-health. 
 
In order to find out which standards should apply to these devices when aiming to develop 
them into safe and high-quality devices a short study on standards was done. To use a guideline 
to ensure a good quality product the European regulation was chosen because it is an 
internationally recognised standard and used often in many countries without their own 
legislation for the purpose. The European legislation was summarised to create guidelines for 
the intended product. Designing the devices according to the European standards will also keep 
the possibility open to place the devices on the European market also if later deemed useful. 
The American system regulated by FDA is seen to be corresponding to the European system, 
but this project is limited to the analysis of only one system due to time restrictions. The 
European legislation was seen to represent equally good guidelines for developing a good 
quality device as the American, but since the devices are being developed currently in an EU 
member country the EU legislation was chosen.  
 
The Ubora-platform is a Euro-African open biomedical engineering e-platform that was used 
in this project specially to find guidelines for which ISO standards can be applied in the 
development of the blood flow and ECG measuring devices. Two projects, one for each device, 
were created. The platform enabled to achieve several opinions from professionals around the 
globe which contributed to the development of the devices as close to the actual needs as 
possible.   
 

3.2 Interviews 
Interviews consisted of three qualitative semi-structured interviews with different professionals 
in the health care sector having a connection with rural health care in a low-income country. 
The number of participants was limited to three professionals due to time restrictions. This 
method was considered to provide valuable information in an effective way when each 
interview could be analysed in depth rather than collecting many replies with surveys that 
would not have given the possibility to go any further in the analysis if a participant brought 
up an interesting topic. The interviews were done through Skype and phone due to scheduling 
challenges and long distances. Each interview lasted for approximately 30-45 minutes. 
 
These interviews were designed to be open-ended and only the main questions were discussed 
with a professor from KTH with experience from health care systems both in Bangladesh and 
Sweden in the field of electrical and medical device engineering in order to determine the main 
structure of the interviews. In this way the interviewees would contribute most to the results 
and the effect of the interviewer would be minimised. The aim of the questions for the 
professionals working in the field directly with patients or the local health care system was to 
determine and validate the present need of medical devices in the intended area of usage from 
two different perspectives. The interview with the representative of a healthcare company was 
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designed to find out to what extent healthcare companies are aware of the issues in bringing 
and using medical devices in developing countries, and what kind of measures have been taken 
if any. All the interviewees were introduced shortly to the purpose of the project and informed 
that the results will be published anonymously.  
 

3.2.1 Professionals in the health care sector 
A professor from India in contact with the local hospitals was interviewed in order to gain 
better understanding about the conditions in South Asia and specific needs to help direct the 
development of the ECG and blood flow measuring devices. India and Bangladesh have similar 
traits in their health care systems in the rural areas [26, 3] which lead to that insights from the 
Indian health care system could be relevant when developing the system in Bangladesh. Also, 
a doctor specialised in gynaecology and with working experience in both a low-income country 
and a high-income country was chosen as an interviewee to provide insights from the possible 
users of the monitoring devices being researched here. This interview would provide 
information to understanding the user’s perspective. 
 

3.2.2 Representative from a health care company 
Different companies operating within the technological health care sector were first researched 
to give examples what is being done to bring medical devices to low income countries (see 
appendix 6). Both European and American companies were chosen from the list of the 10 
largest companies in the world in this field. Due to time restrictions one of them with ongoing 
projects in low-income countries was chosen to be interviewed. A European company doing 
donations and driving projects to help low income countries was chosen to be interviewed to 
gain an insight about the knowledge companies might currently have about bringing new 
medical devices to low income countries. Qualitative questions were used concerning how the 
system in the developing and the developing country functions, the purpose being to find out 
which already existing parts and functions of the systems could be used in developing 
monitoring devices.  
 

3.3 Sensor development work 
Sensor development work and assisting at a lab was done for the opto-sensor which improved 
the understanding of the functionality and signal processing of both devices. During this part 
of the project the electric circuits of both devices were studied. As a lab assistant for students 
for the ECG-measuring device different ways of building the device and better understanding 
of the challenges of building the circuit were observed. This part of the project was important 
for writing and understanding the background of the devices and therefore being able to later 
discuss the possible challenges when bringing these devices to rural areas in Bangladesh. 
 

3.4 Analysis 
Scientific articles, Ubora e-platform, sensor development work and interviews were the main 
methods used to gain as wide understanding as possible of the current usage and problems of 
future usage of medical devices in rural areas of Bangladesh. Articles formed the basis of the 
understanding of the current situation and enabled the motivation and formulation of the 
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interview questions and topics to be discussed in the interviews. The analysis of the European 
legislation was based on both practical and theoretical information gained from the sensor 
development work and Ubora e-platform. The interviews provided information from the 
current situation and confirmed also the statements that were found during the literature review.  
 
In the last section, a discussion based on the information gained from literature review, 
interviews and sensor development work has been presented. To find out possible ways to 
apply the results found in this project, a tool: PDCA (Plan, Do, Check, Act) -cycle was used 
and discussed in chapter 5. It is commonly used as a development method in business to 
continuously improve methods and products. It was seen to be a suitable tool to be used here 
since two medical devices are being developed and the aim of the project is to provide 
information to the subject of how to develop and improve already existing technology [27][28]. 
The PDCA-cycle is a suggestion based on the results of this report on how this information 
could be implemented to improve the development of the ECG and blood flow measuring 
devices. 
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4. Results 
 
The demands described in EU regulations has been used as a reference point for describing 
safety and efficacy of a deice placed on the market for medical purpose. The relevant articles 
that are required to develop a safe device with good performance have been analysed in order 
to create a well accustomed device to the rural environment of Bangladesh. A list of standards 
that should be considered in the design has been attached. Lastly, interviews were performed 
to contribute to designing a device that meets the customer needs as well as possible. This is 
also listed as a requirement in the legislation for a high-quality medical device. 
 

4.1 Current regulations concerning medical devices in Bangladesh 
Every Asian country has their own registration processes for medical devices. [29] In 
Bangladesh the Ministry of Health and Family Welfare (MoHFW) has approved guidelines for 
registration of medical devices that has been formulated by Directorate General of Drug 
Administration (DGDA). As in Europe, medical devices are divided into four categories: A, B, 
C and D (see table 1) [30]. The devices developed in this project are categorised in class B. 
According to the guideline’s information about which countries the device is already marketed 
and the regulatory status in the country in other developed countries. As stated in paragraph 7, 
internationally recognised regulations such as the European may be used to demonstrate safety 
and quality [30]. The guidelines in Bangladesh have been summarised in Table 3. 
 

Table 3. Summary of registration guidelines for medical devices in Bangladesh. 

Annexure Summary how to apply on ECG and blood flow measuring devices. 

1 Purpose of this annexure is to define into which categories the devices are classified in (ECG and blood flow 
measuring device). 
Both devices are intended for transient use, less than 60 minutes at a time. Devices are not invasive. The 
devices should be classified in class B according to rule 10(i), low to moderate risk medical device. Electrodes 
are classified as accessories to the ECG measuring device. The devices are classified as active medical devices 
and their intended use should be documented. 

2 Procedure for registration for manufacture and production in Bangladesh. 
Because the devices belong to class B, they must be registered to be manufactured in Bangladesh. The 
application must be done by an authorised person or a local authorized agent of the manufacturer. Fees apply 
for separate applications. Contact information of the local authorised agent and the person responsible of 
placing the product on the market, and details of local manufacturer must be provided. Product details (name, 
class, size, user’s manual, details of accessories etc) should be provided. A FSC (Free sales certificate) should 
be provided from country of origin, as well as the list of countries where the product is marketed, and details 
regarding withdrawals in the past two years in any market initiated by a regulatory authority. Sales, service, 
and distribution model should be provided and a post marketing plan. 

3 Application checklist what information needs to be provided 

4 List of medical devices with class and therapeutic code (74 for ECG and electrodes, 84/74/78 for measuring 
blood flow) 
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4.2 European regulation 
The EU legislation and standards have recently been under criticism due to newly found 
shortcomings in the legislation that is not always considered strict enough. However, the 
regulations in Europe generally lead to relatively reliable and high-quality devices and are often 
used as guidelines when determining the level of safety of a medical device. In Europe, the 
ECG and blood flow measuring devices are classified as medical devices according to the 
directives designed by the commission of the EU in 1993. The directives that is studied more 
closely in this project are: Regulation (EU) 2017/745 and Medical Devices Directive 
(93/42/EEC). These directives and regulations indicate the main principles that should be taken 
into account in the development process, and are therefore chosen as a guideline to show the 
necessary requirements of a high quality device that is intended to be used  in the circumstances 
of a country with low resource settings. This report aims to contribute to fitting the legal 
requirements together with the practical needs and local requirements to result in a useful and 
robust medical device.  
 
Three European directives:  Medical Devices Directive (93/42/EEC), In Vitro Diagnostic 
Medical Devices Directive (98/79/EC) and Active Implantable Medical Devices Directive 
(90/385/EEC) provide the basis for the regulation of the quality, safety, testing and control of 
medical devices. The CE-marking has been developed to show that the product with this mark 
follows the European legislation and can be marketed in all the countries that belong to the 
EES-market area. The monitoring devices handled here are not in vitro diagnostic medical 
devices nor implantable, thus 98/79/EC and 90/385/EEC directives are not implemented here. 
The Regulation (EU) 2017/745 has been developed to replace Medical Devices Directive 
(93/42/EEC) by 2020 which is the year the transition time ends. The table of appendix 3 lists 
all the articles in Regulation (EU) 2017/745 and indicates which should be useful when 
developing the products handled in this project. Appendix 4 shows comments on the elder 
version of the medical device regulation in Europe, Medical Devices Directive (93/42/EEC) 
and how it could be applied to the devices in this project. The new regulation is based on the 
old directive, and the list of main differences are mentioned in Appendix 2. 
 
Regulation (EU) 2017/745 aims to provide a frame of regulations for the marketing and safe 
use of medical devices in the European Union area. The regulation harmonises with other EU 
regulations and the principle of free movement of goods. The system is based on for example 
that every device has an Unique Device Identification (UDI) number which facilitates the 
traceability of the devices, an electronic database (Eudamed) to increase the transparency and 
accessibility of information, and the usage of notified bodies that ensure the device’s 
conformity with the requirements for safety and efficacy which leads to the CE-marking of the 
device. If the devices developed in this project were to be marketed in the EU market they need 
to comply with the Regulation (EU) 2017/745.  
 
The current legislation is balancing between ensuring that the new medical devices are safe 
enough for the patients and that the process and rules are not too strict preventing patients from 
getting the advantage of new technology as soon as possible. However, this is adapted to what 
is possible to achieve with European resources and cannot be directly implemented in a country 
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where there exists for example a different kind of database system. Articles concerning clinical 
investigations are aiming to be in line with the international standard ISO 14155:2011 and 
World Medical Association Declaration of Helsinki on Ethical Principles for Medical Research 
Involving Human Subjects. 
 
According to both Medical Devices Directive (93/42/EEC) and Regulation (EU) 2017/745 
the  ECG and blood flow measuring devices are classified as active medical devices because 
they use a external source of energy outside of the body and are intended to be used for humans 
for the purpose of monitoring of disease, injury or a handicap. Electrodes that are to be used 
for detecting and sensing the ECG are classified as accessories. Both ECG measuring device 
and blood flow measuring device with an opto-sensor are classified as class IIa devices. They 
fall to this class because they are active, non-implantable and non-invasive devices intended 
for monitoring purposes. They monitor vital functions of the patient: electric activity of the 
heart cells and local blood circulation. No ionising radiation is involved, and the devices do not 
contain or encounter any body liquids or medicinal products that are involved in the monitoring 
process. Also, the software falls into the same class IIa. 
 

4.2.1 Requirements of a good quality device 
The EU regulation has been divided into several chapters that all contribute to the development 
of a high-quality device in the European market. This includes e.g. notified bodies and a 
functioning European database. In this report the requirements for notified bodies and a 
database are not handled, only requirements that affect directly the development of devices 
have been considered. A system similar to notified bodies and functioning database could be a 
vital factor contributing to the tracking and safety-controlling of the medical devices, but these 
decisions ought to be made on governmental level and cannot be affected by a manufacturer. 
 
There already exists a variety of devices measuring different parameters giving information 
about the function of the heart as listed in Appendix 1. A short market analysis shows that these 
devices are either certified but expensive, or low cost and have no certification indicating the 
fulfillment of necessary standards (see Appendix 1). Therefore, to develop the ECG and blood 
flow measuring devices into high quality devices which would fulfil the requirements of an 
acknowledged certification standard if marketed in any high-income country, the European 
process is taken into closer scrutiny. The articles considered relevant for developing a high-
quality ECG and blood flow monitoring device have been listed out in Appendix 3. The 
relevant annexes are gone through in this section to list out more detailed requirements for the 
devices.  
 
As can be seen from the medical regulation (chapter 2, Post-Market Surveillance), surveillance 
of the performance after marketing and selling the product is almost as important as the 
manufacturing phase. In order to produce a high quality device, it should not only be 
manufactured carefully and from good quality components and include detailed technical 
information, it should also include post-market surveillance in order to ensure continuous safe 
use of the devices due to their nature of the intended use where human lives are involved 
directly. 
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4.2.2 General requirements for ECG and blood flow measuring devices 
The references made in this chapter refer to the chapters and clauses in Annex I (chapter, 
clause). A summary has been collected in Table 4. The first Annex goes through the general 
requirements of a device that reduce any risk for the user without affecting negatively the 
benefit-risk ratio, and without compromising the clinical condition nor safety. In order to 
achieve this, the manufacturer must establish a risk management system and document it 
accordingly (1.3) Safe design, alarms to indicate risks that cannot be eliminated and training 
or providing otherwise sufficient information for the users are measures to be taken to ensure 
safe usage of the devices. (1.4) In the case of use error, the ergonomic aspects and the 
environment where the device is intended to be used must be considered. In this case, since the 
devices are intended to be used in Bangladesh, environmental factors and user experiences that 
must be considered have been handled in the interview-section of this report. There are 
currently no foreseeable risks or side-effects arising from the usage of the devices for the 
patient nor the operator. 
 
The packaging and overall design should be performed in such a way that the risk of 
contamination and residues to the patient and persons involved in manufacturing process and 
transportation is minimised. The materials used to manufacture the devices should be non-toxic 
and the parts being in contact with human skin should be biocompatible. The opto-sensor does 
not pose a risk for the patient due to short contact time and small contact area. The electrodes 
should on the other hand be attached to the human skin with biocompatible material. Often gel 
is used that does not cause irritation. (2.10) The risk of infection and contamination is as small 
as possible due to no invasive parts nor sharp components in the devices. However, the devices 
should be designed to be as easily cleaned as possible meaning smooth surfaces and clear shape 
that can be easily disinfected. (11) 
 
The intention is to place the monitoring devices on the Bangladeshi market. Packaging of both 
devices must be designed to be simple, robust without any sharp edges and efficient in 
protecting the electric circuit which is the most vulnerable part of both devices. The materials 
used will be safe to be used by persons involved in transport, manufacturing, storage and usage 
of the devices. Other components used to manufacture the devices such as non-reactive plastic, 
electrodes, gel are all already standardised. There should be no risk of any leaking in the 
devices. Batteries will need to be kept dry and changed within a certain defined interval 
depending on the conditions and usage of the devices. The returning and recycling of the 
devices should be handled by the local manufacturer so that the functioning electrical 
components such as functioning resistors, sensors and wires, can be recycled and reused in a 
new device. Instructions should be written both in Bangla and English and include instructions 
of how to dispose of old devices. 
 
All electrical connections should be designed to minimise the risk of misconnection and 
prevent electrical shots for the operator and patient. (14) Other risks related to external factors 
such as magnetic fields, external electrical and electromagnetic effects, electrostatic discharge, 
radiation associated with diagnostic or therapeutic procedures, pressure, humidity, 
temperature, variations in pressure and acceleration or radio signal interferences should be 
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reduced or removed when designing the devices. Also, the risk of flammable substances and 
possible explosions should be excluded. Depending on how the device is supplied with 
electricity (batteries, using mobile phone, plugin) it needs to be made compatible with the 
system in the country it will be marketed in. For example, the standard voltage in Bangladesh 
is 220V, and they use five different power plugs and sockets: type C, D, G and K. An alarm 
system for indicating when the battery level is too low should be designed. In the case of an 
external power source, the system should alarm for any power failure. 18.7 states that the design 
should avoid electrical shots as far as possible. Also, since the electric components, such as the 
resistors, might heat up, the devices should be designed to prevent patient from encountering 
these components and ensure a suitable temperature for the proper functioning of the device. 
 
Potential risks arising from mechanical factors, vibrations, noise factors, connectors and 
heating should be minimised by the design of the devices. (20.1-20.6) Due to the uncertainty 
of the level of education of every intended user of these devices, protection to the user should 
be provided by supplying clear instructions and good ergonomic design to reduce the risk of 
error by the user. (22.1-22.3) The label and instructions should fulfil the requirements 
mentioned in Chapter 3, 23, such as: units in the device will be chosen according to the standard 
in the intended country and language. In table x the requirements from Annex 1 have been 
listed that would apply for the ECG and blood flow monitoring devices. Also, a short summary 
of the Directive 93/42/EEC has been gone through and commented on how the devices could 
be developed in accordance with it (see Appendix 4). 
 

4.2.3 Classification and documentation according to EU  
Annex VIII goes through requirements needed to classify the medical device correctly. Correct 
and detailed classification enables post market surveillance and to take actions faster to solve 
problems which appear after releasing the device on the market. It is also important to classify 
a device to ensure that the correct requirements are met that have been designed for the correct 
class of devices. 
 
According to the definitions laid down in this Annex, the monitoring devices for ECG and 
blood flow would be categorised as intended for transient use (less than 60 min of continuous 
use). According to 2.5 the devices are categorised as: ‘active device intended for diagnosis and 
monitoring’.  According to rule 10 (6.2) the devices are classified as class IIa. The software 
used in the devices is classified also to IIa according to rule 11 (6.3). 
 
Annex II provides the details about which technical information should be provided. This 
information is then used for instance in the articles about clinical evaluation and periodic safety 
update report. As some examples, general safety and performance requirements, risk 
management (4,5) and a description of the methods used to determine the accuracy of the 
devices should be included (6.2.f). 
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Table 4. List of requirements from Annex 1. 

Article/chapter Requirement 

Article 5 Level of performance so that the patient is not adversely affected by environmental factors needs to 
be defined. 

chapter 1 (7) The effect of fluctuations of temperature and humidity when storing, transporting and using the 
device should be investigated. 

chapter 2. (10.1.f) Mechanical properties of the packaging such as strength and wear resistance of the outer package 
should be tested when the complete device has been made. 

chapter 2. (11.7) The cleanliness of the electrodes should be considered. 

chapter 2. (11.7) The contact area of the device measuring blood flow from the patient’s fingertip should be designed 
so that it is easy to disinfect when needed. 

Chapter 2 (18) 
chapter 3. (23.4.s) 

External factors such as magnetic fields, external electrical and electromagnetic effects, 
electrostatic discharge, radiation associated with diagnostic or therapeutic procedures, pressure, 
humidity, temperature, variations in pressure and acceleration or radio signal interferences should 
be reduced or removed when designing the devices and be documented and provided to the user. 

chapter 3. (23.4.s) Risks associated with if device encounters water should be documented and provided to the user 

Article 22, chapter 
2 (17) 
chapter 3. (23.4.ab) 

Risks associated with software and IT environment interaction should be documented and provided 
to the user. Compatibility with different systems should be shown. 

Chapter 2 (14.2.g) Risks arising where maintenance or calibration are not possible, from ageing of materials used or 
loss of accuracy of any measuring or control mechanism should be documented and provided to the 
user. 

Chapter 2 (17.1) The repeatability, reliability and performance of the software should be ensured to be in line with 
their intended use should be documented and provided to the user. 

Chapter 2 (18) How heat affects the components of the electric circuit during long usage should be investigated 
and documented. 

Chapter 2 (18) How moisture affects the electric components on the long run should be investigated and 
documented. 
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4.2.4 Annexes III, IV, IX, XIV and XV 
Technical documentation about post market surveillance should be provided in accordance 
with Annex III. For example, information about procedures in case of accidents or other 
adverse events with the device, publicly available material about other similar devices and 
procedures how to collect information in different situations are listed in this annex. Annex IX 
lays out the specifications for a quality management system including necessary documents 
clarifying information about e.g. surveillance assessment and assessment of the technical 
documentation. Annex XIV provides the guidelines for clinical evaluation and may be useful 
when designing one. Part B of this annex takes into consideration the post market clinical 
surveillance and states that the manufacturer should collect information proactively in order to 
ensure the safety of the use throughout the expected lifetime of the device. Clinical 
investigation guidelines can be taken from Annex XV which defines the methods, 
documentation, investigator’s brochure and the clinical investigation plan. 
 
Annexes V, VI, VII, X, XI, XII, XIII, XVI and XVII were not considered to provide 
information about the technical details which would aid in developing a high quality device 
which is not going to be marketed in the EU market, and are therefore not handled in this report. 
Fulfillment of Annex IV is not necessary if the devices are not marketed in the EU since this 
annex handles the information that specifically should be listed for the European system, such 
as name of notified body and identification number. These aspects of the European regulation 
could instead be of interest to the Bangladeshi authorities to improve the governmental control 
of the development of medical technology policies. 
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4.3 Standards 
International standards that may also be used to ensure necessary safety and quality levels in 
the devices have been listed in Table 5. 
 

Table 5. Summary of standards relevant for this project. 

Standard Justification 

ISO 10993 Biological evaluation, biocompatibility testing, chemical assessments, 
cytotoxicity, sensitization, hemocompatibility, pyrogenicity, implantation, genotoxicity, 
carcinogenicity, reproductive and developmental toxicity, and degradation assessments 

EN ISO 13485:2016 Quality management. Manufacturing, technical support, storage, distribution. 

EN ISO 14971:2012 Risk management: processes for manufacturer to determine the risks 

EN ISO 15223-1:2016 Requirements for symbols, labelling and required information 

ISO 14155 Medical Device Clinical Investigations 

BS EN ISO 14971 Risk management including in-vitro diagnostic devices (certification body in UK and USA) 

EN 
62304:2006+A1:2015 

Guidelines on designing the software 

IEC 60601-
1:2005+A1:2012(E) 

Risk management, essential performance: limits, performance in abnormal or fault conditions. 
Technical description declaring essential performance, test criteria for essential performance, 
baseline reference condition. Equipment marking, accessories, unique identifier, instability and 
rough handling test (mobile equipment) 

EN 60601-1-8:2007-07 Alarms 

IEC 62366-1 Evaluation of usability and safety. Determine normal use. 

IEC 62353 Maintenance of device 

     
These standards together with the European regulation form the guidelines for the necessary 
technical requirements for the monitoring devices being developed meant to be used anywhere 
in the world. The study of which international standards would be necessary indicates the main 
areas that are important when improving the safety and reliability of a device to the end-user. 
The list of standards shows that aspects concerning compatibility with human body, risk and 
quality management, clear information and labelling, ethical clinical investigations, safe and 
efficient software, alarms, evaluation and maintenance of the devices must be researched and 
solved when developing the devices. 
 



 

23 
 

4.4 Results of interviews 
Interviews were performed to gain information about the end users needs and requirements that 
cannot be achieved solely from literature research. Representatives from both professionals 
working in the health care system in India and a project manager from a healthcare company 
to see how the views match or differ concerning the use of medical equipment. The questions 
used to conduct the interviews and form a basis for conversations have been listed in Appendix 
5. The main questions were formed bearing the aim of the project in mind: what kind of medical 
devices are currently needed, what needs do the users have and how could the ones being 
developed at KTH be designed so that they would meet these needs. Literature research 
provided information from the past years, and in order to find out what is the current situation 
all the interviews included either a direct question or were directed to find out what kind of 
devices are currently needed and why. 
 

4.4.1 Professional working in the health care sector in India 
A professor in information systems from India was interviewed to give a closer insight on the 
local conditions and which needs have been observed to be to have high importance and 
relevance when using medical technology. He works in the electronic engineering field and has 
close contact with hospitals with the health care system in India, therefore being able to provide 
relevant insights to the current state of the usage of medical devices. 
 
Similarities between Bangladesh and India are the characteristics of the rural areas, but the 
sizes of the nations make the system more efficient in Bangladesh. Also, Bangladesh has one 
dominant culture whereas India has many and several different languages which affect the way 
of how new solutions can be implemented in for example medical technology. For example, 
difficulties bringing more staff to the rural areas are both cultural and practical. Long distances 
make it that doctors might have to travel a day from their home to reach their working place. 
In addition, the villages have their own cultural societies which might pose social challenges 
for an outsider. In India, when studying to become a doctor, there has been implemented a 
practice where the doctors must do two years practice in a rural clinic before they can choose 
their clinic. 
 
The most used medical devices are according to one of the recipient’s ECG measuring devices, 
stethoscope, dental equipment (chairs and drills) and blood pressure and blood sugar measuring 
devices. As some of the main most important characteristics of ECG and blood pressure 
measuring devices were mentioned accuracy, robustness and ability to detect malfunctions and 
ease of repair of devices. At the rural settings robustness towards noise was mentioned due to 
high levels of patient volumes and low maintenance. Accuracy should be enough for 
diagnostics or to be appointed to correct further testings. 
 
As some of the main problems that the doctors and other health care staff are currently facing 
with medical technology in general are lack of skilled professionals to operate and achieve 
reliable readings for the personnel forming the diagnosis, calibration of the equipment, access 
to power supply and low ratio of doctors to patients. Due to lack of health care staff, it would 
be good to have a straightforward device that would not need check ups or much calibrations, 
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and that the data is robust due to rough ways to transfer and storage it. A typical end user in 
India was replied to be lab technicians with high school education and a few years of vocational 
training. 
     

4.4.2 Representative from a European healthcare company 
In order to gain understanding about how large-scale medical technology companies consider 
the markets in countries which cannot afford the newest technology, an interview with a 
representative from a foundation which was founded by one of the largest healthcare companies 
in Sweden was arranged. The purpose with this interview was also to understand the current 
situation in how medical technology is already being brought to low resource settings and how 
that information could be used in bringing the ECG and blood flow measuring devices to 
Bangladesh. 
 
The interviewee is a representative from the organisation which functions independently, but 
which is funded by the health care company. The purpose of this foundation was mentioned to 
be to contribute to sustainable development by optimising health care delivery, bringing care 
to people, increasing quality of healthcare and making healthcare more affordable globally. 
Similarly, to other medical health care companies this company’s solution was to establish an 
association to run different currently philanthropic programs separately of the company.  
 
There are several factors affecting why the health care company founded the association and 
how the organisation choses projects. Social responsibility and a need of the market were 
mentioned as driving factors of the activity of the foundation. Challenges that were mentioned 
during this interview were how to make the projects and their effects to have long term effects 
with the resources the company has. Also raising awareness of different diseases such as 
childhood pneumonia of the people living in the rural areas is an important factor. Examples 
of resources with which the foundation can contribute with are staff, skills, expertise 
and innovations. The resources of the company influence the type of projects that can be 
conducted, and the local laws affect how the projects are executed in practice. For example, 
the company has ongoing discussions of starting new projects in India, due to India’s 
regulations being different from Europe’s. 
 
An example of an issue the association has addressed is the maternal health care in rural areas 
in a low-income country. In Kenya, one monitoring visit is offered for pregnant women which 
includes ultrasound echo monitoring of the foetus. Many women of the region do not use this 
due to long travel and high costs. It is seen as an unnecessary investment which may lead to a 
potential health risk. The reason why this was chosen as a project was that currently too few 
women go to the monitoring visits, and that the foundation had a mobile ultrasound solution 
that could be used as a solution. In this case, the mobile ultrasound device was brought to the 
local village with a team provided by the foundation that would train the local midwives to use 
the system. The goal was to increase health seeking behaviour amongst the locals, introduce 
and leave new technology to a rural area where it was needed, and to enable locals to use the 
technology. However, no maintenance contract or other means to maintain the system was 
provided from the foundation nor the health care company. 
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One of the main issues mentioned currently in remote areas in low income countries is that 
there is not trained staff who would be able to use and maintain the equipment. Therefore, 
according to the interviewee, it is especially important to strengthen primary health care level. 
Technology that is used is determined by what the company has to offer and is sometimes 
adapted if needed to the local conditions. Training is an essential part of the project and the 
equipment is usually left to the locals. The company is involved in the projects always, so a 
maintenance contract is possible but not often made. Depending on the project, the possibility 
for a maintenance contract is researched case by case. Technology is usually not specifically 
adapted to local conditions. As an example, in Kenya the equipment in hospitals do not have 
contracts and therefore cannot be maintained. A possible solution to increase the time the 
equipment can be used in remote areas is to monitor the status of the equipment from a distance. 
Remote support is well established in high income countries and could be used to a higher 
extent especially in the rural areas to prevent and to provide knowledge to the locals when a 
technological issue arises with using the system. 
 

4.4.3 Healthcare professional experienced in both Bangladesh and Sweden 
A doctor specialised in gynaecology and currently working at a local health care centre 
(‘vårdcentralen’) in Sweden was interviewed to research what kind of differences there are 
between the working circumstances in Bangladesh and Sweden from a doctor’s perspective. 
The interviewee has working experience in both small and private hospitals in Sweden and 
Bangladesh. 

The devices that are most used or needed are the ECG measuring device, ultrasound device 
and from personal experience the CTG (cardiotocography) were most important. According to 
the interviewee there is no access to such devices in the rural areas in Bangladesh where mainly 
only the sound of the heartbeat can be recorded. Staff does not have competence to install nor 
to do maintenance work on the devices that already exist, which leads to that the confidence of 
these devices is low. Caesarean section is a relatively common procedure in Bangladesh. Less 
monitoring is needed since birth is given faster than when Caesarean section is avoided, and 
natural birth is more common. Another factor affecting the usage of medical technology in 
addition to low competence level is its expensiveness. There is no established medical 
technology in Bangladesh, some exceptions being CT (computer tomography) or other large 
imaging devices in the governmental hospitals. 

Because monitoring is practiced infrequently in general, overall practices in the healthcare 
system should be changed. Also, the availability of ECG devices should be increased in rural 
areas. In order to increase the safety of giving natural birth monitoring should be made more 
reliable and safer. More heart monitoring devices would increase the patient safety for both the 
mother and child. It would increase the accessibility of affordable and reliable monitoring so 
that pregnancies could be monitored for a long period and safe delivery could be ensured even 
without Caesarean sections. 
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In Bangladesh the governmental control is complicated therefore leading to that it is neither 
easy nor common for health care workers to develop solutions or fix issues in a governmental 
hospital. Medical technology is expensive and available only in large hospitals. Profitability is 
the main goal of the hospital. In order to make governmental hospitals more attractive for 
educated health care workers, policies on the governmental level should be changed, so that 
more medical technology could be brought into practice. A difference between the health care 
systems in Bangladesh and Sweden mentioned in this interview was that in Sweden a physician 
is fully employed by the public hospital where he/she works at, and there is no need or benefit 
gained by working in the private sector in addition. 

The main operators and users of the medical devices in Bangladesh are doctors or technicians 
under the orders of a doctor. If there is an issue the private contractors are contacted to solve 
the technical issues. Governmental technical helpers are often not experienced. In Sweden it is 
the nurses who mainly operate the devices, and the hospitals often have a medical technology 
department to take care of technical issues and organise the maintenance of the equipment. 
According to the interviewee, there is a need for more standardisation of processes and 
technology in Bangladesh. One of the main issues in preventing the development is the system 
of how governmental hospitals function and how it is linked with the private sector. 

Currently medical devices do not have maintenance contracts in Bangladesh. In Sweden the 
hospitals have their own medical technology departments that solve technical issues at the 
hospital. If they face a problem that they cannot solve themselves locally, they contact the 
technical support of the company that manufactured the device in question. A technician 
specialised in that modality will come onsite if needed and repair the machine. Relevant spare 
parts are available through orders in a maximum of couple days of waiting. According to the 
interviewee, this kind of system does not exist in Bangladesh making the issues that come with 
medical technology hard to solve, ineffective and expensive. In Sweden, even the rural areas 
have access to qualified and specialised technical support within days, but in Bangladesh only 
the large hospitals have a medical technician to help them, and companies do not provide 
technical support.  
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5. Discussion 
 
Increasing equality in health care systems is a task everywhere in the world but especially in 
the rural areas of the globe. Cultural and geographical aspects affect the current systems and 
how the systems will be used. Functioning and efficient health care is equally important and 
necessary whether the patient is in a high-income country or a developing country. Research 
of what are the key factors defining a safe, efficient and reliable device will contribute to the 
development of high-quality devices with a lower cost. This will hopefully eventually make 
these devices accessible to even the low-income countries. Low-cost but safe and efficient 
medical devices would equalise health care systems and enable people to live in diverse areas. 
The found needs and requirements for the monitoring devices being researched here are 
analysed and discussed in this section. 
 

5.1 Methodology 
Qualitative methodology was chosen for this project to investigate the research questions: what 
demands should be placed on basic monitoring medical devices to ensure good quality signal 
in rural health care in low income countries, and how guidelines from the European regulation 
could be drawn for developing a safe and efficient medical device.  
 
A top-down method was used to research the factors contributing to a safe, efficient and reliable 
medical device and to find out how to bring these to the rural areas of low-income countries. 
First, literature research was conducted to gain overall understanding what currently is known 
about bringing and using medical devices in low-income countries, and especially focusing in 
Bangladesh and its rural areas. The e-platform Ubora was used to find which standards are 
useful when developing a safe medical device. European regulation was analysed from the 
perspective of how to develop two monitoring devices according to current regulations 
ensuring a safe and efficient medical device in a high-income country, and how this could be 
applied in a low-income country. Lastly, interviews were conducted to gain insights from 
professionals with experience from the field to find out the most urgent and important issues 
currently in the rural areas of Bangladesh. Information from these different sources was 
combined and analysed in order to understand the research questions from several different 
perspectives. 
 
Based on the relevance of the abstract and results of an article, around 25 scientific peer 
reviewed articles were chosen to support the aim of this study and ensure the reliability of the 
results and analysis. The amount of literature that was read and analysed was limited due to 
time restrictions and affects the scope of this report. Thus, in this report the scope has been 
narrowed down to two medical monitoring devices and to literature consisting of articles and 
regulations found relevant and interesting for the development of these two devices 
specifically. Also, the research was narrowed to concern rural areas in Bangladesh, and the 
results and conclusions have been analysed from the Bangladeshi perspective. Some examples 
from India have also been included, because even though there are many differences there are 
also some common factors, as stated in one of the interviews (4.4.1) [3]. 
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The European regulation was analysed to find the factors that contribute to the development of 
safe and high-quality medical monitoring devices with the current available knowledge. In 
order to be able to determine the relevant and non-applicable articles, it was necessary to 
perform a thorough literature research and interviews to understand the situation of the current 
healthcare system. The overview from this analysis was collected in Appendix 3 and aimed at 
being used when researching which requirements should be met when developing the ECG and 
blood flow measuring devices.  
 
Developing a medical device requires knowledge from many stake holders. The interviews and 
literature research aimed to combine knowledge from some of the representatives of these stake 
holders to benefit the development of two monitoring medical devices. Semi-structured 
interviews were deemed to be the most effective way to gain the needed information and to be 
analysed in the given time frame. The number of participants was narrowed to three which lead 
to that a broader picture of the current issues could be gained in further studies with larger 
focus groups. On the other hand, the three interviews gave insights that could be analysed in 
detail. The interviewees were informed of the purpose and background of the project in order 
to maintain focus on the devices being developed at KTH and monitoring devices in rural areas. 
By combining information from interviews and literature research an updated conception of 
the current situation and need could be formed. 
 

5.2 Results 
Limitations of the results, guidelines and conclusions drawn from the literature review, 
interviews and sensor development work will be presented and discussed in this section.  
 
Information gained from the literature review was collected and qualitative new information 
from interviews and European legislation was gathered and presented in tables and described 
in the result section. The literature review showed that there is research going on about the 
situation of health care systems in rural areas in Bangladesh and India [4-8][13][24-
25][31][40][19-22]. This information was found to be relatively old for the purpose of this 
study. To find out how two monitoring devices could be developed in order to meet the current 
difficulties in the rural areas in Bangladesh based on the literature review alone would not have 
included the current experiences from professionals working in the field. The background 
information gave a good basis to conduct semi-structured interviews when discussing the issues 
at hand with each interviewee.  
 
Many devices with similar monitoring purposes to the ones being developed in this project 
already exist on the market (see appendix 1). However, they are not designed to fulfil any 
specific requirements that would indicate them being suitable for rural areas in low resource 
countries. Technology, components and purpose of the device may resemble or correspond to 
those of the ECG and blood flow measuring devices in this project, but how the devices are 
manufactured, and which features are emphasised are different. The main problem arises from 
the fact that a device fulfilling the requirements of international standards is too expensive for 
the purpose of this project, and the ones without any certification do not fulfil the safety 
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requirements. New medical monitoring devices meant for similar purposes as in this thesis but 
without considering the possible future manufacturer are e.g. the blood glucose meter by Saha 
et al. [31] and the heartbeat monitor by Shirzadfar et al. [32].  
 
The affordability of medical devices was confirmed to be one of the main issues in the health 
care system of Bangladesh. To find ways to bring high quality medical technology to low 
resource settings, and to define acceptable requirements and limitations for the devices, 
guidelines from the European regulation were found and listed in Appendix 3. Issues and 
technological requirements according to regulations presented in section 4.2 should be adapted 
to the circumstances found out in the interviews of section 4.4, such as low resources and poor 
access to maintenance. For example, a way to make the technology more affordable for 
developing countries could be to bring the manufacturing closer to the end-users.  
 
New information and insights were gained by combining the information from the literature 
review with the information gained from a doctor, technical professional working in India, and 
a company representative. The interviews confirmed which type of medical devices are 
currently most needed in the rural areas and what are the greatest needs that are not currently 
met. The need for monitoring devices was also confirmed through all the interviews as well as 
the lack of maintenance or possibility for maintenance. The need for educated staff and 
maintenance of the already existing devices was brought up in all the interviews.  
 
The information gained from the interviews were in accordance with the literature, such as the 
description of the situation concerning village doctors (interviews 4.4.1 and 4.4.3) [5]. As a 
representative from only one company was interviewed (interview 4.4.2) the results do not 
necessarily represent the general knowledge that health care companies have about medical 
device donations to low income countries; it might be better or worse. However, the company 
is one of the largest importers in Sweden and operates in 100 countries around the world 
[33][34], so gaining an insight to specifically this company was interesting and gives an 
example of how one large company works. Information and insights gained in this thesis and 
interview might be of use specifically for the company in question but also for others when 
developing a more sustainable way of donating medical equipment or even a new direction for 
the development of new medical devices. 
 
According to the interviews, health care companies that are currently donating devices to 
developing countries are aware of the issues of how well the equipment can be used in the new 
location. However, no information from the literature was found concerning how technology 
could be developed in practice to meet the needs and requirements in these low-income 
countries. For example, if follow-up and training is not taken care of, the purpose of the 
donation becomes meaningless and instead produces a new problem for the developing country 
to get rid of the broken or unusable machines. Therefore, training of the future users and 
planning how the devices will be maintained should be factors researched much more than 
what is currently being done when developing medical devices to these circumstances. 
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Donation programs may contribute to different levels of the health care system. To make 
current donation programs of complicated and higher risk technology more efficient, instead 
of donating only the used equipment companies could also donate service packages and 
develop programs how to bring educated people closer to the areas where the equipment is 
being used. These kinds of devices, such as computer tomography and magnetic resonance 
imaging systems, would be mainly used in the higher levels of health care. The ECG measuring 
device and blood flow measuring device aim to be mainly used in the primary level health care, 
and on that level the technology should be adapted more to the local conditions in the rural 
areas to decrease the need of maintenance and highly educated staff. The more sensitive and 
technology with higher risks is concentrated in developed hospitals even in high income 
countries. It is an issue across the world how to provide even the most expensive procedures to 
everyone in need. 
 
When analysing the European regulation and how it could be applied in Bangladesh, post-
market surveillance was another one of the main problematic areas that were found. The 
governments in the EU control the market with the help of different instances, such as 
Läkemedelsverket in Sweden [35]. In Bangladesh, any government-based control system does 
not currently reach the rural areas efficiently enough, or the current local legislation might 
complicate the process of bringing medical devices for foreign companies (see interview 4.4.2). 
To solve this, local production of medical devices could improve controllability, traceability 
and legal compatibility of the manufacturing process and the usage of medical devices. Then 
the local manufacturer would be required to ensure that the manufactured medical devices fulfil 
the necessary technical requirements and to create control-systems and feedback mechanisms 
for the surveillance of their products already on the market. For example, the manufacturer 
could be responsible for post-market surveillance and report to MoHFW. In addition, the closer 
the manufacturers are to the users the better they could also arrange the maintenance of the 
devices and keep the education of the health care staff updated regarding the operation of the 
devices. 
 
Based on the results and the analysis, a suggestion of a development process for medical 
devices could be made. The main issues found and applied in a continuous circular flow of 
development is pictured in image 4. The planning of how to create a safe and sustainable device 
with adequate maintenance to keep the device working for as long as possible is the basis of 
developing the monitoring devices. When they fulfil the necessary requirements, they can be 
brought to the market. Compliancy with safety regulations such as the ISO standards should be 
kept updated constantly. By performing preventive and corrective maintenance, and post 
market surveillance, the overall safety and control of a reliably functioning device can be 
ensured. As a case study, the development of the ECG and blood flow measuring devices aims 
to bringing sustainable and safe medical devices to new markets such as the Bangladeshi 
market and its rural areas. In order to ensure that these devices are safe and efficient technical 
compliancy with for example EU-regulations and ISO standards mentioned in chapter 4.2 and 
appendix 3 of this report should be used as a guideline. Through preventive and corrective 
maintenance actions and post-market surveillance the failures and upcoming problems that 
arise can be managed efficiently and safely so that risk to patients would be minimised. 
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However, this method simplifies the situation and further studies will be needed to discover 
how the method would work in practice [27][28]. 
 

 
Image 4. A chart showing the circular flow of a process for developing new medical devices. This is a recommendation 

based on the results gained in this thesis. 

 

5.3 Future studies 
The results and conclusions found during this project were not found in other literature, and 
the topic is relatively new. The need of medical technology is likely to increase in the future 
and will likely be brought to low-income countries in increasing quantities as current medical 
technology companies discover new market areas [24-25]. Globally increasing awareness of 
sustainability will also contribute to making this subject even more important in the future. 
Safety, sustainability (robust and user-friendly device) and maintenance are important factors 
to consider when developing a medical device.  
 

An important limitation to the scope of this thesis was made when the scope was limited to the 
Bangladeshi perspective. For example, even though Bangladesh and India share some similar 
challenges as mentioned in the interview section 4.4.1 and literature [10,13,3], more research 
should be done region-specifically due to the large impact of governmental actions and 
policies. In order to increase the scope of this report to concern a larger group of medical 
devices or larger areas, a larger focus group to be interviewed would be required. Due to the 
small sample size broad policy recommendations on monitoring equipment in general cannot 
be based solely on these results. 
 
The field in which this report is done in is currently a relatively new one and new researches 
are being done all the time. This study aimed at contributing to the research being done to the 
benefit of low-income countries and to develop principles in sustainable engineering. Future 
studies could therefore use this report as a tool or motivation to discover and search for new 
areas that could be improved or to go more in depth in one aspect that has been represented 
here. To gain results useful for a larger group of medical devices more research will be needed 
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in especially when researching the user needs and practical circumstances of the users. This 
report is theoretical and is narrowed down to two medical devices aimed to being used at a 
specific region. However, a solid theoretical base is necessary to be able to continue to more 
complex and wide aspects in this issue which affects large numbers of people’s lives. 

 
The final aim of this thesis was to contribute to developing new medical devices of high 
standards that can be built from simple components with as low costs as possible. This will 
hopefully contribute to the research developing the living circumstances and health care 
systems around the world in its rural areas especially. Increase in the accessibility of medical 
technology for public hospitals and health care facilities in rural areas would benefit large areas 
of the world’s population and is therefore an important area of research. 
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6. Conclusion 
 

In the current situation of the rural areas of Bangladesh, people do not have good access to safe 
and reliable medical care or medical devices. The rural health care faces many challenges due 
to high population density, economic difficulties and an increasing group of elderly needing 
medical care. This thesis was done to research how safe and efficient medical devices could be 
developed and used in low resource settings and demanding environments. Qualitative 
methods, interviews and analysis of existing regulations, were used to investigate the research 
question. 

From the European directives, literature research and interviews were concluded that medical 
devices should be better accommodated to the local environment in several different ways. 
Professionals with working experience from Bangladesh claimed that in the rural areas 
especially robustness and maintenance of the devices are important aspects to improve in future 
development of the medical monitoring devices. Interview with a representative from a 
European health care company showed that currently health care companies are taking steps 
towards bringing usable devices to demanding surroundings but are still lacking maintenance 
plans and products designed to be safe and reliable also in the rural circumstances.  

Analysis of the European regulations resulted in that for example procedures for documentation 
and post market surveillance should be specifically researched when developing a safe and 
reliable medical device to rural conditions in Bangladesh. Findings from this section were also 
in accordance with the information gained from the interviews. In addition to the regulation, 
the specific demands in the rural areas such as long distances and lack of educated health care 
staff and engineers should be considered while developing the devices. Image 5 presents a 
summary of the findings of this study.  

 

Image 5. The main findings that were found to have effect on ensuring the quality of a medical device are presented in this 
diagram. 
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This thesis also confirmed that robust and reusable monitoring medical devices are currently 
needed in the rural areas of Bangladesh. The ECG and blood flow measuring devices 
researched in this thesis aim to help filling this need. The aim is to contribute to easing the 
current situation by increasing the accuracy of diagnoses placed by the village doctors and thus 
decrease the time for patients to get access to correct treatment. By possible local 
manufacturing spare parts and maintenance could be also available better than if manufactured 
by foreign companies.  

A PDCA-cycle was used to visualise and gather in a representative way the different aspects 
to be considered when developing new medical technology specifically adapted to the rural 
areas of Bangladesh. A continuous development and control process will be needed in the 
development of the two monitoring devices. 

Suggestions for further studies are to define the acceptable level of accuracy, precision and 
robustness, and define procedures how to implement the findings in this thesis into practice. 
To increase the scope of this research to a larger group of medical devices and to other low-
income countries in other continents studies with larger focus-groups would be necessary. 
There is a large need for improved health care in the rural areas of current low-income countries 
such as Bangladesh, and monitoring devices such as ECG and blood flow measuring devices 
would contribute to a safer and more accessible health care system in these areas. 
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Appendix 
 

1. Already existing ECG Devices on market during Spring 2019. 
There are also several wearable devices measuring the ECG but are not intended for medical 
use and therefore are not CE approved. Search-words that were used in the search-engines 
Google and Duckduckgo: portable ECG measuring device, ECG measuring device, heart 
monitoring device. 
 

Device Specifications/Availability Market price Link 

HeartCheck-
pen 

Available in US and Canada, allows to 
check and store 20 different ECG-
curves. Need computer to check the 
collected data. FDA approved. 

259 USD https://theheartcheck.myshopi
fy.com/products/heartcheck-
pen 

Cardiocore Connects to mobile phone, wearable, 
currently available in Europe (CE 
approved), Canada, Australia and Hong 
Kong. 

499 € https://www.getqardio.com/qa
rdiocore-wearable-ecg-ekg-
monitor-iphone/  

Vitalmonitor Connects to mobile phone, ISO 13485 
certified 

399 € https://www.vital-
monitor.com/how-does-it-
work/heart-rate-
variability/ecg-measurement-
device/  

Bittium Memory recording up to 180 days, 
rechargeable battery, bluetooth, Micro-
USB download, FDA and CE- approved 

2 329,00 € https://shop.bittium.com/prod
uct/36/bittium-faros-180-
solution-pack 

Mobil EKG 
Beurer 
ME90  

USB connection, uses Bluetooth to 
connect to mobile phone, 2 x CR2032 
batteries needed for ca 500 
measurements of 30s. CE-marked. 

1700 sek (3000 
sek) 

https://www.medistore.se/pro
duct.html/mobil-ekg-beurer-
me90?&gclid=EAIaIQobCh
MIntPcpNnA4QIVmKiaCh2
CWwg9EAQYAyABEgIPsfD
_BwE  

Coala Life 

A device placed on the chest that 
measures the ECG and detects different 
arrhythmias. Currently offered only in 
Sweden. Sensitivity 95% and specificity 
98% 

2988 sek (249sek / 
month for a 
minimum of 1 
year) 

https://www.coalalife.com/se/
english/ 

EMAY 
Handheld 
ECG/EKG 

monitor 

Device for non-medical use, more 
affordable but not CE- approved. Not 
intended for medical use. Needs USB 
cable and computer for data transfer 

79 USD https://www.emayltd.com/ind
ex.php/Home/Index/detail/id/
17.html#pj  

In addition to the device itself, the products often needed separate electrodes (25€/25pcs for 
Bittium) and/or gel to improve contact (20 sek Beurer). 
Ambu BlueSensor R EKG-Elektrod : 90 sek / 25 pcs 
https://www.medistore.se/product.html/ambu-elektroder-blue-sensor-r?category_id=737 
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2. Main differences between the old and new directive concerning medical devices in EU. 
 
 The nine main differences have been listed in the table below. [36] 

 
Short description of change compared to Directive Medical Devices Directive (93/42/EEC) 

1. More strict control for high-risk devices aiming to determine risks before hand as well as possible through 
pre-market scrutiny involving experts at EU level. 

2. Criteria for Notified Bodies have been made stricter 

3. The regulation includes certain aesthetic devices that were not included before 

4. A risk classification system for in vitro diagnostic devices has been introduced 

5. An improved database and traceability system have been developed to increase transparency 

6. For implanted medical devices an implant card has been introduced 

7. Higher requirements on clinical evidence that must be shown by the device before placed on market 

8. More strict requirements on post-market surveillance for manufacturers 

9. Coordination mechanisms affecting vigilance and market surveillance in EU countries have been changed 
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3. Table of the articles that could be used in the development of high-quality medical 

devices for low income countries. 
 
The European regulation for medical devices Regulation (EU) 2017/745 is presented here and 
shows which articles could be applicable to the ECG and blood flow measuring devices in 
order to produce high quality technology according to European standards but useful in a low 
income country. The judgement has been done based on the technical relevance to the ECG 
and blood flow measuring devices and according to the needs found out from the interviews 
and background research. The safety of using a device is not defined only by how it has been 
manufactured; also following up the performance and taking actions accordingly if an adverse 
event occurs contribute to the overall safety of the users. Some articles have the comment: 
“Responsibility of manufacturer” to indicate that if the manufacturer’s aim is to produce a high-
quality product, it includes also following up the product after it has been sold. Annexes have 
been referred to as I, II, and so forth. 
 

Article Name Applicable/Not applicable Ref. 

1 Scope and definitions: According to this 
article the devices are defined as 
medical devices and this directive is 
aimed at them. 

The devices fulfill the descriptions of a medical 
device and does not fulfill any of the points listed in 
1.6. 

 

2 Definitions: everything from medical 
device to Unique device identifier, risk 
and sponsor is defined. 

The devices need to fulfill well defined definitions 
of medical devices. 

 

3 Amendment of certain definitions Not applicable 
 

4 Regulatory status of products Not applicable 
 

5 Placing on the market and putting into 
service. Performance and safety 
requirements are set in Annex 1. 

Necessary in the development of these devices. 
Defines the necessary information the devices must 
have (identification details, demonstration of 
conformity of general safety 

Annex I 

6 Distance sales Not applicable 
 

7 Claims Names are prohibited to mislead the user 
 

8 Use of harmonised standards Devices are harmonised with relevant harmonised 
standards 

 

9 Common specifications Manufacturers should be able to justify that they use 
solutions that ensure a necessary level of safety 
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10 General obligations to manufacturers Responsibilities for manufacturers (2, 3,4 e.g.) 
 

11 Authorised representative Not applicable 
 

12 Change of authorised representative Not applicable 
 

13 General obligations of importers Not applicable 
 

14 General obligations of distributors Not applicable 
 

15 Person responsible for regulatory 
compliance 

Not applicable 
 

16 Cases in which obligations of 
manufacturers apply to importers, 
distributors or other persons 

Not applicable 
 

17 Single-use devices and their 
reprocessing 

Electrodes. Safety and performance should not 
differ from the original one. 

17.1, 17.3 

18 Implant card and information to be 
supplied to the patient with an 
implanted device 

Not applicable; not an implantable device 
 

19 EU declaration of conformity Not applicable IV 

20 CE marking of conformity Annex V defines requirements for conformity with 
CE-marking 

V 

21 Devices for special purposes Not applicable, devices are not custom-made 
 

22 Systems and procedure packs If the devices work together or with other systems, 
they need to be compatible 

section 23 
of I, 
22.5 

23 Parts and components Availability of spare parts 
 

24 Free movement Not applicable 
 

25 Identification within the supply chain Requires good traceability of device 
 

26 Medical devices nomenclature Not applicable 
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27 Unique Device Identification 
(UDI)  system 

Facilitates traceability, system should conform with 
relevant international standards 

VI: part C 

28 UDI database Not applicable 
 

29 Registration of devices Annex VI, XII VI: part 
B+C 

30 Electronic system for registration of 
economic operators 

Not applicable 
 

31 Registration of manufacturers, 
authorised representatives and importers 

Annex VI Part A 
 

32 Summary of safety and clinical 
performance 

Not applicable; class II devices, non-implantable 
 

33 European database on medical devices Not applicable 
 

34 Functionality of Eudamed Not applicable 
 

35 Authorities responsible for notified 
bodies 

Not applicable 
 

36 Requirements relating to notified bodies Not applicable (VII) 

37 Subsidiaries and subcontracting Not applicable VII 

38 Application by conformity assessment 
bodies for designation 

Not applicable VII 

39 Assessment of the application Not applicable 
 

40 Nomination of experts for joint 
assessment of applications for 
notification 

Not applicable 
 

41 Language requirements All documents should be in languages determined 
by the country 

 

42 Designation and notification procedure Not applicable 
 

43 Identification number and list of 
notified bodies 

Not applicable 
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44 Monitoring and re-assessment of 
notified bodies 

Not applicable 
 

45 Review of notified body assessment of 
technical documentation and clinical 
evaluation documentation 

Not applicable 
 

46 Changes to designations and 
notifications 

Not applicable 
 

47 Challenge to the competence of notified 
bodies 

Not applicable 
 

48 Peer review and exchange of experience 
between authorities responsible for 
notified bodies 

Not applicable 
 

49 Coordination of notified bodies Not applicable 
 

50 List of standard fees Not applicable 
 

51 Classification of devices Class IIa (both devices) VIII 

52 Conformity assessment procedures 52 paragraph 6 IX-XI 

53 Involvement of notified bodies in 
conformity assessment procedures 

Not applicable 
 

54 Clinical evaluation consultation 
procedure for certain class III and class 
IIb devices 

Not applicable 
 

55 Mechanism for scrutiny of conformity 
assessments of certain class III and class 
IIb devices 

Not applicable 
 

56 Certificates of conformity Not applicable IX,X,XI, 
XII 

57 Electronic system on notified bodies 
and on certificates of conformity 

Not applicable 
 

58 Voluntary change of notified body Not applicable 
 

59 Derogation from the conformity 
assessment procedures 

Not applicable 
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60 Certificate of free sale Not applicable 
 

61 Clinical evaluation Manufacturer specifies the evidence of safety 
performance to prove conformity with necessary 
requirements mentioned in Annex I, documentation 
according to Annex II 

I, III, XIV: 
part A, XV 

62 General requirements regarding clinical 
investigations conducted to demonstrate 
conformity of devices 

 
XV 

63 Informed consent 
  

64 Clinical investigations on incapacitated 
subjects 

  

65 Clinical investigations on minors 
  

66 Clinical investigations on pregnant or 
breastfeeding women 

  

67 Additional national measures 
  

68 Clinical investigations in emergency 
situations 

  

69 Damage compensation Not applicable 
 

70 Application for clinical investigations Not applicable 
 

71 Assessment by Member States Assessment done by manufacturer 
 

72 Conduct of a clinical investigation Not applicable 
 

73 Electronic system on clinical 
investigations 

Not applicable 
 

74 Clinical investigations regarding 
devices bearing the CE marking 

Not applicable 
 

75 Substantial modifications to clinical 
investigations 

Not applicable 
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76 Corrective measures to be taken by 
Member States and information 
exchange between Member States 

Not applicable 
 

77 Information from the sponsor at the end 
of a clinical investigation or in the event 
of a temporary halt or early termination 

 
77.5, XV 

78 Coordinated assessment procedure for 
clinical investigations 

  

79 Review of coordinated assessment 
procedure 

Not applicable 
 

80 Recording and reporting of adverse 
events that occur during clinical 
investigations 

  

81 Implementing acts Not applicable 
 

82 Requirements regarding other clinical 
investigations 

  

83 Post-market surveillance system of the 
manufacturer 

 
I 

84 Post-market surveillance plan 
 

III: part 1.1 

85 Post-market surveillance report Not applicable 
 

86 Periodic safety update report 
 

II, III 

87 Reporting of serious incidents and field 
safety corrective actions 

  

88 Trend reporting 
 

I 

89 Analysis of serious incidents and field 
safety corrective actions 

  

90 Analysis of vigilance data Responsibility of manufacturer 
 

91 Implementing acts Responsibility of manufacturer 
 



 

45 
 

92 Electronic system on vigilance and on 
post-market surveillance 

Not applicable 
 

93 Market surveillance activities 
  

94 Evaluation of devices suspected of 
presenting an unacceptable risk or other 
non-compliance 

  

95 Procedure for dealing with devices 
presenting an unacceptable risk to 
health and safety 

Not applicable 
 

96 Procedure for evaluating national 
measures at Union level 

Not applicable 
 

97 Other non-compliance Not applicable 
 

98 Preventive health protection measures Not applicable 
 

99 Good administrative practice Not applicable 
 

100 Electronic system on market 
surveillance 

Not applicable 
 

101 Competent authorities Not applicable 
 

102 Cooperation Not applicable 
 

103 Medical Device Coordination Group 
(MDCG) 

Not applicable 
 

104 Support by the Commission Not applicable 
 

105 Tasks of the MDCG Not applicable 
 

106 Provision of scientific, technical and 
clinical opinions and advice 

Not applicable 
 

107 Conflict of interests Not applicable 
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108 Device registers and databanks Not applicable 
 

109 Confidentiality 
  

110 Data protection Directive 95/46/EC 
 

111 Levying of fees Not applicable 
 

112 Funding of activities related to 
designation and monitoring of notified 
bodies 

Not applicable 
 

113 Penalties Not applicable 
 

114 Committee procedure Not applicable 
 

115 Exercise of the delegation Not applicable 
 

116 Separate delegated acts for different 
delegated powers 

Not applicable 
 

117 Amendment to Directive 2001/83/EC Not applicable 
 

118 Amendment to Regulation (EC) No 
178/2002 

Not applicable 
 

119 Amendment to Regulation (EC) No 
1223/2009 

Not applicable 
 

120 Transitional provisions Not applicable 
 

121 Evaluation Not applicable 
 

122 Repeal Not applicable 
 

123 Entry into force and date of application Not applicable 
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4. Summary of the directive 93/42/EEC. 
 

Article Note/Justification 

1 Active, non-implantable and non-invasive devices intended for monitoring purposes. Electrodes are 
accessories. Not custom-made device. Manufacturer would be a local instance in Bangladesh. Intended 
purpose: to record and monitor the ECG of a patient and display it on a mobile phone. To be developed in the 
EU and placed in the South-Asian market. No medicinal products are directly related to this device. 

2 The development of the device will include all the necessary steps to ensure that it will fulfill the necessary 
legal requirements of safe and effective intended use. 

3 Device needs to fulfill the specific requirements mentioned in Annex 1, about intended purpose. 

4 The device will fulfill the requirements for CE-marking. 

5: 1,3 Device will be in conformity with national and harmonised standards. 

6 The development of the device will follow the opinion of the committee set up by Article 5 of Directive 
83/189/EEC 

7 If the device is to be placed on the EU market, a committee will be assigned to deliver its opinion of the draft 
of the device. 

8 A post-market surveillance program and strategies to withdraw the device from the market will be designed in 
case of any risk of compromising the safety of the intended user or patient. 

9 The device will be classified in class IIa in accordance with Annex IX and a notified body will be assigned. 

10 The manufacturer should provide a service to gather and document any malfunctions of the device. If a 
malfunction is found, the manufacturer should spread information about it and which measures have been 
taken or are necessary to avoid harm for patient. 

11:2 The device is classified in class IIa. It follows the procedures relating to the EC declaration of conformity set 
out in Annex VII 

12 Systems and procedure packs 

13 The devices do not require a decision about which class the devices should be classified in 
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14 Manufacturer will inform competent authorities about activities concerning article 12, if the devices are to be 
placed on the European market. Other member states will be also informed. 

15: 
1,3,5-8 

Clinical investigations: the procedures mentioned in Annex VIII and X should be followed.  Clinical 
investigations may be commenced right after the date of notification because the devices are classified as non-
implantable, non-invasive, IIa. Report of results will be kept available for competent authorities. 

16 If the device is marketed in Bangladesh, no notified body is needed. If the devices are marketed in EU, notified 
body must be involved. 

17 To be placed on the EU market, the devices must have CE-marking clearly indicated on the device. 

18 The CE-mark will not be placed on the device before it has completed the necessary assessments and is 
compliant with all the requirements. 

19 If the device needs to be withdrawn from the market, the reasons must be stated. 

20 Confidentiality of the information obtained by using the device will be respected. 

21 Repeal and amendment of articles 

22 Member states, not applicable if devices are not marketed in the EU market. 

23 The device is being developed in Sweden which is a member state of the EU. Future manufacturing country 
may vary. 
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5. The list of questions used for the interviewees. 
 

Professionals in India and Bangladesh: 

1. What kind of monitoring devices are currently in use especially in the rural areas? 
2. What are the most important characteristics for ECG and blood flow monitoring 

devices? 
3. What are the main problems doctors and other health care staff are currently facing 

with medical technology in general? 
4. Who would be the typical end users for an ECG and blood flow monitoring devices 

and what kind of training do they have? 
 

Representative from health care company: 
1. How is it determined which medical devices can be donated to demanding and low 

resource settings? 
2. Who is the usually the intended user? 
3. Which medical devices have you donated to rural areas in India or Bangladesh, or 

other countries? 
4. Are locals able to use the devices? 
5. Are the devices left to the locals after the project is finished, and if so, how will the 

maintenance be taken care of? 
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6. Contributions from different companies to sustainable development of medical 

technology 
 

1. Philips foundation 
Philips foundation is a non-profit organisation established in 2014 and registered in the 
Netherlands to carry out projects that would increase the availability of quality health care for 
people worldwide in low resource settings. Its focus for 2018/2019 is to decrease childhood 
mortality caused by pneumonia. Royal Philips provides annual funding for the organisation 
which works mostly by volunteering employees and by collaborating with other organisations 
such as national Red Cross organisations, RAD-AID (India) and UNICEF. [37] 
 
Local projects include a project in Uganda where the organisation donated mobile ultrasound 
devices to screen children with rheumatic heart disease. [37] The company is also supporting 
the improvement of health care in rural areas in low resource settings by donating equipment 
that would otherwise be lying in storages or being scrapped due to the costs of storing unused 
devices. They are aware of the problems of donating this type of equipment; it might be non-
compliant and due to issues with traceability also the proper education of staff was not possible, 
and devices were not being sent to appropriate facilities. [38] 
 

2. GE Foundation 
Ge Healthcare has a foundation that drives the following programs: Developing Health 
Globally™ (DHG) and Developing Health U.S. (DH), to increase access to health care. In 
addition, they support the Project ECHO that aims to educate and develop the primary health 
care level to increase the quality of care provided in the beginning of the health care system. 
The intention is that it would eventually reduce the costs for the system when patients can treat 
their symptoms early enough to avoid expensive surgeries in later phases. [36] 
 

3. Siemens Foundation 
Siemens Foundation was formed in 1998 and to contribute to the sustainable development of 
health care devices it supports a project launched in 2016, called PATH Fellowships. 
According to their webpage, they donate equipment in the USA only, information about other 
continents was not found. [39] 
     
4. Medtronic Foundation 
The Medtronic foundation has launched HealthRise and HeartRescue programs to support the 
WHOs goals in reducing the effects of non communicable diseases. HealthRise is working in 
India, Brazil, South Africa, and the United States whereas HealthRescue works in India and 
China to prevent sudden deaths due to cardiac arrests. [41] 
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