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Abstract. Internet of Medical Things (IoMT) is a technological concept
applied in healthcare contexts to achieve the digital interconnection of everyday
objects with the Internet in order to make life easier for people. IoMT can help
monitor, inform and notify not only caregivers, but provide healthcare providers
with actual data to identify issues before they become critical or to allow for
earlier invention. In this sense, this paper is contextualized in Assisted Repro-
duction Treatment (ART) processes to reduce the number of hospital visits,
reduce healthcare costs and improve patientcare, as well as the productivity of
the healthcare professional. So, we present an IoMT-based technological pro-
posal to manage and control the prescription of pharmacological treatments to
patients who are carried out ART processes. In this context, we propose the
integration of iMEDEA (modular system specialized in the management of
electronic clinical records for ART unit) and smart speaker devices (specifically,
Amazon’s Alexa), as well as the validation of our proposal in the real envi-
ronment offered by Inebir clinic.
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1 Introduction

Internet of Things (IoT) is a technological concept that emerged in the 90’s in the field of 
sensor and radiofrequency technologies. Today, IoT aims to achieve the digital inter-
connection of everyday objects with the Internet in order to make life easier for people 
[1]. When the IoT concept is applied in healthcare contexts, it takes the name of Internet 
of Medical Things (IoMT) [2]. Also known as healthcare IoT, the IoMT comprises the 
medical devices and applications connected to healthcare information technology sys-
tems via the Web. Wi-Fi enabled devices facilitate machine-to-machine communication 
and link to cloud platforms for data storage. In short, IoMT is a concept that combines 
medical devices and software applications that can connect to healthcare information
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technology systems using networking technologies. The IoMT can help monitor, inform
and notify not only caregivers, but provide healthcare providers with actual data to
identify issues before they become critical or to allow for earlier invention.

In addition, the use of this technology allows to reduce unnecessary hospital visits
and the burden on healthcare systems by connecting patients to their physicians and
allowing the transfer of medical data over a secure network. IoMT also could reduce
healthcare costs in the coming years.

In this context, this paper describes an IoMT-based technological proposal to
manage and control the ingestion of pharmacological treatments to patients. More
specifically, it is contextualized with the Assisted Reproduction Treatment (ART)
processes [3], which have become a very used health service by more and more sen-
timental couple around the world because of problems such as fertility limiting
pathologies, delay in the maternity age, single-parent couples, couples and women who
wish to face maternity individually [4], among others. In fact, some epidemiological
studies conclude that Infertility pathologies affect 15% of the population of reproductive
age in Western countries (i.e., one in six couples) and this percentage is gradually
increasing every year [5]. However, these data can be extrapolated to other countries.

Despite upward trends in the use of ARTs, these ones are expensive processes
whose success depends on many factors [6]. One of them is the assimilation of
pharmacological treatments that patients (usually women) have to take before, during
and after carrying out the ART process.

In this context, we propose the integration of: (i) Hospital Information Systems
(HIS), which are used by healthcare professionals to carry out the monitoring and
control of ART processes, as well as the medication of the patients; and (ii) smart
speaker devices, which is going to be located in the patient’s home, it is going to notify
when exactly each medication must be ingested, and it is going to receive the patient’s
response, storing it in the system to be checked by the healthcare professional. In
addition, it is important to highlight that our technological proposal has been applied
and validated in the real environment offered by Inebir Clinic [19] (Spanish assisted
reproduction clinic). This collaboration has allowed us to obtain valuable feedback to
improve our proposal and propose future work.

Finally, this paper is structured as follows. After this introduction, Sects. 2 and 3
explain the methodology used and the results obtained, respectively. Section 4 pro-
vides further discussion, and Sect. 5 states final conclusions and some future works.

2 Materials and Methods

As mentioned above, our IoMT-based technological proposal aims to improve the
control and productivity of ART professionals when they prescribe pharmacological
treatments to their patients. For this purpose, our proposal has been: (i) designed using
model-driven methodologies and collaborative work techniques for product design; and
(ii) carried out by integrating smart speakers with commercial HIS.



On the one hand, we have used the agile version of NDT (Navigational Devel-
opment Techniques) [7] which is enriched with collaborative work techniques for
product design (e.g., design thinking [8], sprint design [9], among others), providing a
flexible, dynamic and powerful methodological environment. In addition, NDT is
framed under the MDE paradigm (Model Driven Engineering) and it also offers its
software toolkit (NDT-Suite [10]) to successfully apply NDT in practical environ-
ments. In fact, NDT-Suite has been satisfactorily applied in numerous contexts:
aeronautics [11], software requirement management [12, 20], healthcare [13], software
process management [14], functional software testing [21], among others.

On the other hand, our IoMT-based proposal has used iMEDEA [15] (innovative
MEDical Engineering Assistance) system as data source and the integrated develop-
ment environment offered by Amazon. iMEDEA is a HIS solution designed and
developed by G7Innovations company [16] that provides a modular technological
environment with advanced mechanisms for managing ART unit whereas Amazon
provides smart speaker devices (Alexa [17]), Amazon’s cloud-based voice services and
toolkits to develop virtual assistant solutions using the Alexa Skills Kit (ASK) [18].

3 Results

This section describes our solution proposal to control and manage of pharmacological
treatments to patients who are carried out ART processes. For this purpose, Sect. 3.1
describes the architecture of our IoMT-based proposal and Sect. 3.2 describes the
workflow and communications when our proposal is used in practical environments.

3.1 Architecture of Our Technological Proposal

The proposal presented in this paper has been designed with a two-layer architecture (see
Fig. 1): (i) «client/device layer»; and (ii) «cloud layer» . On the one hand, «client/device
layer» contains patient’s IoT devices (smart speakers) and client application (web
browsers) of the healthcare professional.

On the other hand, cloud layer contains: (1) «Skill Alexa4iMEDEA» , which is am
integration module between Alexa and the HIS used in our proposal (i.e., iMEDEA)
that is deployed in Amazon’s cloud (i.e., Amazon Web Services or AWS in Fig. 1);
and (2) a submodule within iMEDEA and its «Integration and Interoperability Mod-
ule» , which allows synchronizing the patient’s instance with his/her user account on
Amazon (this submodule is represented as a yellow box in Fig. 1 to avoid complica-
tions in the graphic representation of our architecture).

Regarding «Skill Alexa4iMEDEA», this one has been designed and developed
with different cloud-based components which are coded in two different levels. The
first one is the client level where the different interactions (i.e., voice commands) are
created associated with our Alexa’s skill. These voice commands are interpreted by
Alexa engine (server level). The second level is the server level which could be hosted
in AWS or in our server. It supports Node.js and Python languages. At server level,
voice commands are managed in order according to the main configuration file (see
Table 1) defined in our skill.



Each mentioned instruction in Table 1 represents the definition of a Python class in
our skill to manage each voice command. For example, Table 2 shows the Python class
associated with the first interaction which allows initiating the communication of our
solution for Alexa.

These class contains two main functions. The first one is can_handle and its
objective is to check if this class has to be executed. The second function is handle,
which contains the logic of the interaction. This function returns a set of actions
predefined by Alexa: speak, that is a phrase to be reproduced by Alexa; ask, which
allows to activate our Skill (listening mode) to identify any command indicated by the
user; response, that returns the response object to be sent to the Alexa device;
AskForPermissionsConsentCard, that manages request permissions.

Fig. 1. Architecture of our IoMT-based proposal. (Color figure online)

Table 1. Main configuration file to manage each interaction (voice command) in our skill.

sb = SkillBuilder() 
sb.add_request_handler(LaunchRequestHandler()) 
sb.add_request_handler(GeneralInteractionIntentHandler()) 
sb.add_request_handler(reminderInteractionIntentHandler()) 
sb.add_request_handler(CancelOrStopIntentHandler()) 
sb.add_request_handler(SessionEndedRequestHandler()) 
sb.add_request_handler(HelpIntentHandler()) 
sb.add_exception_handler(CatchAllExceptionHandler()) 
lambda_handler = sb.lambda_handler()



3.2 Communication Flow

Once the architecture is defined in the previous section, we are going to explain what
the communication flow when our proposal is used. In this sense, we have created three
on-demand interactions (voice command) to interact with Alexa: (1) «start interac-
tion» ; (2) «get active pharmacological treatments»; and (3) «create reminders asso-
ciated with treatments». The behavior of these commands is shown in Fig. 2 using an
UML (Unified Modeling Language) sequence diagram. However, Fig. 2 only shows
the first and last interaction because the second one is very similar, and the sequence
diagram could be very extensive.

It is important to mention that, before using our «Skill Alexa4iMEDEA» , it is
necessary a configuration step (see at the top of Fig. 2) which is performed by the
healthcare professional and consists of enabling the communication of the patient with
iMEDEA using Alexa (this action automatically generates a security token by IME-
DEA; this token is used in subsequent transactions). Once the patient is enabled, s/he
can configure his/her Alexa device with his/her own iMEDEA’s security token and start
interacting with Alexa.

Once the user has been activated, patient can interact with Alexa and IMEDEA
using voice commands. As mentioned above, the first interaction shown in Fig. 2
is «start interaction» which allows to initiating communications and, subsequently,
interact using next commands. In this sense, Alexa communicates with «Skill Alex-
a4iMEDEA» module (into AWS) and these one communicates with «Security Mod-
ule» of iMEDEA to authenticate the patient. This security module responds with
rejected or successful authentication (the communication flow continues if authenti-
cation is successful).

Moreover, the second interaction shown in Fig. 2 is «create reminders associated
with treatments» which allows creating automatically reminders. For this purpose, the
patient only has to say: «create reminders for my treatments» (voice command). It is
necessary that the patient indicates the number of days in which reminders should be
created and the time of the first dose (if this is not done, Alexa ask for this information).
Subsequently, «Skill Alexa4iMEDEA» module (into AWS) checks if the user is
authenticated («Security Module» of iMEDEA) and obtains the list of their active
treatments («Integration and Interoperability» and «Pharmacological Treatment» mod-
ules of iMEDEA).

Table 2. Code to start communication with Alexa

class LaunchRequestHandler(AbstractRequestHandler): 
def can_handle(self, handler_input): 

return
ask_utils.is_request_type("LaunchRequest")(handler_input) 

def handle(self, handler_input): 
speak_output = "Hola, ¿Que necesitas?" 
return (handler_input.response_builder.

speak(speak_output).ask(speak_output).response)  



Once the request is completed, «Skill Alexa4iMEDEA» retrieves the patient’s
active treatments. Finally, it sends an order with all the information to create the
reminders in an asynchronous way and tells the patient that soon they will be created.

Fig. 2. Communication flow of our IoMT-based proposal and representation.



4 Discussion

Once our proposal has been designed and developed, we have managed to apply and
validate it in the real environment offered by Inebir clinic [19]. This validation has been
carried out using the case-studies method as proof-of-concept.

In this sense, we have designed 7 cases of study to evaluate the performance and
efficacy of our skill in the creation of reminders according to different pharmacological
treatment settings. Specially, for each case study, we have conducted tests varying the
number of treatments from one to three; and for these treatments we have changed the
frequency of the doses between 2 h and 12 h. Also, we have modified the end date of
the treatments in order to finish them during the requested days.

Figure 3 shows all cases of study and their variations, according to the number of
reminders created in each case (X-axis represents the combination of the amount of
treatments with their dosage frequency).

Figure 3 shows that cases where the dosage frequency is 2 h, a lot of reminders can
be created. However, for all other frequencies it does not exceed 100 reminders because
of issues of our preliminary design. Although user experience has been successful, we
have received comments to improve the usability of voice commands between patient-
Alexa to promote more human communication (question-answer). From a technical
perspective, we have identified some limitations. The main one is related to the exis-
tence of limitations in the number of transactions that can be issued by our Skill.

Fig. 3. Total reminders created in each case of study.



5 Conclusions and Future Works

This paper describes an IoMT-based technological proposal to manage and control the
prescription of pharmacological treatments to patients who are carried out ART pro-
cesses. Our proposal aims to reduce the number of hospital visits, reduce healthcare
costs and improve patient care, as well as the productivity of the healthcare profes-
sional. In this context, we propose the integration of iMEDEA (modular system spe-
cialized in the management of electronic clinical records for ART unit) and smart
speaker devices (specifically, Amazon’s Alexa), as well as the validation of our pro-
posal in the real environment offered by Inebir clinic.

Finally, after carrying out this proposal, some future works are proposed: opti-
mization of our Skill Alexa for iMEDEA through concurrent algorithms; mechanisms
to facilitate the daily work of health professionals when they manually enter infor-
mation into their HIS (we will consider using voice commands with Alexa); alert
notifications (via voice commands from Alexa) when an critical error has been detected
that could compromise the success of the ART processes; integrate our proposal into
the design and development of ART processes using process modeling languages [22,
23], among others.

However, we have already started new research lines related to our proposal.
Specifically, we are defining generic and abstract models that allow the design of
technological solutions that are independent of the IoT device. In this sense, we could
define abstract models and automatically (using model-to-text transformations) gen-
erate code associated to specific technologies (such as, Alexa, LG smart speakers1,
among others). In addition, from perspective of software product design, we plan to
improve the NDT methodology when this one is used to design products with IoT
device. These improvements will be related to the incorporation of prototype-driven
mechanisms to facilitate the communication of users and software engineers during the
design of these technological solutions.
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