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Executive Summary
The latest  advances  in  the  Internet  of  things,  cloud  computing  and  analytics  have  decisively
enhanced the automation and optimization of medical procedures. Nevertheless, unacceptable, yet
preventable errors, often referred to as “never events” are not extinct in hospital environments.
Wrong medication provided to wrong patients, errors in matching between a medical exam and the
corresponding patient, even confusion during surgical procedures still occur. MATISSE aims at the
minimization of such unacceptable events by automating and rationalizing the procedures related
to drugs’ stocktaking, medication delivery to hospitalized patients, medical exams retrieval, surgery
preparation and patients’ monitoring.

The MATISSE platform is composed by the MATISSE Back-end, the MATISSE Dashboard, the
MATISSE Mobile Application and the MATISSE Smart Cart. The integrated MATISSE framework
was piloted in City Clinic, Athens, Greece under realistic hospital conditions. The present report
presents  the  results  and  feedback  collected  during  the  pilot  when  executing  each  of  the
aforementioned use cases. The main contributions of this document are as follows:

 The  validation  and  evaluation  of  the  pilot  through  the  statistical  analysis  of  the
questionnaires completed by the participants in order to reach a conclusion concerning the
success of the implemented MATISSE platform

 The  discussion  of  the  comments  made  by  the  participants  regarding  suggestions  for
potential future improvements or feature requests

Through  the  above  tasks,  a  useful  conclusion  was  reached  concerning  the  value  of  the
implemented MATISSE platform in terms of automation and rationalization of the aforementioned
medical  procedures,  as well  as an overall  evaluation of  the MATISSE efficacy in  reaching the
project goals.
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1. Introduction
1.1. Scope of the deliverable
The present document constitutes the second deliverable of the Work Package (WP) 4 MATISSE
pilot validation of the MATISSE project, reporting the activities conducted in the framework of Task
4.2  “Pilot  Validation”.  The  document  reports  the  validation  and  performance  evaluation  of  the
MATISSE prototype by medical staff during the pilot hosted by City Clinic in Athens, in the use
cases that were described in previous deliverables.

In Section 2 of the present document the points that follow are discussed:

 The technical details regarding the pilot validation of MATISSE

 The validation  of  the  pilot  by  the  medical  staff  of  City  Clinic,  acquired  by  the  special
questionnaires that were provided for the evaluation of the pilot’s use cases

 The  collected  feedback  from the  medical  staff  during  the  pilot,  in  terms  of  praises  or
requests of features that would prove useful

Section 3 draws the overall conclusions of the pilot of the MATISSE platform.

1.2. How to read this document
Since the present deliverable targets at documenting the pilot validation procedure accomplished
through special questionnaires as well as discuss the collected feedback, the internal operation of
the components of the MATISSE platform or their interconnection are not covered. For additional
information the interested reader should refer to deliverables D2.1[1], D3.1 [2], D3.2 [3] and D4.1
[4].

Other than that, assuming the reader is already familiar with the MATISSE scope and implemented
architecture, this document is meant to be read in a linear manner. 
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2. Pilot Validation
2.1. Technical Details
2.1.1 Environment
MATISSE was validated in a real life pilot hosted by City Clinic. City Clinic is a newly established
private hospital in the heart of Athens. The hospital aims at promoting high-end health services
towards the general population of adults and seniors and combines medical expertise with state-of-
the-art medical technology. The institution focuses on personalized care, catering for the individual
needs and desires of patients.

City Clinic provided in fact an ideal environment for the MATISSE pilot, offering four floors of mostly
spacious  two-bed  rooms  to  a  total  of  sixty  beds,  clinics,  diagnostic  laboratories  and  a  fully
equipped surgical floor. Specifically, the MATISSE pilot took place in the Orthopedics department.

2.1.2 Duration
The MATISSE prototype platform was initially deployed to City Clinic on March 5 th, 2018. The first
few days were dedicated to the training of the medical personnel that would participate in the pilot
and the collection of feedback for possible improvements. Issues that arisen during the training
were resolved, minor updates were made to the MATISSE platform which was retested. Since
these minor fixes were applied to the platform, the pilot launched and reached an end on August
24th, 2018.

Figure 1: An overview of the City Clinic environment
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2.1.3 Participants
City Clinic participated in the MATISSE pilot with 2 doctors and 2 nurses on a weekly basis, so that
as many individuals as possible could operate, validate and evaluate the MATISSE platform. Until
the end of the pilot, the numbers of the participants raised to 12 doctors and 22 nurses in total.
Each of the participants of the pilot  filled a questionnaire for each use case per week. A brief
training on the usage of the smart cart was carried out for each of the participants. On top of the
medical personnel, the MATISSE platform, and specifically the smart trolley was demonstrated to a
total of 14 patients, who also gave their valuable feedback.

2.1.4 Exploited Data
MATISSE was evaluated in a real hospital environment, yet no real patients or prescriptions were
involved. Instead of this, “virtual patients” were considered in potentially free beds of the Clinic.
These  “virtual  patients”  were  assigned  “virtual  prescriptions”  and  health  records  through  the
MATISSE platform. In this way, the pilot conditions simulated as close as possible the real case
with real patients, real prescriptions and health records.

2.1.5 Deployment
Since the data processed by the components of the MATISSE platform was virtual, as mentioned
in the previous subsection, there was no need for a local in-hospital deployment of the MATISSE
Back-End component,  as the data stored and handled by  this  component  were not  sensitive.
Additionally,  for  safety  and privacy  purposes,  no access was granted to  the hospital  network.
Instead of this, a Wireless LAN was established for a connection to be available. The MATISSE
Smart  Cart  and  MATISSE  Mobile  Application  components  connected  to  this  network  for  the
purpose of communicating with the MATISSE Back-End.

2.1.6 Provided Objects
The following objects were provided to City Clinic throughtout the duration of the pilot:

 The MATISSE Smart Cart, as described in  D3.1 MATISSE Prototype,  with an additional
identical powerbank so that at least one of them is always charged and ready to provide
power supply to the Smart Cart components

 A  laptop,  so  that  the  participants  would  have  access  to  the  MATISSE  Dashboard
component, hence the ability to add or remove virtual patients, prescriptions or other data

 An Android Tablet with the MATISSE Mobile Application pre-installed

 A USB charger compatible with both the Android Tablet and the powerbanks

 Time-Temperature indicators (TTI) with attached QR codes for drugs with special storage
condition requirements, sensitive in two threshold temperature values (upper and lower)

 Bracelets with QR codes for the identification of the virtual patients

 A number of questionnaires for the evaluation and validation of each of the use cases

 A number of informative documents along with informed consent forms for the participants
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Figure 2: A developer training a nurse for the usage of the MATISSE platform
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Figure 3: Training a nurse and presenting the smart cart indications
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2.2. Validation of the MATISSE Use Cases
The  purpose  of  the  pilot  hosted  by  City  Clinic  was  to  validate  and  evaluate  the  use  cases
supported by the MATISSE platform. For this purpose, special questionnaires were provided to the
personnel of City Clinic. The use cases that were validated and evaluated are the following:

 Use Case 1: Drugs’ Stocktaking

 Use Case 2: In-Hospital Medication

 Use Case 3: Smart Medical Exams

 Use Case 4: Pre-surgery Check

 Use Case 5: Patients’ Monitoring

The scenarios’ executions behind the aforementioned use cases have been discussed extensively
in previous deliverables. Depending on the innate nature of each use case, the questionnaires
include questions  concerning the operation  of  the MATISSE Mobile  Application,  the  MATISSE
Smart Cart or both. 

Besides the MATISSE Smart Cart and MATISSE Mobile Application components, the validity of the
MATISSE Dashboard and MATISSE Back-end is confirmed through the execution of the pilot use
cases where the consistency of the stored data is also assured.

Figure 4: The MATISSE Smart Cart
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Figure 5: Confirming that everything is set up correctly for pilot start

2.2.1 Use Case 1: Drugs’ Stocktaking
This  specific  use  case  is  considered  of  vital  significance  for  the  MATISSE  platform.  The
preparation of prescribed drugs for distribution to patients is obviously a procedure during which
many errors could occur on a weekly or even daily basis, since it is repeated at least three times a
day, depending on the flow of work in a hospital. 

At City Clinic this process is regularly repeated three times a day per department. The prescribed
medicine is generally provided to the patients in the morning,  at noon,  after  lunch,  and in the
evening. Of course, there are cases of emergency when a patient might need to receive extra
medication  which  has  not  been  scheduled.  For  instance,  a  nurse  might  communicate  with  a
patient’s doctor to inform him about a situation that emerged to his/hers health and the doctor
might advise the nurse to provide extra medication to the patient. For the purposes of the pilot, the
participants suggested that when a patient needs to receive additional medication the MATISSE
Smart Cart will not be utilized. This statement stands to reason since when a nurse must provide
medicine to a sole patient, the probability of error could be considered close to zero.

The work flow of City Clinic suggests that it is the head nurse who is usually responsible for the
preparation of  drugs.  However,  in  the pilot’s  drugs’ stocktaking use case,  for  the purposes of
validation and evaluation, both nurses participated in the hypothetical preparation of drugs. 

The questionnaire for the use case under discussion includes questions regarding the MATISSE
Smart  Cart  and  MATISSE  Mobile  Application  components.  In  Table  1  we  may  notice  an
aggregation of the answers for this specific use case in the form of percentages.
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Table 1: Results of Use Case 1: Drugs’ Stocktaking

Smart Cart Activation Yes (%) No (%)

Is it easy to activate the smart cart? 88.8 11.2

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take for the welcome 
screen to appear in the smart cart?

0 67.5 32.5

Mobile App / Sign-In Yes (%) No (%)

Is the user able to sign-in with their credentials? 100 0

In case the inserted username and/or password 
are wrong, is the user notified accordingly?

100 0

Is it possible to navigate in any app view without 
signing in?

0 100

Is the user automatically signed out after some 
time of inactivity?

86.3 13.7

Mobile App / Signed-In User Yes (%) No (%)

Is it possible to select the “Drugs’ stocktaking” 
option?

100 0

Is the QR scanner automatically activated? 100 0

Is it easy to understand that the smart cart has to
be scanned?

88.4 11.6

Is the QR scanning possible? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take to for a Smart Cart’s
tag to be recognized?

59.1 40.9 0

Yes (%) No (%)

Does the cart screen display the user and 
current patient?

94.6 5.4

Does any patient name appear after the cart 
scan?

100 0

Does the list of drugs for this patient appear? 100 0
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Is the cart drawer led on? 89.9 10.1

In case the wrong drawer is opened, does a 
sound notify the user?

92.7 7.3

In case the right drawer is opened is its led off? 96.7 3.3

In case the right drawer is opened is the bins led
on?

91.5 8.5

From the drugs’ list, can every drug be selected? 100 0

Does the scanner open automatically? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take to for a drug’s tag to 
be recognized?

70.8 29.2 0

Yes (%) No (%)

Is it easy to understand that the drug has to be 
scanned?

91.2 8.8

In case a wrong drug is scanned, is it easy for 
the user to understand it?

100 0

When the correct drug is scanned, does it 
disappear from the list?

100 0

When all drugs are scanned, is it easy for the 
user to understand that the next patient option 
should be selected?

92.3 7.7

2.3.1.1  Smart Cart Activation
The validation of the Drugs’ Stocktaking use case begins with the activation of the MATISSE Smart
Cart component. The participant must open the side drawer and power on the Raspberry Pi (RPi)
by  plugging  the micro  USB cables  to  the power  bank,  after  assuring  that  the  power  bank  is
adequately charged. According to the results acquired through the questionnaires a 11.2% of the
participants found the activation of the Smart Cart not quite easy, against a 88.8% of the opposite
opinion. The difficulty that occurred for the 11.2% of the participants might rely on the fact that the
cables needed to be plugged to the power bank.

Moreover, regarding the time required until the welcome message appears on the LCD display of
the Smart Cart a percentage of 67.5% noticed that it took more than 5 and less than 10 seconds,
which is the average expected time for the RPi to launch its operation, contrary to a 32.5% which
noticed that it took more than 10 seconds.
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Figure 6: Results for the “Drugs’ Stocktaking” use case
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Figure 7: The head of hospital’s pharmacy stock prepares for a Drugs’ Stocktaking session

2.3.1.2  Mobile App / Sign-In
The other component which takes place in this use case is the MATISSE Mobile Application. At this
point, the ability for a user to sign in is examined and the results are satisfying. The participants
replied that they were able to sign in with their credentials, they were notified when an attempt for
signing in with a wrong set of credentials occurred, and they were not able to navigate in the
application without signing in.

In addition, 86.3% of the participants noted that they were automatically signed out after some time
of inactivity, while 13.7% stated that they were not automatically signed out. Of course this fact
depends on the time of inactivity so the nurses or doctors might not be have been able to verify
that they would be signed-out from the MATISSE Mobile Application.

2.3.1.3  Mobile App / Signed-In User
Having  signed  in  the  MATISSE Mobile  Application,  the  users  were  able  to  select  the  Drugs’
Stocktaking option and perform the series of  needed actions leading to the completion of  this
scenario.  According to the participants’ responses the QR scanner was automatically activated
after the selection of the use case and the QR scanning was possible. The participants faced a
difficulty to understand that the Smart Cart’s tag should be scanned 11.6% of the time, concluding
that either a clearer message should be displayed on the mobile app screen or that the Smart
Cart’s tag should be placed on a more obvious position than its side.
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On the scanning of the Smart Cart’s tag, 59.1% of the time, the participants replied that the time
needed  for  the  scanning  was  negligible,  contrary  to  a  percentage  of  40.9% stating  that  the
scanning operation took more than 5’’ to complete. This fact could be explained through the innate
nature of this use case. When the Smart Cart’s tag is scanned each of the patients that have to
receive medication shortly will be associated to a unique drawer, and their prescription doses will
be fetched as well. These operations, which occur in the MATISSE Back-end component might
need more time to complete, with a strong dependence on the network’s characteristics. Thus,
although the Smart Cart’s tag is actually scanned quickly, it takes some time for the application to
receive and visualize the necessary responses. 

Subsequently,  the  participants  assured  that  the  cart  processor’s  name  along  with  the  current
patient’s name appeared on the cart’s display 94.6% of the time, while the patient’s name and
photo, along with a list of prescribed drugs’ doses for this session appeared on the mobile app
screen at all cases. The 5.4% percentage of failure could be blamed on connectivity issues of the
attached to the RPi Wi-Fi adapter or other server issues which might have occurred on that side.
Specifically, to the participants’ recollections the LCD display was on, thus it was not an electronic
issue.

Afterwards, in all cases, the corresponding cart drawer led should be on. The participants noticed a
cart drawer’s led is on 89.9% of the time, contrary to 10.1%, when the cart drawer’s led was off.
Various possible explanations could apply to this situation. Firstly, temporary connectivity issues
could have occurred, as in the cart’s screen case, so the RPi might not have received any request,
a fact  which was confirmed as existent  since in many cases the faulty operation of  the cart’s
screen was accompanied by a faulty operation on a cart drawer’s led. Secondly, if a drawer had
not  been entirely  closed the magnetic  switches would have lost  contact  with each other,  thus
informing the RPi for an open drawer. In the later case, the outer led would blink rapidly and the
bin’s led would be on immediately.  A third explanation for  this situation might be an electronic
issue, including a loose wire or even a dead led.

Later on, if a wrong drawer is opened then a sound should notify the participant. This was the case
92.7% of the time. For the remaining 7.3%, a possible explanation is that the correct drawer could
have been slightly open and the RPi would not check for the opening of a wrong drawer anymore,
similarly  to the previous situation.  Another  explanation would be an insufficiency of  the power
bank’s battery, or, once again, an electronic issue concerning the magnetic switches.

Afterwards, the participants assured that when the correct drawer was opened, the outer led was
off 96.7% of the time, with the remaining 3.3% being blamed solely on electronic issues related to
the magnetic switches. When the right drawer was opened, the led of the bin that the participant
should place the collected drugs in, was on 91.5% of the time. The aforementioned reasons also
apply to the situation that has arisen, with the probability of electronic issues being a little higher
than before.

Later, the participants selected each and every drug from every patient’s drug list and the Smart
Tag Scanner launched successfully every time this process was repeated. The time needed for a
drug’s tag to be scanned was considered negligible 77.8% of the time, against a 22.2% where it
took more than 5’’ to be completed. The responses stating that it took more than 5’’ to complete
might  be a match to cases where a drug with  special  storage conditions  is  scanned and the
application must also analyze the TTI attached to the drug’s packaging, a process which naturally
requires more time than the scanning of a simple QR code.

Regarding the understanding of the participants concerning each individual drug’s scanning, 91.2%
of the time it was clear that the drug should have been scanned, an issue which can be fixed by
improving the messages on the mobile application’s screen. When a wrong drug was scanned the
situation was clear to everyone as a pop up alert informed the user. Additionally, the participants
assured that at all cases, on the scanning of the correct drug, it disappeared from the list. Finally,
92.3% of the time, it  was understood that after the scanning of a drug, the next patient button
should be selected.
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As an overall evaluation, besides the minor flaws that arose during the pilot, the Drugs’ Stocktaking
use case is considered successfully validated.

2.2.2 Use Case 2: In-Hospital Medication
In-Hospital Medication is one of the two most significant use cases along with Drugs’ Stocktaking.
The distribution of prescribed drugs to patients is a procedure where various errors could occur.
Similarly  to  Drugs’ Stocktaking use case,  this  process is  repeated at  least  three times a  day,
depending on the flow of work in a hospital.

At  City  Clinic  this  process  is  regularly  repeated  three  times  a  day  per  department  and  the
prescribed medication is provided to the patients in the morning, at noon and in the evening and in
case of emergencies, when a doctor might advise a nurse to provide extra medication to a patient.
For  the  purposes  of  the  pilot,  the  participants  suggested  that  when  a  patient  should  receive
additional medication, the Smart Cart will not be utilized.

The  work  flow  of  City  Clinic  suggests  that,  depending  on  the  shift,  one  or  two  nurses  are
responsible for distributing the medication to the patients. For the purposes of the pilot, two nurses
are considered responsible for this procedure.

The questionnaire for the use case under discussion includes questions regarding the MATISSE
Smart  Cart  and  MATISSE  Mobile  Application  components  as  these  components  are  the
protagonists of this scenario. In this questionnaire, the Smart Cart is considered already activated
from the previous use case, therefore no questions for its activation are included. Moreover, the
user is considered already signed in the MATISSE Mobile Application.

In Table 2 we may notice an aggregation of the answers for this specific use case in the form of
percentages.

Table 2: Results of Use Case 2: In-Hospital Medication

Mobile App / Signed-In User Yes (%) No (%)

Is it possible to select the “In-Hospital 
Medication” option?

100 0

Is the QR scanner automatically activated? 100 0

Is it easy for the user to understand that the 
patient should be scanned?

84.5 15.5

Is the QR scanning possible? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take to for a QR code to 
be recognized?

69.3 30.7 0

Yes (%) No (%)

Is it easy for the user to understand and verify 
that the patient’s drugs are in the correct bin?

87.4 12.6
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In the smart cart, is the correct drawer led on (if 
not already opened)?

90.8 9.2

In case the wrong drawer is opened, is there a 
sound notification for the user?

94.3 5.7

Is the correct bin’s led on? 91.1 8.9

Is it possible for the user to select/verify the 
drawer and the bin through the mobile app?

100 0

Does the next patient appear? 0 100

None (%) 1 or 2 (%) More than
2 and less
than 5 (%)

More than
5 (%)

How many events of wrong drug delivery have 
been recorded?

100 0 0 0

2.3.2.1  Mobile App / Signed-In User
After  having signed in  the MATISSE Mobile  Application the users were able to select  the “In-
Hospital Medication” option and the QR scanner was automatically activated at all cases. Although
the user is notified that the patient’s tag should be scanned, this was easily comprehended 84.5%
of the time, contrary to a 15.5% of cases that it was not easily understood. This situation can be
resolved with a clearer message or even an alert notifying the user that the patient’s tag should be
scanned.

Proceeding to the actual scanning of the patient’s tag, the responses show that 69.3% of the time
the participants thought that the time required for the scanning to complete was negligible against
a 30.7% where the time was perceived to be more than 5’’. The reasons described in the previous
subsection apply to this situation as well. Of course, another reason that was not stated before
relates to the existing amount of light in the room where the scanning is performed.

After the scanning of the patient’s tag, the user visualizes information about him/her on the mobile
app screen including the patient’s name and photo, along with a front view of the Smart Cart’s
drawers denoting the one that  the medication to be delivered to the specific patient is stored.
Although  the application  explains  that  the  fetched  front  view corresponds to  the Smart  Cart’s
drawers, the participants did not easily comprehend and verify that the patient’s drugs are in the
correct bin 12.6% of the time, against a 87.4% where this fact was understood.

As  noticed  in  Table  2,  regarding  the  Smart  Cart  related  questions,  the  responses  from  the
participants resemble the ones collected from the previous use case. As already stated, various
explanations can apply to this results, spanning from  temporary network’s connectivity issues or
drawers being already open at the moment of issuing a relative request up to electronic faults or
scarcity of battery power.

Later on, the participants were able to select and verify the drawer and the corresponding bin
through the mobile  application at  all  cases,  regardless of  whether  this process was perceived
easily or not.

As confirmed by the participants, after the selection of the patient’s drawer and bin, which denotes
the completion of medication delivery for the current  patient,  the next patient  does not appear
automatically. This is the expected result as the use case refers to the distribution of medication to
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patients. The next patient cannot be fetched arbitrarily as, with the current version of the MATISSE
platform it is not ensured that he stays in the same room. Instead of this, each patient’s tag should
be scanned in order for the drugs to be delivered, a feature which ensures the minimization of
errors during the drugs’ delivery.

Finally, no events of wrong drug delivery have been recorded by the participants which, of course,
is the desired result. The occurrences of a wrong drug delivery are limited or non-existent since
cross-references between the Smart Cart and the mobile application are provided.  As an overall
evaluation based on the results collected from the questionnaires, beside the minor flaws that
came up during the pilot, the In-Hospital Medication use case is considered successfully validated.

Figure 8: Results for the “In-Hospital Medication” use case
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Figure 9: A nurse during “In-Hospital Medication” validation
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2.2.3 Use Case 3: Smart Medical Exams
Smart Medical Exams is the third use case validated during the pilot of MATISSE. This use case
gives the doctor an overview of the conducted exams of a patient during his stay in the hospital. By
this overview, the doctor in a hospital might advise the nurses to conduct another exam, repeat an
exam or any other action that is needed to ensure the patient’s well-being.

At City Clinic the team of doctors checks on the patients three times daily. An individual doctor
might visit a specific patient he/she treats more than three times to check on his/hers condition.
The doctor browses the patient’s conducted exams and decides whether another exam should be
performed.

The participants in this use case are the doctors. Except for the doctors and administrator users,
the nurses do not have access to exams record of a patient.

The questionnaire for the use case under discussion includes questions regarding the MATISSE
Mobile Application component.

In Table 3 we may notice an aggregation of the answers for this specific use case in the form of
percentages.

Table 3: Results of Use Case 3: Smart Medical Exams

Mobile App / Signed-In User Yes (%) No (%)

Is it possible to select the “Smart Medical 
Exams” option?

100 0

Is the QR scanner automatically activated? 100 0

Is the QR scanning possible? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take for the patient’s tag 
to be recognized?

79.2 20.8 0

Yes (%) No (%)

In case there are exams for the patient, is 
information provided?

100 0

In case there are no exams for the patient, is the
user notified accordingly?

100 0

Is it possible to scan a smart exam? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How long does it take to scan a smart exam tag? 77.4 22.6 0

None (%) 1 or 2 (%) More than
2 and less
than 5 (%)

More than
5 (%)
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How many events of wrong association of exams
to patients have been recorded?

100 0 0 0

2.3.3.1  Mobile App / Signed-In User
Having signed in the MATISSE Mobile Application the users were able to select the “Smart Medical
Exams” option and the QR scanner was automatically activated at all cases. Moreover, the QR
scanning was always possible, both for the patients’ tags and the smart exams’ tags.

Regarding the time needed for a patient’s tag to be recognized and his exams to be fetched on the
mobile application’s screen, the participants stated that this time was negligible 79.2% of the time,
against a 20.8% where it took more than 5’’. Similar results were collected when scanning a smart
exam’s  tag with  the scanning time  characterized  as  negligible  77.4% of  the  time,  contrary  to
22.6%. As mentioned before, the slight delays that are recorded are probably mostly related to the
processing of the scanned tag than the actual scanning, or to the possible scarcity of light in a
room when the scanning occurs.

Regarding the after  scanning questions,  the  participants replied  that  in  case there are stored
exams for a patient they are fetched and displayed successfully at all cases, while the user is
notified in case there are no exams associated to a specific patient.

Finally, the participants recorded no events of wrong association of exams to patients. Combined
with the results collected through the previous questions the Smart Medical Exams use case is
considered validated as well.

Figure 10: Results for the “Smart Medical Exams” use case

25



H2020-ICT-30-2015 – TagItSmart/MATISSE
D4.2
MATISSE Pilot Validation

2.2.4 Use Case 4: Pre-surgery Check
Pre-surgery Check is the fourth use case validated during this pilot of MATISSE. This use case
serves as a cross-reference and assurance that the correct type of surgery is applied to the correct
patients. Rarely, in surgical procedures, there have been reports of foolish mistakes, where, for
instance, the patient must be operated on the left leg, yet instead of this, an operation is attempted
on the right leg.

At City Clinic, every possible precaution is taken to ensure the successful outcome of a surgical
procedure.  During  the  “Pre-surgery  Check”  use  case  a  doctor  or  nurse  is  able  to  visualize
information about the following operation, including the type and target of surgery as an assurance
that the correct flow of work is followed.

The participants in this use case are the doctors or the nurses that are responsible for preparing
the patient for the surgical procedure.

The questionnaire for the use case under discussion includes questions regarding the MATISSE
Mobile Application component.

In Table 4 we may notice an aggregation of the answers for this specific use case in the form of
percentages.

Table 4: Results of Use Case 4: Pre-surgery Check

Mobile App / Signed-In User Yes (%) No (%)

Is it possible to select the “Planned Surgeries” 
option?

100 0

Is the QR scanner automatically activated? 100 0

Is the QR scanning possible? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take for the patient’s tag 
to be recognized?

83.1 16.9 0

Yes (%) No (%)

In case there are planned surgeries for the 
patient, is information provided?

100 0

In case there are no planned surgeries for the 
patient, is the user notified accordingly?

100 0

None (%) 1 or 2 (%) More than
2 and less
than 5 (%)

More than
5 (%)

How many events of wrong surgery have been 
recorded?

100 0 0 0
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Figure 11: Results for the “Pre-surgery Check” use case

2.3.4.1  Mobile App / Signed-In User
Having signed in  the MATISSE Mobile  Application the users were able to select  the “Planned
Surgeries” option and the QR scanner was automatically activated at all cases. Moreover, the QR
scanning was always possible.

Regarding the time needed for a patient’s tag to be recognized and his planned surgeries to be
fetched on the mobile application’s screen, the participants stated that this time was negligible
83.1% of the time, against a 16.9% where it took more than 5’’. Reasons for the slight delays have
already been recorded before and are probably mostly related to the processing of the scanned tag
than the actual scanning, or to the possible scarcity of light in a room when the scanning occurs.

Concerning the after scanning questions, the participants replied that in case there are planned
surgeries stored for a patient they are fetched and displayed successfully at all cases, while the
user  is  notified  in  case  there  are  no  planned  surgeries  for  the  specific  patient.  Finally,  the
participants recorded no events of wrong surgeries. Combined with the results collected through
the previous questions the Pre-surgery Check use case is considered validated.

2.2.5 Use Case 5: Patients’ Monitoring
Patients’ Monitoring is the last use case validated during the pilot of MATISSE. This use case gives
the doctor an overview of a patient’s medical history. In most hospitals, the team of doctors visits
the patients two or three times a day to check on their current condition.
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At City Clinic the team of doctors visit the patients three times daily. An individual doctor might visit
a specific patient he/she treats more than three times to check on his/hers condition. The doctor
browses the patient’s medical history, including admissions, prescriptions, exams, scheduled or
completed surgeries and allergies, and might make decisions for the continuity or suspension of a
treatment or have an overview of the patient’s health.

The participants in this use case are the doctors. Except for the doctors and administrator users,
the nurses do not have access to the full medical history record of a patient.

The questionnaire for the use case under discussion includes questions regarding the MATISSE
Mobile Application component.

In Table 5 we may notice an aggregation of the answers for this specific use case in the form of
percentages.

Table 5: Results of Use Case 5: Patients’ Monitoring

Mobile App / Signed-In User Yes (%) No (%)

Is it possible to select the “Patients’ Monitoring” 
option?

100 0

Is the QR scanner automatically activated? 100 0

Is the QR scanning possible? 100 0

Negligible (%) More than 5’’
(%)

More than 10’’
(%)

How much time does it take for the patient’s tag 
to be recognized?

67.9 32.1 0

Yes (%) No (%)

In case there is information for the patient, is this
provided?

100 0

Is this information correctly displayed? 100 0

In case there are no records for the patient, is 
the user notified accordingly?

100 0

None (%) 1 or 2 (%) More than
2 and less
than 5 (%)

More than
5 (%)

How many events of wrong history retrieval have
been recorded?

100 0 0 0
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Figure 12: Results for the “Patients’ Monitoring” use case

2.3.5.1  Mobile App / Signed-In User
Having signed in the MATISSE Mobile Application the users were able to select  the “Patients’
Monitoring” option and the QR scanner was automatically activated at all cases. Moreover, the QR
scanning was always possible.

Regarding the time needed for a patient’s tag to be recognized and his medical history to be
fetched on the mobile application’s screen, the participants stated that this time was negligible
67.9% of the time, against a 32.1% where it took more than 5’’. The slight delays that are recorded
are probably mostly related to the processing of the scanned tag than the actual scanning, since
for the Patients’ Monitoring use case, after the scanning the application must make requests to the
MATISSE Back-end and fetch more resources than in the previous cases, including the scanned
patient’s admissions, active and past prescriptions, scheduled and completed surgeries, exams
and allergies, always along with visualized information about the patient.

Later on, the participants replied that in case there was stored information for a patient’s medical
history it  was fetched and displayed successfully  and correctly  at  all  cases,  while  the user  is
notified in case there are no stored information for a specific patient. In fact, the user is notified
only if there are not any stored information of any resource type for a specific patient.

Finally, the participants recorded no events of wrong history retrieval. Combined with the results
collected through the previous questions the Patients’ Monitoring use case is considered validated.
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2.3. Other Users’ Feedback
Besides the completion of the questionnaires, the medical personnel which took part in the pilot
offered invaluable comments about possible improvements which would make the implemented
MATISSE platform a better fit for real hospital environments. Moreover, the participants also made
praises about the features of the platform that found more useful and would actually improve the
procedures followed in a hospital. In this subsection, the aforementioned comments are recorded
and discussed.  The comments are categorized by the component of the MATISSE platform. It
should  be  mentioned  that  no  comments  for  the  MATISSE  Back-end  were  made  since  the
participants did not have any interaction with this component.

2.3.1 MATISSE Combined Tag
The MATISSE combined tag, as described in D3.1 MATISSE prototype, is a composition of TTIs,
sensitive in a lower and higher temperature limit and a QR code. This combined tag was attached
on the  packages of  drugs which  theoretically  (since the patients  and  drugs  were  virtual)  had
special storage condition requirements.

The participants praised the usage of  the smart  tags on drugs’ packages.  To begin with,  they
reported the existence of cases when there might be delays between the delivery of drugs to the
hospital and their movement to the medication’s storage units. This is hazardous for drugs with
special storage requirements and could lead to defected medication being provided to patients. For
this reason, the participants suggested that it  would be ideal for pharmaceutical  companies to
attach such smart tags on the drugs’ packages before they are detached from the companies’
storage facilities to the hospital.

Furthermore,  the  pilot’s  participants  stated  that  in  many  occasions,  during  the  medications’
distribution, impromptu patients’ requests and needs might lead to delays in the completion of the
drugs’ provisioning procedure, hence some of the drugs might remain in the smart cart for a time
period long enough for a drug to be defected. The participants noted that in case of serums and
drugs  with  larger  packages,  a  smart  tag  attached  before  the  in-hospital  medication  session
ensured the proper state of the delivered drugs. A suggestion from the participants’ side was that
TTIs could be attached in some dedicated smart cart’s drawer’s bins, and that medication with
special storage conditions could be placed inside this dedicated bins.

As  an  overall  evaluation,  the  participants  were  satisfied  and  positively  predisposed  about  the
exploitation of smart tags for assurance of the drugs’ proper state upon provisioning to patients but
also before storing them in the hospital’s pharmacy stock. They suggested that besides hospitals,
such smart tags should also be readily supported by pharmaceutical companies.

2.3.2 MATISSE Dashboard
The MATISSE Dashboard component served as an enabler for the pilot execution since all the
data regarding patients,  drugs,  exams, surgeries,  prescriptions and every other resource were
created, retrieved, edited and deleted through this component. The users taking part in the pilot
were managed through this component as well.

An important comment that was made by the nurses which participated in the pilot is that through
the Dashboard, a doctor could make an alteration on a prescription or prescribe a new drug for a
patient at any moment and this fact would be recorded. Lets consider a scenario in which a doctor
treating a specific patient has left the hospital and after communicating with a nurse about the
patient’s health, he/she decides to alter a prescription. The process that would be followed in most
hospitals is that the doctor would communicate with the head nurse and advise him/her to deliver a
different drug when the next dose was supposed to be received. The nurse records the doctor’s
advice and delivers the newly prescribed drug instead of the old one. However, besides the doctor
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and the nurse that communicated no one else might acknowledge the alteration of the prescription
and in case an undesired situation occurs to this patient’s health the nurse could be blamed.

What the participating nurses stated is that the doctor would login to the MATISSE Dashboard
remotely and the alteration at the prescriptions would be recorded. In fact,  by the next Drugs’
Stocktaking session the prescription will have been updated and the list of drugs fetched for this
patient during the preparation will include the newly prescribed drug. This feature was considered
as one of the most significant that the platform offers by most of the nurses that participated in the
pilot. Of course, in cases of emergency when the doctor advises a nurse to immediately provide a
drug to a patient there might be no time to formally submit a relevant prescription through the
dashboard, but instead the doctor may submit such a prescription after the drug has been provided
to the patient in need.

Another feature that gained recognition is the fact that the known allergies of a patient to specific
substances are stored in  the patients’ profiles.  There are recorded events of  doctors remotely
advising a nurse to alter a prescription and provide a different drug to a patient without being able
to recall the patient’s history, and specifically the patient’s allergies. This fact combined with an
oversight from the nurse’s side can lead to mild or even severe allergic episodes, which will affect
the health of any person, temporarily of permanently,  let alone a hospitalized patient.  With the
introduction of the MATISSE platform, a doctor can access the patient’s history remotely through
the MATISSE Dashboard component. In every case, if a patient is allergic to a substance which is
included in a drug that a doctor tries to prescribe, then he/she will be notified accordingly and will
not be able to complete a prescription which includes this drug.  

In general, though the MATISSE Dashboard mostly offers administrative support to the MATISSE
platform, the participants were satisfied with it and discovered that the provided features will prove
helpful  in  a  real  hospital  environment.  The only  suggestions  for  improvements  concerned the
stored information about patients, exams, drugs and other resources which in some cases have to
be enriched, a fact which makes perfect sense since there were information that would offer no
added value for the purposes of the pilot.

2.3.3 MATISSE Mobile Application
The MATISSE Mobile Application is the component which enabled the execution of each and every
use case that the MATISSE platform supports as a whole. It is a vital cogwheel of the platform as it
implements what could be characterized one of the most significant structural elements which is
the Smart Tag Scanner.

Though the participants were generally satisfied with the MATISSE Mobile Application, some of
them stated that the guidance of the application itself through the execution of a use case could be
improved as there are some steps to be taken that are not obvious to the inexperienced user.
Specifically,  the  participants  suggested  that  there  should  be  clearer  or  more  conspicuous
directives, with larger font sizes, for a user to be completely ready to execute any of the use cases
with minimum or no supervision at all. Basically, these comments mostly referred to the Drugs’
Stocktaking and In-Hospital  Medication use cases,  as in  the others it  was quite clear that  the
patient’s tag should be scanned in order to proceed,  with the exception of  the Smart  Medical
Exams use case where the nurse or doctor can scan an exam’s tag too.

On the Drugs’ Stocktaking use case, and specifically on the scanning of the drugs before placing
them in the cart,  the nurses stated that  although errors in  the medication’s  preparation would
actually be annihilated through this procedure, yet an additional work load will be induced for the
medical personnel. However, the nurses also stated that another very important feature in this use
case is the ability to have an overview of the consumption of drugs through one of TiS integration
points, i.e. the EVRYTHNG platform.

The participants eulogized the In-Hospital Medication use case as one of the two most significant,
along with  Drugs’ Stocktaking.  They particularly  complimented that  the  right  bin  of  a  patient’s
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medication is confirmed in multiple ways, both through the Smart Cart’s indications, namely LEDs,
alarm and LCD display and through the visualization of the Smart Cart’s drawers and bins on the
mobile  app’s  screen.  Suggestions  for  improvements  in  this  scenario  regarded  the  displayed
messages guiding a user through the scenario’s execution, as  already stated previously.

Regarding the Smart Medical Exams and Patients’ Monitoring use cases, the participants made
praises about them, focusing on the fact that a doctor has to remember a plurality of characteristics
for each of the patients and it is not uncommon to confuse information referring to different people.
Of course, when a doctor visits a patient to his room he/she is able to see the patient’s tab, yet
there are more than a few cases when the tabs of the patients are mixed up. Furthermore, lets
assume that a doctor is in his/hers office and checks the exams of some patients. At some point of
time the doctor might find it hard to paint a mental picture of the patient whose exam he checks.
Thus,  he/she  will  scan the exam which has its own unique smart  tag attached and visualize
information about the specific patient.

For the Pre-surgery Check, the participants suggested that instead of displaying text related to the
planned surgery of a patient,  they would prefer the application to visualize a human body and
denote the part of the body that the surgery is targeted to.

As an overall evaluation, the participants praised the MATISSE Mobile Application, and besides the
questionnaires,  their  suggestions  were  primarily  targeted  to  making  the  application  easier  to
comprehend for an inexperienced user.

2.3.4 MATISSE Smart Cart
The MATISSE Smart Cart is the component of the MATISSE platform that is necessary for the
execution of the two primary use cases of the MATISSE platform, namely Drugs’ Stocktaking and
In-Hospital  Medication.  These  use  cases  are  considered  the  primary  ones  of  the  MATISSE
platform as these hospital procedures are the ones that require the processing of larger volumes of
information by the nurses, hence errors are more likely to occur during their execution.

In general, the participants complimented the operation of the MATISSE Smart Cart component,
and, from their point of view as medical workers, offered valuable recommendations. One of their
proposals was that the top drawer of the cart could be used for medication needed in case of
emergencies, including substances like epinephrine, lidocaine, activated carbon and others that
should always be handy in a hospital environment. 

Another suggestion was that some widely used drugs, which are prescribed to most of the patients
in a hospital could always be stored in a dedicated drawer of the cart. On the contrary, some of the
participants suggested that a dedicated drawer could be used for drugs that are rarely prescribed
to patients in the sense that the Smart Cart’s indications would actually be helpful for the nurses to
locate them in the drawer. This suggestion revealed another possible use case of the Smart Cart,
or a similar structure where visual or other types of indications could be used in order to assist the
nurses in the collection of drugs, denoting the places where these drugs are stored. Of course, the
application of such a structure would be focused on a hospital’s or pharmacy’s storage room.

Furthermore, the nurses noticed that some of the drugs that are distributed in the hospital could fit
only  in  the deeper  drawers of  the Smart  Cart.  To date,  the association of  the patients  to the
drawers’  bins  is  performed  in  a  serial  manner,  by  fetching  the  list  of  patients  with  pending
prescriptions and associating each of them to the first available drawer, beginning from the top
drawer’s first bin. This procedure does not take the size of a specific drug into account, hence if a
patient needs to receive a serum or medication which is not in the form of pills, and this patient is
associated with one of the top drawers, which are not quite deep, then the medication might not fit
in the bin. If  it  is desired for drugs of all sizes to be inserted in the Smart Cart there could be
various possible solutions. Two of them are as follows:
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 The sizes  of  all  available  drugs  could  also  be  included  in  the  drugs’ records  and  the
association of a patient to a drawer’s bin would not only rely on the available bins but,
additionally, on the size of the prescribed drug. Naturally, the sizes of the drugs would not
be measured exactly as it would take a lot of time to complete such a process. Instead of
this, a quantization of the sizes would be introduced to denote the drawer with bins that are
deep enough for a specific drug.

 The bins could be assigned to patients manually by the person who makes the preparation
of  drugs.  Specifically,  after  the  drugs’ list  is  fetched  for  a  patient,  the  nurse  will  start
collecting the drugs for this patient. Depending on the size of the drugs, the nurse could
choose to associate the patient to a drawer with a specific size. No freedom of choice
would be given for the drawer’s bin but only for the drawer itself.

The aforementioned solutions could resolve the issues with the drugs’ sizes and types. Yet,  in
order to keep the association process as automated as possible, and not include the human factor,
the first solution would be preferred.

As  an  overall  evaluation  the  participants  were  quite  satisfied  with  the  current  version  of  the
MATISSE Smart Cart and the introduction of the drugs’ sizes in the design was considered to be
one of the most significant suggestions and would definitely be taken into account in the next
version of the MATISSE platform.
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3. Conclusions

3.1. Pilot Summary
The present report presents the pilot validation of the MATISSE platform prototype, hosted by City
Clinic, a private hospital in the heart of Athens. The medical personnel that City Clinic allocated
included 2 doctors and 2 nurses on a weekly basis, reaching a total of 12 unique doctors and 22
unique nurses throughout the duration of the pilot. Additionally, the platform was demonstrated to
14 patients who also gave their feedback. The participants filled a questionnaire for each use case
on a weekly basis to prevent the induction of additional work load. All the necessary objects for the
pilot set-up were provided to City Clinic, and because no access could be granted to the hospital’s
network a Wireless LAN was established for the communication of the MATISSE components.

3.2. Qualitative Results
Through the special questionnaires that were provided for the validation and evaluation of each
use case, and through the other feedback that was provided by the participants some important
qualitative results were outlined regarding the MATISSE platform:

 The MATISSE platform is easy to use. The questionnaires reported that, most of the time,
the  steps  that  should  be  followed  for  the  execution  of  a  MATISSE use  case,  though
improvable, were straightforwardly depicted through the mobile application.

 The Smart Tag scanning is easy and fast. The responses reported that the Smart Tag
scanner was automatically activated at all cases and, for most of them, the scanning time
was considered negligible.

 The MATISSE platform induces a slight additional work load to the medical staff but
improves the recording and quality of services. During the Drugs’ Stocktaking use case,
the nurse should scan each and every drug from a patient’s drug list in order to ensure that
the correct one is picked and placed into the Smart Cart. On the other hand, as stated by
almost every participant,  through the innate nature of the MATISSE platform there is a
better tracking of the hospital procedures that are carried out. Additionally, according to the
participants, the errors in the preparation of medications and their distribution to patients
are annihilated. Finally,  through the smart tags attached on drugs’ packages the proper
state of the medication is uncompromised.

As  an  overall  conclusion,  all  the  proposed  and  defined  MATISSE  use  cases  were  validated
successfully. Moreover, the minor flaws that occurred during the execution of these use cases were
recorded and intended to be resolved.

3.3. Future Improvements

The participants in the pilot gave invaluable feedback both in the form of comments on the possible
improvements of the platform so that it would be a better fit for real hospital environments. Some of
the comments that were made on the components of the MATISSE platform were as follows:

 The MATISSE combined tag was praised as an element of the overall MATISSE platform.
The  participants’  comments  suggested  that  such  smart  tags  could  also  be  placed  in
dedicated drawers of the MATISSE smart cart to cater for medicine in a form to which no
smart tag can be attached.

 The MATISSE Dashboard proved useful to the participants who only stated that they would
add some essential  fields of  information to some of  the resources.  This  makes perfect
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sense as the initial version of the dashboard was mainly targeted to the pilot’s execution,
hence many information were not considered essential and will be definitely included in the
next version of the MATISSE Dashboard.

 The participants were satisfied with the MATISSE Mobile Application and their comments
mostly included suggestions on visual improvements for easing the app’s comprehension
for  an  inexperienced  user.  These  comments  were  taken  into  account,  as  well  as  a
suggestion regarding the Pre-surgery Check use case where the displayed text  will  be
replaced with a human body and the target of surgery will be indicated accordingly.

 The MATISSE Smart Cart proved of great significance for the participants, ensuring the
minimization of errors during the drugs’ preparation and delivery. An important proposal that
will be definitely taken into account for the next version of the MATISSE platform is the
introduction of drugs’ sizes so that the patients will be assigned to a drawer accordingly and
not independently of the medication they should receive.

The aforementioned improvements are considered the first to be taken into account for the next
version of the MATISSE platform. Other than these, the participants praised the MATISSE platform
as a whole,  acknowledging that  it  will  improve the recording and quality  of  services  in  a  real
hospital environment.

Figure 13: A commemorative photo of MATISSE pilot
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