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A Product-Service-System for accurate
and efficient fluid balance measurements
on hospitalized patients.
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1 [xisting measuring methods

11  Laboratory tests

Measurement  of  haematocrit  or  haemoglobin
concentration in the blood by performing a blood
analysis. Both these volues are based on the whole
blood and are therefore dependent on the amount
of plasma inside the blood. The means if the patient
is severe dehydrated the values will appear higher
(concentration increases) and the other way around.

(Billett, 1990)

Measurements of Sodium concentration inside the
blood. The working principle is the same as for
haematocrit and haemoglobin. The values will be
high when a person is dehydrated and lower when a
person is hyper hydrated. This process is used as well
fo check on progress when a patient is suffering from

kidney diseases. (VWebMD, 2017)

BUN (Blood Urea Nitrogen) fests can be helpful to
show whether a person is dehydrated or not. This
fest is performed by measuring the concentration of
urea which is present in the urine of the patient. High
concentrations urea can be caused by heart failure,
kidney failure or a high protein diet. (Shirreffs, 2003)
Osmolality measurements in urine can determine the
state of fluid balance. Osmolality is the concentration
of the osmolalitly active substances per kilogram of
solvent. This also sfates that a high osmolalitly could
mean that the person is dehydrated. (Yoshino, 2015)

A breath test can determine the body water by on - line
measuring by using Deuterium oxide (D20 or 2H20)
as a tracer. A study performed by: Simon Davies, Patrik
Spanel and David Smith revealed that such a festing
method leads fo an estimation with an error of <300
mL (0,5%). This methods knows three phases. The first
peak is due to the HDO which is remaining inside
the mouth, the second peak is reflecting gastrointestinal

absorption and the finally equilibration with the body
water. The incremental increase in breath deuterium
abundance between baseline and equilibration was
used fo calculate the fotal body water. (Davies, 2001).

1.2 Objective non-invasive tests

Body mass comparisons.

large differences in  body weight can suggest
dehydration or hyper hydration. Intake and output
measurements. A summation of all the measurable
fluids entering the body minus all the measurable fluids
exiting the body.

Measurements of how much water is enfering the body
and exiting the body by posting up the differences.
Urine colour measurements. The urine colour changes
due to the state of fluid balance in o human body.
When a person is hyper hydrated the urine can be
almost fransparent and ~ when a person is hypo
hydrated the urine colour can turn into a dark yellow,
almost orange tone. (Shirreffs, 2003). Urine can be
divided info eight colours. There is a linear relationship
between these colours and the amount of osmolality
and specific gravity.

Bioelectricalimpedance analysis (BIA) are measurements
with the help of a small (50kHz) electrical current which
is going through the human body. Calculations to
determine the total amount of body water are based
on the principle that the impedance of a biologic
system is related to conductor length, cross section, and
frequency. (James et. al, 2009 To perform a BIA the
person needs fo by in a standing position while being
connected to the device with their hands and their feet.

Axillary moisture measurements with the armpit moisture
meter is a form of bioelectrical impedance analysis
which is combined with temperature measurements
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and can be performed in a sitting position. Together
this igives more precise and accurate results.(Yoshino,
2015) This idea was published in a patent in 2015.
An image of the product can be found in figure 1.1.

Non invasive measurements of Haematocrit and
Hoemoglobin  concentrations  inside  the  blood
using the OrSense NBM 200 system for example.
This device can defermine internal measurements by
placing a small device around the finger of the patient

(OrSense, 2017)
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Figure 2.2: Patent on armpit measurements. Retrieved from: https://www.google.com/

patents/US20130261407eu

1.3  Subjective non-invasive tests

Comparing the degree of elasticity of skin, sometimes
referred fo as skin turgor. The assessment of skin turgor
is used clinically fo determine the extent of dehydration,
or fluid loss, in the body.

Asking the patient if he or she is feeling thirsty. In
general a person should never feel thirsty. If someone
is thirsty this means he or she is dehydrated to a certain
extent already.

Oral cavity moisture measurements on i.e. fongue
mucosa, cheek mucosa or palate mucosa are performed
with used of the [-Salivo moisture tester. This test gives a
value between zero and 3 and can fell if the patient is

dehydrated or not. (Yoshiyama, 2012)
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Figure 2.1: CLASS | devices. Retfrieved from: www.CE-markers.eu
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Figure 2.2: CLASS lla Devices. Retrieved from: www.CE-markers.eu
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J. buiding questions U119

What is the intended use and how is the medical
device fo be used?

The intended use of the product is fo increase accuracy
(to make it accurate enough for hospital environments)
and fo decrease the amount of workload for the
nurses. The product is going to monitor input and
output through IV bags and catheters. Furthermore the
product will provide the possibility to enter drinking
input and urination output info the system and calculate
the fluid balance once per hour. This could be used on
1 out of 4 patients and will be used on heavy hospital
departments in  general [nephrology, cardiology,
intensive care, postoperative, urology, etc.) Indications
fo use the product are: the need of a catheter bag
and/or IV or the need to measure hourly in and output
very carefully. The medical device does not sustain or
support life. Manual readings need to be performed if
the product fails.

ls the medical device intended fo be in contact with the
patient or other persons?

The medical device will partly be in contact with the
patient. Some parts of the product are used by the
nurse (and kitchen employees) only. Other parts will be
used by the (family of] the patient.

Factors that should be considered include the nature
of the intended contact, i.e. surface contact, invasive
contact, or implantation and, for each, the period and
frequency of contact.

What materials or components are utilized in the
medical device or are used with, or are in contact
with, the medical device?

The medical device will be in contact with fluid bags
(catheter, drain, IV, efc.) and will be partly in contact
with the patient's hands.

Factors that should be considered include:

[ with relevant substances;

") compatibility with fissues or body fluids;

") whether characteristics relevant to safety are known;
) is the device manufactured utilizing materials of
animal origin?

NOTE See Annex | and also the ISO 22442 series of
standards[ 19].

Are measurements faken?

The product performs measurements which includes
accuracy issues. The precision of the measurements
funder 3 ml difference) does not include maijor
consequences. Until a difference of 100 ml it does not
lead to major consequences. (0,5% of fotal body water
is approximately 200ml)

Factors that should be considered include the variables
measured and the accuracy and the precision of the
measurement resulfs.

Is the medical device inferpretative?

The data measurements are used fo calculate differences
and fo present the fluid balance. In the first place this
will be it. In further products this data will be used to
inferpret new data, make comparisons and optimize
freafment programs.

Factors that should be considered include whether
conclusions are presented by the medical device
from input or acquired data, the algorithms used, and
confidence limifs. Special atfention should be given to
uninfended applications of the datfa or algorithm.

Is the medical device infended for use in conjunction
with other medical devices, medicines or other medical
fechnologies®

The product needs to be able to function fogether with
the IV poles and should not take too much space on
them. Other products should still be able to be hung
on the IV poles as well. The product weight should not
be influenced by other products. The product needs fo
hang freely to be measured accurately.
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Factors that should be considered include identifying
any other medical devices, medicines or other medical
technologies that can be involved and the potential
problems associated with such interactions, as well as
patient compliance with the therapy.

Are there unwanted outputs of energy or substances?
Due fo the use of Bluetooth this could be the case.
The device will communicate to the patient and the
nurse when needed. Not all of this communication is
happening in the patient’s environment, but sounds,
vibrations and or lights could be used.

Energy-elated factors that should be considered
include noise and vibration, heat, radiation (including
ionizing, non-ionizing, and ulraviolet/visible/infrared
radiation), contact temperatures, leakage currents, and
electric or magnetic fields.

Substance-related factors that should be considered
include substances used in manufacturing, cleaning or
festing having unwanted physiological effects if they
remain in the product.

Other  substance-related  factors  that  should  be
considered include discharge of chemicals, waste
products, and body fluids.

s the medical device susceptible to environmental
influences®

The device must not be influenced by temperatures,
oxygen rich environments, vibrations (bumping against
the bag). The battery (if chosen to be used) should not
be influenced by early charging times and function
less due to this. Furthermore the product should still be
functioning if water is dropped over if.

Storage and fransport are important too. The products
need to be stored in the hospital. This could be partly
on the IV poles already (by never taking them off).

Factors that should be considered include the
operational, fransport and  storage environments.
These include light, temperature, humidity, vibrations,
spillage, susceptibility to variations in power and
cooling supplies, and electromagnetic inferference.

Does the medical device influence the environmente
Due to the use of Bluetooth this could be the case.
The device will communicate to the patient and the
nurse when needed. Not all of this communication is
happening in the patient’s environment, but sounds,
vibrations and or lights could be used. Finally EMC
covers might be needed since the product is transferring
doata.

Factors that should be considered include:

7 the effects on power and cooling supplies;

[ emission of foxic materials;

71 the generation of electromagnetic disturbance.

Are there essential consumables or accessories
associated with the medical device?

Enough space on IV poles needs to be provided to use
the product.

Factors that should be considered include specifications
for such consumables or accessories and any restrictions
placed upon users in their selection of these.

s maintenance or calibrafion necessary?

Calibration of the connection between load cell and
amplifier is needed. This is needed only once during
assembling of the product. Furthermore the buttons on
the device need to be used when interacting with the
device.

Factors that should be considered include:

7 whether maintenance or calibration are to be carried
out by the operator or user or by a specialist;

) are special substances or equipment necessary for
proper maintenance or calibration?

Does the medical device confain software?

The product is being delivered with software on the
product. It is still an option fo integrate an application
which needs to be downloaded by the patient. The
software (whether it is installed already or nof] needs to
be partly used by the patient, kitchen employees and
nurse and partly by the nurse only.

Factors that should be considered include whether
software is intended to be installed, verified, modified
or exchanged by the operator or user or by a specialist.

Are there any delayed or long-term use effectse
Mechanical fatigue, loosening of straps, decreases in
accuracy of the load cell need to be investigated.
Factors that should be considered include ergonomic
and cumulative effects.  Examples could include
pumps for saline that corrode over time, mechanical
fatigue, loosening of straps and attachments, vibration
effects, labels that wear or fall off, long term material
degradation.

To what mechanical forces will the medical device be
subjected?

Depending on the positioning of the device.

Factors that should be considered include whether the
forces to which the medical device will be subjected are
under the control of the user or controlled by interaction
with other persons.

What determines the lifetime of the medical device?
Battery lifetime, accuracy decrease of load cell?
Factors that should be considered include ageing and
battery depletion.
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ls safe decommissioning or disposal of the medical
device necessary?

Materials which are recyclable need to be used. No
hazardous materials.

Factors that should be considered include the waste
products that are generated during the disposal of the
medical device itself. For example, does it confain toxic
or hazardous material, or is the material recyclable?

Does insfallation or use of the medical device require
special training or special skills?
As litfle as possible. Explanation of use is needed
especially for the nurses. If applicable the patient
needs a short description only and should be able to
use the product without trainings.

Factors that should be considered include the novelty
of the medical device and the likely skill and training of
the person installing the device.

How will information for safe use be provided?
Warnings on the producte wThe fact that it is insfalled
on the IV poles which is considered a product that
deserved care.

Factors that should be considered include:

) whether information will be provided directly to
the end user by the manufacturer or will it involve the
participation of third parties such as installers, care
providers, health care professionals or pharmacists
and whether this will have implications for training;

7 commissioning and handing over to the end user
and whether it is likely/possible that installation can
be carried out by people without the necessary skills;
) based on the expected life of the device, whether
retraining or recerfification of operators or service
personnel would be required.

Will new manufacturing  processes need fo be
established or infroduced?

Try not to included new techniques! Factors that should
be considered include new technology or a new scale
of production.

ls successful application of the medical device critically
dependent on human factors such as the user interface?
Depending on the choice for integration of the load cell
it is important that the device is connected to the IV pole
in a proper way. Furthermore as much human [nurse
and patient) errors should be prevented as possible by
including limitations in the software,/hardware and/or
physically on the product.

Can the user interface design features contribute to use
errore

As less freedom as possible needs o be integrafed
info the design. More freedom could lead to more
mistakes. System should be design to leave no options
for interprefation mistakes. Usage of symbols, warnings
and software should be tested very carefully.

Factors that should be considered are user interface
design features that can confribute fo use error.
Examples of inferface design features include: control
and indicafors, symbols used, ergonomic features,
physical design and layout, hierarchy of operation,
menus for software driven devices, visibility of warnings,
audibility of alarms, standardization of colour coding.
See IEC 60601-1-6[25] for additional guidance on
usability and [EC 60601-1-8[26] for guidance on

alarms.

Is the medical device used in an environment where
disftractions can cause use errore

The device is used in a hospital room with in the worst
case four care demanding patients. This means that
distractions are very common problems. The device
needs fo lead the way and remind the nurse when a
fask is not finished.

Factors that should be considered include:

") the consequence of use error;

7 whether the distractions are commonplace;

) whether the user can be disturbed by an infrequent
distraction.

Does the medical device have connecting parfs or
accessoriese

Depending on the amount of different devices included
in the product the nurse could hang the wrong product
or forget to bring accessories of the product. This should
be prevented as much as possible.

Factors that should be considered include the possibility
of wrong connections, similarity fo other products’
connections, connection force, feedback on connection
integrity, and over- and under-tightening.

Does the medical device have a confrol interface?
Factors that should be considered include spacing,
coding, grouping, mapping, modes of feedback,
blunders, slips, control differentiation, visibility, direction
of activation or change, whether the controls are
continuous or discrefe, and the reversibility of seffings
or actions.

The FluidBalance hanger has a few buttons to control
the device and the tablet has an interface to control the
system. For both a FMEA risk analysis is required to
make sure that mistakes are covered and will not lead
fo major errors and therefore complications.

Does the medical device display information?

The medical device displays information which needs
fo be able to be understood by all users. This includes
used icons and text.

Is the medical device confrolled by a menu?

Factors that should be considered include complexity
and number of layers, awareness of state, location of
seftings, navigation method, number of steps per action,
sequence clarity and memorization problems, and
importance of control function relative to its accessibility

FluidBalance - 2017 | TIM Solution - Pezy Group - TU Delft | Page 10



and the impact of deviating from specified operating
procedures.

For both button usage and inferface usage a FMEA
risk analysis is required fo make sure that mistakes are
covered and will not lead to major errors and therefore
complications.

Does the medical device use an alarm system?
The device uses an alarm system for both nurse and
patient. Patient is not sure yet.

Factors that should be considered are the risk of false
alarms, missing alarms, disconnected alarm systems,
unreliable remote alarm systems, and the medical
stoff's  possibility of understanding how the alarm
system works. Guidance for alarm systems is given in
IEC 60601-1-8[26].

In what way(s) might the medical device be deliberately
misused?®

Product alarms can be ignored by the nurse(not very
likely). Alarms can be ignored by the patient (does
not involve major problems, is more the kind of an
extra reminder). Wrong connection of devices when
wireless solutions are being used.

Factors that should be considered are incorrect use of
connectors, disabling safety features or alarms, neglect
of manufacturer's recommended maintenance.

Does the medical device hold data critical to patient
care?

Critical to a certain extent. The patient is not likely to
die due fo failure, but the device can play an important
role in early releases.

Factors  that should be considered include the
consequence of the data being modified or corrupted.

ls the medical device intfended to be mobile or
portable?

The device will be hang on a mobile IV pole. It might
need to be able to be moved on this IV pole during
different phases of use. It could even be the case that a
patient needs fo be able to do this him or herself.
Factors that should be considered are the necessary
grips, handles, wheels, brakes, mechanical stability

and durability.

Does the use of the medical device depend on essential
performance?

Since the product is used only once per hour. This risk
will not be very high.

Factors that should be considered are, for example, the
characteristics of the output of lifesupporting devices or
the operation of an alarm.

Essential Performance (EP) is defined as the performance
necessary fo achieve freedom from unacceptable risk.
The standard also notes: Essential performance is most

easily understood by considering whether its absence
or degradation would result in an unacceptable risk.
While the 3rd Edition of IEC 60601-1 now includes EP
requirements, the manufacturer’s EP requirements may
vary from the standards, depending on the proposed
use of the device. For example, a laser device used for
the removal of tattoos will follow less sfrict EP criteria than
a laser device used for eye surgery. All applicable fault
condifion testing cannot be identified without identifying
EP in the Risk Management File (RMF). Conversely, all
fault conditions that should not be evaluated cannot be
adequately justified without the RMF.
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J. Iledical risk manag

Risks do not mean that the product development is on
risk. It is just important to know the risks and to come
up with a way to be able to control the risks. The three
groups of unacceptable risks will be discussed shortly.

The first and most important risk is:
e failing connections internal (within the device|

Thid tisk is always included when (partly) wireless
connections are being used. The fact that the product
needs to communicate infernally and make calculations
based on these measurements creates a risk of failure. If
one of the components is not working properly this could
lead to a wrong calculation. Options to manage this
problem could be to include a way to do a small check
up before doing the measurement. In example Dyson
included a way to check whether the correct battery
pack (including the correct batteries) is connected to the
systfem before turning the device on. A warming could
be a means fo communicate a problem if one of the
input values is lacking.

The second group consists of:

e failing connections external (to other devices)

® interruption by other products in the environment

® inferrupting of other products in the environment

® vibrations by means of bumping against other
products or creafing swings with the fluid bag
which could have an influence on the measured
output.

Connection failure is sfill happening quite offen due to
different reasons. Due to the fact that measurements are
done only once per hour it is not too important that the
connection is good continuously. It is important that the
product is able to send information to then nurse just
after great differences in fluid balance are identified by
the device. It is important that the device shows whether
it is connected or not. Multiple devices in the hospital
depend on Wl connections, so a breakdown for more

ement analysis

than an hour will not happen without further nofice. Due
fo the fact that multiple devices are connected to the
internet or via bluetooth it is important fo secure the
data fransfer and make sure that the right data is sent
fo the right device. Choosing a reliable network and
designing a reliable printboard is a way to manage
these risks. The same accounts for interruption the other
way around.

Most of the patients are able to walk around through
the hospital and this is even recommended by the
doctors and nurses to keep fit and to keep the blood
flow running. This means that the device will be moving
with the patient. It should not be the case that the
patient needs to lay in bed during the hourly check-ups,
this would create limitations for the patients which is
not preferred. Therefore it is important that the device
needs to able to function while being attached to the IV
pole. It is likely that the patient will bump against walls,
doors or other products when moving around with the
IV pole. These vibrations should not influence the results
of the fest. Integrating a way fo inform the patient about
when a fest is being performed and that he or she
needs to stand still for the next five seconds or finding a
way to make sure that these bumps and swings of the
fluid bag do not influence the result would be means to
manage this risk.

The third group consists of:

e Failure of the fastening method of the FluidBalance
Hanger.

e Creatfing a product which is too complex to use

The product will be attached to a product which is
always in the environment of the patient (night closet,
infusion pole or the bed). The product fastening method
can fail due fo for example a bump. This means that the
product will fall onto the floor and break down or not.
Managing this risk could be through performing heavy
bump and drop fests on the product. Furthermore a line
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Probability

should be drawn up to when it is product failure and
when it becomes misuse of the product. Misuse of the
product should be taken info account but up to a cerfain
level of course.

Creating a product which is oo difficult to use would
lead to nurses forgefting important features and/or
increase of the workload of the nurse. Both of these
consequences is undesirable. Managing this risk
includes close confact with nurses and doctfors and
performing (cognitive] ergonomics tests to conclude
whether the product can be easily used or not.
Furthermore it is of course the task to keep the product
as simple as possible without decreasing essential
functionality.

3
Severity
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0. Patient involvement in healthcare

6.1 Patient’s interest in involvement

S. Vahdat [Department of Health Service Administration,
Science and Research Branch | “Since adoption of
any policies or decisions associated with health and
freatment services eventually affects patients” lives,
patient participation in health affairs and development
of macro health policies are considered among people’s
civil rights”. Of course it needs to be considered if
changes in fluid balance treatments are considered
healthcare decisions in which patient involvement is
preferred and fo what extent a patient is able to choose
between treatment methods.

Since generally spoken elderly people need more care
than younger people. Statistics from the CBS (CBS,
2012) show that around 85% of hospitalized people
are above 65 years old ((7400+5500+5500+5000)
/ 27100 *100 = 86.3%) (figure 6.1) The fact that
we are sfill coping with an aging population leads to
the assumption that FluidBalance will be mainly used to
perform fluid measurements on elderly people.

Involving the patient in decisions regarding his or her
medical treatment is gaining more and more interest
among different hospitals and their patients. In the
year 2000 a study on 2197 people (Neerqj et. dl,
2000) showed that the maijority (69 percent) of patients
with diseases like: hypertension, diabetes, myocardial
infarction, congestive heart failure, and depression
preferred to leave their medical decisions to their
physicians. A study on 826 participants from February
2017 (Sak et. al, 2017) showed that 86,5% of elderly
people wanted to be involved (active decision-making:
35,6% and collaborative decision-making 50,9%) in
decision-making regarding their medical treatment.
Another study (Michaelis et. al, 2017) on 798 mentally
ill patients showed that among these patients 57,5%
wanted a collaborative decision-making process and
16,2% even an autonomous decision-making process.
All three researches made use of the CPS (Control

Preference Scale) which is widely considered a valid
method to investigate preferred level of involvement in
medical freatment processes. [Michaelis et. al, 2017)
The scale consists of a single question with five response
stafements indicating preference for an active, shared
active, collaborative, shared passive, and passive role
in decision-making. Considering these three studies a
trend towards more involvement can be seen.

The frend fowards more involvement is facilitated
by increased access to proper education and/or
information regarding diseases. Being able fo spot
faulty (or contrasting) decisions decreases the frust in
the physician. Furthermore, the influence of age on
the wish whether to be involved or not appears to
be overestimated. Elderly want to be as involved as
younger people. Crucial influences on the the possibility
fo involve patients are: the severity of the (mental)illness,
the type of decision and the knowledge that is required
fo make the specific decision. (Sak et. al, 2017).

6.2 Nurse and patient involvement

A nurse has a different perspective on the fluid balance
of a patient than the patient. Alexandra van der Wilk
(a nurse from the Urology department of the RDGG)
describes measurements of fluid balance as:

"the main factor on which the total medical freatment
plan is based.” According to her, most of the patients
are described as: “dazed affer heavy treatment,
mentally unstable, irresponsible, too confused, efc.”
These pronunciations were made based on  the
assumption that the patient needs to actively enter
information info a system during the day. According
to Alexandra: “Involvement in general changes in
freatment methods is more common nowadays, but
fluid balance decisions do not offer a choice between
different options (in which patient involvement could
be the case). you either act according to medical
requirements or not.”
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Figure 6.1: CBS Statistics 2010 (Retrieved from: CBS - Gezondsheidszorg en cijfers 2012)

6.3  Factors to determine involvement

Apart from the severity of the illness and the personal
characteristics [mentally okay, ability to express him-
or herself, educated, efc.] there are other factors
that defermine whether or not it is wise to involve the
patient in decision-making. First the level of assimilatie
is important. The patient needs to be able to fully
understand the doctors to be able to participate in
the decision making process. Furthermore, the beliefs,
values and practices concering health and care can
differ per culture. Regarding the severity of the illness
it is important to know what type of illness the patients
has and whether they are expected to fully recover or
not. Decision-making that involves a terminal cancer
patient is different from making a decision regarding
a kidney surgery that is most likely to succeed. In
the first case the decision does not depend on fluid
balance measurements which means that decision-

making happens at a fofally different level. The patient
is probably less interested in small changes in his fluid
balance. In the second case a correct fluid balance
is very important for the recovery of the patient which
is why involvement is more likely. Other factors that
determine  whether patient involvement is  being
accepted in general or not is the cultural background
and communications skills of the medical health experts
and the healthcare seftings (procedures and regulations,

cultural influences, competence of the hospital, etc.)
(Vahdat etf. al, 2014).
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Appendix 7/

During the first tesfs It was the goal to find out how to work
with the load cell, how accurate the load cell was and
whether the weight fluctuates a lot when a little push is given
fo the bag.

Since this test was mainly meant o get to know the product
and not to provide scientific outcomes no graphs or specified
oufcomes are made.

Important learnings from this first test were:

® The connection of the load cell. One end of the load cell
needs fo be fixated in a very stiff way to make sure the
measurements are correct.

® The load cell can measure very precisely and is already
more precise than the urimeter (catheter bag that was
used and is visible on the pictures)

®  Moving the bag is not too bad for the measurements.
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Appendix 8

3133 - Micro Load Cell (0-5kg) - CZL635 %Y

Contents

What do you have to know?

How does it work - For curious people
Installation

Calibration

Product Specifications

Glossary

W NN = =

What do you have to know?

A load cell is a force sensing module - a carefully designed metal structure, with small elements called strain gauges
mounted in precise locations on the structure. Load cells are designed to measure a specific force, and ignore other
forces being applied. The electrical signal output by the load cell is very small and requires specialized amplification.
Fortunately, the 1046 PhidgetBridge will perform all the amplification and measurement of the electrical
output.

Load cells are designed to measure force in one direction. They will often measure force in other directions, but the
sensor sensitivity will be different, since parts of the load cell operating under compression are now in tension, and
vice versa.

How does it work - For curious people

Strain-gauge load cells convert the load acting on them into electrical signals. The measuring is done with very small
resistor patterns called strain gauges - effectively small, flexible circuit boards. The gauges are bonded onto a beam
or structural member that deforms when weight is applied, in turn deforming the strain-gauge. As the strain gauge
is deformed, it’s electrical resistance changes in proportion to the load.

The changes to the circuit caused by force is much smaller than the changes caused by variation in temperature.
Higher quality load cells cancel out the effects of temperature using two techniques. By matching the expansion
rate of the strain gauge to the expansion rate of the metal it's mounted on, undue strain on the gauges can be
avoided as the load cell warms up and cools down. The most important method of temperature compensation
involves using multiple strain gauges, which all respond to the change in temperature with the same change

in resistance. Some load cell designs use gauges which are never subjected to any force, but only serve to
counterbalance the temperature effects on the gauges that measuring force. Most designs use 4 strain gauges,
some in compression, some under tension, which maximizes the sensitivity of the load cell, and automatically
cancels the effect of temperature.

Installation

This Single Point Load Cell is used in small jewelry scales and kitchen scales. It's

mounted by bolting down the end of the load cell where the wires are attached, and ==
applying force on the other end in the direction of the arrow. Where the force is %
applied is not critical, as this load cell measures a shearing effect on the beam, not

the bending of the beam. If you mount a small platform on the load cell, as would

be done in a small scale, this load cell provides accurate readings regardless of the

position of the load on the platform.

3133_0_Datasheet - May 13, 2011 1
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Calibration
& simple formula is usually used to convert the measured mv/V output from the load cell to the measured force:
Measured Force = A * Measured mV/V + B [offset)

It's important to decide what unit your measured force is - grams, kilograms, pounds, ebc.
This load cell has a rated output of 1.0£0.15mv/v which comesponds to the sensor’s capacity of Ska.
To find A we use

Capacity = A ¥ Rated Output

A = Capacity / Rated Qutput

A=5/10
A=235

Since the Offset is quite variable between individual load cells, it's necessary to calculate the offset for each sensor
Measure the output of the load cell with no force on it and note the mv/V output measured by the PhidgetBridge.

Offset = 0 - 5 * Measured Output

Product Specifications

Mechanical
Housing Material Aluminum Alloy
Load Cell Typs Strain Gauge
Capacity skg
Dimensions 55.25x12. 7x12.7mm
Mounting Holes M5 (Screw Size)
Cable Length 550mm
Cable Size 30 AWG (0.2mm)
Cable - no. of lzads 4

Electrical
Precision 0.05%
Rated Output 1.0+0.15 mv/V
Mon-Linearity 0.05% F5
Hysteresis 0.05% F5
MNon-Repeatability 0.05% F5
Creep (per 30 minutes) 0.1% FS
Temperature Effect on Zero (per 10°C) 0.05% FS
Temperature Effect on Span (per 10°C) 0.05% FS
Zero Balance +1.5% FS
Input Impedance 1130+10 Chm
COutput Impedance 1000+10 Ohm
Insulation Resistance (Under SOVDC) =5000 MOhm
Excitation Voltage SVDC
Compensated Temperature Range -10 to ~~+40°C
Operating Temparature Range -20 to ~+557C
Safe Overload 120% Capacity
Ultimate Cwverload 150% Capacity

3133_0_Datasheet - May 13, 2011 2
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Glossary

Capacity
The maximum load the load cell is designed to measure within its specifications.

Creap
The change in sensor output occurring over 30 minutes, while under load at or near capacity and with all environmental
conditions and other variables remaining constant.

FULL SCALE or FS

Usad to qualify ermor - FULL SCALE is the change in output when the sensor is fully loaded. If a particular error (for
example, Non-Linearity) is expressed as 0.1% ES., and the output is 1.0mV/V, the maximum non-linearity that will
be seen over the operating range of the sensor will be 0.001 mV/V. An important distinction is that this error doesn't
have to only occur at the maximum load. If you are operating the sensor at a maximum of 10% of capadity, for this
example, the non-linearity would still be 0.001mV{V, or 1% of the operating range that you are actually using.

Hysteresis

If a force equal to 50% of capacity is applied to a load cell which has been at no load, a given output will be measured.
The same load cell is at full capacity, and some of the force is remowved, resulting in the load cell operating at 50%
capacity. The difference in output between the two test scenarios is called hysteresis.

Excitation Voltage
Specifies the voltage that can be applied to the powsr/ground terminals on the load cell. In practice, if you are
using the load cell with the PhidgetBridge, you don't have to worry about this spec.

Input Impedance

Determines the power that will be consurned by the load cell. The lower this number is, the more current will
be required, and the more heating will occur when the load cell is powered. In very noisy environments, a lower
input impedance will reduce the effect of Electromagnetic interference on long wires between the load cell and
PhidgetBridge.

Insulation Resistance

The electrical resistance measured between the metal structure of the load cell, and the wiring. The practical result
of this is the metal structure of the load cells should not be energized with a voltage, particularly higher voltages, as
it can arc into the PhidgetBridge. Commonly the load cell and the metal framework it is part of will be grounded to
earth or to your system ground.

Maximum Overload
The maximum load which can be applied without producing a structural failure.

Mon-Linearity

Ideally, the output of the sensor will be perfectly linear, and a simple 2-point calibration will exactly describe the
behaviour of the sensor at other loads. In practice, the sensor is not perfect, and Non-linearity desaribes the maximum
deviation from the linear curve. Theoretically, if a more complex calibration is used, some of the non-linearity can be
calibrated out, but this will require a very high accuracy calibration with multiple points.

Non-Repeatability
The maximum difference the sensor will report when exactly the same weight is applied, at the same temperature,
over multiple test runs.

Operating Temperature
The axtremes of ambient temperature within which the load cell will operate without permanent adverse change to
any of its performance characteristics.

Output Impedance

Roughly corresponds to the input impedance. If the Output Impedance is very high, measuring the bridge will distort
the results. The PhidgetBridge carefully buffers the signals coming from the load cell, so in practice this is not a
CONCEem.

Rated Output

Is the difference in the output of the sensor between when it is fully loaded to its rated capadty, and when it's
unloaded. Effectively, its how sensitive the sensor is, and corresponds to the gain calculated when calibrating the
sensor. More expensive sensors have an exact rated output based on an individual calibration done at the factory.

31330 Datashest - May 13, 2011 3
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Safe Overload

The maximum axizl load which can be applied without producing a permanent shift in performance characteristics
beyond those specified.

Compensated Temperature

The range of temperature over which the load cell is compensated to maintain output and zero balance within specified
limits.

Temperature Effect on Span

Span is also called rated output. This value is the change in output due to a change in ambient temperature, It is
measured over 10 degres C temperature interval.

Temperature Effect on Zero
The change in zero balance due to a change in ambient temperature. This value is measured over 10 degree C
temperature intenval.

Zero Balance

Zero Balance defines the maximum difference between the +/- output wires when no load is applied. Realistically,
each sensor will be individually calibrated, at least for the output when no load is applied. Zero Balance is more of a
concern if the load cell is being interfaced to an amplification circuit - the PhidgetBridge can easily handle enormous
differences between +/-. If the difference is very large, the PhidgetBridge will not be able to use the higher Gain
sattings.

3133_0_Datashest - May 13, 2011 4
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Appendix @

J. Brogram of requirements

From the previous research and the main functions the
product needs to full fill the program of requirements
(POR). These requirements will serve fo test different
concept directions fo find out whether they meet the
required needs or not. The POR will be divided in
fen different parts. Finally wishes for the product will
be formulated to be able to rank different concept
directions.

9.1 Size and looks

Requirements:

* The tofal of products needed for one patient
cannot exceed the maximum force an IV stand can
withstand. The most simple IV stand can withstand
18 kg in tfotal. 2kg per hook and 10 kg extra
kilograms.

®  User needs to be able to hold the product with one
hand.

*  Modem and slim looking product that fits info the
current hospital environment

®  Maximum weight of FluidBalance hanger is 500
grams (since IV poles can not handle endless
forces)

Wishes:

® Product makes sure that urine of the patient is
hidden for his or her visitors.

® The product blends in info the environment and is
not the first thing fo nofice when entering a hospital
room. Product can be described as unobtrusive.

e Product [each system part) does not exceed a size
of one litre.

e Product is as light as possible.

9.2  Functionality / performance

Requirements

e Product service system needs fto be more fime
effective than current method. Which means that
it should take the nurse less than one hour per day
(when hourly measurements are needed).

® Product can be used on its own and can be
connected to other products.

e Product offers reliable (<0.1% error) values of the
volume per bag.
Product offers reliable and safe data transfer
Product shows confirmation of being connected to
data transfer technologies.

e Product shows confirmation of being enabled or
not

® Product checks different necessary input points
before calculating fluid balance and notifies an
expert if one of the system parts is nof functioning.

® Product offers the option fo resend information
when connection failed before.

® Product saves daily information regarding intake
and output in its memory.

*  Product offers possibility to transfer data through a
wire if wireless connection fails or the possibility to
enter input and output values manually [emergency
cases).

e Product is sfill reliable if cloud connecting
fechnology is femporarily out of order.

®  Product shows current fluid balance digitally af the
patient’s side.

® The product wamings can be set per department.
For example if people do not urinate enough for a
specific time.

e Product allows a way fo integrate emplying
and /or replacement of fluid bags in between
measurements.

® Product sends alarms fo the nurse when a bag is
almost full (cathefer, drains, etc.) or empty (IV)

*  Product (or productservice| offers the possibility to
enter infake and output by both nurse and assistant.

® Product allows different levels of administrator
rights for the nurse, assistant and patient when
entering data.

Product shows battery status
Product allows easy battery charging and
replacement.

® Product battery needs to last at least one week
before battery charge / replacement is necessary.

e Product draws attention to the nurse to remind him
or her to replace the battery in time.

® The product should be able to hold 10 kg. The
internal load cell should be able to hold 10 kg as
well (with a save overload of 200%)

Wishes:

e Products take the nurse less than 20 minutes per
day (when hourly measurements are needed).

®  Product allows the patient fo use the product as
nofebook when the assistant is not around.

9.3 (Cognitive)Ergonomics/Comfort

Requirements

e Fonf and button sizes should be big enough to be
able to be used by elderly / very il /weak people.

* The product offers a clear screen which can be
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walched /used in standing position (nurse/kitchen
employees).

e [fitis needed that the patient watches the screen
he or she needs to be able to do that in ergonomic
and sitting position.

® Product inferface is understandable for the nurse
after reading the instructions or receiving a short
explanation/ demonstration.

e Product parts that serve fo enter intake and output
values of the patient is operable from sitting (patient)
and standing (nurse/kitchen employees| position.

Wishes:
® Asless effort as possible to perform daily tasks like
entering the amount of urine / drinks.

9.4 Hygiene and materialisation

Requirements:

e Product is IP44 proof can be cleaned with water
without a problem.

e Product needs fo be steam proof. Condensated
water needs to be able to leave the product.
Electronics need to be protected from steam
Product materials can resist any cleaning chemicals.
Product finishing is smooth to make sure as less dirt
as possible will stick to / lay on the product.

e Product should be able to withstand oxygen-rich
environments.

Wishes
e Product contains as less edges, openings and slots
as possible.

9.5 Safety and regulations

Requirements:

®  The product meets the requirements of ISO603335,
ISO60601, 1ISO13485 and 1ISO14971.

®  The product fastening method needs o withstand a
person (80 kilograms) leaning against the product
from the side and pushing/leaning on the product
from above.

e The product needs to give o waming when a
certain high peak force is measured.

e Al internal product parts need fo be certified and
fested.

Wishes:
e The product needs to withstand a drop from 1.5
mefers without consequences.

9.6 Production

Requirements

e Product needs fo be designed for a fofal of 10.000
products.

e Product should have product life span of at least
5 years.

Wishes:

e Product production costs as low as possible.
Target: below 100 Euros

e The product (including needed investments,
software and production facilities) should not
exceed the maximum cost price of 1000 Euros per
piece.

®  No new production facilities need to be involved in
the production since this would include high costs.

9.9 Placement

Requirements:

®  Nurse is able to place the product onto the IV pole
after reading the insfructions and / or watching a
short demonstration

e Plocement and installation of the product should
not fake longer than two minutes.

e The end of the catheter hose (before it reaches the
catheter bag) should be able to be placed at @
height of af least 50 mm below the bladder of the
patient. (Mochizuki, 1988)

e Product needs fo offer enough space for the bags
to hang freely and not influence the weight of the
bag.

®  Product can be combined with both an IV pole on
wheels and an IV pole which is inserted info the
bed.

e Product is place in such a way that it does not
interfere with other necessary products that need to
placed on the IV pole.

Wishes:

® The product should be able to be stored without
being damaged and / or requiring more space
than three litres.

9.10 Maintenance (environment)

Requirements

* Battery replacement should be possible. Charging
needs to be able to be done inside the product
and outside the product.

Wishes:

e Product contains as litle parts as possible.

e Product confains as litlle environmental impact
materials as possible.

®  Main product parts can be de-assembled to be
recycled separately

e Product battery losts as long as possible. One
week minimum.

e Product charging takes as litfle time as possible.
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0. Confiqurations

Comparing different configurations

The product consists of multiple parts. How many
parts is not determined yet. On the next four pages
six inferesfing  configurations of the product will be
visualised and explained. These six configurations are
all still possible and are interesting for different reasons.
After explanation a comparison befween these
configurations will be made to find out which onels)
are/is the most promising solution(s).

For all the six configurations it is assumed that the
connection to the nurse and/or doctor is the same
(wirelessly]. Furthermore the situation in which three
brackets are needed is shown in case a patient has
a catheter, IV bag and colostomy or wounddrain. The
connection fo the patient is not taken info account yet.
This will be discussed lafer on. The fact that a wired
or wireless connection will be used depends on the
location of the product parts and the possibility fo
create a reliable enough wireless connection which will
be investigated lafer on as well. Finally it is important
that the product parts are not specifically placed on
a location which is relative to each other. This is not
determined yet. The configuration need to be interpreted
like all the product parts are laying nextg to each other
on a fable without specified locations.

The first configuration consists of three parts. The main
device which is the device that does the calculation
work, sefs the alarms and communicates the results to
the nurse and patient]. The other two devices only
measure the weight, save it and send it to the main
device. These devices can be relatively cheap since
the confrol and communication can be done by the
main device.

The second configuration consists of three exact same
products. In this configuration one of the three products
will be selected fo serve as communicator to calculate
the fluid balance and send the alarms if needed.

The third configuration consists of three devices which
are connected to a seperate external device with a
screen. The screen does all the calculations and

communication. The other three devices only weight
their bags and save and send this dafa over fo the
external device with the screen.

The fourth configuration is based on the fact that some
of the fluid bags always need to hang above the
patients and the other fluid bags need to hang beneath
the patient. These two groups could be combined into
a product that can weigh multiple bags seperately
from each other. This means that only two devices are
needed in all cases.

The fifth configuration consists of only one big product.
This product is always hanging on the highest position
(where the IV bags need to be placed) to make sure
reading on the device is easy. The brackets from the
bags that need to hang in a low position can be
extended to make sure the bags can hang as low as
needed.

The sixth configurations consists of three the same
products with a simplified screen. The calculation and
communication happens in an application on the tablet
or COW of the nurse. The advantage is that the device
can be less smart since the calculation power is not
neccessary anymore.
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Criteria:

1. Investment when only IV monitoring is needed (- - : oo much, - : much, + : neufral, ++: relatively low)

2. Easy to combine with other necessary products [-- not at all, - : badly, +: okay, ++ good)

3. Ergonomics for the nurse (- - : very bad, - : somewhat bad, +: okay, ++: good)

4. Possibility fo extent the product (attach more bags) [- - : not at all, - : badly, +: okay, ++: good)

5. level of external connectivity required - - : much, - : okay amount, +: nice amount, ++: litfle amount needed)

6. Clarity which screen to use for oral input monitoring (- - : very bad, - : somewhat bad, +: okay, ++: good)

7. level of internal communication required (- - : very much, - : okay amount, +: nice amount, ++: litfle amount needed)
8. Possibility for errors (nurse places wrong wards) [- - : high chance, - : chance, + neutral, ++: low chance

Q. Installation workload nurse {amount of wardss) (- - : very much, - : okay amount, +: nice amount, ++: litlle amount)
10. level of unobirusiveness [-- : very bad, - : somewhat bad, +: okay, ++: good)

/

Overview of Harris profiles of different configurations
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Appendix 11

Fluid balance

related Work flow
Nephrology nurse

Start of the day 7.30
The nurses including the managing nurse gather in
the meeting room tfo discuss patients. Approaches
and specialiies are discussed. Couples are formed
and a division is made who will be responsible for
what during this particular duty.
8:00 First measurements
In the morning the night urine is emptied from the
catheter info an orange bottle. Male patients who do
not have a cathefer pie into this bottle immediately.
These bottles are placed at the beginning of the room
and being picked up by the department assistant
Nephrology. This task takes one fo two minutes
per patient. He writes down the values info the red
Weighing moment 8:30 pile from which The.nursg can calculate the result.
. _ _ At the moment this is written down on paper, but
Every morning, all patients  are weighed  fo from the end of 2017 this will be done digitally with
be.ob.|e o nofice big differences betvveen. Th.e help of the program: EPIC. The nurse notices big
weighing moments before. Furthermore this s differences in amount of pie and asks the patients
compared fo the We|ght. of The.pohelnt vvlhen he if they defecated during the night or not. If so, she
or she entered the hospital. This weight is used writes this down in the fle
as reference value. Al together this task can take '
fwo to fen minutes per patient depending on their
level of finess. Patfients who are already out of
bed can be weighted quite easily, but patients 9:00 Check-up moment
who have troubles need to be assisted and or The nurse performs the first checkup of the fluid
supported when being weighed. balance after calculation.
e Walk fo the patient
* Write down the how much is left inside the IV
bag and the catheter bag
e Check the patients fluids list and remind the
patient o keep track of the fluids taken
e Check other fluid outputs if applicable (wound
drain, medication, colostomy, efc.)
This takes three to five minufes depending on amount
of volumes to check and if the nurse needs to walk
far.
Calculating Fluid Balance 20:00

The nurse calculates the fluid balance with all the
information which is gathered about the patient
during the 24 hours. The nurse needs to pick up
the fluid lists, the nofification papers and fake them
fo the correct patient pile. The values need to be
put together and manually a balance is calculated.
Calculating the fluid balance takes five to ten minutes
at the moment. Time between check ups depends
on the patient and situation.
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“Measuring how much moisture is in
the defecation is hard to do and it

would be quite a dirty task”

“Sweat is not included in the
fluid balance measurements
since it is not measurable”

Interviewees:
Four nurses (Nephrology department, UMCG)

During the hospital visit there was a chance to talk to
four different nurses about nursing activities regarding
fluid balance. The interview was done partly during
patient visitation and during coffee breaks.

How long does it take to perform one fluid balance
measuremente Normally it takes two to five minutes. It
depends if they have both an IV and a Catheter and if
they have other sources of fluids like a wound drain.

How often per day do you perform a fluid check up?
That depends on what the doctor wants. Mostly an
hourly check up is performed on the day after surgery,
once per three hours on the second day after surgery
and after that only once per duty.

How often do you replace an IV bag during the day
and how do you keep track of the amount of bags
used? An IV bag is always replaced every 24 hours
and furthermore if it is empty. It is written down on the
patients notifications list if we place a new bag. When
the fluid balance is calculated, the list is used to see
how many bags were used since one duty is only eight
hours and the fluid balance is made up every 24 hours.

So you need to check whether a bag is empty or not
every few hours? Yes, that is true, but it will mostly be
noticed during other tasks around the patients.

Which parameters are faken info account when the fluid
balance is calculated? Urine output, IV Input, wound
drain output, input from fluids in food, colostomy,
drinking water and vomit if it can be measured.

How do you keep track of how much the patients
defecates and urinates during the day? Urination
with males is easy since they can pie into the bottle
immediately. They often keep track of the urine
themselves since the nurse is not always around.
Females pie in a metal tray and keep track on paper.
Once per day (mostly in the morning) the nurse asks if
the patient defecated and writes down if this is the case.
The amount of fluid in the defecation is not included
into the fluid balance.

How is the amount of fluid inside the food determined
af the moment and who keeps track of this? The food is
compiled by the dietician. The kitchen knows or looks
up how much fluid is in different types of food and writes

this down on the patients fluid list when they bring the
food. They also check if the patient ate everything from
the plate and make sure that leftovers are scratched
from the list. If the patient is adequate enough the
kitchen employees just tell the patient how much it is
and leave the writing fo them.

What about franspiration@ Prednisone can make you
sweat very much for example. Does this not influence
the fluid balance in a bad way since it can be up
fo 500ml per day? “Sweat is very hard to measure.
Of course it influences the fluid balance, but we are
very careful with fluid balance already compared to
other departments since we pay a lot of attention to
the kidneys and the urine.” It is not possible to see
how much fluid is lost due to sweat, but the patients
temperatures are written down if they are high due to
fever. Because things like sweat can not be measured
and put into the fluid balance a weight check-up is
done every morning.

So this is the same for vomiting, diarrhea, diapers and
other difficult things fo measure? Yes that is true. If the
patient is vomiting or having diarrhoea very much it can
become important to take it into account when making
up the fluid balance, but mostly it is not important. Still
it is hard to see how much fluid is in it exactly since
there are pieces of food and poop laying in it which
influences the amount.

How many patients does this hospital accommodate?
How many of them need active fluid balance check
ups¢ An estimation was made about this during lunch
time and led to approximately 1000 patients of which
300 need active fluid balance check ups.

Which information is given to the patients regarding
fluid balance? Patients are told to write down their
input and output in fluids and that it can influence
their recovery. On this department people can have
fluid limits as well. Mostly a one litre fluid limit is set
for transplantation patients during the first phase after

surgery.

Do patients complain about the visibility of their urine
when they have visitors for example? No patients have
complained fo the nurses to far. They think it is just a
part of the illness and the patients accept this.
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Fluid balance

related Work flow

nurse

Start of the day 06:00

The nurses make their first round with their patients.
They do a check up on fluid balance and write down
the differences in the digital system (Chip soft). During
this check the catheter bag is emptied.

07:30 Duty transfer

The nurses including the managing nurse, the
assistants, kitchen, nutritionists, etc. (everyone who will
be working on the specific department that day) gather
in the meeting room to discuss patients. Approaches
and specialties are discussed and changes are made.

Weighing moment 08:30

Patients are only weighted if the doctor requires this.
It is not a standard task. Al together this task can
take two fo fen minutes per patient depending on
their level of fitness. Patients who are already out of
bed can be weighted quite easily, but patients who
have froubles need to be assisted and or supported
when being weighed. If patients need support with
getting out of bed weighing is mostly done at the

same time since you need to offer support anyway. 09-00 Fluid Check-up moment

The nurse performs a checkup every few hours
(specified by the doctor and different per department)
® The nurse needs to walk fo the patient which can
toke 10 - 30 seconds depending on the size of
the department.
® The nurse picks up a measuring cup [which is
mostly available in the closet on the patient rooms)
and empties the catheter bag (1-2 minutes)
The nurse washes her hands {1 minute)
The nurse logs in to the system on the COW
Calculating fluid balance 00:00 (computer on wheels) and fills in the values (20
seconds)
e She does the same for the IV bag and the wound
drain if applicable which will take an additional

Fluid calculations are done automatically when all
parameters are entered into the system. The only
additional information which is needed is how much

the patient drank and urinated that day which will be 9 minvfes. o :
. : Altogether the fask takes four - six minutes per fluid
entered info the system by the nurse. The patient posts Heasbrement

up his in and output on a paper list. Before the hospital
went digifal this was done at 00:00 as well, because
it was a relative quite moment in the hospital which
meant fime for things like the fluid balance calculation.
(Postma, 2017). At the moment it only takes two
minutfes.

<7

Reinier de Graaf Groep
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“Although some of the fluid related
out puts and inputs are not monitored
having precise measurements
regarding urine is still needed

Interviewees:

Rick Pleijhuis (assistant doctor, UMCG)

After talking to four nurses and writing down their
answers it became clear that not all the questions could
be answered by them. Furthermore it is interesting to
see if both nurse and docfor give the same answer
fo specific questions and see if communication is a
problem as well, like it is in many companies.

The nurse explained to me that they only look at urine,
IV input, drinking water, food and wound drains as
sources of fluid intake and fluid output. What do you
think of thise At the moment this is the best we can do.
Sweat is very hard to measure and the same accounts
for diarrhea and vomit. It is always better to measure all
the factors that can be measured to increase accuracy
of the total fluid balance.

ls it still useful to measure urine output and IV input on a
level of millilitres when all of the factors like mentioned
before are not taken info accounte Urine output is very
important, especially in critical patients. It can be a
huge difference if a patient has a urine output of 15mL
or OmL if an error range of 15mL is taken for example.

Do wound drains have big influence on the fluid
balance and how often does it happen that a wound
drain is used? It is hard to say how many times since it
differences a lot and it also differences per department.
The wound drain can be of significant difference
depending on the wound drain of course.

How often does it happen that the fluid balance is
incomplete? At the Nephrology department less often
luckily since a lot of attention is paid to the kidneys and
therefore the urine production. On other departments
like cardiology and geriatrics it happens more often.

ls it possible to make up a fluid balance every hour,
since from kidney transplantation patients it is known
that they mostly pie a lot more during the night than
during the day? That is true, so it is not the case that
a certain level of fluid balance is particularly good
or bad for every patient. Of course this depends on
the disease pattern. Too little information about the
“normal” fluid balance from different patients is being
available nowadays. It would help to have reference
material when prescribing a treatment.

The Infusion computers which are used on infusion poles
to enter how much fluid (in CC) needs to be served fo
the patient every hour. Can these computers also serve
fo calculate fluid balance from in an accurate way?
This will not always be accurate since the computer
does not know when a patient is really connected
to the infusion pole al the time. The nurse could for
example set the computer on a certain amount of CC
and perform other tasks before literally connecting the
patient to the IV bag. Another example is when the bag
is empty. If the bag is not filled in time the computer
will still think a certain amount of CC is entering the
patients body.

The nurses estimated that there are a 1000 patients
inside the hospital every day from which 300 patients
need acfive fluid measurements. Do you agree with
this2 A more active and accurate fluid measurements
can have a positive effect for one out of four patients.
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12 Contextual research

General findings UMCG

During the morning the workflow of the nurses and the
environment in the rooms was studied. During this study
a few interesting points were noticed:

® The catheter bag was laying on the floor. This was
on purpose since the height difference (between
bladder and end of the catheter hose) was to litle
when the bed is in the lowest position. When the
bed is in a higher position the bag is placed on
two different spots depending on the preference of
the nurse or patient. (figure 12.1c). The universal
bracket can be used for plocement at different
locations (figure 12.10).

e Twolypesof cather bags are being used depending
on how critital how critital the situation of the patient
is and therefore how important an accurate fluid
balance overview is. The cheap bags are about
fifty eurocents and the more expensive ones (Image
12.2) are almost three Euros. The expensive
cathefer consists of three parts that have different
levels of accuracy. The first enfrance is directly
connected fo the hose, the second part can be
reached by turning the cathefer fo the side and the
third compartment can be reached by tuming the
catheter over on it's back. This catheter is turned
over by the nurse every hour just ofter operation
and every three hours the day ofter operation to
be able to post up the amount of urine which is
produced by the patient accurately.

® |V bags are always used in combination with IV
poles. The IV bags (water and medicines) and are
placed high up in the poles and the catheter bag is
placed halfway on the pole (image 12.3).

e Patients are being weighed every day. This
happens with help of the weighing chair (image
12.4). Depending on the condition of the person
this happens with or without lifting support. On
the intensive care this will be integrated info the

beds from October this year (Image 12.5). This
bed has an alternating function (can become hard
and soft on different places which differences
during time to prevent decubitus). The beds can be
set to zero and provide quite accurafe weighing
measurements. Although this could be a reason
fo doubt the nessesity of FluidBalance this is only
applicable to the intensive care since the beds are
far too expensive to integrafe info the rest of the
hospital. Furthermore the weight is used only as
backup information to confirm the outcomes of the
fluid balance overview.

In the UMCG three different types of beds are
used. The Hillrom bed (image 12.1), the Likamed
bed (Image 12.6) and the bed on the intensive
care (image 12.5). Al of these beds have different
forms on the side of the bed which needs fo be
considered when designing a product that needs
fo be able fo be placed on different types of beds.
The rooms provide wall sockets which can be used
for continuous power supply if needed. (image
12.7)

The IV pole mostly contains an IV computer
(image 12.8). This computer is used by the nurse
to set how much CC IV is being provided by the
intfravenous bag per hour. This product is only
made for confirmation of how much the pafient
should receive, it does not measure how much the
patient actually received.

In the patient map an overview is drawn of the
fluid balance. (image 12.9) This overview is used
fo discuss progress between nurse shifts and with
the doctors.
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General findings RDGG

The visit to the RDGG as a reference hospital to be
compared fo the results of the UMCG was planned
on 13th of September. The visit mainly contained a
visit to de different departments (cardiology, intensive
care, orthopedics and urology) where the focus was on
discovering different types of beds, catherter bags and
IV poles. During the visit several things were noticed:

® Again the catheter bag was laying on the floor.
This was done because the sfraps to connect the
catheter to the bed are quite difficult to attach. This
patient was walking around quite often which is
why the bag was placed on the floor o be picked
up easily. (figure 12.12).

e Also intensive care had a different type of bed
(image 12.20) compared to the rest of the
hospital. Most of the beds were the Hillrom beds
again (image 12.22 (bed in the front)). One other
type of bed was spotted (image 12.19). Although
this bed was never used according to nurses the
bed was spotted inside a hospital room next fo a
hillrom bed (image 12.22).

* At the RDGG three different types of IV poles
are used at the moment (image 12.13 - 12.15).
Only if the patient is not moving the pole which is
affached to the bed is used.

e Different wall sockets are available for use. Some
are restricted since they need to be available if
powered emergency equipment needs fo be used
(Image 12.21).

e Cathefer bags are placed on the side of the bed
with a small bracket. The placement location differs
per bed and per nurse/patient. As long as there
is enough height difference between the bladder
and the cathefer the placement is less important. At
the infensive care the beds are placed in a higher
position since the patient is not able to move much
and the chance fo fall out of bed is small. This
means that is is easier fo create enough height
difference between bladder and catheter to be
able to affach it to the bed (image 12.17 and
12.20).

* The hospital used two different types of cathefers
just like the UMCG. The cheap version (image
12.16) is used in low risk situations and the more
expensive version that allows more accurate hourly
measurements (image 12.11 and 12.12) is used
in crifical situations.
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35% of

FluidBalance
patients

Passive
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Llow education level
Pessimistic

Mentally not ok

Severe illness (high risk|

Appendix 14

AAD BRANDSMA (89 YEARS OLD) :

Aad is a widow. His wife past away three years ago. Aad 3
already needs help with daily life. He has three children from $
who one lives nearby the hospital. Aad likes to go outside &
with his children and grandchildren and mostly sits in the &
general living room of the nursing home with other residents.
Aad has troubles to remember things more and more.

MEDICAL STATE: :
last week Aad had a stroke for which he needed immediate
surgery. Now he is still recovering from this and still needs $
fo sleep a lot since he is very tired. Aad has froubles getting ¢
out of bed and needs nursing support to wash himself. Aad $
receives |V since he forgefs to drink enough and he has a 3
catheter. :

Active

Much tech knowledge
High education level
Optimistic

Mentally skilled

Low risks (stable situation)

No preferred involvement ® Much preferred involvement
IVAC
FRUSTRATIONS GOALS
® Not able to go outside e Getf well enough to go back
e Always tired fo the nursing home
® Not being able fo talk to ® Be able to take care of himself
people like he did before the stroke

GREATEST FEARS

e Alfraid fo fall

® Afraid he will not completely
recover from the stroke,
considering quality of life

CATHETER

INPUT OUTPUT

40% 5
. 100%
ot ACTIVITIES

(3 Oral intake / urination (toilet/po)
O Automated input/output

MOTIVATIONS
e Seeing his family
® Being able to go outside



35% of LEO VAN WOERDEN (73 YEARS OLD)

FluidBalance
patients leo lives with his wife in leimuiden. He grows his own

vegetables and for his family. He cycles a lot and he loves to
be outside go on a fishing trip. leo and his wife are married
for 48 years. Together they have four children and five grand
children. leo loves to watch his grandchildren play soccer
and visits them often.

MEDICAL STATE:
leo is in the hospital for five days already. He is able to take
a small walk once a day and receives medication. He has
a kidney drain on the right and left side and a cathefer. Lleo

looses a lot of urine during the day and receives extra fluids
through the IV.

grandchildren because of all
the tubes around him

Passive ® Active
No tech knowledge ® Much tech knowledge
! E Llow education level @ High education level
| .
| ; Pessimistic (i) Optimistic
0]
| = .
& Mentally not ok Mentally skilled
| : entally not o . entally skille
| : Severe illness (high risk) . Low risks (stable situation)
: @ ¢ No preferred involvement ® Much preferred involvement
| PR
|
| IVAC
|
| FRUSTRATIONS GOALS
| ® Being dependent of care e Co oufside
| ® Not being able o exercise ®  Go home as soon as possible
| ® Not being able to go outside e Walk multiple times a day
| e Getrid of the drains
|
| GREATEST FEARS MOTIVATIONS
20| 2l s ® Afraid fo be less independent ®  Contributing to the recovery
; | z | £ afterwards. process
S | S ® Afraid to scare his
|

OUTPUT
INPUT OUTPUT

? 100%
85% ACTIVITIES

O Oral intake / urination (foilet/po)
3 Automated input/output



15% of ALEKSA DRAGOVICC (69 YEARS OLD) :

FluidBalance

patients Aleksa is originally coming from Servia. She moved fo the 3 ;
Netherlands with her husband 27 years ago. Although she 3
has been in the Netherlands for a very long time she sill &
has difficulties to understand everything. Her (grand|children ¢
sometimes need fo franslate for her. Aleksa is a widow, &
but has a lot of family and friends surrounding her in the ¢
Netherlands.

MEDICAL STATE: i
Aleksa had surgery for her knee, but unfortunately some 3
complications happened afterwards. She has to stay in the 3
hospital fo check on the wound and her fluid balance. She 3
only has an IV at the moment and receives support from her ¢
family or the nurse to go fo the toilet several times a day.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Passive ® Active
] | No tech knowledge ® Much tech knowledge
Llow education level (] High education level
- Pessimistic . Optimistic
Mentally not ok o Mentally skilled
Severe illness (high risk) . Low risks (stable situation)
E ¢ No preferred involvement ® Much preferred involvement
IVAC
. FRUSTRATIONS GOALS
®  Not being able to ® Be able to walk
: understand everything that is ® Being able to help her family
: said by medical experts during daily routines

®  Not being able to help her
family at home

GREATEST FEARS MOTIVATIONS
Afraid o miss-understand ® Being surrounded by people
Being in pain she trusts (family)

Not being able to walk e See progression
Falling again
Complications get worse

/

56000660000000606000000000030600000000GH006G00000660000000000000006A003000000600000006060000006000a000060000000006a00000080000a000

INPUT OUTPUT .

A40% 00%
60%
ACTIVITIES

O Oral infake / urination (toilet/po)
O Aufomated input/output




10% of

FluidBalance
patients

Passive

] | No tech knowledge

Low education level

Pessimistic

v

Mentally not ok

Severe illness (high risk)

E ¢ No preferred involvement

CHANINE VAN DAM (27 YEARS OLD)

Chanine and her husband just moved to Veenendaal and
just finished (mostly finished) all the work that needed to be
done in the house. She works as a consultant for a marketing
bureau which she loves to do. Furthermore she likes to play
hockey in her freetime and enjoys going out with friends.

MEDICAL STATE:

Chanine just gave birth to her first child. Unfortunately the
labour was not going as expected. She had to go for an
emergency caesarean section. Afterwards she sfill had a
catheter because of the spinal cord that was injected.

Active

Much tech knowledge
High education level
Optimistic

Mentally skilled

Low risks (stable situation)

Much preferred involvement

IVAC

FRUSTRATIONS

® Being dependent

®  Pain from cathefer and birth
® Having to stay in the hospifal

GREATEST FEARS

* How to be a mume

e Something forgotten

® Not being able to sport soon
again

CATHETER

GOALS

e Get fit as soon as possible
® loose weight and go back o

sporfing

® Spend a lot of time with the
newbomn

MOTIVATIONS

® Baby inspiration pictures
® Hugging the baby
®  Showing the baby fo friends

O Oral infake / urination (oilet/po)
O Automated input/output

INPUT OUTPUT :
40% 0 :
60% 100% :

ACTIVITIES




FluidBalance

upon regularly.

5% of RICK VAN DE BERG (14 YEARS OLD) :

patients Rick is a smart and enthusiastic boy, currently living in 3
Ypenburg. He is in the second class of middle school and ¢
does not like his homework. He plays soccer three times per
week and like to play video games with his friends. He has ¢
a mother, a father and an older sister.

MEDICAL STATE: :

Rick has Leukaemia which needs to be controlled closely. &
Rick has been in the hospital for three weeks already. He 3
has found his way in the hospital and walks around several 3
fimes a day. He receives medication and is being checked $

Z Z
¢] ]
= =
) o
[a) =}
o s}

MEDICATION

IVAC

Passive

No tech knowledge
low education level
Pessimistic

Mentally not ok

Severe illness (high risk)

No preferred involvement

FRUSTRATIONS
e Nof being able to play
soccer

e Feeling tired and depressed
due fo the freatment

e Being bored inside the
hospital

GREATEST FEARS

® The message that the doctors
can not help him anymore

e Having to sfay in the hospital
for most of his life

Active

Much tech knowledge
High education level
Optimistic

Mentally skilled

Low risks (stable situation)

Much preferred involvement

GOALS

Play soccer again

Become cancer free

Go on a big backpacking frip
with his friends

Finish school

MOTIVATIONS

Progress in situation
Joining his friends in online
games

INPUT OUTPUT

40% o
60% 100%

3 Oral intake / urination (toilet/po)
CJ Automated input/output

:Q ACTIVITIES

%@



Appendix 15

{101 i o) |\/ po|e
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wall sockets

wall sockets
night stand
bed
curfain rails
bed lamp
night stand

bed

Haga hospital, The Hague
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curtain rails

wall socket rails

night stand

bed

Frasmus hospital, Rotterdam

night stand

Curtain rails

IV pole wall sockets

night stand

hole for support brack:

bed

Maasstad hospital, Rotterdam
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Appendix 16

(family of) Kitchen employees /
Nurse patient assists

Phone patient N
= e N\F T

COW / fablet o COW / fablet

Interactive input to system
Oral intake / decefation / urination

FluidBalance

Automatically generated input to system

Qutput from drains, IV, cathefer, efc.
\

)

=

&)

Drain Cathether Infravenous
(family of) Kitchen employee
Nurse patient / assist

FluidBalance

OO

FluidBalance

(OO

_/ ‘ -
Sercon o _/ Phone patient \& Screen on
product product

N~—"
SN———
~— —

Interactive input to system
Oral intake / decefation / urination

FluidBalance

Automatically generated input to system

Output from drains, IV, catheter, etc.
\

)
N

¢ o ¢

Drain Cathether Intravenous
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(family of) patient,
kitchen employees,
assists and nurse

Interactive input to system
Oral intake / decefation / urination

FluidBalance

Automatically generated input to system
Qutput from drains, IV, cathefer, efc.

>)> ((

¢ o o
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“Yes for sure. You or the other nurse will definitely get
the notification. If it does not concern my own patient
| can still go to the patient depending on the urge of
the problem or | will notify my colleague about her
patients needs. Of course sometimes you save some
information on in your notebook to put it in the system
all in once since you are busy. It would be great if we
could enter the information directly into the system at
the bedside of the patient. This is possible already on
the screens next to the beds. However these screens
mostly do not work properly and they are very slow
which means that is does not save time.”

"When bluetooth is being used as connection method
this means that the products need to find connection
among each other and that the nurse needs to make
sure that the correct device is selected. Furthermore
connection to the correct EPD is needed, probably with
use of the ID (patient number).”

“This means that you can also find the device of the
neighbour. This could lead to problems. Entering patient
numbers could be time consuming. These numbers are
mostly quite long and they differ only in a few numbers.
This could be error sensitive.”

Hardware / communication combination option 3
(figure C.2 at page 45:

“The first thing to notice is that the device is hanging
lower. The position you want to use for entering
information and the position that is used to hang the IV
bag are probably different. This means that you need to
move the device up and down when using it. This could
lead to a problem with the IVAC since it is connected
to the IV bag which will be moving. If the IV bag can
hang in a lower position since you have a small patient
(like children) which means that you do not need fo
move the device up and down it still means that the
IVAC will be placed a certain distance below the device
and maybe mean that entering information on the IVAC
will become a problem. Furthermore this device is not
connected with each other which means that the results
are only visible on the COW. Like I said before this can
be annoying when a patient asks a question about his
or her fluid balance and | as a nurse need to walk away
from the patient fo take a look at the EPD first and come
back to discuss the information.

"For as far as | understood so far is it important to you
that you are able to look info the fluid balance of the
patient without the need for a COW to be used. Is
this also the case if you do not have to look into the
Fluid balance of the patient anymore since the device

will take over the task and give you a warning when
needed?”

“Yes, this is very important since the COW is shared
and it is quite a hassle to take it with you all the times.
You still want to be able to look into the fluid balance
of the patient. The patient might ask if what the current

status of their fluid balance is (especially when they are
on a fluid limit) to see how much they drank that day
already. A fotal fluid balance over several days at the
patients bed is necessary, but the possibility to see what
happened that day is required.”

Hardware / communication combination option 4
(figure C.2 at page 45) :

“This option has the same problem as three. The device
does not calculate the result at the device but in the
COW which is not preferred. The problem with the
movement is gone, but now four different devices are
needed instead of three. This is actually a bad version
of option one.”

Hardware / communication combination option 5
(figure C.2 at page 45:

“This option has the problem of the need fo move
the product as well. In combination with cables this is
even a bigger problem | think. Furthermore this option
contains a phone again which is not the best solution
in my opinion.”

From these findings and options Sanne tried to formulate
what would be her ideal device and communication
method. This lead to general needs and preferences:

“Moving the product up and down after every time you
use the product is not preferred. Not being able to see
anything about the current fluid balance at the patient’s
bedside is a big disadvantage. Furthermore | do like
the option of a very simplified device for the patient
tfo be able to enter his or her fluids intake and output
into the system. At the moment | prefer option one in
combination with the remote control for the patient
although this means that | would have fo install four
products. It is option six, but instead of the phone a
remote device.”

The screen is interpreted as very complicated for elderly
and therefore less suitable than the remote control. Affer
explanation of the simplicity of the screen to decrease
this prejudgement Sanne agreed that a screen could be
simple as well. Although it still looks like a screen and
therefore it implies that it is a difficult device.

Hardware / communication combination option 7
(figure C.2 at page 45:

“After discussing the amount of product that need to
be attached to the pole by the nurse | might consider
moving the product up and down less annoying than
having to pick up multiple devices when installing and
the product. In that case option seven would be good
since it meets the needs for a simplified device for the
patient, the possibility to look into the fluid balance next
to the patient’s bed and it takes less space on the pole
/ less different devices to attach.”

The discussion about the seventh option lead to a
discussion about the storage of the devices and the IV
poles.
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“All the devices that are needed for an IV should stay
installed on the device. In the case of option seven |
think that the FluidBalance hanger should be on the IV
pole and the remote control should be attached as well
or stored nearby.”

Regarding the IVAC it is nofed that this device can
already calculate how much fluid is supplied to
the patient. Although it is important that the nurse is
accurate with fime when the Fluid bag is disabled
or stopped when it is not yet empty. Llimitations and
guidance from the device is needed fo help the nurse
walk through all the steps of replacement to make sure
that the outcomes are accurate in an environment full of
distractions. During a discussion about the functionality
of the IVAC it was concluded that the IVAC might not
be necessary anymore affer introducing Fluid Balance.
This will be researched in more depth and might be an
inferesting feature fo add.
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is never needed, since patient who need hourly check
ups do not go to the toilet, but urinate only through the
catheter.”

“I ' know the principle of PCC, but I still think this is not
preferred for most of the patients. Especially when it
comes to the fluid balance since deviations can lead to
a totally different treatment. | understand that people
want to make the choice whether they want to go into
surgery or not, but regarding fluid balance it is the
task of the nurse to make sure the patient’s balance is
correct. It is very important to discuss fluid balance with
the patients and to make them aware how important it
is, but the real time information input should be done
by an expert and not the patients themselves.”

“Cables is very annoying during installation especially
when one of the poles is standing on the other side of
the bed. On the other end having wireless connections
and bluetooth everywhere around the patient is not
preferred as well. Especially since the big discussion
about insomnia of teenagers is coming up and the
relation between different diseases and Wi-Fi radiation
is becoming more clear. Lately we had a woman who
did not want to sleep in a certain room since their were
too many radiation providing devices around her. We
had to place her into another room.”

“The screen on the pole is preferred over the remote
control on the cable since the patient already has
the bell, pain killers (also a device on a cable with a
button they need to push if they want more morphine),
headphones on the side of the bed, etc. The people
get confused on what device to use for what purpose. ”

“It is not the case that people who can drink are able
to enter this information into the system. Especially
after introducing the new way of doing surgery with
the robot which means that they patients suffers from
far less damage than before and can go home sooner.
People undergo very heavy surgeries which takes for
example eight hours, but they can already leave within
a day. After surgery it takes a while for patients body
to recover from all the drugs that are used on them.
This mostly makes them confused, dizzy and a bit dull.
Drinking water is easy, but thinking about entering fluids
and how to use a new device is not.”

“During OR this device could be very interesting since
this is the location where the patient only receivers fluids
through IV and fluids exit the body through catheter. At
the moment this is a demanding task which is performed
by nurses which includes human errors. “

“Calculating the fluid balance nearby the patient is not
necessary. | personally do not need to know the current
status of the fluid balance nearby the patient since |
can read it on the COW. Of course it depends on the
department and how many COWs per department are
available for the nurses. The more critical the patient

the more chance that this person has a personal guard
(the nurse) with a COW in the room.”

“I hope people will still look at the device several times
a day to do a check up if it is still working properly.
Especially on this department (Urology) where people
are in the hospital only to have a correct fluid balance
and to be monitored. The device is a responsibility of
the nurse and he or she should have a look now and
then to check its functioning.”

Which option or combination of options has your
preference?

“No phones, no cables, in my opinion there is no
connection to the patient and everything is kept on the
pole for the assists. Saving the information nearby the
patient has no extra value, so from the images shown
my preference would be image four without the phone.”
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Appendix 18

ALTERNATIVE 1.1

A\ ASSISTANT

FluidBalance hangers

=0

Description alternative 1.1

The IV pole is used as basis product. The FluidBalance
hangers are relatively cheap since as less inferaction
as possible is happening at these devices. The devices
are furned on, bluetooth connection light goes on,
battery level is shown and when the nurse needs to
replace/emply the bags (which means that she needs
to work at the level of the bags anyway) the amount
of fluid (since the fluid balance needs to be continued
afterwards) needs fo be frozen during replacement.
The rest of the interaction (fluid selection, size of bag
selection) happens at the main screen. The device is
connected fo the bracket which is always attached to
the pole and when multiple devices are needed they
can be connected to the other ends of this bracket. The
oral infake is entered info the systfem on the main screen
by the assist. Urine output is entered by the nurse or the
patient (it adequate enough). Since most people (for
whom regular fluid balance calculations are required)
need help from the nurse to go to the toilet which is
why entering the information by the nurse does not
seem fo be a big problem. The small devices contain
batteries and the main screen will probably need to be
connected to the wall socket some times.

ALTERNATIVE 1.2

ALTERNATIVE 1.3

IVAC

Description alternative 1.2

The two main differences between alternative 1.1 and
1.2 are the connection fo the IV pole, the connection
fo each other and the level of interaction which is
required af the main screen/ FluidBalance hangers.
Alternative 1.2 does not require a bracket which is
always affached to the IV pole. The device itself can
be connected tfo the IV pole. Furthermore the devices
can be connected to each other by sliding them into
the integrated slots on the side of the product. This
is considered fo take in as less space on the IV pole
as possible since the IV pole is used for storing other
devices as well. Interaction regarding the FluidBalance
hanger all happens on the FluidBalance hanger ifself.
This results in less possibility to interact with the wrong
FluidBalance hanger, compared fo operafing the
FluidBalance hangers from the main device, but will
require a bigger battery (or more regular replacements)
and a slightly more expensive product.

Description alternative 1.3

In alternative 1.3 the same connection method to the
pole and between devices is used. Furthermore the
concept is different since there is no longer a main
screen. This alfernative consists of two different types of
FluidBalance hangers. The main FluidBalance hanger
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ALTERNATIVE 1.4

5

IVAC

and the additional FluidBalance hanger. The main
FluidBalance hanger is either connected at a height of
1,70 meters or 1,00 meters depending on what part
of the fluid balance is installed first (catheter or IV). This
means that lengthening of the cable is needed to hang
the catheter on the require position. The main device
will be used by the assist and the nurse to enter oral
intake and urination/defecation values. The interaction
regarding the sef up of the FluidBalance hanger happens
with the physical buttons on the devices themselves.

Description alternative 1.4

This alternative is very similar to alternative 1.2. The
big difference is the choice to have a small remote like
device which will serve to input fluid values apart from
the values which are automatically generated by the
FluidBalance hanger (food, drinks, urination). When a
small and simple device is used including defecation
info the process becomes more difficult. An advantage
of using a small and simple device with less possibilities
is the fact that the patient is able o use the device for
enfering urination / fluid intake values when the assist
or the nurse is not around. Using a smaller and more
simple device also leads to less energy consumption
which means that batteries might be able to full fill this
function.

ALTERNATIVE 1.5

ALTERNATIVE 2

Description alternative 1.5

Alternative 1.5 is comparable to alternative 1.1 and
1.3. The main differences between 1.1 and 1.5 are
the connection of the physical product to the pole and
fo each other. like mentioned in the description of
altfernative 1.3 more interaction is happening on the
FluidBalance hanger with use of different types of knobs
and buttons.

Description alternative 2

This alternative contains the same principle, interaction
level and physical connections as alternative 1.2. The
big difference is the addition of the scale to measure
the weight of drinking water and urine (opart from
measurements by the FluidBalonce hangers| and the
lack of the main screen. In this alternative the patient
always needs to put his or her drinks in the holder after
drinking. This accounts for the urine output as well. The
patient is asked to gather all the urine oufput info one
bottle which is placed in its holder on the pole. The
nurse does not need fo be involved info the process
and the assist needs to be able to enter additional fluid
infoke which is present in the food of the patient.
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ALTERNATIVE 3
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Description alternative 3

Apart from the same connection methods and inferaction
level of the FluidBalance hangers this alternative is
focussed on as less required loose input as possible.
The drinking is measured by the scale and the urine is
measured by another scale which is placed in the foilet.
The patient needs to place the urine botfle info his own
holder. In this way a standard place for the urine bottle
is created, less work for the nurse is involved and the
urine bottle does not need to leave the foilet. Since a
smaller and smart interface is needed a battery will
probably be enough to provide the required energy.

Description alternative 4

This alternative is comparable fo the previous one. The
differences are the placement of the bottles (on a place
that is easily accessible for the nurse) and the level of
responsibility of the patient. The patient is not the one
who will be responsible for the weighing of the botile,
but the nurse. This requires communication between
the patient and the nurse when foilet was used (by
integrating a foilet button on the device for example)
or regular check ups by the nurse. The patient probably
does not go fo foilet every hour. So when choosing for
a foilet button the nurse only needs to check upon the
specific patient when FluidBalance received input from
this button.

Notification
for nurse

ALTERNATIVE 4

Description alternative 5

Alternative 4.1 both has physical interaction  with
the fluids and automated scale. The drinks are being
measured by the automated scale, but the urine is
measured by the nurse by reading how much was
urinated and filling it in onto the scale. The patient
nofifies the nurse with the button or regular check ups
are done by the nurse.

Description alternative 6

The only difference between alternative 4.2 and 4.1
is the responsibility for entering the fluid values of the
urine. In this case the patient reads the values from the
botile and enters this into the system.

Description alternative 7

In altlernative 5.1 it is not the nurse but the assist who
needs to enter information info the system. The assist
uses the main screen fo enter information about drinking
consumption and the fluids in the patient's food. The
patient is responsible for urinating into the botile and
placing the bottle where it belongs. The measurements
of urine volume will be done by the scale (in the foilet).
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ALTERNATIVE 8

ALTERNATIVE 9

= =

IVAC

=
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ALTERNATIVE 10

Description alternative 8

In Alternative 5.2 the scale is moved fo the IV pole of
the patient which means that it will be more directly
connected to the FluidBolance sysfem since it can be
clicked onto the FluidBalance hanger.

Description alternative 9

Alternative 6 is a complete integrated product in (or
behind] which both the IV bag and the catheter are
hidden. Both urine and drinks are weight which means
that both nurse and assist (only for fluids in food) do
not have fo enter (much) information into the system.
Since both bags are not hanging on the position they
normally need to hang to create enough flow a vacuum
pump is needed to make sure that the fluids will either
enter the patient’s body or enfer the catheter bag. The
vacuum pump (image ...) works by placing the fluid
hose info the pump and having a rofating part pressing
onto the hose. The fluid is only able to go up. Most mini
vacuum pumps are able to pump up fo three meters
height which is more than enough.

J L (

Description alternative 10

This alternative is a complete integrafed solution.
A separated IV pole is designed with integrafed
technology and weigh modules. The modules can
be rotated before connecting a bag that needs to be
monitored. By infegrating the technology into the IV
pole it is able to have one charging point. Furthermore
it is easier fo infegrate ways fo hide the urine bags from
the user. In this alfernative both the drinking water and
the urine is being weighed which means that the nurse
and the assist do not need to come by very often to
enter information into the systfem. The separate screen
is placed at an ergonomic height. Choosing this system
means that every user (also users who only require oral
intake and urination monitoring) need to have such a
pole next to their beds.

Description alternative 11.1 and 11.2

In alternative 8.1 and 8.2 special affention is paid to
hiding the bags and creating an as unobtrusive device
as possible. The same vacuum pump as discussed
in alternative six will be necessary to create enough
pressure to move the fluids. The product needs to be af
least 40 cm heigh and not higher than Q0 cm since the
patient needs to be able to reach the drinking botile,/
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ALTERNATIVE 11.1 ALTERNATIVE 11.2

glass from the bed. The IV requires a certain vertical
distance for the placement of the IV bag, the IVAC and
vacuum pump. Since the catheter bag is 28 centimetres
wide a minimum width of 30 centimetres is required.
In alternative 8.1 the thickness of the box is used by
placing the IV parts in front of the catheter parts.

These alternatives are very suitable for be used in
situations where the patient only needs a catheter (and V)
for a longer period and needs to take the cathefer home
or back to the care home. Expanding this alternative
with more bags above the patient can be solved with
an extendible arm on top of the product. Expanding the
product with multiple bags beneath the patient is not the
best solution since either the total device will become
very large or a crowded situation in which the nurse
needs to be on her knees to enter the bags arises.
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Comparison and conclusion

With help of hard requirements and wishes a
comparison of the alternatives was made. The criteria
were mutually compared tfo find out which criteria are
the most important and how much their weight needed
fo be in the comparison. The first three criteria are
hard requirements that need to be met. This is why
alternative 8, @, 10 and 11 will not be considered
since they score below 0.5 (0.5 = sufficient]. The other
alternatives mostly had very similar outcomes  since
they score good and bad on evenly important criteria.

Alternative 1 had the best score and can therefore be
interprefed as the best solution. Since the other solutions
are sfill very interesting further preferences regarding
the alternatives will be researched during interviews
with medical experts (and patients) in the UMCG.

Criteria Al A2 A3 Ad A5 Ab A7 A8 A9 Al0 All| Weight
Easy use inall required situations [VR% 0,7 07 07 o7 07 0,9 0,2 0,2 0,2 0,3 1,00
Possibility to expand the product 09 0.9 0,9 0.9 09 09 0.9 0.9 0,2 0,9 0,2 1,00
Easy to combine with other necsssary products 0.9 0.7 0.8 0,8 0.8 0,8 0.6 0.6 0.8 0.6 0,4 1,00
Passibility to decrease patient respcnsibi“t; [oRe] 0,5 0,6 0,6 07 0,4 o7 07 0,5 0,5 07 1,00
Ergonomic work height nurse and assist 092 07 0,7 07 0,7 07 0,9 0,0 [VR% 0,9 0,4 0,80
Assistworkload level 0.5 09 0e 0.8 0e 0e 0,5 07 o0g [4RY 0e 0,20
Clear overview of current balancs for the nurse 1.0 07 0,7 07 0,7 07 1,0 1,0 1,0 1,0 07 0,50
Murse warkload 0,5 1,0 1,0 0,5 0,5 1,0 1,0 1,0 1,0 1,0 0,5 1,00
Nurse werkload on installing the product 07 0,3 0,5 0,5 0,7 07 0,5 0,5 o0e 1,0 0e 0,80
|P=rsonal) contact moments 1.0 0,5 0,6 0,8 0,8 0,5 0,8 0,8 0,5 0,5 0.8 0,60
Complexity of system [inve stme nts) 1.0 0,6 0,6 0,6 0,8 0.8 0,6 0,6 0.6 0,3 0,4 0,70
Hygienic [feeling) 07 07 0,7 07 0,7 07 0,6 0,6 1,0 1,0 1,0 0,70
total 0,68 0,59 0,62 0,58 0,62 0,62 0,62 0,58 0,57 0,60 0,48
0,80
mAal
0,70

WAZ

EAZ

mA4

W AS

mAB

mAT

0,60 4
0,50
0,40 - —
0,30 - —
0,20 - -
AB
0,10 —
AS
0,00 - T T T T T T T T T T
Al AZ A3 Ad AS AB A7 AB

' AlD
AS AlD All
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Jesearch LG - applicaniity /

references

Introduction Research question

Since the criferia method led to the fact that the different How much of the process needs fo be automated fo
alternatives scored quite similar. This was mainly due keep / lower the workload of the nurse while keeping
fo the fact that an important criteria like: “possibility to in mind level of patient responsibilities and possible
decrease patient responsibility” and “nurse workload” errorse

are both very important. A low score on one of these

criferia led almost automatically fo a high score on the Sub questions

other criteria which lead to the discussion which of these

criferia is the most important, if it is true that the workload e How many confact moments are there on a regular
differs as much for the different alternatives and what the day on the different departments?

opinion on applicability is of medical experts of different e Are these contact moments sfill there when
departments based on their experience. A selection of FluidBalance is intfroduced?

altfernatives was made which contains important factors ®  What is preferred comparing multiple screens to
of all the ideas that need to be fested. The alternatives, enfer information which requires less interaction
called “concepts” can be found on the bottom of this steps (in the interface) or having one screen on
page (image P.1). The different alternatives differ on ergonomic height which requires more sfeps®@
workload for the nurse, the assist and the patient. *  What new insights does a research on the different
Furthermore they differ on interaction with the different departments are gained for the projecte

screens fo find out what option is preferred by which
departments. The qualitative interviews will not serve to
make a direct choice between the different “concepts”,
but rather to find preferences regarding system parts,
interaction and division of responsibilifies.

— e B
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Figure 19.1: Selection of different levels of automating the system for the research at the UMCG
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Method

Participants

The core purpose of the research was to talk to the
different departments that would be the first facilitators
of FluidBalance since the patients on these departments
can encounter the most benefits from a healthy fluid
balance. Therefore the following participants were
chosen:

® Bert, Ericand Rolffrom the intensive care department
*  Harmke and John from the elderly care department
* Ingrid from the nephrology department

*  Miriam from the cardiology department

The participants differ in age between 30 and 60
years old. Their amount of experiences differ between
10 and 27 years.

Stimuli / apparatus
For the conversation several visuals were created which
were used as both underlayer and discussion material.
One phone was used to record conversations.
e Underlayer daily confact moments (appendix 20)
e Print outs of the application (appendix 21)
®  Prinf ouf of the fotal overview of the applications
(appendix Q)
Print outs of the selected “concepts” (figure 19.1)
The patient personas (appendix 14)

Location

The conversations were held at different spaces since
the participants worked at different departments. Most
of the spaces contained a table and were quiet enough
to discuss about the alternatives.

Procedure

The research consisted of two different phases. The
first phase started with a small infroduction on what
the goal of the project is. Secondly the underlayer was
explained and together we discussed about the daily
activities. The researcher asked clarifying questions
when needed. Finally this phase ended by discussing
the different personas and giving a short explanation of
what types of patients can be expected af that specific
department and what types of patients are rather
exceptional than usual. Figure 19.2 shows what the
table looked like during this phase.

The second phase consisted of the assessment of the
different “concepts” and their applicability to  that
specific department (figure 19.3). The researcher first

explained the concepts (Figure 19.1) and showed
what kind of application could belong to this concept
including the amount of sfeps that need to be taken
when entering specific information. The daily overview
that was just filled in by the nurse was kept on the side
fo see if the concept could fit the department regarding
workload for the assistont and the nurse. The piles
of the interface were placed on the table as well to
show what size the inferface will approximately be and
what the nurse thinks of this size. Figure 19.4 shows
the other two application options. Concept one and
five were combined with application type A, concept
two was combined with application type B, concept
three and four were combined with application type
C according fo their screen sizes and whether they
can be administered by one main screen or multiple
screens of the FluidBalance hangers themselves. After
discussing the several combinations and preferences a
score form was given by the nurse fo score the different
concepts on: user friendliness, workload for the nurse,
workload for the assistant, the riskiness of the concept,
the total fit of the concept on that specific department
and whether such a concept would be better than the
current situation.

Data analysis

The preferences will be mostly written down by
the researcher , recorded and written down in the
assessment form.

Results

The results regarding daily overview and the preference
for the amount of screens and system parts are put into
overviews per department. The next few pages will
show these overviews.

Fach overview confains a big circle with contact
moments. The orange dots are the confact moments of
the nurse and the blue dots are the contact moments of
the assistants. The light blue drops represent check up
moments when every hour check up is required. In the
middle of the circle the patient profiles (like described
before) that are present at that specific department are
shown. Finally the left side of the image shows the
preferred concept and interesting notes.
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INTERESTING NOTES

() NURSE

@ AsSISTANT

CURRENT CHECK UP MOMENTS FOR FLUID BALANCE

Serving medicines and changing
the IV [also when it is not empty yet)

Preference:

multiple screens.

One screen to enter and read
all the information. Rather more
complicated application than

Picking up left overs of coffee

N

At the moment all the IV bags are replaced around
the same time. This is to prevent nurses from having to
walk around to replace bags all the times and having
fo remember which bags need to be replaced when.

A bolus (administer a medicine via the IV) needs to be
entered info the system as well since it contains fluids.
Where do you draw the line? Only liquid medicines
are entered? When serving medical pills the nurse
mostly offers a cup of water to swallow the pills with.
This glass of water is written down on the fluid list by
the nurse.

Urine is not saved in a bottle for 24 hours. Urine is only
saved when this is required. It is mostly written down
and thrown away immediately. This is why option
two and five are not applicable fo this department.
Weighing of the drinking water would be interesting to
increase accuracy on the amount of water that is being
drunk by the patient. Unfortunately this requires patient
cooperation and since most of the patients are slightly
confused and very old this is not preferred and would
only evoke more error possibilities.

and writing down fluid intake

Serving coffee / tea + a small snack

Cleaning up after dinner and writing
down how much fluids were taken
by the patient

Serving dinner

Serving medicines

Apart from these routines nurses
visit patients when they have
questions, need to go to the
toilet mostly need help with i),
or when family of the pafient has
questions.

Picking up left overs of coffee and tea
and writing down how much fluids were
taken by the patient.

Serving coffee / tea + a small snack

Most common patient profile:

confused people

need a lot of help (with toilet, walking, efc.)

drinks are served by nurse (with medicines) or assistant
fluid balance every 24 hours. Sometimes every 6 hours.




DEPARTMENT: ELDERLY CARE (GERIATRICS)

During the night the standard control
moments are every two hours.

Serving breakfast (sometimes food is being served by
the nurses themselves)

Refreshment patient and bed
(happens at the same time if people are very ill)

Cleaning after breakfast + writing down the infake of
fluids according to how much is eaten / drunk

Serving coffee / tea + a small snack

Serving medicines and changing the IV (also when it
is not empty yet)

Types of 10:00

patients

Picking up left overs of coffee and tea and writing
down how much fluids were taken by the patient

Serving lunch
12:00 ’
Serving medicines. During most medicine rounds the

catheter bags are checked on fullness and emptied
when needed.

Cleaning up dfter lunch and writing down how much
fluids were taken by the patient.

Serving medicines

General information interviewed nurses:
Harmke (head nurse of ICV4)
John (nurse at ICV4)

FluidBalance




INTERESTING NOTES

f

‘ NURSE

@ AsSISTANT

CURRENT CHECK UP MOMENTS FOR FLUID BALANCE

= Q@

Preference:

N

One screen to enter all the
information and reading
information. Inferest in a platform
for weighing the urine affer
going to the toilet.

~

Picking up left overs of coffee
and writing down fluid intake

) Serving medicines

The nefrology department and the intensive care
hospitalize more younger people compared to for
example the geriafrics and the cardiology. The
infensive care hospitalizes people who are very fll,
need continuous monitoring and are not able fo take
care of themselves. At the nefrology department this
is different. Patients still needs accurate monitoring  to
make sure that their kidney is functioning properly, but
most of them (60% was estimated by two nurses of the
UMCG] is able to take care of their own fluid list and
they often do this. At the nefrology department (which
is different from the other departments) most people do
understand the importance of a correct fluid balance
since this is the main reason that they are hospitalized.

Inferested in a standardized place for the urine
bottles since a part of the patients can go to the foilet
themselves and is able to place a botile back on the
same place to weigh how much urine is added. It is
not necessary to save the urine anymore when all urine
is being enfered info a system automatically affer a
patient went fo the foilet.

The difference between man and women is important
too. Man can just pee into their urinal or info the saving
bottle directly. VWomen need to pee into a po first and
pour it over into the saving bottle which is a difficult
fask when you had surgery on your kidneys.

In general urine is more important than oral infake at
this department since the functionality of the kidneys
is being monitored. Ingrid’s opinion on having @
weighing platform for drinks is therefore less positive.
Apart from the fact that she thinks it will only lead to
more errors, limitations for the patient to place their
drinks where they want and the placement of the IV
pole is more limited. The night closet is loaded with too
much stuff of the patient and creates even a bigger risk
of influences of the weight.

Cleaning up after dinner and writing
down how much fluids were taken
by the patient

Serving dinner

Serving medicine

Apart from these routines nurses
visit patients when they have
questions, need fo go fo the
foilet (mostly need help with i,
or when family of the patient has
questions.

Picking up left overs of coffee and tea
and writing down how much fluids were
taken by the patient.

Serving coffee / tea + a small snack

Serving medicines + emplying —

catheters to create a better look
for the visitors of the patients.

Most common patient profile:

drinks are served by nurse (with medicines) or assistant

fluid balance every 24 hours. Sometimes every 6 hours.
mentally healthy and able fo take care of themselves partly
known by the people that urine needs to be saved for 24 hours.

Serving coffee / tea + a small snack




DEPARTMENT: NEFROLOGY (INTERNAL HEALTHCARE)
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(’ 00-:00 — AN S A\(@ Empty cathefers since they are mostly full after the
\ \( ) night and the current fluid balance is being made
04:00 over 24 hours (08:00 - 20:00)

erving breakfast for the patients

Refreshment patient and bed
(happens af the same fime if people are very ill)

o

Cleaning after breakfast + writing down the intake
of fluids according to how much is eaten / drunk

Serving coffee / tea + a small snack

Serving medicines

Picking up left overs of coffee and tea and writing
11-00 down how much fluids were taken by the patient

/

]Q;OO‘. Serving lunch
Serving medicines

>‘ —_— Cleaning up after lunch and writing down how much
fluids were taken by the patient.

General information interviewed nurses:
Ingrid (nurse at Nefrology)

FluidBalance




INTERESTING NOTES

. NURSE

@ AsSISTANT

CURRENT CHECK UP MOMENTS FOR FLUID BALANCE

-
g N
Preference:
One screen to enter all the \
information. This might be the
computer as well since all beds
— have a computer at Intensive
~ . .
- care. A small inferface with
current volume and type of fluid.

N

/

On the infensive care it is all about efficiency and
being able to quickly look into things when needed
since most actions are critical and unplanned. logging
in would take too long in some of these situations. The
tag (which will be infroduced in 2018) will already
make a big difference.

All three nurses independently preferred fo have one
screen instead of multiple places to enter information.
One of the nurses mentioned that having a small
screen on the devices would help to see whether the
correct connection between the main screen and the
device is being made. “Some fimes blood losses need
fo be monitored every 15 minutes,which means that
all the steps that need to be taken are actually one
foo many”. He suggested having the option to set
priorities on which screen appears immediately when
the interface is being touched.

Since fluid losses are very crifical af the intensive care
all possible measurements are taken. Diarthoea is
being weight since it is captured with the Flexi Seal,
an inserted hose through the anus to help the diarthoea
flow towards a bag (image below). Research is being
done on how to measure transpiration on intensive
care patients. Puke is nowadays not being measured
since it is very hard to control the moments and since
the people are not very mobile it mostly ends up
somewhere in the bed. Sometfimes an estimation is
being made and written down on the fluid list.

111111 e Wil
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Apart from these routines nurses
visit patients when they have
questions, need to go fo the
foilet (mostly need help with i),
or when family of the patient has

questions. (17:00 - 07:00)

Emergency check ups when something is
going wrong and we receive warnings.
These moments are divided randomly over
the day and different patients.

Patient profile:

multiple bags ingoing and outgoing

not being able to walk

drinks are carefully monitored by the nurses
every hour control on vifal functions is necessary



DEPARTMENT: INTENSIVE CARE ADULTS

At the Intensive care normally no food assistants or
healthcare assistants are present since most of the
patients are not able to eat by themselves and do not
drink. Furthermore the situation is mostly too critical to
leave medical tasks assistants.

During the night the standard control
moments are still every hour. The ICV is a
24 hour care depariment.

Refreshment patient and bed
(happens at the same time if people are very ill)

Hourly control on every patient

catheter check (turn over and write down values)
10:007" medication control

IV control

control of other drains

Redon drainage (when vessels are removed)

confrol of vital functions of the human (heart rhythm,

blood pressure, etc.

12:00 - 15:00

General information inferviewed nurses:
Bert (head nurse of ICV4)

Eric (nurse at ICV4)

Rogier (nurse at ICV4)

FluidBalance




INTERESTING NOTES

K

() NURSE

@ AssISTANT

CURRENT CHECK UP MOMENTS FOR FLUID BALANCE

Picking up left overs of coffee

and writing down fluid infake
~——— \
— Preference:
One screen to enter/read all \

the information. Hesitated about
weighing urine, but thinks it is
not needed for the cardiology

Picking up left overs of coffee

N

At the cardiology again mostly elderly people are
hospitalized. Most of the elderly need support when
going fo the toilet. Since the cardiology does not keep
24 hours frack of the urine production in a big bottle
like is done on the nefrology department it would be
inferesting fo have a place where people can store
their urine which automatically weighs the urine and
pufs it info the EPD. Despite this advantage it would
still be too risky to give this responsibility to the elderly
patients. She would rather have a standard place for
them where they keep the urine if they went to the toilet
without the need of (and without notifying) the nurse.
She would be able to enter the information into the
system.

Due to the same reason of too much risks and error
possibilities Miriam also disliked the idea of having @
platform to weigh the drinks of the patient. Mobility of
elderly is a problem too. They will not be able to reach
the IV pole and placement on the night stand is more
likely to be interrupted by other stuff accidentally being
placed onto it.

and writing down fluid infake

™~

Serving coffee / tea + a small snack

Cleaning up after dinner and writing
down how much fluids were taken
by the patient

Supporting patients with
eating dinner

Serving dinner

Supporting assistants
with serving dinner

Serving medicines

Apart from these routines nurses
visit patients when they have
questions, need to go fo the
foilet (mostly need help with i),
or when family of the patient has

questions. (11:00 - 20:00)

Picking up left overs of coffee and tea
and writing down how much fluids were
taken by the patient.

Serving coffee / tea + a small snack

Most common patient profile:

confused people (elderly in general)

need a lof of help (with foilet, walking, etc.)

drinks are served by nurse (with medicines) or assistant
fluid balance every 24 hours. Sometimes every 6 hours.



DEPARTMENT: CARDIOLOGY

Last control round and
prepare for shift transfer

Shift transfer + first control
round of new shift

©
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Serving medicines
Serving breakfast

Refreshment patient and bed
(happens at the same time if people are very ill)

Cleaning after breakfast + writing down the intake of
fluids according to how much is eaten / drunk

Serving coffee / tea + a small snack

Visiting round with doctors

10:00

Types of
patients

Picking up left overs of coffee and tea and writing
down how much fluids were taken by the patient

Serving medicines

Serving lunch

Cleaning up after lunch and writing down how much
fluids were taken by the patient.

Serving medicines

General information interviewed nurses:
Miriam (nurse cardiology)

FluidBalance




Discussion

When comparing the different departments, the
Intensive care is clearly different from the other three
since it does not work with assistants. At the infensive
care the majority can not eat themselves. They receive
their nutritionists via a stomach probe. Like the small
description about the “typical patient” on the result
pages shows, the patient can not walk themselves and
mostly even not drink themselves. These factors would
make the infensive care the easiest department fo find a
perfect fit for concept one of fluid balance. The fact that
most of these people cannot walk means that mostly
they do not have a IV pole on wheels, but more like an
IV wall {image J9) which is sometimes on wheels. These
walls are overfilled with machines and bags which
leaves litle space for FluidBalance devices. Maarten
Nijsten (infemist - infensivist, UMCG) preferred having
the option to hang the product both on an IV pole
and the bed since the beds af the intensive care are
placed in a high position (ergonomic work height for
the medical experts) as the patient is not able to get out
of bed anyway.

The other three departments are more similar. Only the
Nefrology department saves the urine 24 hours and
makes up a fluid overview afterwards. The other two
departments write down the urine amount just after the
patient went o the foilet and then throw away the urine.
Another clear disfinction between the nefrology and the
other two departments (cardiology and elderly care) is
the age of the patients. The patients at nefrology differ
for more than af the other departments. Nefrology
patients can be quite young. The nefrology department
showed inferest in having a spot to weigh urine before
and affer going to the toilet. Especially since putting the
urine into the urine bottle (which is saved for 24 hours)
is the most difficult task (since the have a belly wound)
for the patients. 60% of her patients would be able to
weigh their urine after they went to the toilet without a
problem.

For the two most similar departments it was clear that
concept one is preferred by far over the other two. The
nurse is (almost) always around when the patient uses
the toilet since they need support when going to the
foilet. If they do not need support the nurse still wants
the patient fo call when he or she goes to the toilet and
keeps a close look at his/her patients over the day
since most of the patients are old and tend to forget
important things like writing down their urine output.

One nurse of the infensive care showed interest in having
a small screen on the devices for feedback to make
sure that the right information which is entered on the
main screen is connected to the right bag. Furthermore
he preferred to have the latest measurements visible
on the device or have a priority screen on the main
screen as screen saver (which shows the latest values
of chosen FluidBalance hangers). The rest of the nurses
all preferred to have the most simple option  where
everything is done from one main screen.

Of course these outcomes are not representative for
all four departments since only seven people were
involved in the research. Although it does give a clear
overview of needs, logistics and patient types on the
different departments and will push the project forward.

The assessment forms fured out to be too tfime
consuming and felt like more or less writing down the
same things that the discussion was about. Only two
out of seven people had enough time / took the time
to fill in the assessment forms. Fortunately the outcomes
were promising: 4 out of 5 on how well concept one
will fit on the elderly care department and 4 out 5 as
well regarding whether concept one is an improvement
for the department compared to the current situation.
The other assessor (cardiology nurse) was convinced
about the concepts, but wanted to work with it first
before saying whether it is befter or not compared to
the current situation. She did believe that concept one
would fit 3 out of 5 info the cardiology department for
sure.
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Patiént profiel:

- elk uur controle benodigd

- IV aangesloten

- medicatie aangesloten

- extra vochtinname door drinken
- blaas katheter is ingebracht

Voorkomende patiénten profielen
op deze afdeling:

Aleksa
Leo

Aad
Rick
Chanine

Gegevens Interviewee:

Afdeling:
Functie:
Jaren werkervaring:

Diner afruimen

Diner opdienen

Opruimen
snack ronde

Koffie/Thee
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® Ontbijt afruimen

09:00 \
@ Patiént opfiisse
‘ Bed verschonen
10:00

. Koffie/thee

en snack
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@ Medicijn ronde

/

‘ Opruimen

snack ronde

12:00

Lunch opdienen

Lunch afruimen

Verpleegkundige

Assistent (keuken)
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Appendix 22

Figure 22.2: Example of electrowetting possibilities. Retrieved from:
thecoolgadgets.com

Figure 22.1: sticky notes with e-paper. Retrieved from:
digitaljournal.com

22.1 Different types of interfaces

The screen on the FluidBalance hanger will be used
as feedback screen only. Input for the FluidBalance
hanger will happen from the main screen. The screen
needs fo be bright enough fo be seen during the
night and between 1.8 and 2.8 inch in size. Below
several different screen types that could be suitable are
discussed.

Scott Soong, CEO, Pervasive Displays: “the highest
power requirement is almost always the display “ TFT
LCD:s (touch and no touch| are the most power consuming
displays. (Soong, 2017). Bistable display technologies
(E-paper] (figure 22.1) are designed for the loT and
only consume power when updating an image on the
screen. During these updates currents are used fo move
particles to different positions (figure 22.5). In the time
in between the screen s still visible, but not power is
consumed. “In an application where a 2-inch. display
is updated six times daily, an epaper display can use
as little as 0.01 mAh of power per day, whereas the
typical, equivalently sized, LCD display would use 720
mAh" (Soong, 2017) . Estimating that the screen would
need fo update every 10 minufes (144 times per day)
this means 0,24 mAh per day. Disodvantoge of the
epaper is its visibility in very dark environments and
refresh time that takes up to 10 seconds. Separate lights
are needed fo create more visibility which will increase
energy consumption. The eteader market invented the
front light module to provide equally divided light on
the paper. E-paper is being more widely applied on
multiple devices and is an upcoming fechnology since it
is very well suitable for the loT (figure 22.3 and 22.4).
This is not only due to its low energy consumption. The
screens are more visible for outside use as well since no
backlight is being used to form the images.

In OLED screens the organic layer infernal creates

backlight by moving electrons. Furthermore the light is
created for individual pixels separately. In the case of a
bright white image this means that energy consumption
is somefimes even higher than LCD screens, but
when using very dark images a lot of energy can be
saved. Plasma displays deliver less brightness but are
better regarding amount of reflections. On energy
consumption Plasma is comparable to LCD and OLED.

Regarding prices, OLED screens are 20 - 30% more
expensive than LCD screens. epaper (providing the
colours: red, black and white) screens are available
for a comparable price as LCD screens. Adafruit LCD
screen 2.2 inch costs 24 Euros and an 2.7 inch colour
epaper costs 23 Euros (Pervasive displays, 2017).
Visionect works on using the same technology as
e-paper, but than for all colour spectrums (figure 22.6).

Another upcoming solutions is electrowetting. The
current industry of e-paper (electrophoretic] uses
charged fitanium particles in oil fo create shades of
grey. Electrowetting uses the same under laying
technology, but replaces the titanium particles with
layers of coloured oil and water (liquivista, 2017).
Liquivista is investing in creating a display which uses
the e-paper fechnology for realtime interactive screens
(figure 22.2). These technologies are not yef available
so price indications are hard to give. CLEARink uses
a different way o move the particles e-paper works
with which offers quick refreshing times and even
the possibility to play movies and animations(linder,
2017). Both CLEARInk and Lliquivista said to launch
their first products on the market in the beginning of

2018.

Finally the use of segment displays can be suitable.
Segment displays are available for numbers and with
squares/circles. The combination of lights forms the
message that needs to be communicated.
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Figure 22.3: example of a smartphone case with e-paper.
Retrieved from: Technobuffalo.com

22.2 Conclusion

In short it can be stated that multiple technologies that
offer low power use, enough brightness and sometimes
full colour are (or will be) available on the market.
E-paper [and it's variations) turn out to be the most
efficient and therefore suitable for a battery driven
device. Segment displays are sfill possible as well.

twelve
thirty
five

Figure 22.4: e-paper being applied in digital watches . Retrieved from: geek.com

Positively charged Transparent top Negatively charged
white pigment electrode black pigment

g Bottom
electrode

Figure 22.5: e-paper working principle (retrieved from: IDTechEx, 2017)
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Figure 22.6: e-paper in different colours (retrieved from: Mashable tech, 2016)
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Appendix 23

Features & Benefits Specifications Dimensions
High energy density and Rated capacity | Min. 1250mAh Max. 33.85 mm
voltage
. Capacity®? Min. 1250mAh |
Long, stable power with a o o
flat discharge voltage T Fe ARt —
Ideal for portable Nominal voltage 3.7V i
icati rtabl " ! Max. 6.35 mm
communications, portable Charging CC-CV, Std. 1250mA, 4.20V, 3.0 hrs ® >
computing, and robotics. - E —
Weight (max.) 251g £ {
Temperature Charge: 0to +45°C § i
Discharge:  -20to +60°C % i
Storage: -20 to +50°C g i
Energy densi Volumetric: 432 Wh/I i . .
BTN Gravimetric: 184 Whykg h Figure 23.2: Image of panasonic battery
(panasonic 2017)
Figure 23.1: Specifications of panasonic battery (UF-653450S)
(Panasonic 2017)
Power consumption Battery size

E-paper (Soong, 2017)

0,24 mAh [updating screen every 10 minutes)
0.24* 3V / 1000 = 0.00072 Wh

= 2,06 Joules per day (Wh * 3600 = joules)

Bluetooth: (Atmel, 2017)

3-4 mA in active mode (3.6 Voli)

3.5 *0.0036 = 0,0126 Wat

144 (1 sec) moments of sending per day
144 * 0.0126 Watt = 1,8 joules per day

0.001 mA in passive mode (3.6 voli)

0.001 * 0.0036 = 0.0000036 Wait (Joules/s)
60*60*24 = 86400 sec per day

0.0000036 * 86400 = 0.3 joules per day

In total 2.1 joules per day

LED (ledlightsworld, 2017)

50 cm (30 LED/meter) = 1,2 Watt

+/-25 cm nodig = 0,6 Waitt (joules /s)

LED only on when button is pressed for reading (in dark
surroundings). Estimation: 20 times per day, 5 seconds

on when pressed: 100 seconds in total per day.
100 * 0,6 = 60 Joules per day

Microprocessor SAM 21 (Atmel, 2017)

Q00nA in active mode (3.6 voli)

0.009 * 0.0036 = 0.0000027 Watt (joules/sec)
60*60*24 * 0,0000027 = 0,3 Joules per day

LED matrix screen

approximately 30 extra LED

being used appoximately 20 times per day being on
for 5 seconds after being pressed:

120 Joules (based on other LEDs (ledlightsworld, 2017)

4 digit 7 segment display (RS-components, 2017):
Average consumption: 1,17 Watt (joules/s)
1,17*100 seconds = 117 joules

For example the panasonic flat battery (1300 mAh)
(figure 23.1 and 23.2) that runs on 3.6 volt:

1300 * 0.0036 = 4.7 Watt hours

4.7 * 3600 = approximately 16920 Joules.

Total amount of days the device can be used with
described usage and the panasonic battery:

16920 / (2.6 + 2.1 + 60 + 0.3) = 260 days.
This is eight and a half months.

Including the LED matrix (without e-paper):

16920 /(2.1 + 60 + 0.3 + 120) = 92 days.
This is around three months.

Including the 4 digit 7 segment display:

16920 /(2.1 + 60 + 0.3 + 117) = 94 days
This is around three months as well.

Of course all of these calculations are estimations.
Apart from these estimations we can also look at
other existing products where we will discover that @
simple kitchen scale can last for years on a coin cell
battery handling four connected load cells and a digital
display.
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Appendix 24

CRITERIA:
Accurocy [--: not accurate, - not accurate enough, + accurate enough, ++ accurate)
One product solution [- - Totally different products, - little difference, + very litfle difference, ++ no difference)
Mobility patient (- - Attached to bed, - few tasks before moving, + small task before moving, ++ no tasks)
Needed fixed space around the bed [- - Much, - some, + litle, ++ no fixed space

Visibility screen/buttons (- - bad, - okay, + good, ++ very good)

Possibility to extent cable (- - not at all, - little effort needed, + okay, ++ good)

Complexity [- - very complex product (moving poarts i.e.), - complex, + quite simple, ++ simple)

Required product sfiffness [ - - much stiffness required, - some, + litfle, ++ not at all)

Extra attachment extensions needed [ - much, - liftle, + one, ++ none)

Applicable at IC (- - badly, - okay, + good enough, ++ easily)
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CRITERIA:

Accurocy [-- : not accurate, - not accurate enough, + accurate enough, ++ accurate)

One product solution - - Totally different products, - little difference, + very litile difference, ++ no difference
Mobility patient (- - Attached to bed, - few tasks before moving, + small task before moving, ++ no tasks)
Needed fixed space around the bed [- - Much, - some, + litlle, ++ no fixed space)

Visibility screen/buttons (- - bad, - okay, + good, ++ very good)

Possibility to extent cable (- - not at all, - litlle effort needed, + okay, ++ good)

Complexity [ - very complex product (moving parts i.e.), - complex, + quite simple, ++ simple)

Required product sfiffness | - - much stiffness required, - some, + little, ++ not at all)

Extra attachment extensions needed [- - much, - litle, + one, ++ none)

Applicable at IC (- - badly, - okay, + good enough, ++ easily)
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Appendix 25

ideation on
covering distance

ideation on form
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ideation on forms and distance
between device and IV pole
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Distraction on
functionality?

\ All button on the front (better
‘ visibility?

infegration of the
brackets. Same edges
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Appendix 26

Ideation on increasing usability
of bag placement
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Ideation on attachment of the
ose to the FluidBalance hanger

| [
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Ideation on total product
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Appendix 27

Testing two different load cells both s beam cell and bar shaped cell, with fixated
Goals of the fest is 1o find out whether the S-beam load s beam construction, Arduino cable downwards and
cell type is less accurate than the bar shaped load upwards and with both and empty bag and a filled
cell due to more swing and less stiff connections. The bag (+/- 60ml) (figure 27.1 - 27.6). The Arduino
images below show the set up of the test. Tests were cable serves as influence from the catheter hose since
performed with extension cables (figure 27.3), with this will be the case in reaHife as well.

Figure 27.1: Arduino cable downwards Figure 27.2: Tie rib that disturbs the  Figure 27.3: Extension cable connected

measurements to bar shaped load cell
; SR

Figure 27.4: Fixated connection of s beam to the Figure 27.5: Loose connection s beam Figure 27.6: Arduino cable going upwards

hook
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The bag needs to hang freely
During a short test in the UMCG hospital the fluctuations are visible as well. Here it was found that more space

around the IV bag is needed since the bag was touching the IV stand when being place onto the FluidBalance
hanger (figure 27.7 - 27.9).

10

Figure 27.7 - 27.9: Setup in the UMCG hospital

41§43 45 47 49 31 53 55 57 59 61 63

—yreight
e weight (hose attached)

—wreight (hook fixed)
m—yyeight (hook fixed 2)

Influence of tie rib (figure 27.2)

During the first small tests big deviations were found
after moving the bag around and wanting to go back
fo the start weight (zero grams). It turned out that the
small tie rib in the middle of the profotype was touching
the load cell. After removing the tie rib it did no longer
happen that the weight of the bag (which was supposed

Figure 27.10: Errors in tests due to the tie rib

fo be zero grams) ended up at a value of -5 grams.
Furthermore it was found that fixafing the upper hook
(figure 27.4) does not have a positive impact on the
measurements. It is best fo lef this hook move around. It
that case it can compensate along with the movement
of the bag which leads to less deviations.
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595
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838
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892
919
946
973
1000
1027
1054
1081
1108
1135
1162

Influence of the “laptop battery

Due to differences in power of the laptops battery pack
it became visible that the load cell did not respond
very well on this (figure 27.11). A compensation for
the changes in power needs to be made. More festing
with the battery is required to find out how the load cell

Figure 27.11: Influence of battery power fluctuations

for the load cell so fluctuations could also be increased
by the fact that other programs and software require
different amounts of power. Fortunately Li-Po batteries
fend to have a very steady power supply until the
battery is almost empty.

reacts on its own battery. The computer is not only used

25717

sl 1388 ¢

——gewicht

~—Linear(gewicht)

434

22:45 - 20/12/2017 07:15 - 21/12/2017

Figure 27.12: outcomes of 8.5 hours measuring the same weight (normal and zoomed in)

Change in weight over 8,5 hours

When leaving the load cell on for 8,5 hours with a
fixed weight being attached to it a small change in
weight is visible (figure 27.12). It is inferesting to see
that the load cell resets itself every few hours fo stay
within a specific measuring reach. The exact reason
for this is sfill unclear and needs further research. Apart

from these “reset moments” five big deviations are
visible. This can be due to anything. Fortunately the
deviations can be left out easily by neglecting large
changes within a very short time span.
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i Small hit again

Testing the S beam load cell

After implementing the first findings [Arduino cable
upwards and leaving the s beam cell hang freely without
any fixation) the graph above was formed. The blue
graph represents moving with an empty bag and filling
the empty bag with 60 millilitres of water. The different
jumps are present due to lifting and swinging the bag.

Figure 27.13: Testing the S beam load cell

It is a positive finding to see that the measurements
are recovering very fost from these influences. It only
takes five seconds (from /5 seconds to 80 seconds) to
provide the measurements correctly again. The orange
line represents small movements with a filled bag (60
millilitres) (figure 27.13).

‘ uneven floor |

20

A

10

‘ WV stand hits a wall and tips over a little ‘

A

[
/\/\A Stopping after walking
A

10

A\ / N
320 25 % - Y% 50 47 18 85 5050 52 55
12 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 29 30 31 33 35/36 37 38 39 40 41 42 43 44 45 47 48 49 50 52 53

545556575859606162%5666768997(]71727374757677

20

30

Testing the bar shaped load cell

The bar shoped load cell was tested as well (filled
with 60 millilitres interpreted as zero grams). The main
reason maybe not to continue with the s beam load cell
(although the Harris profile in appendix T shows that
this architecture is preferred) is if the bar shape load
cell's deviations during movement are within a reach of

Figure 27.14: Testing the bar shaped load cell

three grams only. The graph above shows however that
fluctuations of ten and sometfimes even twenty grams
are common as well for the bar shaped load cell. It was
found that the loose connection of the s beam shows
even less fluctuations than the fixated bar shape load

cell (figure 27.14).
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Appendix 29

Price validation

The total price of the system sfill needs to be determined.
This will depend on the extensiveness of the application,
development time, certification time and costs, type
of tablet (holder), efc. The product can save a lot of
money and is relatively cheap which means that there
is a way fo eam money for further development. To get
to know how much a buyer will pay for the solution @
simple model can be used. The “price sensitivity model”
from van Westendorp (Appolonsky, 2018) is shown on
the next page in figure ... A way fo do this is by having
different buyers judge different costprices on:

- How much do they think the sysfem is worth
- How much they would be willing to pay

This will lead to an expected price range.

-

4 )

Technical validation
First testing with the prototype consisting of:

- Testing of the code

- Amount of updates required

- Influence of patient movement during a whole
day of testing. Maybe adjust the five grams
in the code (how much the values can deviate
from the average value)

- Testing with new board (huzzah feather
ESP32) and connect pause/play button

- Ideation on when alarms would be required
for different wards.

This will lead to new insights that can be implemented
info the next versions of FluidBalance.

-

Bench marking tests

Compare the working and improved model to the
Urimeter and find differences.

- Test differences when entering a specific amount of
water info both systems. The Urimefer will show more
deviation than the FluidBalance hanger which will help
fo convince buyers.

- Perform a fest between an existing competitive device
(for example the Sippy or the Accuryn] and find out
how accurate the FluidBalance system can be. These
devices are certified already and these companies
aready claim a specific level of accuracy which makes
it better to compare FluidBalance with it.

J
~

J
4 )

Application improvements

Build a first prototype of the application. A way to do
this (without the need to program an app) is by using @
application called: POP. This application allows simple
inferaction possibilities and is suitable for testing.

- Improve the application according to the
recommendations

- Test the application together with the current prototype

to find out if the scenarios are thought trough enough.

This test is easy fo perform in a focus group of nurses.

With help of the app prototype and the FluidBalance

hanger profotype a real like situation can be simulated

and explained.

- A second step would be fo let the nurses perform

different tasks with the system, based on daily routines.

. J

. J
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Price range

+—»
100% £650 1 £800
A bargain | | Expensive
®
g Too expensive
§ Too cheap
@
o
@
=
ko
3
=
3
O
/ / Optimum price point

0% E

£0 Price £1,500

Price for total system

2019

200

500
1000
1500
2000
3000
5000

Too cheap  fair price expensive too expensive

50

(ONONONOXONOXOKS)
(ONONONOXONOXOKS)
(ONONONOXONONON®)
OO0OO0O0OO0O00O0

2020

-
Compatibility testing

A working application that communicates with the
FluidBalance hangers and with the Smartlinx system to
creafe a correct value about the current fluid balance
that needs to be send to the EPD.

- Test the total compatibility of the system inside the
UMCG.

- Preferably, test the fofal compatibility of the system in
three other hospitals.

Testing in other hospitals could be done affer the
working concept is proved inside the UMCG first.

J

|

e

Value perception testing

When the system is properly checked and regularly
fested a pilot of usage can be realised. Severdl
FluidBalance systems need to be availoble af two
different hospital wards at the UMCG (and preferably

at another hospital).

- It would be inferesting to observe people working with
the system to be able to find defailed problems. This
accounts for both nurses as assistants.

- Questionnaires or short interviews are a good way
fo gain insight info the wishes of the nurse and how
they would score the FluidBalance system compared
fo the old situation (assuming they were working with
Urimeters).

Of course all gained insights will be used for
improvements

-
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IDENTIFY CUSTOMER KNOWLEDGE GAPS IN YOUR PROJECT e @

1. Discussin duo’s the assessment of your validation maturity
2. Use the below questions to identify gaps
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? Cost Estimator

Appendix 31

I MNew Estimate ~ Save Recent Estimates ~

View Workspace

Share

Units ~ I

| General | Injection Molding | = Repaorts

| Cost Summary ¥ | | E-Mail to a friend

{[".| General Information

Mame: Front shell
Description:

(5 Part Information

Quantity: 20,000

Material: Polycarbonate, Molded

Envelope X-Y-Z (in): 3.50x 3.50 x 1.00
Weight (oz): 1.04

Tolerance (in): Moderate precision (<= 0.01)
Surface roughnass (pin): Smooth (Ra <= 32)

&% Process Parameters

= 1. Injection Molding
Material
Defect rate (%) 5.00
Material price ($/lb): 2.00
Part weight (oz): 1.04
Regrind ratio (%) 0.00
Additives ratio (%): 0
Material markup (%) 25.00
Production
Machine clamp force (tons): 50
Hourly rate (3/hr): 30.00
Machine setup time (hrs): .00
Machine uptime (%): 95.00
Production rate (parts/hr): 212
Post-procassing time (hrs.): 0.00
Production markup (%): 10.00
Tooling
Number of cavities: 1
SPI mold class: Class 104
Mald-making rate (3/hr): 65.00

59 Cost Summary

1. Ir'l_'jet_:l-ion_ Mol dlng $48512 ($2425 per qul_}
Material cost 53,804 (50.190 per part)
Producton cost 53,371 (50.169 per pat)
Tooling cost 341,337 (32.067 per part)

Total cost $48,512 [5242'6 per p_arl_]"

{[") General Information

Mamea: Grip band
Deascription:

(5] Part Information

Quantity: 40,000
| Material: Polypropylens, Molded

Envelope X-Y-Z (in}: 3.00 x 0.80 x 0.20
Weight (oz): 0.23

Tolerance (in): Moderate precision (<= 0.01)
Surface roughness (pin): Smooth (Ra == 32)

4% Process Parameters
1. Injection Molding

52 Cost Summary

1. Injection Molding $21,670 (80.542 per part) _
Material cost 5824 (30.021 per part)
Production cost $3,536 (30.088 per part)
Tooling cost  §17,309 (50.433 per part)

Total cost $21,670 ($0.542 per part)

Additional Processes v |
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? Cost Estimator

[ Mew Estimate Save Recent Estimates View Workspace Share Units
General Infecﬁun iu"ialding Reports Additional Processes ~
| Cost Summary | | E-Mail to a friend

[[] General Information

MName: On/Off button

Description:

Part Information

Quantity: 20,000

Material: Acrylonitrile Butadiens Styrene (ABS), Malded

Envelope X-Y-Z (in): 0.80 x 0.80 x 0.40

Weight (oz): 0.09

Tolerance (in): Moderate precision (<= 0.01)

Surface roughness (pin): Smooth (Ra == 32)

¢4 Process Parameters

1. Injection Molding

5 Cost Summary

1. Iﬁj'ecf:_i"on' Mqldin_g 519551 (TSG-}:QB-S'"per p__art}

Wemewaioost S350 GO pup il
Production cost 3,486 (30.174 per part)
_Tooling cost __ $15,813 (80.751 per part)

Total cost $19,651 ($0.983 per part)

52 Cost Estimator

[ Mew Estimate Save Recent Estimates ~ View Workspace Share Units

General | Injection Molding | | Reports

[ Cost Summary v | | E-Mail to a friend

{[] General Information

Mame: bracket catheter hose
Description:

7] Part Information

Quantity: 20,000

Material: Acrylonitrile Butadiena Styrene (ABS), Molded
Envelope X-Y-Z (in}: 0.60 x 1.60 x 0.50

Weight (oz): 0.07

Tolerance (in); Mot critical (= 0.02)

Surface roughness (pin}: Smooth (Ra <= 32)

i+ Process Parameters
1. Injection Molding

59 Cost Summary

i 'I'nje'{:!'i{m Mulldihg $9,783 '{ﬁb:ﬂlgﬁ per pari}"
_ Material cost 5308 (50 015 per part)
Production cost 53,486 (80.174 per part)

=] _T{:-:Slir]g cost $5988 {$0299per part)
Total cost $9,763 ($0.489 per part)

| Additional Processes v
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