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ABSTRACT

Background

Tube-feeding or nutritional support is a therapy for people 
who can’t get enough nutrition by eating or drinking. 
You may need it if you have difficulty swallowing, loss of 
appetite, are severely malnourished or have inability to 
absorb nutrients through your digestive system. 

There are several diagnoses associated with tube-feeding, 
depending on the persons diagnose and users state the 
user can be tied to the tube-feeding equipment from 3 
to 18 hours a day. In Sweden there are around 1500-3000 
adults in need of tube-feeding outside the hospitals.

Method

This report is made by Cindy Sjöblom and is an individual 
student’s work. The project is her dissertation and final 
project at the two year Masters program Advanced 
Product Design at Umeå Institute of Design. The project 
has been executed during 20 weeks the spring 2015.

The project is based on the design process which includes 
the following phases; Research & Analysing, Ideation & 
Concept and Detailing & Visualization. The Research 
& Analysis phase has included; Product analysis, user 
interviews & observations, market outlook, anatomical 
knowledge, problem listing and opportunity findings. 

The Ideation & Concept phase has included; Inspiration, 
persona creation, creative workshop, sketching, concepts 
creation, mock-up building, user testing & feedback. 
The Detailing & Visualization phase has included; 3D 
modelling, moodboard creation, sketching, final model 
building, photo shooting, video recording, documentation, 
presentation and a poster and exhibition stand at Umeå 
Institute of Design and at Semcon, Gothenburg.

Result

Tubie is an ambulatory tube-feeding system to facilitate 
an active everyday life for people in need of enteral 
nutrition. Tubie consists out of six parts; A nutrition pump 
and a wireless charging station, a nutrition bag and an 
external tubing, a wearable waist band and an application 
for a smart device to be able to control the pump.

Unlike traditional enteral nutritions systems, Tubie is 
designed with a focus on the users in a home environment 
and their need for a more active lifestyle and discreet 
usage in social environments. 

Tubie is simply discreet due to its wearable features that 
allows the user to wear it underneath the clothing as well 
as control the pump via a smart device with an adaptable 
pre-alarm that sounds like any other text message or ring 
tone.
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Umeå Institute of Design is organised within the Faculty of Science and Technology at the University 
of Umeå. There are five academic programmes within the school focusing exclusively on industrial 
design and related specialisations.

AMBULATORY TUBE-FEEDING
ADVANCED PRODUCT DESIGN

Cindy Sjöblom 2015, Umeå Institute of Design
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COLLABORATION
For this project I have been in contact with Daniel Franz, 
Business Development Manager at Fresenius Kabi, 
Uppsala in Sweden. Fresenius Kabi is one of Fresenius 
Group’s four business segments: Fresenius Medical 
Care, Fresenius Kabi, Fresenius Helios, Fresenius Vamed. 
Fresenius Group is a global health care group with 
products and services for dialysis, the hospital and the 
medical care of patients at home. 

Fresenius Kabi is a global healthcare company that 
specializes in lifesaving medicines and technologies for 
infusion, transfusion and clinical nutrition. The company’s 
products and services are used to help care for critically 
and chronically ill patients. 
Fresenius Kabi is specialized in the areas of infusion 
therapy, parenteral nutrition, enteral nutrition, infusion 
technology, transfusion technology and ambulatory care.

With its corporate philosophy of “caring for life”, the 
company is committed to putting essential medicines and 
technologies in the hands of people who help patients 
and finding the best answers to the challenges they face

The collaboration with Fresenius Kabi will build on sharing 
information. For me to get a deeper understanding of 
their products and technical aspects as well as getting 
their feedback on upcoming concepts and details. For 
them, they will get insights from this project like insights 
from the users and inspiration in the form of sketches, 
concepts and details. 1  2
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TUBE-FEEDING
Tube-feeding or nutritional support is a therapy for 
people who can’t get enough nutrition by eating or 
drinking. You may need it if you:

•	 Have difficulty swallowing
•	 Have loss of appetite 
•	 Are severely malnourished 
•	 Have inability to absorb nutrients through your 

digestive system 3

Diagnoses associated with tube-feeding:

•	 Crohn’s Disease
•	 Cystic Fibrosis
•	 Dysphagia
•	 Esophageal Cancer
•	 Failure to thrive
•	 Gastroparesis
•	 Gastrointestinal Mobility Disorders
•	 Head & Neck cancer
•	 Intestinal pseudo-obstruction
•	 Malnutrition treatment & prevention
•	 Pancreatitis
•	 Stomach cancer 4

In Sweden 
there are around 

1500-3000 
adults in need 
of tube-feeding 
outside of the 
hospitals 5
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STORIES OF PEOPLE 
TUBE-FEEDING
”As many of you know, my wife Sonja has the effect 
of cancer, an intestinal system that is not working. It 
means that she can’t feed herself in the usual way. She 
is completely dependent of tube-feeding to get the 
nutrition. This morning, when Sonja’s “own” nurse from 
ASiH (Avancerad Sjukvård i Hemmet) came to arrange 
her tube-feeding I expressed an idea; Perhaps one can 
replace the IV pole with a pump. Maybe you can place the 
bag with nutrients and a pump in a backpack, so Sonja 
can become more movable. In this way, she would easily 
be able to go out into the garden, or, if she physically feel 
like it, go to the store.
If she could avoid the IV pole so it’s just her own physics 
that limits her, and not an IV pole on four wheels - an IV 
pole which itself is spreading a feeling of illness. The nurse 
had just had exactly the same thought and embraced the 
idea fully. In the afternoon she came back with a print out 
on a solution from the company Fresenius Kabi, and the 
next Monday she called Kabi” 6

- Janne Cygnel, about his wife’s tube-feeding

“My whole life has been about food and each meal 
tortures me since I still can’t eat, it hurts so much every 
time. I still love baking very much but unfortunately I 
can’t eat it, but it is like a therapy for me, then I just drop 
everything and bake“ 9

- Malin, about the longing to eat

“When she was done the tube-feeding was still connected 
with an IV pole where it hanged a portion of nutrition. The 
bag contained about 500 calories and was the only thing 
I got in the coming days/weeks. It took about 10 hours 
before the nutrition bag was empty. I was not particularly 
happy to be forced pulling the awkward, squeaky pole 
wherever I was going on the hospital. It also restricted 
me in the home/leave of absence since  there was no 
possibility to transport the pole. Therefore there were 
many long days in which the IV pole followed my heels, at 
all meetings and conversations and even into the garden 
where I was reading“ 10

- 20 year old girl, about living with an IV pole

“Approximately 40,000 people use TPN (Total Parenteral 
Nutrition) at home in the United States, and because TPN 
requires anywhere from 10–16 hours to be administered, 
daily life will be affected. Although daily lifestyle can be 
changed, most patients agree that these changes are 
better than staying at the hospital. Many different types 
of pumps exist to limit the time the patient is “hooked-
up”. Usually a backpack pump is used, allowing for 
mobility. The time required to be connected to the IV is 
dependent on the situation of each patient; some require 
once a day, or five days a week.
It is important for patients to avoid as much TPN related 
change as possible in their lifestyles. This allows for the 
best possible mental health situation; constantly being 
held down can lead to resentment and depression. 
Physical activity is also highly encouraged, but patients 
must avoid contact sports (equipment damage) and 
swimming (infection). Many teens find it difficult to live 
with TPN due to issues regarding body image and not 
being able to participate in activities and events”  7

- NHS Foundation Trust, about TPN

“After much searching both on the internet and through 
stores, I finally found a backpack that fit all my needs! 
This backpack is by far the best I’ve come across. It is 
super light, the lightest hydration pack on the market so 
far, is very comfortable to wear (even 24/7), has a lot of 
room to expand if I need more space and has easy to 
access side pockets that can be secured with straps. But 
what sold me was the hole that connected the hydration 
chamber to the other area where I’d have my pump. 
The hole is where my tube would go. Not only that but 
it also had a Velcro strap at the top to hang my TPN 
(Total Parenteral Nutrition) feeding bag so it doesn’t drop 
down to the bottom of the bag. These two features are 
rarely found in any backpack and I know also the hole 
connecting the two backpack compartments does not 
exist in any backpack I’ve ever seen before. Those features 
are typically ones feeders have to do themselves. I’m not 
very handy and I was determined to find a backpack that 
required no adjustments on my part to make it work. This 
backpack, the one I linked above, is the only one I found. 
I got it in black though. Like I said, it has to look good 
too!” 11

- Kirby, about finding a backpack for TPN
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DESIGN OPPORTUNITY
CHALLENGES

•	 To optimise the size of the pump and some what 
the nutrition bag/container to enhance a portable 
and discreet shape to be carried on the body. 

•	 Finding the most flexible spot on the body to carry 
the equipment to fit various users as well as various 
activities. 

•	 Finding the right balance between hospital usage 
as well as home usage where the purposes are 
different, static vs. active.

OPPORTUNITY

•	 Consider the shape of the pump to not only fit a 
static hospital usage, but a shape which is adapted 
to be worn on the body for an active and discreet 
purpose. Today the shape of the pump in mainly for 
a static usage which is then being carried on the 
body.

•	 Re-thinking the backpack. Finding a solution that 
could be worn more discreetly and also work great 
for indoor usages.
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WHAT DO I WANT TO DO...

Active adults in need of continues 
feeding, with a pump several hours a 
day, for a longer time period.

Re-designing the tube-feeding system 
for portable usage.

In- and outside the home environment 
(or in a non-hospital environment).

Encourage and enable the user to have 
the active and spontaneous lifestyle he 
or she desires.

What

Why

Who

Where

GOALS

Create a portable tube-feeding system for enteral 
nutrition that isn’t interfering with the users daily 

activities.

Simplify the handling and preparation of the portable 
tube-feeding system.

Protect nutrition bag/container from warmth and cold.

Improve interaction between the portable tube-
feeding system and the user.

WISHES

Enable usage for wheelchair users.

Enable usage inside hospital.

Create a more discreet tube-feeding system that 
doesn’t interfere with the social aspect.

Enable personalization of portable tube-feeding 
system. 

WISHESGOALS &
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Salivary Glands
Tongue + Salivary Glands
Salivary Glands

Esophagus

Stomach

Liver

Pyloric sphinecter

Ileocecal  sphincter

Rectum

Lower esophageal sphincter

Colon (Large Intestine)

Lleum (Small Intestine)

Duodenum

Gallbladder

Pancreas
Gastric juice
Mucus

Through our digestive tract we process the food we eat 
and absorb the nutritions, such as vitamins, minerals, fats, 
carbohydrates and proteins. The body has a bunch of 
different acids and enzymes in our digestive tract that 
breaks food down so that it can be absorbed and used 
by our body. Substances are mainly absorbed through 
the small intestine into the blood stream. 

The foods journey starts in our mouth. By chewing the 
food we break it down to smaller pieces which makes 
it easier for our body to absorb the nutritions. When 
we chew the food we creat a larger surface area for the 
body to absorb the nutritions from. This process is also 
facilitated by our saliva that starts the digestion of starch 
in the food. After chewing and starch digestion, the food 
will be in the form of a small, round slurry mass called 
a bolus. The bolus will then travel down the esophagus 
and down to the stomach. Before the bolus enters the 
stomach it has to pass through a valve called the lower 
esophageal sphincter. This valve prevent gastric juice to 
get out of the stomach. The gastric juice starts protein 

digestion. The inner wall of the stomach is covered with 
a slimy layer of mucus which prevents the gastric juices 
from its damaging effects due to its content of chemicals. 
While the gastric juice. In the stomach, protein digestion is 
occurring. Meanwhile muscular waves along the stomach 
wall is performed which breaks down the food to even 
smaller pieces for the body to absorb nutritions from.

After about 1-2 hours the resulting thick liquid is called 
chyme. Now, the food have been transformed from food, 
to a bolus, and now into chyme. The pyloric sphincter 
valve opens and the chyme enters the duodenum 
which is the first section of the small intestine where 
the digestion continues. 95% of nutritional absorption 
happens in the small intestine which is about 7 meters 
long. When the chyme is fully digested, it is absorbed into 
the blood. The chyme continues through a third valve, the 
Ileocecal  sphincter, and into the large intestine. The large 
intestine’s main job is to remove most of the water from 
the chyme. Waste material is eliminated from the rectum 
during defecation. 12  13  14

DIGESTIVE TRACT
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There is various reasons why a person might need tube-
feeding. Often  it is related to a disease which effects the 
body to not being able to take in food orally or able to 
absorb the food through the digestive system.

Difficulty swallowing - Difficulty swallowing is also called 
dysphagia. It is usually a sign of a problem with your 
throat also called esophagus (the muscular tube that 
moves food and liquids from the back of your mouth 
to your stomach). Although dysphagia can happen to 
anyone, it is most common in older adults, babies, and 
people who have problems of the brain or nervous 
system. For example, head or neck cancer can cause 
problems swallowing or dysphagia. 15

Loss of appetite - Loss of appetite, medically referred 
to as anorexia, can be caused by a variety of conditions 
and diseases. Some of the conditions can be temporary 
and reversible, such as loss of appetite from the effects of 
medications. Some of the conditions can be more serious, 
such as from the effects of underlying cancer. 16

Are severely malnourished - Malnutrition is a broad 
term which refers to both undernutrition (subnutrition) 
and overnutrition. Individuals are malnourished, or suffer 
from undernutrition if their diet does not provide them 
with adequate calories and protein for maintenance and 

growth, or they cannot fully utilize the food they eat due 
to illness. Nutrient loss can be accelerated by diarrhea, 
excessive sweating, heavy bleeding (hemorrhage), 
or kidney failure. Nutrient intake can be restricted by 
age-related illnesses and conditions, excessive dieting, 
food allergies, severe injury, serious illness, a lengthy 
hospitalization, or substance abuse. 17

Inability to absorb nutrients through your digestive 
system - Your digestive tract works around the clock 
to break apart the foods you eat and absorb nutrients. 
But sometimes, those foods travel through without 
ever being digested. All kinds of things can cause poor 
digestion and malabsorption, from physical to biological 
factors. It might be a problem with the way you eat. 
If you’re scarfing down your food and not chewing 
thoroughly, you’re just making things harder on your 
digestive tract. Sure, your stomach and intestines can 
still digest the food somewhat, but whatever particles 
they can’t break down come straight out in your stools. 
Poor digestion and absorption can also stem from a food 
allergy or intolerance, since these conditions can lead to 
severe irritation in your gut as your body tries to pass the 
allergenic foods. Chronic bowel issues, such as Crohn’s 
disease or irritable bowel syndrome, can also inhibit 
digestion and nutrient absorption. 3  18

WHO NEED 
TUBE-FEEDING?
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When tube-feeding, you can either use the principle of 
gravity feeding or a pump. With gravity feeding you are 
restricted to have the nutrition bag/container above the 
tube end going into your body. By placing the nutrition 
higher or lower the nutrition can somewhat be controlled 
in speed and run faster or slower into your body. The 
limitations are that it can be hard to know exactly the 
height of the nutrition to match your desired speed as 
well as holding that position for a longer times to make 
sure the height relations are the same for the hole feeding.

Gravity feeding is the option for those which bodies 
tolerates a faster speed of the food entering their body. 
If you can gravity feed you are most likely recommended 
so. With a pump you can better control a slower feeding 
and this is needed for those who can’t get the food into 
the body in a normal speed and therefor have to take it  
very slow to, for example, not feel nauseous or throw the 
food up again. 

When a person need to get the food into their body so 
slow the feeding may take several hours, these persons 
everyday life gets very limited and they are therefore in 

need of a carrying solution for their equipment (nutrition 
and pump) to be able to not just sit still or being in the 
home all days long.

The usual reasons why a person need slow continues 
feeding is that they have some problem with the food 
not travelling down from the stomach to the intestine 
a normal speed, for some reason the food travels very 
slowly down the small intestine and therefor the stomach 
gets full and the person will feel nauseous and/or throw 
up. Or the person can have some problem with the Lower 
Sophageal Sphincter (port between throat and stomach) 
and therefore the food travels backwards when laying 
down or the person having problem in normal position 
throwing up.

So, instead of get the tube-feeding through the abdominal 
wall into the stomach you can take insert the tube directly 
to the small intestine. But, since the intestine doesn’t have 
any where to buffer the food, as the stomach, the tube-
feeding has to go  in the speed that the intestine can 
transport/absorb it. And then the tube food has to be 
taken very slowly.

WHO NEED A 
NUTRITION PUMP?
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A nutrition pump has either a rotational peristaltic pump 
mechanism or a linear. I have been chosen to analyse the 
linear since Fresenius Kabi has such a mechanism in their 
pumps. Below the text you will find brief pictures showing 
the  difference between the linear and rotational principle. 
To the right you will find more detailed drawings of the 
linear principle also referred in the text below.

A linear peristaltic pump (10) includes a mechanism for 
maintaining linear flow of fluid through an tube. The 
mechanism comprises a casing (22) carrying a rotatable 
camshaft (38) having a plurality of cams spaced there 
along in helical arrangement and a plurality of fingers 
(30) coupled to the camshaft. A housing (24) for 
establishing linear reciprocal movement of the fingers 
in response to rotation of the shaft establishes a moving 
zone of occlusion along a tube (16) held against the 
fingers. Aligning means are included for establishing an 
axis or rotation of the camshaft which is slightly tilted 

with respect to the tube. This is accomplished by raising 
or lowering the upstream or the downstream end of the 
camshaft to prevent unwanted pressure from building up 
in the tube to reduce pulsatile flow and maintain linear flow. 
The aligning mechanism comprises a generally cylindrical 
bushing (60) having an eccentric hole therethrough for 
carrying the hinged connection between the casing and 
the housing. The bushing has a slot (65) therethrough for 
adjust ably rotating the bushing for adjusting the amount 
of tilt. The adjustment can take place during operation 
of the pump, having a pressure sensor (50) against the 
tube, to achieve the optimal positioning of the camshaft 
depending on the tolerances of the pump mechanism 
(18) to establish linear flow of fluid through the tube. 19

HOW DOES A NUTRITION PUMP WORK?

Linear Rotational
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Enteral Nutrition (From the Greek enteros, “intestine”), 
EN, are energy and nutrients provided through the 
gastrointestinal tract. Total Enteral Nutrition, TEN, are 
energy and nutrients provided via the gastrointestinal 
tract and replaces the patient’s total needs for energy and 
nutrients. Enteral Nutrition is supplied either by a probe 
through the nose and esophagus into the stomach or 
intestine, or through a ostomy directly into the stomach 
or bowel.

Parenteral Nutrition (Greek para, “besides” + enteros, 
“intestine”), PN, are energy and nutrients provided via the 
bloodstream. Total Parenteral Nutrition, TPN, are energy 
and nutrients provided via the bloodstream and replaces 
the patient’s total needs for energy and nutrients. 
Parenteral Nutrition is supplied to the bloodstream 
through a vein catheter. This can be a peripheral or 
central vein.

Enteral Nutrition can be given in combination with food 
and drink and/or Parenteral Nutrition. Most patients have 
the best advantage of various combinations of oral, 

enteral and parenteral administration, and only a small 
proportion have TEN or TPN. The goal is often a gradual 
transition from EN to oral intake, probably in the form 
of a structure adapted diet. For some patients with such 
severe and permanent dysphagia (difficulty swallowing) 
EN can be a lifelong nutrition therapy. Patients who have 
the ability to swallow without risk should be encouraged 
to drink and eat regular food for both taste experience 
and for the oral health’s sake. For patients with dysphagia 
problem, after consultation with your doctor or speech 
therapist, a small portions of a structure adapted diet 
should be offered. It is important that a health professional 
pay attention to the patient’s overall situation, because a 
complete or partially lack of ability to eat normal food 
can impair quality of life and ability to meet the need of 
energy and nutrients. 

An important condition for nutrition via EN is that the 
gastrointestinal tract is functioning. This feature often 
changes during the stages of the disease, which is why 
continuous monitoring and evaluation must be made and 
the treatment continuously be adapted. 20  21  22  23

WAYS OF TUBE-FEEDING

PN, Parenteral Nutrition -
via bloodstream

EN, Enteral Nutrition -
via digestive tract
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For Enteral Nutrition you can either have a tube through your 
nose ending in your stomach (Nasogastric), or beginning 
(Nasoduodenal) or middle (Nasojejunal) of the small intestine. 
You can also have a stomy from your stomach (Gastrostomy) 
or from your small intestine (Jejunomy). 24

For Parenteral Nutrition you can either have a tube through 
the central veins which is for a longer usage since these veins 
are bigger and can handle bigger portions or feeding through 
longer times. The other option for shorter periods is through  
the Peripheral veins which is the arms. 23

Nasogastric tube

Narrow tube passed 
into the stomach via 
the nose. Suitable 
for EN shorter time 
periods, up to 6 
weeks. Also called 
NG-tube. 25

Venous Port

A small medical 
appliance that is 
installed beneath 
the skin. A catheter 
connects the port to 
a vein. 29

PEG

Percutaneous 
Endoscopic 
Gastrostomy. Is 
Offered to patients 
that expects to be 
in need of EN more 
than 30 days. Also 
called G-tube. 26

CVC

Central Venous 
Catheter. Goes into 
a vein in your chest 
and ends at your 
heart. Offered to 
patients requiring 
weeks, months or 
years of therapy. 28

Button

Inserted instead of  
PEG after 6-8 weeks 
for long term usage. 
Has a detachable 
extension set for 
feeding. 27

PICC Line

Peripherally Inserted 
Central Catheter. 
Used in patients 
who require therapy 
for a middle long 
duration, from 4 
weeks up to one 
year. 30

EN PN
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Tube nutrition must both contain all the necessary 
nutrients in the right proportion, and also be a thin fluid 
so that it can pass through a thin tube. Children gets a 
special preparation. There are tube nutrition adapted for 
children from 6 month. First in the age around 7 the child 
can receive the same tube nutrition as an adult.

Standards tube nutrition usually have an energy density 
of 1 kcal/ml (4.2 kJ/ml). With this energy density most 
patients gets a balance between their energy and fluid 
needs. The composition of nutrients is generally equal to 
a regular hospital diet. The standard tube nutrition, which 
can be used of the most patients, usually contain fibre, 
but the amount and nature of these varies widely among 
different products.

Energy rich tube nutrition provides a greater amount of 
energy in a smaller liquid volume. These products may 
be appropriate when extra energy need to be supplied 
without increased fluid, but it’s important to always 
ensure that the patient’s need of fluid is satisfied. Energy 
rich tube nutrition may slow down the food processing in 
the digestive system.

Elemental diets, or also called, peptide diets contains 
digested protein in the form of peptides and/or free 
amino acids. These preparations can also have a different 
composition, ex, a very low content of fat. Only in rare 
cases the absorption of peptides and amino acids from 
the intestine are better than whole protein. A low content 
of fat may be of value for patients with fat malabsorption.

Special tube nutrition may be used in special situations  
with a composition that is suited for a specific disease. 
The evidence base for these are still limited. The use 
of special tube feeding should be based on a medical 
assessment and determined by the patient responsible 
doctor. 20

TUBE NUTRITION
This equipment set-up is both seen at the hospital and in  
the home of the tube-feeding user. The home user can 
either use a rolling IV pole, like on the image, or a smaller/
shorter stationary one for table top usage. This set-up 
includes an IV pole, nutrition bag, nutrition pump and an 
aggregate. 
The aggregate is the tube that is connected to the 
nutrition bag and to the users own tubing. As seen at the 
previous pages (32-33) the users own tubing/catheter is 
different depending on placement and duration of tube 
feeding. Anyhow, the aggregate is common for all users. 

When using a pump the aggregate is connected to the 
pump. The pump allows the user to choose a slower 
speed of the feeding  than gravity feed can provide in a 
more controlled and safe way. At the top of the aggregate 
there is a drip chamber. Before starting the feeding, the 
drip chamber should be filled to half by pressing it which 
sucks nutrition out from the bag and into the chamber. 
If gravity feeding is used the drip chamber can be used 
to count the droplets and help to navigate how much 
feeding you will get in a certain time. Also, the drip 
chamber is a way of seeing that nutrition is coming out of 
the bag correctly. When having the equipment in a back 
pack, another aggregate without drip chamber is used.

IV Pole

Aggregate
Fresenius

Pump
Fresenius

Nutrition bag
Fresenius

EQUIPMENT
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Feeding bag

To be able to choose the amount 
of nutritions to bring with him/her 
instead of taking a bigger volume 
with.

Cooling and heating bag

To cool down or heat up the nutrition 
formula when bringing the nutrition 
equipment outside.

Stethoscope

To ensure nasogastriv tube is in right 
height with stomach. Bubble-test by 
listening to stomach while pushing in 
air through the tube. 

Pad/Cover

Pad/cover for gastronomic tubing 
through abdominal wall (through 
stomach).

Gauze

Gauze for protect and clean new 
incisions of for example a PEG into 
the abdominal wall.

Adhesive tape

Tape to attach nasogastric tubes to 
face and neck. For the face a more 
transparent tape usually is used.

Nutrition Portion Bag

Nutrition portion bag. Commonly 
used in Sweden instead of bigger 
containers you need to pore up 
yourself.

Various sizes of Syringes

To rinse tubes with water, give 
medications or bolus feeding which 
is basically feeding through a bigger 
syringe. 

Nutrition Pump
For usage of slow continues feeding 
that may take up to several hours. Can 
be positioned on IV pole, wheelchair, 
tabletop edge etc.

Incision tubings

Appliances inserted to the body 
to be connected to the aggregate 
connected to the nutrition bag.

IV Pole

Usually used when gravity feeding. 
Either a big size with wheels or a 
smaller table for stationary use only.

Aggregates

The tube going from the nutrition bag 
to your PEG or Button. Which upon 
the pump is connected. For one time 
use only. 

STANDARD EQUIPMENT SUPPLEMENTS
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PRODUCT ANALYSIS
During a meeting with Fresenius Kabi I got the chance 
to borrow a set of their enteral tube-feeding system 
including two carrying systems. In the coming pages 
I have analysed the different products to get a deeper 
understanding of the products features and details.

Both the backpack and aggregate is costume for 
specifically usage with the Amika pump. The waist bag is 
a solution that fits both their old Applix pump as well as 
the new Amika pump.

The nutrition bag of 500 ml is a portion bag and is the 
most common size Fresenius Kabi sells. They also have 
bags of 100 ml. AMIKA 

PUMP

AMIKA 
BACKPACK

AMIKA 
AGGREGATE

NUTRITION 
BAG

AMIKA & APPLIX
WAIST BAG
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Pump, holder and cord. LED lamp for visual alarms. Speaker for audio alarms. Screw to access microphone.

Power connect & slot for holder. Cover for screws. Handle to open hatch. Handle connected to clip opener.

Rubber covered mechanism. Power connection and handle. Connection for charging cord. Rotational head for attachments.

Connection for software update. Attachment of small IV pole. Charging cord end. Charging cord adapter ending.

Hole for hanging. Shaped to be able to stand. Plus connector for enteral use. Re-saleable membrane.

Color coded system Scale for good overview Tapered to let all droplets out Sealing lid (missing on picture)

Tube clip to stop gravity flow T-connection for medication Adapter Tube

Droplet chamber Plus connection Bottle Adapter and bag Roller clip to regulate gravity feed

Pump & Charger Nutrition bag
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Backpack. Waist bag.Hatch to access pump. Attachment at back.Pocket for cooling/heating bag. Adjustment possibility.Securing pump in place. Zippers for variable tube outlet.

Straps to hold tube in place. No special interior set up inside.Cut out sound alarm. Detail on each side.Groves for tube. Straps nutrition bag.

Strap for...? Pad to stabilise pump position. Strap and hole for tube. Tube out through left pocket.

Right pocket only for storage. De attachable back straps. Hide back straps in top pocket. Stands for stabilization.

Backpack Waist bag
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COMPETITION
Fresenius Kabi is a global selling company focused on 
both enteral and parenteral nutrition. Their biggest 
competitors on the world market today are the following: 
Nutricia, Nestlé, Baxter, B.Braun, Abbott and Moog. 

On the Swedish market Fresenius Kabi has Nutritia, 
Nestlé, Baxter and B.Braun as the biggest competitors. 
Nutricia and Nestlé in the area of enteral nutrition and 
Baxter and B.Braun in the area of parenteral nutrition.
On the European market Abbott is a big producer 

and Moog on the American market. Moog, as well as 
Abbott and Fresenius Kabi, produces their own enteral 
nutrition pumps. While Nutricia and Nestlé buy their 
enteral nutrition pumps from Moog and sell under their 
own brand name.

Baxter and B.Braun are mainly big competitors when 
it comes to selling three-chamber bags for parenteral 
nutrition which Fresenius also sells since they invented 
it themselves.
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MARKET OUTLOOK

FreeGo, Enteral feeding

140 x 120 B x 80 H mm, 400 g
24 hours (84ml/h), 6h charging time

Hospital and home use. Washable 
under running water. Rotational 
peristaltic pumping mechanism.

Kangaroo Joey, Enteral feeding

104 x 130 x 91 mm, 770 g
18 hours (125 ml/h), chargeing time

Home/mobile usage. Feed-and-flush 
programming. Rotational peristaltic 
pumping mechanism.

Flocare Infinity, Enteral feeding

140 x 95 x 35 mm, 392 g
24 hours (125ml/h), 6h charging time

Stationary and mobile usage. Washable 
under running water. Rotational 
peristaltic pumping mechanism

Ambix Active, Parenteral feeding
132 x 120 x 45 mm, 550 g
40 hours (125 ml/h), charging time

Hospital and home use. Linear 
peristaltic pumping mechanism.

EnteraLite Infinity, Enteral feeding

103H x 144 W x 49 D mm, 408 g
24 hours (125ml/h), 6h charging time

Hospital and home use. Washable 
under running water. Rotational 
peristaltic pumping mechanism.

Amika, Enteral feeding

138 H x 128 W x 46 D mm, 610g
24 hours (125 ml/h), 6h charging time

Hospital and home use. Linear 
peristaltic pumping mechanism.

EnteralLite (Infinity), Carrier System

Backpack Adults. Pump + 500 ml + 
1200 ml bag + ice pack. 432 x 203 x 
102 mm. Mini Adults. Pump + 500ml 
+ 1200 ml bag + ice pack. 330 x 203 
x 114 mm. Waist Adults/adolescents. 
Pump + 500 ml. waist or shoulder, 178 
x 279 x 76 mm. Super-Mini Children. 
Pump + 500 ml. 241 x 203 x 102 mm 

Amika, Flocare Infinity, CompatGo

Children 2-10 years. Pump + 500ml 
bag. Pumps: Flocare Infinity, Applix, 
Amika, CompatGo. Nutrition from: 
Nutricia, Fresenius Kabi and Nestle 
Healthcare Nutrition.

Amika, Carrier System

Large Adults. Pump + 500 ml + 1000 
ml. Small Adult/Child. Pump + 500 
ml. 350 x 260 x 125 mm. Waist bag 
Adults.

Ambix, Carrier System

Backpack Adult. Pump + 5 l bag.
Backpack Mini Adult/children. Pump + 
up to 1,5 l bag.

Flocare Infinity, Carrier System

GoBag Adults. Hight 330 mm, 1820g 
with pump + stativ + 500ml bag. 330 
x 240 x 200 mm. Minibag Children, 
Hight 320 mm. 1570g with pump + 
500 ml bag. BearBag Children. Hight 
420 mm. 1550g with pump + 500 ml 
bag.

FreeGo, Carrier System

Adults/paediatric. 500 ml and 1000ml
RTH containers.
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By mapping the existing carrying systems for nutritional 
equipment it is obvious that the backpack is the most 
common product on the market, both for adults and 
children. All of them have more or less the same functions 
but designed to fit different pumps. Instead of looking 
into the users deeper needs and developing a “custom-
made” solution for tube-feeding users, the backpack has 
been the easiest product to transform into a nutritional 
carrying system. 

The LinusVäst for children is a great example where the 
needs of the user has been covered. It is more discreet 
and doesn’t have the tubing going on the outside from 
the vest to the body/catheter. 

There is a great opportunity to create more user friendly 
and flexible solutions for tube-feeding users. Both for 
children and adults. It seems like no one on the market 
have been developing the nutrition pump with the 
active user in mind. Instead the hospital pump has been 
brought to the home environment and the users have 

had to adapt there after. There is a great opportunity to 
thing differently and start with the active user in mind. 
By challenging the pump itself the area of a more active 
pump for home usage could be explored and hopefully 
someday implemented. 

By thinking differently and start developing with the 
active user in mind, it might result in a beneficial pump 
for the hospital as well. It is a great opportunity to try 
compressing the volume and consider the shape. Maybe 
this could also result in hospital patients using the 
carrying system as well when being treated for a long 
time period. 

MARKET MAPPING

Discreet
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USERS & INTERVIEWS
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THE USER
The primary user for this project is the active adult and 
teenager (from 13 years). Unlike children, adults has 
another view on the world where they are self-conscious 
and the social factor in our society plays a big part. It 
is not just about practicality and being able to move 
freely. It is also about being accepted by our surrounding 
society. Therefore there are another factor to think about 
when designing for adults.

The secondary user for the product is hospital staff such 
as nurses, doctors and assistants which also will come in 
contact with the end-product.

PRIMARY

Adult
Teenager

SECONDARY

Nurse/doctor
Assistant

Sandra Nilsson 25 years, tube-feeding 
user. Has EDS which is a disease 
affecting the joints, skin and blood 
vessels. She also has Gastroparesis 
which is a stomach that is totally or 
partly paralysed and intestines that 
works really slow. 33

Anonymous 59 years, tube-feeding 
user since 8 months back, due to 
an operation where they took away 
her tonsils. Something happened 
during the operation that effected her 
swallowing possibilities in the throat 
(esaphagus)  37

Jenny Lidström, nurse at Neurology 
ward at Norrlands University Hospital 
and mother to an 8 year old tube-
feeding user. At her ward she is the 
one most experienced when it comes 
to tube-feeding. 34

INTERVIEWS

Anonymous, dietitian at Dragonen 
Hälsocentral, Ätstörningsenheten 
and Samvården at the Norrlands 
University Hospital in Umeå. 35

Daniel Franz, Business Development 
Manager at Fresenius Kabi in Uppsala. 
5



5554

“I try to go out at least 30 minutes/day, I would go crazy if I 
only had to sit at home all days”

“Sometimes I don’t care about eating. I feel I should go out 
to meet people and have a normal life, but not for to long”

“I’ve got allergic to the alarm, I pretend the pump doesn’t 
exist. I don’t want to think about the pump all the time”

“Dealing with tube-feeding is messy. I use to start my tube-
feeding in the kitchen because there is so many things that 
comes with the aggregates that has to been thrown away”

“Now at 100ml/h it’ll take 5 hours. But sometimes I have to 
go for 50ml/h and then I can’t do anything else that day. I 

am stuck in the sofa while I eat, or by the computer”

“Most optimal would be if I could tube-feed during night as 
well, but I can’t because the alarm that keeps me awake”

“A better solution for portable tube-feeding that could be 
used during work would really facilitate my life”

“When using soft food containers there is a problem that they 
fall down from the velcro straps at the end of the feeding”

“I use the backpack when I’m at home, either on my back 
or holding it in one hand, placing it next to me, depending 
on what I’m doing. In the summer I usually bring it outside.”

“When I’m working I use to go up one hour earlier to have time 
to eat. I also eat one bag in the evening when I get home”

“The alarm of the pump doesn’t bother me since there is 
always a reason for the alarm, for example a kink on the 

tubing. So it’s good that it alarms.”

“The styrofoam in the backpack makes the alarms louder 
which I don’t like.”

Sandra Nilsson, User Anonymous, User
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“When a bag is opened it should be kept in the fridge, but if 
you are out at the beach the whole day the food get warm”

“With a pump function you can fills the aggregate with 
nutrition, but it takes time. I use to do it manually”

“When our daughter were younger and we were out for 
long hours during winter, the nutrition got cold. Most 
comfortable is to get it when it is room temperature”

“The Appelix pump is quit simple in its functions. There is no 
big problems with handling the pump”

“The biggest problem that many people say is that the 
pump isn’t functioning if the nutrition bag doesn’t hang in 

the right position. I think this is the biggest challenge”

“Alternatively find another way of getting the nutrition out of 
the container that doesn’t get air in the system”

“Today better solutions like the LinusVäst exists for children 
but solutions like that doesn’t exists for adults”

“You don’t want Fresenius Kabi’ name on your back. The 
solution should follow trends and be classic in that sense”

“A pump for the ward and home usage should be as small, 
simple and silence as possible”

“The backpack is clumsy and attracts attention. The 
LinusVäst for children is better since it is thin and blends in. 
It also works good for both cold and warm environments”

“I think this project you’re doing is great to encourage 
patients to tube-feed. It is such a great way of getting 

nutritions and to heal the body”

“The Applix pump is quit simple, but the beeping is 
disturbing”

Jenny Lidström, Nurse Anonymous, Dietitian
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“A bag can’t handle to be machine washed 2 times a week 
for a longer period of time”

“We had a backpack developed with Haglöfs, but it is not 
on the market anymore because it was to expensive”

“If we can have one pump during the entire process, it 
would be a benefit for everybody”’

“When the nutrition get cold it is not pleasant for the 
patient and can also harm the patient”

“The biggest need for a pump for home use is to be 
simple, also for hospital usage”

“Our bags doesn’t have any protection against warmth and 
sun or cold for the equipment. That is an obvious failure”

Daniel Franz, Business Develope Manager at Fresenius Kabi
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CONCLUSIONS



6362

A pump that works for the entire process, in and outside 
of the hospital, is preferred by Fresenius Kabi: 

•	 More qualitative development
•	 Lower production and end-cost
•	 Lower maintenance cost
•	 Familiarity of product

Todays pumps are rather developed to be used in a 
static hospital environment than an ambulatory home 
environment. There is a great opportunity for Fresenius 
Kabi to do something different and design a pump with 
the active user in mind. 

The largest amount of tube-feeding users in the homes 
in Sweden have enteral nutrition, only a few hundred 
have parenteral. Parenteral pumps also has higher 
requirement and are therefore more expensive, bigger 
and heavier.

The walking and wheelchair tube-feeding users in the 
homes are around the same number.

RESEARCH FINDINGS

RE-THINKING THE ENTERAL 
TUBE-FEEDING EXPERIENCE

CONTAINER

AGGREGATE

PUMP
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PROBLEMS AREAS

ALARM
The audio alarm is stressful 
for the user. It also has a 
tendance of false alarming or 
being to sensitive.

SIZE & PROPORTIONS
The size and proportions 
doesn’t make it ideal for 
mobile usage when it comes 
to being carried on the body.

INTERACTION
When an alarm occur the user 
need to come close to the 
pump for silencing alarm and 
take action.

LEAKAGE
The risk of leakage while 
handling the tubing is big. 
Often the most careful 
handling ends up with 
leakage and spill. 

MAINTENANCE
Sometimes the tubing is 
used twice and needs to be 
rinsed in between feeding. 
This can be tricky if not the 
right syringe/equipment is 
available.

FITTINGS
To fit the different 
connections and clips is not 
always easy. Also a certain 
connection requires, for 
example, a special syringe

PACKAGING
The specific parts in one 
aggregate package as well 
as the attachments are not 
always ideal for all costumer. 
Things are being thrown away 
or easily disconnected.

AIR
The droplet chamber easily 
creates air in the system if 
not positioned in the right 
position, hanging up right. 
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PERSONALIZATION
The bag is seen as ugly 
as well as it has restricted 
optional choices of how to 
carry it or where the tube 
should go out.

PREPARATIONS
Where and how to place 
the equipment inside is not 
obvious, as well as it takes 
time and patience.

EQUIPMENT PROTECTION
The nutrition is not protected 
against direct sunlight, warmth or 
cold. As well as the tubing on the 
outside could get stuck in various 
ways.

MOBILITY
Restricted mobility due to 
the size and placements. 
Backpack limits the sitting 
and waist bag the mobility of 
a wheelchair user.

OCCUPANCY
The most common way of 
carrying things is with a 
backpack. Since this spot on 
the body is already occupied 
it becomes hard to bring 
more things.

INTERACTION
The backpack isn’t giving a 
good access to the pump 
while carrying it. If there’s an 
alarm or a change of setting 
has to be made the backpack 
has to be taken off.

DURABILITY
Spilled nutrition on the bag is 
very common and therefore 
the bags needs to be machine 
washed on a regular basis. 
The bag can’t handle this and 
gets worn out to quick.

SIZE & PROPORTIONS
The size and proportions 
makes it not ideal for a mobile 
usage when it comes to be 
carried on the body.

AIR
The fact that there’s air in the 
bag easily creates air in the 
system when the bag is not in 
the right position. 
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From the different problem areas, both of the pump and the 
backpack, the development areas have been created. The carrying 

system, which includes the pump, should be: Supplying, mobile, 
protecting, controllable and personal. These areas will be further 

explored during the ideation fase.

DEVELOPMENT AREAS
By looking into the 

supplying and pump 
mechanism, the size, 

volume and proportions 
can be challenged as 

well as the possibility of 
a non-limiting nutrition 

bag position.

Protecting the equipment 
is an important part to 

ensure the quality of the 
nutrition and even the pump. 

By considering different 
weather conditions as well 
as physical forces towards 

the equipment.

When looking into the 
personalization I will 

explore the possibilities 
of adding a personal 
touch to the system.

Looking into the 
mobility of the carrying 
system, I will explore the 
equipment size, weigh 
and proportions as well 
as body placements and 

attachments. 

By looking into the 
control possibilities 
of the pump a more 

flexible way of accessing 
information and settings 
could be possible for a 

more active usage. 

Handling the equipment 
with a focus on 

organization and 
increasing leakages 

could open up possibility 
for a more user friendly 

system.

MOBILESUPPLYING PROTECTINGHANDLING INTERACTING PERSONAL
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INSPIRATION
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MEDICAL WEARABLE
“ABI Research has projected that by 2016, wearable 
wireless medical device sales will reach more than 100 
million devices annually.” 38

“The global market for wearable devices is growing by 
leaps and bounds. As we reported in the article, “Materials 
matter in wearable medical devices,” the market is 
expected to expand 16.4% CAGR between 2013 and 2019. 
According to Credit Suisse researchers, it could reach a 
value of $50 billion within five years. Medical applications 
represent a significant portion of this sector. So, how 
does this radiant future look? Pretty cool, if you ask us.” 39

“The world is witnessing a rapid growth in global wearable 
medical technology market primarily because of 
technological innovation, increasing health consciousness 
and globally rising aging population” 40

“Some of the key players in this market are Medtronic, 
Inc., Abbott, AiQ Smart Clothing Inc., Zoll Medical corp., 
Polar Electro Inc., Philips Healthcare, Diacel Corp., BASF 
SE, Cambrex Corp. and Solvias AG” 40

“Wearable medical devices are autonomous, non-invasive 
devices that perform specific medical functions such as 
managing treatment of chronic diseases or monitoring 
vital signs of human body. A wearable medical 
device incorporates capabilities such as wireless data 
transmission, real time feedback and assessment and so 
on. During the forecast period of 2015-2020, the market 
is projected to grow remarkably at 21.3% to generate 
revenue of $41.3 bn by 2020”. 41

Hidden Dialysis by Caroline KüchlerMetria by Vancive Medical Technologies

EEG headset prototype by Imec’s

Real-time vital sign monitoring

Nuubo, for cardiac prev. diagn. rehab.Diabetic patch by Now Echo Therapeutics

Wear, wearable hearing device

Insulin patch applicator by Leah Heiss

Moticon, patient monitor and rehab.

Monitor health by Proteus Digital Health Remote cardiac monitoring by Nuubo

BlueControl for psoriasis by Philips 



7574

TECHNICAL INSPIRATION

Main pump

MINIATURE PORTABLE DIALYSIS MACHINE

Dialysis machines are needed by patients with renal 
(kidney) failure to clean their blood of wastes produced by 
the body. In 2008, Dr. Victor Gura, an internationally known 
kidney specialist at Cedars-Sinai Medical Center, proposed 
the first miniature portable dialysis machine..

The current prototype weighs just 10 pounds and can be 
carried around the waist of the patient. Another company, 

PIEZOELECTRIC DIAPHRAGM MICROPUMP

Low Flow Micropumps, 0-7 ml/min for liquids. The 
functional principle is based on a piezoelectric diaphragm 
in combination with passive check valves. A piezo ceramic 
mounted on a coated brass membrane is deformed when 
voltage is applied.

Piezoelectric diaphragm micropumps transport the tiniest 
amount of gases or liquids in a wide variety of applications 

AWAK Technologies, has developed a WAK for Peritoneal 
Dialysis called “ViWAK PD” that weighs just two pounds.

The WAK is simply a miniature dialysis machine enabled 
with wireless technology that sends information to a 
remote monitoring system. As time goes on and these 
devices become smaller and smaller, implanting is expected 
to be the norm. 42

including medical drug delivery, fuel cells, mobile 
applications, consumer, cell culturing and much more. This 
radically simple pump design allows for easy adaptation to 
specific flow rates or back pressure. 

Cost-effective, reliable with a long life, and easy to use, 
these micropumps can transform your product. Self-
priming and accepts liquids, gases and mixtures. 43
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MINIATURE INSULIN PUMP

A micro pump device for dispensing proportioned 
quantities of medical fluid by applying pulsed pressure on 
syringe’s plunger stem containing the medical fluid which 
is injected through the syringe-tube connector to the 
patient’s body. The power mechanism is an electric motor 
which is controlled by programmable logic means and the 
stopper element is a nut lever connected to a screwing nut 
which is screwed along a lead screw. 45

OMNIPOD INSULIN PUMP

The overall view shows the Insulin reservoir (bottom right) 
along with the motor that controls the pump. When the 
gear wheel to the left of the reservoir is rotated by hand 
the drive screw plunges the stopper in and Saline is forced 
through the cannula tube. In the centre you can also see 
a heavy spring that I assume is the force that deploys the 
firing mechanism that sets the cannula under the skin. The 
battery compartment is placed at the top. 44

ELASTOMERIC PUMPS

Elastomeric pumps, also called balloon pumps, are 
non-electronic medication pumps designed to provide 
ambulatory infusion therapy. Medication is delivered to the 
patient as the elastomeric “balloon” consistently deflates 
and gently pushes solution through the IV tubing and into 
the catheter/port.
Single-use, continuous-infusion system for ambulatory 
patients that works without batteries or electricity. It 

consists of a lastomeric balloon inside a rigid, transparent 
container and an infusion line with a Luer Lock connector. 
As a result of the pressure from the elastomeric balloon, 
the medication circulates through the capillary element 
or the capillary tube which determines the flow rate 
regardless of the atmospheric pressure. Flow rate is most 
accurate when balloon reservoir and catheter are at same 
height (especially if there is no capillary element). 46
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IMPLANTABLE FUSION PUMP

The pump has three sealed chambers. One contains 
an electronic module and battery; another contains 
a peristaltic pump and drug reservoir; and the third 
contains an inert gas. The gas provides the pressure that 
is used to force the medication into the peristaltic pump. 
A microprocessor controls the rate at which the pump 
delivers medication. 47

MICRO INFUSION PUMP

The World’s First Totally Implantable, Programmable
Micro Infusion Pump for Small Laboratory Animals.

This implantable infusion pump uses a patented 
microprocessor controlled peristalsis mechanism for 
accurate controlled flow. iPRECIO® can infuse fluids 
continuously for as long as six months and it can be 
refilled via a percutaneously accessible port. The 

technology driving the infusion is a patented ‘‘Rotary 
Finger’’ method. This method is a unique form of peristalsis. 
The precise ‘‘microstick’’ pushes a rubber tube in the 
pump in a uniform and sequential manner. The accuracy 
of iPRECIO is +/-5%, The battery life is up to 6 months at a 
continuous flow rate of 1.0 micro liter/hr. 49

FLUIDSYNC MICROPUMP

The FluidSync is an implantable drug infusion micropump 
that allows both spatial and temporal control of drug 
delivery and will be the first pump miniaturized for use 
in pediatrics. The device utilizes microelectromechanical 
systems (MEMS) technologies to miniaturize device 
components in a precise and reproducible manner. 48
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FUNCTIONAL & VISUAL INSPIRATION
MOBILE INTERACTION
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PERSONAL FOOD PACKAGING
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PERSONA’S

COMFORTABLE EMMA 63 years

Location   Gävle, mid of Sweden
Status   Married
Profession  On sick leave
Interests   Plants, crosswords & sudoku, reading

“Often I am at home since I don’t 
have that much energy to do other 
stuff. But it has to be comfortable 
when I sit down in my armchair 
where I spend most of my time”

SOCIAL CHARLOTTE 19 years

Location   Lund, south of Sweden
Status   Single
Profession  Studying to become a hair stylist
Interests   Fashion & design, hair & beauty, clubbing, travelling 

“The way I look is very important to 
me since I love fashion. It need to go 
with my different clothing and not 
draw attention. I don’t want people 
to see that I am sick”

SPORTY JIMMY 38 Years

Location   Kiruna, north of Sweden
Status  Fiancée and daughter
Profession  Store manager at an outdoor equipment store
Interests  Sports, dog sledding, family activities   

“I don’t care about how it looks. It need to 
be practical and not in the way during my 
daily life and outdoor activities”
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IDEATION
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WORKSHOP
To get some input on ideas before creating concepts I 
organized a workshop focusing on the body placement 
of a nutrition bag/container of a tube-feeding user. The 
workshop lasted for 1 hour and 15 minutes and included 
9 students from different programs at Umeå Institute 
of Design. The participants were divided to three tables 
where each table represented a specific persona during 
the ideating. 

After the workshop the resulting sketches were devided 
into categories which you can see on the next two pages.
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Clothing

Underneath

Accessories
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INDIVDUAL SKETCHING
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MOCK-UP’S
Mock-up’s was produced to easy evaluate the concepts.
For a correct evaluation of the placement and weight of 
the nutrition bag I made my own water proof bags by 
soldering together plastics.

By sewing simple wearable mock-up’s of different 
concept directions, accessories, clothing and wearable’s 
underneath the clothing was explored and evaluated. 
Details such as tube handling, pump mechanism and 
so on has also been explored through these concept 
directions.

The following pages gives more in-depth information 
about each concept, the evaluation and final concept 
direction.



9796

CONCEPT   1

+ Body shape
Doesn’t effect body shape since it’s 
outside cloths as an accessory.

- External tubing
Tubing goes outside of clothing. 
Tangle risk and exposed for cold.

+ Variety
Vary wearable depending on activity. 
Belt, shoulder bag, backpack.

- Occupying back
Need to take of/slide to front when 
going from standing to sitting.

- No alarms
Elastomeric pump doesn’t give 
feedback, rely on users awareness..

+ Wheelchair usage
Comfortable for wheelchair user since 
it easily can be hung on the chair.

+ Flow restrictor
Simple flow restrictor adjusted in one 
movement, slide for desired flow.

+ Integrated pump
Elastomeric pump doesn’t take up 
space since the food container is the 
pump.
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CONCEPT

+ Protected
Food container protected under 
clothing from weather conditions.

- Hard to access tubing
Tubing is hard to access underneath 
tight belt under clothing.

+ Hidden tubing
Tubing not exposed when going 
inside of clothing.

- Body contact
Warm against the body as well as 
the body can get cold from the food 
container.

+ Enclosed tube ends
Less dripping of nutrition that can 
mess up clothing and waist food. 

+ Hidden
Doesn’t interfere to much with the 
clothing since it’s hidden underneath.

+ Small pump
Small piezo pump ensures a wearable 
and discreet size.

- Disposable pump
Non-environment friendly solution 
and interferes if using the tube twice.

2
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CONCEPT

+ Protected
Food container protected under 
clothing from weather conditions.

+ Hidden tubing
Tubing isn’t interfering with activities 
when protected under the clothing.

+ Droplet free connections
No chance of getting nutrition on 
clothing as well as waist food.

+ Hidden
Doesn’t interfere to much with 
clothing since it’s hidden underneath.

+ Accurate pump
Peristaltic pump with accurate flow as 
well as detection of errors.

- Double tubing setup
Two bags and double tubing to set 
up before feeding.

- Body contact
Warm against the body as well as 
the body can get cold from the food 
container.

- Extra clothing
Interfere with the clothing when tank 
top is needed underneath.

3
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2

3

1
+ Practical and comfortable when in wheelchair
+ Not in contact with body/skin
+ Restrictor easy accessible on tubing
- External tubing

+ Comfortable with weight
+ Flattens nutrition bag around body
+ Control via smartphone, everyone has a smartphone
- Restricted movement with wide belt on
- Waist of material with one time usage pump

+ Simple and logic solution
+ Likely to be accepted by different users
+ Tracking possibility to get overview and for dietitian
+ Droplet free tubing for easy/clean handling
- All people doesn’t like having tank top underneath

Sandra Lidström, Nurse Sandra Nilsson, User

USER FEEDBACK

2

3

1
“Concept three feels less advanced 
and very logical and I think it would 

be well accepted. I also believe in the 
droplet proof tubing solution”.

Jenny Lidström, Nurse

“A belt would work great 
under my robe at work”.

Anonymous, User

“If I didn’t sit in a wheelchair 
I would prefer the tank top“.

Sandra Nilsson, User

“The possibility to bring stuff in the 
backpack is a huge improvement. I would 

prefer the backpack because I sit in a 
wheelchair and doesn’t like things tight”.

Sandra Nilsson, User
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SKETCHING EXPLORATION

When deciding to continue with Concept 2 and Concept 
3 I explore the wearable aspect deeper. I wanted to utilize 
the strengths of both concept to find the right wearable 
solution for the final concept.

Along with the wearable exploration I also dug deeper  in 
the technical aspect of the final concept. I sketched on 
different solutions for the pump mechanism as well as the 
placement of the pump. 

I continued to explore different strap solutions since 
I realized that this area was unexplored in the earlier 
concepts phase. Above you can see some examples of 
my exploration.

The nutrition bags shape and placement was also 
explored along with the tubing, interaction and materials. 
I also sketched on different options for different users to 
wear the wearable solution and to get it more personal.
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USER TESTING 1

“I like the waist belt, but it might be 
to warm in the summer”

“The waist belt is really comfortable, but it 
might fall down if you’re more active”

“I would prefer the diagonal strap 
to wear outside of the clothing”

“I like the diagonal strap because it 
doesn’t sit tight and is easy to get into”

“I prefer the waist band cause it doesn’t feel 
uneven, really nice embracing feeling.”
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USER TESTING 2

“With the holster it really feels like a 
medical aid and that I am sick”

“The waist belt was really 
comfortable, I didn’t think that”

“I like the waist belt cause it secures 
the bag against the body”

“First I preferred the waist belt, but I 
prefer the holster if it’s further down”

“I like that the waist belt secures the 
hole bag against the body”

“I prefer the waist belt with an extra 
strap to secure it”
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INITIAL MOCK-UP
The initial concept is a waist belt to wear underneath the 
clothing. One the right side is the nutrition bag and on 
the left side the belt. To get extra support when needed a 
shoulder strap can easily be added. 

For optimal discretion under the clothing the waist belt 
should be worn directly under the chest area. But it can of 
course be worn at any height on the waist or hip or even 
outside the clothing if preferred. 

The material of the waist trap is thin and elastic which 
gives a light and comfort feeling. By strapping the hole 
nutrition bag against the body the bag feels secured and 
are not interfering with the users movements.

Of the inside of the pocket for the nutrition bag there is 
a padding that shield the body from a cold nutrition bag. 
On both sides of the nutrition pocket there is a thin layer 
ed fabric that protects the bag from cold, warmth and 
direct sun light.

Wearable 
waist band

Nutrition bag

Optional 
shoulder strap
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PUMP PLACEMENT

+ Pump size
Pump size isn’t limited since 
opposite side isn’t occupied.

+ Two in one
Gives the feeling of one unit, 
parts that fits together

+ Distributes volume
Distributes nutrition bag and 
pump in an equal layout.

+ Minimal tubing
Minimal length of tubing while 
integrating into nutrition bag.

- Extra touch point
Extra touch point that can 
add heat and un-comfort.

- Long tubing
Tubing runs from one side to the 
other and then to PEG/Button

By placing the pump on the opposite side as 
the nutrition bag an equal layout is achieved. 
The pump is divided in two (pump mechanism 
+ battery) to give a flexible shape after the 
body. With help of a padding the pump lies 
gently onto the body as well as creating a 
smooth transition along the side to blend into 
the waist band.

Integrating the pump into the nutrition bag 
gives a simpler layout appearance. Tubing is 
integrated into the nutrition bag where the 
pump is placed upon a rail connected to the 
bag to ensure a good connection for pumping 
the nutrition. From the top of the nutrition bag 
a short tube goes under the stretchy fabric 
leading to the stomach valve.

- Volume
Builds onto nutrition bags 
volume, bag needs to be bigger.

A. OPPOSITE SIDE B. INTEGRATED IN  BAG
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Tracking & overview

Day, week, month, year, total

Type of nutrition

Amount of nutrition & calories

Feeding speed & time

Trends & Improvement detecting

Planning & Recommendations

Pump units

Battery

Flow sensor

Speaker

LED Lamp

Chargeing coil

Charging station

Controls & settings

Feeding speed - ml/h

Feeding volume - Up to 500 ml

Alarm melody / signal - (smart phone)

Alarm volume (smart phone)

Alarm sensitivity

Pre-alarm time

See how long time left

Alarms

Feeding volume reached

Occlusion detected

Low battery

Install tubing / Hatch open

INITIAL CONCEPT
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UNIQUE SELLING POINTS

Compact size pump
The optimised pump size allows the user to wear the 
tube-feeding system closer to the body and even hide it 
underneath the clothing.

Wearable variety
Depending on the user’s situation and the specific 
situation, the user can wear the system differently. Either 
it can be worn underneath the clothing or on top. It can 
be placed on the waist or more towards the hips. The 
user can also choose to add one or two shoulder straps 
if extra support is needed depending on the activity.

Remote monitoring
The remote monitoring unburdens the user for having 
to reach the pump at when doing settings or handling 
alarms. This enable the user to have an easy and also 
discreet interaction with the pump.

Droplet-free system
The connections on the nutrition bag as well as the 
tubing is droplet-free which means that there will be no 
mess when preparing and ending a feeding.

Air-free system
The nutrition bags is produced without any air inside 
which removes the issue of air in the system completely.

Tracking possibility
By providing a simple overview of the feeding’s the user 
can easily get a bigger picture of the feeding’s and the 
progress. The tracking also provide useful background 
information when in contact with the dietitian.

Minimal tubing length
Due to the placement of the pump and nutrition bag the 
tubing has reached a minimum length. This means that 
there is a minimal risk of the tubing getting caught or 
getting kinks allowing the user to have a minimal alarm 
situations.

Adaptable pre-alarm
By sending a pre-alarm to the smartphone 1-3 minutes 
before the actual pump alarms, the system allows the 
user to get the alarms in a much more discreet way 
when in public. For safety reasons the actual pump 
alarm goes of 1-3 minutes later if the smartphone alarm 
has not been confirmed.
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DETAILING
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PROTOTYPING
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3D MODELLING

5

1
2

3

4

13

6

7

8

9

10

11

14

12

15

1. Elastic breathable fabric

2. Isolating/protecting fabric

3. Zipper

4. Velcro

Wearable unit

5. Top housing

6. Speaker + LED + Circuitboard

7. Battery

8. Motor + Gear + Axis

9. Rollers

10. Coil + Sensores + Circuitboards

11. Elastic rubber

12. Bottomn housing (fitting)

Pump

13. Bag

14. Integrated tubing

15. Fitting

Nutrition bag
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SUPPORTING TECHNOLOGY

ENTERAL FEEDING BATTERY

Brand Name: Kangaroo
Type: NI-MH
Voltage: 7.2 V
Size: 51 x 46 x 29 mm
Nominal Capacity: 2000 mAh
Weight: 0.16 Kg
Application: Feeding Pump
Place of Origin: Guangdong, China (Mainland) 50

INDUCTIVE CHARGING

Induction chargers typically use an induction coil to create 
an alternating electromagnetic field from within a charging 
base station, and a second induction coil in the portable 
device takes power from the electromagnetic field and 
converts it back into electrical current to charge the 
battery. The two induction coils in proximity combine to 
form an electrical transformer. 51

MATERIALS

WICKING POLYESTER

Coolmax, a trademark of Invista is a brand name for a series 
of moisture-wicking technical fabrics developed in 1986 
by DuPont Textiles and Interiors (now Invista). The fabrics 
employ specially-engineered polyester fibres to improve 
“breathability” compared to natural fibres like cotton. ‘Wick 
away’ or ‘wickaway’ is a general term used for fabrics 
that are engineered to draw moisture away from the skin 
through capillary action and increased evaporation over a 
wider surface area. 52  53

NEOPREN

Neoprene or polychloroprene is a family of synthetic 
rubbers that are produced by polymerization of 
chloroprene (a foaming process). Neoprene is a soft, 
flexible, and durable synthetic sponge rubber that has the 
following unique features:

Water resistance, weather resistance, thermal and moistere 
insulation, streatchable, cushioning and protection, 
lightweight and buoyancy, chemical and oil resistance, 
latext free. 54
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VISUAL APPEARANCE
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MOODBOARD

DYNAMIC

INNOVATIVE

PERFORMANCE

SOPHISTICATED
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SKETCHES

WILL COME WHEN 

SCANED THE SKETCHES
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PUMP
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NUTRITION BAG
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APPLICATION
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FINAL RESULT
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Tubie is an ambulatory tube-feeding system to facilitate 
an active everyday life for people in need of enteral 
nutrition. Tubie consists out of six parts; A nutrition pump 
and a wireless charging station, a nutrition bag and an 
external tubing, a wearable waist band and an application 
for a smart device to be able to control the pump.

Unlike traditional enteral nutritions systems, Tubie is 
designed with a focus on the users in a home environment 
and their need for a more active lifestyle and discreet 
usage in social environments. 

Tubie is simply discreet due to its wearable features that 
allows the user to wear it underneath the clothing as well 
as control the pump via a smart device with an adaptable 
pre-alarm that sounds like any other sms or ring tone.
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Tubie consists out of six parts; A nutrition pump and a 
wireless charging station, a nutrition bag and an external 
tubing, a wearable waist band and an application for a 
smart device to be able to control the pump.

The pump uses a traditional peristaltic pump mechanism 
modified to pump right onto the nutrition bag. The 
nutrition bag has an internal tubing which the pump 
pumps upon to ensures a short external tubing. 

The external tubing comes in different lengths to ensure 
the shortest possible length for each individual user, 
depending on the insertion placement and the users 
body circuit. The wireless charging station can be 
placed on any table top and blends right in to the home 
environment as any other electric device.

The waist band is maid out of an elastic and breathable 
polyester which makes it comfortable to wear at long 
hours. The waist band has a pocket where you place the 
attached nutrition bag and pump as well as the attached 
tubing that leads out via a small hole to the users insertion 
on the body. The application for any smart device helps 
you to control the pump in a flexible way as well as gives 
you the opportunity to track your feedings and give you 
an overview that also can be shared with you dietitian.

SYSTEM PARTS
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The pump uses a traditional rotational peristaltic pump 
mechanism modified to pump right onto the nutrition 
bag. The rollers of the pump is pushing downwards on 
top of the rubber at the bottom of the pump which then 
pushes on to the nutrition bags internal tubing.

The pump has sensors to ensure alarms if an occlusion  
occur in the tubing and if the nutrition bag is going 
empty. It also senses when the pump is attached to the 
nutrition bag correctly. When attached to the nutrition 
bag the pump automatically turns itself on power and 
is indicated by automatically turning on the LED lamp 
which shines through the blue circle of the Tubie logo on 
the top housing. 
A speaker is also included to make sure sound alarms if 
any pre-alarm connected with the application and smart 
device would be missed or avoided. The groove at the 
top housing indicates where the sound alarms enteres 
from as well as being a graphical element.

NUTRITION PUMP

Circuit board

Battery

Charging coil

Bottom housing

Rubber

Sensors

Top housing

Gear

LED lamp

Rollers housing

Rollers

Rubber sealer

Rubber grip

Speaker

Motor
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The nutrition bag has an internal tubing which the pump 
pumps upon to ensures a short external tubing. The 
internal tubing starts at the bottom of the nutrition bag 
where the nutrition naturally collects due to the nutrition 
bags rounded shape. Since the internal tubing has a fixed 
position in the nutrition bag there is no risk of getting 
kinks on the tubing.

If the nutrition bag would be eaten in two sittings the  
outlet of the nutrition bag is sealed with a rubber fitting 
(as in Fresenius nutrition bags) which make sure that the 
food stays out of contact with oxygen as well as making 
sure that the food inside the internal tubing doesn’t 
harden and causes occlusion. 

The outer textural wall is made out of textile to add a 
more body worn feeling of the nutrition bag as well as 
isolating a bit of the cold of the bag when holding it. This  
feature is only for a psychological aspect and doesn’t add 
any “real” function. Therefor the outer textural wall should 
be rather cheap or excluded depending on cost issues.

The fastening plate at the back of the nutrition bag is 
to enable the attachment of the pump to the bag. The 
internal wall make sure that there is no splashing sounds 
inside the nutrition bag when the user is up and moving.
The nutrition bag is air-free which avoid any air from 
getting into the tubing causing unnecessary alarms.

NUTRITION BAG
Inner wall

Internal wall

Internal tubingLabel

Fastening plate

Outer textural wall

Outlet
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The nutrition bags is color coded to easily differentiate 
the different types of nutritions. Using bright colourful 
colors in combinations helps to associate the nutrition 
bags with food and increase the appetite for the user.

Adding scent and taste to the nutrition that smells when 
opening the bag and tastes when the user burps  or 
like wise also helps to increase the appetite and food 
experience for the user.

To give a less medical appearance to the nutrition bag, 
more or less all information is moved to the back of the 
bag. This gives a clean front with only the information 
of the nutrition type at the front while gathering all the 
deeper information about the nutrition and usage to the 
back of the nutrition bag.

NUTRITION BAG
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The pump attaches to the nutrition bag by aligning (a) 
the pump to the graphics and fastening plate of the 
nutrition bag, placing (b) it and finaly twisting (b) the 
pump. When the pump is attached to the nutrition bag it 
automatically turns itself on power which is indicated by 
the blue LED lamp on top of the pump.

PUMP & BAG 
ATTACHMENT

a)

b) c)
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When attaching the tubing to the nutrition bag you 
connect it and twist it. By twisting the tubing you secures 
the tube to the bag as well as opening the flow in the 
tube. In this way the tubing is droplet-free and make 
sure you’ll not get any nutrition spill on you clothing, 
interior, waist band etc. The solution is similar to Fresenius 
ENLock adapter.

The nutrition bags outlet is also similar to Fresenius bag 
outlet today. With a rubber seal the bag is also droplet-
free and also ensures that the food stays out of contact 
with oxygen as well as making sure that the food inside 
the internal tubing doesn’t harden and causes occlusion. 

BAG & TUBE 
ATTACHMENT
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The waist belt is the carrying system for the nutrition 
equipment. The waist band goes either underneath the 
clothing or on top of a tank top/t-shirt with a hole for the 
tubing to run through to a PEG or Button.

The waist band is easily attached around the waist with 
velcro. The outer and inner fabric is made out of a 
wicking polyester which is a thin and breathable stretch 
fabric that is comfortable to wear close to the body for 
long hours. By placing the nutrition bag, with attached 
pump and tubing, in the pocket of the waist band which 
closes with a zipper, it holds the equipment on place. 

The pocket of the waist belt is surrounded by an 
aluminium  fabric that protects the nutrition bag from 
outer temperatures such as direct sunlight and cold 
weather conditions. An isolating foam is used between 
the pocket and the users body to protect the user from 
the cold nutrition bag coming from the fridge if eaten in 
two sittings. From the pocket and to the inside of the 
waist band there is a hole for the tubing to run through 
to a PEG or Button. 

The waist band easily holds on place due to the stretch 
in the wicking polyester. Although, the waist band has 
hooks and optional shoulder straps in case the user 
would like to be more active during the feedings or in 
case he or she feels more secure using straps.

WAIST BAND

Outer fabric

Rubber ring

Isolating foam

Aluminium Optional 
shoulder straps

Velcro

Hooks

Inner fabric
Zipper
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The waist belt can be considered as underwear and 
comes in four basic colors; White, black, beige and 
brown. Depending on what the user is wearing the 
different colors can be used to match or hide the belt 
underneath the clothing.

There are a range of different sizes to make sure the waist 
band fits everyone. The size of the pocket and width of 
the band is always the same. It’s only the length of the 
outer fabric that varies. The smallest starts at 65 cm and 
grows with 5 cm up to the largest size at 90 cm.

With the waist belt it comes two shoulder straps. The 
optional shoulder straps can be used in case the user 
would like to be more active during the feedings or in 
case he or she feels more secure using straps. The straps 
can be used in a range or varieties.

WAIST BAND 
OPTIONS
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The application can be run through any smart device, such 
as a smart phone, pad or computer. By disconnecting 
the control unit from the actual pump, the controlling 
of the feedings are now remote and the control unit can 
be placed in a more accessible place which the user can 
choose him-/herself.

The applications main window shows the main 
parameters for the feedings including start, pause and 
stop. This window gives a clear overview of the feeding 
values and time remaining of the feeding. Before starting 
a feeding, settings can be made by clicking in the top 
right corner of the main interface. The settings window 
includes pre-alarm settings as well as alarm settings. 

The pre-alarm is an alarm from the smart device where 
the user have more impact on the settings such as alarm 
melody, volume and vibration. The alarm settings is the 
actual alarm from the pump that goes off if the pre-alarm 
is for any reason not heard and/or confirmed. Then the 
pump will start beeping with an actual qualified alarm 
melody for enteral feeding pumps. Both the pre-alarm 
and alarm is confirmed via the smart device.

APPLICATION
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When getting an alarm (pre-alarm or alarm from the 
actual pump) you confirm it by clicking “Confirm” on the 
smart device screen which will show the alarm interface.

The alarm window shows the cause of the alarm by 
texting it above the “Confirm” button. When confirming 
the alarm you will have to correct the problem and 
then start the feeding again in the main window.When 
a feeding is done you will get a notification in the 
notification window.

From the main interface you can click on the top left 
corner to see your trends. In the trends window you can 
get an overview of your feedings the past week, month, 
year as well as your hole feeding period. You can see the 
volume feeded day to day as well as the type of nutrition.

The trends window is most useful for the ones who can’t 
have a continues feeding flow from day to day and  in 
some cases also skips feedings. The trends interface can 
then help the user to get a better overview and plan the 
feedings according to activities planned etc. The trends 
interface also has the possibility to be shared with a 
dietitian or a guardian. To not to offend an adult user 
the trends interface may use a code to not let anyone 
monitor the feedings.
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USAGE SCENARIO

1. Pump sits on the charging 
station ready to be used

2. Take pump from charging station 
when your about to start your feeding

3. Get nutrition bag from cabinet 
or other optional storage place

10. Place the attached equipment 
in the pocket of the waist band

13. Attach the waist band with 
equipment around you with the velcro

16. Take a non-tight or over sized 
sweater on to best hide the equipment 

11. Pull the tubing out of the hole 
on the back side of the waist band

14. Connect the end of the tubing 
to your PEG or Button

17. Open the Tubie APP on your 
smart phone or other smart device

12. Close the waist band’s pocket 
by pulling the zipper

15. Make sure the tubing is hidden 
underneath the waist band

18. Click in the top right corner to 
acces the settings for the alarm

4. Get waist band from wardrobe 
or other optional storage place

5. The hole system is gathered 
preferable on a table top

6. Start by place the nutrition 
bag in front of you

9. Get the waist band and open 
the zipper of the pocket

7. Attach the pump to the nutrition 
bag by twisting it

8. Connect the tubing to the 
nutrition bag with a twist
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28. Put smart device down and 
continue activity

19. Change the settings in the “Settings 
window” to fit your needs

36. In the “Trends window” you will get 
an overview of you feeding’s

31. Take the waist band and 
equipment off your body

32. Take the equipment out of the waist 
band and throw the tubing and bag

22. Choose to do any activity during the 
feeding, in or outside your home

25. Click on “Confirm” to confirm the 
pre-alarm

29. End activity whenever you like, 
during or after feedinf is completed

30. When the feeding is completed 
you’ll get a notification, click “Confirm”

20. Go back to the “Main window” 
by clicking in the top left corner

33. Place the waist band back in the 
wardrobe or other storage place

23. You may get a pre-alarm 
(Tubing clogged between body & table)

26. Correct occlusion 
(Stop leaning against table)

35. Click in the top left corner in the 
“Main window” to view your feeding’s

21. Adjust the main settings and 
click “Start” to start the feeding

34. Place the pump back on the 
charging station until next feeding

24. Access your smart device to 
view the pre-alarm

27. Start the feeding again by clicking 
“Start” in the “Main window”
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•	 Compact size pump

•	 Minimal tubing length

•	 Wearable variety

•	 Air-free system

•	 Droplet-free system

•	 Remote monitoring

•	 Adaptable pre-alarm

•	 Tracking possibility

USP’S
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MODEL
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REFLECTION
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In a user perspective I think that the final result would 
be very appreciated. Both because of its functionality 
and also for its visual appearance that now looks less 
technical and strict, and in that sense it looks less like a 
medical device which reminds the user of its limitations 
and condition.

In a production perspective I think the nutrition bag 
would need some further development to get less parts 
and be cheaper. The waist band I think would be really 
efficient in a production even though it comes in different 
sizes. Since the pocket with all its features is always the 
same size and only the embracing fabric that needs to be 
different lengths.

Regarding the waist band I feel that it would need some 
further development from an aesthetic point of view. 
Since I’m not used to design clothing’s/fabric’s this was 
a challenge for me. I think it would have helped to have 
a better accessibility to functional fabrics as well as a 
seamstress to consult with during the development of 
the waist band. I think the waist band turned out to “flat”, 

I would like it to be more defined in some details and its 
shape, especially around the pocket where the nutrition 
bag and pump sits. Right now it just looks like a lump in 
a pocket. 

During the project it was hard to find one wearable that 
any user could imagine to wear. At the end I’m happy 
about the result of the wearable and I actually think that 
it could fit a larger user group, including kids. I also found 
it hard during the project to find a good balance between 
how realistic or conceptual I should go with the nutrition 
pump. Because I still wanted to challenge the industry 
and bring then some new perspective, which I in the end 
think that I did. 

One learning that I did was that, by having the pump and 
nutrition bag connected the length of the tubing could be 
way shorter. I think that is one of the nicest features with 
the concept, how short the tubing got and hopefully how 
much that could help with minimize the amount of alarms 
as well as minimize the waist of disposable materials.

GOALS

Create a portable tube-feeding system for enteral nutrition 
that isn’t interfering with the users daily activities.

Simplify the handling and preparation of the portable 
tube-feeding system.

Protect nutrition bag/container from warmth and cold.

Improve interaction between the portable tube-feeding 
system and the user.

WISHES

Enable usage for wheelchair users.

Enable usage inside hospital.

Create a more discreet tube-feeding system that doesn’t 
interfere with the social aspect.

Enable personalization of portable tube-feeding system. 

REFLECTION
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FINAL WORDS
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During this project I have meet friendly and engaged 
people that have been open-minded and willing to share 

ideas in open discussions. Without this positive and 
transparent atmosphere this project would never had 
been as successful and fun as I have found it to be.

I would lite to thank all involved for their contributions 
during this exciting period. No mentioned, no forgotten...

A special thanks to...

Sandra Nilsson, User
Anonymous, User

Jenny Lidström, Nurse
Anonymous, Dietitian

Daniel Franz, Fresenius Kabi
Fanny Eklund, Actor & model

Cherie Sjöblom, Actor
Thomas Degn, Program Director

Anders Smith, Tutor

THANKS!
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APPENDIX
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TIME SCHEDULE

Tutoring
Gate way
Examination

Research
Marker research
Meeting with users
Meeting with collaboration partner 
Functional list
Persona’s
Scenario’s

Ideation
Workshop’s
Sketching & mock-ups
Creating concepts
Cad
Feedback from users
Feedback from collaboration partner
Evaluation & choice of concept

Final Design
Analysing brand
Mood boards
Sketching & mock-ups
Creating concepts
Feedback from users
Feedback from collaboration partner
Evaluation & choice of visual concept

Model
Renderings
Presentation
Video
Poster
Report

Research - 4w

19 922 1228 184 25 420 1026 162 23 223 1329 195 26 521 1127 173 24 330 206 27 6

January February

Ideation - 5w Final Design - 7w

9 3012 218 8 2925 15 6 13 202210 3116 6 2723 13 4 11 182013 319 9 3026 16 7 14 212311 117 7 2824 14 5 12 192120 10 127 17 8 15 2224

Mars April May
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Safety

•	 Easy to clean
•	 Icon-based interface
•	 Clear information display, can be read in dark
•	 Keypad lock ensures no unwanted change settings
•	 Battery Indicator
•	 Free-Flow Protection with patented hose clamp for 

additional security

Flexible

•	 Ergonomic design
•	 For use both in hospital and at home
•	 High delivery rate, 1-600 ml / h
•	 Adjustable maximum volume, 1-5,000 ml
•	 Silence during work
•	 Adjustable alarm volume
•	 Automatic or semi-automatic filling function

•	 Can be used with or without pump holder
•	 NiMH battery. Recyclable battery without discharge
•	 Adapted for mobile use (battery life of 24 hours 

with supply rate of 125 ml / hour)
•	 Weight only 610g (pump holder weight: 350 g)
•	 Dimensions 138 x 128 x 46 mm (pump holder 

dimensions: 185 x 110 x 85 mm) sure

Extensive alarm functions

•	 Battery, are discharged or defective
•	 Reminder, when the pump is turned on but not 

currently used at 5 min
•	 Total volume reached
•	 Hose empty
•	 Blocked tube or kink
•	 Pump door open 31

AMIKA FEATURES

Safety

•	 Easy to clean
•	 Silence during work
•	 Clear information display, can be read in dark
•	 Connect to department alarm system, monitoring
•	 Keypad lock ensures no unwanted change settings
•	 Battery Indicator
•	 Free-Flow Protection with hose clamp for security

Flexible

•	 Easy to use, both in hospital and at home
•	 High delivery rate, 1-600 ml / h
•	 Adjustable maximum volume, 1-5,000 ml
•	 Adjustable alarm volume
•	 Manual or automatic filling function
•	 Can be used with or without pump holder
•	 NiMH battery. Recyclable battery without discharge

•	 Adapted for mobile use (battery life of 24 hours 
with supply rate of 125 ml / hour)

•	 Weight only 480g (pump holder weight: 450 g)
•	 Dimensions 128 x 114 x 43 mm (pump holder 

dimensions: 146 x 162 x 115 mm)

Extensive alarm functions

•	 Battery, are discharged or defective
•	 Reminder, when the pump is turned on but not 

currently used at 5 min
•	 Total volume reached
•	 Hose empty
•	 Blocked tube or kink
•	 Pump door open 32

APPLIX FEATURES
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FRESENIUS KABI’S 
AMIKA

Empty battery Empty bag/air in system

Occlusion after pump

2 sec

2 sec

2 sec2 sec

2 sec

2 sec

30 sec

2 sec

2 min

Hatch open

Occlusion before pump

Off

Target volume almost reached

Aggregate installation

Stop feeding

Target volume reached

Pump error (contact technician)

Fill aggregate automatically

Start reminder

On

Function sounds 
Alarm and safety sounds
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Most common No Food Alarms

There are a lot of things that can cause no food alarms, 
and most of them don’t actually involve a lack of 
formula in the pump.

However, if you don’t get ALL the air out and the bag 
happens to get turned upside down, even small air 
bubbles can cause a No Food alarm. If it’s just a tiny 
bubble,

Tip. I usually just prime it past the sensor and let it go.

Most common Phantom No Food alarms

Can be caused by several things, with one of those 
being dirt or cracks in the clear plastic inside the pump 
cover.

For whatever reason, when a bag has been used for 
formula and then is used for clear liquid, the pump has 
trouble “seeing” the liquid. This problem can be avoided 
by adding just enough formula to the Pedialyte to make 
it cloudy.

Tip. If you’re getting a lot of No Food alarms for no 
reason, clean the sensor with a wet Q-tip. Don’t rub 
it with anything harsh (like a washcloth) that could 
potentially scratch the plastic over the sensor because 
that will make the problem worse. 36

Most common No Flow In Alarms

The new bag design has a hard plastic piece (official 
title: “no-roll flange”) at the bottom to keep the bottom 
of the bag from folding over and blocking formula from 
leaving the bag. Sometimes though, when the pump 
bag is in a backpack, the hard plastic piece can get 
pressed against the back of the bag and block the flow 
of formula, which results in a No Flow In alarm.

The other common cause that we see is when the 
tubing gets a kink in it right where it’s leaving the bag. 
This is usually either a result of the pump bag laying 
funny inside the backpack (especially in backpacks that 
don’t have straps & hooks to hold everything in place) 
OR it’s because the tubing was smashed funny in the 
manufacturer’s packaging and is perma-kinked

This next picture shows a common cause of both No 
Flow In and No Flow Out alarms. This happens most 
often for us when the pump is in the backpack. Usually 
we just have to readjust the pump bag if it’s a NFI alarm 
or make sure there’s enough slack in the exit tubing if it’s 
a NFO alarm.

Most common No Flow Out Alarms

That’s what happens when I let Raya carry her backpack 
instead of wearing it. It also happens sometimes when 
the tubing that’s coiled up inside her backpack gets 
smashed & kinks. A little rearranging usually does the 
trick.

Another common cause of NFO alarms for us is when 
she’s wearing the backpack and the tubing starts to fall 
out of it and makes the extension tube kink.

OH, and how could I forget Raya’s preschool teacher’s 
FAVORITE cause of the NFO alarm: Mommy forgot to 
unclamp the extension tube at drop-off!

Tip. If there’s something inside that little portion of 
tubing inside the cover (see earlier photo), or if there’s 
a little lump of something blocking the feeding tube, 
holding down the Prime button for a few seconds can 
clear it out and make things run smoothly again.
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Jenny Nilsson is 25 year old and around 2 years ago she 
got diagnosed with EDS. When Sandra got her diagnosis 
she had to leave her position as a nurse at  Norrlands 
University Hospital. She is now on sick leave and will 
probably never be able to go back to work as a nurse. 
The 27th of January 2015 I meet with her to talk about 
her diagnosis and situation today regarding tube-feeding.

“EDS, Ehlers-Danlos Syndrom, is a syndrome that makes 
the collagen (protein) in your body not working properly.
For a person with EDS the collagen aren’t sitting tight as 
it should which effects the connective tissue that holds 
the body structure together. This means there are no 
strength anywhere. The most common sign/symptom is 
hyper mobile joints which results in that body parts easily 
get out of place. The skin is also thinner and more elastic 
and therefore have a harder time to recover, even a patch 
can create a wound for you.

Pain is a big portion of the everyday life for a person with 
EDS. All support in the body sits so sparsely, it’s more 
or less only the muscles that holds the body together. 
So, the muscles has to work really hard to prevent that 
body parts doesn’t get out of place. This results in that 
the muscles gets overworked and it starts to hurt or the 
muscles relaxes and a body part falls out of place, and 
then that hurts. 
Living with this constant pain plays a trick with your brain,  

things that normally doesn’t hurt starts to hurt because 
the brain learns that all stimulation hurts. If I for instance 
slide my finger on my arm, it feels like someone is trying 
to carve through. Some people can not even wear clothes. 

In addition to EDS you can easily get related diseases, I for 
instance also have POTS, Postural Orthostatic Tachycardia 
Syndrome, which is an autonomic dysfunction.  The 
autonomic nervous system takes care of involuntary 
functions in the body like heart frequency, temperature, 
blood pressure etc. Sometimes one of my legs can be 
so warm that it sweats, while the other one is ice cold. 
When I stand up my pulse often goes to high and at the 
same time the blood pressure drops. So if I stand up for 
to long I pass out. 

POTS is very common to cause stomach problems. So my 
question is, what is it that have caused my problems with 
my stomach? Is it POTS, is it EDS, or both? So I got the 
diagnosis Gastroparesis which means that the stomach 
is totally or partly paralysed and that the intestines 
in general works slowly and that is what causes my 
problems with eating and drinking. The food stays to long 
in my stomach and then it hurts and I got nauseous. It has 
come and gone, but it started 2013. Then I got  my first 
feeding tube which I had for 5 months. After that I started 
taking a medicine that worked so well that I was able to 
eat normally again. But in the autumn 2014 it become 
worse, and from December I’ve got a new tube”. 33

SANDRA NILSSON
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“I have the tube feeding because I can not eat at normal 
times or have a lot of food. If I instead have something 
that is continues during the day I have the time to get my 
portion” - Sandra Nilsson, user 33

“Now at 100ml/h it will take 5 hours for the hole bag. But 
sometimes I have to go for 50ml/h and then I can’t do 
anything else that day” - Sandra Nilsson, user 33

“I am more or less stuck in the sofa while I eat, or by the 
computer playing games” - Sandra Nilsson, user 33

CONTINUES FEEDING ALARMS

“The pumps works quit good when you aren’t moving. 
We  put in a lower and rounder doorstep, but the machine 
starts to sound anyway when I go over it with the IV pole 
to get to the bathroom” - Sandra Nilsson, user 33

“I’ve got allergic to that alarm” - Sandra Nilsson, user 33

“If the pump have started to alarm repetitively, you have 
to turn it of and be without it for a while” - Sandra Nilsson, 
user 33

“I hate the pump and pretend that it doesn’t exist. I do 
not want to keep thinking about the pump all the time” - 
Sandra Nilsson, user 33

ACTIVITIES & SOCIAL LIFENIGHT FEEDS & PREPARATIONS

“The optimal would be if I could tube feed during the 
night as well, but I cant because of the pump that keeps 
me awake during the night” - Sandra Nilsson, user 33

“I move a lot while I am sleeping, so it has happened that 
I’ve been waking up with tubes around my thought” 
- Sandra Nilsson, user 33

“I use to start my tube feeding in the kitchen because 
there is so many things that comes with the aggregates 
that throw away, so then I do not need to go back and 
forth” - Sandra Nilsson, user 33

“I try to go out at least 30 minutes a day, I would go 
crazy if I only had to sit around at home all days” - Sandra 
Nilsson, user 33

“Sometimes I do not care about eating, because I feel that  
I should go out, I should meet another people to at least 
have some what a normal life. But I can not be away for 
to long..” - Sandra Nilsson, user 33

“When comes the crash? Will I be able to get home and 
get some food to prevent the most of the crash, or will 
I pass out on the street. I do not know, it is very said 
actually. I don’t feel like a normal 25 year old in that sense” 
- Sandra Nilsson, user 33
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Anonymous User, 59 years old, works at Norrlands 
University Hospital as a ...... SInce 8 months back she 
have been tube-feeding due to an operation where they 
took away her tonsils. Something happened during the 
operation that effected her swallowing possibilities in the 
throat (esaphagus), exactly what they don’t know. Today 
she don’t know if she will be able to full swallow again 
or and if the tube-feeding is lifelong. The 4th of March I 
meet with her at the to talk about her situation today the 
regarding tube-feeding.

“In the beginning I couldn’t eat anything, only drink. With 
some practice I can now eat avocado, bananas and such 
where there is no shells, like peas for example I cant eat.
Hopefully with some more practice I can eat in the future, 
but we don’t know that. I can of course also eat soups 
and smooth fluids as well. But my stomach have shrunken 
cause I don’t eat a lot of solid food. Also, I am very dry 
in my mouth and always carry a bottle of water with me.

I had a nasogastric tube for the first months but since 4-3 
months I have a PEG that will be replaced with a “button”. 
When I had the nasogastriv tube people was looking 
and  then quickly looking away. With the PEG now it is 
better in social contexts. Also, the nasogastric tube was 
uncomfortable and the throat was never fully closed. My 
first thought when I got the tube-feeding was more or 
less to accept it. There was nothing to do about it and I 
just have to do the best of the situation. 
My dietitian have recommended me to eat two fibre rich 
and one original nutrition bag of 500 ml each everyday, 

which gives a total of 1500 ml per day. The fibre rich 
nutrition is good to get my stomach to work harder 
which it wouldn’t do otherwise. It works fine and I have 
no problem following her recommendation. When I am 
working now I use to go up one hour earlier to have time 
to eat. So, from 05.00-06.00 I eat on bag of nutrition 
and in the evening when I am home again I eat one more. 
Instead of wearing the pump and backpack at work I 
rather eat nutritional drinks. I don’t use the backpack to 
work since it is such a hassle to bring it there and home. 

I usually use the backpack when I am at home, either on 
my back or holding it in one hand, placing it next to me, 
depending what I am doing. In the summer I usually also 
bring it outside. The styrofoam in the backpack makes 
the alarms louder which I don’t like. When using soft 
food containers there is a problem that it falls down from 
the velcro straps when there is less food left. Either you 
would need an extra trap or to hand the bag instead of 
holding it with straps. The alarms of the pump doesn’t 
bother me since there is always alarming for a reason, for 
example a kink on the tubing. So it is good that it alarms. 

When tube-feeding you really realise the importance of 
eating as well as the social life around it. Often people at 
the table feel bad and awkward when I am sitting with my 
tube-feeding instead of real food. I have accepted it, so it 
is only awkward for other people. 
I have to continue struggle and practice eating/swallowing 
to be able to, hopefully, eat normal in the future. A better 
solution for portable tube-feeding that could be used 
during work would really facilitate my life”. 37

ANONYMOUS USER
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“When I had the nasogastriv tube people was looking and  
then quickly looking away. With the PEG now it is better 
in social contexts.” - Anonymous, user 37

“When tube-feeding you really realise the importance of 
eating as well as the social life around it. Often people at 
the table feel bad and awkward when I am sitting with my 
tube-feeding instead of real food. I have accepted it, so it 
is only awkward for other people.“ - Anonymous, user 37

SOCIAL ASPECT WORKING

“When I am working now I use to go up one hour earlier 
to have time to eat. So, from 05.00-06.00 I eat on bag of 
nutrition and in the evening when I am home again I eat 
one more. Instead of wearing the pump and backpack 
at work I rather eat nutritional drinks. I don’t use the 
backpack to work since it is such a hassle to bring it there 
and home.” - Anonymous, user 37

“A better solution for portable tube-feeding that could 
be used during work would really facilitate my life.” - 
Anonymous, user 37

ALARMSPUMP & BACKPACK

“I usually use the backpack when I am at home, either on 
my back or holding it in one hand, placing it next to me, 
depending what I am doing. In the summer I usually also 
bring it outside.” - Anonymous, user 37

“The styrofoam in the backpack makes the alarms louder 
which I don’t like.” - Anonymous, user 37

“When using soft food containers there is a problem that 
it falls down from the velcro straps when there is less food 
left. Either you would need an extra trap or to hang the 
bag instead of holding it with straps.” - Anonymous, user 
37

“The alarms of the pump doesn’t bother me since there 
is always alarming for a reason, for example a kink on the 
tubing. So it is good that it alarms.” - Anonymous, user 37
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Jenny Lidström works as a nurse at the Neurology 
ward at Norrlands University Hospital. At the ward she 
is the one with most experience of tube feeding, both 
when it comes to patients but also at home since she 
has a daughter in need of tube feeding who also sits in 
a wheelchair. The 22nd of January 2015 I meet with her 
at the hospital to get a deeper understanding of tube 
feeding and the equipment around it. 

“Tube feeding is a replacement for regular food that 
passes through the gastrointestinal tract (stomach 
and intestine). A compressed version of normal food 
containing all the nutrients we need; vitamins, minerals, 
fats, carbohydrates and proteins. It’s like a complete meal 
in liquid form.

The body works so that when you “eat” nutrition formula 
it is takes up through the stomach and then broken 
down into small components. The intestine then absorbs 
the components and transports it into the bloodstream. 
Through the bloodstream the energy parts gets out to all 

the bodies different parts. With PN (Parenteral Nutrition) 
you give it directly into the bloodstream/veins, and the 
blood transports the small components straight to the 
different body parts. Simply put,  PN is jump over the 
first steps, which is the stomach and intestine. But in the 
end, it will be very much the same principle as when we 
all eat our food.

When our daughter were younger and we were out for 
long hours during the winter, the nutrition formula got 
very cold. The most comfortable is to get the food into 
your stomach when it is room temperature. Normally 
cold drinks and food gets warm on their way down in the 
throat, but in this case you get the cold formula right into 
your stomach which is uncomfortable. 

Also, normally when a bag is opened it should be kept 
in the fridge, and if you then is out at the beach for a 
whole day the formula gets to warm. I think the warmth is 
mostly a problem for those which needs to get the food 
very slowly and during a longer period”. 34

NURSE
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“The biggest problem that many people say is that the 
pump isn’t functioning if the nutrition bag doesn’t hang 
in the right position. I think this is the biggest challenge; 
to find a solution to avoid air getting into the system” - 
Jenny Lidström, Nurse 34

“I think it is good to find a way (backpack, bag or 
something) that keeps the nutrition bag and aggregate 
in the right position. Alternatively another way of getting 
the nutrition formula out of the container” - Jenny 
Lidström, Nurse 34

“If you are an active person in a wheelchair you might 
lay down the nutrition bag in your lap. It works all right 
as long it is some what full, but when it gets to the end 
the bag collapses and the aggregate tilts upwards and 
air is going into the system” - Jenny Lidström, Nurse 34

“The Appelix pump is quit simple in its functions. There 
is no big problems with handling the pump” - Jenny 
Lidström, Nurse 34

“The pump itself I think is really good (Fresenius Kabi’s 
Applix). It has a great battery capacity that allows you 
to be out a hole day” - Jenny Lidström, Nurse 34

“With a pump function you can fills the aggregate with 
nutrition formula, but that takes time. I use to do it 
manually” - Jenny Lidström, Nurse 34

THE PUMP AIR INTO THE SYSTEM

“When our daughter were younger and we were out for 
long hours during winter the nutrition got very cold. The 
most comfortable is to get the food into the stomach 
when it is room temperature” - Jenny Lidström, Nurse 34

““Also, normally when a bag is opened it should be kept 
in the fridge, but if you are out at the beach for a whole 
day the formula gets warm. I think the warmth is mostly 
a problem for those which needs to get the food very 
slowly and during a longer period” - Jenny Lidström, 
Nurse 34

ACTIVITIES & SOCIAL LIFE....
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vll.se

Anonymous Dietitian works as a dietitian in Umeå at three 
places; Dragonen Hälsocentral, Ätstörningsenheten and 
Samvården at Norrlands University Hospital in Umeå. The 
28th of January 2015 I meet with her at Samvården’s ward 
to talk about her duties as a dietitian and perspective of 
tube feeding for patients in the home environment.

“As a dietitian I work with prescribing nutritional needs 
for patients with a certain need or diagnosis. I consider 
energy intake as well as protein and fluid needs. To track 
a patient we for example masseur bmi, length and weight.
We have to follow the NNR12’s (Nordic Nutrition 
Recommendations 2012) recommendations to enable a 
balanced diet for our patients. 
A patient using tube feeding should always have contact  
with a dietitian. If the patient have a need, request, or a 
complain, he or she should always talk to the dietitian to 
come to a better solution. 

Normally a patient is encouraged to tube feed 4 times a 
day, for example; Breakfast, lunch, dinner and an evening 
meal. This to prevent the patient to be without food, 
during night, more than 11 hours. For various reasons 
some patients can’t eat like this and need to have 
continues feeding through several hours a day. But the 
recommendations is, if possible, 3-4 feeds a day. One 

portion is usually around 500ml. Often a pump is used 
in the beginning of a tube feeding diet. At the ward we 
often use the pumps too long, the pumps should not 
be used if the patient can eat 100ml/h. We usually take 
the pump away when the patient can eat 250ml/h. In 
the Umeå area we purchase Fresenius Kabi’s equipment 
as a standard. Their Applix pump costs around 10 000 
SEK. Fresenius Kabi are now selling a new pump, Amika, 
but for the cost aspect we want to continue use the old 
pumps. The Applix pump is quit simple, but the beeping 
is disturbing. 

A pump for the ward and home usage should be as 
small, simple and silence as possible. The backpack for 
tube feeding today is clumsy and attracts attention. 
The LinusVäst for children is better since it is thin and 
blends in. Also it works good for both cold and warmth 
environments.  Today better solutions like the LinusVäst 
exists for children and not so much for adults.  Also, you 
do not want to walk around with the name Fresenius Kabi 
on your back. The solution should follow trends and be 
classic in that sense. 

I think this project you are doing is great for encourage 
patients to tube feed since it is such a great way of 
getting nutritions and for healing the body during certain 
needs or diseases”. 35

ANONYMOUS DIETITIAN
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Daniel Franz works at Fresenius Kabi, Uppsala in 
Sweden, as a Business Development Manager. The 2nd 
of February 2015 I meet with him to talk about Fresenius 
Kabi’s perspective as a producer of nutritional support, as 
well as getting a deeper understanding of their products, 
in particular their pumps and carrying system.

“Our biggest konkurrents when it comes to pumps and 
so on for Enteral Nutrition is Nestle Health Care Nutrition 
and Nutricia. The three of us are operating the Swedish 
market today. In Europe thera are some local operators 
and there is also a big company called Abbott. So, this 
are the big ones. The konkurrents for the Parenteral 
Nutrition we have B. Braun and Baxter. We have so many 
concurrents, but this are the big ones. Both Nestle and 
Nutricia doesn’t have any production them selfs, they 
buy their pumps. So we are unique in that sense that we 
have our own production. There is an American company 
that  produces pumps that the other suppliers by from, 
the company is called Moog. Their different pumps are 
representative both here, in Sweden, and in Europe, but 
under other brand names. 

We are a global company and sell our products more 
or less everywhere in the world. In Sweden we have an 
agreements with the municipal and county and therefor 
sell a lot of our products to Stockholm, Västerbotten, 
Dalarna, Örebro, Västmanland, Uppsala, Sörmland, Västra 
Götaland and Kroneberg. The new bag for Amika kosts 

800 SEK, and the old one for Aplix around 450 SEK. The 
Amika pump costs around 7000 SEK. A nutrition bag cost 
from 10-60 SEK. The prices vary depending of different 
agreement depending on the costumers requirements, 
quantity etc. We sell around 100 bags per year in Sweden.

If we can have one pump during the entire process, inside 
and outside the hospital that would be a great benefit 
for everybody. We can produce more  and therefor the 
price is goes down. We can have fewer technicians that 
knows the pump and the patient can take home the same 
pump as they got to know at the hospital. If a patient 
would call his or her nurse to ask how the pump works, 
the nurse is familiar with the pump and can easily help. 
The biggest need for a pump for home use is simplicity, 
both an adult as well as a child should be able to use it, as 
well as friends, families and assistants.

Our bag doesn’t protect the equipment from warmth or 
cold. That is an obvious disadvantage. Especially the food 
should be protected. The pump works in warmth but 
could be effected by cold. But, it is not the pump that is 
the problem, it is the food. The food should not be more 
than 25 degrees when eaten. The bags are torn, the users 
want to be able to machine wash the bags. A bag can’t 
handle to be machine washed 2 times a week for a longer 
period of time. That’s the need and therefor we sell more 
bags. I think a better carrying system would mean a lot 
for  more active users, like for those who  are still working 
somewhat. I think a lot of people would be grateful”. 5

FRESENIUS KABI
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“At the ward we often use the pumps too long, the 
pumps should not be used if the patient can eat 
100ml/h” - Anonymous, dietitian 35

“The Applix pump is quit simple, but the beeping is 
disturbing” - Anonymous, dietitian 35

“A pump for the ward and home usage should be as 
small, simple and silence as possible” - Anonymous, 
dietitian 35

PUMP USAGE CARRYING SYSTEMS

“The backpack for tube feeding today is clumsy and 
attracts attention. The LinusVäst for children is better 
since it is thin and blends in. Also it works good for both 
cold and warm environments” - Anonymous, dietitian 35

“Also, you do not want to walk around with the name 
Fresenius Kabi on your back. The solution should follow 
trends and be classic in that sense” - Anonymous, 
dietitian 35

“Today better solutions like the LinusVäst exists for 
children but solutions like that doesn’t exists for adults” - 
Anonymous, dietitian 35

“I think this project you’re doing is great to encourage 
patients to tube feed since it is such a great way of 
getting nutritions and to heal the body” - Anonymous, 
dietitian 35

“Our bags today doesn’t have any protection against 
warmth and sun or cold for the equipment. That is an 
obvious failure” - Daniel Franz, Business Development 
Manager at Fresenius Kabi 5

“When the nutrition get cold it is not pleasant for 
the patient. But also, the consistency of the nutrition 
changes and the pump can start to alarm as well as the 
nutrition can harm the patient causing stomachaches 
and so on” - Daniel Franz, Business Development 
Manager at Fresenius Kabi 5

“We have been developing a backpack together with 
Haglöfs, but it is not on the market anymore because 
it got to expensive. But there we had a solution that 
was wrapping around the tube going on the outside 
to protect the nutrition from the cold” - Daniel Franz, 
Business Development Manager at Fresenius Kabi 5

“If we can have one pump during the entire process, 
inside and outside of the hospital that would be a 
great benefit for everybody” - Daniel Franz, Business 
Development Manager at Fresenius Kabi 5

“The biggest need for a pump for home use is to be 
simple, also for hospital usage” - Daniel Franz, Business 
Development Manager at Fresenius Kabi 5

“A bag can’t handle to be machine washed 2 times 
a week for a longer period of time” - Daniel Franz, 
Business Development Manager at Fresenius Kabi 5

“At the hospital one big need it to be able to clean 
the pump well” - Daniel Franz, Business Development 
Manager at Fresenius Kabi 5

WARMTH & COLDPRODUCTS & MAINTENANCE
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PATIENT GROUPS
“There is different patient groups and personalities that 
makes the start up of the tube-feeding very different. 

There are those who are critically sick and perhaps 
consciousness affected from medicines. For them it is 
quit standardized with how to start ut the tube-feeding 
and how quickly to escalate the amount depending on 
weight and how long they have been without food. They, 
or their relatives, usually doesn’t ask that much about the 
nutrition, amount, etc. 
Then there are those who are long-term sick. For them it’s 
a process that has been going on before. They have had 
time to think and check up a little more for themselves 
before their illness brought them to the state that they 
need tube-feeding. They have more questions and are 
generally more critical. They are usually in more need of 
info. They need to be convinced differently. They think 
tube-feeding is a prof that they are sick and not as a help.

One personality is the denial. They don’t believe they are 
as sick as they actually are and think that the tube-feeding 
proves that they are sick. “If you refuse tube-feeding you 
are not sick...” It is important to focus on the details of 
how important the nutrition is and that you become more 
alert if you get enough nutrition. When they understand 
that it tends to get a bit more spontaneous with the tube-
feeding. Otherwise they do not get any nutrition.

Then there is a personality that is more dejected. They 
don’t care that much. It is often relatives who want to 
know more. It is important to have info on how the 
surgery works, how it works when you start with tube-
feeding and so on.

The third personality is the accepting. For them it often 
tend to unload relatives. They have a bit bad conscience 
and would like to have the tube-feeding early to make 
it as good as possible for relatives. They like to receive 
information along with their families, information on how 
to practically solve things at home with the pump, IV 
pole, etc. You want to make it as easy and convenient 
as possible.

It’s basically the same info you give to all patients but one 
can sense a certain difference in what you are focusing on 
and you only know that when you stand there”. 38
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PROBLEM LISTING

ALARM
•	 False alarming
•	 Alarms when air goes into system
•	 Keep user awake during night = doesn’t 

feed during night
•	 Audio alarm is disturbing

SIZE & PROPORTIONS
•	 To big to have on the body without 

interrupting with mobility or to be discreet.

MISC.
•	 Applix pump to sensitive, alarms when 

going over curbs with IV pole
•	 Priming takes time, rather do manually

INTERACTION
•	 User have to leave position in couch, for 

instance, to take care of alarms/false alarms
•	 The interface is not very intuitive

SIZE & PROPORTIONS
•	 Shape of bag not optimal for usage in waist 

bag

AIR
•	 Air in nutrition bag create air in system
•	 Nutrition bag has to be in right position to 

nut pump air into system

FITTINGS
•	 T-connection doesn’t fit any syringe, only 

FK’s
•	 Need to have another aggregate without 

drip chamber if using a backpack/waist bag
•	 Hard to put clip into Amika pump 

sometimes
•	 Connection between PEG and aggregate 

when 500ml/h sometimes get lose and 
then leaks

PACKAGING
•	 Applix aggregate adapter easily can fall of if 

not adjusting after opened package
•	 Bottle adaptor in aggregate package not 

often used

OCCLUSION
•	 Clip on tubing presses down tube a little 

when open. 
•	 Clip creates kink on tubing, easy to kink at 

same spot and evoke occlusion

LEAKAGE
•	 If changing clip position, when connected to 

food bag, need to clog tube with fingers
•	 Dealing with tube-feeding is very messy
•	 Often leaks when dealing with T-connection
•	 Easily to forget rolling clip open

AIR
•	 Drip chamber enable air to go into the 

system not in right position

MAINTENANCE
•	 Hard to clean new Amika aggregate, cause 

the adapter is stuck (rinse under water tap)
•	 Tube gets clogged if not rinsed afterwards, 

ex night feeds

MISC.
•	 Tube around neck at night, nigh-feeding

PERSONALIZATION
•	 The backpack and waist bag is ugly and 

looks old fashion.
•	 At backpack the tubing can only come out 

in one direction
•	 Doesn’t work well to take backpacks 

shoulder straps “of”, a hazel, cant carry well 
and lower straps hanging to the ground

PREPARATIONS
•	 It takes some time to set the equipment up 

in the backpack
•	 Tube doesn’t sit firm in costumed grooves

EQUIPMENT PROTECTION
•	 The nutrition is not protected from direct 

sunlight, warmth or cold
•	 Tubing goes on the outside and cooling the 

nutrition down
•	 Pump can get effected under -10 degrees
•	 Risk getting tube in wheel (wheelchair user)

MISC.
•	 Backpack easily falls
•	 Metal zippers makes sound when walking
•	 Backpack straps hurt arms when wearing, 

to stiff

MOBILITY
•	 Can’t sit with backpack, have to take off
•	 To big and clumsy
•	 Looks like being bigger than it has to be
•	 Waist bag limits wheelchair users mobility
•	 Feels clumsy to walk inside with bag

OCCUPY
•	 Backpack occupying back where usually a 

backpack goes and limiting carrying options
•	 There isn’t much room in backpack for 

other things

INTERACTION
•	 Have to take backpack of to access pump 

to change settings
•	 Have to take backpack of to see what an 

alarm is about
•	 Concern not hearing alarm in backpack

DURABILITY
•	 Backpack can’t handle machine washing on 

a regular basis, like 2 times a week.
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PEOPLE SIZES

British female and male, 18-64 years, 5-95 percentiles (mm)

Below waist
Female 688 - 1118
Male 767 - 1151

688 - 1151 = 463

Waist
Female 662 - 1067
Male 789 - 1163

662 - 1163 = 501

Under chest
Female 732 - 952
Male -

732 - 952 = 220

Upper leg
Female 521 - 716
Male 513 - 676

513 - 716 = 163

Lower leg
Female 426 - 623
Male 451 - 606

426 - 623 = 151

Upper arm
Female 270 - 374
Male 289 - 387

270 - 387 = 117

Lower arm
Female 240 - 389
Male 280 - 393

240 - 393 = 153
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