C: User experience workflow: Gastric Bypass

D: User experience workflow: Hand suturing
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Appendix E: Additional information about bowel anastomosis

Digestive stomach

System
Angle of His
Esophagus
‘ Fundus
Stomach Cardia
Gallbladder .
< 2 curvature Body
Small intestine
(small bowell) \G
reater
4 Large intestine curvatre
(colon)
Pylorus
Rectum
Anus
Small intestine Ligament of Treitz Diaphragm
connects the duodenum
Duodenum to the diaphragm

AR

responsible for the
continuous breaking-
down process (carbs,
proteins, fats) »

Jejunum Gastrohepatic ligament

absorption of nutrients connects stomach
into the bloodstream and liver

lleum © teachmeanatomy
absorption of nutrients Foramen of 8
into the bloodstream

Omentum Mesentery Hernia
double layer of fatty tissue that covers continuous set of tissue which (e.g. Peterson's defect)
and supports the intestines and organs connects intestines to abdominal wall

in the lower abdominal area




Appendix F: Suturing and knot tying techniques
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Parallel

interrupted ?/V continuous



https://www.slideshare.net/drsatyajeetsingh/basic-suture-patterns

Single interrupted (A) and Crushing suture (B)

https://www.slideshare.net/drsatyajeetsingh/basic-suture-patterns

Inverted sutures

Standard anastomosis

Halsted anastomosis Czerny anastomosis

F1G. 1. The three suture methods under investigation.


https://www.slideshare.net/drsatyajeetsingh/basic-suture-patterns

{ “Buttjoint” |

% Everted %
% Inverted % Overlapping

Endothelium

No endothelial lining
https://www.researchgate.net/figure/The-four-most-important-types-of-vessel-wall-a
n-Endoluminal-wall-not-lined-with_fig5_ 46698158

Suturing techniques

Owver and over sulures Subcuticular sulure
(interrupted and continuous) (interrupted and continuaus)

Horizontal mallress sulures Vertical mallress sulures
{interrupted and continuous) (interrupted and continuous)

Everting suture

%\ Lock-stitch suture Halsted suture
\
Connell suture Purse-string suture

https://www.pinterest.de/pin/161214861648258475



https://www.researchgate.net/figure/The-four-most-important-types-of-vessel-wall-apposition-Endoluminal-wall-not-lined-with_fig5_46698158
https://www.researchgate.net/figure/The-four-most-important-types-of-vessel-wall-apposition-Endoluminal-wall-not-lined-with_fig5_46698158
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Appendix G: Suture thicknesses

Sizes in millimetres (mm)

LLS.P. Size

#7

#6

#5

#4

#3

#2

#1

#0

#2-0

#3-0

#4-0

#5-0

#6-0

#7-0

#8-0

#9-0

#10-0

COLLAGEN SUTURES

Metric Size

35

1.5

0.7

0.5

0.4

Diameter Range

0.800 - 0.899

0.700 - 0.799

0.600 - 0.699

0.500 - 0.599

0.400 - 0.499

0:3501-0.299

0.300-0.339

0.200 - 0.249

0.150-0.199

0.100-0.149

0.070-0.099

0.050 - 0.069

0.040 - 0.049

https://www.dolphinsutures.com/suture-sizes/

SYNTHETIC SUTURES

Metric Size

9

3.5

1.5

0.7

0.5

0.4

0.3

0.2

Diameter Range

0.900 - 0.999

0.800 - 0.899

0.700-0.799

0.600 - 0.699

0.600 - 0.699

0.500 - 0.599

0.400 - 0.499

0.350-0.399

0.300 - 0.339

0.200-0.249

01500199

0.100-0.149

0.070 - 0.099

0.050 - 0.069

0.040 - 0.049

0.030-0.039

0.020 - 0.029


https://www.dolphinsutures.com/suture-sizes/

Appendix H: Needle shapes

1/2 circle 3/8 circle 1/4 circle
5/8 circle J shape compound curve
1/2 curved straight
1. Tapepoint u 2. Tapercut u 3. Regular cutting /
/ A a2
Body
Pomt / Point Point
\V) A
4. Reverse cutting 5. Spatula point 6. Blunt point D
i Body Bod
) <> —
Point ik Pcnm
v =

https://link.springer.com/chapter/10.1007/978-3-319-91164-9_67



https://link.springer.com/chapter/10.1007/978-3-319-91164-9_67

Appendix I: Themes



Intestinal Anastomosis Themes HANDLING OF NEEDLE

control over the placing needle into

needle tissue

needle is held more in the back -+ controlling the direction of the stitch

(1/3) is difficult (should be perpendicular)

finding right position to penetrate - tip of needle sometimes slips back

the tissue and needs to be pushed through

finding the loop at the end of again

suture + itis easier when the needle goes
from back to front (towards the
surgeon)

handing over the needle needle through loop

transfer of needle
from one

instrument to

another

needle sometimes falls, needs to
be picked up again

the handing over from one tool to
another is challenging

“Will it work out?”

"| struggle to find
the loop"

-
‘@
ad

Surgeon



Intestinal Anastomosis Themes ANASTOMOSIS QUALITY (HEAL|NG)

connection of the perfusion of the

. spacing between
tissue damage . .
tissue tissue

stitches/staples

barbed suture might damage tissue -+ tissue should be connected properly, - for proper healing of the tissue, + ifthere is too much spacing
too tight pulling of the suture might alignment is not important blood supply has to be guaran- formation of a granulation tissue
cause an enlargement of the stitch - endtoend teed -> good vascularization could be unsuccessfull
hole - sideto side +  pro-inflammatory substances and
side toend immune cells need to reach the
should not have too much tension wound

inverted technigue could cause
stenosis and obstruction due to the
inverted cuff, swelling or kinking

“The ansastomo-
sis should not be
too tight but also
not too loose "

=
Surgeon
(to resident)

training boxes for laparoscopy  perfusion



Intestinal Anastomosis Themes

bleeding

hemorrhage might occur from
staple lines or other causes

if bleeding is too much, open
surgery is needed

with leak

without leak

PATIENT SAFETY

obsruction
leakage

(blockage)

getting a tight anastomosis is
challenging

leakage might occur and
detected during or after the
surgery

extra suturing or follow up
surgery might be needed
surgeon can never be sure if
its watertight

stricture (narrowing) at the Gl
anastomosis
inner diameter has to be secured

caused by the inverted cuff, swell-
ing, or kinking at the edge of the
anastomosis

“How can | fix it?”

"What went
wrong?"

-
‘@
ad

Surgeon

laparoscopic bleeding



Intestinal Anastomosis Themes

OR time is the most expensive
factor

the shorter the surgery the more
cost effective (even if more ex-
pensive tools are used)

goal is to have more operations
a day (good for hospital and
patients)

TIME & COSTS

anastomosis in

general

time consuming

for unexperienced surgeons
it takes more time than for
experienced ones

this increases the surgery
time

refill of staplers takes time
(linear staplers about 6x,
hernia stapler about 2-3x),
meanwhile surgeons have to
wait

time to learn

waiting time for

patients

practical training on training

boxes helps to improve the skills,

but it takes a lot of time to learn

there are long waiting lists for
patients
for them it is a life saving surgery

laparoscopic suturing

it would be beneficial to have
more surgeries a day

“The longer it takes,

It takes many years the IongeE we need to
to get experiened stay here.

in laparoscopic

suturing"

]
‘@

Surgeon



Intestinal Anastomosis Themes HANDLING OF TISSUE

tissue might slip through the
grasper

position tissue so its convenient
to put needle through

inverting the tissue is challenging

elasticity of the tissue

getting the right amount of tissue is
challenging

this varies depending on the type of
anastomoses

different tissue thicknesses

positioning
tissue is elastic and might give + inverted
way +  everted
pushing needle through tissue + aligned

takes some force

‘Laparoscopy takes 4

"It is annoying to to 6 times more force

have the tissue
slip through the
grasper "

-
‘@
ad

Surgeon



Intestinal Anastomosis Themes HANDLING OF SUTURE

barbed suture tighten the suture end the stitch

barbed sutures are easier to han- -+ suture sometimes entangles itself, +  not tightening the suture after - end of suture (after cutting)
dle because no knotting is needed is in the way, especially when it is each stitch allows for having a should be short enough not to
barbed suture can act as a saw too long shorter suture - easier to handle damage tissue

and cause trauma +  knotting is the most time consum- + tightening a parallel stitch takes

when laying on the intestines, ing and challenging task more force (more holes)

barbed suture hooks slightly in +  overtightening knots

tissue surfaces

the use of barbed sutures have
been proven to be safe and effec-
tive

" the shorter the
suture the better"

-
‘@
ad

Surgeon

i

knot tying limited space tightening the stitch



Intestinal Anastomosis Themes

hand suturing

here most clumsiness hap-
pened (e.g. falling of needle)

elasticity of the tissue

SURGEON’'S PERFORMANCE

successfull
anastomosis

proud about accomplishment
“See how beautiful”

“Before it was a mess, now
we have a great suture”

different tissue thicknesses

performance

pressure

team is expecting good perfor-
mance

shame when something goes
wrong

focus and tension

general skills

motor skills
visuospatial abilities
medical knowledge

“Before it was a
mess, now we have
a great suture”

'See how beautiful?”

]
‘@

Surgeon



Intestinal Anastomosis Themes ACQU|RE SKILLS

it takes several years to learn +  surgeon wants assistant to +  practical training can improve +  laparoscopic suturing takes sig-
laparoscopic suturing suture the way he wants skills nificantly more time to learn than
suturing it is a required skill to -+ explaining is difficult - standardized training programs suturing in open surgery
become a laparoscopic surgeon - experienced surgeons expect

residents to get the skills but
acknowledge that it is difficult

“Yes! That's it,
beautifull"

“Why do you do it
that way?"

=
Surgeon
(to resident)

training boxes for laparoscopy



Intestinal Anastomosis Themes TEAMWORK

camera handling

camera is handled by the surgeon
assistant, who might do unex-
pected movements/ not handle
the camera properly

surgeon cannot see if camera is
not in the right position

surgeon sometimes has to give
instructions - no direct control

scrub nurse handing over tools

handing over

instruments

from scrub nurse to surgeon

without looking

scrub nurse has to be always
alert

tools might fall on the ground
scrub nurse forgets to reload
stapler

camera is not positioned

Opportunities/ Requirements

general

the longer the procedure takes
the longer the team stays

hands of surgeon, assistant, sec-
ond assistant often overlap

‘A good team is
used to another's
way of working"

-
‘@
ad

Surgeon



Intestinal Anastomosis Themes ERGONOMICS

surgeon's body

tool interface

cognitive stress physical stress

posture

head in neck +  surgeon needs to twist his - fear of leakage +  shoulders and arms hurt from
arms/shoulders high (due to arm and reach out to the +  suturing is a cognitive challenging holding the long devices up
long instruments) back to grab a new tool task +  force needed is higher than in
handles are the only interface + not many breaks open surgery
the surgeon is using +  pressure + standing all day is exhausting
research shows that handle +  great concentration and mental
design should be adaptable/ stress

personizable -> this is still not
reachable due to high costs

‘| want to shake
my arms after the

“It is exhausting X
procedure.

to stand all day
and have the arms
lifted up"

-
‘@
ad

Surgeon

scrub nurse handing over tools  camera is not positioned



Intestinal Anastomosis Themes ENVIRONMENTAL CONDITIONS

patient’s condition

(obesity, age) type of surgery

little space + location of the tissue
a lot of fat in the way - type of tissue (e.g. stomach,
old, sick tissue small bowel)
force to push through the
tissue

exhaustion of surgeon

conditon of the
surgeon

time of the day

number of surgeries

surgeon gets progressively more
tired and less motivated (and
more irritatable)

only short breaks

“If the patient is sick
his tissue is more

laparoscopy

related conditions

no space to pull the suture

if needed, different accesses are
used to reach

different angles

3D is displaced 2D (no depth
perception)

magnification of the anatomy

“The shorter the
suture the better to
handle ”

difficult to handle"

-
‘@
ad

Surgeon



Intestinal Anastomosis Themes FAILURE OF DEVICES

camera and other
equipment

devices’ properties

“Why is the camera still not + liver retractor might be too
wireless? We can stir satellites small due to obese patients
and everything but cannot have

wireless camera in the OR."



Intestinal Anastomosis Themes

certificates

barbered suture is not certified
for the use in intestinal anasto-
moses

LEGAL ISSUES

patient’s consent

to do other procedures



Appendix J: Suturing course




Appendix L: Concept evaluation

most critical
issues, critical CRITERIA
risks
WEIGHT
SCORE (1-10)
Parallel stapler
Tacks
Clamps
Clips

Perpendicular
stapler

Edge staples

P1

check materials (influence
on healing, bowel stones,
dissolvable etc)

contact to pathology
department (PhD?),
perhaps access to
intestine tissue

contact to internal
medicine department
(Viktor Jeerdes, PhD?)

bariatric meetings
(presentations for
surgeons)

How to send invoices?
declaration form? online?
(ask Greetje)
send invoices before

Intarmehin ande

A allows for
worktow s | | campleytoo | |00 0 e force s | | Achment (o thesakiton the way e | | e toresra
lictle steps pm;-:;\ for s adaptable s Phicissi tool
posuoning)
5 20 20 10 ‘ 5 10 20 10 5 5 5 s
9,45 || 9,180 ||10,200| 9,90 || 10,50 | 9,90 | 10,200(| 9,90 | 6,30 | 840 | 4,20 1035 *
7,35 (| 8160 ||10,200((10,100(|| 10,50 || 2,20 (| 5100 ]| 6,60 (10,50 || 7,35 7:35 845 oo rlsky*
8,40 || 6,120 | 7,140 || 3,30 8,40 3,30 4, 80 330 5,25 5,25 5,25 585 x
4,20 | 7,140 || 9,180 | 7,70 7,35 9,90 || 7,140 || 9,90 5,285 5,25 5,25 840 g
merge g
4,20 || 7,140 || 9,180 || 7,70 8,40 8,80 | 8160 8,80 5,25 735 5,25 845 T/)\\‘7
8,40 4,80 || 9,180 || 3,30 7,35 6,60 [|6,120 || 6 60 8,40 4,20 5:25 690 x
P2 P3 P4 P5 P6

tacks might cause damage
(not knowing where they
punch)

clip applier tool

clips should have multiple
clicks (adjust pressure)

focus only on 2 concepts
max: clip and parallel
stapler

look into real materials

perpendicular stapler
more flexible

kick out edge staples

focus on different
thicknesses of the tissue,

test with real intestine

more iterations on clip and
stapler (combi?)

tighten the tissue properly

workshop/testing with
spark

like concept 2 but
posititoning is difficult, no
option to pull it out,

risk of loosing clip 3a and
3b,
3a: some hooks might
need to be bigger (tissue
thickness) grabbing might

concept 1 is favorite, it is

recognizable for surgeons,

already used, more trust
and easier to accept

1 easiest control over
positioning, less material
(surface), amount of
staples is less; once in
position cannot be

2 might be difficult for
different thicknesses,
slippery material could
cause troubles

3b is second favorite, it is
userfriendly, although it
should not trigger too fast
(positioning first)

contact to Dirksland
hospital surgeons
(perhaps | can do a test on
tissue in OR)

3a and 3b intuitive, 3a
most straightforward to
use

no trust in 2 (damage)

hooks of 3a do not grab,
clip is very big, risk of
leakage, difficult to
accomplish

no trust in concept 2 and
3a, most risky

in real tissue and
laparoscopic setting, 2
might be difficult

3b might be easiest in real
life
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Laparoscopic surgery has replaced open gastrointestinal (Gl) surgery mainly to reduce surgical trauma and exhalerate
patient recovery. Due to the small incisions, this surgery technique causes less scars, less bleeding and fewer
complications which leads to a shorter hospital stay for the patient. It also brings advantages for the medical staff, such
as shorter procedure time, but it also creates new technical challenges for the surgeons, due to the limited space and
field of view.

This project focuses on gastrointestinal anastomosis, which is the surgical connection of two adjacent parts of the
intestines. Per year, approximately 30.000 Gl laparoscopic anastomoses are performed in Dutch patients. Surgical
devices, such as linear or circular staplers, have been adapted for laparoscopic use, however, it is still the standard
practice to free hand suture the remaining opening. Suturing with a needle and a suture is a technically challenging
and time-consuming technique because of the very limited space of the abdominal cavity.

The main opportunities when developing an alternative closure method for Gl anastomosis is to reduce operating
time and cognitive load for the surgeon. By reducing the technical complexity of the process, errors and complications
can be minimized and so additional surgery (e.g. due to anastomotic leakage) can be avoided. This ultimately saves
human and financial resources of the hospital.

The main design challenge in this project is the narrow access due to the small incisions (~10mm) in the abdominal
wall. All laparoscopic tools need to be adapted to fit and freely move within this access hole (see figure 1). At the same
time, other tools need to be held during the procedure, which often requires extra hands of assistants. Especially when
multiple people operate on one patient, communication and procedure steps need to be precise and clear.

Brauw, L.W. (2021) Personal conversations

Mortensen, N.J., & Ashraf, S.Q. (n.d.) Intestinal anastomosis. Retrieved from
https://www.semanticscholar.org/paper/INTESTINAL-ANASTOMOSIS-Mortensen-Ashraf/ff11ce3c26e440659dad9af023
32cbedf352c2d2

Wang, Z., Wei, Y., Liu, X. et al. Application value of hand-sewn anastomosis in totally laparoscopic total gastrectomy for
gastric cancer. World J Surg Onc 19, 229 (2021). https://doi.org/10.1186/512957-021-02249-8
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image / figure 2. __Side to side anastomosis using a stapler (b) and suturing the remaining opening (c) (Wang, 2021)
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

Currently the closing of anastomosis is mainly done with staplers and suturing of the remaining opening (see figure 2).
While the stapler is a very useful tool in quickly attaching two parts of the intestines, it lacks precision and often leaves
openings that need to be closed by suturing from hand. This requires fine motor skills and visuospatial abilities from
the surgeon which require a lot of cognitive resources. The aim is to enable a safer and more precise procedure to
prevent leakage and avoid following complications by designing a technically less complex solution to the current
practice of closure. By reducing the surgeon's cognitive workload, ergonomic comfort and performance should be
improved.

There are multiple people (patient, surgeon, assistants, nurses,...) with different needs involved in the process. When
developing a new method for closure, the tasks and needs of all the involved stakeholders have to be analyzed to get
an overview of the process. However, the focus will be on the needs of the direct user, which is mainly the surgeon
and the resident, who will hold and operate with the tool.

This graduation project will explore possible concepts and propose a new design for connecting two parts of the
intestine in form of an anastomosis. The result can be a surgical tool, an addition to an existing tool, method or
concept. The outcome will be presented in an experimental prototype which will be evaluated with user tests.

The graduation topic is suitable for the Medisign specialisation because it tries to improve the surgeon's and
healthcare staff's performance and satisfaction. This has direct impact on their own health, as well as the patient's
health outcomes.
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 14 -2 - 2022 11 - 7 - 2022 end date

Dates
Calendar week
Project week

14-18Feb |21-25 Feb [28-4 March [7-11 March |14-18 MarcH{21-25 Marct{28-1 April__|4-8 April __|11-15 April [18-22 April [25-29 April [2-6May _ [9-13 May _[16-20 May [23-27 May [30-3June |6-10June [13-17 June [20-24June [27-1July  [4-8July  [11-15 July
gl 3 of 10 1] D) 14 15 16 17 1 o] 20) 21 2 o 24 25 26| 27 2
of 1] p| 3 | 5| 6 7] 8] o x| 10) 11| 12| 13] 14] 15| 16] 17] 18] 19] 20

Analysis I
‘Context analysis/ State of art

Workflow/ stakeholder analysis

Reformulate problem definition/ goal&vision

Ideation/ Conceptus
Ideation sketching/
Rapid prototyping/
First concepts

Prototyping/ Evaluation
Protoype/ lterations/ Experiment setup
Evaluation/ User testing
Improvements/ Iterations

Detaiing/ Construction I
Construction/ Implementation/ Materials
Final testing

Reporting
‘Write report
Prepare presentation

Kick off Presentatio Midterm
meeting nof evaluation Presentatio Green light Graduation
Milestones (day 1) Analysis (day 40) nof Results (day 80) (day 100)

The project planning includes 21 weeks instead of 20 due to national holidays (in total 6 between calendar week 15
and 23). Since | decided to take some of the days between the holidays and weekends ('bridge days') off, I included an
extra week in the planning (see calendar week 17).

The main milestones are as in the Graduation manual (shown in orange):
Kick-off meeting (day 1): 14. February, 13:00

Midterm evaluation (day 40): 14. April (tbc)

Green light (day 80): exact day tbc

Graduation (day 100): 11. July (tbc)

Additionally, | added two extra milestones (shown in green):
Presentation of Analysis: project week 4
Presentation of Results: project week 12

In the analysis phase, current laparoscopic suturing methods and closure techniques of Gl anastomoses will be
discussed and evaluated based on literature review and qualitative interviews. The current workflow during a Gl
anastomosis will be analysed, including all stakeholders who are present in the operating room. Pain points the
surgeon faces during the suturing process will be shown and possible causes and opportunities explored (Ideation).
Finally, a new design will be proposed and evaluated with an experimental prototype. The reporting is planned to be
done throughout the whole process.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

| am generally interested in projects in the field of healthcare because they are usually complex, involve multiple
stakeholders (with often contradicting needs) and have great impact. There are plenty of opportunities for
improvement in big and smaller scale and | wish to contribute with the development of better tools, methods or
systems. The knowledge | gained in past projets where | focussed on ergonomic solutions and user centered design
will help me getting started in this project.

For my graduation, | was looking for a surgical topic because | got some insights to it during an internship at Philips
Healthcare (2019). Since then | am intersted in similar projects but did not get the chance to be involved, so my
graduation was a perfect possibility to choose freely what | wanted to do.

This graduation topic challenges both my technical affinity and my interest in user experience. It requires both
technical problem solving skills as well as empathic skills when exploring the user's needs. My goal is to develop a
technically feasible solution which is simple and intuitive to the user. By creating a user experience flow, | can analyse
the procedure step by step and see where the opportunities are. With the experimental prototype | want to improve
my prototyping skills and it also gives me the possibility to evaluate the design with users.

The project also challenges me because | do not have any experience or knowledge in laparoscopic surgery yet.
However, | like to deep dive into a new topic and explore possibilities from a more outside perspective. Another
challenge I am well aware of is that the context is not only the hospital but the operation room which is not always
easy to access, especially in times of Covid-19. That is why it was important for me to have an external mentor who is
at the same time expert and can give me relevant insights into the field.

| am especially excited to work closely with stakeholders and include them in the design process from the very
beginning to find a valuable solution for the end user.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.
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