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MANAGEMENT SUMMARY

During a surgery instruments are required, which are distributed over surgical
instrument trays. Several problems are identified concerning these instrument
trays: the tray types are too heavy, inconveniently arcanged, and contain unused
instruments, All instruments from a2 used tray require cofeaning aad steriising
[C&S] after surgery. Unused instruments on A tray cause unnecessary C&S costs,
and also unnecessary costs for maintenanece (C&S leads to wear), replacement,
storage, and holding, Heavy and inconveniently arranged trays lead to sub-
uptimal working conditions for the OT assistants; they lift trays several times and

should count all instruments for each surgery of each used tray.

The objective of this research is to develop a method to distribute surgical
instruments over trays, in such a way that the costs are reduced and the working

conditiens for OT assistants are improved.

The literature about optimising the logistics of instrument trays is limited. We
use the literature from similar disciplines and adapt it to the requirements of this
problem. The research is set-up as follows, First, we define a model for the
distribution of instruments over travs, the fray optimisetion problem (TOF)
maodel. Next, we gather the data from the OT department of the AMC, for the TOP
model, OT assistants and surgeons are consulted to determine the required
instruments per surgery type. Since this is very time-consuming, we restrict our
resedrch to 15 surgery types, 239 instrument types, and starting with 12 tray

types. Finally, we use a simuluted annesfing-bused algorithm to solve the TOP.

The simulated annealing algorithm assumes that the total costs are determined
by the costs per tray type, costs for cleaning and sterilising instruments, and the
costs for handling trays types, by the OT assistants.

The TOP moiel and 5A method are implemented in a computer program called

TrayOptimisation. The main result of the experiments with TrayOptimisation

show possible cost reductions of approximately €125,000 per year, on only a

~ 3
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fraction (12] of the total number of tray types {550) in the OT department. It is
pxpected that applying this method to the entire tray inventory can lead to cost

savings up to millions of Euros,
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1 INTRODUCTION

The uperuting theatre (OT) department is one of the most expensive resources of o
hospitel. Of all patients in o hospitel, 60-70% pays o visit to the OT department (14,
From both a cost and o quality care point of view, an efficient surgicafl process is of

puromount importence. This report focuses on the reusuble fnon-disposablie)
instruments that are used during surgery, amid sterifised thereafter, The surgioal
instruments ure distributed over trays, This project investigates how to optimise the
distribution of instruments over travs anid is performed in the OT department of the

Avademic Medical Centre fAMC) in Amsterdom.

PIETURE 1

ACADEMIC MEDICAL CEHTRL, AMSTERDAM

This chapter is structured as folfows. Section 1.1 gives an introduction to the AMC,
Section 1.2 describes the problem background. Section 1.7 gives the research
objective. Section 1.4 defines the research questions. Section 1.5 gives the
assumptions. Section 1.6 describes the methodolfogy. Section 1.7 shows the report

stroctire,
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1.1 INTRODUCTION T THE AMC [1]

Academic Medical Centre (AMC) is one of the largest hospitals in the Netherlands.
AMC houses the university hospital and the medical faculty of the University of
Amsterdam, as well as several institutes, such as the Nethoerlands Tostitute for
Brain Research, and the medical department of the Royal Tropical Institute.

Primary processes of the AMC are patient care, education and research.

AMC has around 1,000 beds. Each year, sume 25,000 paticnts arc admitted; there
are 35000 day admissions and over 350,000 outpatient visits. AMC employs
approximately 7,000 staff members.

This research is perfurmed in the operating theatre (0T) department of the AMC,
in the department fogistics, guality, innovation and informution (LK), Appendix A

shows the organizational chart of the AMC and its OT department.

111 Introduction o the OT department of the aMc
The OT department has 19 inpatient and 5 outpatient OTs. The inpatient OTs are
located on the second floor, the outpatient OTs on the first floor. An elevator
connects these two parts of the OT department, su persomnel can walk from the
inpatient to the outpatient part without leaving the OT department, and vice

versi. The inpatient OTs are divided in three units; A, B, and C, which cover the

surgical services as follows:

# (it A: Cardiothoracic surgery, orthopasdic surgery, and traumatolopgy
& Unit B: General surgery, paediatrics, neurosurgery, and vascular surgery
# (it € Plastic surgery, obstetrics and gynaecology, otolaryngology,
urology, ophthalmology, oral and maxilla facial surpery,
Each unit has its own storage for instrument trays, disposables, and individual
instruments. The use and storage of disposables and individual instruments are
vutsitde the scope of this research and therefore not explained. The cutpatient

OTs uses trays from all units, because they only have a small storage.

o~



Optimisation of the Distribution of Surgical Instrument over Trays

The objective of the LKL department is to suppurt the primary process of the AMC

by ensuring balanced and efficient processes in the OT department. Currently,

LKI employs 21 staff members,

1.2 PROELEM BACHKGEROUND

AMC performs approximately 17,000 surgeries per vear using about 550
differeat surgical inseroment travs. A surgery may require more than fifteen
different trays, each containing up to 492 instruments. On average tray types

contain about 45 instruments,

PO RE 2 BIG BASIS TRAY, CORTAITKS TN7? TKSTRUMERTS

The surgical instrument trays in the OT department ot the AMC contain many
instruments and are used for a lot of different surgeries, OT assistants complain
about heavy and inconvenient arranged trays, caused by many instruments on a
tray. Moreover, perfurming many surgery types with one tray type causes a low
ratio of used versus total number of instruments, as the tray contains required
instruments of all different surgeries, Furthermore, ongoing developments in
surgery technigues cause changes to the inventory of trays: new instruments are
added to existing trays or new trays arc introduced. The introduction of oew

instruments in the OT department happens weekly,

All the above problems indicate that the current distriliotion of instruments over

trays can he optimised. Figure 1 shows the problems concerning the current
o T
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distribution; detailed explanation is piven in chapter 2. The following subsections

describe the main problems.

Current distribution of instruments over trays

Unuged
instruments
at 088D

nconveniently
arranged trays
{fully

Heawy frays

Bad warking canditions
OR assistants

Fossible low patient’s
safety

Cost effectivenass lowr

FIGIDRE T verview prablems

The vost effectiveness of health care can be improved. A recent report | 3] written

un behalf of the state secretary of health care, suggests oppurtunities for

improvement in logistics of goods and pharmaceuticals of onc billion curo.

AMC's OT department tries to reduce the hiph costs caused by inefficiently
distributed trays. These high costs arise when trays are prepared fur surgery,
while unly part of the instruments of these trays is vscd. It is believed that over

60% vf the instruments from the trays are returned without being used'.

In 2007, the central steritisaiion service department (C55D) of the AMC cleaned
and sterilised approximately 1.8 million? instruments. If we assume the unused

percentage tu be 60%:, than the total number of cleaning and sterifising {C&5)

! Source: H. Lingeman, manager CSSD, Synergy Healthcare
2 Source: Records of the CSSD. The sum of the turnover per tray multiplied by the number of
instruments distributed in the tray.

~ 10 ~
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unused instruments is approximately 1 million, leading to costs of C&S of unused

mstruments of approximately one million euara’.

The wnused instroments are not available for other surgeries that need those
instruments. As a conscquence, motre instruments are required, which on its turn
requires larger inventory, Usused fostrements lead to high costs for C&S,

maintenance {C&S leads te wear), replacement, storage, and holding.

.22 Working cenditions 07 assistants

OT assistants suffer from stress and back preblems, caused by inconveniently
urranged- and feavy trays. OT assistants should count all the instruments before
and after surgery, to make sure the tray is complete Lefore and after surgery.
Most OT assistants only vount the instruments that are certainly required for the
surgery. Whenever an instriment s oot required for the particular surgery it is
not counted or checked, this may be caused by the ircomveniently orranged trays.
Missing instruments may cause stress when during surgery it becomes clear that
they are not available. The surgeon becomes agitated and the OT assistant needs
to fetch the requested instrument from anether tray in the storage, which may
take about five minutes, if it is available in one of the storage rooms. This clearly

leads to unnecessary delay of the surgery.

Unavailability of instruments may affect the patient’s safety as missing or
malfunctioning instruments are noet detected until they are actually needed. At
this time the patient is already under anaesthetics. The surpery might still be
conceffed if the missing instrument is not available in one of the storage rooms of

the OT department.

® C&S a single instrument after use costs around 1 euro, source: H.Lingeman.

1] -
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1.24  Conclusion

We have indicated three main problems concerning the current distribution of

instruments over trays:

1. lleavy travs;
2. Unused instruments;
3. Inconveniently arranged trays.

This lcads to:

& Low cost offectivencss;
# Bad working vonditions for OT assistants;

# Puossible luower patient’s safety.

1.2 RESEARCH OBJECTIVE

To develop a method to distribute surgicaf instruments over trays, such that the

costs ure reduced und the working condivions for OT ussistunts are improveed.

1.4 RESCARCIL QUESTIONS

1. What are the current problems concerning the distribution of instruments
over trays?
a. How are the instrument distributed over trays?
b. What are causes of the current problems?
2. What model cun be used for defining the distribution of instrumoents over
trays?
a4, What is the optimisation criterien, Le. the objective function?
3. What data is required for distributing instruments over trays?
4. What strategy should be used fur distributing instruments ever trays?
a. What optimisation technigue(s) can be used?
5. What erganisation implementation strategy should be uscd?

a. How should new tray types be introduced in the OT department?

12
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1.5

b. How can the distribution of instruments over trays be continually

improved?

ASSUMPTIDNS & RESTRICTIONS

1.6

We do not consider disposables and individual instruments;

We do not consider unavailability of trays;

The CS5D is paid a fixed amount per year for C&S all instruments and
trays. The assumption is made that lower C&S costs arc realised when
fewer instruments or trays or both are provided to the CSSD. The price per
tleaned and sterilised instrument is assumed to be 1 euro inclusive VATY;
Implant and proesthesis travs are not taken into account as these trays
reguire a different approach;

The current capacity for C&S in the C55D is sufficicnt;

Optimisation of the actual C&S process in the CS5D is not considered in
this rescarch;

The required instruments for surgery are determined by OT assistants and
surgeons. We assume that all mentioned instruments are required for each
surgery of that type. We are aware that OT assistants and surgeons want
more instruments than actually required, beeause fear exists of not having
an instrument available, but as we do not have the medical knowledpe to
prove this or are able to determine which instruments are really required,

we assume that all mentioned instruments are requircd.

METHODOLOGY

Surprisingly, there is hardly any literature about optimising the logistics of

surgical instrument trays. Klundert, Muls and Schadd |4] investipate various

logistical and mathematical concepts for optimizing the flowe of sterile

instruments between the sterilisation department and the OT department. They

* Source: H. Lingeman

~ 13 ~
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conclude that, in theory, significant cost reductions are possible. Nilsen |5]
describes a straightforward guantitative methodology to determine appropriate
inventories of equipment (trays) and instruments in an OT department. Other
scientific papers about optimising the lopistics of surgical trays are to the best of
our knowledge nut availahle, This indicates that, as Klundert, Muls and Schadd
|4] also mention, the emphasis has been on the reliability of instruments,
meaning proper C&S of instruments, instead of possible cost reductions by

uptimising logistics.

As literature about optimising the logistics of surgical trays is not abundantly
available, we use literature from similar disciplines. We try to adapt this available
knowledge and experience for the optimisation of the logistics concerning

surgical trays,

1.7 REPORT STRUCTIRE

This repert is structured as follows. Chapter 2 gives background information and
the problem analysis of AMC's OT department. Chapter 3 introduces the tray
eptimization [TOP)] model. Chupter 4 describes the data that is pathered in the OT
department of the AMC. Chapter 5 describes the solution appreach. Chapter 6
gives  the computational results of the TOP. Chupter 7 describes the
vrganisational implementation strategy. The report finishes with the conclusion

and recommencdations.

~ 14 -
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OPERATING THEATRE DEPARTMENT

2 BACKGROUND AND PROBLEM ANALYSIS OF AMC'S

The processes und controf concerning the fogistics of surgical instrument trays in

the OT department of the AMC are expiuined in this chapter. This chapter is

structured as foffows. Section 2.1 deseribes the processes of troys through the 0T

departiment. Section 2.2 describes the control functions. Section 2.3 gives the

probiem anafysis. Section 2.4 gives the conclusions of the problem analvsis and

defines the performunce measures for optinising the distribution of surgical

IRSLrUMeRts over tray types.

2.1 PROCESSES OF TRAYS

Different processes concerning the surpgical instruments trays take place in the

OT department, see igure 2. The processes are subsequently explained in the

following paragraphs.

2711
OR
schedule

212
Demand for
instrune ts

293 2714
Put ot trays for || Use instruments
S.Argery
FIGUiEe 2

215
Transportalion
CaE0

218
CA&S

Processes Lrays al the O Jeparlmenl

217
Transportalion
slorzge

The OT planning and scheduling is divided in three parts:

1. The capacity planning

2. The staff planning

3. The patient planning
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OT plaiiing

Capacity ‘ ' ; Fatient
planning Staffing scheduls

FIoRE 3 THE OT PLANNIRL

The capacity plunring is based en the budpet of surgical services. The budgets are
translated into hours of OT time. The capacity plan is made for cach month of the
coming year. B0% of the capacity plan is fixed twelve months in advance; the
remaining 20% is determined three months before execution. If possible, the
planning takes into account criteria for better patient care anid preferences of
surgeons, such as planned holidays, Better patient care can be a day of the week
as to be surc that the IC has a bed available for the patient or to ascertain that the
patient leaves the hospital before the weekend. The capacity plan must be

approved by the OT department’s management team.

If the capacity plan is approved, the staff pluaning & determined for OT assistants
and anacsthosia assistants, Anacsthesia assistants are all-round; meaning the
assistants can be planned in each OT for any surgical service. The OT assistant
planning is more complicated, as OT assistants can only be planned for surgical
services they have been trained for. Currently, OT assistants are a bottleneck:
OTs arc sometimes closed because of a lack of OT assistants, The staff plan is
made between six weeks and three months ahead of time. The final staft plan
must be approved by the unit managers. The surgeons and anaesthesiologists

make their own statt plan based on the capacity plan.

The elective patient plunaning is done by the surgeons and must be approved by
the unit managers. Surgery times are based on the experience of the surgeons,
meaning that estimates are used. Each Thursday, the elective patient plan for the
next week is given to the unit managers. The unit managers cherk the plan on
instrument and staft feasibility. If they do not approve, surgeries may have to be

cancelled and rescheduled. The resulting empty 0T is sometimes used for an

~ 16 ~
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emergency patient but otherwise the OT remains empty. The definitive patient
plan for a day is determined the previous day at 10.00 am., by the senior OT
assistants. The senior OT assistants mainly pay atfention to the sequence of

surgeries for that day,

2.1.2 Generate demand for insbruments

The elective patient plan penerates a demand for instruments as each surgery
requires instruments. The instruments are not reserved for the planned
surgeries, so planning tou many surgeries requiring the same trays stays
unnotired. The approved patient plan for the next day is given te the OT
assistants. They know which tray types are required for each surgery type, and
which instruments are distributed in each tray type. The required tray types per
surgery type are also decumented in the surgery protocols that are stored in the
storage room. Unfortunately, the surgery names of the patient plan do not
correspond to the names in the surgery protocols, le. it s not possible to
determine the required trays for the surgery, in the patient plan, from the
records of the surgery protocols. The patient plan of the year 2007, contains
approximately 1,700 different surgery names, while the puat out protocols only

contain about 200 surgery names.

213 Drepare tray tves for suegery
The OT assistants of the late shift start putting out the trays at 1.30 p.m. for the
next day. The OT assistants vollect the required trays from the storage.

In the current situation, some tray types are stored on multiple units in the OT
department. Tray types are used for multiple surgical services, so also for many
different surgeries. This leads to a low number of different tray types, which is an
advantage for the OT assistants, as they have to know which instruments are

distributed in which tray types and the required tray types for each surgery type.

~ 17T~
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The OT assistants gather the trays on a trolley with a hand written paper on the
trulley indicating the scheduled O, the surgery, and the unavailable tray types.
The required tray types which are unavailable for the first and scecond surgeries
are put on a list which is brought to the CS5D. The trays on this list are given high
priority C&S, which takes only 6 hours instead of the standard 12 hours,

PISTURE 5 STORAGE ROWOM UKIT ©

The required and available tray types are checked before the surgery starts; if a

required tray tvpe is unavailable, the surgery is delayed or cancelled.

The OT assistant opens the trays, counts the instruments and arranges the
instruments on the table for the surgeon. Sometimes, an OT assistant detects
missing or malfunctioning instruments. The OT assistant files a complaint if this
problem is caused by a mistake of the O350 T it is not a mistake of the C550 a
note is written on the accompanying form of the tray to make sure that the
problem is solved at C&S. Tf a requested instrument is not available, the QT
assistant will take the requested instrument from another tray in the storage
room, If this vceurs during the surgery it may disturb the progress of the surgery,

and possibly the patient’s sofety.

~ 18 ~



Optimisation of the Distribution of Surgical Instrument over Trays

RPICTHRE 4 PREFARE INSTRIMMENTS SOR SITRCERY

Sumetimes the surgeon diagnoses another or different problem just before or
during surgery, i.e. the pertormed surgery differs from the surpgery in the patient
plan. The performed surgery may require different instruments than the
scheduled surgery. In this vase the OT assistant rushes to the storape room to
tetch the requested trays, required for the surgery. After checking the required
and available instrurments the surgery starts or continues, During the surgery the

(1T assistant hands instruments te the surgeon.

PICTHRE & THE O ASSISTANTS HAKD THE REGUESTED TNSTHUMENTS T THE
SIRGELIN

After the surpery, the OT assistants put the instruments back in the
accompanying trays, and again check the trays on completeness. A red label is
attached to malfunctivning instruments to indicate that they should be repaired

ur reploaced.

~ 15~
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PLESTTTRE 4 REND LABEL ATTACHED TR TRETRUMERT AR COMPLATRT FIVEM FUOH
L3532

The used trays are put in a trolley. The OT assistant brings the trolley to the room
from which the CSSD picks up the trays. Aoy unopened tray, Le. unused tray, is
brought back to the storage room. The OT assistant scans the trays for time

repgistration. The apreement with the CSSD is that they pick up the used trays

every AU minutes.

sriTRE 7 TIME RCGTRTEATION [LETT] AND TARED TRAYS [N TROLLEY [RIGTIT)

2.1.h.1 Synergy Healthcare

C&S is outsourced to a company called Svrergy Heafthcure, This company s
situated in the OT department, on the same floor as the outpatient OTs. At

present (2003], Synergy s paid a lump sum price for the annual C&S. In the near

~ 2~
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tuture, AMC will pay per cleaned instrument or package of instruments, the price

per instrument for single C&S will be about 1 euro®.

Currently, Synergy cannot handle the timely supply of instruments. C&5 times
are higher than the agreed 12 hours. It s almost impossible to retrieve this data
from the records of the CSSD and unfortunately the OT department does not
record this data. The CSSD admits that the agreed time for C&S is not always

met?,

The trays traverse a number of stations in the CSSD. Tirstly, the trays and
instruments are cleaned in the washing machines. Secondly, the instruments are
checked fur malfunctioning, distributed over trays, checked for completeness,

and wrapped in paper.

PIETUHE R VANETRG MACHIMES 00F THE CS51 AND IXSTRIBEUTIY (0F
[WSTRTIWMENTS OVER TRAY

® Source: H.Lingeman and J. Veldhuis, expert in sterilised medical aids, AMC
® Source: H. Lingeman

a2
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Labelled instruments or forms of missing instruments are brought to the
supervision medical aids department, which is responsible fur repairing and
replacing the malfunctioning instruments, The daccompanying tray s put in
guarantine. When the tray is complete again it is brought back to the C550, Some
trays cannot be put in guarantine, because they cannot be missed in the OT
department. In this case the tray is sterilised and an accempanyving note is
written on the sticker of the tray, as to indicate the missing instrument(s).
Finally, the trays are put in the so-called autoclave where sterilisation takes

place.

¥

Cl

I . S
PICTURE D AOTOCLAVE 07 THE C55D AKD THE TRAYS WAIT.NG T BE BROUGHT
LIPSTATHES Ty THE STORAGE BEI0AMS

2.1.7 Transportation from CSSD to stovage reoms

The CSSD bripgs the trays to the OT department after sterilising The OT

assistants put the trays back in the storage room.

2.2 CONTROLOF THE PROCESSES

Various control functions influence the processes concerning the logistics of the

surgical instrument trays:

# The composition of trays (subsection 2.2.17;
# The three dimensional planning uf inventory (subsection 2.2.2);
# The stock policy [subsection 2.2.3);
# Repairs and maintenance of instruments [subsection 2.2.4);
# High priority C&S (subsection 2.2.5).
w22
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2.21 Tray composition

The trays are composed in such a way that they can be used on multiple units.
The idea iy that most surgeries use a basis tray and one or more supplementary
trays. The basis trays are interchangeable between the units. Running out of a
tray may not be a problem as it might be available at another unit. The trays
contain many instruments to make sure that the same tray can be used for
multiple surgeries, surgical services, and units, The unit managers and the
surpeons together decide which new tray types or instruments are acquired, for
pxdample for the use of new techniques. Trial tray types are provided by the
supplier. When the tray meets its expectations and the manager of the
supervision medical aids department as well as the expert in sterilised medical

aids approves, the tray is acquired. The trial peried is usually 4 few months.

Cleur procedures ubout adiusting tray types or deguiring rew tray tvpes do not

exist.
222 Three dimensional planning of faventors in the storase reoms
The units have cupboards tor the storage of trays. The trays are put in a rack. One
rack vffers space for one standard tray or two small trays. For each tray type

space is reserved in the cupboard. The units have different number of cupboards

and spaces fur racks, see Figure 4.
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The fipure shows the storage rooms of the different units; &, B, and €. The
numberad cupboards are the storage cupboards of trays, the other cupboards are
tor sturage of disposables, individual instruments, and other necessitics for OTs,
Each numbered cupboard has different number of spaces for racks. Table 1
shows the number of availuble spaces in the cupboards. The cupboards with
number 7 deviate, because these spaces are wider. Tray tvpes that de not fit in
the standard size are put in these spaces. Unit A and Unit € both have two

cupboards numbered as 1.

Cupboard Top oo batomn Leff o right  # Spaces StorageA Storape B Storape ©

1 12 T 194 Hid 117

z 12 fa Te 7a

3 1 1 i i

4 12 mn 2lh 216

5 12 3 34 72

) 12 1 12 12

ri 15 1 15 ™)
Tufnl cvieilalble speces per storige 459 Z16 498

TAALE T NITWEER O+ SPACES b THE CHHPA00ARD5
Presently, there is no stock policy. The number of available trays per tray type
depends on the budget of the surgical service, instead of on tray usage. Some

trays are used 120 times per year, while others are used only 10 times per vear.

In the near future the stock policy will be defined?.

2.2 4 Repairs and maintenance of surgical instruments

Instruments require maintenance and repairs. For example, a pair of scissors
must be sharpened vnce in o while, and other instruments must be lubricated

once in 4 while, Procedures ahout maintenance of instruments do oot exist, while

instruments do require:

" The project “supervision and maintenance” started. One of the objectives is to formulate procedures
for determining appropriate stock levels.
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# Daily maintenance and functional checks;
# Periodic preventive maintenance;

# Corrective maintenance (repairs).

The project "supervision and maintenance” has started in November 2007, to

develop procedures for repairs and maintenance.

The OT assistants identify malfunctioning or missing instruwment in the OT. The
CSSD identifies malfunctioning or missing instruments after cleaning the
instruments. Malfunctioning instruments or “missing instruments forms" are
brought to the supervision medical aids department by the CS55D. The
depreciation time of an instrument is on average 10 years, the dispersion is

between 4 and 30 years?.

The standard time for C&S is 12 hoors, hot the OT department has the possibility
of putting trays un high priority C&S, meaning that C&S is performed in only 6
hours. Over 3% of all the trays has the high priority C&5 label¥. The decision

about which trays are labelled high priority is made by the unit managers, A

formal procedure does not exist.

The OT assistant decides which trays get the once-only label high privrity C&S.
This decision is based on the required trays for the next day. Unavailable trays,
tor the first and second surgery for each OT, get the once-only label high priority
C&S. Approximately 100 trays per day'" get the once-only label for high priority
L&S.

8 J. Veldhuis and A.S.N. Vernooij, chief supervision medical aids department.
® Source: H. Lingeman (records of the CSSD).
1% Source: H. Lingeman
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2.3 PRAOBLEM ANALYSIS AND PERFORMANCE MEASURES FOR
OFTIMISATION

In this section the problems concerning the distribution of surgical instrument trays
are outlined through an analvsis of the involved processes amd cortrol functions.
This section Is structured as foffows: subsecrion 2.3.1 describes problems
coRcerning processes in the OT department, and subsection 2.3.2 describes

probiems concerning the controf function in the OT department.
231 Droblems analysis for processes
2.3.1.1 Prepare Lray lypes [or surgery

OT assistants have to lift the required trays for each surgery several times from

floor level to waist level, Morgover, they remember the assigned tray types per

surgery type

Putting out more tray types for a surgery leads to more time for the OT assistants

to prepare the instruments for surgery, as:

# The OT assistants have to find each tray type assigned to a surgery bype in

the sturage rooms;

# Each tray type assigned to a surgery type is brought to OT, opened {with

care for sterility reasons), and checked tor completencss.

The time of the OT assistants is scarce and expensive. This leads to the
conclusion that it is better if OT assistants put out as few as possible tray types.
Taking into account the maximum weight of a tray type, as putting out tewer tray
types with weipht above the maximum weight is not an improvement of the

current situatinn.

~ 2H ~
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2.3.1.2 Use instruments for surgery

OT assistants should count all the instruoments before and after surpery. This is
often not performed due to the inconvenient arrangement of the trays, which

males the counting of instruments a time-consuming task.

The number of missing instruments is large, both in the OT department and in
the CSSD. Unfortunately it is not possible to indicate where the instruments go
missing, in the OT department, at the CSSD, or both. The OT assistants are one of

the reasons for missing instruments, 4as one of the OT assistants told us:

“IFT finid a pair of scissors that is ot sfaep then Twill throw it inta the trush bin”

2.3.2 Prohlem analysis for control function

2.3.2.1 Compnsitinn of tray types

The basis tray tvpes contain many insttruments, because all surgical services need
their basis instruments in the basis tray types. The collaboration botween
surgical servives leads to flexibility in the total number of required trays types,
but also to a lot of instruments on a tray type to allow that the tray type can be
used on multiple units, The tray types contain instruments that are obsolete; in
section 4.3.2 we show that 13% of the instruments distributed in the big basis
tray are obsolete. Surgeons prefer certain instruments; these instruments are
added to the corresponding tray typels). New technigues are constantly
developed, requiring new instruments to be added to the corresponding (basis)
tray types). When a surgeon leaves the AMC or a surgery technigue is not used

anymore, the obsolete instruments are usually not taken out of the tray typel(s).

Iray types contain many instruments. Tray types with many instruments may
lead to a low number of instruments being actually used. If a tray is opened, all
instruments, including unused instruments, require C&S. This leads to a fow ratic
of used fnstruments against toted €&S; it s believed that over 60% of the

instruments are returned to the C55D without being used. The exact percentage
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is not known, as it s impossible for the C55D to see how many instruments have
actually been used from the trays. To determine the exact percentage, counting
the number of unused instruments during surgeries must be performed in all
OTs at the same time. This is very time conswming and theretore not performed
at AMC, Moreover, unused instruments make a tray type unnecessary fedavy and

frconveniently arranged, Le. full,

The employees of the CS5D also suffer from tray types containing too many
instruments. After C&S, they have to make sure all instruments are in the tray;

nare instrunients make it difficult to verify whether the tray is romplete.

2.3.2.2 Size of tray types

At the time of carcying out this research, a different standard tray sive is
introduced. The old ISO standard trays are replaced by trays conforming to the

smaller DIN standard. Table 2 shows the volume of the two standard tray sizes,

[nsticument Tray  THN [dm) Volume HN {dm3] IS0 {dm)] folime 150 {tm3)
1 4320 7.2 An*TLEtn B
L 24% 25735 KN 2373125 44
Ly 1E2*25%4 1. ristiz s 2.2

TABLE S 1500 ANIY DTY STAKITARD T IAY S[VES

Sume tray types are almost impossible to transfer to DIN standard, as they are
already full; putting all those instriuments in a smaller tray type is not possible
without instruments sticking out of the tray. The trays are wrapped in paper
before sterilisation takes place, the instruments sticking out may cause the paper
to rip. When this happens, the tray cannot be used for surgery, and it must return

tir the CSSD for CES.

2.3.2.3 Three dimensional planning of storage rooms

The current storage capacity is not sufficient. Table 3 shows the numher of
available spaces and the number of stored trays per storage room. A renovation

of AMC's OT department will start in July 2008. The storage capacity will be
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increased during this renovation to be able to cope with the current total number
of tray types. Increasing the total auwmber of tray types, for example by fewer
instruments per tray type, should be as small as possible, Otherwise, the storage
capacity is still insufficient. The OT department is a closed department, so OT
department space is scarce. Theretore eluboration of the storage capavity is not

gasily pussible.

Slorage room Available spaces  Slored lrays

Slordge oo A 459 74
Slurage rown 0 216 233
Slorage oo 441 a0g

TARBLE A AVAILAEBLE SPAUCES YERSUS AVAILARLE 'TRAYS

24 CONCLUSION PROBLEM ANALYSIS, THE PERFORMANCE MEASIREES

The OT assistants remember the assigned tray types per surgery type; fewer
assigned  tray types per surgery type leads to more convenient working
conditions fur the OT assistants, OT assistants lift each assigned tray type several
times; lifting fewer tray types is more convenient for the OT assistants. More tray
types for a surgery types lead to more time for the OT assistants to prepare the

instruments for surgery, because:

# The OT assistants have to find each tray type assigned to a surgery type in
the storage rooms;
& EBach tray type assipned to a surgery type is brought to the OT, opened

{with vare tu preserve sterility), and checked for completeness,

The time of the OT assistants is scarce and expensive, so fewer tray types
assigned per surgery type is better, piven that the weight and volume of all
instruments distributed in a tray type are not higher than the maximum weight

and volume of a4 tray type.

The current capacity of the storage rooms is (already) insufficient; creating more

tray types implies that elaburation of the current storage rooms is inevitable. The
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OT assistants know the cuntents of the tray types; fewer tray types are preferred

by the OT assistants and leads to better performance of the OT assistants.

Unused instruments on a tray result in unnecessary C&S costs. As hospitals try to
reduce high costs, unnecessary C&5 of instruments should occur as few as

possible.

The performance measures, based on the problem analysis, are defined as

follows:
1. The number of tray types;
2. The number of unused instruments;

3. The average number of ussigned triy tvpes per surgery. Surgery types that
are regularly performed should have as few tray types assigned as
possible. The impact on the time of the OT assistants of putting out these
tray types is hiph, as these tray types are put out often. While sporadic
perfurmeil surgery types do not have preat impact on the time of 0T
assistants, as these tray types are only put out sporadically. Therefore, the

averape numkber of assipned tray types for surgeries is taken into account.
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3 MODEL FOR THE TRAY OPTIMISATION PROBLEM (T0OD)

We propuse u model for optimising the current distribution of surgieal instruments
over travs. This chapter Is structurad as folfows. Section 3.1 gives o formal problem
deseription of and introduces the tray optimization problem (TOP). Section 3.2

gives the muthemarical TOP moidel,

3.1 FORMAL PROELEM DESCRIPTION OF TGP

The tray optinnsation problem {TOP) consists of the assignment of tray types to
surgery types and determines the contents of each tray type, i.e. the instrument

types and the number of instruments per instrument type.

We consider the following three entities:

1. Surgery types, 5 {index s)
2. Instrument types, [ [index i)

3. Tray types, T (index t)

3.1.2 Parameters
The characteristics of surgery types 5

# Required instruments (rsi);

# Turnover per year {oc).
The characteristics of the instrument fpes &

# Weight (wi);
# Volume (vi);

> C&S costs {=;).
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The characteristics of tray fypes T:

# Maximum weight of a tray type {MaxWeight];
# Maximum volume of a tray type {MaxVolume);
# Costs for a tray type in storage (£, );

# Costs for handling a tray [23).

3.1.3 Decision variahles

The decision varialiles arc:

# Tray type contents (Cui), Le. the number of instruments of type i assigned
to tray type t;
# Tray to surgery type assignment {A:s], i.e. whether tray type t is assigned

to surgery type s.

3.1.4 Objective fumction
We define three cost aspects to minimise:;

1. Tutal number of tray types
# A larger number of tray types leads tu more storage and capital
corsts.
2. Number of instruments that require C&S ina year
# C&S more instrumaoents leads to more C&S costs,
3. Tutal number of trays that require handling time of the OT assistants

#  Handling more trays leads to more labour costs,

3105 Restrictions
We define restrictions based on the problem analysis of chapter 2:

1. The sum of the weight of the instruments that are distributed in one tray

type is lower than the maximum weight of a tray type;
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2. The sum of the volume of the instruments that are distributed in one tray
type is lower than the maximum volume of a tray type;
3. The required instruments for 4 surgery type are available for that surgery

type in the assigned tray types.
316 Assumptions
W assume that:

1. Each surgery type requires at most one tray per tray tvpe. llence, it is not
possible that a surgery type requires two trays from the same tray type;

2. Other vosts, than those stated in the objective function arc not considered,
Other costs, for example, are: inventory, holding, and maintenance custs.
AMC has not defined an inventory model, to determine appropriate
number of available trays per tray type. Moreover, the required data for
taking other costs into account lacks, such as:

# The storage costs per tray;
# The depreciation time per instruments and for tray types;
# The maintenance costs per instrument;

# The costs per instrument.

22 MATHEMATICAL MODEL FORMULATION

3.2.1 Entities
1. 5={1..k} -2 Entity of all surgery types, input;
2. 1=11.n} =2 Entity of all instrument types, input;
3 T={l.m} =>-Entity of all tray types, vutput.
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322 Parameters

Input paranmieters:

{1]o: : Turnover of surgery s for one year ;

(2]t : Number of required instrument type i for surgery type s;

Instrument type characteristics:

{3]wi : Weight of instrument type I
{4]vi : Volume of instrument type i;
{5)&; : Costs for C&S an instrument;

Tray type characteristics:

{6) MaxWeight : The maximum weight of a tray type;
{FIMaxVolume : The muximum volume of a tray type;
{B] =, : The costs of a tray type;

EIES : The costs of handling a tray.

3.2.3 Decision variahles

1. Az :Assigned tray type t to surgery type s;

1if travtis assigned (o sUrgery s
0 erlse

At,ﬁ = {

2. Cu :Number of instruments of type i in tray type t.

3.2.4 Objective function

1. Costs of total number of tray types:
(IT * )

2. Costs of instruments that reguire C&5:

(ZsLi((Ze Ary * Cf,ﬁ) * 0g) % 5
3. Costs of trays that require handling:

{ZS‘(ZIAE,S * '5'.-:) * *—'3)
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By adding these three factors we ubtain an integral costs objective function:
Min L Tow E‘l) + {E« Zi{(zr‘qr,s ¥ '{‘1[‘.1') * U.\'} * '5'2) +{ Z.\'(Zt‘qr,s * “.\'] * ER )

3.2.5 Restrictinns

1. The weight of a tray type is lepss than the maximum weight of a tray type:
Yilw; + €0) € MaxWeight V't

2. The volume of a tray type is less than the maximum volume of o tray type:
Zi(v[- + 0y ) < MuxVolume VYt

3. The required instruments for 4 surgery type are available for that surgery
type on the assigned trays type:
Fei S LelAes + £i) Vs

As defined above, the model contains non-linearity, niumely the multiplication of
Legand Ac . This non-linearity makes it impossible to simply solve the problem
by using a linear programming solver. Chapter 5 describes the solution approach

which we propose for solving the TOF.
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4 DATA GATIIERING

This chapter describes how the data is gathered from the OT department of the
AMC, This chapter is structured uy follows, Section 4.1 describes which dte is
reguired. Section 4.2 describes the resufts of the duto guthering. Section 4.3 shows
the anafysis of the gathered duti, Section 4.4 shows the performuance of the dataset,
Section 4.5 determines the cost coefficients for the TOP model Section 4.6 gives the

conctusions.

4.1 REQUIRED DATA FOR OPTIMISATION OF SURGICAL INSTREUMENT
TRAYS

Section 3.2.2 indicates the (input) parameters that arc vsed in the TOP model.

For these parameters we gather data:

7 Turnover per surgery type [o:);

# Required instruments per surgery type (rsi);

# Volume per instrument type (vi);

# Weight per instrument type (wi);

# The maximurm weight of a tray type {MaxWeight);
# The maximum volume of o tray type (MaxVolume);
# The costs of atray type (5,);

# Costs for C&S an instrument (£, );

# The costs of handling a tray (&),

4.2 OVERVIEW OF DATA CATITERING RESULTS

Data pathering in the AMC is hampered as the required data is not readily
available. The surgeons and OT assistants knew the required instruments per
surpery. As the stock-taking of the required instruments per perfurmed surgery

type (about 1700 surgery types in 2007') takes too much time tor the scope of

" Source: The patient plan of 2007



Optimisation of the Distribution of Surgical Instrument over Trays

this research, we choose to optimise the distribution of instruments over trays

tor a selection of the tray types. This selection constitutes our dataset.

4.2.1 Selection of tray types for the dataser
One tray type, the big basis tray, causes most of the problems in the OT
department of the AMC. This tray type causes problems for transfurming tu DIN

size. Moreover, this tray is mentioned by each expert as problematic, because it

contains many unused instruments, is heavy, and inconveniently arranged.

The big busis tray contains 107 instruments and is used 2538 times per year. The
big basisy tray is used for the surgical services: orthopaedic surgery,
traumatology, general surgery, vascular surgery, obstetrics and pynaecology, and
urvlogy. The use of the bip basis tray for the surgical services traumatology and
orthopasdic surgery is outside the scope of this research, as these surgical
services deal with a high level of uncertainty about which instruments are
required for surgery. Moreover, a new tray type has been introdoced for these
surgical services, the orthopaedic basis tray, which resulted into using the big

basis tray sporadically,

We choose to optimise the bip basis tray with all other tray types that are used in
combination with the big basis tray for the surgical services: general surgery,
vascular surgery, obstetrics and gvnaecology, and uvrology. The accompanying
tray types are only used in combination with the big basis tray, with one
exception: the ymafl busiy truay that is also used for other surgery types without
using the big basis tray. Table 4 shows the tray types and surgery types that are

part of the dataset,

The entities arc defined as follows:
# Surgery types = [1.15}
# Instrunient types - {1.239}

# Tray types [current) = {1.12}
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Example vf surgery per group

Reyuired Lrays

Specially

Tournuver

Laparvsvope ainsll surperies

Mamma

Relaparatamiy

Whipple

Procso vcolectorie

Qesaphagus ~esection

Abdognins] racical wlerusexlivpraie

Lorcale wxcise vulva

Alduminal uterusexstirputie

Cryovoaglatie

Urethra Tmplant

Orchidectomie

Erdarsoreetiamise

Eiduey Lsnsplant

Araela il

Big basis Lray
Bir basis tray,
siall basis Lray
Biz basis traw,
abdurzainal Lray
Dy basis Lray,
ubdominal tray,
Live ray

Biz basis traw,
abdominal Lray,
e tray

Big bazis tray,
abdominal Lray,
tharos bray

Big basis Lray,
Woertheim tray,
Svmaeoogy ey

Big bas.s Lray

Biz basis traw,

Orvmaecology ray

Bir basis tray
Biz basis traw,
urology tray
Big basis tray
Biz basis tray,
vascalar 1ray,
riiers was e lar
ay

Oy basis Lraw,
vascalar Ieay,
micoo vascuwlar
Lray

Big basis Lray,
vascular try,

ARCUrYS L fray

Generdl surgery

General surgery

General surgery

General swgery

General surgery

General surgery

Ohbsletries a el
Svnaecslegy

Obsletrics 4.
Svnaecalogy

Obstetrics aad
Svnaecslegy

Urelogy

Ura gy

Urelogy

Vascular surgery

Vasoular surpedy

Vasculal sulgery

A20
10t

444

193

206

ad

16

75
B2

Q1

100

TARLE L NMATARET FOR THE 071 NEF
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4.22 Turnover per surgery lype

The patient plan contains different surgery names for the sume surgery type, as
surpeons are free to use any surpery name for the surpery they are going to
perfurm. We use expert opinions, of the OT assistants, to indicate which surgery
names from the patient plan belong tu which surgery type. From the patient plan
the turnuver per surgery type is determined. Table 4 shows the turnover per
surgery type.

4.2.3 Required instruments per surgery type
The required instruments per surgery type are determined jointly by the OT
assistants and surgeons. Starting with the surgical service general surgery, we
asked three experienced (senior) OT assistants of this surgical service to indicate
the required instruments per surgery type on the tray tvpe {ists, .o, the list with
the contents [instruments) distributed in the tray type. It turns out that the
instrument names on the tray type lists are not the samc as the instrumcent
names that are used by the surgeons during surgery. The OT assistants doubted
about which instrument types from the lists were required for the surgery types.
T'herefore, the gathered data concerning the required instruments per surgery is
not reliable whoen the trav type fists are used. The OT assistants showed big
differences in the required instruments per surgery type; they uonly

corresponded for approximately 70%.

We decided to open all the required tray tvpes for each surgery type and again
asked all three OT assistants, to indicate the required instruments per surgery
type. At this point, the OT assistants took each instrument type from the tray
types and discussed with each other whether and when this instrument type is
used. Sometimes the OT assistants did not agree about the reguired instruments;
we consider these instruments to be required for the surgery type. The stock-
taking of the required instruments for the other surgical servives are performedl

in same way as for peneral surgery.
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We also asked the surgeons to indicate the reguired instruments per surgery
type. At least one OT assistant attended these meetings to help the surgeon, as

[most of) the surgeons find it hard to indicate what they require for which

surgery type.

The required instruments determined by the OT assistants corresponded for

more than 25% to the required instruments determined by the surgeons.

4.2.3.1 Example required instrumenkts per surgery ype

The available instrwments per surgery type are sometimes more than twice as
many as the reguired instruments per surgery type. An example is given in
picture 10, it shows for two surgery types the available instruments in the big
busis tray and the required instruments for these surgery types from the big basis

treiy.

Big Basis Tray

Required instruments for Required instruments for
Laparoscopic small surgery Abdominal surgery

PLOTRE TR TRSTHUMENTS M BIG BASIE THAY VYERSIS HEAEDR TYSTRITMSMNTS FOR
SIHRGERY

P, N
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4.2.4 Volume and weight of instrument

Characteristics of instrument types are not available at all. This data is availahlc
at the supplier, but as the OT department is currently searching for a new
supplier, it is not possible to ask this data'? Assumptions are made about the
characteristivs of instrument types. The maximum volume and weight of tray
types are not based on the actual weight or volume of the instruments
distributed in a tray type. The assumption is made that each tray type may only

contain a certain maxinnun number of instruments.

4.3 ANALYSIS OF THE DATASET

The contents and turnover per tray type of the dataset are stored in a databasc
by the C55D. This section describes analyses of the dataset for the surgical
service general surgery, analysis the obsolete instroments distributed in all the

tray types of the dataset, and determines the performance of the dataset.

1.3.1 Analysis of the dataset for the surgical service geneval surgery
The surgical service Generaf surgery uses tray types from the dataset for various
surgeries, as is seen in Table 5. This table alse shows the number of required

instruments per surgery tvpe, the total number of available instruments, the total

unused instriments per year, and the percentage of unusced instruments.

For this surgical service, each year 101,260 instrumoents are cleancd without

being used.

'2 Source: A.S.N. Vernooij
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Surgery Required Available Unuseld Unused %
Lapavosvepic sinall surgeries 20 HI7 [B2*325=) Zo.o50 i
Marma's L4 179 {1257 19=] 2375 L2
Relaparotamie Mnn 147 (5374401 26,451 407,
Whipple 107 1495 {A8F193-] oAk 15%;
Provtolvcolectomie 103 1ad {BhF206-] 13330 1100
Desophagus resection 115 2012 {87=50-] i, i) 43,
Tulal 492 a0 101,960 519

fARLE S RTOCIRRD IMATRIMTNTS VERAIS AVAILAGBLE THRTRTIMTNTS

4.3.2 Obsolete instrumenty in dalaset

Table & shows the number of obsolete instruments per tray type for the entire
dataset. The percentages are striking as these instruments are never used for any
surgery type. These instruments are brought to the C55D for C&S, repaired {by
the supervision medical aids department) when broken, and replaced when

missing all for nothing. The average of obsolets instruments per tray type is as

high as 21%, for the selected dataset.

The small basis tray is not taken into account in this analysis as this tray type is
also used for other surgeries in combination with other tray types than the big

basis tray.
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Tray Type Tolal insirumenls Tolal ubsvlele inslrumenls 2 obsolele

Big basis tray 7 14 13%:
Necy trony 21 A 100G
Abcloringl Lray 401 ] Bk
Liver tray 43 26 540
Thirrax tray T4 22 H594%
Werlzien Ly 32 & T4
Cynaecelogy tray i) 5 134
Trology bro 22 4 13%:
Bl irer wascular Lray 14 1 1114
Vascular tray fall | 185
ANEUryELTL Ly 211 ] 1534

TAHLE e (RHAOLETHE TNSTRUMERTS PER THAY

One of the obsolete instrument types of the big basis tray is the Matthisu needle

holder. One of the OT assstants told ws:

“t often throw the Matthieu needie holder in the frash bin, us it i not used by
surgeons anymore, offy one surgeon sometimes asks me If T ean give it to

him, hut then | tell him that we do mot hove this instrument anymore”

This instrument tyvpe is obviously ebsolete, but when OT assistants throw them
in the trash bin, they are replaced by the supervision medical department, as the
CS5D must complete the tray before it is sterilised and taken back to the storage
rovom. Moreover, replacing missing instruments takes time, as the C55D has to
bring the entire tray type to the supervision medical department, and this
department needs some time to retrieve a new instrument. All this time the tray

is not available for any surgery.
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4.4 PERFORMANCE OF DATASLET

Table 7 shows the performance of the current situation.

Perlurmance measure Correnl distrihulion

The Lalal nwober ¢l lvavs 12
The average required travs per surgery 23
The waused percentage A5
Mt her el nnused inslrnnenis 1h49,4845
The averige number of instruments in 2 fTay per tray 435
The masimal number of Instruments i 4 tray M7

FAPLE 7 COMPARING CORRENT ARD BEW CONFISUZATION

The unusetd percentage of 469% dees not imply that the unused percentage of
60% mentioned earlier in this report is incorrect, because the 46% assumces that
all determined instruments are required for ecch surgery. For example when a
certain pair of tweezers is required only rarely for a certain surgery, the 46%
implies that the number of unused instruments for this pair of tweezers is zero,
while actually it is more than zero, as it is not always required. The 60% does

talie these instrumoents as unuscd into account

4.0 COSTS CORTFFICIENTS

The following input parameters of the cost coefficients, defined [n chapter 3 are:

1. Costfor one tray type
2. Costfor C&S one instrument once

3. Costfor handling a tray once

The cost for one tray type is hard to determine, as this cost aspect does not take
the number of trays per tray type into account. The average number of trays per
tray type is approximately 2.5 trays. The costs for one tray is on average
approximately €4,000. We assume that the cost for one tray type is the average
number of trays per tray type times the average cost per tray. Hence, the costs
are €10,000 per tray type. Sensitivity analysis is performed on the value of this
cost aspect in chapter Q.

~ 45 ~



Optimisation of the Distribution of Surgical Instrument over Trays

The cost for C&S vne instroment is 1 euro; the CS5D determined this price.

The cost for handfing one tray once for a surgery type is based on the time it takes
for an OT assistants to prepare one tray type tor surpery. This time s for finding
the tray type in the storage room, bringing it to the OR, preparing the
instruments for surgery, bringing the tray type to the room from which the C55D
picks up the used trays, and for putting the tray types back into the storage room
after C&S it. We estimate the vosts for handling one tray type once to be

approximately 20 euro.

4.6 CONCLUSION DATA GATHERING

The required data for the TOP meoedel is not directly available in the OT
department of the AMC.

The characteristics of surgery types are determined by the OT assistants and
surgeons together, Striking is the high coincidence, more than 95%, between

surpeons and OT assistants about the required instruments per surgery type.

Striking about vurrent distribution of instruments over trays is the high number

of ubsolete instruments per tray type; the average is 21% per tray type.

The characteristics of instrument types are not available at all, the assumption is

made that tray types may contain a maximum number of instruments.

The cust coefficients tor the objective function of the TOP model are:

1. Costfor one tray type CE10,000
2. Costtor C&S onc instrument once 1 €1
3. Cost for handling a tray once 1 €20
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5 SOLUTION APPROACII

This chupter is structured as folfows. Section 5.1 shows the simufated anneafing
wlgorithm, which we propose for salving the TOP. Section 5.2 describes the software

implementation.

D21 SIMUOLATEDRD ANNEALING

TOP contains set covering as a sub problem. The set covering is NP hard |19].
Hence, TOP may also be considered NP hard. A formal proot is outside the scope

of this report.

NP hard C.0. problems are generally solved heuristically, A constructive heuristic
first generates a feasible solution, and a local search heuoristic is then often used
to impruve that solution iteratively. & so-called neighbourhood structure defines
the neighbour selutions’ (a.k.a. ‘swaps’] of the initial sulution that are obtained
by altering the initial selution in a predefined way. Local search heuristics
evaluate such neighbourhood solutions guickly, and use the computer’s
computational power to evaluate many candidate solutions in little time, As a

result, improvet solutions are often obtained gquickly.

The main advantages of local search methods are their peneral applicability and
flexibility. A disadvantage is that they are heuristics, Le., they may not find the
uptimal selution. The risk of sub-optimality is reduced by choosing a method that

can escape from a lecal minimum. Simulated annealing is such a method.

We choose to use the simufated aaneafing (SA) algorithm as a local search
method, Appendix B gives the formal description of SA algorithms and provides
background informativn about the algorithm. A strong feature of the SA
algorithm s that it does not rely on the choice of the start solution, ie. the
algorithm’s performance is regardless of the initial solution. A typical feature of
SA [s that, besides accepting impruvements in costs, it also accepts deteriorations

in costs, These deteriorations are often accepted in the beginning of the
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algorithm and are less often accepted as time passes. [n the end no deteriorations
are dccepted anymeore, and SA then works as a stegpest descent local scarch
method, which only accepts solution improvements. This featurc makes it

possible for SA to escape, to some extent, from local minima.

SA requires an initial solution and a neighbourhood strocture, These are defined

in the following subsections.

The only requirement of the initial solution is that it is a feasible solution. As
stated before, the algorithm is not strongly dependent on the initial solution;

therefore a simple heuristic is used for finding a feasible initial solution.

This heuristic proceeds as follows, Create tray type(s) fur each surgery type. We
first determine the minimum number of required tray types fur a surgery type,
depending on the weight and volume of the required instruments for this surgery

type. Then we fill the tray types with all reguired instruments for this surgery

type.
5.1.2 The neighbourhood stvuctuve
Tu move from the current solution to a neighbourhood solution we may choose

une of the following points of view:

# The tray tvpe podit of view aims to minimise the number of tray types, has
Little influence on the used instruments, and no influence an the total used
tray types;

& The surgery type point of view aims to minimise the used instruments and
the total used trays, and has ne influence on the number of tray types;

# The instrunient tvpe point of view aims to minimise all aspects in the

vbhjective value,

~ 48 ~



Optimisation of the Distribution of Surgical Instrument over Trays

In the fellowing subsections 5.1.2.1 to 5.1.2.3 we describe our neighbourhood

generating mechanisms within these three points of view respectively. [n

subsection 5.1.3 we describe how we select a neighbourhood generating

mechanism in cach iteration.

D127 Prow Tvpe point of view:

Pick one random tray type and put all the instruments of this tray type in
new individual tray types;

Pick two random tray types and put the overlapping instrument types, the
maximum nwnber of instruments contained in one of the two tray types,
in a new trayv type. Delete the overlapping instrument types from the
randomly picked tray types;

Pick two random tray types and merge them entirely. The new tray type
containg the maximum numbor of instromoents contained in one of the two
tray types. The merge is unly performed if the volume or weight does not
exceed the maximum volume or weight of a tray type;

Pick two random tray types, A and B, and put overlapping instrument
types in tray type A Delete the overlapping instrument types from tray
type B. The maximum number of instruments from tray tvpe B is only put
in tray type A if the weight or volume does not exceed the maximum
volume or weight of a tray type;

Randomly pick a tray and copy the entire tray; all the instrument types,

number of instruments per instrument type and the assigned surgery

types.

D122 Surgery type paint of view

Pick random une surgery type and put the required instruments in as few

as possible (new] tray type(sh
Pick random one surgery type, if this surgery types requires more than

one tray type, than randomly pick two tray types and merge them entirely.
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The merge is only performed if the volume and weight does not exceed
the maximum volume or weight uf 4 tray type;

# Pick random one surgery type, if the reguired instruments fit in one tray
then create a new tray type four this surgery type with all required

instruments.
51.2.3 Instrumenl Ly pe painl al vigw

# Tor all instrument types check if they are used for more than one surgery
type. If the instrument type is only used for one surgery type, than create a
new tray type for this surgery type with all required instruments that are
only used for this surgery type. Delete the instruments of the new tray
type(s) from all other tray types;

# Create o new tray type, and put the instrument types that arc used for
muost surgery types in the new tray, the number of instruments per tvpe is
the maximum used per surgery type, unfil the tray is full (volume or
weight restriction);

& Create a new tray type and put the instrument types that are distriboted
in most tray types in the new tray type, the number of instruments per
type 15 the muximum that is distributed in the tray types rontaining this

instrument type, unit the tray is full (volume vr weight restriction).
513 Seleclion of neighbourhood generaling mechanism

In each iteration we randomly select one of the neighbourhood generating
mechanisms described in subsections 5.1.2.1 to 5.1.2.3. Subscotion 6.2.2 shows
the result of an experiment that determines the success ratic per swap type, i.e.

point of view.

During the SA execution empty or obsolete tray types may be found. Also tray
types may contain uvbsolete instruments and tray types may be assigned to a
surgery type that does not require any instruments distributed in that tray type.

We dispose of these tray types and instruments.
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52 SOFTWARE IMPLEMENTATION

This section describes how the 5A algorithm is implemented in the program
TrayOptimisation. Subsection 5.2.1 describes the data structure that is uscd.

Subsection 5.2.2 explains the simulated annealing parameter setting.

01217 The data structure of TravOplimisalion

The reguired data for the optimisation of trays s stored in a Microsoft Office
Aceess database. The TOP model and the solution approach are implemented in
the program TrayOptimisation Borland Delphi 7.0, TrayOptimisation loads the
initial solution from the database and saves the now solution in the database as a
new configuration, in the table TrayConfiguration. Fipure 5 shows the database

structure.
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FICTIRE 5 NATABASE STRUCTHAE

The lines in the database structure {Figure 3) define the relations between the
differcnt tables and cross tables, When lines have a 1 or e symbol it means that
the relation is one or oo, if theres is not a symbal then the relation is o both ways.

The lines are interpreted as follows:
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A

(s

Each surgery type requires one to infinite many instrument types,
and a required instrument is used for one to infinitely many surgery
types;

Each instrument types is required for one to infinitely many surgery
types, and the required instruments contain each instrument type
one to infinite times;

Each surgery requires one to infinitely many tray types, and each
tray type can be used tor one to infinitely many surpery types;

Each instrument type is une to infinitely many times distributed into
a tray type, and each tray type contains one to infinitely many
instrument types;

Each surgery type can enly require a certain tray type once, and a
tray type can be used tor one to infinitely many surpery types;

A tray type can contain one to infinitely many instruments, and the
contents of one tray type can only belong to one tray type;

One configuration contains infinitely many tray types, and a tray

type can enly belong to une configuration.

In order to apply the SA algorithm the various parameters must be determined

that specify the cooling schedule, backpround information abouat the cooling

schedule is provided in Appendix B. The values of these parameters can have a

significant impact on the algorithms eftectiveness, Unfortunately, there is no

procedure to determine an optimal cooling schedule. We use an empirical

procedure and guidelines from the literature |14/,

The tollowing parameters are used in the SA algorithm:

& Start temperature {1000), the initial temperature is chosen such that the

initial acceptance ratio is sufficiently high to gencrate random walks in the

initial phase of execution;
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F Decrease fuctor (0.99), length Markov Chain (150}, and fower bound
temperature (.5) are chosen such that the 54 converpes after

Approximately one hour.
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6 COMPUTATIONAL RESULTS

This chupter describes the resufts of the experiments with the software
implementation of the proposed method, TravOptimisation, for the dutaset of the
OT department of the AMC This chupter (s structured as folfows. Section 6.1
describes the design of the various experiments that are performed. Section 6.2
shevws the results of the experiments. Section 6.3 gives u discussion of the resufts of

the experimerntts. Section 6.4 gives the concliusion of the results,

0.1 EXPERIMENT DESTGHM

Beture optimising the TOP for the dataset, we first perform a few experiments.

In chapter 4 we made estimation for the value of the cost per tray type (). The
first experiment is sensitivity analysis on this cost parameter. The cost parameter
is assumed to be €10,000 we analyse what happens to the solution if this value

[slightly) differs.

In chapter 5 we defined the neighbourhood stracturs, three swap types, i.e. point
of views, are defined:

1. Instrument type point of view

2. Surgery type point of view

3. Tray type point of view
We perfurm an experiment to determine the suceess ratio per swap type, i.e. both
the number of times that this swap type is accepted and the number of timmes that

this swap tvpe leads to a new best solution is determincd.

In chapter 4 we explained that the characteristics of instrument types are not
available in the OT department of the AMC., We assume that the number of
instruments distributed in a tray type indicates whether the volume and weight
restrictiong are met. The value tor the masximum number of instruments ino a tray
hh
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type (M) is estimated. In the dataset the value for M iz 107 instruments,
distributed in the big basis tray. This tray tyvpe s too heavy and inconveniently
arranged, so M should he chosen such that it is smaller than 107, The CS5D
claims that about 60 instruments per tray type is the optimal value'. We chose
to perfurm experiments with the values for M between 50 and 110 instruments,
with an interval of 5 instruments. We also perform an experiment for the current
value of My and compare the solution to the solution of the current distribution,
After these experiments the value for M; is determined, based on the experiments

and un the input frum the CSSD.

The dataset defined in subsection 4.2.1 is optimised. We use the following

attributes and parameters.
n.1.2.1 Attvihutes
The entities, defined 10 subsection 3.1.7, are ax follows:

# The number of surgery types {8) is 15 - {1..15}

# The number of instrument types {I]is 239 = {1.239}

# The number of tray types (T) is zeru, as this is an output of the TOP model.
Currently the number of tray types is 12 = {0..0}

65.1.2.2 The cost cocllicienls Tor the objective Tunclion

The fullowing cost ceefficients, determined in section 4.5, are wused in the

ubjective function:

# Costofoune tray type (&) : £10,000
# Costof C&S one instrument once (&, €1
# Costof handling one tray type once (&) (€20

'3 Source: H.Lingeman. Synergy healthcare is a big C&S company with department in many hospitals
in the UK. The number of instruments per tray type is based on the experiences of Synergy
healthcare in the UK.
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The value of the objective function is: the number of tray types * &+ number of

used instruments * g, + number of handled trays *es.

6.1.2.3 The cooling schedule Tor simulaled annealing

The following cooling schedule, determined in section 5.2.2, for simulated

annealing s used:

# Start temperature = Tehd)
# Decrease fuctor =99
# Aength Murkov Chain =150

# lower bound temperature =205

0.2 EXPERIMENT RESULTS

ensitivity analysis for value of

The value for 2, 15 varied hetween €7,500 and €12,500 with an interval of €50,
The value fur M iy not determined yet, so we assume it to be 60, as the CSSD
claims that this is the optimal value for ;. Tahble B shows the results for the
various valoes of ). The number of tray types does not show an unexpected high

increase or decrease for small changes in £, We use the value of €£10,000 for 2.
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Epsilon1l  ff Tray lypes

ThIM 19
3D 1i
2500 14
kD 14
asnn 141
10000 17
1500 T
TLan 14
11500 141
12000 T4
12500 Tix

TARLE R RESULTS UF SENSTTIVITY AKALYSIS FORE,
6.2.2 Success ratio per swap type
Table 9 shows the success ratio per swap type. The scoond column shows the

ratio of accepted swaps, the third column shows the ratio of swaps that led to the

hestsolution so far.

Swap lype Nulaccepled  Accepled Bestsolulivn so far

Tray Lypre painl al vievw BT 2A3M TEkep ATy
Surgery type point of view 40,07 L 000
Instrument tvpe peint of wiew 10 11945 11.0% 11.0%

TARLE S RICCESS BRATIH PER SWAF TYIE

[rom this table we may conclude that the swaps of the instrument type point of
vicw do not influcnce the solution at all. This swap type is not ased for
determining the hest solution. The tray type point of view is the only swap type
that leads to new best solution so far, but the swaps are often (77%) not
accepted, The surgery type puint of view s more often accepted then the tray

type puint of view, but does not lead directly lead to a best solotion so far,

6.23 Delermination of value for My

Table 10 shows the results of the experiments with various valoes for the

maximum number of instruments per tray type.
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The objective function decreases as bi increases. Figure 6 gives a clear view of
this decrcasc. If M increases more instruments may be distribated per tray type.
Increasing M gives more possibilities for minimising the objective function.
When M is small the number of instruments per tray type is low, because it is
limited to M If M is high than the number of instruments per tray tyvpe is
probably high, but it may alsu be lew if that gives a better solution. Hence,
increasing b, gives the program more flexibility for minimising the objective

function.
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M, f Lray Lypes finslrnmenls nserd 1 Lrays used  objeclive value
Tl 22 27N EREA HREISE
Lh n g 4297 499154
&l 14 220535 4217 434895
A5 7 207274 T3 4008574
Al 16 2{11444 IG5 4535919
75 17 2122R5 7RG A573A5
rill 14 22047 7L 4470117
A5 14 22MAT M A3T1A7
91 11 LN 200G 411N
a5 I 220074 122 F99nNA

10l 11 2N 1224 22200
105 11 215495 27149 FRORTS
107 1 226243 27149 3B0R23
1110 10 22%1 %04 2719 3TFR1G
TARLE 14 RESULTS ObF 141 MOVNED FOR YARIOUS VALUES O0F MAXTMUM

ITNSTEUMENTSY PER THAY TYIPE

Objective value

5500aC

5CO00C \

45300C ——,

400000 \

e —

Objectlva valua

2500aC

51 55 63 B5 V3 75 BO 8BS 890 895 100 105 19¥ 11C

Maximum number of instruments per tray type

FICDRE & OE[ECTIVE VAL WITH VA TS YALHES FORL MAXIMITM KITMBER
THSTANMENTS PER THAY TYPE

The influence of the maximum number of instruments per aspect of the objective

value s shown in the fullowing charts,
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# Tray types
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FIGIDKE 7 1qPPACT OF MAYXITYHY MITWEES OF THYTRITCER'TS O MUMEERR OF

THAY TYIPES

Fipure 7 shows that the number of tray types decreases as M increases. When M,

increases, i.e. more instruments may be distributed in a tray type, less tray types

are required, as the required instruments per surgery type tit into less tray types.

# Used instruments per year
)
g 240000
=
¥ 235000 N\
& /\
o 230000
£ /\
% 235000 /N N
E 220000 A /\/ \ /
& ~_ ~\ / ~
£ 21500 N g \ /
T 310000
o) \/
2 05000
o
200000
£ 195000
Z 190000
B0 55 &0 &5 70 5 BQ 8BS 80 &5 0D 105 107 110
Maximum number of instruments per tray type
FICDRE S 1 PPACT OF MAYXITYHY MITWEES OF THYTRITCERTS O MUMEER OF

TREAY TYTES

Fipure 8 shows that the number of vsed instruments fluctuates as the maximum

number of instruments per tray type increases. This chart indicates that the

number of used instruments may increases significantly it the number of tray
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types reduces by one or if the number of used tray types decreases. The cost for
C&S une instrument is very low compared to the other two cost factors, therefore
detericrations in used instruments are easily compensated if one of the other

twa cost aspects improves.

# Used tray types per year

eb0d

5000

4000 \
2000 e——

Mumber of used tray: per year

N——
2000
1000
a
5 55 BC &5 72 75 B0 BS g g5 190 195 107 114
Maximum number of instruments per tray typea
RO REE TMPACT OF MASIMINY HITWBEER OIF INSTRUMENTS OO KUMEER QJF 1H5EDN

TREAY TYTES

Fipure 9 shows that the number of used tray types decreases as the maximum
number of instruments per tray type increases. More instruments are distributed
in o tray type, so the required instruments per surgery type fit in fewer tray

types, so fewer tray types are required per surgery type.

0.3 DISCUSSI0ON EESULT

According to the CS5D, the maximum number of instruments should be around
60. The chart, of the objective value, shows a high decrease from 60 -65 maximal
instruments on a tray type. We chose the maximum instruments on a tray type to
be 65 instruments. Table 12 shows the tray types, the nombor of instruments
distributed in each tray tvpe, and the assigned surgeries per tray bype. The

surgery types are nuwmbered as indivated in Table 11,
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1 | Laparoscapic small surgeries 4 Akdominal uterusextirputie
2 Mamma 4] Cryocoagulatie

3 | Reluparotomie 11 Urethra Taplant

4 Whipple 12 Mrehidectamie

5 | Prowsncaenloctomin 13 Endartenectomise

& | Desopkagus resection 14 Kidney transplant

7 | Akdemical rodical uteras extirpatie 15 Anrta iliae

H o Lewale cxcise vulva

TARLE T KUYMEER PER SUEGERY TYPRES

Tray lype  #insloumenls  Surpery Lypel(s)

1 f 1

2 L 3

3 L3 4

4 bl £k

& 2 7.0
a Lo 11,15
7 b 210,12
5] &5 i

4 &4 13,15
10 LY 13
11 f
12 23 2
13 fah #
14 Zl 1
15 a4 14
15 fil 14
17 R5 11,15

TABLE 12 SOLUTION OF TOR MOTEL

6.3.1 Cost reductions after organisational implementation of new tray types
Table 13 compares the current solution with the best solution and with the boest

solution with maximum instruments per tray type of 107, the current situation.
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mux ft imslrumenls in sy ff Uy lypes  F used inslrumenls fosed leays objeclive valoe

iah 17 206474 IR 454574

107 10 226247 27149 80627

Curreat situation {207 12 357R99 E11s CR02349
TARLE TR COMPARIGON CIHHRREKT AND OTST SOLUTTON(E]

The possible cost reduction are approximately (580259 - 453374 =] €125,000

DeT VeAr.

6.4 CONCLUSIONS COMPUTATIONAL RESULTS

The experiments performed to determine the success ratio per swap type shows
that the instrument type point of view is not used for finding the best solution.

Moreover, only the tray type point of view gives best solutions so far.

The maximum number of instruments per tray type influcnces the best solution.
An increase in the maximum number of instruments per tray type leads to
decrease of the objective value. We rhoose the maximuom number of instruments

per tray type to be 65.

The computational results show a significant improvement compared to the
current situation. The best solution gives possible cost redoctions of at lcast
£125,000 per year, on only a fraction (12) of the total number of tray types (550)
in the OT department. It is expected that applying this method to the entire tray

inventory can lead to cost savings up to millions of Euros.

~ o ~



Optimisation of the Distribution of Surgical Instrument over Trays

7Y ORGANISATIONAL TMPLEMENTATION OF NIEW TRAY TYPLS

This chupter deseribes the implementation strotegy for introducing rew tray tvpes
and proposes using the continuous improvement method for continuous
improvement of the contents of truy types. Section 7.1 describes the strateqgy for the
implementation of new truy types. Section 7.2 describes how continticusly
improvement of the contents of tray types is possible, Section 7.3 gives the

conclusion about the implementution.

1 IMPLEMENTATION STRATEGY FOR NEW TRAY TYPES

The implementation involves the use of managerial, administrative, and
persuasive abilities to ensure that the chosen alternative is carricd out. The
ultimate success of the chosen alternative depends on whether it can be
translated into action. Employee resistance to change is often the cause of tailing
tin translate the best alternative into action. Force field analysis is a tool to help
analyse the change forces. It assumes that change is a result of the competition
between driving and restraining forces. As restraining forces are reduced or

entirely removed, behaviour will shift to incorporate the desired changes | 7]

This section is divided into two parts. Subsection 7.1.1 explains the reasons for
emplovee resistance. Subsection 7.1.2 describes force field analysis and shows
how this is used for the implementation of new tray types in the OT department.
Subsection 7.1.3 describes the implementation of the first new tray type in the

OT department of the AMC.
7.1.1 Reasons for employee vesistance (7]
“The best procedure befure implementation of the best alternative is not to ighore

the emplovee resistance, but to diugrose the reasons and design strategies to gain

acceptunce by the users” (DL Barton amid L Deschamps, 1988).

~ G5 ~



Optimisation of the Distribution of Surgical Instrument over Trays

Surgeons are afraid of losing their power about the available instruments during
surgery, for example fear exists for standardisation. Currently, the surgeons
decide which instruments they want to use. As a result, for example in the
surgical service gynaecology, each surgeon prefers its own  instruments.
Therefore many, almost the same, instruments are available at each surgery,
which are unused for mest of the time as only one surgeon uses these

instruments.

7.1.1.1 Lack ol understanding and Lrust

“tmployees often do not understand the intended purpose of u change or distrust

the intentions behind it”

Fortunately, the OT assistants understand the intended purpose of changing the
current contents of trays. They are happy about the better working conditions as
a result of the new configuration. Sume of the surgeons in the OT department of
the AMC distrust the intentions of changing the contents of the trays. The past
yveurs various projects have started to reduce costs, most of these projects fail or
make the working conditions worse. Theretore one of the surgeons of the AMC

literally said:
“If this is u project to reduce costs, than T will not cooperate”
7.1.1.2 Uncertainty

“Uncertainty is the lack of information ahout future events; it represents a fear of

the unkonown™

Fear exists among OT assistants and surgeons for unavailability of trays and
instruments during surgery. The current contents of trays are not optimal, but
they koow which instruments are available on which tray types If a tray s
unavailable, which happens regularly, they know where to find other trays that
contain the required instruments. When a new configuration is implemented,
fear exists of missing instruments in required trays, unavailability of required
trays, and not knowing where to find required instruments it a required tray is
~ B ~
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unavailable. Moreover, unavailability of required instruments, leads to cancelling

SUrEery.

ield Analysis

Force field analysis is 4 tool to help analyse the change forces. Change is a result
of the competition between driving and restraining forces, Performing the force
field analysis starts with making a force feld diagram that contains the

restraining and the driving forces {Figure 10).

Driving forces Restraining Forces
Impravemernt working Fear for unavailable
corndifions instruments duririg Surgery
e -
Impravernent cost- Fear far losing power
effectivenass (standardisation)
> -~
Betfer patient care Listrust of intentions
fmvesfments in new
instruments/trays
-

MNew distribution of instruments over trays

FIol'ME 13 FORCE FIZLD DIAGERAM

The following step is to reduce or remove the restraining forees; various tactics
exist for reducing employees’ resistance. The investments in new trays and or
instrument are reduced by proving that the gains in the near future are higher
than the reguired investment at this moment. The following tactic, participation

[23], s used to overcome the resistance of 01 assistants and surgeons.
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7.1.2.1 Participation

OT assistants and surgeons are both asked to participate in determining the
reguired instruments per surgery. This is a time-consuming approach, but the
fear of Instrument unavailability during surgery significantly redueces. A
drawback of the participating approach is that both OT assistants and surgeons
want more instriments than actually required, as safety stock. In the future, the
required instruments per surgery must be re-evaluated and when possible
adjusted. For now, it can be seen as a nepgotiation about reducing the resistance
by allowing more instruments than actually reguired. The OT assistants are
educated in using the new tray tvpes by the participating 01 assistants. During
business meetings, new travs are shown and explained. The introduction of new
trays should be a slow process, meaning that not all trays are changed at the

same time, but only one to a few per time unit, for example each two weeks.

At this point the driving forces outweigh the restraining forces; behaviour will
shift to incorporate the desired changes, The contents of the tray types can be

changretl.

ray Lype in Lhe

mplemenlalion Tirsl new

7.13 L department of the AMC
We introduced one new tray, the “Struma tray”. The required instruments for
surperies requiring this tray were discussed with three OT assistants and the
surgean that performs most of these (struma) surgeries. The tray type has been

successtully implemented; currently three struma troys are used in the OT

department of the AMC.

Befoure this new tray, two trays {of which one is the big basis tray] had to be put
out for the struma surgery. Now unly one, conveniently arranged, tray type, the
Struma tray, has to be put out, which significantly improves the working
conditions for OT assistants. This hig basis tray is no longer required for this
surpery, but is still required for all other surgery types mentioned in Table 4,

chapter 4.
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The costs savings, for C&S, are also high as only 61 instruments require C&S
when this surgery is performed {192 times in 2007), instead of 182 instruments
in the old situation. As the C&5 costs per instrument are approximately 1 euro,
the savings in C&S costs amount to almost 25,000 euro per year, as a result of
creating this new tray tvpe. The trial struma tray is used for six weeks, after

which three struma trays were drawn up.

PICTHRE IX CARTICITATION OF OT ASSISTAKTS

.20 CONTINUQUSLY IMPROVIMNG THE DISTRIBUTION OF IKSTRUMENTS
OVER TRAYS

The required instruments per surgery type are changing constantly, also the
surgery types change repularly. Each week new instrument types are introduced
in the OT department of the AMC. Thercfore, we think that a continuous focus on
the subject of distributing surgical instruments over trays is important. To
achieve such a continuous focus we recommend using the continoous

improvement method.

7.2.1 Continuovus improvement (Kaizen) [24]
It iy not the rute of improvement which is important e continuous iImprovement; it
is the momentum of improvement. The siccessive improvements may fe small as
fong us some kind of improvement takes ploces every month, week, guarter, or
whitever perioid is uppropriiite.
~ B9 ~
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Continuous improvement is the idea that improvement can be represented by a
never-ending process of repeatedly guestioning and re-guestioning the detailed
working of a4 process, In our case the performed surgery types and the required
instruments accompanying these surgery types. This cyclic nature [s summarised

by the idea of the Plan Do Check Act (PDCA) improvement cycle:

# Plan — analyse the required instruments per surgery type and
compare this to the available instruments per surgery type. The program
TrayOptimisation determines new optimal distribution for tray types. The
output is a plan of action, the new tray types, for improving the
distribution of instruments over the tray types. This does not imply that all
surgery types and all tray types should be improved at once; more realistic
is the idea of impreving part of the distribution each month (or whatever
time period is workable).

# Da = implementation of the new tray types, the implementation
should take the aspects explained in section 7.1 into account. For example,
toree field analysis should be performed.

# Cheelk = the new tray types are evaluated and the realised
performance improvement is compared to the expected iimprovement.

> Art — if the new trays are successful, then the new tray types are
no longer seen as trial trays, If the new tray tvpes are not successtul, then
the lessons learned from the trial tray types are formalised before a oew

vycle is started.

.3 CONCLUSTON MMPLEMENTATION

The implementation of change often fails, because the chosen alternative cannot
be translated into action. Employee resistance is a major factor in the
implementation step; emplovees have various reasons for resisting change, for
example fear of the unknown. Force field analysis is performed to determine the

competition between driving and restraining forces. As restraining forces are

~ T~
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reduced our entirely removed behaviour will shift to incorporate the desired
changes. Various tactics exist for reducing the restraining forces of emplovee
resistance, Participation is selected for reducing the resistance of OT assistants
and surgeons, meaning that these employees participate in the rescarch and
implementation. As the restraining forces reduce, the driving forces oatweigh
them, which led to a successful implementation of the first new tray type in the

OT department of the AMC.

The voncept of continuous improvement will help the OT departiment of the AMC
to continuously keep the focus on optimisation of the surgical instrument triys
distribution. Te make sure that introducing new instrument types or surgery

technigues will not lead to a sub-optimal distribution of instruments over tray

types.

~ 7l ~
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CONCLUSTONS AND RECOMMENDATIONS

The vbjective of this research is to devefop o methodology to efficiently distribute
surgical instruments over trays. This chupter gives the conclusion ubout the
teveloped method and the use of this method in the OT department of the AMC.
Moreover, this chapter gives recommerndations about further research in
nptimising the logistics concerning surgical instrument fravs and gives gener!

recommendations for the OT department of the AMC.

CONCLUSIONS

The distribution of instrumernts over travs can be sigrificantly improved using the

proposed method of this research.

We have indicated three main problems concerning an incfficient distribotion of
surgical instruments over trays in the operating theatre (O] department of the

AM:

1. Heawvy trays

2. Unused instruomoents

3. Inconveniently arranped trays
This lcads to:

# Louw cust effectiveness

# Bad working conditions for OT assistants

# Pussible lower patient’s safety
Surprisingly there is hardly any literature about optimising the lopistics of
surgical instrument trays. Therefore, we use literature from similar disciplines
and adapt this availuble knowledge and experience for the optimisation of the

logistics coneerning surgical instruments trays,

We defined three performance measures for the optimisation, based on the

problem analysis of AMC's OT department:
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1. The number of tray types

2. The number of unused instruments

3. The average number of assigned tray types per surgery type
We define the tray optimisation probfem (TOP] as the assignment of tray types to
surgery types and the determination of the contents per tray type, ie the
distributed instruments per tray type. We created the TOP model that minimises
the number of tray tvpes, the number uf available instruments in used trays for
one year, and the number of used trays for one year. The restrictions tor the TOP
mode] are: the weight and volume of a tray type may not exceed the maximom
weight or velume of a tray type, and the required instruments for a surgery type

must be available in the assigned tray types per surgery type.

We pathered data in the OT department of the AMC. The required instruments
per surgery type are determined by consulting both surgeons and OT assistants,
siriking is the high apreement between surgeons and OT assistants about
required instruments for surgery. This implies that OT assistants know very well
the required instruments per surgery type, and therefore may be consulted for
future data gathering concerning the reguired instruments per surgery type. The
characteristics of instruments, the weight and costs per instruments are not
directly available. We assume that the tray types have a maximum number of

instruments {65), instead of looking at the weight and volumc of instrument

types.

The number of obsolete instruments distributed 0 tray types in the OT
department of the AMC is wvery high. On averapge 21% of the instruments

distributed in tray types is obsolety, for the selected dataset.

TOP is a NP hard combinatorial optimisation problem. These problems are often
solved heuristically, which is likely to lead to sub-optimality. This risk is reduced
by a using a method that can escape from local minima. One of these methods is
the loval search method simulated annealing algorithm, which we chose for

sulving the TOP problem.

~ T} o



Optimisation of the Distribution of Surgical Instrument over Trays

The TOP medel and the solutivn approach, simulated annealing, are
implemented in the program TravOptimisation using Borland Delphi 7.0, The
reguired data for the optimisation of travs is stored in a Microsoft Office Access

databasc,

The main result of the experiments with TrayOptimisation show possible cost
reductions of approximately €125,000 per year, on only a fraction (12) of the
total nuwmber of tray types {550) in the OT department. [t is expected that
applying this method to the entire tray inventory can lead to cost savings up to

millions of Eureos.

RECOMMENDATIONS

We divide the recommentdations in several parts. The first part recommends
further research in the subject of optimising the distribution of instroments over
trays. The second part gives recommendations for the OT department of the AMC
to optimise logistic processes in the OT department, other then the contents of
instrument trays. The third part gives recommendations about data storage in
the OT department of the AMC. The fourth part gives recommendations about

educating the OT assistants about costs of tray and instrument usage.

OpLimising Lhe distribulinn of inslrumenls over Lrays

Further research in the area of optimising the distribution of instruments over
trays should be performed by investigating and elaborating TrayOptimisation
and by continuously focusing on the subject of efficiently distributing
instruments over trays. The main missing aspect of TrayOptimisation s the cost

aspect in the objective function.

We recommend the OT department of the AMC to use continuous improvement
for further and continuous optimisation of the contents of the surgical

instrument trays.
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Optimising logistic processes in the OT department of the AMC

Various studies may help the OT department to optimise logistic processes. We

recormmmend performing the following seven studies:

1.

There is no inventory model, ie. a procedure about the available trays
per tvpe. Analysing the turnover per tray and the number of available
tray types gives a strange result. Some trays are used over 100 times
per vear, while others are used vnly 20 times per vear, Therefure, we
recornmend a study to determine the appropriate stock levels of trays
per type. After determining the stock levels this data can be used as an
input for TrayOptimisation, hence, the costs can than be taken into
account in the objective walue, as calculating the costs of a
configuration is possible. Of course the costs per instrument should
thoen also be available.

Currently the entire stock of trays is stored in the OT department. As
the OT department is a closed department, the space is scarce. The
current storage capacity is insufficient, therefore we recommend to
perform a study to investigate the possibilities and influences of storing
{part of] the trays in a storage room outside the OT department.

The outpatient OTs uses the trays from the inpatient OT=. Therefore,
the OT assistants of the inpatient OTs often have to deal with
unavailable travs, while the trays were available at the start of their
shift. The vther way around is the same, OT assistants of the outpatient
OT put out the trays in trolleys for the next day, it often occurs that
when the trolleys are brought to the outpatient OTs trays are missing,
because an OT assistant of the inpatient OT used the tray for another
surgery. This leads to much irritation and therefore we recommend a
study to be performed to determine the influences of the outpatient
OTs using the inpatient trays and investipate the possibilitics for an

uwn storage room for the outpatient OTs.
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4,

fs.

Currently, the patient plan is made by the surgeons. They do not
consider the available instruments. When a surgery is planned, the
required trays are not reserved for that patient. Therefore, planning
too many surgeries requiring the same instruments often stays
unnoticed. We recommend a study to investigate if the current patient
planning is pood, and the possibilities of reserving required trays when
the surgery s planned. Te make sure that the required trays for a
surgery are available.

During this research the individual instruments are not taken into
account. Currently, it is not clear when an instrument should be
distributed in a tray or put in the storage as an individual instrument.
Therefore we recommend perferming a research to find out when it is
appropriate to distribute an instrument over a tray or as individuoal
instrument

The implant and prosthesis trays are not taken into account in this
resedrch. During this research we found out that these trays are
different than the normal instrument trays. We recommend performing
a separate research on optimising the contents of implant and
prosthesis trays.

Many trays have the label of high priority C&5 {=3%]). Moureover, many
trays {about 100 per day) get the unce only high pricrity C&5. High
priority C&S of trays disrupt the standard processes at the CSSIM
Therefore, we recommend performing a study to determine when trays
should get the high priority label, once or standard, as there currently

is not a clear proceture.
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Dala storage in the 01 department of the AMC
The reguired instruments per surgery type are currently net stored. We
recornmend storing this data and keeping these records up-to-date, obsolete

instruments are detected easily and should then be immediately removed from

the tray types.

OT assistants put the sterilised tray types back in the cupbuards of the storage
room. The printed lovation on the sticker of the tray types indicated where the
tray type should be stored. The OT assistants usually do not look at the sticker,
but put the tray type in an empty space. When the tray type is required azain the
OT assistants can not find the tray type. We recommend to up-tlate the location
of each tray type repularly, and to make sure that all trays have their own

location in one of the storage rooms.

Education about costs of instrument and tray usage
The personnel should be better educated about costs of using trays and
instruments. Most of the OT assistants and surgeons do not know the high costs

involved in opening a wrong tray, throwing away instruments, C&S tray, and

ctoetera.

~ T~



Optimisation of the Distribution of Surgical Instrument over Trays

REFERENCES

[1] http//www.OECD.org

[2] http://intranet.amc.nl (April 2008).

[3] Bakker P. (2004), “Sneller beter” (in Dutch), Report, Dutch Ministry of Health.

[4] Klundert J., Muls J.P. and Schadd M. (2006), Optimizing sterilized logistics in
hospitals.

[5] Nilsen E. (2006), Managing equipment and instruments in the operating room.

[6] Carter M. (2002), Diagnoses: Mismanagement of resources, OR/MS Today,
Vol 29, No 2.

[7] Daft R.L. (1997), Management, fifth edition, 268-283 and 364-386

[8] Daft R.L. (2001), Organization Theory and Design, seventh edition, 399-419.

[9] Archer E.R. (1980), “How to make a business decision: An analysis of theory
and practice”, Management review, 69:2, 54-61.

[10] Mintzberg H., Raisinghani D and Theoret A (1976), “The structure of
“Unstructured” decision processes”, Administrative Science Quarterly, vol 21,
No 2, 246-275.

[11] Heerkens H.(2004), “A methodological checklist for the High-tech marketing
project”, TSM Business School.

[12] Fineman S.J. (1978), “An analysis of the logistics of supplying and processing
sterilized items in hospitals”, Computers & Operations Research research, Vol
5, 47-54.

[13] Lyles M.A. and Thomas H. (1988), “Strategic problem formulation: biases and
assumptions embedded in alternative decision-making models”, Journal of
management studies, 25:2.

[14] Aarts E.H.L. and Korst J.H.M. (1989), “Simulated Annealing and Boltzmann
Machines”, Wiley, New York.

[15] Kirkpatrick S., Gelatt C.D., and Vecchi M.P. (1983), “Optimization by
Simulated Annealing, Science, volume 220, number 4598, 671-680.

[16] Schuur P.C. (2005), “DOBP Combinatorische optimalisering” (in Dutch),
syllabus, 5-13.

[17] Schuur P.C. (2005), “DOBP Complexiteit” (in Dutch), syllabus, 18-20.

[18] Gademan A.J.R.M (1998)., “De operationele besturing van magazijnsystemen”
(in Dutch).

~ T



Optimisation of the Distribution of Surgical Instrument over Trays

[19] Garey, M.R. and Johnson, D.S. (1979), “Computers and Intractability: A Guide
to the Theory of NP-Completeness”, ISBN 0-7167-1045-5.

[20] Winston W.L. (1994), “Operations Research”, International Thomson
publishing, Third edition, 770-881.

[21] Westbrook R. (1994), “A new paradigm for research in production and
operations management”, International journal of operations & production
management, volume 15, number 12, 6-20.

[22] Burnes B. (2004), “Kurt Lewin and the planned approach to change: a Re-
appraisal”, Journal of management studies, volume 41, number 6.

[23] Nutt P.C. (1986), “Tactics of implementation”, Academy of management
journal 29, 230 — 261.

[24] Slack N., Chambers S. and Johnston R. (2004), “Operations management’,
Prentice Hall, fourth edition, 652-657.

~ 50 ~



Optimisation of the Distribution of Surgical Instrument over Trays

APPENDIX A ORGANTZATIONAL CITART: AMO AND OT
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Appendix B SA ALGORITITM

The concept of SA in C.0. problems is independently described by S Kirkpatrick,
C.D. Gelatt and M.P. Vecchi in 1983 and by V.Cerny in 1985. The cuncept is based
on a strong analogy between the physical annealing process of solids and the

problem of sulving large C.O. problems.

In condensed matter physics, annealing {s known as the thermal process for
ubtaining low energy states of a solid in a heat bath. The process contains two

steps:

1. Increase the temperature of the heat bath to a4 maximum value at which
the solid molts;
2. Carefully decrease the temperature of the heat bath until the particles
arrange themselves, randomly, in the ground state of the solid.
In the liguid phase all particles of the solid arrange themselves randomly. In the
ground state the particles arrange in & highly structured lattice and the energy of
the system is minimal. The ground state of the solid s obtained only if the
maximum temperature is sufficiently high and the cooling is done sufficient slow,
Otherwise the solid will be broxen into a meta-stable state rather than into the

ground state,

In the SA algorithm each peint in § of the search space is analogous to a state of
sume physical system, and the function Efs} to be minimised is analogous to the
internal energy of the system state. The goal is to bring the system, from an

arbitrary initinl state, to a state with minimum possible energy.
The analogry between a physical many-particle system and a C.O. problem is:

¢ The solutions in a CO. problem are equivalent to states of a physical
system; a change in the state is reached by picking a neighbour solutien
randomly.

e The cost of a solution is equivalent to the energy of a state.

I
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When the costs of the neighbour solution stay the same or are less than the
current solution, than the switch is accepted. When the costs of the neighbour
solution are more than the current solution, then the switch is accepted with a
certain chance, dependant of the increase of the costs function and of the
“temperature”. The parameter which plays the role of the temperature is called

the cortrof parameter. The acceptance probability is defined as follows:

o 1 i DA
P acceptj}= [pr (M) ] tf ) = £

Where ¢ € R+ denotes the contro] parameter.

Initially, at large values of the control parameter, large deteriorations will be
accepted, as o decreases, only smaller deteriorations will be accepted, and finally,
as the value of ¢ approaches 0, no deteriorations will be accepted at all, which
males it at this time identical to some form of local search. The 54 algorithm can

therefurs be viewed as a feneralisation of local search.
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