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Crisis Context Definition

What is a crisis?

An abnormal or extraordinary event or situation that threatens an
organization or community and requires a strategic, adaptive and
timely response.

Hospitals are considered the most important responder to
emergencies and crises whether it was a health emergency or an
accident or a conflict.

During covid, the availability of the essential medical equipment was

globally limited because of:

Unavailable / unready
equipment

X Number of

W patients




Types of Crisis

e Health crisis _"W‘_

 Natural disasters E—
Ay
A

 Cybersecurity and technological crisis

e \Wars and conflicts

 Financial crisis ..
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Management of Medical Equipment

In this context, there are 3 main parts of medical equipment management that are
considered in the research:

The investment Policy Maintenance Decommissioning

e Investment in maintenance * Preventive maintenance * Dispose of non reliable

 Investment in new equipment * Conditional maintenance equipment
e |nvestment in ressources * Corrective maintenance * Recycle equipment and use it
* Maintenance modes for spare parts

* Donate reusable equipment
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Choices:

Multi-criteria Decision Aiding

Criteria Car1l Car 2 Car3
Price Expensive Affordable Q Affordable Q
Color Red Red Q e
Speed 305 km/h 190 km/h e 240 km/h Q
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Multicriteria Decision Aiding

~ >~ A multicriteria process consists in:
preferences
/j e comparing, ranking or sorting m actions/alternatives
e using different points of view simultaneously
 These are individually described by n criteria
Decision Maker * each with a qualitative or quantitative expressions
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Multi criteria decision making methods

There are different multicriteria decision making methods :

Multicriteria decision aiding methods

‘ Distance based
_ (TOPSIS)

Outranking

Value or utility function
(ELECTRE)

(MAUT)

Pairwise comparaison
(AHP)
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Application: Medical Ventilators Case

A hospital with P=100 ventilators that needs :
.‘ J
t) - N=80 ventilators for normal use
J
- R=20 ventilators in stock J
2 ' C=120 ventilators in emergencies and crisis. J

' ' |
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The Medical Ventilators Case: The Alternatives

Alternative A:

Investment policy: 5% of new equipment each year

Maintenance policy: CM & PM, and PM for 50% of
stock equipment.

Decommissioning policy: Disposal of equipment

Alternative C:

Investment policy: 10% of new equipment each
year and buying the extra needed during the crisis

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment

Alternative B:

Investment policy: 10% of new equipment each
year

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Disposal of equipment
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Alternative D:

Investment policy: 10% of new equipment each
year + ordering more than the required number of
new equipment at the crises.

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment



The Families of criteria:

~ Patients Safety

-
Criteria
Staff/user related
-
during Crisis
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— o i et o Criteria Description Source
o B Con 1::‘:“:‘ ‘maintenance. including direct and fn- | Youssouf N {14 Techaical Fac- | Extimated uschal e and e rate of the oquip | Wleod ATalald - - - - - - - - -
- S Ty o Vi A B Dangers Risks associated with using the equipment, includ- | Aizat Hilmi

Applicability/ naintenance policy, | Youssouf N Financial ~ Fac- | Casts involved with replscement and maintenance. | Wadoed Altalabi - = aga
Rl ] i e ing failure probability and consequences. Zamzam & al
Operig x| Co i Yoot N 17 Equl]mu-ul Tunctional capabiities of the equipment. Walood Alialaln v
Quality ff,‘,':’,’_‘rI‘,j'_"":':‘j:'::‘:;;:"“‘”“‘ Yoo N1 E)]w’n)wmtm Sor- | Avalabilty of service and support Tor the oquip- | Wadeod Altalabi 2ﬂ21
AoallaTaliy Avallallity of spare parts il resources neeled for | Yool N (19 vice and Sup- | ment n = T - n = - -
Tty i’.i"u".,',T,:.;"h, R e Voot N T4 r".:lm;m-.- :;»4..‘...,4 “avantages of Teplacing the equpIaIt \:'Alu\l ,\:ul.n. A]tﬂrllﬂtlvﬂ ﬂl'ld A_\"d.l]d.l]lllt.}’ Uf 8111]St']t ute o pIIlUIlt or llﬂfk_up C'p_ A].Z?lt Hll][ll
encing the maintenance schedule, Clinical Eficacy | Effectiveness of the equipment in clinical settings. | Walood Altalabi " 3 .
S— :""':;:';."“m“‘ B rzﬂ:n(‘ nd I;«lt—nlul)nunhmﬂl«}m nhmwmmlﬁh Walood ATtalaby Ba,ck'[]_p t]U‘IlS 111 CaAse n’_]f fﬂll]_]_[(_‘,_ Z‘,’]_]’I]_zam & ;;’]_]_
- i Tschl Like Ratio Kaxn?ulp The cquipment s current age to s ex- | Waloed Alalabi 21]2]
i pected wseful e
Veador Support | Support provided by the aquipment veiskor Walood Altalali — - - — - - -
= ks [Tt o Sl i gl b Vol Clinical Accept- | The degree to which the equipment meets clinical | Aizat Hilmi
Down Time Ra- | Ratio of equipment downtime due to failures. Waleed Altalabi e .
D W — S — ability requirements and standards. Zamzam & al.

pan
s Ratlo | Ratio of oquipuuent tmage 1 s capacit Walood Altalait 21]2]
Todundaocy Ra- | Ratio idbcating the redundancy of the equipment, | Waleed Alalibt

TR I A I Device and Ser- | The importance of the equipment and its services | Aizat Hilmi
T Do 5 i e ol Wl sy viece Crit.icalit.}r to healthecare dclivcr}'. Zamzam & al.

Obsolescetice

2021
Operations The day-to-day use and handling of the equipment. | Aizat Hilmi
Zamzam & al.
2021

Niwion Crtient
iy

Location and | The physical setting where the equipment is used | Aizat Hilmi
Environment and its environmental conditions. Zamzam & al.
i 2021
—— Maintenance Expenses associated with keeping the equipment | Aizat Hilmi

Cost operational. Zamzam & al.
2021

Towalne

Environmental External elements that can impact the equip- | Alzat Hilmi
el el Factors ment’s performance, such as temperature and hu- | Zamzam & al

midity. 2021
Funetionality/ Evaluates the overall functionality, condition, and | Hamad  Albadr
Condition/ quality of the medical device. 2018 2018 [11]

Criteria Description. Source, vt Aae (riteris S s
Ag: Iﬁliahllrrnlamfdlm]dmuesahmmouof!hs “Ahin Jemebidi e P | I Qllﬂl]t}’
o device o systens Lal 205 1] 2 T T T
o g e T Tewed ] 3 T o Equipment Age/ | Assesses the age of the equipment and its useful | Hamad — Albadr
Tate e al 2015 10] 221
VodEad OFE ?ﬂwdnilfnlmpmmel\mmodlﬁmlmmm ik:n'ﬂ;lla—ﬁtidj forraie gl e Useful Life Ratio | life ratio. 2018 2018 [1 1]
N S Medical Device | Analysis and classification of medical device re- | Z Bliznakov &
— T day-to-Tay e ] sl o o et . .
| s i e [ 1S T Recalls calls, focusing on software failures. al. [24]
Vear time be | Expected fime between ovo Gahures T @ re | Alin Janslih BB e T srmon i F - - 0 .
b | gt Gl 905 ) el | e K Economic Crite- | Annual costs associated with each suggested alter- | M. C. Carnero
Repeatahility | Prequency of ccomrrence of failure due to the same | Afshin Jamshidi t.‘:l’“”w'" :it‘:“::‘“""”l'"m FECTRE NG e . . . N . . .
) s viking o el M3 e i ria native, including maintenance and financial costs. | and A. Gdmez
Visibility of fail- | Whether the failure is visible to the maintenance | Afshin Jamshidi PR L :A::xmm .\l:;‘ - - - - -
o e ;i”','ﬂm e e Function The function performed by the spare part in | Catarina Teix-
s | I T e o the production process, categorized into auxiliary, | eira & al. [9]
be device aper- | device ean result in ijury o death. & al 2015 1] = = TZ Blimaon & . . .
- o . A safety, and indispensable functions.
Yiean et | rage e roqird 1 peror orrctve i | AR Jamshidh and . Glomer” - ~ ~ = - -
PR T leasm B = G T Impact on Pro- | Impact of the spare part failure on the production | Catarina  Teix-
i loss. jmation of maimtenance cost and the hourly | Afshin Jams e ‘and fndisponsable functions.
s ol il dobying | e 20 ] T | e e e | B T duction process, ranging from no impact to sudden stop. | eira & al.




Criteria Evaluation

Scores assigning:

The score description table of the treatment delays sub criteria

Score Description

The crisis presents no effect on the use of other medical equipment and
<2 no treatment delays for patients

The crisis affects the use of other medical equipment and causes
3 treatment disruptions for patients

The crisis affects the use of other medical equipment and causes
4 treatment disruptions and delays for patients

The crisis requires the use of other medical equipment and causes
5 treatment delays for patients
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Application:

Criteria Cost (€/8years) Safety Criticality Crisis reliability | Environmental
sustainability
Alternative A 4206080 3 5 1 3
Alternative B 4398712 5 5 3 2
Alternative C 5332576 7 4 4 4
Alternative D 5441616 8 3 5 5
max/min -1 1 -1 1 1
Weight 0.2 0.25 0.18 0.22 0.15
Veto 1000000 2 2 2 2
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Results:

a3
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The Medical Ventilators Case: The Alternatives

Alternative A:

Investment policy: 5% of new equipment each year

Maintenance policy: CM & PM, and PM for 50% of
stock equipment.

Decommissioning policy: Disposal of equipment

Alternative C:

Investment policy: 10% of new equipment each
year and buying the extra needed during the crisis

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment

Alternative B:

Investment policy: 10% of new equipment each
year

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Disposal of equipment

Alternative D:

Investment policy: 10% of new equipment each
year + ordering more than the required number of
new equipment at the crises.

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment
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The Medical Ventilators Case: The Alternatives

Alternative A:

Investment policy: 5% of new equipment each year

Maintenance policy: CM & PM, and PM for 50% of
stock equipment.

Decommissioning policy: Disposal of equipment

Alternative C:

Investment policy: 10% of new equipment each
year and buying the extra needed during the crisis

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment

Alternative B:

Investment policy: 10% of new equipment each
year

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Disposal of equipment
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Alternative D:

Investment policy: 10% of new equipment each
year + ordering more than the required number of
new equipment at the crises.

Maintenance policy: CM & PM, and PM for 90% of
stock equipment.

Decommissioning policy: Donate equipment




Conclusion & Perspectives

4 ] )
Conclusion:

 Different methods suggest different results but they converge to preferring the
alternative D which translates the weight of safety criteria inserted into the model.

“ The MCDA model only suggests the ranking of the alternatives, but the decision
\_

maker is the one responsible to choose and make the decision

J
/Perspectives: A
 The next steps are to add more criteria to the model and compare the results

* Recieve more data from the hospital in order to obtain a more realistic view of the
situation and be able to create the adequate investment and maintenance policy.

o /
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