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HOSPITAL CAPACITY MANAGEMENT
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CHALLENGE

REDUCE VARIABILITY BY MATHEMATICS



HOSPITAL SYSTEM THINKING
Variability & system performance

TYPES

ARRIVALS
VARIABILITY IN THE ARRIVALS / DEMAND FOR
CARE

CAPACITY
VARIABILITY IN THE AVAILABILITY OF CAPACITY

ROUTING
VARIABILITY IN THE ROUTING OF PATIENTS

PROCES
VARIABILITY IN THE DURATION OF THE
PROCESS

PROPERTIES

PREDICTABILITY
PREDICTABLE, NOT PREDICTABLE

INFLUENTIAL
(NATURAL, UNNATURAL)
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Demand for beds
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Demand for beds

VARIABILITY — STABILIZATION / OPTIMIZATION
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Demand for beds

VARIABILITY - FORECASTING
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VARIABILITY - FLEXIBILIZATION

Bed census
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STABILIZE

reducing avoidable
variability to create a
more predictable flow of
patients.

* Master OR-schedule
e Streamlining workflows
* Standardizing procedures
* Admission blueprints

HOSPITAL SYSTEM THINKING
Methods to cope with variability

PREDICT

using data-driven
forecasting to
anticipate demand
peaks, staffing needs,
and resource
constraints, enabling
proactive planning.

* Demand forecasting
Bed occupancy forecasting
Flu-season forecasting

FLEXIBILIZATION DECISION-SUPPORT

Helping in making better
evidence-based decisions

ensuring that staff,
equipment, and spaces

can be rapidly reallocated by offering
or scaled up and down to  recommendations or
adapt to changing alerts.
conditions.
« Staffing e Admission planning

« Bed capacities * Early warnings

BUFFER

safety margins to
absorb sudden
spikes in demand
without
compromising care
quality

e Reserve beds
Time buffer in schedules
e Reserve staff



EXAMPLE STABILIZATION / OPTIMIZATION OF OR-MASTER SCHEDULE

¢ 251 202 Locations Rooms Weekdays
240918-OPT_CASEMIX (O OR hours  Plangroups 1-8 cutof 8 ' Y Allitems are selected. ~ ¥ Allitems are selected. ~ | ¥ = monday, tuesday, wednes.. ~
+ A-OK1 : A-0K2 : A-0K3 : A-OK4
OR blocks -
800 § yNO-425 1 8001215 4 g, I ORT - 4 . 1215 5 g P lchi-ss5 o 8001630 3 g, : i M ogpyogs g 8001630 o o, :
9:00 ¥ Eel : : T : 2 7 Vb
KNO-Plaatsen van een buisje |n; 4 : ORT-TOTALE HEUP TH CHI-ENDOSCOPISCHE OPERATI\; + i ORT-verwijderen osieosym‘hem ; + :
NO. 35 10:00 ] KNO-PANSINUSITIS /- i ' ORT-ARTHROSCOPIE SCHOU.. ¥ <& & CHI-ENDARTERIECTOMIE + P... 4 i ' ORT-release van pees fascie ... /- i '
- 3. . KNO-PANSINUSITIS A g \ . CHI-DUNNE DARMRESECTIE OP... & : ORT-OK-BEH. CONTRACTUUR... A :
: . : ORT-ARTHROSCOPIE SCHOU... 4 4 @ 2 :
8.5 hours | 90 % | KNO-Plaatsen van en bu.. T1:00] KNO-CORR. SEPTUM At ORT-OK-BEH. GEISOL. # RADI... 4 % §
CHI-8.5 12:00 ORT-OSTEOTOMIE VAN RADI... %4 b }
: ; Monday CHI-4 1 TEI¥1EN5 4 o i ORT-OK HABITUELE SCHOUD... X + §
8.5 hours | 90 % | CHI-endoscopische relea... 13 13:00  13:00-16:30 .
CHI-ENDOSCOP. ILEUSOK Z0... %4 & : 006-35 0 ox (30 <b i
CHI- 4 . 14:00f CHI-HERNIA UMBILICALIS V.. X4 <&} 00G-PARS PLANA VITRECTOMI... <& :
4hours | 90 % | CHi-endoscopische releas..  ° 500 CHI-CHOLECYSTECTOMIEP... 4 < ¢ 00G-PARS PLANA VITRECTOMIE 4 :
URO-ORCHIDOPEXIEOPEN P.. * 4+ 0O0G-CATARACTOK EXTRAC.. “ + }
CHI-3.5 . 16:00
3.5 hours | 90 % | CHI-endoscopische relea.. -
17:00
PLA-3 .
3 hours | 90 % | PLA-ARTHROSCOPIE POLS..  © 8:00 . 8:00-16:30 q . i . i _ 8:00-16:30 q
CHI-85 18 5 i GYN-375 1 B151200 5 ., CHI-7.25 7 8151530 7 .1, : ORT-85 1 5 P i
9:00 ¥ N . - . - e At
PLA-5 . CHEEERCUTANEWRANSTUM= ; i : GYN-ENDOSCOP. OK ADNEXUM... & : CHI-ENDOVENEUZE BEHAND... %% + § ORTiieleasoivanlpeesimaciele ; : :
5 hours | 90 % | PLA-ARTHROSCOPIE POLS... 10:00f] CHI-SCHILDKLIERWACHTPR... ; . GYN-ABORTUS VERWIJDERING & : CHI-ENDOVENEUZE BEHAND.. % + : ORT-verwijderen van exostos... ; .
o CHI-SCHILDKLIERWACHTPR... /- = CHI-ENDOVENEUZE BEHAND... %  : ORT-sutuur flexorpees /- =
CHI-AANLEGGEN TRACHEOT... /- = CHI-ENDOVENEUZE BEHAND... 3 4 : ORT-ARTHROSCOPIE SCHOU... /- =
Toesday 12:00 ] CHI-LAPAROSCOPISCHE GA... ~ g CHI-ENDOVENEUZE BEHAND... 4 & ¢ ORT-ARTHROSCOPIE SCHOU... H
a5 12: SwTTreTTY CHI-AMPUTATIE/EXARTICUL... A & §

Decision variables: Contraints:

the number of surgeries of each group to be placed in a * Session length / occupancy

session * Allowed to be placed in a session
* Locked groups

Objective function: * Available bed capacity

minimize the weighted sum of the difference between * Number of groups

maximum and minimum occupancy of all departments  Max number of changes



EXAMPLE STABILIZATION / OPTIMIZATION OF OR-MASTER SCHEDULE

Locations

<l 251 202

OR hours Plangroups

240918-OPT_CASEMIX ()

1-4 out of 8 4

Y | Allitems are selected. ~

Rooms

A-0K2

5 IORT-4 1 BIFIZI5 g gy}

Y Allitems are selected. ~

Weekdays

Y | monday, tuesday, wednes.. ~

ORT-TOTALE HEUP &3
ORT-ARTHROSCOPIE SCHOU... % & :
ORT-ARTHROSCOPIE SCHOU... % # :

00G-35 O

13:00-16:30 3 ..I..E

I GYN-375 1

+ A-OK1
OR blocks -
8:00 KNO - 425 1 8:00-12:15 4 ..I.,
9:00 § KNO-Plaatsen van een buisje in ... 4+
10:00 | KNO-PANSINUSITIS ]
KNO - 3.5 . KNO-PANSINUSITIS At
3.5 hours | 90 % | KNO-Plaatsen van een bu..  * 11:00 KNO-CORR. SEPTUM LR
CHI- 8.5 . Monday 1209 CHI- 4 1 1ZIST6EI5 Gl
8.5 hours | 90 % | CHl-endoscopische relea..  * 13 13:00
CHI-ENDOSCOP. ILEUSOK Z0... % % }
CHI- 4 . 14:00§ CHI-HERNIA UMBILICALIS V... % b &
4hours | 90 % | CHi-endoscopische releas..  ° 500 CHI-CHOLECYSTECTOMIEP... 4 < ¢
) URO-ORCHIDOPEXIEQPEN P.. 4 +
CHI-3.5 . 16:00
3.5 hours | 90 % | CHI-endoscopische relea.. -
17:00
PLA-3 :
3 hours | 90 % | PLA-ARTHROSCOPIE POLS..  © 800l oyy.gs g 8001630 g LN
PLA-5 9:00 § CHI-PERCUTANE TRANSLUM... 4 b :
5 hours | 90 % | PLA-ARTHROSCOPIE POLS... 10:00 | CHI-SCHILDKLIERWACHTPR... A
CHI-SCHILDKLIERWACHTPR... 4 & }
TT00] CHI-AANLEGGEN TRACHEOT.. % * :
12:00 | CHI-LAPAROSCOPISCHE GA.. % < §
Tuesday
Y3 13

00G-PARS PLANA VITRECTOML... & }
00G-PARS PLANA VITRECTOMIE < :
00G-CATARACTOK EXTRAC.. %4 4 @

8:15-12:00 2 i

GYN-ENDOSCOP. OK ADNEXUM... % :
GYN-ABORTUS VERWIJDERING  + :

19-AA-16-20- PU—

CHI-ENDOVENEUZE BEHAND...

A-OK3 A-OK4

CHI-85 ¢ 8001630 3 g, ¢ ORT-85 | 8001630 ¢ b :
CHI-ENDOSCOPISCHE OPERATI... + ORT-verwijderen osteosynthe... * ¢ ¢
CHI-ENDARTERIECTOMIE + P.. 4 b & ORT-release van pees fascie .. 7 b ¢
CHI-DUNNE DARMRESECTIE OP... ¢ } ORT-OK-BEH. CONTRACTUUR... % & §
ORT-OK-BEH. GEISOL. # RADI... %% & }
ORT-OSTEOTOMIE VAN RADI... %4 b }
ORT-OK HABITUELE SCHOUD... 4 4 }
8:00-16:30 :
CHI-7.25 7 8151530 7 .4 : ORT-85 1 5 P i
CHI-ENDOVENEUZE BEHAND.. % & & ORT-release van pees fascie ... 4 b ¢
CHI-ENDOVENEUZE BEHAND.. % &+ @ ORT-verwijderen van exostos... % b &
CHI-ENDOVENEUZE BEHAND.. % + ORT:eulflexolpees x4 £
CHI-ENDOVENEUZE BEHAND... 72 4 : ORT-ARTHROSCOPIE SCHOU... % 4 §
S ORT-ARTHROSCOPIE SCHOU... 4 4 }

A

CHI-AMPUTATIE/EXARTICUL...

Decision variables:
the room and weekday for each session

Objective function:

minimize the weighted sum of the difference between
maximum and minimum occupancy of all departments

Contraints:

* Opening hours weekday/room
* Allowed to be placed in weekday/room

* Locked sessions

* Available bed capacity
* Number of sessions
 Max number of changes




EXAMPLE STABILIZATION / OPTIMIZATION OF OR-MASTER SCHEDULE

Sum of maximum expected occcupancies
Back to schedule GRAPHS TABLES 89.9 / 61
Original Optimized

Show all days = Capacity utilization ¥ Set utilization
(10% - 90%)
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Challenge Results

Change management? An average, reduces amount of beds by 10 — 20%
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EXAMPLE FORECASTING

simm Health Flow Manager v2.37 - Forecaster B a0 @ = e
My Forecaster ® The forecast is made on 2025-11-28 12:00:01
based on data that is 0 hour(s) old.
Dashboard
Dat Jit Department Next 24 hours Next 1 - 3 days Next 3 - 7 days Next week
EE Department Department group A - Apply
A5 ® ®
. Presence Arrivals

Settings

e ° ° ° .
Upload Departures [ Specialty

» a2 [ ] o o o

Bed capacities Staffing [] Compact

a1 ® ® ® ® istor ictions ti ,
Department groups Historical predictions time horizon 2-3 days ~
Staffing Department group A [ ] (] ® ®

i DG_Department group A

Forecast patient presence
100
_____________________________________________________ MO e m m e e e e e mm e e e m e e mmmmm e m e mmm e ————————
Rs K] K ® @ ® > & 2 + - ® I # P v ” » o o K ® o © R &
&
| |
Expected occupancy (emergency) admitted  Expected occupancy (emergency) not yet admitted  Bounds occupancy  Bounds occupancy inc  Expected occupancy without not yet planned  Expected occupancy
u u
Capacity Historically predicted bounds occupancy Historically predicted  Historical occupancy Historical accupancy (emergency)

Challenge: Results:
How to convince the hospital that the predictions are Well-formed decisions can be taken in advance
accurate?

Data quality?



EXAMPLE FORECASTING

My Digital Twin

Capacity Calculation Activity Calculation Staffing Calculation
Model overview b3 Periodicity View Type 8399 9170 10591
Weekday ~ Original  ~ m < Group by v Path entries Capacity entries Capacity arrivals sed Details
- s ey o oy e
Model settings 1 Group order specific (3 9
o o %F . Show capacity 1 Show holidays
(']
Capacities | Groups “
Path(s —_—
u (s) Clusters . . .
M Geme Required capacity, Capacity (beds, rooms, ...) per day v
Search Search.
N Capacity scan Sunday Monday Tuesday Wednesday Thursday Friday Saturday
B Select All Select All
~ .
R N N
January 7770 71.70 7770 77.70 77.70
Calculation A2 ALL
f"o Day Treatment
A3 ANA March
dh  Inpatient
. April
= Calendar
A4 CAR May
=R Capacity plan
[¥  Decision support A5 CHI June
July
Y Filters & Selections O #N/B DER August
September
I:‘ AOQA GAS
October
D Bl GER November
I December
[ ] —~
12-5-2024
12-5-2024

Challenge: Results:
How to determine “equal” months/weekdays? The amount of required capacity for each
combination of month and weekday.



My Digital Twin
view type Original - Days | Work days -
Model overview >

Capacities Groups Locations Process types Capacity clusters
@ Model settings 35selected  23selected 0 selected 21 selected 0 selected
Ul Path(s) Cluster ‘cluster B'
ath(s
. Separate Fully Merged Optimally Pooled
M@  Dataview Capacity P y Merg P Y
(129) (67) (7211)
A Capacity scan E5
2 Arrival patterns £6
Calculation E7
@ Day Treatment GER
gdh  Inpatient Ic
INT
Calendar
: KDC
= Capacity plan
KI
|_°"/ Decision support
0BS
A Filters & Selections ORT
sCo
scu
SD
zv
B1 27 - 19
B2 29 - 18
B3 33 0
B4 27 - 24

Challenge: Result:
What is “optimally pooled”? We looked at the kneepoint. 11 flexible beds of 72 beds (15%) is “optimal”. In general
we see that 10 — 20% of flexible capacity is sufficient.



EXAMPLE DECISION-SUPPORT

Wk51 +3 ~ C/O All plangroups ~

Y Waiting list & Priority v

23
Orthopedie - 214
Urologie -
- :
|

Orthopedie Urologie
Amount of patients with high priority
(To be planned within 14 days)

266 | 417
683

Amount of patients on the waitinglist

OR blocks - Week 51
Mon Tue Wed Thu Fri

Mon 15 dec

NWG OK 06 - Urologie - 3.25
Urologie #1 + Urologie #1 + Urologie #1
8:45-12:00 @ NWG 110004358 UTR DAGBEHAND.. UTR DAGBEHAND... UTR DAGBEHAND...
0% | 90%

NWG OK 06 - Urologie - 4.25

Urologie #N/A Urologie #N/A Urologie #1
12:00-16:15 @ NWG 110004358 [‘/ l [‘/ l + UTR DAGBEHAND...

50% VK i

UTR OK 06 - Orthopedie - 7.5

[\/ Orthopedie #2 l[\/ Orthopedie #2 l[\/ Orthopedie #N/A

8:45-16:15 @ UTR F110006660 No suggestions

76% |

Challenge:

Quick calculations

Realtime

Optimization of suggestions
Detection of length of stay clusters

Result:

(Not yet) plannable suggestions in OR sessions to
optimize a combination of session occupancy,
urgency and variability on departments / wards.



CONCLUSION

A BROAD FIELD OF MATHEMATICS IS APPLIED IN HEALTH
CARE TO HELP HOSPITALS TO USE RESOURCES MORE
EFFICIENTLY
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Thank you for your attention.

Contact information:
dennis@simbox.ai
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