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1. IQVIA HEALTH FLOW | CONTEXT

Introduction

In any hospital, patients come and go, they have different lengths of stay, different examinations are
required, and complications can arise. There is also outpatient and surgical scheduling, and scheduling
breaches. And on top of that there is the emergency flow.

The demand for care is high, but on the other hand hospitals are facing problems with staff shortages,
absenteeism, job reorientation, budget etc. This imbalance creates an unsustainable strain on hospital
capacity and staff.

So, the question is, how to win capacity? It's all about variability.

All patient flows cause variability. Peaks in variability create work pressure and stress and create a
risk for patient safety (patient mortality, readmissions, infections, ...). Valleys in variability cause
inefficient use of your capacity. So, getting variability in bed and staff capacity under control is crucial
to keep your hospital operating efficiently, keep workloads healthy and ensure quality of care.

Making optimal use of bed capacity, reducing workload peaks and aligning OR planning better are
important goals for every hospital

The good thing is that the highest variability can be seen in the planned activity, which is controllable.

Variability
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2 Incl. wskends Excl.w
= VaC: B% VarG: 2
u

— the achievable potential for the plannable
part is a variability between 15-20%*

Occupancy per day (total) Occupancy per day (planned) Occupancy per day (e

|r|J|

’l bedden
‘| ‘ ' ” “ |- il r 1‘ | \“I (16,6%), VarC  Potential | VarC  Potential = VarC  Potential ~ VarC Potential ~ VarC  Potential
I Il ‘r m d Ml ' 0% 26% 1,0 33% 1,2 26% 1,0 34% 08 34% 12
' il h M | || lev-20%  23% 20 30% 23 23% 20 30% 16 30% 25
“ l ]‘ Stdev-30%  20% 30 26% 35 20% 30 26% 24 26% 37
‘ | Stdev-40% AT AT 2% 4,7 i EE % 32 2% 49
Stdev-50%  15% 50 18% 58 14% 49 19% 40 9% | 62

Planned activity causes the highest variability

So, there is a need for more efficient and aligned planning to gain capacities. This is called “capacity
management”.
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Value proposition
Patient
satisfaction

Although IQVIA Health Flow is developed from this need Quality of
for more efficient and aligned planning to gain capacity, =
guality of care must remain central. Next to that, good

. . . . . Budget Employee
capacity management brings value to patient satisfaction, satisfaction satisfaction

employee satisfaction and budget satisfaction.

QUALITY OF CARE - Aligning the demand for care and the supply of care has a positive
impact on the quality of care.

» Applicable for every process, but even more so for a care process, is the fact that a reduction of
variability has a positive quality impact on the outcome.

» Ensuring an optimal patient to nurse ratio leads to better quality of care.

* Ensuring that the patient is admitted on the preferred ward leads to a better quality of care.

PATIENT SATISFACTION - Integrated capacity management leads to higher patient satisfaction
thanks to:

* Reduction in waiting lists and waiting times
* Optimal Patientflow for planned and unplanned care
* Respect for patient preferences (e.g., Single room preferences)

EMPLOYEE SATISFACTION - Reduced variability in terms of capacity planning leads to increased
well-being for the employees thanks to:

* More predictable planning and less (unexpected)overtime, leading to a better work life balance

* Reduced ‘work peaks’, leading to a reduction in stress

* Reduced operational overhead, leading to more productive time thanks to automated data
capture

* Increased insight leads to less frustration. Most of the capacity peaks are planned peaks. By
providing the right (predictive) information at the right time to the right person, IQVIA Health
Flow provides insight on the impact of planning on the other entities within hospital.

* Increased insight leads to ‘empowered’ employees. Instead of choosing for a wall of screens in
a ‘command center’, IQVIA Health Flow targets the individual stakeholder in the care process.
The screens are designed to deliver personalized information that trigger decisions and actions.
Feedback the from users indicate that by doing this they can more capitalize on their
competences and have a more positive feeling of involvement.

BUDGET SATISFACTION - The focus on integrated capacity management by means of IQVIA
Health Flow has a very positive budgetary impact thanks to:

* Adigital twin of the hospital that allows for powerful capacity management simulations leads
to identification of optimal capacity needs
* Reduction in variability leads to more optimal use of existing capacity. Studies show that a
reduction of variability of 5% can lead to 15%-20% more activity within the same capacity
boundaries.
* Reduction in waste leads to a reduction in cost. Examples:
o Meals delivered for patients already discharged
o Cleaning of rooms on the day that the patient will be discharged
o Overtime or extra resources due to unexpected capacity needs
o Sick leave due to stress factors
* Focus on expected/justified length of stay leads to a reduction in ‘underfinanced’ stays.
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Capacity management process

Hospitals work very ad-hoc. The first goal is to get a better grip on what is happening and will
happen, anticipating it by taking the right actions, not only looking at the now but also looking ahead.
The second goal is to understand the variability and its impact, insights into the system through
calculations and search for solutions through simulations.

IQVIA Health Flow is an innovative solution that supports the capacity management process from
start to finish.

GOAL ©: GOAL ©:
GET ABETTER GRIP IMPROVE THE SYSTEM

CAPACITY MANAGEMENT PROCESS

Systematic capacity improvement

Implementation and embedding of the
capacity improvements
— Long term

Strategic capacity definition
Calculation of the capacity needed to e
achieve the strategic objectives ”
— Long term
Tactical capacity planning
Assessment of capacity demand and “:‘5

redefinition of needed capacities ”
— Mid term

Tactical capacity evaluation

Assessment of performance and
identification of improvements
— Mid term

Operational capacity monitoring Operational capacity planning

Monitoring of the current performance and
implementation of the daily management
— Short term

A 1t of capacity d
redefinition of required capacity
— Short term

The capacity management process consists of the following steps

e Strategic capacity definition: simulation of the capacity needs for the coming 12 months,
based on historical data and strategic initiatives.

e Tactical capacity planning: creation of a capacity calendar detailing daily capacity needs for
the coming months.

e Operational capacity planning: use real-time and predictive insights to optimally align in- and
outpatient activity with the planned capacity.

e Operational capacity monitoring: monitor performance and data quality.

e Operational capacity evaluation: take the necessary actions when variability increases, or
capacity objectives are not met.

e Systematic capacity improvement: define and implement strategic capacity initiatives that will
have an impact on the capacity needs for the coming months

The blue steps are supported by IQVIA Health Flow Insight, the green steps by IQVIA Health Flow
Manager (3. IQVIA Health Flow | Solution)
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2. IQVIA HEALTH FLOW | TECHNICAL SET-UP

Real time data processing

The solution is able to extract, transform, load all types of structured data files (HL7, FHIR, CSV,
direct DB access, ...).

The system enables the data linkage across multiple data sets from suppliers, and
standardization of data into one common model.

The data is (near) real-time processed and available

Data from various peripheral systems and sources can be brought together in one common
model. In this context, limited to:

o Administrative: Patient activity, planning, expected discharge, ...
o Operation theatre planning

o Staff planning

o Patient characteristics, weight of care

New data feeds can be established within the solution.

TECHNICAL SET-UP
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Forecasting algorithm

Next to real-time data and planned data, forecasted data is used to give insights into how the
capacity will evolve in time.

The forecasting engine takes in account:

o the length of stay for a specific group of patients, for a specific doctor/specialism and projects
this into the future

¢ the estimated discharge date and makes corrections into the future

e the emergency arrivals from the last year to predict the future

e the planned arrivals versus the effective arrivals in the past, to forecast the future
e the seasonal patterns and takes them into the future

e special events, which or entered by a user and which cannot be found in the historical data.
For example, a new covid wave, changing holiday periods for surgeons, ...

FORECASTING ENGINE

Algorithm 1: focusing on Algorithm 2: focusing on Algorithm 3: focusing on Algorithm 4: focusing on
LENGTH OF STAY ESTIMATED DATE OF DISCHARGE EMERGENCY ARRIVALS PLANNED ARRIVALS

Algorithm 5: focusing on Algorithm 6: focusing on Algorithm 7: focusing on Algorithm 8: focusing on

WAITING LIST DEMAND SEASONAL PATTERNS EVENTS FLOW DYNAMICS

+ Any change in a patient's status is immediately processed by the Forecasting Engine
* The predictions are constantly updated and the effects on the different capacities are shown

D o e e . Objective: a forecasting accuracy of 95%.
: Self-learning: Continuous scanning for deviations and
unexpected events.

Monitoring: input on parameters of ‘artificial nature’
. which impact the forecasting accuracy

Il“ I E Impact: A continuous iterative process to reduce
- uncertainties.
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Alerting

e The system has the functionality to provide customizable live, real-time or near real-time user
alerts. For example

o Forthe OR planner if the status of the bed-house goes above a certain threshold
o Forthe admission planner if a bed is freed earlier than expected

o Forthe headnurse if many patients exceed their expected discharge date
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3. IQVIA HEALTH FLOW | SOLUTION

IQVIA Health Flow is the result of a co-development effort by 4 parties:

e IQVIA: Solution lead with focus on system integration, industrialization, front-end development,
implementation and change management.

e Simbox: Focus on the development of artificial intelligence in the context of Patient Flow
Management

e Ximius: Focus on capacity management and real-time data capture and encryption

e Ziekenhuis Geel: Pilot hospital

IQVIA Health Flow is a SAAS solution running in Microsoft Azure that consists of 2 modules: IQVIA
Health Flow Insight and IQVIA Health Flow Manager

< Analyse < Evaluate Short term > Mid term - Long term >
Previous months/years Previous hours/days Coming hours/days Coming weeks/months Coming months/years
;Q-) o \l/ +—t
AR K L) it
N\

IQVIA Health 1QVIA Health IQVIA Health
Flow Manager Flow Insight Flow Manager

<< < <

IQVIA Health Flow Insight

IQVIA Health Flow Insight provides insights in the current and future capacity needs in terms of beds
and staffing, supported by data-driven notifications, send to the right person so that the right actions
can be taken to solve or prevent capacity problems.

Real-time and predictive data

IQVIA Health Flow Insight monitors real-time all patient activity within the hospital (ambulatory, day,
classical, emergency). Forecasting algorithms calculate how this activity (planned and unplanned) will
evolve in the coming hours, days, or weeks.

Set-up can be done for an individual hospital or a network of hospitals.

GOAL ©:
GETABETTER GRIP

REAL-TIME INSIGHTS “ PREDICTIVE INSIGHTS

INTELLIGENT ALERTING

Data-driven notifications
1> Delivery via E-mail or Mobile (Alerting app)
+ Alerts on specific indicators, standard calculations
- equations - sets that change over time - ...

« Getting a grip on what is happening and will happen
: AntiCipating it by taklng the I'Ight actions + Users can get direct link to correct dashboard /
« Not only looking at the now but also looking ahead report

Stakeholders
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IQVIA Health Flow provides predictive insights to the different stakeholders to trigger the right actions
at the right time and this with a minimal impact on the organization and the way of working. This is
done by using role based (mobile) screens and the use of an intelligent alerting engine. The content
of the screens can be highly customized and is defined by the combination of chapters, levels, and

target groups.

CHAPTERS

Objectives and outcomes

The final objective is to control variability, lower the peaks and make the valleys less deep. To
achieve this goal there should be an optimal expected discharge date (EDD) registration, an efficient
discharge management, anticipation to the predicted in- and outflow and a reduction of outliers.

LEVELS

CENTRALISED SEMI - CENTRALISED DECENTRAAL

Insights at cluster

Overarching vl 2 £ Insights on wards /
insights evgepg:tor::z:?tg Y departments
TARGET GROUPS

Manage- Care- Admission Head-
%@@%
ey

|

As a result, there will be an overall reduction in length of stay, a lower delta patient-to-nurse ratio, an
improvement capacity utilization, a lower workload perception. It will help to reduce overtime and sick
leave and it will cause an overall gain of time.

| VARIABILITY

OPTIMAL EDD REGISTRATION

EFFICIENT
DISCHARGEMANAGEMENT

ANTICIPATE TO PREDICTED
IN- AND OUTFLOW

REDUCTION OF OUTLIERS

Screens

»

| LENGTH OF STAY

| DELTA PATIENT-TO-NURSE
RATIO

t CAPACITY UTILIZATION

| WORKLOAD PERCEPTION

| OVERTIME / SICK LEAVE

1 TIME GAIN

1

ADMISSION PLANNER

STAFF PLANNER

HEAD NURSE

CAPACITY MANAGER

MANAGEMENT

To accomplish the different objectives and outcomes, different screens were set up for each target
group. The screens are continuously optimized, updated and expanded and the target groups will be
further expanded in the future.
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Admission planner

As an admission planner, you should have a continuous view on the status of the bed house now and
in the coming hours and days. And this across all departments so that the right capacity can be
secured for planned and unplanned activity.

Therefore, the app designed for the admission planner provides these insights.

ADMISSION PLANNER o [ ik | ADMISSION PLANNER o

ANTICIPATE TO EXPECTED. ANTICIPATE TO EXPECTED.
IN-AND OUTFLOW. J 1 GAPACITY UTILIZATION J L OUTLIERS 1 TIME GAIN IN-AND OUTFLOW J 1 CAPACITY UTILIZATION J 1 OUTLIERS 1 TIME GAIN J

REAL-TIME ACTUAL CAPACITY S—— — wovia ) REAL-TIME ACTUAL CAPACITY S—— — wiovia )

i Realiime visibiity of occupied ' IR - =
 beds, free beds, empty single 3 3 . . ] s { Overview of patients still to plan
b E | OR, emergency, internal transfer)
o £ { indication of requested room

_=|_atall imes

| b B MR HEy ="
- —
—

With alerts in case of
overcapacity

Final bedavailability = ]
actualto plan + discharges |

[ s | ADMISSION PLANNER o ADMISSION PLANNER

ANTICIPATE TO EXPECTED J J ANTICIPATE TO EXPECTED J J
IN-AND OUTFL 1 CAPACITY UTILIZATION L OUTLIERS 1 TIME GAIN R 1 CAPACITY UTILIZATION L OUTLIERS 1TIME GAIN
3 \
REAL-TIME ACTUAL CAPACITY s - oV REAL-TIME ACTUAL CAPACITY e = wioviA
| s ARy : B { Indication of predicted | - tanmi
{ Check status on specific dayby | ; !
== | specifichour ] RSP cmergency flow = Ly
-] | =st—3i—%—¢1 = ‘-. : © EER __ i m— —— . = =
oo . =  — — PR . . . E
g g Oumers can be analyzeu across
) N naspnal bydepartment, ...
———
|basedonreatime andplamneddata ke preferred depariments | —— R /

isible to admission planner |
efinable within configuration)

il ) | I —

[ gk | ADMISSION PLANNER o [ gk | ADMISSION PLANNER o

D J 1 CAPACITY UTILIZATION J 1 OUTLIERS 1TIME GAIN J ANTICIPATE T EXPECTED J 1 CAPACITY UTILIZATION 1 OUTLIERS 1TIME GAIN J

i PREDICTED CAPACITY - m

EZ P Bl - —
= At H om
Currentbed plan with admission | _

| reason / probable discharge date /

% £ \Aewalal\ Ilmeshowihe bedavambulnywm evolve in time, ':
E !
1
1
1

RERaRARARASA RN RN

3

| gender /isolation marker / ...

T e
| bedaailabilityforthe |~
| coming hours /days Avanabmty considers actual data,’

— with p in . . - $
H planned data and predicted data |
H  Looking ahead wnn ,,,,,,
E n sws ||||||I||||I

A continues real-time status of the beds (blocked, occupied, free), with the possibility of an
alert in case of a capacity problem.

With an indication of beds to plan, discharges and final availability, now or on a specific time
or day.

With guidance to plan patients on their most preferred ward, to prevent outliers.

A detailed bed-plan with the possibility to zoom in into a specific room or bed, and see all
the necessary details, crucial for planning.

With insights into the predicted patient flow for the coming hours, days and weeks
(calculated by the forecasting engine), considering real-time, planned and forecasted data.

And with an indication of the predicted flow through emergency.
6
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Head of the flex team / Staff planner

As a staff planner you are responsible for efficiently scheduling the employees, with the objective of
“the right care, at the right time, by the right person, in the best possible way, with as little waste as
possible”.

Therefore, the app designed for the staff planner should provide assistance for scheduling the staff in
a well-considered way and it should quickly provide an insight into where there are shortages and
where workload and weight of care are — or will become — high, in order to make the right decisions.

o o
STAFF PLANNER o STAFF PLANNER o
eI LS J AT T J 1 WORKLOAD PERCEPTION J 1 OVERTIME / 1 TIME GAIN J eI LS J AT T J 1 WORKLOAD PERCEPTION J 1 OVERTIME / 1 TIME GAIN J
\ \
HEATMAPS - BUSYNESS INDICATORS s oD | SIFYEN STAFFING INDICATORS T
—  and upcoming shifts hours | — ; i
{"Based on actu ed| T | ] = g

A PN ratio: % Weightof care: L
! Indication of number of patients per nurse, relative to | Indication of ime spentwith a patient (basedon  jusks | | oo
1 anorm ;| activiies), relative to a norm i | based on patient to nurse
{ 4X ' norm, considering actual,
i (o 1  planned and predicted data -
- i Bedoccupancy i | Indication ofhow manypatients do notstayintheir : | i " H
i ! | preferred department ] g = N= 1} i H H TH
= T R R R
1 s
L o —— sz ) | i i)
) )
STAFF PLANNER 0 STAFF PLANNER 0
| DELTAPATIENFTONURSE ANTICIPATE TO J J | DELTAPATIENFTONURSE ANTICIPATE TO J
TN AR | WORKLOAD PERCEPTION | OVERTIME / 1 TIME GAIN TN AR | WORKLOAD PERCEPTION | OVERTIME / 1 TIME GAIN
- \
STAFFING INDICATORS woVIA STAFF PLANNING wovia
=  Overview of how the (flex) team is scheduled, by department
1 -  oremployee, and how this schedule evolves over time:
Sheckipstetisoiowitimemerth = = = | | -~ 0~ esemes=y Twenl B W R 8
lepartmentor for a specific | , r
] -
= ()
fmmzmmmae g . - | Useful to see where | . SV - LI | L]
| Overview of current staffing, by department or across hospital, | the flexteam can be deployedto | .
| with an indication of planned and unplanned absences | *~* | feduceoverime - % AT e S e
B g an
- = = s @
] o on =
B | e b i
B 1 1] L}
4 .
J \ J

L3

Busyness indicators in the form of heatmaps, regarding the delta patient-to-nurse ratio, the

bed occupancy, the weight of care and the number of outliers. The darker the color, the

busier this department. This for now and the coming hours, days, taking into account real-

time, planned and predicted data.

Insights into the patient-to-nurse ratio across all departments, this for the current and

upcoming shifts, with a visual view of where staff is over or under-scheduled, according to

predicted patient presence, and with the possibility to check if flexibility between

departments is possible.

Extra details about each staff member can be checked, with indication of planned or
unplanned absence and overtime.

dClear overview of which employee is scheduled where at this moment and for the next few

ays.

Headnurse / Caremanager

As a head nurse you have two roles within capacity management: on the one hand, you can influence
efficient bed planning by optimizing the registration of the expected discharge dates and discharge
management, and on the other, they are responsible for efficient staff scheduling by aligning the
planning with expected admission and discharge patterns.

The app designed for the head nurse shows a real-time and predictive view of the department’s
activity, with details on inflow and outflow and information about the staff and how they are planned.
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OPTIMAL EDD REGISTRATION IR e e

EFFICIENT
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STAFFING INDICATORS

~
«iovia

{ Retrospective information (last7 | | With the abilityto drill | | Delta patientto- ratio for thei
| days, admission and::; | down to doctor level 1 depanmemwm details about the
| discharge patterns 2 | employees in the table above
===
. == 31 - HEN | - —
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\. ki J \. J

Indication of how many patients still must be admitted and how many patients still have to

reason.

G 00 @

doctor level.

be discharged, and this for today and tomorrow. And indication of EDD registration
completed, across department, per specialism and per doctor.

Detailed overview of the blocked beds, with indication of start and end date and blocking

Overview across departments of the EDD registration rate with an indication how many are
not completed after 24-48 and 72 hours and with an indication of those who are overdue.

Detailed view of EDD registration per department with a trend to follow up the registration
rate and with indication of the patients with the longest length of stay.

Retrospective information on admission and discharge patterns, and this for the last 7 days,
in the form of boxplots. Per weekday and per specialism with the ability to drill down to

Insights into the patient-to-nurse ratio within their department for the current and upcoming

their department in the form of heatmaps.

shifts, with the same details about the employees and an indication of the busyness within
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IQVIA Health Flow Manager

Within the IQVIA Health Flow manager a copy is taken from your hospital and turned into a calculation
and simulation environment. It helps to understand the variability and its impact, gives insights into the
system through calculations and search for solutions through simulations.

The IQVIA Health Flow Manager provides an intuitive interface to create custom data models and
powerful data science capabilities to map towards capacity and activity pathways.

It is fed with the information flowing from IQVIA Health Flow and additional datasets that can be loaded
depending on the use case.

The IQVIA Health Flow Manager has two main purposes:
e it can be used to calculate the required beds and staffing (for the coming year(s), considering
certain new situations and events,
e and it can be used to calculate the effect of the OR-schedule on the bed house and simulate
how to minimize this effect (to reduce the variability)

INSIGHTS REQUIRED BEDS AND STAFFING b INSIGHTS IMPACT OR-SCHEDULE ON BED HOUSE
(MID/LONG TERM

Capacity calculation and simulation for the coming Dynamic blueprinting, calculation and simulation of the
year(s), considering certain new situations and events OR scheduling to minimize the impact on the bed house

GOAL @:
IMPROVE THE SYSTEM

* Understanding the variability and its impact
* Insights into the system through calculations
* And search for solutions through simulations

Digital Twin

As a capacity manager, you want to gain more insights into the hospital capacities and flows and look
for opportunities and solutions. With the insights, calculations and simulations provided within the
Digital Twin, a more precise and established plan can be set up and translated into a tactical and
operational plan

The required capacity, based on a reference period, can be calculated and specific new situations and
events can be considered to calculate the required capacity for the coming year(s).

INSIGHTS REQUIRED BEDS AND STAFFING Q INSIGHTS REQUIRED BEDS AND STAFFING Q

SIMULATIONt SIMULATION2 SIMULATIONS SIMULATIONt SIMULATION2 SIMULATIONS
CIEEL J CREEENREA NEW SURGEON NEW VIRUS | LENGTH OF STAY VERALY LI B‘SEC“P‘C"" NEW SURGEON NEW VIRUS 1 LENGTH OF STAY VAL
CREATE A DIGITAL COPY OF THE HOSPITAL R Poo CALCULATE THE BASE CAPACITIES [ ——— 5 o
[r—— lt (" Visualise all the patient pathways within ynur o aduciatacd
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i oSk 2 e | | e = -
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The copy of the hospital capacities and flows are visualized within “Paths”. It groups
patients who take the same steps, with details about each capacity used.

Calculate how many beds are needed for a specific department, a specialism, or your total
hospital. The data is translated in a pattern of how many beds are needed. The same can
be done to calculate the required staffing.

The graph is translated into a table that shows per month and per weekday how many beds
are required, with an indication of the maximum and minimum beds required.

What if the hospital decides to hire an extra surgeon? — The effect on the capacities can be
calculated by increasing the arrivals of a specific group of patients.

What if you want to simulate the effect of a new group of patients, which is not in your
historical data? — The virus and the path patients will follow can be virtually simulated and
the effect on the capacities can be calculated.

G006

What will be the effect of a reduction of length of stay for a specific group of patients? —
The gain in capacities (beds and staffing) can be simulated and compared with the original
situation.

Table to compare different scenarios and the impact on the capacities.

The final strategy can be translated into a tactical and operational calendar with indication
for every day of the year how many beds and staff are required, this for the original situation
but also for the changed situation, and with a detailed plan below

B 8 8&a
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Plannings Engine

The plannings engine within the IQVIA Health Flow Manager is designed to calculate the impact of the
OR on the bed house. The OR scheduling is a major driver in causing a high variability within the
departments. So, evaluate the OR schedule, calculate the impact on the departments and study
possible optimizations is therefore crucial for a good and successful capacity management.

The tool can also be used to set up a virtual OR schedule (an OR that does not yet exist) in order to
calculate and simulate how to set it up in the most optimal way, taking into account occupancy rates

and impact on the bed house.
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the OR-schedule

Insights into “how well” you planned, accordingly to some requirements and insights into the
variability that specific OR schedules created within the bed house.

Based on a selected OR schedule you can than calculate what the impact was on the

Let the tool optimize the OR schedule, to lower the effect on the variability within the
departments, and to gain capacity, considering certain restrictions (certain sessions or

Differences between the optimized and original schedules can be checked, and the impact

B

of the changes on the bed capacity for the different departments can be calculated (with an
indication of how many beds you can win).
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