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Preface

This work is a collection of papers presented at the two editions of the Francophone
summer school on health service management. The second edition held in 2022
at Laval University in Quebec City (Canada) focused on innovation in healthcare
organizations in a post-pandemic context. The third edition, for its part, was held in
2023 at Jean-Moulin University in Lyon 3 (France). The two editions had the same
main theme, the redefinition of healthcare organizations through today’s complexity.

The COVID-19 pandemic has highlighted many issues in adapting healthcare and
social services establishments (health and medico-social establishments). More than
ever, European and Canadian facilities have to undergo major transformations and
face major challenges if they are to respond to these concerns. Innovative solutions
can only be found through a detailed understanding of the many particularities of the
environment and context. Sharing knowledge and experience to question the many
facets of these challenges better is therefore all the more relevant and important.

To address this issue, the second edition of the summer school, focused on the
theme: “Innovation in a post-pandemic health and social services system”, analyzing
the following subjects: (1) The patient at the heart of the reorganization of health-
care and services, (2) Healthcare organization, (3) Innovation in care trajectories,
(4) Digital transformation and artificial intelligence serving health and social care
institutions, (5) Learning health systems—operationalization and evaluation.

The third edition focused on the rethinking of healthcare organizations. Indeed,
in the last decades, healthcare organizations have been going through a period of
turmoil. Staff shortages, overcrowding in hospitals and primary care, supply disrup-
tions, computer hacking, funding problems, and abuse scandals are all having a
profound effect on health establishments and services, giving rise not only to unease
among staff but also in society as a whole, and to questions about the missions of
institutions and the resources needed to carry them out effectively and efficiently.
While most of these crises are not new, their combination and the scale of their
repercussions highlight the need to think differently about organizations to heal the
damage and make them more resilient in the face of future challenges. To answer
these challenges, several perspectives were approached by the participants of the
Summer schools.

vii



viii Preface

Beyond the themes explored during both editions of the summer school, the chap-
ters gathered in this book illustrate several complementary avenues through which
healthcare organizations can be reimagined and strengthened. A central dimen-
sion concerns the contribution of innovation approaches grounded in operations
research and artificial intelligence. These methodologies offer powerful analytical
and decision-support tools capable of guiding managers through complex environ-
ments, optimizing resource allocation, and improving the performance of healthcare
services.

Another key perspective highlighted in this volume relates to recent advances
in the modelling of healthcare trajectories and clinical pathways. Understanding
how patients navigate the system, how services are coordinated, and where inef-
ficiencies or vulnerabilities emerge provides a crucial foundation for redesigning
processes and enhancing continuity of care. Equally essential is the attention paid
to patient-centered approaches in the management and transformation of healthcare
organizations.

By integrating patient experience, expectations, and participation, institutions can
develop more responsive, equitable, and effective models of care, an imperative that
became even more evident in the post-pandemic era.

Together, these contributions illustrate the richness and potential of combining
operations research, artificial intelligence, and patient-centered management to
rethink healthcare delivery. They demonstrate how such approaches can drive inno-
vation in a context where organizations must adapt rapidly to heightened constraints,
fluctuating demand, and new societal expectations.

When supported by rigorous analytical tools and informed by qualitative insights
from the field, the reconfiguration of healthcare systems becomes not only possible
but also more sustainable and resilient, ultimately benefiting managers, professionals,
patients, and all stakeholders involved.

Québec City, Canada Paolo Landa
Québec City, Canada Jean-Baptiste Gartner
Québec City, Canada André Coté
Lyon, France Célia Lemaire
Lyon, France Jean-Baptiste Capgras
Metz, France Julien Husson

Montreal, Canada Géraldine Layani
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Staffing Healthcare Personnel )
Combining Petri Nets and Optimisation e

Bernardetta Addis, Roberto Aringhieri, Marco Gribaudo, and Andrea Grosso

Abstract Healthcare services are usually delivered by teams, each one composed of
individuals working together sharing knowledge, experiences and skills. The staffing
problem consists in finding an optimal set of teams with respect to a given perfor-
mance metrics in such a way to meet a forecasted service demand, which determines
the workload level. Various metrics can be used to measure the efficiency of one
individual, and to evaluate the overall team performance. The random nature of the
problem requires the introduction of random variables, and the characterisation of
the overall team behaviour with a stochastic process. We propose hybrid algorithms
based on generalised stochastic petri nets (GSPN) and optimisation. The basic idea is
to exploit the GSPN model as a black box to evaluate a solution computed by an opti-
misation algorithm, that is the team performance under several demand scenarios.
We test the proposed algorithms on a case study arising from an Italian Emergency
Medical Services. The insights from the computational analysis confirm the validity
of the proposed algorithms.

Keywords Workforce management + Staffing - Patient flow - Petri nets *
Metaheuristics - Set partitioning

1 Introduction

Healthcare services are usually delivered by teams, each one composed of individu-
als working together sharing knowledge, experiences and skills. Approaches to the
medical workforce management capable to guarantee the efficiency and fairness of
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the delivered service becomes crucial [3]. In [13] the authors argued that skill max-
imisation (e.g., increasing the responsibilities of healthcare practitioners) is the key
to increase productivity and care quality. They also argued that to increase output
(represented by volumes of cases treated) and quality of care is not just necessary,
but essential. For these main reasons, the authors concluded that the key to address
the future of healthcare is the maximisation of the use of human resource.

In this work we focus on staffing stage in accordance with the classification
proposed in [17]: the staffing problem consists in finding an optimal set of teams
with respect to a given performance metrics in such a way to meet the forecasted
service demand. Since the service demand determines the workload level, a good
demand prevision plays a fundamental role when healthcare managers are interested
in guaranteeing the efficiency and fairness of the provided service: for instance, the
solutions computed by the algorithm proposed in [12] caused under-staffing because
of inadequate forecasts.

Various metrics can be used to measure the efficiency of one individual and exploit
such measures to evaluate the overall team performance with respect to the forecasted
service demand. The random nature of the problem requires the introduction of ran-
dom variables, and the characterisation of the overall team behaviour with a stochastic
process in order to have a more accurate team performance evaluation. Generalized
Stochastic Petri Nets (GSPN) allow to deal with such a requirement guaranteeing an
accurate team performance evaluation: a GSPN allows a direct mapping from a high
level representation to a Continuous Time Markov Chain (CTMC) that can be solved
to evaluate the team performance under several demand scenarios. The review [9]
considers the literature on staffing and scheduling approaches that account for non-
stationary demand, that is when the number of “customers” fluctuates over time
according to a stochastic pattern. In their conclusions, the authors indicated two
important aspects, that is (i) the opportunity to model human behaviour, as han-
dling speed may be influenced by workload and other factors, and (ii) the need of
addressing the computational requirements of the performance evaluation methods.
We consider both aspects in our work.

In this paper we propose hybrid algorithms based on the GSPN and optimisation
whose underlying idea is to exploit the GSPN model as a black box to evaluate a
solution computed by an optimisation algorithm. We present two hybrid algorithms,
that is an exact one based on a partitioning model, and a metaheuristic based on
a Local Search. We test the proposed algorithms on a case study arising from an
Italian Emergency Medical Services whose features make it the ideal case study, as
we will show in Sect. 2. The proposed Generalized Stochastic Petri Nets (GSPN)
model evaluates the composition of a team analysing the EMS request flow at the
Operation Centre (OC). It takes into account both the characterisation of the team
members (by exploiting parameters obtained from the statistics on their previous
activities), and of the specific situation (workload, team cardinality, members busy
or free) in which the team is going to operate.

The paper is organised as follows. In Sect. 2, we describe the case study considered
and report the problem statement. In Sect. 3 we describe our GSPN model through
its evolution towards a more computationally efficient model. The hybrid GSPN and
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optimisation algorithms are proposed in Sect. 4. Insights from the computational
analysis of the proposed solution algorithms are discussed in Sect. 5. Finally, Sect. 6
closes the paper.

2 Problem Statement

The main performance measure for the EMS providers is the response time, which is
defined as the time elapsed between the call arrival and the arrival of the ambulance
at the patient, as depicted in Fig. 1.

The service quality of an EMS is therefore directly connected to the promptness
of the assistance. Of course, the ambulance availability plays a fundamental role in
the service provided by an EMS, but the first answer to patients (triage and dispatch
in Fig. 1) is given by the OC operators. Therefore, the promptness of the assistance
can highly depend on how fast is the answer provided by the OC operators.

The OC of the Milano EMS is in charge of receiving the phone calls from citizens
who need immediate medical assistance. The staff employed at the OC is organised
in teams composed of operators; such teams are then scheduled following a cyclic
pattern over a given time horizon. Due to legal obligation, the EMS keeps daily logs
of the emergency calls, with time and duration of each call, and the operator “id”
who handled the call. From this set of information, it is possible to derive both a
measure of the efficiency of each operator and an evaluation of the variable demand
characterising EMS workload. The answer to a call consists in three phases: (i) to
determine where to send the ambulance, (ii) to perform the triage, and (iii) to dispatch
an ambulance. The triage is a procedure which allow the operator to determine the
seriousness of the emergency request, and to assign a colour-code to the request:
white and green for non-urgent requests, yellow and red for the urgent ones.

The efficiency of an operator is set to the average duration of a call handled by
the operator disregarding the urgency of the emergency request. This assumption is
due to the fact that the urgency is defined at the end of the triage procedure, and not

Ambulance occupied

&
<

v

Response time

A

5
?
Pre-trip delay Service time
?>€

s,
L 4

‘Iriage and|  Chute = . On scene Iravel time  |Turnaround| ‘Iravel time
s . Iravel time . ) A
dispatch time time to hospital time to base
Call Ambulance Ambulance Arrival at Departure Arrival at Ambulance Available
arrival assigned  departure patient  from scene hospital available at base

Fig. 1 The emergency response process (from [15])
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Fig. 2 Emergency demand (number of calls per day)

before the call. Therefore, the operator behaves as if they was managing an urgent
request.

The demand is forecasted as follows: the 24 hours time horizon is divided in a
set of time intervals for each of which the maximum number of simultaneous calls
is computed. Then, the forecasted demand is computed as the maximum number of
calls within a given time span. Figure 2 reports the emergency demand in terms of
number of calls received during each time interval over a period of three months. We
would like to point out the generality of the profile shown in Fig. 2, as shown for
instance in [2, 10, 11].

Beside processing the emergency calls, the OC is in charge of other tasks, such as
managing the transport of organs from organ donations, or keeping contact with the
volunteering associations operating on the ambulances. Thus, the set of operators on
work is constantly split into two “sub-teams”, whose members alternate day by day
in managing the phone calls. Each of the two sub-teams will be engaged at the phone
during the shift. Further details about the organisation of the OC of the Milano EMS
are reported in [1].

Finally, we can properly state the resulting optimisation problem. We are dealing
with the problem of creating a given number ¢ of sub-teams, each one composed of a
given number m of operators selected from a larger set O of £ operators (£ > ¢ x m).
In order to match a fairness requirement, we seek to optimise the performances of the
OC, which is defined as a function of the operator efficiency, by forming teams (and
related sub-teams) so that the throughput guaranteed by the least efficient (sub)team
on duty is as high as possible.
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3 Modelling the EMS Patient Flow Using GSPN

We present two GSPN models to evaluate the performance of a group of operators. To
help the reader, an introduction to the Petri Net methodology is reported in Appendix.

An initial GSPN model. As already discussed in Sect. 2, the service quality of
an EMS is directly connected to the promptness of the assistance. In the following,
we will consider the worst scenario, that is we are interested in observing the system
during a peak of emergency requests and to evaluate its efficiency under the peak.
This is required to address the need of fairness of the service. During a demand peak,
a common procedure, called cutoff priority queue, is to postpone non-urgent requests
in order to have enough free ambulances for the upcoming urgent requests [6, 18].
From a practical point of view, postponing means that those requests are managed by
other operators (usually the other sub team) whose main task is to call back in order
to verify if the emergency request is getting worse (in this case, the request become
urgent and an ambulance will be sent as soon as one is available) or, on the contrary,
if it is solved (the patient has been transported autonomously to a hospital).

We used the GSPN reported in Fig. 3 to model the behaviour of a team working
at the OC. Transition Arrival represents the arrival of an emergency request call.
The OC is able to handle only a maximum number of calls n: this is modelled by the
marking of place n. Remember that all teams have the same number of operators as
m, each team member is represented by a set of places and transitions: to simplify the
model description, only the primitives corresponding to a single operator have been
shown, which are then replied m times in Fig. 3. Therefore, the following describes
the process of managing a call by the same operator operator by doing the three
phases described in Sect. 2.

Release line
Give up 2 “\m I .
1 | lGreen e ym
1 i
G ! : stage
| i H
i |
! 1
! 1
Red or
Yellow

Arrival

Fig. 3 An initial GSPN model of the OC
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If a member is available, its corresponding place is marked. This allows new
incoming call to be assigned randomly to any of the available operators. If all the
operators are busy, the caller is forced to wait. The number of waiting calls is repre-
sented by the marking of the place immediately connected to the Arrival transition.
The triage stage is represented by the transition Triage;, that fires with an expo-
nentially distributed firing time which defines the efficiency of an operator. At the end
of the triage, the outcome of the process is modelled by two immediate transitions.
If it is a green or white code, transition Green fires, freeing the operator for the
next call. Otherwise, transition Yellow or Red fires, transferring the call to the
second stage to dispatch an ambulance. In both cases the call is ended immediately
and the line returns available to other callers.

Finally, a customer can give up and end the call if not served soon enough. This
is modelled by transition Give up.

An improved GSPN model. Although GSPNs provide a compact representation
for the evolution of modelled system, they suffer from the state explosion problem
(see, e.g., [16] for manufacturing applications): the number of states of the corre-
sponding CTMC is exponential in the number of places of the GSPN. With respect to
the GSPN model in Fig. 3, we note that the state space is relatively large: considering
the maximum number of calls greater than the number of operators, that is n > m,

we have ",
Yool (’:l) LM (n—m)
i=0

states. The reason for that formula lies in the fact that each operator, when active,
might be either answering the phone call, or performing the second stage in case of a
yellow or red code: this gives rise to the 2/ and 2™ since all the possible combination
of the active operators have to be considered.

As a consequence of a large research project (partially reported in [4, 5]), the
OC has been re-organised to better exploit the ambulances on service: operators
identifying a serious case, instead of executing the second stage directly, they pass
the second phase of the call service to other colleagues which are in charge of the
overall system logistics. As discussed in [6], such a re-organisation can allow the OC
to improve the number of urgent missions served within the time limit up to 75% with
respect to the 61% obtained with the current policy of ambulance management. This
re-organisation has the side effect of simplifying the model as reported in Fig. 4. The
resulting state space is much smaller than the original model since active operators
can only be serving a call (and we do not have to take into account the possibility
of performing a second stage). This reduces the factor that were 2/ and 2 in the
previous expression to 1, reducing thus the total number of different states to:

m

Z(";)Hn—m):zmﬂn—m).

i=0
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Fig. 4 An improved GSPN model of the OC

4 Hybrid GSPN and Optimisation Algorithms

The main concern of this section is to evaluate how to combine GSPN solutions
and optimisation algorithms in an efficient and a proper way. To this purpose, we
propose an exact method based on partitioning models, and a simple local search
based metaheuristic. Apart of their effectiveness in computing good quality solutions,
we are also interested in the feasibility of exploiting Petri Nets within an optimisation
algorithm framework, and to address some computational issues.

The improved GSPN model discussed in Sect. 3 estimates the efficiency of a team
by computing its throughput X. We seek to optimise the OC performances by forming
teams (and related sub-teams) so that the throughput guaranteed by the least efficient
(sub)team on duty is as high as possible. This matches a fairness requirement in order
to avoid strong losses of performances through the shifts. We recall that the sub-team
approach allows also to avoid that only the best operators answer to emergency calls:
if we ask for optimal peak performances, without any additional constraints on shift,
we would find solutions with always the same operators assigned to emergency calls;
on the contrary, considering two (sub)teams for each team, we find solutions that still
exhibit good performances, but take into account the necessary rotation in the service,
allowing an alternation in phone call service, that is the most heavy job in the OC.

A set partitioning approach. The problem boils down to partitioning the set of
operators into equally-sized sub-teams of fixed cardinality. We formulate the problem
with a set O of operators, a set J of (rﬁ) sub-teams and a coverage matrix A = [a;;]
where g;; = 1 if operator i belongs to sub-team j € J. A number g; measures the
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expected throughput guaranteed by sub-team j — this is computed by means of the
GSPN model. The constant Q is fixed to Q = max¢;{g,}.

max z° (la)

st Y ayx; =1 VieO (1b)
jes

Ol —x)) +qjx; > 2° Vjel (1c)

x; €{0,1} Vield (1d)

¢ >0. (le)

Constraints (1b) ensure that each operator belongs to exactly one sub-team, while
constraints (1c) capture the max-min objective.

The optimal solution of the problem can be computed with a simple strategy based
on solving a sequence of lower dimension feasibility problems. We order the teams
according to their decreasing efficiency, then we apply the following dichotomous
search: it starts selecting the set J' composed of the first half of the possible teams
(i.e., those having better efficiency); check if a feasible solution exists in J'; it exists,
then half again the considered subset of teams, otherwise add half of the unused set.
The procedure stops when the smallest set J’ for which exists a feasible solution
is found. The worst team in this set is the bottleneck one and gives the value of
the optimal solution. In the worst case we solve log,(]/|) feasibility problems of
dimension at most |J|. At each iteration, in order to check feasibility, we solve the
following reduced problem:

jeJ’

st Y aix; =1 VieoO
jeJ’
x; € {0, 1} VjielJ

The illustrated approach is exact in nature.

A metaheuristic approach. We propose a simple but effective metaheuristic
based on a straightforward neighbourhood exploration. Let us consider the following
formulation of the original staffing problem. Let x;; be a decision variable assuming
value 1 if the operator i =1, ..., £ is assigned to sub-team j=1,...,¢, and 0
otherwise. The model follows:

m

max z =jir11int {g;(x)} (2a)

1

st Y x <1 i=1,...,¢ (2b)
j=1
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¢
D xij=m j=1,....1 (2¢)
i=1
x;j €{0,1) i=1,...,6 j=1,...,1 (2d)

The function (2a) captures the max-min objective while constraints (2b) and (2c)
model the team composition. Note that g ; (x) is a function of the individual efficiency,
denoted by e;, and its value is determined by solving the corresponding GSPN.

We denote a solution as a set of teams C/ having efficiency E/ = g;(x) for any
j=1,...,t.Letzbeequaltomin {E', ..., E'}. After computing the initial solution
randomly assigning individuals to teams, such a solution is improved by a straight-
forward local search: at each iteration, the team C™ having the worst efficiency E" is
considered; then, we find a pair (i, ) of individuals giving the best solution improve-
ment in such a way that i belongs to C* and & to any other teams; after reaching
a local optima, a random restart is performed to diversify the search following the
insights reported in [7, 8] for combinatorial problems with a simple mathematical
structure. The total number of restarts is determined by the parameter R.

5 Insights from the Computational Analysis

The main concern of this section is to validate the hybrid algorithms discussed in
Sect. 4, and to provide some insights from the analysis of their results in order to
better understand their computational behaviour.

The GSPN and the optimisation algorithms have been coded in C standard and
compiled by gcc 4.1.2.They runon a?2.1 GHz AMD Opteron 8425HE with 16
GB of memory. Cplex with default configuration has been embedded in the exact
algorithm.

We generated the benchmark instances as follows. The raw data is composed of a
set of 45 operators and a list composed of calls collected during three months of OC
activity. Each call is associated to an operator through an operator “id”. The number of
calls for each operator are about 1000. Further information available are instant time
and duration of the call. Then, we compute an estimation of the operator efficiency
as the average value of call duration measured in minutes. Finally, we generate 10
different instances (denoted by 0 to 9) selecting randomly ¢ = 30 operators and their
associated efficiency and setting ¢+ = 10 and m = 3. Different scenarios are also
considered by varying the arrival rate, that is 1.5, 1.7 and 2.0, measured as call per
minute.

GSPN solver performance. As discussed in Sect. 3, the computational efficiency
of a GSPN model depends on the number of states in the corresponding CTMC. Here
we would evaluate the running time behaviour of such a GSPN solver. Table 1 reports
the average running time estimated by running the metaheuristic setting R = 1000:
as a matter of fact, the number of restart R determines the total number of moves
performed by the local search and, by consequence, the number of calls to the GSPN
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Table 1 GSPN solver: average running time

Rate 1.5 Rate 1.7 Rate 2.0
#moves |# GSPN |avg. ms. |# moves |# GSPN | avg. ms. | # moves |# GSPN |avg. ms.
0 20659 3346758 | 0.3399 | 21262 3444444 1 0.3821 | 21493 3481866 | 0.4599
1 2039 330318 | 0.5849 2189 354618 | 0.6462 2417 391554 | 0.7479
2 19099 3094038 | 0.3338 | 19336 3132432 {0.3783 | 19054 3086748 | 0.4541
3 2464 399168 | 0.5518 2797 453114 | 0.6029 3249 526338 | 0.7013
4 22019 3567078 | 0.3401 | 22059 3573558 | 0.3877 | 21877 3544074 | 0.4672
5 2442 395604 | 0.5453 2866 464292 | 0.5906 3365 545130 | 0.6741
6 18083 2929446 | 0.3361 | 18093 2931066 | 0.3786 | 17771 2878902 | 0.4603
7 1907 308934 | 0.6004 2080 336960 | 0.6592 2319 375678 | 0.7552
8 3178 514836 | 0.5071 3800 615600 | 0.5486 4808 778896 | 0.6189
9 19060 | 3087720 | 0.3363 | 19089 3092418 | 0.3776 18962 | 3071844 | 0.4543
Average time 0.4476 Average time 0.4952 Average time 0.5793

solver. For each scenario, three columns of data are reported: the number of local
search moves, the number of calls to the GSPN solver, and the GSPN solver average
running time in milliseconds. Last row reports the average running time among the
different instances.

Results in Table 1 shows that, on average, a GSPN solution requires from 0.4476
to 0.5793 milliseconds. We remark that the average computing time increases as
the arrival rate increases, that is when the system more easily saturates and, by
consequence, it is harder to find a stationary solution of the corresponding CTMC.

Exact solutions. Table 2 reports the solutions computed by the exact algorithm
reported in Sect. 4. For each scenario, three columns of data are reported: the sub-
team “Id”, the value z¢ of the optimal solution and the running time in seconds. The
last row reports the average running time. Ranking the sub-teams by decreasing value
of their efficiency, the “Id” represents the position of that sub-team in the ranking.
Note that the overall number of possible sub-teams are 4060.

The results in Table 2 highlight an average running time that decreases as soon as
the arrival rate increases, which is in contrast to those in Table 1. When the arrival
rate increases, the number of different teams having the same maximal throughput
increases as soon as the probability to saturate the system increased. This implies that
it is easier and faster to identify an optimal solution for our exact algorithm based on
a dichotomous search. On the contrary, when the arrival rate decreases it could be
possible to have a large bunch of similar teams having similar solution values, close
to the optimal one. This is due to a sort of replacement effect for which changing
an operator with another one having better (worse) efficiency could slightly increase
(decrease) the team throughput. In such a situation is clearly harder for our exact
algorithm to identify the optimal solution.

Metaheuristic solutions. Tables 3 and 4 report the solutions computed by the
metaheuristic algorithm depicted in Sect. 4. The results reported in the two tables



Staffing Healthcare Personnel Combining ... 11

Table 2 Results for the exact algorithm under the 3 scenarios

Rate 1.5 Rate 1.7 Rate 2.0

Id z¢ S 1d z¢ S 1d z¢ S
2118 1.45914| 829.18 (2126 1.67751|1074.02 | 2126 1.881121039.06
1997 1.46528 | 1180.68 | 1984 1.68847 | 1125.93 | 1986 1.89863 | 941.11
2091 1.46366| 91.22|2071 1.68570| 94.93|2073 1.89430| 79.93
2045 1.46161 | 90.66 | 2045 1.68211| 73.84|2035 1.88882| 85.34
2099 1.45835| 88.81 (2099 1.67623 | 70.67 | 2097 1.87908 | 85.54
2040 1.46299| 92.95|2037 1.68445| 83.14|2029 1.89206| 79.43
2013 1.46218 | 104.20 (2011 1.68289| 1003.58 | 2003 1.88982 7.44
2046 1.46498 | 1225.14 | 2020 1.68790 | 862.88 | 2022 1.89765| 90.62
2008 1.45968 | 893.35|2008 1.67861| 69.68 | 2006 1.88272| 965.51
2058 1.46246| 829.81|2055 1.68352| 77.43|2053 1.89086| 76.45
Average time 542.60 | Average time 453.61 | Average time 345.04

Ol Q||| | W= O

differ from the number of restart R performed by the metaheuristic, thatis R = 10
and R = 100, respectively. For each scenario, four columns of data are reported:
the value z™ of the best solution computed, the number of moves performed by the
local search, the running time in seconds and the relative gap with respect to the
corresponding optimal solution. The last two rows report the average running time,
the average relative gap and the number of optimal solution computed.

The reported results prove the good quality of the solution computed by the
metaheuristic also considering the average running time which is respectively two
(Table 3) and one (Table 4) order of magnitude below of the average running time
of the exact method reported in Table 2. It is worth noting that the number of restart
does not really influence the quality of the solution: as a matter of fact, the solution
values z”” slightly improves when R increases and, by consequence, the average gap
slightly decreases. This seems to indicate the need of more some intensification and
diversification strategies to further improve the solution quality.

From a computational point of view, we observe that the number of moves (see
also the corresponding column in Table 1) and the corresponding running time grow
up proportionally to the number of restart R, as one can expect.

Looking at different scenarios, we can observe that the scenario with arrival rate
1.7 seems the hardest for the proposed metaheuristic. We observed that the number
of similar teams having similar solution values, close to the optimal, can increase
when the arrival rate decrease. A similar effect can be observed when the arrival
rate increases determining (because of the system saturation) many teams having the
same maximal throughput. In such situations is easier for a local search to determine
a local optimum whose value is close to the optimal one.
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6 Conclusions

Workforce planning and scheduling based on forecasted demand is a topic that is
receiving a growing attention by the research community. In this paper, we deal
with a staffing problem based on forecasted demand arising in the personnel man-
agement of the Emergency Medical Service in Milano, Italy. This problem is the
opportunity to propose and to test new hybrid algorithms that combines Petri Nets
and optimisation. The basic idea is to exploit Petri Nets capability—if compared with
other classic metrics—to evaluate the team performance with respect to a forecasted
demand while an optimisation engine tries to compose the optimal set of teams. We
proposed two algorithms to prove the feasibility of such an idea. The insights from
the computational analysis confirm the validity of the proposed hybrid algorithms
highlighting also the different computational behaviour of the two proposed hybrid
algorithms.

Appendix: Short Introduction to Petri Net Modelling

The Petri Net (PN) approach is a graphical formalism used to represent models
characterised by parallelism and synchronisation. A PN can be represented by a
bipartite graph, whose nodes are divided in two classes called respectively Places
(graphically represented by circles) and Transitions (drawn as boxes). Places and
transitions are connected with two different types of arcs: Standard Arcs (drawn as
arrows) and Inhibitor Arcs (represented by lines with a circular end). Each arc has
associated an integer weight with default value equal to 1. Places may contain an
integer number of objects called Tokens (drawn as black discs). Figure 5 presents a
simple PN that shows all the primitives just described.

A PN represents a set of possible evolutions of a system through enabling and
firing rules. A transition is said to be enabled if all the places, to which it is connected
via an incoming standard arc (i.e., an arc directed from a place to a transition), contain
a number of token greater than or equal to the weight of the connecting arc, and
if all the places, to which it is connected with an inhibitor arc, contain a number of
tokens which is strictly less than the weight of the arc. Standard arcs are thus guards
that enables the transitions to which they point, provided that the starting places have

Fig. 5 A simple Petri Net
model
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enough tokens. On the other hand, an inhibitor arc prevents a transition from being
enabled if the place from which it starts has more tokens than required. Inhibitor
arcs are necessary to give to a PN the computational power of a Turing machine [14,
Sect. 7.3]. If a transition is enabled, it may fire. When it fires, it removes from the
input places as many tokens as the weight of the incoming arcs. Then the transition
puts as many tokens as the weight of the outgoing arcs in all the places to which it
is connected. Places connected with inhibitor arcs are unaffected by the firing of a
transition.

In SPN (Stochastic Petri Nets), all the transition have associated a firing rate.
When a transition becomes enabled, it fires after an exponentially distributed random
amount of time, whose mean is inversely proportional to the firing rate. In a time
instant more than one transition may be enabled: this is called a conflict and it
allows to model several different evolutions of the system. Only a transition will
fire, and it will be selected using race policy: all the transitions draw a sample from
an exponential distribution according to their rate. The one with the shortest firing
time is selected: since the probability of extracting exactly the same value from two
independent exponential distributions is zero, race policy can always resolve the
conflict.

Generalized Stochastic Petri Nets (GSPN), beside exponential transitions, allows
a second type of transitions: immediate transitions. These transitions fire as soon as
they become enabled and do not have any waiting time associated with them. While
exponential transitions are used to model timed events, immediate transitions are
used to model choices. Immediate transitions have associated a weight expressed
by a continuous number. If more than one immediate transitions are enabled at the
same time, weights are used to solve the conflict. The transition that fires is chosen
probabilistically, according to the respective weights.
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Abstract Type-1 Diabetes (T1D)is a chronic autoimmune disease affecting millions
of patients worldwide. The pancreas of T1D patients no longer produces the insulin
responsible for regulating blood glucose levels. Therefore, T1D patients must inject
insulin themselves either through multiple daily injections or continuous subcuta-
neous insulin infusion (insulin pumps). They must daily manage their diabetes to
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reach the advised blood glucose targets and avoid short-term and long-term compli-
cations. With the technological advances achieved in the last decades in diabetes-
and non-diabetes-oriented technologies, a large amount of data has become avail-
able. This has encouraged researchers to apply artificial intelligence techniques to
improve diabetes management by predicting blood glucose levels or recommending
actions for better control of T1D. Our paper reviews recent contributions in this area
focusing on data-driven approaches for blood glucose prediction. It highlights future
research avenues to better exploit the new advances in machine learning and deep
learning models.

Keywords Type-1 diabetes - Literature review - Prediction - Machine learning -
Deep learning

1 Introduction

Type-1 Diabetes (T1D) is a chronic condition affecting millions of patients world-
wide. It is an autoimmune disease that destroys the pancreatic beta cells responsible
for producing insulin. People living with T1D continuously need insulin injections
to regulate their blood glucose level and achieve advised glucose targets. High blood
glucose levels, also known as hyperglycemia, can lead to serious health complications
over time, such as heart diseases, stroke, blindness, and kidney diseases. Low blood
glucose levels, also known as hypoglycemia, affect physical and mental health and
decrease the quality of life of T1D patients. Predicting and preventing hyperglycemia
and hypoglycemia events is still challenging despite ongoing research efforts. T1D
management, and more precisely the prediction of future blood glucose levels to
ultimately prevent hypoglycemia and hyperglycemia, relies on the precise under-
standing of each T1D patient’s glycemic behavior. The latter can be influenced by
various factors such as physical activity, diet, stress, or lifestyle habits. With the
growing popularity of Artificial Intelligence (Al) applications in all fields, including
T1D management, it becomes very challenging for both researchers and practitioners
to be constantly up to date with the latest advances in Al applied to the T1D field.

1.1 Methodology and Objectives

Our paper presents and discusses the recent scientific literature related to the manage-
ment of T1D based on data-driven approaches, especially machine and deep learning
models. Our objectives are threefold: (i) reporting globally accepted concepts, prac-
tices, and techniques; (ii) synthesizing the recent advances in the literature; and
(iii) identifying gaps and opportunities for future research. Our paper presents a
general overview of the recent literature addressing T1D management with data-
driven approaches but emphasizes recently reported data-driven models for Blood
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Glucose Level (BGL) prediction. This is motivated by two main reasons. First, we
observed that most of the recent papers in T1D management based on data-driven
approaches address BGL prediction. Second, BGL prediction is a main step for T1D
management: predicting blood glucose levels with a reasonable precision not only
enables straightforwardly predicting hypoglycemia and hyperglycemia events and
other metrics commonly used for T1D management but is also a mandatory step to
recommend actions (recommender systems) for better T1D control.

To carry on this review, we selected three main types of papers. First, we analyzed
very recent contributions that used data-driven methods to predict BGL. To do so, we
employed all 74 databases connected to the Sofia tool' and retrieved 17 papers. The
keywords used were (blood glucose OR sugar) AND (Type 1 diabetes) AND (Predic-
tion OR Forecasting) AND (Artificial intelligence OR learning OR data-driven OR
AI). We only selected peer-reviewed papers published in English and in or after 2022.
We also excluded papers that focused exclusively on (i) type-2 diabetes; (ii) detection
of pre-diabetes; and (iii) prediction related to covid-19. Second, the analysis of four
recent systematic literature reviews and tutorial papers on type-1 diabetes manage-
ment yielded the selection of additional well-cited papers published before 2022.
Finally, to deepen the analysis on recent contributions evoked in reviewed papers,
we conducted a series of research on more precise topics such as “meta-learning”,
“biology-informed neural network”, or “explainability” using Google Scholar.> This
literature review ultimately covers a corpus of 76 articles.

1.2 Main Results

Our literature review reveals that recent contributions are mainly related to the
explainability of the prediction or recommendation, the ability of the model to provide
a level of confidence associated with its outputs, and its capacity to adapt (using
meta-learning) to new patients with specific Blood Glucose (BG) dynamics. The
other contributions are rather related to the integration of one or several absorp-
tion models for insulin, carbohydrates (CHO) intake, and activity-related effects
yet or still active in the plasma. These absorption curves are respectively called
Insulin-On-Board (I0B), Carbohydrates-On-Board (COB), and Exercise-On-Board
(EOB).

Our literature review enables us to point out four main research avenues. First,
the effects of Multiple Daily Injections of insulin (MDI), Continuous Subcutaneous
Insulin Infusion (CSII), and Physical Activities (PA) on hypoglycemia and, espe-
cially, Nocturnal Hypoglycemia (NH). Second, the conception of a universal method
to integrate IOB, COB, and EOB into data-driven models. Third, further experimen-
tation on real patients in Real World free-living Condition (RWC)—since many
contributions have been tested exclusively on virtual patients through simulators.

Uhttps://ulaval.on.worldcat.org/discovery/.
2 https://scholar.google.com/.
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Finally, and most importantly, the ability of the proposed models to adapt to the
characteristics of each patient. Indeed, the BG dynamic varies between patients, as
well as for the same patient in different conditions or over time. A practical solution,
intended to help T1D patients, or to be integrated into insulin pumps, should be able
to make accurate predictions and recommendations for all users.

1.3 Remainder

The remainder of the paper is as follows. Section 2 presents a general overview of
the data-driven algorithms recently proposed for T1D management, their objectives,
their architectures, and the most used data for algorithms training. Section 3 details
recent contributions, particularly for BGL prediction. Section 4 summarizes research
gaps and opportunities that still need further investigation.

2 Overview and Modern Practices

2.1 Data-Driven Models and Their Objectives

The most prevalent predictive models related to T1D management are regression
models that capture BG dynamics to predict future BGLs. The Prediction Horizon
(PH) usually varies from 15 to 60 min [33, 57, 59], and sometimes reaches 2 h [25,
54, 66]. While most models are designed to predict a specific PH, some can predict
multiple PHs at the same time [7, 23, 27, 34]. Several models also use Kalman Filter
algorithms to predict and adjust each time new data is provided [23, 69]. The second
most frequent predictive models are classification models used as alarm systems for
hypoglycemia (BGL < 70 mg/dL or 3.9 mmol/L) and hyperglycemia (BGL > 180-
200 mg/dL or 10 mmol/L at any time) events [11, 23, 33, 59, 61]. In general, these
models especially focus on hypoglycemia and Time Below Range (TBR) since these
episodes are more dangerous for T1D patients than hyperglycemia ones [69, 73].
Other data-driven models are used as personalized recommender systems [21, 33].
However, they are less common and more challenging to design because the expected
results involve: (i) predicting a BGL or an event, (ii) understanding and ranking the
multiple causes, and (iii) selecting an action or policy adapted to the patient and his/
her current state. To build more robust models, a few papers like [36, 42, 61] predict
arisk score instead of actual blood concentration. Several types of scores have been
proposed in the literature. For instance, the Coefficient of Variation (CV), which is
a ratio between the standard deviation and the mean value of BGLs, measures the
degree of glucose mismanagement resulting in hypoglycemia and hyperglycemia
[61].
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2.2 Types of Algorithms and Models

2.2.1 Pure Data-Driven Models

A wide range of data-driven and learning algorithms have been used in the context
of T1D management: Decision Tree (DT), Native Bayes (NB), K-Nearest Neighbors
(KNN), Support Vector Machine (SVM), XGBoost, or AutoRegressive Integrated
Moving Average (with eXogenous input) (ARIMA/ARIMAX) [4, 5, 21, 23, 50, 57,
59, 70]. However, Artificial Neural Networks (ANN), and deep learning models
in general, represent the most frequent algorithms reported in the literature. They
were used by 45% of papers in the field, according to a recent systematic literature
review [66]. These algorithms also represent (one of) the best-performing approaches
according to several comparative studies [1, 27, 59]. Finally, Genetic Algorithms
(GA) [47] and Fuzzy-logic approaches [54] were scarcely used.

Some ANN models are simple fully connected Feed-Forward Multi-Layered
Perceptron (FF-MLP) and use the SoftMax function in the classification context [5,
59]. Given that the information exploited as input features is time series (heartbeat,
BGL over time, etc.), several deep learning models are Recurrent Neural Networks
(RNN), use Long-Short Time Memory (LSTM) cells [1, 33, 47, 61, 71] and Gated
Recurrent Units (GRUs) [33, 61, 73, 74]. Those units are adapted for sequential
data requiring memory since they partially solve the problems of vanishing and
exploding gradients. An Enhanced Personalized LSTM (EP-LSTM) adapted to the
studied context has also been proposed [33]. Besides, some papers demonstrate
that feature-extraction models like Temporal Convolutional Networks (TCN) outper-
form RNN and LSTM models [8, 68]. Finally, some models use attention layers or
encoder-decoder architectures [6, 44, 73, 74].

2.2.2 Hybrid Models

Many data-driven approaches proposed in the literature are hybrid. Besides common
pre-processing steps used to standardize or to resample input data [35, 57], hybrid
models use physiological models to extract high-level features (such as absorption
curves, IOB, COB, or EOB) to be used in one of the deep learning models reported
above. In general, physiological models consist of differential equations and are
divided into two parts: an absorption model and a kinetic model. Hybrid data-driven
models consider only the absorption model [25, 47]. While many physiological
models dedicated to insulin [31, 36, 52, 65] and CHO intake [31, 41, 60] have been
proposed in the literature, fewer are dedicated to PA or blood glucose dynamics [22].
Prior to the recent advances in the field of machine learning, physiological models
were directly used as predictors. However, the parameters of those models (peak
time, peak decay rate, etc.) were generally difficult to estimate because of the intra-
and inter-patient variability [47]. As detailed in Sect. 4.2, a few recent contributions
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propose innovative ways to integrate known dynamics and physiological systems into
fully deep learning models, trained end-to-end, instead of building hybrid approaches.

2.2.3 Population-Based Versus Personalized Models

Population-based models are trained on the data of several T1D patients. They are
intended to be robust and perform well for different patients [25]. Yet, they some-
times fail to adapt to individuals with specific blood glucose patterns. Some papers
propose to use patient clustering techniques to improve population-based models
[25, 43]. However, the intra- and inter-patient variability make personalized models
mandatory to build an artificial pancreas [23, 44]. Obtaining enough RWC data to
train a personalized model is difficult, in practice. Thus, as detailed in [38], there is
a small number of fully personalized models, like [23, 47], reported in the literature.
This type of models performs well for the patient under study, but risk overfitting [1,
25]. To reduce the quantity of needed data, pre-trained population-based models are
often used to perform transfer learning and fine-tuning [62]. As detailed in Sect. 3.2,
some recent papers exploit modern techniques like meta-learning to reuse personal-
ized models for different patients. For instance, [6] uses the embedding vector built
by an encoder sub-network to identify the current patient and adapt the prediction.

2.3 Input Data and Features

This section presents the data that are the most considered in data-driven models and
the challenges related to their use in machine learning and deep learning models.

2.3.1 Most Used Input Data

The principal data used is the previous BGL, usually collected by Continuous Glucose
Monitoring (CGM) sensors [66]. The number of BGL points used for prediction, or
the length of the BGL sequence, depends on the capability of the proposed model.
The second most exploited feature is the quantity of insulin injected. Some models
integrate the type of administered insulin (basal and bolus) or distinguish between
fast-acting and slow-acting insulin [34, 40]. The third most frequently used feature
is physical activity [55, 56, 61, 62]. Several analyses demonstrate the impact of PA
on blood glucose concentration and variability and the importance of considering
PA to predict future BGL [14, 19, 37]. PA and energy expenditure are measured
using several metrics like heartbeat frequency (bpm), skin temperature, number of
steps, or speed. These metrics are generally collected as structured data (CSV files)
by smartwatches, like the one proposed by Fitbit or SenseWear [11, 66], and Achti-
graphs [46]. Some papers also differentiate between (i) aerobic exercises and High-
Intensity Interval Training (HIIT) and between (ii) trained and untrained patients
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[62]. The fourth most exploited type of data is CHO intake, usually measured in
grams. Some papers also distinguish between dietary nutrients and energy sources,
e.g. monosaccharides, starch, lipids, protein, and fiber [34]. The model proposed in
the DIabetes Advisory System (DIAS) [6] is often used to predict the quantity of each
nutrient [34]. Also, the physiological Lehman’s compartmental model [39] has been
widely used to build hybrid data-driven models [3, 15, 28, 29, 63]. Some papers also
consider personal information like the enrollment and diagnosis ages, the gender,
or the patient’s weight [21]. Finally, fewer models consider stress-related data, like
Acute Psychological Stress (APS), measured with signals like skin temperature and
conductivity, eye movement, or heartbeat variability [54].

2.3.2 Multivariate Inputs and Related Challenges

The data collected have different units of measure and magnitude. Hence, they usually
need a standardization step either by using the z-score or the min—-max method. The
latter outputs a percentage between 0 (lowest possible value) and 1 (highest possible
value). Not all types of information are collected periodically. For instance, while
CGM and heartbeats are usually collected continuously (every 5 min for CGM and
every minute for heartbeats), PAs and meals are collected as discrete events. Periodic
data are also collected at different frequencies. Another challenge is that the different
sensors are often not synchronized. Hence, a resampling step is often mandatory [11,
68, 73]. Sometimes pre-processing steps are also mandatory to reduce collinearity in
inputs. This is especially important between insulin and carbohydrate intake signals
[57]. Moreover, insulin doses, PAs, and CHOs do not directly enter the plasma and
do not instantly affect the BGL. This explains why physiological models are used to
model the three respective absorption curves and the previous IOB, COB, and EOB
still active in the plasma [11, 47].

2.4 Training and Validation

Most regression models used to predict future BGL are evaluated using common
statistical metrics like Mean Square Error (MSE), Root Mean Square Error (RMSE),
Mean Absolute Error (MAE), or Mean Absolute Relative Difference (MARD) [7,
33, 38, 66, 68]. Recent papers, such as [56], also use the Coefficient of determination
(R?). Event classification and alarm systems are rather evaluated using true-positive
rate or Sensitivity (SN), true-negative rate or Specificity (SP), F1-Score, and Gmean
(that considers both SN and SP with the same weight) [11, 23, 59]. In both contexts,
the p-value, or the probability of observing the actual data assuming that a null
hypothesis is true, has also been widely used [10, 54].

Besides statistical measures and loss functions, several papers also use clinical
tools and metrics like the IndexJ [58, 66], temporal gain (the time between the
prediction of a hypo/hyperglycemia event and its occurrence) [68], or the Clarke
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Error Grid Analysis (CEGA) [23, 58, 61, 64, 71]. The Clarke Grid, defined in [16,
17], is divided into five error zones ranked by the level of risk. The worst zones,
called E, correspond to the prediction of (i) an event of hypoglycemia when the
patient was, in fact, in hyperglycemia or (ii) hyperglycemia when the patient was, in
fact, in hypoglycemia.

To assess the impact of each input data and the effect of a specific architectural
part of the model or hyperparameter (number of layers, activation function, etc.)
on the prediction, some authors enable/disable inputs or components and compare
several versions of the model [7, 47, 71]. This practice is called ablation experiments
[71]. While considering PA, measures are usually taken before and after the exercise
to analyze variations between patients and intra-patients over time [34].

The type and quantity (number of patients and sampling duration) of training data
also vary between papers. Some use simulators of virtual patients or open-source in-
silico datasets like UVA/Padova [33, 38], DirectNet [7], OhioT1DM [71, 73], ARISE
[73], or ABC4D [73]. Others choose to assess the performance of their models on
real patients in free-living conditions [10, 66]. Unlike past experiments, some of
the most recent papers collected up to 4-5 months of data, including PA and meal
information.

3 Recent Contributions

Despite the vast number of contributions made in the field, many gaps still needed
to be filled whereas new advanced diabetes- and non-diabetes-oriented technologies
appeared in the last five years. This section details some recent contributions.

3.1 Physical Activity, Nocturnal Hypoglycemia,
and Absorption Models

Annuzzi et al. [7] proposed a detailed analysis of the postprandial glucose response
and the effect of different nutritional factors. According to their results: (i) proteins
and fibers have a short-term effect (15 min), (ii) fibers and lipids affect the BGL in
the middle term (30—45 min), and (iii) all nutrients and sources of energy (including
CHO) impact BGL in the long term (60 min). The FF-MLP proposed by Karim
et al. [34] predicts BGL up to 4 h in advance. The complete approach is hybridized
with a physiological model that differentiates between various types of nutrients and
simulates their absorption over time.

Several recent works focused on PAs and their effect on BGL and NH. Indeed,
more than 50% of severe hypoglycemia occur during the night [11]. Besides, the
absence of visible symptoms is a common effect of NH, especially for patients
under MDI [11]. This phenomenon is called the Impaired Awareness Hypoglycemic
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(IAH) syndrome. A comparative and statistical study by Montt-Blanchard et al. [46]
highlights the need for long-term predictions and a personalized post-PA strategy.
Exploiting the data of real patients over 14 days, they demonstrated that exercise did
not impact the Time In Range (TIR) and the Time Above Range (TAR) metrics but
caused high TBRs at night.

The results were even more evident for groups doing high-intensity workouts.
Parcerisas et al. [49] experimented on virtual patients under MDI to analyze the
importance of considering CHOs and PA to predict NH, using several population-
based and personalized models built with an optimization stage. Bertachi et al. [10]
designed a Repeated Measures Random Forest to predict hypoglycemia risk during
exercise.

They trained their model on 459 patients in free-living conditions for a total of
8,827 exercise sessions. Repeated measures enable classical machine learning models
like RF and DT to integrate within-subject (like sequential data) and non-linear
correlations. In this context, this technique was used as a component for explain-
ability, helping identify the predictor that impacted the outcomes the most. Their
results emphasize the importance of maintaining high BGL before exercise to avoid
hypoglycemia episodes.

They also demonstrated the influence of the evolution trend of the BGL (direction
and growth/decay rate) on future levels. In addition, their results highlight a higher
risk for free-living exercises (hiking, walking, physical labor, etc.) than structured
activities (workout, aerobic, etc.), regardless of the intensity. Finally, they noted a
slightly higher risk when exercises are performed during the night.

Instead of forecasting a future BGL, the model proposed in [2] uses previous BGL,
stress-related information, and PA to predict the insulin still active in the plasma
(IOB). The proposed model reuses two previous pharmacokinetic models found in
[50, 67]. The relations between the different input variables being non-linear, they
also designed their approach as an Extended Kalman Filter. The deep neural network
proposed by Mufioz-Organero et al. [47] consists of a combination of LSTM and
dense (fully connected) layers. They also use several parametric physiological models
to integrate input information related to CHO, fast, and slow insulin and operate a
GA to optimize their parameters (peak time and decay rate). The model proposed
in [11] predicts and avoids, in 70% of cases, NH caused by MDI and PA in RWC.
In their experiments, SVM provided better population outcomes than the FF-MLP
model. Both approaches used three physiological absorption models to integrate the
IOB [65], EOB [48], and COB [9].

3.2 Advanced Deep Learning Methods: Explainability
and Meta-Learning

The lack of data, especially RWC data, is a common problem in the field of T1D.
For instance, CGM sensors typically collect 288 entries per day (one every 5 min).
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While many previous studies, e.g. [45, 53], used transfer learning to adapt population-
based and personalized models to new patients, the model proposed in [38] uses
meta-learning. Meta-learning consists of learning to learn and proposing models
able to adapt to new tasks [76]. More specifically, Langarica et al. [38] use the
well-known optimization-based algorithm named Model-Agnostic Meta-Learning
(MAML) proposed in [26]. MAML exploits two training stages. The first stage uses
two optimization loops to find an initialization (weight and bias) of the network
that is adapted to learn new tasks without requiring a large dataset. An inner loop
optimizes a copy of the model on a small batch of tasks and an outer loop updates
the actual model using a cumulative loss computed across the multiple tasks. The
second training stage (executed at each new task) performs fine-tuning to adapt the
model [38, 76]. In the T1D context, tasks usually correspond to predicting BGL
of one patient or group of patients sharing a similar profile. In comparison with
traditional transfer learning techniques, the use of MAML avoids the biases yielded
by combining the data of many patients into a unique dataset. In [38], authors also
propose a new network architecture composed of sub-networks. While the first one
uses LSTM cells and is optimized only by the outer loop of MAML, the second
one is an FF-MLP and is updated for each new patient. The models proposed in
[73, 74] also use MAML to adapt a pre-trained population-based model to each
new patient with minimal data requirements. They also use evidential deep learning
techniques to associate the outcome (prediction or recommendation) with a level of
confidence. This could indeed help the acceptability of the model in such a sensitive
context. Technically, the level of confidence is based on an aggregated hidden state
computed by a many-to-one attention layer at the end of a network composed of
several layers of bidirectional GRUs. Duckworth et al. [21] proposed an explainable
classical machine learning model (XGBoost) using the SHapley Additive exPlanation
(SHAP) algorithm to retrieve the most responsible features in case of predicting an
event of hypoglycemia or hyperglycemia. The use of SHAP allowed Shilo et al. [56]
to rank input features by contribution while predicting BGLs. Especially, PA-related
features were less influential than glucose and nutritional information such as glucose
trend prior to meals and carbohydrate-to-fat ratio. Being able to explain a prediction
could enable feature-oriented recommendations.

3.3 Algorithmic Mechanisms to Better Adapt the Models
toTID

Del Favero et al. [24] proposed a new loss function called glucose-specific MSE
(gMSE). gMSE is based on the Clark Error Grid and applies penalties for overesti-
mating the BGL during hypoglycemia (with a factor up to 2.5) and underestimating
the BGL during hyperglycemia (with a factor up to 2). gMSE also respects the recom-
mendations for effective loss functions: no local minima and smooth transitions using
sigmoid-like functions. gMSE has also been used in recent papers, e.g. [23, 74], in its
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glucose-specific RMSE (gRMSE) form. Faccioli et al. [23] propose an alarm system
with multiple PH and an aggregation funnel to build the final prediction.

While most reviewed models use the same time window for all input informa-
tion, Yang et al. [71] use an autonomous channel network to consider the time-
dependent scale discrepancy, incompletion, and redundancy of the different time
series variables.

While the slow insulin impacts BGL for 1-24 h, the effect of meals on BGL lasts
for only 3 h. Each channel has a multi-lag structure to extract features, has an adapted
length, and is used for a different type of input. In the end, all channels connect to
form a unique LSTM-based network. They also use IOB and COB physiological
models from [12, 18] as preprocessing steps.

4 Scientific Gaps and Future Research Opportunities

Based on their experiments, some authors made observations regarding what aspects
they consider to be the next research agenda requiring further investigation. In the
following sections, we summarize key research avenues highlighted by recent papers.

4.1 Physical Activity and Nocturnal Hypoglycemia

To date, there is no universal method to measure the impact of PA on future blood
glucose levels and variability [66, 68]. Results from recent studies, e.g. [10, 46, 54],
contradict previous experiments that highlighted only the effects of energy expen-
diture and intensity. Several authors argue that current methods are not sufficient to
handle the high inter- and intra-patient variability in RWC [30, 62]. Furthermore,
existing predictive models only forecast blood glucose up to 2 h ahead, which is
not enough to anticipate NHs [10, 46]. Finally, some potentially important data are
missing from the current experiments [10]. For example, a PA session could have
been prematurely stopped due to BGL concerns or the onset of symptoms [10].

4.2 Recommender Systems: Explainability, Evidential
Learning, and Use of Absorption Models to Inform
Neural Networks

Besides PA, there is also no universal method to accurately measure the quantity
of CHO and nutrients eaten [66]. Some authors consider the modeling of person-
alized CHO and insulin absorption curves as an aspect needing improvement [2,
34]. Some of the proposed BGL or IOB prediction models and alarm systems could
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be integrated with a recommender system to propose a complete proactive-reactive
strategy [2, 13]. However, very few recommender systems have been proposed in
the literature. Fewer consider absorption models and CHO, insulin, or exercise still
active in the plasma (on-board) [2]. Also, while most machine learning-based models
proposed in the literature perform well for predicting BGLs, they are less reliable for
providing therapy treatments recommendations. This is because fully data-driven
models cannot learn biologically possible patterns absent from past data (due for
example to patient habits). As a result, they also lack the ability to precisely model
the impact of individual phenomena (eating, increasing the delivery rate of insulin,
etc.) on glycemic variations. This is one of the reasons why recommender systems
are rare in the scientific literature (another being the inherent risks of testing such
systems on real patients). To solve this problem, two recent papers [20, 75] propose
a new generation of hybrid models that inform deep learning models with biolog-
ical laws. To do so, they bias the learning process toward known dynamics using
System-Biology Informed Neural Network (SBINN) loss functions [72] and ODE-
based physiological models (such as Roy and Parker’s model proposed in [51]). The
approach proposed in [20] not only predicts BGL but offers recommendations on
insulin dosage.

Explainability in deep learning, or eXplainable Artificial Intelligence (XAI),
remains a challenging and dynamic field of research [1]. Some modern techniques,
like Layer-wise Relevance Propagation (LRP), enable measuring the relationships
between the result and each feature and combination of features. Other approaches
make it possible to describe the model and extract the decision rules that it would
have learned. For T1D management, explainability is crucial to understanding the
reasons behind the recommendations made, profiling each patient, and gaining the
trust of patients and doctors [7, 73]. However, even if some attempts have been made
on classical machine learning models [21], no concrete proposition has been made
for complex deep learning and RNN-based models [7, 73]. The integration of PA and
absorption models with XAl and evidential learning is also an interesting avenue of
research [21].

4.3 Better Models and Practical Usability: Free-Living
Conditions and Meta-Learning

In addition to explainability and evidential learning, other factors could enhance
the practical usability of the proposed models in RWC. First, many models have
only been tested with simulated in-silico data. However, existing simulators do not
consider all sources of uncertainty and variability [32]. T1D patients can deal with
harmful situations caused, or not, by their condition [32]. Hence, they could benefit
from further experimentation and training on real patients [32]. Second, very few
models focus on the portability of personalized models [32, 66]. Transfer learning
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and meta-learning are promising approaches but still need further research in the
context of T1D [66]. This is also true for cluster analysis and patient profiling [32].

Glycemic homeostasis consists of two complementary processes: (i) alpha cells
secreting glucagon, a peptide hormone that increases BGL, and (ii) beta cells
producing amylin and insulin, a hormone that reduces BGL. T1D is an immune
disease that destroys beta cells, resulting in deficient glycemic homeostasis. To the
best of our knowledge, while recent advances have been made in dual-hormone
artificial pancreas injecting insulin and glucagon, no data-driven model considers
glucagon as input information or possible decision.

5 Conclusion

In this paper, we reviewed recent papers from the scientific literature related to the
management of T1D based on data-driven approaches, especially machine and deep
learning models. We classified our findings into three main categories.

First, we mapped out the globally accepted concepts and practices: (i) the types
and purposes of reviewed studies (alarm systems and prediction models), (ii) the
most used information to build input features (insulin, CHO intakes, past CGM,
physical activities, etc.), and (iii) the statistical and clinical metrics used to evaluate
the quality of the predictions like gMSE or the Clarke Error Grid. This first analysis
revealed three main challenges: the multivariate and time series nature of the inputs,
the lack of available data, and the still not-well-understood impact of exercising.
Additionally, we outlined common solutions such as the use of population data to
pre-train models with more data.

Second, we synthesized several recent findings from the literature. Most recent
papers aim to address the remaining challenges to increase the quality of the predic-
tions. Some focus on refining input features and model architecture to integrate
exercise-related information, insulin absorption, or meal digestion (e.g. autonomous
channel networks, hybrid physiological and data-based approaches). Several recent
papers also use meta-learning and the MAML algorithm to circumvent the lack of
available data. Others also exploit modern deep learning approaches to propose a
more practical model in real-life conditions but also in the context of a recommender
system. In particular, explainability and evidential learning are crucial to under-
standing the reasons behind the recommendations made, profiling each patient, and
gaining the trust of patients and doctors.

Third, we listed persisting gaps and opportunities for research reported in recent
papers. We noticed that there is still no universal method to measure the impact of
physical activity and related information (duration, intensity, type of activity, etc.)
on future blood glucose levels and variability. Also, some XAI approaches have
only been tested on traditional machine learning models (with flattened time-lag
features). They could be adapted for more modern deep learning recurrent models.
Finally, several recent contributions, especially regarding recommender systems,
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have only been tested on simulated virtual patients and should be experimented with
real patients.
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An Overview of the Implementation )
of Artificial Intelligence in Clinical e
Pathways

Luca Murazzano and Paolo Landa

Abstract The increase in the use and development of artificial intelligence (AI)
is a reality in the modern scientific community. In healthcare settings, the use of
Al is spread in all areas and specialties, mostly given by the increase of big data
and massive data sets available publicly and privately, together with the advance of
computer technologies. Clinical pathways consist of a multidisciplinary, evidence-
based approach to healthcare management that outlines the optimal sequence and
timing of clinical interventions for the care of patients with a specific diagnosis
or condition. The use of this evidence-based tool is related to data availability and
impact on patient health outcomes. There are many contributions in the literature that
analyze the impact and development of Al within clinical pathways. The objective
of this study is to provide an overview of the literature on the application of Al to
clinical pathways, analyzing the main characteristics, benefits, and limitations of part
of the scientific contributions published in the last decade.
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1 Introduction

Healthcare systems face complex challenges in managing patient care efficiently,
handling large volumes of diverse data, and ensuring consistent treatment quality
across different cases. Clinical pathways (CPs) have emerged as a solution to stream-
line healthcare by guiding clinicians through evidence-based, standardized processes
that translate clinical guidelines into practical steps for patient care. CPs aim to opti-
mize the sequence and quality of care, addressing specific conditions while adjusting
to the local healthcare institution’s structure [1].

In this demanding context, artificial intelligence (Al) has attracted significant
attention for its potential to analyse large datasets and provide decision-support tools.
Al, as a branch of computer science, has evolved significantly since its inception in
the 1950s, with rapid advancements over the last two decades [2]. This growth has
been driven by faster computing power, improved algorithms, and vast amounts of
accessible data. In particular, the exponential increase in data sharing—from about
281 million gigabytes in 1986 to 65 billion gigabytes in 2014—has enabled the
development of big data technologies that fuel Al’s capabilities [3]. The combina-
tion of new hardware and software technologies, along with vast data availability,
has empowered Al to analyse massive amounts of information, discover patterns,
measure performance in complex systems, and predict future behaviours.

Since the beginning of AI’s development, healthcare has stood out as one of
its most promising application areas, owing to its complexity and the large variety
of information it generates (e.g., hospital data, tests, imaging, clinical information).
Governments and the private sector worldwide have recognized this potential, leading
to increased investments in Al research and development within healthcare, including
startup ventures focused on Al applications [4].

Al encompasses a range of techniques—including machine learning, deep learn-
ing, and natural language processing—that are robustly suited to tackle healthcare’s
unique challenges. Applications of Al in clinical pathways span diverse areas: from
patient monitoring and disease diagnosis to treatment recommendations and risk pre-
vention [4-7]. By leveraging healthcare data from Electronic Health Records (EHRs)
and using process mining techniques, Al can identify inefficiencies, enhance patient
flow, and ultimately support improved patient outcomes and resource allocation
within healthcare systems.

Within healthcare, special attention has been given to applying Al to clinical
pathways [8]. CPs are used to guide clinicians with evidence-based care and trans-
late clinical practice guidelines into local structures. CPs define steps in a course
of treatment or care, standardizing processes for specific clinical problems or pro-
cedures within defined patient populations [1]. In this complex environment, there
is a pressing need for integrated decision-support systems to aid medical personnel
in clinical work. Many Al implementations within CPs support various tasks, such
as image recognition [5, 7, 9], disease diagnosis [5, 10], patient genome interpre-
tation [5], treatment selection [5, 11], patient monitoring [4, 5], and patient risk
prevention [5-7].
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Beyond clinical support, Al can also assist in managing healthcare systems. For
instance, by analysing EHR data and applying process mining techniques, Al can map
the different clinical pathways patients undergo, identifying tasks that may hinder
optimal care. This approach can improve patient care conditions, promote better
staff workload distribution, and ensure more efficient resource use within hospital
systems.

This study provides an overview of the literature on Al applications in clinical
pathways, highlighting the benefits and limitations observed in recent years. Section 2
presents a literature review of recent studies on Al applications in CPs. Sections 3
and 4 analyse the benefits and limitations of these applications, and Sect. 5 concludes
with future research directions.

2 Literature Review

Recent studies on Al in healthcare have explored various themes, including its poten-
tial benefits, implementation challenges, safety and ethical considerations, and reg-
ulatory frameworks. These themes highlight both the opportunities Al presents and
the challenges that must be addressed to integrate Al effectively within healthcare
systems.

Several studies emphasize the vast potential Al holds for improving healthcare
delivery. For instance, Davenport and Kalakota [6] provide an extensive overview of
Al applications in healthcare, focusing on how different Al technologies can support
the diverse roles of medical staff. They emphasize the potential of Al to improve effi-
ciency, support clinical decision-making, and enhance patient care outcomes. Sim-
ilarly, Sunarti et al. [10] examine AI’s opportunities to boost healthcare efficiency
and outcomes, noting that Al-driven innovations could lead to better resource man-
agement and optimized care processes. Challen et al. [9] focus on machine learning
systems specifically, underlining their benefits for clinical support across different
medical contexts and emphasizing the gains in accuracy and reproducibility.

While Al presents promising applications, its integration into existing clinical
workflows is fraught with challenges. He et al. [4] discuss practical barriers to Al
implementation, including issues related to data privacy, algorithm transparency,
data standardization, and interoperability across platforms. They also address patient
safety and stress the need for frameworks to ensure Al systems integrate seamlessly
within clinical workflows. Panch et al. [11] further explore the impact of machine
learning on health systems, emphasizing the importance of fostering a receptive
environment for Al adoption. They argue that creating supportive infrastructures and
adapting organizational workflows are essential steps toward realizing AI’s potential
benefits in healthcare.

Ensuring the safety and ethical use of Al in healthcare is a prominent theme in
the literature. Ellahham et al. [12] highlight concerns around security, proposing that
strategies like safe design, fail-safe protocols, and procedural safeguards are vital
to prevent potential risks associated with Al systems. They advocate for guidelines
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and regulatory frameworks to address security issues and ensure that Al is used
responsibly. McCardden et al. [ 13] emphasize the need for robust validation processes
for Al models used in clinical care, proposing a three-stage validation framework to
ensure accuracy and reliability, with a focus on ethical review and oversight. Challen
et al. [9] also address safety and ethical issues by discussing the need for frameworks
to handle quality and safety concerns, especially for machine learning models, across
different time horizons (short-, medium-, and long-term).

Studies also address the broader social and regulatory implications of Al in health-
care. Yu et al. [5] provide a comprehensive review that not only highlights AI’s tech-
nological advancements but also discusses its economic, legal, and social impacts.
They identify the necessity for regulatory standards that can adapt to the rapid devel-
opment of Al-based systems. He et al. [4] similarly review the regulatory landscape,
comparing the US with other regions and stressing the need for international stan-
dards to ensure safe and equitable Al implementation. Panch et al. [11] discuss the
ethical implications of Al on the healthcare workforce, considering how Al might
change the dynamics of healthcare provision and the importance of regulatory and
ethical preparedness.

2.1 Clinical Pathways and Health Trajectories

Clinical pathways, also known as care pathways or critical pathways, are a multidisci-
plinary, evidence-based approach to healthcare management that outlines the optimal
sequence and timing of clinical interventions for the care of patients with a specific
diagnosis or condition. Clinical pathways aim to improve patient outcomes by pro-
moting the delivery of consistent, high-quality care that is based on best practices
and clinical guidelines [14]. Clinical pathways typically include a series of steps that
healthcare providers follow in a standardized manner to diagnose, treat, and manage
a patient’s condition. These steps may include diagnostic tests, medication regimens,
rehabilitation plans, and follow-up care.

The term healthcare trajectory focuses on the patient’s care pathway across the
continuum of care. Thus, it can be the clinical pathway when it focuses on the
organizational scale, but also the care pathway when it focuses on the systemic scale.
Furthermore, the concept of healthcare trajectory is not limited to the operational
aspect of the care process and to the pathophysiological process of a patient’s disease
state but also refers to the total organization of work done throughout all medical
workers and patient interactions, as well as the effectiveness of patient care processes
on those interactions and the organization [15].

The benefits of clinical pathways include improved patient outcomes, increased
patient satisfaction, reduced healthcare costs, and enhanced communication and col-
laboration among healthcare providers. Clinical pathways can also help to standardize
care delivery across different healthcare settings and providers, reducing variations
in care and improving the efficiency of healthcare delivery.
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3 Benefits of Al in Clinical Pathways

Al-based systems have a transformative impact on healthcare, enhancing the effi-
ciency, accuracy, and responsiveness of patient care across various clinical path-
ways [16]. Crucially, Al acts as an augmentation tool rather than a replacement,
working alongside healthcare professionals to optimize care delivery. By supporting
medical and administrative teams, Al helps healthcare systems meet patient needs
more effectively, creating a collaborative approach to care [7].

One of the most impactful applications of Al in healthcare is in clinical diagnosis
[17-19], particularly in specialities reliant on imaging, such as radiology, dermatol-
ogy, ophthalmology, and pathology. Al-powered image recognition tools are trained
on millions of images to accurately detect signs of diseases in medical scans, such
as tumours in radiology or diabetic retinopathy in ophthalmology. For instance, a
study found that Al can help detect skin cancers as effectively as experienced der-
matologists [17], significantly reducing diagnostic errors and accelerating the time
from screening to diagnosis. This capability enables healthcare providers to prioritize
complex cases and spend more time on patient interactions, with Al handling initial
screenings and flagging high-risk images [5].

Natural language processing (NLP) is another powerful Al tool with wide-
reaching applications in clinical documentation. NLP systems can analyse and orga-
nize unstructured text from patient records, which helps in preparing reports, extract-
ing relevant information, and even generating structured clinical summaries automat-
ically. For example, an NLP-based tool can scan physician notes to identify critical
mentions of symptoms, medications, and diagnoses, structuring this information in
ways that support efficient data retrieval and patient tracking [20]. This not only
reduces the time clinicians spend on administrative tasks but also helps improve the
consistency and accuracy of medical records, which are essential for continuity of
care [6].

Al also plays a significant role in clinical decision support by leveraging elec-
tronic health records (EHRs) and advanced data extraction techniques. Clinical
decision-support systems (CDSS) use machine learning and rule-based algorithms to
assist healthcare providers in making informed treatment recommendations [21]. For
instance, in oncology, Al-based CDSS can help recommend personalized treatment
plans based on a patient’s genetic makeup, predicting which therapies might be most
effective for certain cancer types [22]. These systems also contribute to predictive
analytics, identifying patients at risk for complications or readmissions, allowing for
timely intervention and proactive management [6].

On the administrative side, robotic process automation (RPA) applications have
introduced efficiencies by automating high-volume, repetitive tasks that consume
significant resources. Tasks such as insurance claims processing, billing, patient
scheduling, and updating EHRs can now be managed by RPA tools, which ensure
consistency and speed in handling data. For example, an RPA system can automat-
ically update patient records with recent lab results, minimizing clerical errors and
freeing administrative staff to focus on more complex responsibilities. This approach
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not only improves operational efficiency but also reduces errors that could affect
patient care outcomes [6].

Finally, Al-driven machine learning and process mining techniques provide pow-
erful insights into patient care pathways by identifying patterns and bottlenecks in
clinical workflows. Process mining, for instance, examines data from EHRs to map
out how patients progress through treatments, uncovering delays in testing, consul-
tations, or discharge processes [23]. In one healthcare system, process mining was
used to analyse patient flow in emergency departments, revealing that lab process-
ing delays were a key bottleneck. By addressing these specific points, hospitals can
improve patient flow, reduce waiting times, and ensure that resources are used more
effectively [24].

Through these applications, Al enables healthcare systems to offer faster, more
accurate, and highly personalized patient care, supporting both clinicians and admin-
istrators in meeting the demands of an evolving healthcare landscape. These Al tools
are integral to advancing healthcare efficiency, improving patient outcomes, and opti-
mizing resource allocation, ultimately setting a new standard for quality in patient
care.

4 Limitations of Al in Clinical Pathways

While AI has the potential to transform healthcare, numerous challenges impede
its full integration into clinical pathways. These challenges are technical, legal, and
societal and must be addressed to ensure the safe and effective use of Al in healthcare.

From a technical perspective, Al systems require enormous datasets to perform
well, yet healthcare data is often fragmented and inconsistent. For instance, hospitals
and clinics may use different electronic health record (EHR) systems, with variations
in data formats, terminology, and structure. Consider a scenario where one hospital
stores patient temperature data in Celsius and another in Fahrenheit; this inconsis-
tency could lead to inaccuracies if not properly standardized. Furthermore, even
within the same institution, data might be stored in text form, handwritten notes, or
imaging files, complicating Al data processing. The process of data standardization,
therefore, is critical, requiring that data be uniform and of high quality before it can
be used in Al models [4].

Data quality and representativeness present additional challenges. If the data used
to train an Al system doesn’t reflect the diversity of real-world patients, the model
may perform poorly or even produce biased results. For instance, in a study on Al
for skin cancer detection, models trained on lighter skin tones had lower accuracy
when used to diagnose conditions in people with darker skin tones. This lack of
generalizability can lead to incorrect or delayed diagnoses for under-represented
groups, underscoring the importance of training AI models on diverse datasets that
reflect different demographics, lifestyles, and genetic backgrounds [5]. Ensuring that
data includes representation from various populations is vital to avoid biases that may
harm patient safety and trust.
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System integration is another technical limitation. Many healthcare facilities lack
the infrastructure to connect Al tools directly with clinical data systems. For example,
a hospital may have a separate system for imaging, another for laboratory results, and
a different one for EHRs, each operating independently. Integrating these systems
with external Al-based applications would require substantial resources and exper-
tise to ensure data can flow seamlessly, securely, and in real-time. Without effective
integration, AI models may work with outdated or incomplete information, limit-
ing their usefulness in critical clinical decisions. Moreover, Al’s potential is often
stunted by security and privacy concerns due to the sensitive nature of health data.
The absence of a clear and effective regulatory framework complicates matters, as
healthcare institutions are hesitant to share patient data without strict protocols that
ensure patient confidentiality and data protection [12].

On the legal and regulatory side, Al in healthcare operates in a complex landscape
where compliance with data privacy laws, like the General Data Protection Regula-
tion (GDPR) in the EU or the Health Insurance Portability and Accountability Act
(HIPAA) in the US, is critical. For example, Al algorithms may need access to sen-
sitive patient information to function effectively, but if patient consent protocols are
unclear, data access could violate privacy regulations. Additionally, Al systems must
undergo rigorous validation and certification to meet medical device standards, a pro-
cess that can be lengthy and expensive. For instance, Al diagnostic tools often require
FDA or EMA approval, which involves extensive clinical testing to ensure safety and
effectiveness. Without regulatory clarity and streamlined certification, hospitals and
Al developers may hesitate to invest in Al limiting its deployment [13].

From a societal perspective, both patients and medical staff harbour concerns
about the transparency and accountability of Al systems. Al models, particularly
those based on deep learning, often operate as “black boxes,” providing outputs
without clear explanations. This opacity can lead to mistrust among patients, as they
may be uncomfortable with receiving a diagnosis or treatment recommendation that
lacks aclear rationale. For example, an Al system might flag a patient as high-risk for a
certain condition without explaining the specific factors that led to this classification,
making it challenging for patients and providers to trust the result [25].

Privacy concerns also loom large for patients. As Al systems gather, analyse, and
store vast amounts of personal health data, the risk of data breaches or misuse grows.
A prominent example is the 2015 breach at Anthem, one of the largest health insurers
in the US, where the personal information of nearly 80 million people was compro-
mised. Such incidents heighten patients’ fears about entrusting their health data to
Al systems and may impact their willingness to engage with Al-driven healthcare
solutions [26].

For medical professionals, there is apprehension regarding AI’s potential impact
on job security and workflow. Some clinicians worry that Al could replace certain
roles, especially in specialities like radiology and pathology where Al is effective in
analysing imaging data. For example, Al systems have shown strong performance in
detecting lung nodules in CT scans, which traditionally would require a radiologist’s
expertise. Although these systems are intended to assist rather than replace medi-
cal staff, there remains a perception that certain roles could become redundant [6].
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However, several factors should reassure healthcare workers. The deployment of
Al in clinical practice is expected to be gradual, and most Al applications require
extensive “labelled” data, meaning clinicians play a key role in preparing this data
for Al training and validating the system’s outputs. This collaboration underscores
the importance of human oversight and expertise in Al-driven healthcare.

Additionally, there are ethical concerns tied to Al in healthcare, particularly around
issues of accountability and decision-making. For example, if an Al system makes
an incorrect diagnosis or treatment recommendation, it is often unclear who should
bear responsibility—the developers of the Al the healthcare institution, or the clini-
cians using it. This ambiguity creates challenges for healthcare providers, who may
face legal risks if an Al-driven error leads to patient harm. The need for accountabil-
ity frameworks that outline responsibilities in Al-supported decisions is therefore
crucial [27].

In conclusion, while Al offers transformative potential in clinical pathways, these
limitations underscore the importance of developing comprehensive strategies to
address data quality, technical integration, regulatory compliance, and ethical con-
siderations. By proactively managing these challenges, healthcare institutions can
safely harness the power of Al to improve patient outcomes without compromising
on quality, transparency, or human trust.

5 Conclusions

This paper has overviewed the use of artificial intelligence in healthcare trajectories.
Implementations for clinical support systems and healthcare management have been
presented. We can draw some conclusions from the work surveyed above. The rising
of patients, service times and consequently the rising cost in healthcare services
claim for solutions able to make the systems more efficient.

Many actions can be taken to reach a more efficient healthcare system, starting
from using cutting edge facilities, but also digitalizing the system and so avoiding
paper mistakes. This second choice makes it possible also to structure a data-based
system on which is easier to act on, starting from the data monitoring. In this scenario
the development of artificial intelligence finds rich terrains in which to act.

Artificial intelligence can help achieve a more efficient healthcare system by
replacing all those repetitive tasks that make a patient’s journey longer, and the
work of doctors heavier. At the same time, it can be useful for all the repetitive
administrative tasks which can be easily replaced. Although it is certain that Al
can help to structure more efficient healthcare systems, it is equally true that many
steps must be taken to arrive at reliable decision support tools. Starting with a clear
regulatory framework that specifies the responsibilities and duties of all stakeholders.
Continuing with the development of digitalized hospital systems capable of providing
large amounts of good quality data. And finally, by making clear to patients the
possibilities and risks in using these systems to reduce the fears that accompany the
introduction of new technologies in such an important environment. As the world
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of Al is constantly and rapidly evolving, it will be the purpose of future research to
investigate in more detail the application of such systems within healthcare systems.
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Economic Evaluation of Hospital )
Production: Analysis and Comparison e
of Different Models

Angela Testi®, Paolo Landa®, and Elena Tanfani

Abstract The growth of health care needs and the hospital establishment capacity
has led to increased costs together with a deterioration in the finances of national
health public systems. Hospitals need to understand how they can improve efficiency
and service quality to survive and keep on operating with a sustainable activity for the
future. Hospitals have to face hard budget constraints and on the other side maintain a
high quality of care and improved health outcomes. The hospital production is a topic
that the microeconomists analyzed in the last fifty years, looking at the hospital effi-
ciency able to provide the best outputs and outcomes using limited number of inputs.
The modelling of this function was mostly performed using parametric methods (such
as Translog and Cobb-Douglas functional forms or Stochastic Frontiers), and later
with non-parametric methods (such as Data Envelopment Analysis). The objective of
this preliminary study consists in providing an overview of the economic evaluation
of hospital production, comparing the two methods and showing the main benefits
and limitations of each approach.
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analysis

A. Testi (<)
Department of Internal Medicine (DIMI), University of Genoa, Genoa, Italy
e-mail: 5030@unige.it

P. Landa
Department of Operations and Decision Systems, Laval University, Quebec City, QC, Canada

Population Health and Optimal Health Practices Axis, Hospital Univeristy Research Center of
Quebec City, Quebec City, QC, Canada

Oral Ecology Research Group, Laval Univeristy, Quebec City, QC, Canada

Interuniversity Research Centre for Enterprise Networks, Logistics and Transportation
(CIRRELT), Quebec City, Canada

P. Landa
e-mail: paolo.landa@fsa.ulaval.ca

E. Tanfani
Department of Economics (DIEC), University of Genoa, Genoa, Italy

© The Author(s) 2026 47
P. Landa et al. (eds.), Operations Research and Artificial Intelligence in Healthcare

Management, Springer Proceedings in Mathematics & Statistics 506,
https://doi.org/10.1007/978-3-031-95659-1_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95659-1_5&domain=pdf
http://orcid.org/0000-0002-9082-3996
http://orcid.org/0000-0001-6532-6747
http://orcid.org/0000-0002-4261-4495
mailto:5030@unige.it
mailto:paolo.landa@fsa.ulaval.ca
https://doi.org/10.1007/978-3-031-95659-1_5

48 A. Testi et al.

1 Introduction

The growth of health care needs of the population in the last decades and the increase
of hospital establishment capacity given by the increase of population and needs, has
led to increased costs together with a deterioration in the finances of national health
public systems. Cost containment is one of the main needs of health systems, a
prerequisite for the survival of public health systems to provide health services to the
population, maintaining high quality and equity in access. Measuring efficiency is
therefore one of the essential steps to verify that all resources available are allocated
in the best way.

In economics the problem of efficiency is given by the scarcity of resources
(natural resources, labor, and capital) and by the unlimited needs of the economic
agent. The challenge consists in allocating resources in the most efficient way to
satisfy the needs of the largest number of individuals as possible. There is economic
efficiency when resources are allocated in order to maximize the production of goods
and services, meaning that resources are used in the most efficient manner possible
without any waste. Economic efficiency enables the cost reduction and the increase
of output of the production process, reducing market prices for goods and services
and increasing economic growth [1-3].

There are three main efficiencies analyzed in health care literature: technical
efficiency, productive efficiency and allocative efficiency [4]. Technical efficiency is
the physical relation between resources and health outcome, it is achieved when he
maximum possible improvement in outcome is obtained from a set of resource inputs
[4]. Productive efficiency consists in the maximization of health outcome for a given
cost, or the minimization of cost for a given outcome [4]. Finally, allocative efficiency
considers productive efficiency together with the efficiency with which the outcomes
are distributed among the community [5]. The first distinction is between allocative
and productive efficiency. The allocative efficiency refers to the question what fo
produce (relates input and health outcomes such as QALY) and is studied with
cost—benefit analysis (cost-effectiveness and cost-utility), and then the productive
efficiency which refers to the question how to produce (the output that has proven
to be cost-effective and sustainable/equitable from previous analysis). Productive
efficiency, in turn, depends on three conditions: (1) technical efficiency (this means
that production have to stay on an isoquant and does not take input prices into
consideration); (2) managerial efficiency, it is needed to choose, among all possible
production techniques in the isoquant, the one that costs the least, and (3) Scale
efficiency, i.e., positioning myself on isoquant that allows me to decrease costs in the
long run (when all inputs are variable) [4, 5]. In this study we will focus on technical
efficiency and scale efficiency.

In traditional microeconomics, the study of productive efficiency originates in the
production function, that correspond to how to utilize inputs to achieve the best result
in terms of output. The functional form of the production function is the following

0=fX1.Xs,...Xy) (D
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where Q represents the quantity of output and X1, X2, ..., Xn is the vector the quan-
tities of factor inputs, usually including capital, labour (hospital staff as physicians
and nurses, hospital buildings and land, raw materials and other elements of that
contribute to the production. Then starting from the production function and tech-
nically efficient combinations (those on the isoquant or frontier) and by applying
input prices, it is possible to define the cost function. Since input prices are rather
difficult to identify in hospitals (especially the capital), it is common use to turn the
cost faction mainly as econometric estimation of the production function.

Measuring the efficiency of hospitals is, moreover, particularly difficult, although
less difficult than for other health care facilities, such as general practitioners’ offices
or local health units working in the territory. There are multiple reasons for this
difficult in measuring, some of which are the following:

e the output is multioutput (there are different types of outputs, for example, outpa-
tient visits, day hospitalizations, surgeries, etc.), but even within the same type, we
can have very different elements. For example, hospitalizations are very hetero-
geneous, and for these there are about 500 Diagnosis Related Groups (DRGs),
but even within each DRG there can be several interventions.

Part of the production is carried out by teamwork and the presence of teams;
Hospital facilities require equipment and fixed capital to a sometimes-
preponderant extent (such as wards and operating rooms);

e Rather fixed production coefficients are present (characterizing the low substi-
tutability of inputs participating in production);

® Asameasure for evaluation, not only the output is important (given, for example,
by the number of interventions performed), but also the ‘outcome (e.g., the final
health impact of the interventions).

There are different care strategies and different qualities;

The production is multi-stage, several stages each involving a different production
function, but they must be coordinated with each other, so each individual process
rather than the global view of production takes on particular importance.

e Other presence of uncertainty about results (exogenous factors such as socioeco-
nomic deprivation);

The objective of this preliminary study consists in presenting an overview of the
hospital production function in economics, providing the analysis and the compar-
ison of parametric and non-parametric models that were approached in the last fifty
decades. The structure of this study is the following: in section two are reported
the material and methods of the study based on the presentation of the parametric
models, Data Envelopment Analysis and stochastic frontiers; in section three are
reported the results of the comparison, showing the benefits and the limitations of
each approach. Finally, in Section four are reported the conclusion and the future
development of this study.
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2 Material and Methods

2.1 Parametric Models

Economists have been grappling with this task since the 1970s when costs began to
rise sharply, dragged down by several factors such as the technological innovation,
the aging population, and a larger need of citizens in terms of health care and health
services. In addition, both the quality and mode of treatment of hospital patients have
changed, leading to increased costs [6]. Other factors that have led to the increase
in spending over the past fifty years are the increase in GDP per capita and the
reimbursement methodologies payment of health care service [7-9]. The issue is
even more important today, as these factors have even accentuated their dynamics
over time, posing serious challenges to public coverage of health care needs.

Early attempts to measure the efficiency of hospitals initiated in the 1970s both
in the U.S. and in Europe [6, 10-15], used traditional production functions already
found in the international literature, such as Cobb Douglas, Trans-Logarithmic and
Leontief.

The estimation of production functions is based on a set of observations by
taking explicit functional forms to describe the technology. The production function
expresses output as a function of inputs and is defined by the following relationship
where it is the dependent variable, while the vector of inputs is composed of the
explanatory variables or regressors. As in all economic models, it is necessary to
place assumptions and properties on the object of study. The production function,
according to definitions posed in the literature [16] must be:

1. Monotonic, so if then;
2. Monotonic in the strict sense, so if then;
Let V be the set of input combinations that produce the output level y, the set
must be convex and the production function must be nearly concave;
Concave, therefore for;
Weak essentiality, so where is the null vector;
Narrow essentiality, therefore;
The set V(y) is closed and nonempty for every y > 0;
f(x) is finite, nonnegative, real-valued and finite-valued for every finite and
nonnegative value of x;
9. f(x)1is always continuous;
10. f(x) is doubly differentiable at each of its points.

»

PNk

The output of functional forms is estimated through a relationship between the
dependent variable and the regressors, where the parameters to be estimated can
follow the following parametric forms: Linear, Cobb-Douglas, Quadratic, Normal-
ized Quadratic, Trans-logarithmic, Leontief and Constant elasticity of substitution
(CES) [16].

All these functional forms have the advantages of being flexible, linear in param-
eters, regular and parsimonious. The Cobb-Douglas functional form is very easy to
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estimate because its equation can be directly transformed into a linear equation in
the logarithms of the variables.

O(K,L) = AL*K* )

In this formulation Y represents the total production, while L and K are the labour
and capital input, respectively. The parameter A is the total factor productivity, and
a and B are the output elasticities of capital and labor, respectively (with 0 < a < 1
and 0 < B < 1). The parameters obtained from the estimation are the elasticities of the
product with respect to the individual factors. In the special case where the sum of the
elasticities is equal to one, the elasticity of scale is equal to one and there are constant
returns to scale, the elasticity of substitution between factors also becomes constant
and is equal to unity. These elements lead to the limitation of this functional form in
that prior to estimation one constrains the elasticity of substitution to unity and this
results in good substitutability between inputs (which does not always correspond to
reality).

Many studies of the production function seek to explain the relationships between
production and which independent variables constrain production.

Goisis [15] defines hospital production through a Cobb-Douglas functional form,
where production is measured by the number of admissions (dependent variable) and
by a relationship between several independent variables such as beds, physicians and
variables of convenience (dummy variables) that introduce the presence of teaching
conventions with the university by the hospital. According to that study, the returns
to scale are slightly increasing, furthermore, the size of the hospital affects the value
of the elasticity of output with respect to inputs.

Feldstein [17] also defines output through a Cobb-Douglas where output is defined
by the number of admissions per case mix (dependent variable) and a relationship
between physicians, beds, nurses, and miscellaneous supplies. The study found that
the largest elasticity is present in beds, while the only two significant inputs are beds
and physicians. The returns to scale are moderately decrescent.

Lave and Lave [18] estimate the cost function capable of addressing the problems
arising from the multi-output nature of production by analyzing the relationship
between costs and output, looking in detail for explanatory variables to be used in
the estimation. The authors address the problem of estimating the cost function under
multioutput production through a Cobb-Douglas type function by developing two
procedures and assuming that the output mix is constant within each hospital. The first
procedure is based on a two-stage analysis and allows the cost function to differ across
hospitals by estimating a relationship between average cost, factors utilization, size
and time for each hospital. The second stage, on the other hand, searches for the causes
of variations in parametric estimates among hospitals, assuming that all hospitals have
the same cost function. The results obtained analyze the reasons why costs increase,
showing that hospitals with teaching functions have faster cost increases. According
to the study, marginal costs compose about half of the average costs (varying from 40
to 65%), furthermore in case economies of scale are present, they are not significant.
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Finally, they point out that the rate of cost increases is greatly influenced by the cost
per patient component.

Trans-logarithmic (or Translog) estimation is found in most of the work in the
literature and is agreed to be the most valid functional form in the analysis of hospital
output [19-22]. This function is much more flexible because it does not require the
three elasticities to be constant. The more flexible a functional form is, the fewer
restrictions one must assume a priori on the type of production process. From the
estimated coefficients obtained from the Translog, it is possible to trace, through
special formulations, the values of the relevant elasticities. However, the advantage
of the greater flexibility of this form is counterbalanced by the disadvantage of a
larger number of independent variables requiring much larger samples. A generalized
example of a Translog production function, where y is the output produced, and x,
is the quantity of input n used in the production process, takes the form.

N | NoM
Iny=p+ Zlnxn + 2 Z Z BunIn x,, In x,, 3)
n=1

n=1 m=1

A form of estimation based on the Leontief functional form was proposed by
Li and Rosenman [23], this choice lies in the fact that from an econometric point
of view it is convenient when a set of conditions are met. The Leontief functional
form has similarities to hospital production as production takes place through a high
variety of intermediate products, from radiological diagnostics to physiotherapy,
from outpatient medical visits to surgery.

The model proposed by Li and Rosenman makes it possible to analyze how, within
the hospital, variations in the costs of different types of care affect the cost function
for each individual patient. The econometric specification involves the use of a data
panel framework to estimate the cost function through two models (one with fixed
effects and one with random effects). The first estimation is done through the random-
effects model and then it is validated through the use of the Breusch and Pagan test
[24]. The formulation of the model considers many factors, such as patient days,
discharge visits, factor prices of labor and capital, and error terms not attributable
to production. This type of functional form provides flexibility in the economy of
scale and does not impose a priori restrictions on the elasticity between factors of
production. In addition, it is homogeneous in input prices (a necessary condition for
the existence of duality between cost and transformation function), and in the cost
function there are variables not related to inputs that can still have influence on costs,
exactly the error on hospital specifications that does not vary over time and the error
term that varies per hospital that varies over time. The authors, through the results
obtained from this study, indicate that Leontief turns out to be a better functional
form than Translog for estimating the hospital production function because it allows
for the heterogeneity present among the hospitals surveyed in the study. Ultimately,
it is inferred from the model that hospitals have significant economies of scale but
limited economies of scope.
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A different approach is that provided by Carey [25] where a multi-output cost
function is estimated using a very large sample of hospitals, where they use a panel
data methodology over five years. The choice of this technique allows them to under-
stand the correlations between unobservable differences between hospitals and their
observable determinants of hospital costs. The panel data technique is compared
with a simple cross-sectional technique to illustrate the importance of separating
individual effects from cost function parameters. This effect can be seen in the
measurement of economies of scale in the two models: the cross-section estima-
tion shows diseconomies of scale that remain stable throughout the five years, while
the estimation using panel data shows economies of scale that decrease over time.
The importance of the study performed lies in the fundamental choice of variables
that will make up the econometric estimation of the hospital cost function.

Scuffham et al. [26] explore the structure of hospital costs, input substitutability,
and economies of scale and scope by targeting what potential efficiencies are
produced by these, through the use of a Translog cost function that provides model
flexibility for handling multiple inputs and outputs. With regard to elasticities, it
appears that Labor and material prices have cost effects are more than proportional,
furthermore, substitutability of inputs is poor. Economies of scale are not present. The
translog cost function reveals that hospitals have at least two options for improving
hospital efficiency in the short run: either through variation in staff input mix or
through variation in output levels relative to staffing levels present. Options for input
substitution such as demand for medical staff increases when there are increases in
supply prices (and not vice versa). Nurses, who account for 50% of hospital oper-
ating expenditures in the sample, are relatively less replaceable than other inputs.
Nurses therefore have greater bargaining power, and a change in their salaries can
have strong repercussions on hospital costs.

2.2 Data Envelopment Analysis

The peculiarity of hospital production and its difficulty encountered in the estimation
considering the above described model and its limitations, prompted the search for
other methods of evaluation. The research method was no more the identification of
parametric methods, but the choice fell on a nonparametric method, such as the Data
Envelopment Analysis (DEA), developed on the basis of Farrell’s [27] ideas and
the purely economic concept of Paretian optimum, by Charnes, Cooper and Rhodes
[28], formulating a linear programming problem capable of calculating of a score
(score) of efficiency for each observation in the sample (decision-making unit or
DMU). This score represents the percentage reduction in the use of all inputs that
can be achieved when compared with the best without reducing the amount of output.
These scores can be calculated in the presence of both constant returns to scale (CRS)
and variable returns to scale (VRS). Major developments in DEA in the 1970s and
1980s are documented by Seiford and Thrall [29] and several authors in the last two
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decades provided systematic literature reviews on the application of DEA to health
care [30-33].

Given a sample containing K inputs, M outputs and N hospitals, where is the set
of inputs for observation i for k = 1, ..., K and is the set of outputs for observation
iform =1, ..., M, the DEA problem definition with constant returns to scale for
observation i is such that r =1, ..., M; s =1, ..., K;j =1, ..., N. The efficiency
score, where indicates a point on the frontier and is technically efficient if it takes
the unit value.

The first application of DEA to health care is developed by Sherman [33], which
employed DEA in hospital manufacturing to compare the efficiency of manufacturers
with different control structures.

The use of DEA over other econometric methods is due to a number of advantages:

e the absence of restrictions on the functional form of the relationship linking inputs
to outputs (production technology);

e being a deterministic method does not require the imposition of assumptions on
the distribution function of efficiency scores [34, 35];

e case in extending the method when there are technologies that use more than one
input to obtain more than one output;
the assumption of the lack of error terms in the data studied;
DMU s are directly compared with other DMUSs or combinations thereof;
there are no constraints on the units of measurement of inputs and outputs (e.g.,
we can use the number of lives saved as output and for input we can use resource
consumption in country currency);

However, the DEA approach has some disadvantages such as:

the absence of an error term can create problems in error measurements;
it is an excellent method for estimating the relative efficiency of a DMU but
converges slowly to absolute efficiency because it lacks the theoretical best;

e Dbeing a nonparametric technique, it is difficult to perform statistical hypothesis
testing;

e computationally, it can become a highly complex method if the problem is large,
as there is a linear programming formulation for each DMU;

® inestimating “best practice” frontier produces indicators that are extremely sensi-
tive to the choice of input and output variables and, consequently, easily affected
by measurement error.

The main advantages are the ability of DEA to handle multiple input and multiple
output models where input and outputs may have very different units. For DEA there
is no need of any assumption of a functional form relating inputs to outputs, and in
addition, the DMUS are compared against a peer or a combination of peers.

The applications of the DEA method to health care have multiplied especially over
the years and worldwide [36—43] covering many aspects of the health care system,
but especially the hospital sector was studied in two reviews [44, 46] that pointed
out the main benefits and limitations. The problems addressed in the reviews were
very different, and depending on the specific objectives, outputs and inputs were
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chosen appropriately. The second review [46] show the percentage of studies that
use inpatients days as an output category, reporting a significant decline during the
decades due to changes in reimbursement.

2.3 Stochastic Frontiers

Starting from dissatisfaction with some features of the DEA model, some authors
have moved again in the direction of parametric models, proposing models that
have been called “stochastic production frontiers” (SF). Such frontiers, however,
again presuppose the choice of a functional form. They differ in several ways from
DEA, with the potential advantage that random variations in catch can be accommo-
dated, providing a more consistent measure with the potential harvest under normal
working conditions. On the other hand, a disadvantage of SF is that, although it
can model multiple output technologies, doing so is somewhat more complicated,
requires stochastic multiple output distance functions, and raises problems for outputs
that take zero values [45]. (to summarize something, e.g., to put first authors, to
make the logic of double error understood, etc.) they are also real “frontiers” (and
not averages... complete).

Stochastic frontiers is a method introduced in 1997 by Aigner, Lovell, and Schmidt
[46] and Meuseen and Van Den Broeck [47], provide a measurement of technical effi-
ciency by taking into account the possibility of unforeseen random shocks that cannot
be controlled by producers and that can influence the level of output. Through such a
tool, it is possible to separate the effects on output caused by changes in technical effi-
ciency from those attributable to changes in input and environmental performance.
The analysis of stochastic frontiers is done through the study of technical efficiency,
given by the ratio of output produced to the maximum output obtainable.

The deterministic frontier consists of the production frontier where is the output
produced by the i-th producer, is the vector of N inputs used by the producer, and 3
is an estimated vector of technological parameters, is the technical efficiency of the
i-th producer. This assumption implies that any deviation from the observed output
is to be attributed to the presence of technical inefficiency. In order to introduce the
random shocks of each producer within the frontier we reformulate the frontier as
follows:

N N M
1
I Q= Fot Y Balne 5 Y D Bl i I je =t + v (4)

n=1 n=1 m=1

In this formulation where Q;; is the output of the hospital or unit j in period t and
Xujr and x,,;; are the variable and fixed hospital or unit inputs (7, m) to the production
process. The error term is separated into two components, where v, is the stochastic
error term and u;; is an estimate of technical inefficiency. The random component is
specific to each producer, in addition, the evaluation of technical efficiency according
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to this model considers environmental variations, which, following the deterministic
approach, would affect the estimate of efficiency itself.

For SF it is necessary to define the functional form described. In the case of
assuming that the functional form is a Cobb-Douglas we will have where is the
difference between the error term attributable to random disturbance and the error
term due to technical inefficiency. These estimates of the production technology-
related parameters () and the technical efficiency of each producer are calculated
through the likelihood method because, given the skewness of and positivity of the
functional form, the ordinary least squares (OLS) method provides only consistent
estimates for the covariates and not for the intercept. For the evaluation of technical
efficiency, estimates must be extracted, and this requires special assumptions about
the distributions that characterize the two error components.

It quickly becomes apparent that one of the major problems with the stochastic
frontier approach is the need to specify the distribution function of the compound
error. Generally, it is assumed that the error term is distributed as a normal random
variable, while for the term related to inefficiency one can have different specifi-
cations, although the most widely used in the empirical literature seems to be the
half-normal distribution. One of the assumptions of the models is that the distri-
butional hypotheses on inefficiency components adopted in the literature are the
Exponential and Truncated Normal [48-50]. Some models using different distribu-
tional hypotheses on the inefficiency components and are the Normal-Half Normal,
Normal-Exponential and the Normal Truncated Normal.

3 Results and Discussion

3.1 Comparison Between DEA and SF

Compared with the DEA method SF have the advantage of being stochastic, but also
several disadvantages, such as the mandatory choice of the functional form, requiring
a lot of data, and the assumptions concerning the distribution of the inefficiency term
imposed in order to decompose the error [51, 52].

There has also been much debate in the literature whether DEA or SFis preferable.
There is also a group of papers in which both methods have been applied [51, 53-56]
although the results may vary between studies and its applications. All that can be
said is that DEA methods are suitable as the number of assumptions is limited and it
is easier in its development, while SF methods need several assumptions that are not
easy to implement and that might not respect the real phenomena we are looking for
modelling. DEA is a tool based on linear programming, and there is a possibility that
the functions we are looking are not linear. In addition, made are not real since they
are taken based on the elements in the given situation. Each method has particular
strengths and weaknesses and potentially measure different aspects of efficiency.
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3.2 Discussion on Economic Evaluation Methods

All these economic matrix methods, i.e., aimed at estimating efficiency basically as
productivity and as the relationship between output and input, we could say that even
in the diversity of the various specifications/methods have as their goal to compare
production facilities with each other to give a score, to make a ranking. When hospitals
or production units are not on the frontier and have a lower efficiency than the unit,
the DEA method also succeeds in giving rather precise indications of the cause of
the inefficiency, which can be ascribed, sometimes to an excess of some input, and
sometimes, to too large or too small a scale of production.

Stochastic frontiers in this are coarser and fail to give these indications. The
comparison in the DEA model is made with respect to one of the other units to be
evaluated in the system, or to a linear combination of them. And there may also be
different standards to copy. On the one hand this leaves some flexibility, but it is not
always sufficient, or at least they are rather crude indications that often do not take
other factors into account. That is why in the DEA model we usually proceed to a
second stage, relating the obtained scores to other external and contextual variables
that could be the causes of low scores; in that case the inefficiency of the operational
units would not be attributable to mismanagement, but rather to other causes, for
example using a regression approach in the second-phase [56—60].

In all cases, however, the DEA evaluation is a system-level, economic policy
evaluation that fails to provide precise strategies to individual hospitals. You can
inform with a detailed analysis that a hospital (or an operating unit) is not efficient,
the DEA also provides some useful indication, but then from the operational point
of view it doesn’t provide a clear information on how the inefficiency should be
improved or removed.

Further analysis needs to be done by delving into what is happening within indi-
vidual hospitals, i.e., not just what goes in and what comes out, but considering a
larger set of outcomes that might be difficult to collect and analyze.

Lack of effort in achieving efficiency was defined in a famous article by Leiben-
stein [61] and described as X-inefficiency, that occurs when a firm lacks the incentive
to control costs. This causes the average production cost to be higher than necessary,
this lack implies technically a non-efficient production. Much discussion has taken
place as to what this should mean; a concept also heavily criticized by Stigler [62].
It has been said that there would be elements of x-inefficiency whenever there is no
incentive for efficiency in the market (e.g., in monopoly), but this could also be the
case with public enterprises, as theories of bureaucracy teach where every rational
organization must have a set of rules and regulations. These rules and regulations
must be followed without any fault, ensuring uniformity in the market and in the
business, where the staff members know what is expected of them [63]. O’Neill
et al. [46] says just that DEA was used to determine appropriate levels of care [46],
while Chillingerian used DEA for many other scopes, such as to develop particular
frontiers for primary care at physician level and practice patterns [64].
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4 Conclusions and Future Works

The objective of this study was providing a preliminary analysis on the economic
evaluation of hospital production and its efficiency analysis the international literature
and showing the benefits and the limitations of the approaches described. Considering
the large quantity of studies and the multiple approaches, two main approaches
were identified: parametric and non-parametric approaches. Each one presented both
benefits and limitations in both application and modelling assumptions. However, is
not easy to prove the best methodology for estimate efficiency to provide an economic
evaluation of hospital production.

Previously described techniques, in fact, referred to efficiency evaluation basically
as productivity, that is, as the ratio of output to input. More complex methods such as
for example the DEA share the main principles, indeed they have same approaches
such as the use of multi-output and multi-input cases, weight assignment, as reported
above.

In the case of hospitals, however, limiting to this is rather sterile. It is best to
refer to the more general concept of “performance” [65, 66]. It is a multidimensional
and interdisciplinary concept, not exclusive only to the economic sphere in the strict
sense, but rather to the business or organizational spheres. It can be broadly defined
as the measure of how well a facility satisfies its customers. In the case of healthcare,
therefore, the concept of performance includes both efficiency and effectiveness. The
most important thing in fact is effectiveness, that is the ability to meet needs and then
efficiency, what justifies delegating to the public system, that is that needs are met
efficiently. In universalistic public systems such, an additional factor is added, that
of equity that is that the absence of unfair and avoidable differences among groups
of people (socially, economically, demographically, or geographically or by other
dimensions) of inequality health services.

The most appropriate and comprehensive approach, moreover, seems to be an
approach based engineering and operational research methods. We refer, in partic-
ular, to those methodologies that belongs to operations management or industrial
engineering [67, 68] and include many techniques. However, this preliminary study
is not interested in showing these approaches, but future research will be dedicated to
describe such models and understand whether they can help in assessing the efficiency
or performance of hospitals.
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Abstract This study explores how flow quantification and simulations can improve
the management of care pathways in a healthcare facility specialized in follow-up and
rehabilitation care. It is based on an assessment of the current operation through the
quantification of existing patient flows. Human and organizational constraints were
identified to ensure a relevant stay in the facility. Subsequently, flow simulations
conducted with the Flexim Healthcare® software allowed for an analysis of the
system’s functioning and the exploration of alternative optimization scenarios. The
results of this work offer valuable perspectives for streamlining patient flows and
optimizing the human resources required for care delivery, despite the identified
limitations.
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Introduction

The evolution of the French healthcare system, characterized by a rapid shift towards
outpatient care, is reshaping professional practices and transforming the care land-
scape into a multi-party and multidisciplinary structure. These changes underscore
the growing need for coordination and a paradigm shift focused on care pathways [5].
In this context, the constant increase in healthcare demand, coupled with a mounting
shortage of healthcare facilities, is compelling these institutions to explore more effi-
cient management of human and material resources. Additionally, the financing of
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healthcare facilities, now tied to measurable activities, highlights the need to opti-
mize patient flow management as a means to reduce costs while ensuring the quality
and safety of patient care.

The concept of care pathways is central to ongoing debates about strategies for
healthcare system transformation. It is based on the principle of delivering “the right
care, at the right time, in the right place, to the right patient.” This approach goes
beyond simple procedural rationalization; it encourages healthcare facilities to adopt
systems inspired by the industrial sector to enhance resource efficiency [7].

Our goal is to further explore how the quantification and simulation of patient flows
contribute to the effectiveness of care pathways in healthcare system organization.
We propose employing these methods within a healthcare facility to support a project
focused on improving patient care processes. This case is particularly compelling as it
reflects experiments in the hospital sector utilizing methods and tools from the indus-
trial sector—approaches that remain relatively unfamiliar to healthcare professionals

[9].

1 The Relevance of Patient Care Pathways

At the end of the 1990s, the first definition of relevance of care was given by the
Rand Corporation, which considers that care is relevant if provided when the margin
between the expected benefits exceeds its expected negative consequences. In France
several studies and reports reflect diversity in medical practices and show a variation
in the care pathways provided, which are difficult to justify [7]. On this topic, the
literature reports several decisive factors for the relevance of care [2]. They include:

— knowledge, beliefs and reasoning of professionals and patients;
— organisation of the system as well as incentives for certain activities;
— relations between the various stakeholders.

Also note that the advent of the relevance of care pathways refers to the literature
on the concept of regulating the healthcare offer [1]. Within a hospital sector seeking
to optimise resources based on a raft of reforms aiming to limit expenditure [6].
According to [8] the improvement of the relevance of care pathways seems to be
a response to this goal. It may allow a facility to steer care towards efficient high-
added value procedures focused on the patient, while improving the quality of care
and reducing expenses. Several programmes have been implemented to promote the
“right care” in the face of growing numbers of patients to be cared for and reduced
numbers of healthcare professionals. A goal that has encouraged healthcare facilities
to get involved in this subject, offering us a scientifically interesting research issue
given its lack of exploration and the questions that it raises.
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2 The Contribution of Flow Simulation

Simulation is one of the decision-making tools provided to designers and adminis-
trators of complex systems. Flow simulation involves designing a model of a real
system in order to understand and anticipate how it behaves and thus improve its
performance. The simulation models give a dynamic representation of an organi-
sation to assess its performance, its re-sizing for experimenting with new steering
strategies [3, 4] highlighted the goals of simulation:

— test solutions upstream before they are implemented,;

— confirm sizing hypotheses;

— involve staff in analysis, optimisation of flows and the reorganisation strategy;
— facilitate support for change in ongoing improvement projects.

The model used in this study is a Discrete Event Simulation (DES). It analyzes
patient flows while accounting for activity sequences, time constraints, and resource
limitations in a hospital environment.

Several software tools can be used for flow simulation, including FlexSim®,
Arena®, Promodel®, ExtendSim®, Anylogic®, Simio®, Repast®, and Simul8®. We
have chosen the FlexSim® software because it offers two modelling environments:
one for industrial flow modelling and another, called “Healthcare”, for modelling
patient flows in hospital environments. The other aforementioned software tools also
support patient flow simulation but lack an environment specifically designed for
this application.

3 Field of Investigation

The field of our study is a private healthcare facility which is part of the public hospital
service. It belongs to an association for social and professional inclusion of people
with disabilities. The facility offers rehabilitation and physiotherapy, and accom-
modates patients with varied pathologies in traumatology, orthopaedics, neurology
and rheumatology. Patient care is offered with capacity of 60 day-hospital spots and
30 full hospitalisation beds. There are two types of patient care: Full Hospitaliza-
tion (FH) and Day Hospitalization (DH). Day Hospitalization can take place in the
morning or in the afternoon, hence the terms AM or PM. In 2021 patient care was
heavily affected by the Covid-19 pandemic. The number of patients cared forin 2021
was 156 for Full hospitalisation (FH) and 407 for Day hospitalisation (DH), with
9,410 days in FH and 14,619 days in DH.
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4 Issue and Goals

4.1 Issue in the Field

Patient care is provided by a multi-disciplinary team. Each patient is admitted for a
stay which must meet several criteria which include in particular a number of proce-
dures necessary to validate each day of care. Admissions management is assigned
mainly to an admission committee made up of the following: four doctors, a health-
care executive and a rehabilitation executive. For 2021 overall, 1,132 requests were
examined by the committee and only 823 requests were granted. The main grounds
for rejection were the lack of places (51%), patients that do not meet the criteria set
by the facility (42%) or who are outside the geographic area (7%). In 2021, for a
total of 654 external consultations performed by doctors from the centre, 188 consul-
tations led to admission to FH or DH. These elements reflect an extended waiting
list whose repercussions may be non-negligible on patient flows. On this subject we
see growing exasperation on the part of doctors, executives and professionals due to
hospital stays deemed to be irrelevant, and with good reason, with treatment limited
to one or two procedures per day instead of the recommended three procedures (in
2019, 17% of Hospital stays did not include 3 procedures per day). This situation is
due to a flow management issue, with a lack of coordination between the required
departments and the number of patients to be cared for. The facility thus finds itself
overcrowded with patients who could be treated by non-hospital healthcare profes-
sionals. The facility thus finds itself overcrowded with patients who could be treated
by non-hospital healthcare professionals. In addition, the Covid-19 pandemic upset
the organisation of out-patient treatment, initially scheduled for a full day from 9:00
am to 4:00 pm, and now permitted as a half-day (9:00 am to 12:00 pm and 1:00 pm to
4:00 pm). Beyond reviewing the relevance of admissions, the problem experienced
is that of rationalising technical platforms in terms of human resources to ensure the
management of patient flows generated. The fair distribution of care staff is currently
a major concern for the facility.

Given this situation, quantification and simulation of the existing flows and of the
desired flows are recommended to improve the relevance of patient care pathways
within the facility, due to the exponential increase in admission requests. The aim of
this effort is twofold, namely to simulate the current operation of the facility using
2021 data, and then to build a projection of the optimum operation to be set up for
the future. The secondary aim of this work is to identify the resources needed within
the teams.

4.2 Scientific Issue

The new process management problems in the healthcare sector are reminiscent of
those of the industrial sector and encourage development of the use of the tools and
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methods from this sector to provide answers to hospital administrators and help them
manage their facility. Use of simulation in the hospital sector has developed gradually,
as shown by the study of [11], who used simulation to help size the number of beds, or
the study of [10], who used flow simulation to optimise steering to minimise average
hospital stays. It appears to be a decision-making assistance tool to help confirm one-
off solutions. Our case is based on the combination of quantification and simulation
of patient flows within a healthcare facility for continuing and rehabilitation care,
with the aim of rationalising the human resources needed to ensure that hospital stays
are relevant.

S Description of the Project Steps

The first step involves creating an overview of the facility’s current operation in
its flow management. This requires understanding the organisation of the multi-
disciplinary team involved with the patient, identification of the different types
of patient pathway (DH and FH) and criteria for relevance of pathways (staff
implemented, number of procedures performed).

We conducted 11 semi-directive interviews according to an interview guide
created with professional and academic experts. A doctor, a healthcare executive,
a rehabilitation executive, three physiotherapists, two occupational therapists, two
calisthenics coaches, and a nurse were interviewed. The questions focused on their
practices, quantitative estimates of their activities, and the difficulties encountered
on a daily basis. The questions were positively welcomed in all departments and in
many cases other members of the team added to the responses of the interviewee.
Therefore there is reliability in terms of the quality of responses.

However, it was difficult for most of the people interviewed to estimate the time
spent on each task of the day. In fact, there was great variability according to patients
and days, and it was difficult to estimate an average per day.

Then our analysis focused on patient flow from January 2021 to December 2021,
a database giving the following over 52 weeks: patients treated; their pathology; the
type of treatment; half-day (morning or afternoon) or full day (morning and after-
noon); professionals involved and lastly the treatment procedures: physiotherapy,
occupational therapy, callisthenics.

The second step of work is flow simulation using the FlexSim Healthcare®
software in several steps, which we will detail in the results section.
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Number of patients treated per pathology in 2021
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Fig. 1 Characteristics of the pathological profiles of patients
6 Results and Discussions

6.1 Quantification of Patient Pathways Types

This section gives an extract of the results on a total of 13 indicators analysed.

The results in the figures are derived from the establishment’s database but are
not simulated (Fig. 1).

The number of patients treated per pathology for 450 patients is broken down as
follows: 113 patients had a total hip or knee replacement (THR/TKR), 86 patients
had a back problem (Back), 88 patients were suffering from upper limb trauma (ULT)
and 83 patients from neurological disorders (NEURO) (Fig. 2).

The analysis reveals a large number of patients not meeting the two therapists per
day of care threshold for patients in day hospital. These stays where only one profes-
sional intervenes probe the relevance of admission of these patients and represent an
area for improvement for the facility, which must offer multi-disciplinary care.

6.2 Quantification of Patient Flows

We see a gradual increase in the number of patients who from January to September
were mainly in half-day treatment. Starting in September, there were a few full-day
treatments. For the same technical platform, it appears that the number of morning
treatments is higher than the number of afternoon treatments, which confirms the
drive by the French government and reflects the impact of the Covid-19 pandemic
which prioritised half-day treatments (Fig. 3).

A reorganization would be beneficial by redistributing part of these care activ-
ities to the afternoon. Simulation scenarios aimed at optimizing human resources
within the facility are necessary. Resorting to outpatient care in community healthcare
settings could also serve as an alternative.
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6.3 Simulation of Flows

Flow simulation using the FlexSim Healthcare® software was carried out according
to the following steps.

6.3.1 Construction of a 3D Simulation Model

The 3D model was built by importing the architectural map of the site into the soft-
ware. This enabled us to build the walls, offices, doors and corridors. The construction
of the model focused mainly on the 3 treatment rooms—Physio, Occupational and
Calli—as well as on the reception, the waiting rooms and the consultation rooms. The
administrative areas, canteen and other sectors were not shown, because although
they are essential to the smooth operation of the centre, they are not part of the patient
care pathway. The care equipment and tools and the staff were added to the model
after observations in the field.

6.3.2 Modelling of Flows

This work involves presenting the sequences of the various steps in the form of
a flowchart, including the durations, start times, premises and human resources
allocated (Fig. 4).

Fig. 4 Flow modelling flow chart
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This work enables us to identify the various patient pathways. New patients must
go through an admission and consultation phase before they are able to begin their
treatment. This is the longest pathway. The second option is that of the patient who
is already admitted to the centre and is returning to continue treatment. This patient
goes directly from “Arrival” to “Awaiting treatment”. Most patients follow this circuit.
There are also pathway variations depending on the type and number of procedures
to be performed.

A member of staff is assigned to each care activity. The availability of these
staff varies throughout the day depending on the number of patients admitted to
the centre, but also according to their schedule and related tasks to be performed
throughout the day. To make the simulation more realistic, a schedule taking into
account meal breaks, among other things, was included in the simulation. Additional
related activities were also added, requiring simulation staff to spend a certain amount
of time writing reports when not dealing with patients.

6.3.3 Launch of Simulation

This phase consists of four steps:

— Visualization of activity workflows with real data introduced
Visualization of dashboards based on the real data introduced
Experimentation to achieve a set objective

— Optimization to achieve a set objective.

Figure 5 provides an overview of the simulation of activity workflows. We can
observe staff and patients moving according to the sequence of activities and the
queues. It is possible to view the queue at the end of the day.

Depending on the needs, dashboards can be generated to display metrics such as
the average waiting time before the first act, the daily evolution of the number of
patients, the average staff occupancy rate, and the chronological occupancy of the
staff (Fig. 6).

We obtained information on treatment time for the patient in the centre, which
for example is 2.8 h on average for 3 procedures, the average wait time between the
patient’s arrival at the centre and the first procedure, which is 7 1/2 min on average,
along with the status of the staff. Certain trends can be identified. For example,
occupational therapy staff spend considerable time carrying out related tasks such as
writing reports in the patient file, unlike sports instructors, who are more frequently
in the field providing treatment procedures. These scoreboards can also be used to
find out staff’s free time.

Experimentation involves testing various resource allocation scenarios selected
by the simulation operator based on a chosen objective. Figure 7 shows results with
the goal of optimizing waiting times.

We observed the waiting times by testing the variation in the number of physiother-
apists (kine), with four occupational therapists (ergo) and four gymnastics coaches

(gym).
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Fig. 5 Overview of the activity workflow with FlexSim Healthcare®

Optimization enables the execution of all scenarios to automatically achieve the
best results using OptQuest, the optimization engine developed by OptTek Systems.
This engine employs a set of algorithms, including metaheuristic optimization, evolu-
tionary algorithms, tabu search, and scatter search. Figure 8 illustrates the optimiza-
tion results. To eliminate waiting times, the following resource allocation would be
required: 13 physiotherapists, six occupational therapists, nine calisthenics coaches,
four doctors, and two nurses.

The simulation for half-day care cannot be considered due to the significant human
resources required and the necessary organizational changes.



Steering Patient Flows: The Contribution of Quantification ... 73

Time of stay according to no of procedures in hrs
POC W OP WCP HCO WP HC

L T T T T ™ T T T T ™ T T T

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34

Wait time before 1st procedure in mins
W New patient procedure before 1st procedure [Jj Average wait time before 1st procedure

Average staff occupancy rate
W InTransit |l ProvidingCare [lj PerformingTask [ ldle

Physio  Occupational Calli

55.90%

Fig. 6 Examples of dashboard overviews

Scenarios I 4 ¢
No_kine [No_ergo |No_gym
10 Kiné 0 4 4
9 Knd 9 4 4
SKed | 3 4 4
7 K 7 4 4

BuTRRSRYNLE

n

e il

”
16
18
1
]

2 5 4
1
10
10K S et Thed
Ban-wn-7mn T MacMac | Maan Contidnce btarval

Fig. 7 Example of experimentation for waiting time optimization

3D simulation is a highly user-friendly communication tool that facilitates visu-
alization, understanding, interactions, the establishment of a shared vision, and
decision-making among stakeholders.

Although simulation offers numerous advantages, its application faces several
limitations related to the specificities of the hospital sector. Data collection is often
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Fig. 8 Waiting time optimization scenario

hindered by an insufficient measurement culture and the reluctance of observed indi-
viduals. Moreover, the uniqueness of patient profiles and the challenges of modeling
their dynamic behaviors limit the ability to accurately represent reality. Finally, orga-
nizational and administrative constraints, such as managing unforeseen events (staff
absences, emergencies) and the high proportion of tasks related to traceability at the
expense of time devoted to care, complicate the integration of real-world conditions
into models.

These limitations highlight the need to develop algorithms tailored to the speci-
ficities of the hospital context, as well as to enhance the culture of measurement to
promote the use of simulations in this sector.

Conclusion

This study highlights the importance of transposing methods and tools from the indus-
trial sector to the hospital sector to improve the management of care pathways. By
using flow quantification and simulation, it was possible to analyze the current func-
tioning of care pathways and propose optimization scenarios. The dynamic and 3D
aspect of simulation serves as a relevant visual support, facilitating communication,
the visualization of alternative scenarios, and decision-making support.

Although simulation is a promising tool, it still presents certain limitations in the
healthcare sector. Overcoming these challenges requires continuous improvement of
modeling and simulation techniques, as well as a stronger culture of measurement and
data analysis. It is a decision-making tool that should be more widely integrated into
healthcare facilities. The ultimate goal is to offer decision-making tools to optimise
the hospital logistics chain.
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Abstract Chronic Obstructive Pulmonary Disease (COPD) is a major non-
communicable disease responsible for millions of deaths annually worldwide. This
study examines the risk factors associated with COPD in Quebec, using data from
the 2017-2018 Canadian Community Health Survey (CCHS). We ran a logistic
regression to analyze the association between a COPD diagnosis and various demo-
graphic, socioeconomic, clinical, and behavioral factors. Among the 15,080 partic-
ipants included in the analysis, 5.8% (n = 874) were diagnosed with COPD. The
results revealed significant positive associations with age, asthma, anxiety, smoking,
and physical inactivity. Conversely, higher levels of education and income were
negatively associated with the likelihood of having COPD.
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1 Introduction

Quebec, like most other Canadian provinces, is facing a growing public health
problem in the management of patients with Chronic Obstructive Pulmonary Disease
(COPD). COPD is a progressive, non-reversible disease characterized by airway limi-
tation, with significant morbidity and mortality implications. According to the World
Health Organization (WHO), COPD is the third leading cause of death worldwide,
responsible for more than 3 million deaths annually [1]. This disease is the leading
cause of hospitalization in Quebec and the fourth leading cause of death nation-
wide [2]. Furthermore, the Quebec Lung Association (QLA) reports that COPD
is the second leading cause of hospitalization among women after childbirth [3].
In 2022, an estimated 600,000 individuals lived with COPD in Quebec (popula-
tion 8,8 million), exerting a substantial burden on the healthcare system and repre-
senting significant financial costs. COPD-related care costs account for over 6% of
annual healthcare spending in Quebec [3]. Globally, COPD research emphasizes its
multifactorial nature, including demographic, clinical, and socio-economic factors.
International studies unanimously identify smoking as the primary risk factor, partic-
ularly chronic smoking [4, 5]. Exposure to second-hand smoke, air pollution, and
occupational toxins also represent important risk factors, even affecting non-smokers
[6-8]. Furthermore, several studies emphasize that advanced age increases the risk
of COPD due to the natural decline in lung function and increased inflammation [2,
9]. Comorbidities such as asthma and cardiovascular diseases also exacerbate the
risk of developing COPD [9-11]. Although socio-economic status is not always a
direct predictor of COPD, its impact on access to healthcare and healthy lifestyles
remains crucial [7]. In Canada, research has revealed a high prevalence of COPD
among indigenous populations, and this high prevalence was attributed in part to
exposure to smoking [12]. Thus, while the risk factors for COPD are widely shared
globally, it is essential to consider regional specificities, both socio-economic and
environmental.

The present study aims to analyze the association between demographic, clinical,
and socio-economic risk factors and having a COPD diagnosis in Quebec.

2 Data and Methodology

2.1 Data

Our data come from the Canadian Community Health Survey—Annual Compo-
nent (CCHS) conducted by Statistics Canada across the country during the 2017-
2018 period. The CCHS is a cross-sectional sample survey conducted every two
years to collect information on the health status, use of health services and health
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determinants of the population. The sampling method used for the CCHS is non-
probabilistic, as participants are selected based on predefined criteria to ensure
sufficient representation of key population groups and provinces.

The total sample size over the two years was 130,000 participants, distributed as
follows: 120,000 participants from the population aged 18 or over and the remaining
10,000 representing the population aged 12—-17. This sample is further distributed
among the different provinces based on their respective populations, using a power
allocation of 0.75. Individuals living on reserves, in remote areas, or in institutions,
are excluded in the sampling. While this may slightly limit the generalizability of
the results, the excluded groups represent a small fraction of the overall population
(about 3%). The database contains 1,051 variables, and the unweighted response rate
was 60.8%. Data collection was carried out using two Computer-Aided Engineering
(CAE) applications, 75% by telephone interviews (CATI) and 23% by on-site inter-
views (CAPI). As the aim of the present study is to assess risk factors on the health
status of COPD patients in Quebec, our study population is limited to respondents
living in the province of Quebec. The choice of province was justified by the fact
that, among Canadian provinces, Quebec has the highest prevalence of COPD, higher
than the national prevalence (5.3 vs. 4.2%). People who did not answer the question
about having had or not a COPD diagnosis were excluded. We decided to excluded
people under 35 based on the evidence that the majority of people living with COPD
are over 35 and that prevalence under 35 is very low [13, 14].

® Dependent variable

Given the objective of the analysis, the dependent variable “diagnosed with COPD” is
identified by a binary variable that takes 0 if the individual reports that they have never
been diagnosed with COPD and 1 if the individual reports having been diagnosed
with COPD.

® [ndependent variables

In most empirical studies reviewed in the literature on this topic, several categories
of risk factors associated with COPD are identified [4, 12, 13, 15], which we identify
as follows:

— Demographic factors: These include age, gender, Aboriginal identity, and immi-
grant status. Age, measured in completed years, reflects the duration of an indi-
vidual’s life. Gender refers to the identity reported by the individual, categorized
as man or woman. Aboriginal identity is a binary variable (1 = yes, 0 = no) and
denotes individuals who identify as First Nations, Métis, Inuit, or Indian. Immi-
grant status is also a binary variable (1 = yes, 0 = no) and specifies whether an
individual is an immigrant.

— Socioeconomic factors: level of education, and income category. We grouped the
education level choices into three categories (Partial secondary, High school grad-
uate, Postsecondary), representing the highest level of formal education attained
by the individual. Income, classified into five levels, refers to the individual’s
monetary earnings or, in some cases, in-kind income over a one-year period.
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— Health status factors: These include anxiety disorders, asthma. Anxiety disorders
are identified as a binary variable (1 = yes, 0 = no) based on medical diagnoses
of conditions such as depression, bipolar disorder, mania, or dysthymia.

— Asthma is a binary variable (1 = yes, 0 = no) indicating whether an individual
has been diagnosed with the condition.

— Lifestyle factors: These include body mass index (BMI), physical activity,
smoking habits, and exposure to second-hand smoke. Physical activity is measured
as a binary variable (1 = yes, 0 = no) and refers to the individual’s participation
in sports activities over the past three months. BMI, defined as the ratio of weight
in kilograms to height in meters squared, is divided into four categories: Under-
weight (BMI < 18), Normal weight (18 < BMI < 25), Overweight (25 < BMI
< 30), and Obesity (BMI > 30). Smoking habits are categorized based on the
frequency of cigarette use (Never, Occasional, Every day). Second-hand smoke
exposure is measured as a binary variable (1 = yes, 0 = no) and is determined by
the presence of a family member smoking inside the home.

2.2 Statistical Analysis

In this study, univariate and bivariate descriptive analyses were first carried out to
explore the distribution of the data and describe the relationship between the variable
of interest and our explanatory variables. Given the qualitative nature of our indica-
tors, the Chi-square test at the 5% threshold was used to determine the significance
of the binary link between the dependent variable and the independent variables.
Binary logit regression was then used to analyze the factors associated with COPD.

This approach was chosen because the explanation of a binary variable by a factor
vector requires the construction of a probability model [16]. Among probabilistic
models, logistic models are those that best illustrate the chance of occurrence of an
event with two outcomes and allow detailed analysis of the presence or absence of
a feature [13, 14]. All analyses were performed at the 5% significance level using
Stata 18.0 software and RStudio 4.4.2.

3 Results

3.1 Descriptive Analysis

The shows the bivariate analysis between each explanatory variable and reporting a
COPD diagnosis (the dependent variable). Chi-square tests reveal associations that
are statistically significant (Table 1).

A total of 15,080 participants were included in the analysis, of whom 874 (5.80%)
of the study population had chronic obstructive pulmonary disease (COPD), while
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Table 1 Characteristics of the study population

Variables With COPD n =874 | Without COPD n = 14206 | p-value

(5.80%) (94.20%)

Participant Age Group <0.001
35-44 33 (3.78%) 2,516 (17.71%)

45-54 88 (10.07%) 2,416 (17.01%)

55-64 232 (26.54%) 3,868 (27.23%)

65-74 306 (35.01%) 3,442 (24.23%)

75 and more 215 (24.60%) 1,964 (13.83%)

Gender 0.001
Women 512 (58.58%) 7,524 (52.96%)

Men 362 (41.42%) 6,682 (47.04%)

Indigenous identity <0.001
No 833 (95.31%) 13,831 (97.36%)

Yes 41 (4.69%) 375 (2.64%)

Immigration status 0.245
No 871 (99.66%) 14,111 (99.33%)

Yes 3 (0.34%) 95 (0.67%)

Level of education <0.001
Partial secondary 321 (36.73%) 2,906 (20.46%)

High school graduate 206 (23.57%) 2,720 (19.15%)

Post-secondary 347 (39.70%) 8,580 (60.40%)

Revenue <0.001
Less than 20 000$ 377 (43.14%) 3,278 (23.07%)

20 000-39 999 $ 283 (32.38%) 4,190 (29.49%)

40 000-59 999 $ 130 (14.87%) 3,035 (21.36%)

60 000-79 999 $ 45 (5.15%) 1,710 (12.04%)

80 000 and more 39 (4.46%) 1,993 (14.03%)

Physical activity <0.001
No 579 (66.25%) 6,443 (45.35%)

Yes 295 (33.75%) 7,763 (54.65%)

Anxiety <0.001
No 728 (83.3%) 13,161 (92.64%)

Yes 146 (16.7%) 1,045 (7.36%)

Asthma <0.001
No 451 (51.6%) 13,231 (93.14%)

Yes 423 (48.4%) 975 (6.86%)

Type of smoker <0.001
Never 598 (68.42%) 11,685 (82.25%)

(continued)
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Table 1 (continued)

Variables With COPD n = 874 Without COPD n = 14 206 p-value
(5.80%) (94.20%)

Occasional 36 (4.12%) 510 (3.59%)

Every day 240 (27.46%) 2,011 (14.16%)

Second-hand smoke <0.001

No 677 (77.46%) 12,725 (89.57%)

Yes 197 (22.54%) 1,481 (10.43%)

BMI

Underweight 13 (1.49%) 117 (0.82%) <0.001

Normal weight 264 (30.21%) 4,461 (31.40%)

Overweight 300 (34.32%) 5,528 (38.91%)

Obesity 297 (33.98%) 4,100 (28.87%)

P-value: Pearson’s Chi-squared test; COPD: Chronic Obstructive Pulmonary Disease; BMI: Body
Mass Index

14,206 (94.20%) did not. The age distribution differed significantly between partic-
ipants with and without COPD p < 2.2e-16). The proportion of participants with
COPD increased with age, with those aged 65 years and older accounting for 59.61%
(n = 521) of cases. In contrast, participants without COPD were primarily between
35 and 64 years old, representing 61.95% (n = 8,800) of cases. The proportion of
women was significantly higher in the COPD group (58.58%, n = 512) than in the
group of respondents without COPD (52.96%, n = 7,524; p = 0.001). Similarly,
there was a higher proportion of Indigenous people in the COPD group (4.69%, n
= 41) compared to the non-COPD group (2.64%, n = 375; p = 0.000). Conversely,
no significant difference was observed regarding immigration status between the
two groups (p = 0.245), with nearly all participants, with or without COPD, being
non-immigrants (99.66% vs. 99.33%).

Significant differences were observed in the distribution of education levels
between the two groups (p < 2.2e—16). Participants with COPD reported lower
levels of education (partial secondary education: 36.73%, n = 321 and high school
graduates: 23.57%, n = 206), whereas those without COPD were predominantly
postsecondary graduates (60.40%, n = 8,580). Similarly, annual income distribu-
tion also differed significantly between the groups (p < 2.2e—16). Participants with
COPD tended to report lower incomes, with 43.14% earning less than $20,000 annu-
ally compared to 23.07% of those without COPD. Conversely, higher incomes of
$80,000 or more were less common in the COPD group (4.46%) than in the non-
COPD group (14.03%). Regarding physical activity, participants with COPD were
significantly less likely to engage in regular physical activity (33.75%) compared to
those without COPD (54.65%; p < 2.2e—16).

The results also show a higher prevalence of anxiety among participants with
COPD (16.7%) compared to those without COPD (7.36%; p < 2.2e—16). There
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was also a strong association between COPD and asthma, with 48.4% of partic-
ipants with COPD reporting a concurrent diagnosis of asthma, compared to only
6.86% in the non-COPD group (p < 2.2e—16). A majority of participants with COPD
(66.25%) reported not participating in physical activity. Furthermore, smoking habits
differed significantly between the groups (p < 2.2e-16). Participants with COPD
were less likely to report never having smoked (68.42%) compared to those without
COPD (82.25%), while the proportion of daily smokers was higher in the COPD
group (27.46%) than in the non-COPD group (14.16%). Exposure to second-hand
smoke was also more common among participants with COPD (22.54%) than among
those without COPD (10.43%; p < 2.2e—16). The distribution of body mass index
(BMI) categories differed significantly between the two groups (p = 0.007). Partic-
ipants with COPD were significantly less likely to have a normal weight (30.21%)
compared to those without COPD (31.40%). Similarly, the proportion of partici-
pants who were overweight was lower in the COPD group (34.32%) than in the non-
COPD group (38.91%). However, a substantial proportion of COPD were classified
as obese (33.98%), with a prevalence higher than that observed in the non-COPD
group (28.87%). Additionally, the proportion of underweight individuals was slightly
higher in the COPD group (1.49%) compared to the non-COPD group (0.82%).

3.2 Logistic Regression

The binary logistic regression analysis (Table 2) identified several factors associated
with COPD. The model shows a McFadden pseudo-R? of 0.237, indicating satis-
factory goodness of fit [17]. The area under the ROC curve reveals good predictive
performance, with an area under the curve (AUC) is 84% (see Appendix Fig. 1),
reflecting good discriminatory ability of the model [18].

The results reveal a significant association between participants age and COPD.
Compared to the 35-44 age group, participants aged 45-54 have an Odds Ratio
(OR) of 2.44 (95% CI: 1.61-3.78, p < 0.001), and this association becomes more
pronounced for participants aged 75 and older (OR = 10.1, 95% CI: 6.77-15.4, p
< 0.001). Regarding gender, although men have a slightly higher risk of developing
COPD than women, this association is not significant (OR = 1.10, 95% CI: 0.94—
1.29, p = 0.2). No significant associations were observed for Aboriginal identity
(OR = 1.33,95% CI: 0.90-1.93, p = 0.14) or immigration status (OR = 1.59, 95%
CI: 0.53-7.02, p = 0.5).

However, significant associations were noted with education level and income.
Participants with post-secondary education have a negative association with COPD
(OR =0.80,95% CI: 0.67-0.97, p = 0.026) compared to those with partial secondary
education. Similarly, higher income is associated with a reduced likelihood of COPD
(OR =10.44,95% CI: 0.30-0.62, p < 0.001) for incomes of $80,000 or more compared
to those with incomes below $20,000.

Other variables also show positive associations with COPD, including the pres-
ence of asthma (OR = 13.0,95% CI: 11.0-15.2, p < 0.001), lack of physical activity
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Table 2 Results of the binary
logistic regression model
examining the association
between risk factors and
COPD

B. Tonde and M. Laberge

Characteristic (OR*  |95% Cr p-value
Farticipant age group

35-44 - -

45-54 2.44 1.61,3.78 <0.001
55-64 4.57 3.14, 6.86 <0.001
65-74 7.49 5.15,11.2 <0.001
75 and more 10.1 6.77,15.4 <0.001
Gender

Women - -

Men 1.10 0.94,1.29 0.2
Indigenous identity

No - -

Yes 1.33 0.90, 1.93 0.14
Immigration status

No - -

Yes 1.59 0.53,7.02 0.5
Level of education

Partial secondary - -

High school graduate 1.12 0.91, 1.38 0.3
Post-secondary 0.80 0.67, 0.97 0.026
Revenue

Less than 20 000$ - -

20 000-39 999 $ 0.77 0.64, 0.92 0.005
40 000-59 999 $ 0.69 0.54, 0.87 0.002
60 000-79 999 $ 0.54 0.38,0.75 <0.001
Physical activity

Yes - -

No 1.72 1.46,2.02 <0.001
Asthma

No - -

Yes 13.0 11.0,15.2 <0.001
Anxiety

No - -

Yes 1.88 1.49,2.35 <0.001
Type of smoker

Never - -

Occasional 1.62 1.07,2.38 0.018
Everyday 1.83 1.44,2.32 <0.001

Second-hand smoke

(continued)
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Table 2. (continued) Characteristic OR? 95% CI* p-value
No - -
Yes 1.32 1.03,1.70 0.026
BMI
Normal weight - -
Underweight 1.39 0.68,2.61 0.3
Overweight 0.90 0.74,1.08 0.3
Obesity 0.94 0.77, 1.15 0.6

2 OR = Odds Ratio, CI = Confidence Interval
BMI: Body Mass Index

N = 15,080

pseudo-R? = 0.237

LROC = 84

(OR = 1.72, 95% CI: 1.46-2.02, p < 0.001), and anxiety (OR = 1.88, 95% CI:
1.49-2.35, p < 0.001).

Additionally, regular smokers have a significant positive association (OR = 1.83,
95% CI: 1.44-2.32,p < 0.001) compared to non-smokers, as does exposure to second-
hand smoke (OR = 1.32,95% CI: 1.03-1.70, p = 0.026). No significant associations
were observed for the different categories of body mass index (BMI).

4 Discussion

The binary logistic regression analysis identified several significant associations be-
tween COPD and demographic, socio-economic, clinical, and behavioral variables.
These associations characterize the direction and strength of the relationships but do
not establish causality due to the cross-sectional nature of the data.

Age is significantly and positively associated with the odds of having in Quebec.
The results show that, compared to individuals aged 35-44 years, those in older
age groups are more likely to be diagnosed with COPD. This observation can be
attributed to the natural decline in lung function with age, which increases the risk of
inflammation; this age-related decline resembles the physiological impact of COPD.
These findings are consistent with previous studies reporting a higher prevalence of
COPD among individuals over 60 years of age compared to younger age groups [7,
19]. While the literature reports a higher prevalence of COPD in men [4, 7], we did
not observe a significant effect of gender. However, the literature reporting higher
prevalence of COPD in men also attribute it to more frequent smoking behaviors [4,
7], which we control for in our analyses.

The results reveal negative associations between COPD and some socioeconomic
variables. Higher education and higher income are associated with a lower likeli-
hood of COPD. These findings align with previous research suggesting that higher
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education and income levels are associated with reduced exposure to harmful envi-
ronmental or occupational factors and greater health literacy [20, 21] that reduce the
risk of developing COPD.

Several positive associations were identified with clinical and behavioral vari-
ables. Regular smoking is positively associated with having COPD, as is exposure to
second-hand smoke. These findings reinforce established evidence identifying active
and passive smoking as major factors associated with COPD [8, 22, 23]. Further-
more, the absence of physical activity is positively associated with COPD. This
association may reflect a vicious cycle where respiratory limitations reduce physical
activity, which in turn exacerbates symptoms and decreases patients’ quality of life
[24, 25]. Unlike some previous studies suggesting a potential link between obesity
and reduced lung function [13, 24, 25], we found no significant association between
BMI and COPD. Further analyses are needed to explore this relationship in other
contexts or populations.

In terms of clinical risks, the positive association between anxiety and COPD
that we found could reflect a potentially bidirectional relationship, where COPD
could exacerbate anxiety due to functional limitations and psychological distress,
while respiratory related anxiety may worsen respiratory symptoms [26, 27]. The
presence of asthma is strongly associated with COPD, confirming symptomatic and
pathophysiological overlaps between asthma and COPD, as noted in prior studies
[27, 28].

This study has several limitations. First, the cross-sectional nature of the data
does not allow for causal relationships between the studied variables and COPD,
limiting conclusions on underlying mechanisms. Additionally, COPD diagnosis is
based on self-reports by participants without spirometry confirmation, which could
introduce measurement bias due to potential underreporting or overreporting of cases.
Furthermore, as the study sample consists exclusively of participants from the Quebec
population, the findings may not be generalizable to other geographical or cultural
contexts. Lastly, the use of the AIC criterion for model selection could have intro-
duced the risk of overfitting, potentially affecting the robustness and validity of
the conclusions. These limitations underscore the need for further research with
longitudinal data and objective diagnostic measures.

5 Conclusion

This study examined the risk factors for COPD in Quebec using a logit model and
data from the 2017-2018 “Canadian Community Health Survey-Annual Compo-
nent (CCHS).” The results identify several significant associations between COPD
and demographic, socioeconomic, clinical, and behavioral variables. Positive asso-
ciations with age, asthma, anxiety, smoking, and lack of physical activity, as well
as negative associations with higher education levels and income, highlight impor-
tant avenues for understanding COPD. These findings align with previous research
[7, 19, 20, 26] while emphasizing the need for future studies using longitudinal
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data to explore causality and strengthen the foundation for COPD prevention and
management strategies.

Appendix

Figure 1.

ROC curve of logistic
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Fig. 1 Receiver operating characteristic curve
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Application of Segmentation Methods )
in Health Care Services Planning ek
and Delivery

Matthew T. Haren®), Jean-Baptiste Gartner ®, André Coté®,
and Catherine Paquet

Abstract Segmentation is a well-known marketing technique used to identify
homogenous groups of consumers to better respond to their needs and preferences.
The method aligns with the concept of patient-centricity in health care and has already
been applied in some contexts. This chapter provides an overview of existing appli-
cations of segmentation to improve the quality of health care services provided to
individuals along the health continuum. The literature reviewed highlights appli-
cations of segmentation for population health management, risk stratification and
personalized care purposes. Segmentation was either expert- or data-driven or a
combination of the two. Data-driven approaches were often based on administra-
tive data available from electronic health records and claims data, but the need to
consider a more comprehensive set of health-related factors, such as social and behav-
ioral determinants of health and patients’ experience measures was highlighted. A
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lack of evidence demonstrating how applications of segmentation approaches can
lead to better tailoring of health services and improve the quality of care provided
was noted and should be addressed in future research and applications.

Keywords Segmentation - Health care - Population health management

1 Introduction

The ever-increasing prevalence of chronic conditions and the ageing of populations
challenge health system capacities in many parts of the world. These trends give
rise to concerns about the quality of care that systems can deliver, the resulting
patient and population health outcomes and the economic impact of delivering care
to populations through these systems.

In 2001, the Institute of Medicine (IOM) spawned an emphasis on the quality
of health care systems being measured in terms of patient-centricity (i.e., meeting
patient’s preferences and desires) as well as safety, effectiveness, efficiency, timeli-
ness and equitability of health care delivery [1]. This has evolved to a global vision
for person-focused health systems supported by health information technologies,
patient engagement in all aspects of care and coordination among care teams [1, 2].

One approach to ensuring the consistent provision of the best quality care is with
the standardization of evidence-based care by clinical practice guidelines (CPGs).
The adherence to CPGs can be improved by integration with digital information
technologies to standardize patient care pathways and automate clinical decision-
making [3]. CPG implementation can increase the quality of care through enhanced
timeliness and effectiveness of care processes, patient safety, patient satisfaction and
resource efficiency [4, 5]. However, despite striving to incorporate patient perspec-
tives in their development [6], CPGs do not always apply equally to all patients
[7].

Two contemporary concepts in patient-centered care are mass customization and
precision medicine. The first “emphasizes the need to respond to the needs and
preferences of the consumer, providing goods and services at or near mass production
prices” [8], therefore seeking to achieve an optimal balance between personalization
and standardization whilst minimizing the budget implications of individualized
care. The first key element of this approach to care design is consumer segmentation
analysis [8]. The concept of precision medicine also focuses on the idea of patient
stratification, with the so-called novel taxonomy being derived from analysis of
large-scale data incorporating clinical, lifestyle, genetic and biomarker data. Konig
and colleagues sought to advance the definition of precision medicine and propose
that: (1) it is a process that includes a number of feedback loops, there is no steady
end-point where, finally, precise medical care is provided to patients; (2) the cycle
implies that there are ongoing efforts to become ever more precise; and (3) finer
and more accurate stratifications of patients can be interim results of the overall
process, which is captured by the term “stratified medicine” [9]. Thus, no matter
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the concept one is compelled to apply, the centerpiece of the process is appropriate
patient segmentation analysis.

In the healthcare context, Arnold and colleagues state that “the ultimate goal
of patient segmentation models should be to inform clinical care and system-level
care planning (p. €76)” [10]. Segmentation in this context entails grouping individ-
uals sharing similar characteristics or needs (e.g. clinical, demographic, behavioral,
psychosocial) with the intent to offer these segments customized care, based on
combinations of health care interventions or strategies that best meet their needs or
to target intervention towards specific patient segments with greater needs [11-13].

This chapter seeks to provide a narrative review on the use of segmentation in
health care and to map its use in different healthcare contexts in terms of purpose,
methods, data types and sources, as well as the resulting segments, the manage-
rial response and outcomes associated with the segmentation. In the following two
sections, we outline the methodology used for this review and discuss key charac-
teristics of applications of segmentation in health care. We conclude by highlighting
key challenges and opportunities that emerge from the integration of evidence as
well as implications for research, health care management and practice.

2 Methods

A narrative review approach informed by a systematic literature search was used
to synthesize the literature. This approach was selected as it provides an overview
of a specific topic, raising issues that are usually neglected and encouraging further
research on the subject [ 14]. Within this, we integrate a synthesis of evidence bounded
in scope by key characteristics of segmentation namely, purpose, health care context,
methods, data types and sources, resulting segments, managerial response to segmen-
tation, and outcomes of the response considering the seven IOM quality indica-
tors: patient-centricity, cost savings, safety, effectiveness, efficiency, timeliness, and
equitability [1].

2.1 Search Strategy and Article Selection

This narrative review is anchored into a broader systematic search and review aiming
to determine how segmentation approaches are used in health care services design and
delivery. Seven databases covering a range of fields related to medicine and business
and google scholar were searched on 10 March 2023 using terms related to (1)
segmentation, and (2) health care. As part of this screening process, relevant literature
reviews were identified (systematic and non-systematic, n = 14) and retained for
inclusion in this narrative review along with relevant primary research articles from
the broader search that passed through abstract screening.
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2.2 Synthesis

The following key segmentation characteristics were extracted by analyzing the
content of the selected articles.

Purpose or rationale underlying the application of the various segmentation
frameworks.

Health system context categorised according to three levels (macro level, repre-
senting populations for which health care systems, associated systems, infrastruc-
tures and policies are designed, meso level, representing health care catchment areas
or regions where health care services are designed, delivered and coordinated, and
micro level, where individual health care organizations develop and manage their
service and program offerings and interface directly with patients).

Methods used to derive segments, such as expert-driven, data-driven, or mixed [15],
as well as specific statistical methods.

Data types and sources that contributed to the segmentation analysis.
Resulting segments emerging from the applications of segmentation.

Managerial responses describing actions taken (actual or expected) by stakeholders
in response to applying the segmentation approach within their jurisdiction.

Outcomes associated with the implementation of segmentation strategies related to
the seven IOM domains of healthcare quality (patient-centricity, cost savings, safety,
effectiveness, efficiency, timeliness, and equitability of care).

Information extracted under each characteristic was summarized narratively with
illustrative examples identified from the reviews or the larger systematic review.

3 Segmentation: Applications in Health Care

We provide in this section an overview of key characteristics of the applications
of segmentation in health care contexts. These applications varied in terms of the
targeted population, health care context, and purposes. Although many relied on
similar data sources (e.g., Electronic Health Records (EHRSs)), a range of relevant
data types and sources were identified, which were used by experts and/or analysts to
uncover relevant segments. These different segmentation attributes are summarized
in Fig. 1 and described in detail below.
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Fig.1 Overview of characteristics of current applications of segmentation in health care
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3.1 Health Care Context and Targeted Populations

Many applications of segmentation were found at the macro-level, where whole popu-
lations are studied to identify the needs of all individuals along the health continuum.
The populations were defined based on either geography (e.g., State or regions) asso-
ciated with entire health systems or enrollment into health insurance programs (e.g.,
Medicare). The concept of using segmentation at this level to better target health-
care resources to the sub-populations that are likely to benefit most is not new. One
of the seminal works in the field was the Bridges to Health Model in 2007 [16],
which was one of the first examples of applying segmentation at the population level
to manage healthcare needs. This gave rise to different applications of the model
and the creation of other models that similarly segmented populations according to
logical expert-derived groups with broadly similar care needs. Examples include the
Lombardy segmentation scheme [17]; British Columbia Health System Matrix [18,
19]; and the Ministry of Health (Singapore) Segmentation Framework [20].

Examples of applications were also observed at lower levels such as health service
catchments (meso-level) or service organizations themselves (micro-level). At these
levels, the subpopulations studied included individuals who already had an encounter
with the health system (meso-level) or with a specific health institution (micro-
level). Applications included patients receiving specific services (e.g. home-based
rehabilitation services) [21], with specific diagnoses (e.g., Type 2 diabetes) [22], or
representing specific populations (e.g., older adults) [23].
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3.2 Purposes

The overarching uses of segmentation across all levels were: (1) planning for resource
allocation, specifically, effective use of limited funding and human resources; (2)
guiding provision or targeting of interventions (e.g., determining eligibility for care
management programs); and (3) provision of customized care.

Planning and resource allocation At the macro level, segmentation was used as
part of a larger population health management strategy [24] to inform the develop-
ment and delivery of integrated care that meets the needs of a range of population
segments. By including the entire population, it allowed to strategically plan primary,
secondary and tertiary prevention efforts and was a key step into the decision-making
process to target programs and allocate resources that best meet the needs and char-
acteristics of the whole population within a given health system [25]. Segmentation
was also frequently used as a planning tool at the meso- and micro-system levels
to better understand the heterogeneity within subpopulations such as high-needs,
high-cost (HNHC) patients to better identify high resource consumption groups and
plan resource allocation accordingly for the provision of complex care management
programs (CMPs) to those most likely to derive benefit [25, 26]. Other planning-
related purposes for segmentation at these levels included creating efficient models
of demand-driven or person-centered (as opposed to organization centered) care [27],
improving care integration and developing effective integrated healthcare interven-
tions [21, 28], and optimizing healthcare utilization, specifically reducing length and
number of hospitalizations [25].

Targeting of interventions was another common purpose behind the application
of segmentation strategies. This took the form of identifying subpopulations with
greater needs or more likely to benefit from a given intervention with the intent to
target specific resources towards these individuals. This type of application was the
most common use of segmentation in meso- and micro-level contexts. For instance,
areview by Jean-Baptiste and colleagues showed segmentation applications at these
levels were used mostly to refer patients to CMPs [26]. For greater detail on the
application of these approaches, see Sects. 3.3 Methods and 3.4 Data types and
sources.

Customization of care. By identifying groups with homogeneous needs and char-
acteristics, segmentation is presented as the first element of a ‘mass customiza-
tion” health care strategy [8], which aims to provide individually designed products
or services through flexible processes allowing high volumes at reasonable costs
[29, 30]. It was also considered as integral to personalized or precision medicine,
which classifies individuals into subpopulations based on susceptibility to a particular
disease or their response to a specific treatment [31]. Although precision medicine
is often associated with physiological markers such as specific genetic profiles, it
was noted that patients’ individual needs, beliefs, behaviors, values and circum-
stances were sometimes considered in the conceptualization of precision medicine
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[32]. One example of application of segmentation for personalization or customiza-
tion purposes included micromarketing: a one-on-one approach where healthcare
providers customize their marketing strategy to reach individual customers (usually
through technology platforms). The use of Upfront Healthcare’s proprietary (psycho-
graphic) segmentation method is another example which is used to target patients with
hyper-relevant messages designed to trigger action such as scheduling an appoint-
ment for a screening test, or self-monitoring reminders [33, 34]. Other examples
included seeking improved therapeutic outcomes for patients through segmentation
to establish a patient’s probability of having a therapeutic benefit from a specific drug
or therapeutic regimen or determining treatment tailoring, specifically informing drug
choice or development of targeted agents [32].

3.3 Methods

The literature provided examples of both empirical (data-driven) and theoretical
(expert-driven) approaches. Most commonly, empirical approaches used latent class
analysis (LCA), factor mixture models (FMM) or more traditional cluster analysis
(hierarchical and/or k-means) methods to determine segments based on selected input
variables (see Sect. 3.4 Data types and sources). These analyses were often preceded
by data-mining steps to determine the input variables (data indicators), especially
when using service utilization or claims-based data [17].

Other data-driven approaches common to all system levels were predictive risk
modelling and risk stratification [35]. Predictive analytics based on statistical and
machine learning techniques were used to predict the risk of adverse outcomes [35],
that could be used to assign individual risk scores. Similarly, the use of existing
grouping systems such as Clinical Risk Groups (3M) [36] and Adjusted Clinical
Groups (John’s Hopkins) [37] which are based on broad clusters of diagnoses, age
and sex were common in all levels [26, 38]. A critical review of such risk prediction
and segmentation models concluded that there was a lack of comprehensive models
that integrate data from multiple sources (rather than solely using billing data) for
application to whole populations [35].

At the meso- and micro-levels, these approaches were sometimes used in isola-
tion [39, 40], integrated in a broader segmentation approach [41, 42], or combined
with expert clinical judgement (a hybrid approach), as in the numerous examples
of selecting HNHC patients for CMPs such as those by Pacific Business Group on
Health and Partners HealthCare [26]. In this context, a common practice was for clin-
icians to review algorithm-generated lists of potential high-risk patients within their
practice and select the patients most appropriate for the CMP [36, 43]. The clinician
decision-making allowed the consideration of psychosocial aspects of the patients
situation [44] and hence enriched the results of risk prediction models. This hybrid
approach has been recognized as best practice for selecting patients for intensive
outpatient care programs (IOCPs) [26, 36].
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3.4 Data Types and Sources

Applications across all contexts reported segmentation models that used medical
diagnoses and hospital and health service utilization data, commonly from electronic
health records or claims data. These seemed readily available at all levels which
may partly explain their widespread use. Socio-demographic data, clinical and func-
tional assessment data from administrative sources or surveys were also commonly
used in segmentation models across all health care levels, but to a lesser extent.
For instance, Kaiser Permanente members aged 65 years and over and identified as
having “advanced illness” based on complex or multiple chronic conditions or geri-
atric syndromes were further segmented with cluster and latent class analyses using
20 patient-reported items from the assessment, including health status, psychosocial
factors, mood symptoms, health behaviors, basic and instrumental activities of daily
living [23]. Similar examples were observed in other providers regarding care for
older people [21, 45].

Common between the meso and micro levels was the use of medical claims data
and clinical judgement, particularly applied in the context of selecting patients for
CMPs as discussed above. In these contexts, clinicians made their selections based on
notonly clinical need (or risk prediction) (e.g., disease severity or multiple comorbidi-
ties), but also patients’ predisposing (e.g., health literacy or navigation challenges,
physical vulnerabilities, insight regarding their health) and enabling characteristics
(e.g., social and home environment, coping skills, financial resources), existing link-
ages with the health system and whether other clinicians were already meeting a
patient’s care needs [44].

Present only in segmentation applications from the micro levels were more person-
centered indicators such as patient activation, health motivation, consideration of
future consequences, and preference-based indicators such as expectations related
to medical expertise, personalized service, quality and price consciousness, needs,
beliefs, values, wishes and aspects of a patient’s environment and circumstances
[26, 33, 34]. Also present only in the micro segment was the use of physiology-
based “-omics” data (e.g., genomics, metabolomics) to determine treatment course
in personalized medicine [32].

3.5 Resulting Segments and Managerial Responses

The nature and number of segments varied greatly across applications and depended
on the inclusion criteria, input variables, data sources and modelling approaches
[10]. In a review of health care needs-based population segmentation tools, Chong
and colleagues [38] identified common segment themes with distinctive health care
needs. These themes included segments related to the following groupings: healthy,
acute illness, maternal and infant health, minor chronic disease, moderate chronic
disease frailty, major chronic illness, cancer, mental illness, and end-of-life. These
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segments were mostly derived from medical, health care utilization, functional and
demographic variables. These segments could then be used to inform resource allo-
cation and strategies that consider both health care and prevention efforts tailored
to the segment’s needs, although limited examples of such tailoring were found
[16,17,19].

Examples from within the meso and micro levels were mostly demonstrating allo-
cation of patients to existing programs based on segmentation of high-risk or high-
need patients. These examples commonly considered categorizations that distin-
guished patients with repeated hospitalizations and ED visits, chronic condition
severity and prevalence, patients in transitional care, with advanced illness and older
patients with disabilities [ 10, 26]. The resulting segments at these levels were mostly
used to allocate particular management programs or resources (e.g., care manager
coordination, education, social worker, home visits), with some exceptions of appli-
cations leading to innovative customizations. These included new program design
elements targeting specific segments such as the tailoring of care interventions in
a general medical practice and the development of new modular care options by
a multidisciplinary task force [27], development of an integrated care package of
services by implementing tailored care models for each segment [46], and segment-
specific care management strategies [36]. Another example was the transformation
of a regional managed care organization that used an expert-driven segmentation
approach (Hewner’s Complexedex) [47, 48] to identify gaps in the care continuum
which were addressed through innovative program design targeting those under-
served segments [38]. Finally, segmentation methods applied to individuals with a
specific condition allowed the identification of distinct phenotypes that may benefit
from different care trajectories [49—52], although illustrations of how segmentation
results were used for tailoring were also sparse.

Although not common, a few examples of segments obtained when considering
individuals’ experience and psychosocial needs were found at the meso and micro
levels. For instance, a Dutch study [27] reported the use of segmentation to improve
the delivery of person-centered care provided to older adults using data reflecting
the individuals’ experience and perceptions regarding a holistic representation of
their biopsychosocial needs. The resulting segments included groups characterized
by feeling vital, experiencing difficulties with psychosocial coping, having physical
and mobility complaints, having difficulties across multiple domains, and feeling
extremely frail. These segments were considered useful to provide a more compre-
hensive set of triage variables during clinical encounters and to inform demand-driven
allocation of resources by policy makers and care providers [27, 38].

3.6 Outcomes

Overall, limited information was provided on the outcomes of the application of
segmentation. Notable exceptions include the use of the British Columbia Health
System Matrix at the level of a provincial health system which led to improvements
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in all IOM quality indicators: focused attention on the care for people with chronic
conditions (safety, timeliness, effectiveness) and on the need for care in the commu-
nity (equitability, timeliness, efficiency) that would improve quality of life (effective-
ness), raised the profile of prevention activities (timeliness, effectiveness, efficiency,
cost savings); and allowed people to remain in their homes for longer (effective-
ness), delaying entry into residential care (effectiveness, cost saving) [19, 38]. In the
application of the Complexedex [47], the design of new programs in transitional care
which resulted from the segmentation were found to be effective in smoothing the
transition back into the community and preventing avoidable (re-)hospitalizations
(timeliness, effectiveness, cost savings) [38, 48]. A Dutch application of a demand-
driven, person-centered segmentation for older adults led to the development of
new modular care options targeting specific segments, which enhanced efficiency in
terms of coordination effort per client [27, 38]. In addition to documented outcomes
from programs, some authors [32] interviewed a range of stakeholders, including
members of patient associations, academics, clinicians, economists, representatives
of pharmaceutical industries, payers and providers, on their perceived motivation
for patient segmentation. Most common answers were improvement of outcomes
with respect to effectiveness and efficacy (effectiveness), optimization of side effect
profiles (safety), avoiding waste of resources and overtreatment (cost savings and
safety), improved clinical outcomes and cost-effectiveness.

4 Challenges and Opportunities

Despite clear applications and expected benefits for the use of segmentation in health
care contexts, a few challenges and opportunities were identified.

4.1 Electronic Health Records System

The majority of applications of segmentation used data extracted from electronic
health records and claims data. This supposes that health care organizations already
have in place well-designed and comprehensive electronic health record systems,
allowing triangulation of patient information from various sources, which may not
necessarily be the case [38]. An alternative to using electronic health records is the
use of healthcare needs assessment tools, which may be available at micro levels,
but less so for population health management purposes.
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4.2 Social Determinants of Health

Many authors noted that the emphasis on clinical records provide a limited picture
of patient needs and many called for a broader consideration of the social deter-
minants of health, including psychosocial, behavioral, environmental and economic
information [8, 26, 35, 53], which have been shown to have a considerable impact on
population health outcomes [54, 55]. This echoes other calls or initiatives to formally
consider the social determinants of health in clinical practice to improve health equity
and patient-centered care [56—59]. In particular, the consideration of equity measures
such as material and social deprivation measures into segmentation models, be it at
the individual- or ecological levels was seen as critical to ensure equity in service
planning and provision [24]. With the exception of some socio-demographic factors,
these data are often not systematically collected and often captured through interac-
tions with different health professionals, which may or may not be entered into the
electronic health records. Future opportunities for research and practice exist to iden-
tify how such information may be already collected and could be captured system-
atically, efficiently and in a standardized manner to inform segmentation efforts and
clinical practice [26]. In addition to data gathered in the context of clinical encoun-
ters, patient surveys, government or community-based health surveys, geospatial or
environmental data, patient-generated data such as those obtained from electronic
devices or web usage or industry-generated data on purchasing patterns (e.g., food
purchases) could also be used for a richer consideration of factors contributing to
individuals’ health-related needs [35, 60].

4.3 Patient-Centricity

Relatively few examples of segmentation integrated information on patients’ perspec-
tives, including their motivations and preferences, even though segmentation was
presented as a tool to improve patient-centered care. Although this may be explained
by the difficulty to collect and access such information, recent global trends in moni-
toring of patient-reported experience measures (PREMS) [61] and developments in
the application of natural language processing of patient surveys [62], might lead to
greater integration of patients’ experiences and perspectives in the future [62].

4.4 Experience with Analytics

Evidence from interviews with subject matter experts suggests that investment in
analytics to identify complex patients was increasing in health care organizations
10 years ago, despite analytic models being limited in their effectiveness or lacking
evidence of impact [53]. However, in addition to the limitations of data availability
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and quality, a lack of experience with using analytics tools and novel data types,
including by providers and coordinators, was as key challenge for healthcare orga-
nizations [53]. This extended to the limited and immature integration of predictive
model outputs into clinical workflows [53]. This suggests that building capability in
these areas, at least at the time of this study (circa 2015), was emerging as a priority.
There appears to be a lack of research describing the contemporary technical capabili-
ties and experience required within the healthcare management workforce to conduct
and use analytic models for patient segmentation.

4.5 Greater Evidence of Impact on Care Pathways

Application of consumer segmentation across all tiers of the healthcare system has
not yet reached its potential of tailoring care pathway interventions to segments
across the full healthcare continuum. For example, Rudin and colleagues found
that most examples of segmentation analysis to identify complex patients did not
extend to identifying subsets who could be helped by an intervention, or to match
subgroups to specific interventions [53]. Except for the specific application of health-
care communication strategies, where patient segmentation has resulted in commu-
nication strategies customized and directed to specific patient segments [33, 34], few
studies describe intentional post-segmentation design or tailoring of care pathway
interventions specific to derived segments, with notable exceptions mentioned in
Sect. 3.5 [27, 36, 38, 46]. More studies are required to document how empirically
derived segments are used to tailor health care resources and care pathways and their
impact on quality of care and costs [8, 10, 26].

5 Conclusion

This chapter outlines why, how, where and for whom segmentation approaches
have been applied to improve health care services and ultimately population health.
Although not exhaustive, the evidence reviewed has showed that segmentation has
the potential to help policymakers and health care providers to design, adapt and
improve health care programs to ensure the health needs of entire populations and
subpopulations are addressed. A range of data indicators were considered relevant
to derive insightful segments that could inform the delivery of patient-centered care,
but most applications were restricted to readily available data such as health service
utilization and diagnoses. Future applications and research should focus on: (1) the
collection, integration and use of data indicators reflecting a broad spectrum of data
sources related to psychosocial, behavioral, and experiential factors; and (2) devel-
oping an evidence base for how the application of segmentation approaches can lead
to better tailoring of health services and improvement in the quality of care provided
to the population.
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Person-Centered Needs into Account? e
The Integrated Care Trajectory

Approach and Intersectoral

Collaboration in Primary Care

to Support People Living with Diabetes

Geraldine Layani

Abstract Chronic diseases are the leading cause of mortality in industrialized coun-
tries and diabetes is one of the most important systemic chronic diseases. The conse-
quences of diabetes on physical and mental health, and the economic impact on
Quebec’s healthcare systems, are well documented. The organization of care by
disease trajectory is a tool for optimizing the use of care and services in our healthcare
system. However, the organization of care by disease trajectory does not always seem
to correspond to people’s needs and to the improvement of their health throughout
their life course. Moreover, primary care and the community have a major role to play
in the care of people with diabetes, as together they have the potential to better take
into account the determinants of these people’s health to optimize their follow-up.
Indeed, living with a chronic disease is complex and requires a good understanding
of the person’s living environment. That’s why collaboration between the healthcare
sector and the community is a promising way of supporting people throughout their
lives. The INMED-COMMUNITY trajectory has been developed and implemented
since 2018 in a region near Montreal, Quebec, integrating a vision of care with the life
course trajectory. This trajectory is promising and promotes an innovative approach
to supporting people living with chronic diseases, described at the end of this chapter.
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1 Introduction

Family doctors deal with patient care trajectories, which present several limitations
for people living with chronic illnesses. These approaches to care are currently orga-
nized by disease trajectory, and generally take no account of the complexity of living
with a chronic disease, nor of the resources available in the community to support
these people throughout their lives [1-7]. Indeed, living with chronic health problems
is demanding and requires the mobilization of many community resources, such as
access to healthy food, adequate housing and a support network, to create social and
physical environments conducive to health equity [8]. As a family doctor, I often felt
at a loss, and as a primary care researcher, [ was challenged by the findings in the
literature on intersectoral collaboration in primary care [9-17]. The World Health
Organization (WHO) has defined intersectoral collaboration for health as “actions
undertaken by sectors outside the health sector, in collaboration with the health
sector, on health outcomes or health equity, or on the determinants of health” [18].
This approach has the potential to mobilize resources in the community, create links
with other sectors and collaborate with all caregivers interacting with the individual
to better meet his or her needs [1, 19-22].

2 The Challenges of Current Interventions Organized
by Care Trajectory for the Follow-Up of People Living
with Diabetes

Chronic diseases are the leading cause of death in industrialized countries [23-28]
and diabetes is one of the most important systemic chronic diseases [29-32]. The
consequences of diabetes on physical and mental health, and the economic impact
on Canadian healthcare systems, are well documented [33-38]. Care trajectories
are instruments used by professionals to define the best processes that exist within
the healthcare system for the management of particular patient populations based
on the best evidence [26, 39—41]. However, this evidence-based approach does not
necessarily incorporate an evidence-informed approach that takes into account each
person’s unique situation of living with diabetes [26, 41].

Despite research, individual health interventions organized by disease trajectory
often have a suboptimal effect on health outcomes and quality of life for people living
with diabetes [27]. In fact, to the best of our knowledge, disease-focused clinical
interventions have no direct leverage on people’s lives in the community [26]. On the
one hand, these disease-focused clinical trajectories limit collaborative and integrated
approaches to the care offered to these people in the community [26]. On the other
hand, current disease-focused clinical interventions take little account of the person
in his or her living environment and the issues related to housing, nutrition, access
to local services, spaces and infrastructures enabling him or her to lead a physically
active life, all of which are physical, social and economic factors contributing to
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the person’s health [28, 31]. What’s more, despite the potential of community-based
health interventions, they have yet to prove their worth in improving the health of
these people, and few interventions combine intersectoral action with traditional
health system interventions [13].

So there is still much to be done to support people living with diabetes, to
provide care in line with evidence-based guidelines [32] and to facilitate a person-
centred approach to care, by adopting a new approach to care in partnership with the
community [9, 36, 37].

3 The Contribution of Primary Care to the Care of People
Living with Diabetes

Primary care is the backbone of any successful healthcare system. It ensures acces-
sibility, continuity and coordination of care, meeting 80% of healthcare needs [38,
40]. It has been demonstrated that primary care teams are able to manage up to 90%
of people with chronic diseases without access to specialized teams [41]. As Joanne
Reeve and Marie-Dominique Beaulieu have already mentioned in the literature,
family medicine has the potential to be the most competent specialty for supporting
people living with chronic diseases, thanks to a strong understanding of the scientific
approach and its limitations, since it consists in analyzing how knowledge derived
from research on patient populations applies to each unique individual [26, 42].

In recent years, numerous applications have been developed to support people
living with diabetes in monitoring their comorbidities or screening for diabetes-
related complications, such as the home blood pressure measurement recommended
by hypertension Canada and the screening for diabetic neuropathy recommended by
Diabetes UK [43-46]. These applications promote the implementation of person-
alized care adapted to the living environments of people with diabetes [45, 47]. In
addition, the COVID-19 pandemic has provided a favorable context for optimizing
professional practices in primary care and proposing innovative approaches to care.
Kiran et al., in particular, proposed recommendations for reorganizing in-person and
teleconsultation care for people living with diabetes, in order to offer care that better
responds to people living with diabetes. More specifically, these recommendations
proposed optimizing access to relevant care according to patient needs and supporting
the self-management and self-assessment essential to sustaining the empowerment
of people living with diabetes [45, 47].

However, primary care needs to rethink its approaches to collaboration between
healthcare professionals and community stakeholders, because it is not only by equip-
ping professionals and patients, and intensifying the interventions of care teams, that
primary care will be able to intervene on health inequalities, the main contribu-
tors to the rising prevalence and consequences of chronic disease [46]. Indeed, if
we are to avoid the disease-based management silos of the 1980s, it is imperative
that primary care professionals provide leadership to help design integrated chronic
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disease management care trajectories to better meet people’s needs, contribute to
the decompartmentalization of the healthcare system and foster a care approach that
integrates the community into the care plans of people [26].

4 Promote a Person-Centred Approach to the ‘“Life
Course” of People Living with Chronic Diseases

Living with a chronic illness is complex and requires a good understanding of the
person’s living environment. Care trajectories are clinical tools that integrate evidence
and best processes to deliver quality care but do not always take into account the
patient’s preferences and context [26, 47]. A person’s health depends not only on the
care they receive from healthcare professionals but also on their physical and socio-
economic environment [48]. In fact, only 20% of the factors affecting a person’s
health concern the healthcare system, while 80% of factors are related to socio-
economic, environmental and genetic issues [49]. For this reason, healthcare inter-
ventions focusing on the life course of people living with diabetes should be prior-
itized and considered essential by healthcare professionals to better support these
people throughout their lives.

Indeed, life-course intervention research is an emerging discipline in health
science. It combines the principles of intervention research with those of Life Course
Health Development (LCHD) to improve the development of health over the lifetime
of a person [50-52]. The LCHD model is based on the premise that health is an
emergent set of developmental capacities that manifest and adapt throughout life
[49-51]. Health development is a complex, non-linear process that takes place in
multiple dimensions (time, place), at multiple levels (individual, family, society) and
at different phases of life, with the aim of promoting resilience at each of these stages
[51].

The LCHD model therefore goes far beyond traditional health interventions. This
model enables the implementation of interventions that integrate not only the indi-
vidual, but also his or her caregivers, family, network of professionals and community.
This model has a much greater and faster impact on people’s health, as has already
been demonstrated in the follow-up of obesity [53] or mental health problems [54].

Taking into account the person in his or her living environment thus has the
potential to gradually shift the focus from a disease-centred to a person-centred
vision, with a better understanding of the complexity of living with a chronic disease
such as diabetes. In addition, the adoption of the LCHD model has the potential to
redefine the links developed by people living with diabetes with their caregivers,
contributing to the decompartmentalization of care offered to people living with
diabetes and giving people living with diabetes back the power to act on their disease.

With 80% of factors linked to socio-economic, environmental and genetic factors,
healthcare professionals can no longer act alone to support people with chronic
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diseases, and collaboration with other sectors of society is essential to better support
people throughout their life course [49].

5 The Potential of Intersectoral Collaboration in Primary
Care to Better Meet Person-Centred Needs

Intersectoral collaboration in primary care is an innovative and promising approach
that has great potential to create an inclusive care approach, based on bonding and
partnership, to ultimately help people become empowered and engaged partners
in the co-management of their chronic conditions [55-57]. This approach fosters
interactions between people who are informed and active about their health condition,
and healthcare providers who are prepared and proactive in supporting these people
[58, 59].

Intersectoral collaboration is an approach to care that has the potential to better
address people’s health determinants and support a holistic and comprehensive
approach to health [59]. Indeed, the determinants of a person’s health encompass
socio-economic, physical, genetic and health determinants, for which the healthcare
system acts on only 25% of all determinants [60]. This is why collaborating with
sectors other than the healthcare system, such as municipalities for housing, commu-
nity organizations to combat food insecurity, or even schools to optimize health
education, is essential and indispensable to better support people’s health throughout
their lives. In the context of chronic disease, a systemic approach that takes account
of the social determinants of health through intersectoral integration can help indi-
viduals to become autonomous and committed partners in the co-management of
their chronic disease [61-63].

Health networks around the world have emphasized the need to integrate chronic
care across communities and health systems. The WHO recently described conti-
nuity and coordination of care based on community engagement and empower-
ment as global priorities for supporting integrated, people-centred health services
for complex care needs [57]. Community-based approaches have also recently been
put forward for the development of healthcare systems that reflect the values and
needs of individuals and communities [64, 65]. Determining how, when and what
community elements to integrate into care trajectories can be facilitated by linking
strategies already established and used in the management of chronic diseases [13].
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6 The Implementation of an Integrated Care Pathway
Carried Out in Intersectoral Collaboration in Primary
Care to Better Support the Life Course of People Living
with Diabetes: INMED-COMMUNITY

The Interprofessional INterprofessional Management and Education in Diabetes care
(INMED) care trajectory was developed in 2018 to improve diabetes care in two
university family medicine (U-FMG) clinics in a large healthcare organization near
Montreal in the province of Quebec (Canada). This trajectory is built around four axes
of intervention: (a) continuing professional development, (b) ongoing patient educa-
tion and community self-management support, (c) case management and follow-up
by the interprofessional team, and (d) ongoing evaluation of the quality of diabetes
care and services.

This trajectory was co-created by the co-principal investigators of the INMED
project in partnership with stakeholders from both U-FMGs, based on best practice
guidelines clinical for diabetes care [66, 67], as the organization of care and services
for people living with diabetes no longer optimally met the needs of the population.
As aresult, managers, primary care and specialized clinicians, the executive director
of a community organization dedicated to people living with diabetes, a community
organizer and two patient partners collaborated to implement the INMED trajec-
tory with the project’s researchers, helping to redefine a person-centred approach to
care since 2020. In addition to optimizing the coordination of clinical practices in
primary care through a case management approach demonstrated in the literature to
be effective in the follow-up of people living with complex clinical needs [67], the
INMED trajectory has innovatively and promisingly integrated a community support
group for patients and their families, in order to improve the progressive adaptation
to diabetes and prevent diabetes-related distress for the person and their loved ones
[66, 68]: INMED-COMMUNITY. This community support group facilitates access
to resources and services in the community to provide complementary and innovative
support to the care offered by healthcare professionals to people living with diabetes.

In the INMED-COMMUNITY trajectory, people are supported by a community
organization, where patients are referred by their case manager to the community
organization based on their needs and desired information on a range of resources
required to optimize their diabetes care (nutritional, housing, social isolation, etc.).
The community partner organization contacts the diabetic person referred by their
case manager (family doctor or nurse) and shares with them the resources avail-
able in the community. Contact is then made at the individual’s own pace, as he
or she chooses the right moment to establish a link with the services available in
the community. Finally, the community organization and the case manager provide
follow-up feedback, so that the person living with diabetes feels supported by all the
professionals involved in his or her care.

The INMED-COMMUNITY trajectory is currently being implemented, and the
preliminary results of an evaluation of the trajectory’s acceptability have demon-
strated the vitality and relevance of this innovative collaborative approach to primary
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Fig. 1 The INterprofessional Management and Education in Diabetes care (INMED) care trajectory

care in this region of Quebec (Canada) to better meet the needs of these people. Two
conditions for the implementation of this intersectoral intervention were identified:
(1) the necessary presence of a “facilitator” to translate the understanding of the
different sectors to all the actors involved in the SOINS Diabete trajectory; (2) the
early identification and resolution of “controversies” essential to creating new links
and a new standard environment for collaboration between actors from different
sectors [69].

The next step is to adapt this social innovation in primary care to other chronic
diseases and other regional contexts (Fig. 1).

7 Conclusion

In summary, this study provides a better understanding of the importance of
advancing the state of knowledge on innovations in primary care, in particular on how
to implement intersectoral primary care and generate effects at the microsystem level;
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contribute to a change in individual and organizational culture by decompartmen-
talizing health-related approaches through intersectoral collaboration, potentiating
the sharing of different forms of knowledge between all players and strengthening
community-based care; and overall, contribute to informing primary care more effec-
tively for the follow-up of people living with diabetes. Finally, this chapter allows us
to move on to the next stage of research, where the application of the intersectoral
approach in primary care for and with people living with diabetes has the potential
to be adapted to other chronic diseases, to adapt this approach to other contexts (the
elderly people, people are living with the cancer) and to scale up these interventions
so that they can benefit all Quebecers and support community care. To achieve this
goal, the links between decision-makers at the Ministry of Health and Social Services,
the community, primary and specialized care clinicians and managers, researchers
and users must be developed, consolidated and supported in healthcare approaches
that ultimately meet the needs of users throughout their life course.
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Abstract Over the past thirty years, numerous calls have been made to promote
the integration of health care and services in order to control dysfunctions in health
care systems. The implementation of care and service pathways has been identified
as an appropriate strategy to remedy these dysfunctions. In 2015, the government of
Quebec (Canada) undertook a vast reorganization of the health and social services
network, leading to significant changes in the governance of health care organiza-
tions. In this context, several organizations became interested in the principle of
management by care and service pathways. To support teams aiming to implement
this approach, tools were developed based on the expertise of a research team, a
review of scientific and grey literature, consultation with an advisory committee,
and practical experimentation with a pathway management organization. This chapter
presents the components and functioning of the performance analysis model that was
developed and proposes an example of the performance analysis carried out. This
tool has the potential to support the teams involved in achieving better demographic
and clinical outcomes, a better user experience and judicious use of resources.
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1 Context of the Implementation of the Measurement
of the Performance of Care and Service Pathways

Over the past thirty years, in Canada as elsewhere, numerous calls have been made
to promote the integration of health care and services to control the dysfunctions of
health systems. These dysfunctions are particularly characterized by the fragmen-
tation of care, the inadequate use of human and material resources, and challenges
related to access—ranging from difficulties in accessing care to inequitable access
to services [1, 6, 8]. The establishment of care and service pathways (CSP) has been
identified as an appropriate strategy to mitigate these dysfunctions.

Based on multidisciplinary work in both their design and their operation [2], the
CSP aim to: (1) support the formalization of the sequencing of processes and care
actions [21]; (2) promote shared decision-making within the organization [2]; (3)
reduce variations in care; and (4) increase the quality of care in terms of relevance,
execution and safety [2, 9]. CSP can take various forms, such as descriptions of real
practices and tools to improve them, or more prescriptive strategies that are very
detailed, or even, complex [9, 20, 22]. Although CSP may address diverse themes,
they must be based on clearly identified inclusion and exclusion criteria [23]. Some
CSP are grounded in real-world practices and evolve though continuous improve-
ment loop or others are designed from an ideal and a more significant restructuring.
However, any CSP requires the implementation of clinical and organizational inte-
gration processes within the organization [22] to support the improvement of the
continuity, quality and efficiency of care [9].

In 2015, the government of Quebec (Canada) undertook a vast reorganization
of its health and social services network (HSSN) by setting up integrated health
and social service centers (HSSC). This reform was primarily aimed at promoting
and simplifying access to services for the population, contributing to improving
the quality and safety of care and increasing the efficiency and effectiveness of the
network. The adoption of the Act to modify the organization and governance of
the health and social services network (Bill 10) led to significant changes in the
governance of health organizations in the province [16].

In this context, several health care organizations (HCOs) have shown interest in the
principle of management through care and service pathways (MCSP) [4, 10] and have
tried to implement it in their organization. In Quebec, during the period from 2015 to
2024, the HCOs were called to merge (university) health and social services centers
((U)HSSC). These organizations bring together local community service centers
(CLSCs), hospital centers (CHs), residential and long-term care centers (RLTCCs),
child and youth protection centers (CYPSs), rehabilitation centers (RCs), and other
resources. Their responsibilities include planning and coordinating all health care
and social services offered to the population in a territory, usually on a regional basis
[15].

The Ministry of Health and Social Services of Quebec defines a CSP as an effective
and efficient clinical path that allows the person to have quick access to services in
a way coordinated between establishments or organizations that have a common
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responsibility for a clientele [17]. It is a complex intervention supporting mutual
decision-making and the organization of predictable care for a defined group of
patients, and a defined period [22]. CSP are therefore a method of integrating care and
services based on multidisciplinary work and the use of evidence data, the objective
of which is to improve coordination and communication between professionals and
users.

MCSP, for its part, aims to continuously improve the performance of health estab-
lishments through greater integration of services and practices according to four
principles: continuous improvement, partnerships, performance measurement by the
choosing the right monitoring indicators and setting up matrix governance based on a
bottom-up approach. It considers the complexity of the issues facing health systems,
including accessibility, equity, performance of care and allocation of resources. It
also represents a governance innovation that aims to increase the adaptability of
HCOs to the needs of the population, in particular by improving the accessibility and
continuity of care and services [13, 14].

To support the deployment of the MCSP, tools have been developed by a research
team in collaboration with three HCOs and representatives of the Ministry of Health
and Social Services. Tools aim to (1) support and accompany the HCOs in the contin-
uous improvement of the offer of care and services of pathways and (2) to strengthen
the analytical capacities of the actors of the pathway management bodies. More
specifically, this toolkit supports decision-making to improve pathway performance
by allowing a global and targeted analysis of the performance of a pathway to identify
its critical areas, its root causes, and to determine actions and monitor its impact. This
article presents the components and operation of the Performance Analysis Model
(PAM) of care and service pathways that was developed. The article ends by showing
an example of analysis of the performance of a pathway carried out by an HCO in
collaboration with the research team.

2 Challenges of Performance Measurement and Analysis

Management through care and services pathways consists of bringing the various
players in the HSSN, such as stakeholders and managers, partners, and users, to
work together to improve continuity of care and services and the organization of the
health and social services system. This type of management aims to meet the needs,
and to achieve health and well-being results perceptible to the user and the popula-
tion, within the limits of the capacity of the organization. It requires the involvement
of actors in terms of governance and evaluation of services at the organization level
as well as the recognition of the knowledge of each of the actors, including experi-
ential knowledge of users and practitioners. This new form of management involves
specific challenges and the adoption of a posture of responsibility shared by all the
actors involved. Matrix management by pathway in fact adopts a perspective that
is both hierarchical and transversal to the HCO, ranging from health promotion to
rehabilitation or end-of-life support, including users and all partners.
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The evaluation of the performance of a pathway must also support the imple-
mentation and monitoring of continuous improvement cycles of a pathway to offer
better population and clinical results, a better user experience and the judicious use of
resources. Measuring and analyzing performance thus also represents several chal-
lenges regarding to rational and contextualized decision-making. First, representative
measures of the different dimensions of performance, stages and services offered in
the pathway must be identified. Then, a framework to comprehensively analyze path-
ways and identify critical areas, root causes and actions to improve them must be
developed. This framework must include population and territorial data to deploy
pathways adapted to the territory and the needs of the target population. Finally, a
process of use based on the deliberation and the crossing of professional, experi-
ential and scientific knowledge must be developed to support the teams wishing to
implement the MCSP. The PAM was developed to address these challenges.

3 Methodological and Theoretical Foundations
of Performance Measurement

The tool developed here was designed by a research team associated with a university
research institute in collaboration with representatives of HCOs and the Ministry of
Health and Social Services [18]. The content developed here is based on the work
and expertise of the members of the research team, reviews of the scientific and grey
literature, consultations with an advisory committee that reviewed and commented
the proposed model and an experiment with a pathway management body within
HCO:s.

The development of the PAM is based on an understanding of performance as
a multidimensional construct, in which the relationships between its dimensions
are crucial. The identification of the dimensions of performance, their nature and
their relationships are based on systematic reviews of the scientific literature. This
framework allows the various stakeholders to debate and develop a judgment on
the essential and specific qualities of a CSP according to the interaction between
performance dimensions and contextual dimensions [7].

The use of the PAM is based on a comprehensive and deliberative approach. This
approach is at the heart of both the construction of the tool and its use to assess
performance: experiential, professional and scientific knowledge are called upon to
select and analyze performance indicators in relation to the needs of the target popu-
lation and territory. The quantitative measurement of performance indicators is a
first step, but it is not sufficient for a performance assessment that takes account of
the context and enables the development of reasoned and justified actions to support
continuous improvement. Indeed, this tool mobilizes different data sources. First,
scientific data that represent the model and the nature of the relationships between
the dimensions of performance. Next, quantitative data, like indicators measuring the
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Table 1 Performance and contextual dimensions

Performance dimensions Contextual dimensions
Structures and resources | 1. Viability Characteristics of the territory,
2. Accessibility individuals and partners
Equity

3. Adjustment to the needs of the
target population

Process . Coordination and continuity

. Appropriateness

. Security

. Humanism

. Productivity

O |0 ||| |~

Outcomes . Clinical and population efficacy
10. Efficiency

11. User experience

various dimensions of performance. Finally, qualitative data based on users’ experi-
ential knowledge as well as the knowledge of professionals that make it possible to
understand and judge the level of performance of the pathway.

The PAM of a pathway is composed of 11 performance dimensions and two
contextual dimensions. The dimensions of performance are grouped into three
categories: structures and resources, processes, and results. These dimensions are
dynamic and influence each other. In the toolkit, the nature of this influence is iden-
tified: the dimensions by which the performance of each dimension is determined
and those on which the dimension has an effect. Indeed, certain dimensions can
influence a particular dimension. In this context, they are considered as determi-
nants of this dimension. It is also possible that certain dimensions influence the level
of performance of other dimensions and are therefore considered to have effects on
them. Table 1 presents the dimensions of performance and the contextual dimensions.
Figure 1 schematizes the PAM of a pathway. Finally, Fig. 2 presents the effects of the
dimensions of performance. The interactions between each dimension are identified
by a dot in the relevant cells.

4 Analysis and Performance Measurement Tools: A Device
to Support Decision-Making

The tools developed here support justified and reasoned decision-making. They can
be used to carry out three types of complementary analysis: type 1 analysis which
consists of the global analysis of the performance of a pathway and identification of
critical areas; type 2 analysis which constitutes root cause analysis of critical areas of
a pathway; and type 3 analysis which represents the monitoring of the performance
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of a pathway. Each analysis is structured in steps that achieve specific objectives.
These analyses can be repeated multiple times to support continuous improvement
cycles and are based on two processes. The first process crosses quantitative data
(indicators), qualitative data (experiences of stakeholders, users, and professionals)
and tools built from scientific knowledge that allows performance to be analyzed
according to the dimensions of the model and their relationships. The second process
consists of a reasoned debate between the actors working to improve performance.
The objective is to make a judgment on the overall performance of the pathway, to
identify the critical areas, and to make decisions on the actions to be taken to improve
it.

The type 1 analysis is carried out in three steps: drawing up a portrait of the perfor-
mance of the pathway, identifying the critical areas of the pathway and prioritizing
these critical areas. This analysis should be conducted initially during the launch
of a pathway to have an exhaustive portrait of the performance according to each
dimension. A mapping of the existing care and services offer must be carried out
before carrying out this analysis. The portrait of the pathway’s performance is based
on the measurement of each dimension of the PAM using indicators according to
standards, and on the analysis of the relationships between the dimensions of perfor-
mance according to a logic of determining factors and effects. Based on these data
and a joint analysis by the actors responsible for the management of the pathway, it
is possible to judge the performance of the pathway and to identify critical zones.

Type 2 analysis aims to identify and analyze the root causes of the critical areas
identified, to support the identification and ensure the relevance of the actions to be
implemented. This analysis is carried out in four stages: documentation of critical
areas, identification of root causes and their prioritization and identification of contin-
uous improvement actions while ensuring their relevance. It is based on a detailed
examination of the critical areas identified and prioritized through the study of the
determinants and their effects according to the PAM. A critical area corresponds
to structures, processes, services, or interventions described in the PAM. It can be
analyzed according to one or more dimensions of performance, the results of indi-
cators and the experience of stakeholders, users and partners or problems. Like the
type 1 analysis, the determination of the root causes and the actions for continuous
improvement of the critical zone must result from a deliberation of the various actors
participating in the management of the pathway. The objective here is to reach a
consensus based on tools, quantitative and qualitative data, and their experiences.
The critical areas are finally prioritized by the team according to the needs of the
users, the feasibility of the actions to be implemented, and cost—benefit ratio.

Finally, the type 3 analysis aims to monitor the overall performance of the pathway
and to assess the impact of the actions taken on the performance of the critical zone
and the pathway. These two objectives are associated with types 1 and 2 analyses,
the indicators selected to measure the dimensions of performance and the standards
chosen for each indicator being reused at this stage. They will be used this time to
monitor the overall performance of the pathway and to assess the impact of actions to
improve the critical zone. This analysis is carried out in two stages: the construction of
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a dashboard and the monitoring of performance according to a monthly or quarterly
interval.

5 Contents of the Toolkit

The toolkit includes three elements for analyzing and measuring the performance of a
CSP: (1) the PAM and its glossary; (2) tools to support the analysis and measurement
of performance, broken down into sheets for each of the performance and contextual
dimensions, and two tables summarizing the links between the different performance
dimensions; (3) a user guide proposing three types of complementary analysis that
can be carried out with the tool. The PAM and its glossary define each dimension.
This model is contextualized according to the different territories and populations
for which the pathway is designed. The sheets for their part include the definition
of the dimensions and the sub-dimensions that constitute it, examples of themes and
indicators allowing the dimensions and their sub-dimensions to be measured, a figure
summarizing the relationships between the dimensions and examples illustrating the
nature of the relationships between the dimensions.

This toolkit is intended for managers and all those involved in clinical depart-
ments responsible for the implementation, piloting or management of a pathway. It
is also intended for managers and support department workers who assist clinical
departments in analyzing performance and selecting indicators and standards for
monitoring. A short version has been made available for users, partners and stake-
holders who need to quickly understand the main dimensions of the performance
of a pathway, their interrelationships and how to measure them without going into
details on the nature of these relationships.

6 Experimentation as a Prerequisite for Institutionalization

To test and validate the PAM, an analysis experiment of types 1 and 3 was carried
out in a HCO. The pathway selected by the team focused on chronic obstructive
pulmonary diseases (COPD). A complete continuous improvement cycle has been
achieved. This exercise has resulted in a process of adapting tools and co-construction
of a use methodology adapted to the organization. It aimed to convince the clinical
and support directions responsible for the pathways to use it.

The analytical approach included various preliminary and structuring elements.
First, the pathway was mapped out, including sequencing services and interven-
tions, coordination mechanisms, stakeholders involved, and clinical tools. Then, the
evidence data useful to support the analysis and the guidelines to construct an ideal
pathway were identified. This was followed by the construction of the indicators
adapted to the pathway. Finally, the identification and involvement of key actors
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were determined. Table 2 presents the crossing of data and knowledge produced by
the team. Table 3 presents the indicators of the targeted COPD pathway.

Table 2 Combination of data and knowledge

What

Why

How

Evidence data

¢ Guide to best clinical
and organizational
practices

Reference pathways
Quality standards

* Identify normative
clinical and
organizational
benchmarks

Locate on the key
elements by
dimensions of
performance and in
stages of the pathway

¢ Summary of the main
international quality
guides and standards
Synthesis sheet by
diagnosis

Popular and

Health determinants

¢ Know the needs of

Extraction from

epidemiological |+ Prevalence and the target population databases
data incidence rate by territory * Analysis of risk
« Mortality rate * Have an factors and the target
¢ Partner services offer epidemiological population
portrait
* Identify target
population
Performance * Indicators classified |+ Analyze the * Identify the indicators
indicators according to the performance of the of the pathway
dimensions of pathway by according to the
performance and dimensions and dimensions
steps in the pathway relationships  Extract internal and
* Identify the external data

dimensions whose
performance is
considered worrying

Identify targets for
standards

Experiential and
professional
knowledge

Knowledge and

experiences of:

» Users and caregiver

« Stakeholders and
managers

Share knowledge and
experiences
Contextualize the
data and the pathway
Identify the clinical
and organizational
challenges of the
pathway

Cross-referencing
evidence, population
data and performance
indicators, based on
professional and
experiential
knowledge and
context

Ultimate results

« Portrait of the pathway performance (steps and dimensions)
« Identification, operational description, and prioritization of critical zones

of the pathway

« Identification of root causes and improvement actions

» Pathway dashboard
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Table 3 Indicators of the COPD pathway

L. Maillet et al.

Dimensions

Indicators

Characteristics of the target population of the
pathway, and of the territory of individuals and
partners

* Adjusted proportion of regular smokers and
occasional smokers aged 15 and over, by
local health network (LHN) [12, 19]

Index of social and material deprivation by
LHN and age group

Number and proportion of users with COPD
by age group and LHN

Offer of Community Services (support

group) for people by LHN
Viability/innovation * Knowledge and integration of guidelines
Accessibility * Waiting time on the COPD teaching and

monitoring program

Waiting time for access to pulmonary
rehabilitation programs

Access to palliative care for users with COPD

Adjustment to the needs of the target
population

Number of people diagnosed each year for
each LHN

Proportion of the smoker population
participating in a program to quit smoking
[11,12,19]

Rate of COPD people registered with a
family physician (FP) having made at least
one visit with their FP [12]

Rate of users with COPD having participated
and completed the training in
self-management associated with COPD
User rate with moderate to severe COPD
symptoms that have received services from
the pulmonary rehabilitation program

Continuity/Coordination

Adjusted proportion of COPD people
registered with a FP having made at least one
visit to their FP within 21 days of the date of
release of a hospitalization [3, 5]

Adjusted proportion of people with COPD
having made at least one visit to the
emergency and who return there within

7 days of this visit to the emergency [16, 17]

(continued)
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Table 3 (continued)

Dimensions

Indicators

Appropriateness

* Rate of people diagnosed with a COPD for a
year which received a complete test of their
pulmonary functions and a Spirometry test
[11,19]

COPD levels that have received at least one
long-lasting bronchodilator prescription [12]
Rate of persons with COPD having received
at least one Corticosteroids in inhalation
without having received, in the same year, at
least one prescription from a long-lasting
bronchodilator [12, 19]

User rate reaches COPD for which an action
plan has been established including
self-management and management of drug
prescriptions

Humanism

Assiduity rate on the self-management
program

Clinical efficiency

Proportion of people with COPD having at
least had a hospitalization in short-term care
[12]

Proportion of people with COPD having at
least had hospitalization and who were
readmitted to the hospital within 30 days of
the release date of the previous
hospitalization [12, 19]

Rate of users with COPD which are
followed, and which are presented to the
priority emergency [11, 19]

Popular efficiency

Impact rate of users with COPD by age
group, gender and LHN [11]

Equity

Indicators of ventilated accessibility,
relevance, and efficiency according to the
stratification factors (place of residence,
gender, index of social and material
disadvantage)

7 Conclusion

The Performance Analysis Model presented in this chapter aims to support the
decision-making of the actors concerned by care and service pathways (managers,
clinicians, users, intersectoral stakeholders). The originality of this toolkit lies in its
operational nature and its ability to analyze trajectory performance longitudinally
in relation to the needs of the target population and the characteristics of the terri-
tory. The use of this toolkit is based on a deliberative and comprehensive approach
that enables critical areas and their root causes to be identified, so that continuous
improvement actions targeting them can be developed collectively.
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Howeyver, this toolkit also has a few limitations. On the one hand, because it is
intended to be complete and to reflect the complexity of management by care and
service pathways, the actors involved may find it difficult to assimilate and use this
tool without the support of the research team. On the other hand, it implies being
able to rely on precise, up-to-date data once the indicators have been identified for
analysis. Yet this still poses challenges in health and social service organizations
today.

This tool nevertheless has the potential to support the teams concerned in achieving
better demographic and clinical outcomes, a better user experience and a judicious
use of resources, in line with the population-based responsibility of health and social
service organizations.
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Pathways in Primary Care: A Literature | @@
Review

Jean-Denis Lalonde ® and Paolo Landa

Abstract Primary care is considered an essential service within the public healthcare
system because it is responsible for offering continuity of care, patient-centeredness,
coordination of care, prevention, health promotion, and patient autonomy. ** Clin-
icians are increasingly interested in utilizing clinical pathways to improve primary
care quality and service delivery, providing more efficient use of available resources.
** Atthe secondary care level, clinical pathways are regularly used to ensure adequate
management of care for a specific population to receive appropriate and timely care
in an institution. It would be interesting to know if this process could have the same
benefits within primary care. This literature review aims to screen the scientific liter-
ature on whether there have been studies able to address the application of clinical
pathways in primary care. After screening both titles and abstracts, 26 papers were
selected among 5,807 articles found. After the application of inclusion criteria for
this literature review, 10 articles were selected. The results indicate the benefits and
the limitation of using clinical pathways. However, the lack of resources in primary
care and the resistance to change may limit the adoption of CPs.
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1 Introduction

1.1 Primary Health Care Services

The continuous evolution of healthcare systems, the increase in population needs,
and service demands are causing challenges globally for public and privately funded
healthcare. To meet these challenges, health system research has developed tools
and solutions to efficiently meet both patient and health stakeholders’ needs. Health
care is a complex system and it is a hard challenge to meet needs and efficiency
where there are budget constraints typically regulated by the government in publicly
funded health systems. Healthcare systems have three main service levels: primary
care, secondary care, and tertiary care. Primary care is defined by the US Institute
of Medicine as “the provision of integrated, accessible health care services by clin-
icians who are accountable for addressing a large majority of personal health care
needs, developing a sustained partnership with patients, and practicing in the context
of family and community” [1]. The primary care (PC) services include the patient
first-contact with the healthcare system, accessibility, continuity, comprehension,
and coordination of person-focused care [2]. Unlike primary care, secondary care
consists of specialized care provided on an outpatient or inpatient basis. They take
place following a referral from primary care. Finally, tertiary care refers to highly
specialized services in outpatient and inpatient settings or within a facility dedicated
to performing specific investigations using advanced medical treatments [3].

PC aims to optimize population health and reduce disparities. It ensures that all
community members can have access to services despite socioeconomic determinants
of health. Five main functions are identified in PC: (i) First contact accessibility
creates an entry point for and optimizes access to health services; (ii) Continuity
which promotes the development of long-term personal relationships between the
patient and the health provider; (iii) Comprehensiveness that ensures to provide
a diverse range of promotive, protective, preventive, curative, rehabilitative, and
palliative services; (iv) Coordination that is responsible to organize services and care
across levels of the health system and over time; and (v) People-centered care ensures
the education and support needed to people and maximizes the autonomy in people’s
care [1].

Primary care is a very important component of the system as it addresses the
health needs of patients at the community level, integrates care, prevents disease, and
promotes wellness and education. In the international literature was demonstrated
that overall healthcare expenditures can be decreased through primary care while
improving population health and access [4]. Primary care aims to efficiently and
effectively distribute health and well-being by focusing on the health needs and
preferences of individuals and communities. Through its initiatives, the continuum of
health becomes a key consideration for adopting accessible resources in community
environments.

It has been well demonstrated by the international community that primary care
improves access to health services and reduces the number of emergency room visits.
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Primary care reduces the negative impact of poor economic conditions on the health
of a population [5-9]. The benefits provided impact the private healthcare system, as
more appropriate access to healthcare services reduces costs and increases benefits
for both patients and healthcare insurance. An example of this would include the
economic benefit resulting from increased workforce participation and productivity,
leading to less absenteeism among workers [10]. In addition, primary care principles
support education that can be used to improve population lifestyle habits such as the
adoption of healthy nutrition in daily life. This leads to the prevention of obesity
and improving the quality of nutrition among children [11]. Thus, primary care can
intervene at the behavioral level where there are social inequalities in health access
or health deprivation. Social inequalities refer to a difference in health and service
access between individuals according to social and economic factors or criteria of
differentiation. This problem is due to a poor distribution of resources within the
population [12]. To ensure equitable access to primary care for the entire population
(or to the largest part of it), there should be a larger ratio of general practitioners
within the population [13].

The emphasis in primary care is also focused on community-based services,
ensuring access to health systems in rural or remote areas and disadvantaged popu-
lations, leading to more favorable health outcomes [4]. A recent health research
initiative that supports improved health outcomes is based on CP.

CPs utilization is an effective way to provide patient care, as it is consistent with
the values, needs, and desires of patients. It supports clinicians to involve patients
in discussions and decisions. CPs utilization improves health outcomes, and patient
satisfaction, and reduces health costs [14]. In an Italian study conducted in 2018,
researchers studied CPs utilization during acute ischemic stroke cases, eliciting an
overall positive effect on patient management and service efficiency. The results were
owing to the standardized application of time-dependent protocols and multidisci-
plinary/integrated care implementation. The authors reported that all acute stroke CP
steps were optimized, increasing prompt and adequate interventions and possibly
affecting stroke patient outcomes. This impacted outcomes such as the readmission
rate of the patients, which was reduced with respect to previous periods [15].

The objective of this study is to provide an overview of the application of CPs
within the organization of primary care services, together with the analysis of both
the benefits and limitations of its implementation and application. The development
of this analysis has the following structure: the main concepts of the topic and the
characteristics of both the primary care sector and CPs are introduced in Sect. 1, then
a literature review aimed at analyzing the use of CPs in primary care is presented in
Sect. 2. The results from the analysis of the literature together with the benefits and
limitations of the implementation of CPs in primary care are reported in Sect. 3, then
conclusions and future research are discussed in Sect. 4.
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1.2 Clinical Pathways and Its Application

Arecent study defines CPs broadly as a “long-term and complex managerial interven-
tion adopting a systemic approach, for a well-defined group of patients who journey
across the entire continuum of care, from prevention and screening to recovery or
palliative care. This intervention:

® Prioritizes the centricity of patients and caregivers by analyzing the patient expe-
rience through their needs and expectations, taking into account the need for
information, education, engagement and involvement and integrates the patient
relationship as a fundamental need.

® Supports the roles of professional actors involved in the care pathway by devel-
oping adherence to the patient-centered care approach; working on interdisci-
plinarity through the development of skills, both technical and above all relational;
the clarification of roles and responsibilities; and by taking into account the expe-
rience of professionals both in understanding the organizational constraints and
their well-being at work;

e [ntegrates a process of care approach through the modeling and improvement
of the care pathway by continuously integrating the latest knowledge and infor-
mation to support clinical decision-making and by defining feedback loops to
continuously improve clinical and non-clinical process supported by operation
management contained within process improvement methodology approaches;

e FEmbeds coordination structures through: the implementation of best practices
and the translation of guidelines into daily practice,; the support of information
continuity through the integration of services at the systemic level; the implemen-
tation of knowledge management along the care continuum; and the identification
of leaders at each step of the care pathway; and the identification of leaders at
each step of the care pathway,

e Adapts to the contexts of both the physical and social structures by integrating
the human, material, economics and financial resource constraints, as well as the
social dynamics of power and trust relationships;

e [s supported by information systems and data management enabled by digital-
ization, which ensure the flow of information within the right context at the right
time and place, and allows the continuous integration of the latest knowledge into
the care flow and the management of accessible data in real time to monitor and
evaluate variances in practices and outcomes;

® Promotes the development of a learning health system to support the care
pathway[14].”

There are several other definitions of CPs in the international literature. One defini-
tion described CPs as a set of tools used to guide evidence-based healthcare, capable
of translating clinical practice guideline recommendations into clinical processes of
care within the unique culture and environment of a healthcare institution. A CP was
implemented as a structured multidisciplinary care plan with the following charac-
teristics: (i) used to translate guidelines or evidence into local structures; (ii) details
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the steps in a course of treatment or care in a plan, pathway, algorithm, guideline,
protocol or other “inventory of actions”; and (iii) aims to standardize care or a specific
clinical problem, procedure or episode of healthcare in a specific population [16].

2 Materials and Methods

Currently, there is a limited number of studies in the international literature analyzing
the use of CPs at the primary healthcare level. However, there is a large literature
based on CPs use in secondary care and acute care settings (e.g., management of
older adult inpatients with malnutrition) [17-21].

A piloted search on databases (PubMed and ancestral searching) was performed in
February 2023 using the following keywords and search terms (“clinical pathways”
AND “primary care” OR “health care” OR “healthcare”). The final selection of the
most recent and relevant articles was defined by authors (PL, JDL). Inclusion criteria
included only peer-reviewed articles; the primary language of the articles had to be
English or French and analyzed the primary care CPs use. The article could be issued
by any country and the publication had to in the years 2000-2023. The articles were
selected following inclusion criteria that considered the benefits of CPs utilization,
any positive points shown by the different articles; content found in the various
articles; and link with primary care.

An article was excluded if it: was grey literature; did not discuss CPs use in primary
care; was not in the English or French language; did not discuss primary care; or
did not focus on health-related issues. A dedicated extraction form was developed
to report data from the articles using the following information: title, authors, year
of publication, country where the study was conducted, the CP type, benefits of
adopting CPs reported in the study, limitations of using CPs reported in the study,
and details on the CP.

Among the 5,807 articles found, only 26 articles were selected after the screening
of both titles and abstracts. After the full-text reading and analysis, ten articles were
found to meet the inclusion criteria for this literature review.

3 Results

The search strategy provided 10 articles where the adoption of CPs was reported
in primary care. More than half of the studies were published after 2020 (n = 7)
[22-29], while only three studies were published in the first decade of the twenty-
first century. This indicates an increased interest in this topic over the last ten years
[29-31]. Eight studies focused on North American countries (Canada and the United
States), while the remaining studies (n = 2) were conducted in European countries
[24, 31].
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Only six studies adopted qualitative methods, while four studies adopted quantita-
tive methods. No mixed-methods studies were included in this literature review. The
types of disease pathways reported in the included articles varied, as CPs are versatile
and can be applied to many health areas. CPs for the following disease processes/
body systems were reported in the included articles: spine [25], pelvic floor [25],
hip and knee [25], prostate assessment [25], stroke [25], wound care[25], fertility
care[25], non-alcoholic fatty liver disease [30], hospital admission prevention [31],
patient management and organization [32], kidney disease [26], mental health [27],
COVID-19 [22, 27], pediatric asthma [28] and chronic gout [29].

3.1 How CPs May Contribute to Healthcare Quality

The implementation of CPs in primary care reduces hospital readmission and compli-
cation rates; improves patient management and flow; promotes appropriate organi-
zational and clinical health care; and enhances service quality [15]. CPs program
implementation led to stability in care delivery, optimized accessibility, quality,
sustainability and cost-effectiveness of care [33]. Moreover, the WHO (2020) encour-
ages countries to focus their quality improvement policies on the holistic continuum
of care and emphasizes the need to improve CPs. WHO also supports a focus on
outcomes that matter to the patient from clinical, quality of life and health system
experience perspectives.

CPs are now promoted in government health policy reports, as in NHS, and their
use is still increasing [34]. There is a growing focus on evidence-based practice
and improved quality of care in health care systems. Some countries as Belgium
and Germany, are increasing the development and implementation of CPs [34]. The
European Pathways Association (EPA) is the world’s largest CP professional orga-
nization and it supports the development, implementation, and evaluation of CP in
Europe [34]. If CPs are implemented successfully, they may have an impact on health
care macro-variation phenomena (e.g., length of stay and patient based on pathways
indicators) and in performance based on micro-variation (e.g., variations in diag-
nostic and therapeutic prescriptions and protocol implementation indicators). CPs
implementation improves outcomes by providing a mechanism to coordinate care,
reduce fragmentation, and lower healthcare costs without reducing the quality of
patient care [35].

Primary care providers such as nurses, pharmacists, and physicians who provide
direct patient care are adequately positioned to save lives and prevent hospitalizations.
The utilization of CPs can help to identify the patients at risk of disease and to manage
them by providing a roadmap for sustainable and feasible primary care such as suicide
prevention [36]. Considering these characteristics, CPs are associated with improved
patient outcomes, and improved organizational indicators, and play an important
role in patient safety [22]. Quality improvement in health care is required to: (1)
align clinical practice with guideline recommendations in order to provide high-
quality care within an institution; (2) reduce variations in clinical practice, thereby
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maximizing patient outcomes/ clinical efficiency; (3) promote safe, evidence-based
care by providing locally oriented recommendations for the management of a specific
condition, disease, and specific healthcare needs [17].

CPs are often developed by multi-professional teams composed partly of physi-
cians, nurses, social workers, and administrators who are responsible for safe patient
care. Benefits resulting from CP implementation include sharing information to
strengthen the learning processes within an organization; supporting professionals
to understand their roles and responsibilities; and improving clinical integration of
system flow throughout the healthcare system [35].

3.2 Implementation of CPs

CPs were found to improve care coordination, strengthen care organization, and
enhance patient follow-up in a Belgian study [31]. Researchers in this study recom-
mended ongoing evaluation of CPs use. Further to this, Kanwal et al. [25] reported
on the work that was conducted by the American Gastroenterological Association’s
multidisciplinary panel of experts who created primary care CPs to screen, diagnose,
and treat non-alcoholic fatty liver disease. The authors of this study supported the
use of evidence-based primary care CPs for this specific health challenge as they
stated it makes patient care more timely, accessible, and standardized. Access to care
was also discussed by European researchers who studied the use of primary care
CPs during the COVID-19 pandemic [22]. The use of the CPs supported detection
and case management for patients in 30 European countries. This review identified
inequalities in access to care. The researchers recommended a common agreement
in Europe for future pandemics [22].

COVID-19 was the subject of another article where a Canadian health zone in
one province used integrated CPs to share patient information between their primary
care networks and their central system to keep patients in the community and out
of acute care [27]. Their research suggests these types of CPs have the potential to
improve primary care and reduce hospital visits. In addition to a reduction in hospital
visits, Rotter et al. [35] found that hospital complications could be reduced with the
implementation of CPs.

Lack of CP buy-in, sustainability planning, and utilization were noteworthy find-
ings of the current review. Groot et al. [24]. explored the lack of CPs uptake by family
physicians in one Canadian province. In their article, researchers reported on several
facilitators and barriers to CPs utilization. Overall, Groot et al. [24] stated that there
is a desire from the family physicians in their study to support CPs development for
health challenges where a multidisciplinary team approach is required (e.g., mental
health). Another Canadian study explored the facilitators and barriers that primary
care practitioners experienced while implementing primary care CPs for pediatric
asthma [28]. Researchers in this study found that pediatric asthma CPs would be
successfully used if primary care practitioners supported the use of the CPs, could
understand their role, and had a sustainability plan in place. In a study exploring
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primary care CPs current use, interest, and perceived usability, researchers found
that there is a high interest in using CPs but low utilization [29].

The findings of this review indicate that CPs, once developed, do not require a lot of
maintenance and if used in primary care, could provide vital care. In a Canadian study,
researchers found that using a CP for chronic kidney disease led to higher rates of
testing to monitor the disease and more medication treatment used [31]. Researchers
in this study found that CPs did not require a lot of resources or maintenance time
once the CP was created and used. In addition to this, a suicide assessment CP was
developed by Ayer et al. [36] for use with adult patients in a primary care setting.
Researchers in this study discussed how many suicide decedents accessed primary
care prior to their suicide, making this type of CP vital for use in primary care.

3.3 Benefits of CPs

Many benefits of CPs were identified in the studies. CPs are primarily developed to
assemble relevant information for clinicians from a variety of practices to improve
the overall care processes within primary care. Kanwai et al. [25] discussed that CP
creation by an expert multidisciplinary team was beneficial for collecting all available
data and assembling it in an easily accessible format relevant to clinicians from a
variety of practices, including frontline providers. The CP in this study was adapted
to manage patients with non-alcoholic fatty liver disease in primary care. There was
careful explanation in each step of the CP to screen, diagnose, and treat the patient.
The results of this study showed an improvement in the quality of healthcare delivery
which is crucial to addressing the often-inconsistent care processes characterizing
current approaches to care (e.g., for non-alcoholic fatty liver disease).

A similar outcome was observed for a different pathology, chronic kidney disease
[31], where the application of a CPs led to a significant improvement in albumin-
creatinine ratio testing. These findings may contribute to improving some aspects
of the medical management of chronic kidney disease. The application of CPs to
mental health was presented by Ayer et al. [36]. CPs were used to identify and effec-
tively manage patients at risk of suicide, providing a roadmap for sustainable and
feasible suicide prevention. The CPs represented a flexible tool for primary care
that could be adapted to meet the needs of individual primary care workflows. For
example, this CP could be used by other comprehensive suicide prevention frame-
works to assist their screening efforts. Alternatively, the CP could be used by practices
focusing more narrowly on managing patients who screen positive for suicide risk.
In [30] the benefits of primary care were the reduction in in-hospital complications,
an improved health outcome for patients, and improved documentation exchanged
between GPs and hospital physicians. In addition, the study shows a significant
reduction in hospital length of stay and a decrease in hospital costs/charges as there
was more appropriate access to the resources, which could result of a better orga-
nization of care. This aspect is supported by Vanhaecht, et al. [31] which shows
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CPs have a positive impact on the organization of care processes because it repre-
sents a method to achieve a result. A pathway is a tool for empowering clinicians
and resources dimensions of care and between the requirements of both clinician
autonomy and transparent accountability. In [28], it is explained that CPs have the
potential to connect patients to specialists or other resources as required. CPs provide
clear and rapid information in a rapidly changing context and have the potential to
reduce acute care visits. The findings [29] show that the implementation of CPs in
primary care would be welcomed par clinicians. CPs give Guideline-informed about
the disease management and provide helpful tools and resources. According to the
study [29], it could be explained by the fact that Pathways improves accuracy and
confidence in answering written clinical questions.

3.4 Challenges of CPs

The adoption of CPs represents still a challenge in primary healthcare settings. This
is given by several factors such as culture, innovation and technology, management,
and organization. Usually, there is a lack of education and training for primary care
providers, there are also administration barriers including lack of time, staff or facility
or limited human resources availability.

A study reported that there was time-consuming paperwork when utilizing CPs.
However, in healthcare organizations, there is an ongoing development based on
Electronic Data and paperless activities and documents. It was observed that knowl-
edge is continuing to evolve and the recommendation may change accordingly over
time, forcing the revision of CPs each time is needed. Another study evidences the
underestimation of costs for the implementation of CPs. It was mentioned that CPs
require a minimum of resources and time to maintain them established. Another
constraint is that CPs require a lot of workload and time and this can be a barrier to
achieving optimal care. It was mentioned above there was a reduction in in-hospital
complications but it has no evidence of differences between the number of readmis-
sions to hospital or in-hospital mortality. It was mentioned there was a decrease in
hospital costs/charges but it wasn’t mentioned if the lower hospital costs contributed
to a cost shifting to another health sector. Most studies used small sample sizes and
there was a risk of selection bias because the surveys might have been completed by
the participants most interested in CPs.

There is another study [31] used the Care Process Self Evaluation Tool (CPSET)
to evaluate the care organization processes. The CPSET is an instrument for eval-
uating the care management process from the point of view of a multidisciplinary
team. Based on the realistic evaluation paradigm, the CPSET is a self-evaluation
instrument for measuring the perceptions of the team members. However, it is a
difficult task to generalize the CPSET tool and its results because CPSET scores and
outcome indicators have to be analyzed to determine if there is a relationship between
subjective perceptions and objective outcomes. A suicide assessment CP in primary
care was developed by Ayer et al. [36] for adult patients but this tool presents several
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limitations as it hasn’t been tested through research. Another limitation of this tool
isn’t universal. It needs to be adapted to the clinical settings where it will be used
and it can be difficult to interpret the results.

4 Discussion and Conclusions

After the analysis of the literature, we can note that the adoption of CPs in primary
care is quite limited. Many conditions may limit the adoption of CPs such as the
availability of resources (primary care vs secondary care) or culture (resistance to
change especially in primary care). However, each of the articles herein analyzed
reported the adoption of CPs approach to several typologies of diseases (e.g., chronic
kidney disease or liver disease). This means that CPs are flexible and can adapt to any
type of clinical process or disease management. The studies included indicating also
that there is still improvement in terms of CPs in primary care, whereas in secondary
care there are fewer resources and a negative approach to a change culture.

In addition, the presence of a hierarchical structural organization and many stake-
holders may represent a factor that increases the adoption of CPs, and these charac-
teristics are present in secondary care and missing in primary care. The challenges
remain to understand how these improvements can be introduced and the impact
in terms of public health. In secondary care, there is large evidence that CPs can
improve outcomes such as 30-day inpatient hospital readmission rate or inpatient
hospital mortality. This means that more studies need to be done to verify the impact
of the implementation of CPs in primary care.

It would be important to know if the application of CPs in primary care could suit
any public or private healthcare system. Given the limited studies analyzed and the
limited application of CPs in primary care [17], more work to be done and a more
in-depth investigation on the subject will assess the evidence of CPs. The objective
of this study consists of providing an overview of the subject treated in a limited
number of articles. The study also aimed to see the possible barriers to deal with
when there is the introduction of innovation at the management level within primary
care. As reported before, there are many benefits to the implementation of CPs such
as better organization of care as well as better connection with specialist doctors
when required. However, some limitations have been described such as the lack of
time and resources needed for the CP introduction and implementation. A systematic
literature review together with a meta-analysis will provide an analytic investigation
on the subject and may confirm the results herein reported.
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Abstract Organizations in the healthcare sector are faced with the challenges of
reducing costs, improving service quality and increasing work demands. The context
of workforce shortages highlights the urgent need for action to ensure access to quality
healthcare and services. The World Health Organization estimates that there is a
shortage of nearly 6 million healthcare professionals worldwide. In May 2022, 8,700
full-time positions were vacant in the Quebec healthcare network. This situation
calls for effective attraction, retention and loyalty strategies to attract and retain
the necessary qualified personnel. Among the levers outlined in this chapter, the
importance of equity, diversity and inclusion in personnel management is discussed.
By fostering an inclusive environment, the organization benefits from access to a
wider pool of skills, meets the expectations of under-represented groups and promotes
cohesion with users. Retention of workers aged 55 and over is also highlighted as
an important issue, notably by adapting their working conditions and recognizing
their contributions. Organizations also benefit from tackling work overload, a source
of stress and burnout, through sustainable prevention, involving good management,
identification of risk factors and implementation of concrete actions. Finally, as key
players in the implementation of these levers, managers, through their leadership
and management practices, play a key role in promoting the attraction, retention and
loyalty of human resources. It is therefore essential to ensure their well-being, so
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that they are in a position to adopt the behaviors needed to ensure the organization’s
longevity.

Keywords Health - Attraction - Retention - Loyalty

1 Introduction

Over the past three decades, public sector organizations have had to cope with the
implementation of government policies aimed at reducing costs, while at the same
time having to continue improving the quality of services offered to the population. At
the same time, the work environment in public organizations, and more specifically
in the healthcare sector, has seen an increase in work-related demands. In addition,
the current labor shortage in Quebec’s Health and Social Services Network, accen-
tuated by the COVID-19 crisis, highlights the urgent need to act to preserve and
improve access to safe healthcare and services for the population. In May 2022,
8700 full-time care positions were vacant in the Quebec network [1]. At the same
time, nearly one in five healthcare workers was absent from work due to physical
and/or psychological health problems [2]. Between 2020 and 2030, the demand for
workers in this sector is expected to grow by 16% [3]. The shortage of healthcare
professionals is not a problem specific to Quebec [4]. Worldwide, according to the
World Health Organization, the shortage of healthcare professionals is estimated at
nearly 6 million people [5], with some regions more affected than others in terms of
difficulties attracting and retaining labor, such as rural areas [6]. In the specific context
of Quebec, a Canadian province characterized by a pronounced aging of its popu-
lation and increased demand for healthcare services and care [1], it is important for
establishments to be able to count on sufficient, but above all committed and healthy,
staff. Yet the challenges are many: difficult working conditions, task transformation
and increasing workloads are just some of the factors adding to the already high pres-
sure on staff and facility management. Various provincial measures have been put in
place to alleviate the situation, including the use of placement agencies, mandatory
overtime, and increased compensation for overtime hours worked [1]. While these
measures may be effective in the short term, they are, for the most part, temporary
and sub-optimal, as they do not address the causes of the difficulties experienced by
Quebec’s Health and Social Services Network staff [7]. Not to mention the fact that
most of these measures are aimed at just one category of employees: caregiving staff,
who, although of vital importance, would not be able to work without the contribu-
tion of all Quebec’s Health and Social Services Network job categories, including
the managers who are on hand to supervise and support them. However, the recent
mass departures of managers and employees are exacerbating the exhaustion of those
who remain. The current scarcity of manpower is making it even more difficult for
healthcare establishments to fulfill their main mission: to offer a positive, pleasant
and high-quality user experience, while guaranteeing health and social services based
on proximity and continuity. This chapter looks at various issues associated with this
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problem, and the levers that healthcare organizations can use to stand out in today’s
job market. It focuses on the importance of understanding the aspect of retention
with a view to attracting human resources.

2 Attraction, Retention, Loyalty: The Importance
of Knowing Where to Start

Whether in the healthcare sector or elsewhere, the issue of staff shortages needs to be
addressed in the right way. It is at the forefront of organizational, social, governmental
and academic priorities and discourse. There is much talk of a labor shortage, i.e., a
significant lack of employees resulting in an imbalance between employment needs
and the availability of current or potential personnel on the job market. The healthcare
sector, like many other economic sectors, is experiencing a situation of labor scarcity,
meaning that employees are very hard to find, which is more a reflection of the pre-
and post-pandemic situation.

Talking about workforce imbalance in organizations is not, however, arecent topic.
As far back as 2015-2016, statistics from de province of Quebec showed that the
labor market was heading towards a critical situation, caused by various factors such
as the aging of the population or the immigration strategy [8]. Most organizations are
focusing on improving their attractiveness in order to redress the often quantitative
imbalance affecting their human resources. There’s no doubt that this is a quicker
solution in the short term. But is it the only way to ensure organizational sustainability
and performance? In a context where the balance of power is currently in the hands
of both candidates and employees, we need to think again.

Attraction and retention are part of the recruitment process, with attraction being
the objective and retention the element on which it depends (Fig. 1). More specifi-
cally, attraction is defined as “an individual’s positive attitude towards an organization
he or she perceives as a potential employer” [9]. Indeed, the labor market is full of
unemployed individuals. The average unemployment rate in the province of Quebec
in 2022 was 4.3% [10]. In this case, the problem lies in the fact that the individuals
available do not have the skills required to fill the positions to be filled. On the other
hand, 2016 census data show a significant percentage of healthcare graduates who
have made the decision not to work in the sector, estimating that there are prob-
ably more than 250,000 adults with an underutilized level of healthcare education,
primarily in nursing, health aides and health and medical administration/management
services. Among adults with underutilized health education in 2016, 62% were in
the 20-34 age group. Skill atrophy should therefore be relatively low among these
recent graduates, making them a potential source of healthcare labor [11].

Retention, on the other hand, is the process that encourages employees to stay
with the organization [9]. It is frequently contrasted with turnover, which represents
its opposite. For an organization, the average cost associated with voluntary turnover
ranges from 30 to 150% of annual salary. For management positions, it can even
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Fig. 1 The attraction-retention-loyalty cycle

exceed 200% [12]. In this context, and given the challenges of attracting and retaining
staff, it’s in an organization’s interest to start by retaining its employees, or even
building their loyalty, before hiring new ones. Otherwise, there is a high risk of
perpetuating the cycle of labor turnover and having to deal with the repercussions of
labor scarcity, such as limiting the organization’s growth or reducing the quality of
goods or services offered [13].

The final element in the cycle described in Fig. 1 is retention. It’s clear that
the concepts of retention and loyalty are used interchangeably. However, there
is a nuance, as explained by Paillé [14] through the theory of social exchange
[15]. According to this view, retention is associated with loyalty. Thus, retention
occurs when the organization adopts a short-term perspective, focused on economic
exchange. In fact, retention is about understanding why employees leave the orga-
nization. Loyalty is a proactive process of long-term anticipation. Its aim is to get
employees to stay. It involves understanding what to do to keep employees. Building
employee loyalty means fostering long-term commitment.
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3 Employer Branding and Employee Experience: An Asset
for Health and Social Services Network?

The concept of employer branding is based on the principle that the benefits of
working and building a career within an organization should be promoted to both
applicants and employees [16]. Employer branding thus has a dual effect: helping
to attract potential candidates, but also retaining employees by reminding them of
the benefits of being part of the organization [17]. The healthcare sector is no excep-
tion, and must also capitalize on employer branding, although not in a sector-specific
way, as each establishment benefits from developing its own brand image. That said,
employer branding must always be the result of strategic thinking at HR level, but also
of an HR marketing approach [18]. Employer branding should reflect the employee
experience and even help to improve it, while serving the organization’s attraction
objectives. For an organization, it’s important to have a good understanding of its main
attraction factors, i.e. the strengths of the organization that can be externally valued
to attract candidates, such as total compensation or non-monetary factors like recog-
nition [19]. But that’s not all: it’s necessary to ensure that the employee experience
on offer is fully consistent with the employer brand promise. Creating consistency
begins with training managers to understand the essence of employer branding and
how it affects the way they do their jobs. They are on the front line, acting as the
interface between employees and the organization [20]. In this respect, employer
brand depends on the way managers deliver the employee experience. Managers are
therefore key players in the implementation of employer brand and employee expe-
rience. Employer branding also requires a review of the various human resources
management processes to ensure that they are consistent with the employer brand
value proposition. It is also important to make employer branding a unifying orga-
nizational project. Employees and future candidates alike need to live the proposed
experience in every interaction they have with the organization. Employer branding is
therefore not just an attraction tool for recruiters, it is a strategic orientation to which
all the organization’s stakeholders must adhere [21]. Employer branding is not the
exclusive responsibility of the human resources department; it must be supported by
senior management and expressed by all the organization’s stakeholders. The process
of developing and implementing an employer brand is therefore central to harmo-
nizing the organization’s practices while helping to attract and retain employees,
with the aim of creating value for the organization.

4 Equity, Diversity and Inclusion: Aiming for Integration
and Learning

Today, attraction, retention and loyalty involve managing equity, diversity and inclu-
sion (EDI), defined as the development and implementation of “coordinated actions
and interventions with the aim of creating an environment that will enable all people
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[...] to reach their full potential while pursuing the organization’s objectives” [22].
It represents an important lever, since it provides access to a wider pool of skills,
contributes to the employer brand, meets the expectations of certain historically
discriminated groups and of society in general, and enables the issues of all to be
considered, regardless of the individual characteristics or groups with which one
identifies. In the healthcare sector, EDI management also plays a role in cohesion
with users, who are better able to identify with the resources offering them services.

Diversity management in the healthcare sector is all the more paramount when
we consider that the share of immigrants in the jobs of nursing aides, orderlies and
patient service associates is 26.1% in Quebec, compared with 14.7% in all other
occupations according to the 2016 census. This overrepresentation of immigrants in
jobs in the sector is even greater for visible minority immigrants and women [23].

That said, all organizations appear to be fertile ground for the emergence of obsta-
cles, inequities and discrimination against certain individuals working within them
[22]. According to the theories of similarity-attraction, identity and social catego-
rization, individuals tend to be attracted to people who are similar to them and,
conversely, distrust those who are different or belong to other social groups [24]
[25]. In today’s context, EDI actions are essential.

EDI can be grouped into three approaches, each underpinned by a different ratio-
nale [26]. The first approach is based on equity of access and non-discrimination.
It is based on a logic of compliance with legislative frameworks and assumes the
principle of assimilation. The second approach recognizes and values diversity as a
competitive advantage and a means of differentiation from other organizations in the
sector. It is based on a business strategy of accepting and valuing differences, partic-
ularly with a view to responding to increasingly diverse users. The third approach,
the one that should be favored, is based on a vision of integrating diversity as a
source of efficiency and learning, considering the advantages induced by diverse
teams in terms of the quality of decisions taken, creativity and performance. These
three approaches can be complementary in organizations and evolve over time as
the organization matures. That said, EDI intervention requires targeting biases and
obstacles at institutional, social (Fig. 2), organizational (Fig. 3) and individual levels
(Fig. 4), in order to develop a positive diversity climate [27] that reconciles equity,
inclusion of all and organizational performance.

5 Attracting and Retaining Workers Aged 55 and over:
What Are the Levers for Action?

In province of Quebec, the aging of the population has been underway for several
decades, and there are not enough young people to fully replace workers who leave
the job market [29]. This is therefore an important issue for organizations in both the
public and private sectors, but also for workers aged 55 and over, as some of them
want to remain in employment, but cannot find the working conditions they want to
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Fig. 2 Institutional and social level of intervention in EDI [28]

do so. In fact, it has to be said that workers aged 55 and over are part of the solution
to labor scarcity. In fact, the OECD [30] has been calling for the employability of
these workers for several years now.

In the province of Quebec, the situation in the healthcare sector dates back to the
1990s, when the government, in an effort to rationalize the workforce, made advanta-
geous early retirement offers, characterized by lower actuarial penalties and a lower
minimum retirement age [31]. For instance, in 1997, 4,000 nurses left the healthcare
sector. In the public sector, 37,000 retirements were recorded, compared with a fore-
cast of 15,000 [32]. A 2014 study of retirees from the healthcare sector showed that
55.2% of retiring respondents subsequently returned to work or attempted to do so,
on average 9.56 months after officially leaving the job market [33]. In the same vein,
three decades later, the aim is more of prolonging working life, by retiring later or
taking a transitional job, than of encouraging early retirement.

That said, there are a number of reasons why workers aged 55 and over may
leave their jobs at a relatively early stage, often as early as age 60. The reasons cited
include: an enviable financial situation (especially in the public sector), a caring role,
having grandchildren, mental overload (especially in the public sector) and physical
overload and drudgery [34]. Reasons for not returning to work after retirement are
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similar, including: poor health, work overload and fatigue, spousal retirement, and
enviable pensions and incomes [35].

In fact, it’s much easier to keep people employed in an organization, than to bring
them back once they’ve retired. Retaining workers aged 55 and over is in line with the
trend towards later participation in the labour market, already well underway over the
past twenty years. The participation rate is increasing with rising levels of education,
improved job quality, more jobs in the service sector, and the rising participation rate
of women in all age groups [35]. For many workers aged 55 and over, a reduction
in working hours would be one of the most important retention factors [35]. Other
factors are also cited, such as recognition for work accomplished, reduced workload,
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remuneration adapted to their situation and the opportunity to pass on their expertise
and knowledge [34]. And so, to attract and retain workers aged 55 and over, it’s
essential to make jobs attractive. This means modifying working conditions, such as
shorter working hours, longer vacations, a 4-day week or part-time work. Recognition
and knowledge transfer are also important factors in retention and loyalty.

6 Sustainable Workload Prevention: A Key Retention
Factor

During the pandemic and even today, work overload remains the main reason cited
for burnout and stress [36]. Several factors have been put forward to explain this
phenomenon of work overload, such as the fact that everything is now urgent, the non-
respect of so-called normal working hours, the amplitude of working days (starting
earlier, finishing later), the continuous alternation of work and family with no down-
time, the increased time spent in meetings, social isolation and constant connec-
tivity [36]. The consequences of this overload on individuals and organizations are
manifold. For example, it is said to be associated with an increase in risk-taking
at work [37], musculoskeletal disorders [38], sleep disorders and chronic fatigue
[39]. In addition, workload is associated with an increase in withdrawal behaviors,
such as absenteeism, presenteeism and turnover [40]. It is therefore essential that
organizations tackle this issue head-on.

However, the challenges are many, and it is still difficult to clearly define the nature
of the workload problem and the means to be deployed to tackle it. These challenges
are partly due to the lack of consensus on the nature of workload, its antecedents
and consequences. Sometimes, workload is considered in terms of feelings of over-
whelm or psychological demand [41], while in other contexts it is assessed in terms of
performance in the execution of a given task [42]. Understanding and acting on work
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overload would then require documenting workload in its entirety along three dimen-
sions: prescribed workload, actual workload and experienced workload. Workload is
part of a specific work context, which includes constraints and resources (prescribed
workload), and which leads actors to implement actions or strategies to respond to
these work situations (actual workload). These actions or strategies then generate
impacts on individuals and organizations (experienced workload) [43].

Intervening on work overload involves first identifying these dimensions of work-
load specific to a team or organization through dialogue or sharing of situations
encountered. This makes it possible to identify risk factors and concrete problems
encountered on a day-to-day basis, so as to propose sustainable preventive measures.
These courses of action can take place at different levels [44]: at the level of the
individual (with the development of work strategies to better manage workload), at
the level of the group (with better social support from colleagues to better distribute
responsibilities but above all to help each other), at the level of the manager (with
a manager who gets involved and intervenes to properly identify priorities and by
providing appropriate resources to his or her team) and finally, at the level of the orga-
nization itself (with mechanisms to review rules and procedures, to review deadlines
and to provide adequate resources particularly in terms of technology).

On this point, the literature nonetheless indicates that there are protective factors,
and this is particularly the case for the manager, who plays a key role in the effective
prevention of occupational health and safety [45]. The manager plays two main roles:
the more structuring one where he or she guides and directs tasks, and the one where
he or she supports his or her teams and the individuals who make them up [45]. These
two main roles enable him, in particular, to distribute the workload according to the
situations encountered in his team.

Faced with the problems created by work overload, organizations are faced with
two choices: to be in crisis management mode, or to be in sustainable workload
prevention mode. In crisis management mode, immediate action is taken to respond
to a critical situation for an individual or a team. The actions are aimed at calming
the situation in the short term, to help get through the crisis. However, very often in
this management mode, there is no real in-depth discussion of the workload, so the
solutions provided are only temporary.

As part of a sustainable approach to workload prevention, a process of inven-
tion is planned based on the reality of work in the organizational context. Based
on this approach, it is possible to propose concrete avenues for preventive action,
since the day-to-day constraints to be overcome will have been identified, as well
as the resources available (in terms of quality and quantity) to overcome these
constraints. For organizations, intervening on workload is an essential element in
retaining workers within their organization.

However, assessing workload is not just a question of quantity and time. In fact,
workload is a complex issue that requires an in-depth prevention approach in the
same way as other occupational health and safety risk factors. The literature clearly
shows that certain organizational factors play an important role in the feeling of
work overload, including work intensification and the accumulation of organizational
changes [46]. Thus, the acceleration in the pace of work combined with the effects of
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labor shortages in the Health and Social Services Network is making it increasingly
difficult to match the objectives set for workers with the work demands they must meet
and the resources available to them. Faced with ever more numerous and complex
work demands, but also with diminishing resources, the mantra of “doing more with
less” no longer holds true, as workers become increasingly exhausted [47]. The
urgent need to act to manage workloads in a preventive and sustainable way is more
than important, it’s essential.

7 Leadership and the Quality of the Relationship
with the Supervisor: A Factor in Attracting
and Retaining Staff

As anintegral part of the employee experience, which refers to the employee’s overall,
real-life experience at work [48, 49], managers are an important factor in retention
and loyalty [50]. Representing a concrete and visible link between employees and
senior management, managers are standard-bearers for organizational values and
mission. In addition to ensuring the quality of the care and services offered within
their facilities, managers of the Health and Social Services Network establishments
are also powerful referents for their employees. Indeed, through their management
practices, managers can, among other things, weigh down or lessen the effect of
psychosocial risk factors in the work environment (e.g. workload) on their employees
[51, 52], while contributing to, or detracting from, the establishment of a psycho-
logically safe work climate [53]. In the field of work in general and in healthcare in
particular, studies highlight the benefits of positive leadership practices for employee
functioning [54, 55]. However, to ensure that we maximize the benefits that positive
leadership can have on employee well-being, we must first ensure that managers
themselves are psychologically and physically healthy [56]. Indeed, some studies
have shown that, over time, managers suffering from psychological health problems
at work exercised weaker transformational leadership and higher laissez-faire leader-
ship [57]. In recent years, the health and working conditions of managers themselves
have deteriorated [58]. Indeed, several studies report stressful working conditions and
a high turnover rate among managers in the healthcare network [59]. As managers
themselves face a number of constraints that can affect their well-being and their
ability to adopt good management practices [58], organizations need to intervene on
these constraints to reduce them. Indeed, since managers play a key role in fostering
a good experience for employees, increasing their motivation, well-being and inten-
tion to stay employed, organizations have no choice but to concern themselves with
the psychological health of their managers.

In conclusion, organizations in the healthcare sector are currently suffering from
a major workforce crisis. The next generation is in short supply, a significant number
of employees are on sick leave, and qualified personnel are leaving the network. It
is therefore urgent that measures be put in place to revitalize the healthcare network,
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which has been severely impacted in recent years. This chapter highlights possible
solutions aimed at attracting, retaining and developing the loyalty of the human
resources at the heart of these organizations, because it is now urgent to take care of
those who, on a daily basis, look after the health of the population.
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Abstract Introduction: The involvement of citizen/patient partners is increasingly
essential in health care research and in the management of health organizations.
Capturing the perspective of citizen/patient partners allows better targeting of their
needs and expectations in research projects, in teaching health professionals, and in
organizational or clinical decision-making in health and social services networks.
However, the involvement of older people in reflections on care trajectories is a
challenge given the different characteristics associated with aging (age, mobility,
neurocognitive disorders, comorbidities, frailty, etc.). Objective: To expose the
voices of elderly patients with respect to their care trajectories in the Quebec context
and to elicit managers’ reactions to their testimonies. Methodology: With the help
of citizen partners, the coordinating team of a workshop presented at the Summer
School in Health Services Management of the Faculty of Administrative Sciences
(Université Laval, Québec, Canada) 2022, recruited nine elderly people who were
living at home or in a residence for autonomous elderly to discuss their experiences
in the health care system. Through semi-structured interviews, their testimonies were
videotaped and presented to health care managers during a workshop. Results: The
testimonies exposed issues and their appreciation of health and social services under
the themes of the ability to meet their needs and expectations, coordination and care
trajectory, home help services and potential improvements. Discussion: The testi-
monies of these elderly patients are particularly touching and informative. Although
the data cannot be generalized, they can serve as an exploratory basis for reflection
on improving health care and social services for the elderly population by ensuring
that their needs are at the heart of our priorities.
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1 Introduction

Understanding citizen/patients’ experiences of care, both positive and negative, their
perspectives on what worked well and what could be improved, is increasingly useful
for health care and social services systems. Their voice helps to focus on their
expectations and priority needs, which can provide useful solutions to persistent
organizational problems.

The elderly are high users of health care and social services. People over the age
of 65 account for approximately 45% of hospital days in Europe and America [1, 2,
3]. Also, this age group is growing faster than the allocated funds needed for care
[4]. This clientele is associated with poor health outcomes in the short term (hospital
morbidity, hospital-acquired infections, falls, and pressure sores) and longer term
(increased likelihood of hospital readmission, reduced quality of life, and increased
levels of dependency [5, 6]. In addition, fundamental care, commonly referred to as
basic care, is very frequently neglected with this assistance-requiring clientele [7]
especially when resources are low [8, 9].

Despite many recommendations for improving health care and social services for
the elderly [4], outcomes do not get better over time. Thus, capturing the perspective
of older citizen/patient partners allows us to better target their needs and expectations
in their different care trajectories. A better understanding of their priority needs and
expectations can lead to better planning and organization of care that can, in turn,
lead to better outcomes for both the individuals and the health care system [10, 11].
However, involving the elderly in reflections on the organisation of the health care
and social services is a challenge given the different characteristics associated with
aging (age, mobility, neurocognitive disorders, comorbidities, frailty, etc.). Indeed, in
addition to the physical and psychological effects of participating in focus groups and
the necessary travel, ethical challenges often limit their representation in discussions
on improving health care and social services. To enhance engagement, Bobard et al.
[11] suggest creating a supportive environment as a strategy, such as meeting citizen/
patient partners in their homes and fostering a positive atmosphere that promotes
mutual respect and collaboration.

This manuscript aims to expose the voices of the elderly on their health care and
social services trajectories in the province of Quebec and offers an overview of the
reactions of managers involved in clinical and administrative decisions in health care
institutions and social services.
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2 Methodology

2.1 Context of the Workshop

In the context of the Summer School in Health Services Management of the Faculty
of Administration of Laval University (Quebec, Canada), professors, master and
doctoral students as well as citizen partners formed a team to organize an awareness
workshop on the perspective of the elderly using the health care and social services
in the region. This event brings together managers in the health and social services
field from both the public and private sectors in Quebec and France. In order to hear
the voice of elderly and to facilitate their participation, a citizen partner generously
offered to meet them in their living environment.

2.2 Process and Strategies Used to Meet with Elderly

An interview guide was developed and validated by all team members (Appendix
1). Simple, concise questions, worded at a literacy level appropriate for the target
population were developed on five themes: (1) Isolation of the elderly, (2) Relation-
ships with health professionals, (3) Healthcare accessibility, (4) Advice for managers,
(5) Attificial intelligence and technologies in healthcare. The team identified main
questions for each theme and sub-questions to accommodate the volubility of the
participants. To make the participants comfortable, a few random questions about
their lives, well-being, or daily lives were asked before the interviews began. Partic-
ipants were invited to express themselves freely. Their speech was never rushed by
the interviewer. The interviewer only tried to reframe the conversation towards the
predetermined themes while letting the participants develop their thoughts fully. The
participants were extremely generous with their time and were able to receive good
listening skills from the interviewer. The interviews were approximately 30 min in
length to avoid causing physical or psychological fatigue in the participants. The
interviews were filmed by a member of the research team in order to diffuse them
at the workshop. An inductive approach was used to analyze the interviews [12].
Each interview was independently watched by two members of the team to iden-
tify key learnings. They then present all the samples to the research team to reach
a consensus and validate the themes. Video samples were reorganized in inductive
themes: (1) Ability to meet needs and expectations, (2) Coordination and trajectory
of care services, (3) Suggested improvements.

The characteristics of the interviewer and her approach were very important in
gathering meaningful data. The citizen partner who conducted the interviews is
herself of a certain age, has lived through experiences of health and illness in the
health and social services network and has also worked as a resource person for the
elderly. This strategy of using a person who shares similar characteristics to the people
we met is intended to be effective. Older people may fear, refuse or hold back their



166 M.-S. Hardy et al.

words if they are interviewed by a much younger person, researcher, health profes-
sional or manager. The interviewer must also have an attitude of openness to the
other person, be gentle, welcoming, put herself at the same level as the older person
and speak slowly. In addition, the participants recruited knew the citizen partner well
since she regularly visited them to provide support with domestic tasks or emotional
support. The interviewer therefore had a bond of trust with the participants, which
facilitated the exchange and their participation.

Finally, it was easier to meet the elderly participants in their own environment.
In addition to avoiding a trip, which can require a lot of effort for the elderly person
and cause fatigue and physical effects, this strategy facilitates the expression of the
persons feelings.

2.3 Characteristics of the Elderly Participants

Nine elderly people, living in their own homes or in retirement homes, agreed to
participate in a semi-structured interview and to be filmed. The citizen partner was
asked to recruit a heterogeneous sample of elderly to represent different needs and
perspectives. The participants came from different socio-economic classes, lived in
different living environments and had different health conditions. They all signed an
information and consent form prior to their participation.

2.4 Characteristics of the Participant Managers
at the Workshop

At the Summer School in Health Services Management of the Faculty of Admin-
istration, 43 managers participated in a day dedicated to the basic concepts and
foundations of participation and integration of citizens/patient partners in organiza-
tional and decision-making committees in the health sector. These French-speaking
managers came from various healthcare institutions in Quebec and France.

During the workshop, managers were invited to react and discuss after each
video presented. Professor Hardy and two citizen partners facilitated the discus-
sions. The next section presents a summary of each video, as well as the reactions
of the participating managers and an overview of the discussions.
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3 Results: Summary of Videos and Managers’ Reactions

In the first video on the theme of “The capacity to respond to the needs and expec-
tations of the elderly”, seniors talked about their experiences in the health care and
social services system. What they mainly reported was the lack of attention to their
needs, especially their need to be listened to and accompanied both morally and
physically. A strong desire for professionals to use a more holistic approach adapted
to the elderly person and his or her personal situation was heard. According to them,
this holistic approach could also contribute to alleviating the feeling of isolation
experienced. Some of the comments also showed a dehumanization of care that
translated into hygiene care schedules that are disrespectful of the patients’ rhythm,
and a rigidity in the supply and routine of home care.

Managers were touched by these interviews because they provide a window into
details related to personal care experiences that lack personalization and person-
centered care. Although the majority of health care facilities and social networks
claim that humanistic values and person-centred care are embedded in their facility
vision, managers too often find themselves removed from the actual experiences of
the patients and families who use their services. They do not have a realistic idea of
care, one that is marked by real experiences and emotions. This short video was an
opportunity to get closer to the reality of the elderly and to see the importance of
being interested in their needs in order to better understand, guide and care for them.
Finally, some managers expressed their lack of solutions. Faced with the current
challenges, the shortage of peoplepower and resources amplified by the pandemic,
realistic solutions that can be put in place quickly are difficult to establish. Recog-
nizing the need to do things differently, to revisit the vision of productivity so that
time devoted to the patient is valued, must be prioritized.

The second video dealt with the theme of “Coordination and care trajectory”.
In the different situations presented, the elderly emphasized the confusion they felt
when accessing health care and social services depending on their current condition.
The fragmentation of care and the hyper specialization of medicine were often ill
suited to the comprehensive management of comorbidities in the elderly. However,
we also hear their recognition when they feel accompanied and listened to by health
professionals. Difficulties in accessing health care and effective coordination of care
trajectories are current problems that affect older populations in Canada as much as
in Europe. Access to care and continuity of care are also a challenge. The elderly
recounted experiencing uncertainty in the face of a new health episode. The number
and complexity of different information received by a wide range of stakeholders
made them very anxious. As proposed by one participant, they need a health profes-
sional they can trust to accompany them throughout their episode of care. Interven-
tions adapted to the characteristics of their illnesses, aging and their priorities are
desired.

The managers present noted the desire of the elderly to be better informed about
what is being done in the various settings throughout their care trajectory. All agreed
that it should not be up to the patient or their family members to find the “front
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door” to the system when they need to access care and services. In sum, participants
recognized that valuing the voice of the older person could be a real catalyst for
change to reverse current paradigms. Recognizing the intelligence and resilience of
the elderly can certainly help managers find solutions to improve coordination and
care pathways.

The third video showed different realities of home care services. We could hear
different situations of the elderly still living in their homes and others who are in
apartments. What stood out the most from the testimonies was the need for self-
determination and independence. Indeed, they clearly stated their desire to remain as
long as possible in their residence, which is in line with the objectives of maintaining
frail elderly people in their homes. Some of them feared being separated if they
moved to a nursing home because they do not always have the power to choose
which department or which residence they can move to. Often, it depends on their
healthcare needs. However, faced with their various needs for help and support, there
is a lack of resources to meet them. Also, the steps to be taken to ensure that services
are put in place are complex. Often, they have no choice but to consider moving.

The various managers present mentioned that services exist in the community, but
that they are variable. In their opinion, what seems to be the most problematic is the
lack of knowledge of homecare services available to the elderly. Coordination and
getting the right care and services in place in a timely manner were also challenges.
Better coordination and support to take the steps to choose and implement the right
services at the right time could certainly allow the elderly to feel accompanied,
reassured and avoid other problems. In addition, the characteristics of older people
mean that changes related to their health and aging make it difficult for them to
deal with the various community organizations and to manage the implementation
of services on their own can be a source of anxiety for the older person. This can
even limit the use of these services.

In the final video, the elderly interviewed suggested improvements they would
like to see in the health care and social services system. The testimonies were full of
hope which created a tangible sense of positivity and affirmation in the workshop with
managers. Improvements in the coordination of care, the human and personalized
approach of health professionals, listening, support, but above all, the wish to be
treated as a whole person and not just as a disease was mentioned. Older people
also stressed the need to break down silos and practices to facilitate access to care
and make care trajectories more fluid. A common testimony was having multiple
specialists to listen to and feeling lost and confused with all the recommendations.

The managers were amazed to hear the accuracy of the elderly patients comments
and the analytical capacity that emanated from their suggestions. In short, this last
vignette reinforced the need not only to be open to the perceptions of the elderly and
to listen to them, but also to make them essential collaborators in the improvement
of tomorrow’s health care and social services.
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4 Discussion

The testimonies of the elderly and the reactions of the managers are in line with the
real problems of the care system and the current research.

Testimonies of the dehumanization of care and a partial response to their needs
are consistent with current concerns in nursing. Fundamental care involves actions
on the part of the nurse that respect and focus on a person’s essential needs to ensure
their physical and psychosocial wellbeing. These needs are met by developing a
positive and trusting relationship with the person being cared for as well as their
family/carers [13]. Feo and Kitson [14] noted that there are significant gaps in the
provision of basic care for both physical and psychosocial needs, affecting the safety
of older adults and leading to adverse health outcomes and poor care experiences.

In the same sense that the elderly and managers have mentioned, many authors
have pointed out different problems related to the coordination and continuity of
care. The fragmentation of care processes, unsuccessful transition of care, problems
related to lack of information or communication breakdowns between caregivers are
just a few examples documented in the literature and for which we know the negative
impacts on the population [15-17]. Finally, the desire of the elderly to maintain their
autonomy and to remain at home as long as possible characterizes this population.
Many contemporary health care systems are aiming for a broader range of home care
services in order to keep this clientele as independent as possible in their own homes.
However, various issues in the provision of services remain current.

5 Conclusion

Giving voice to the elderly by inviting their testimonies about their health experiences
and avenues for improvement can certainly provide answers and points of improve-
ment that had not been considered previously by managers and organizations. Their
suggestions were mostly simple and efficient. Their testimonies touched our values
and practices. Particular attention must be paid to the testimonies of the elderly
patient population to better meet their needs. In the face of an aging population and
the growing health care and social service needs of this patient segment, visiting
them and hearing their stories can certainly help to unlock innovative solutions to
the problems that can no longer be sustained. In the fine details of these testimonies,
there are inevitably concrete, humane and effective solutions that need to be heard.
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Questions—Health Care Needs and Services for Elderly

Isolation

Are there times when you feel alone or less involved when
interacting with health care professionals?

— What support services would you like to have during your care or
during your daily life (support from a psychology
professional...), If in a nursing home: Did you feel well
accompanied and supported during your stay?

— In your opinion, what are the strategies to break the isolation?

— Do you think it would be good to implement changes to mitigate
the effect of isolation during your care and promote better social
ties (e.g., mobilize technology to facilitate maintaining contact
with family members, avoid “opaque” rooms to have more open
spaces where other patients could be visible, give patients the
opportunity to converse with each other via loudspeakers or other
technological tools for hygiene precautions, entertainment
programs, etc.)

Relationships with health
professionnals

Do you feel listened to by the professionals? Do you have any
examples of situations?

— Were you satisfied with the time between communicating a need
and when it was met?

— Do you feel important when you are in contact with health care
professionals?

— What do you think are some strategies and ways to break the
isolation?

— What tips would you suggest to make you feel more important in
a situation with other professionals?

Health care access

What difficulties do you encounter in making an appointment or
accessing a health care or services?

— What was the longest wait time to access your care? And what
service was it for? How would you have liked this situation to be
handled?

— Did you find it difficult to find the relevant information to know
where to go for your care/ or understand the different options
available to you?

— In general, what improvements do you think could be made in
public care for the elderly?

— Do you feel valued in your appointment with a care professional
or in your visit to a health care facility?

— Have you been hospitalized? If so, were you offered a suitable
service for your return home? How did you find this experience?
How was your return home after your hospitalization? (e.g. did
you get the help you needed at the right time?)

— What would you suggest to improve your stay here?

— Were you able to communicate your needs freely during your
stay?

(continued)
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(continued)

Advice Today you are being recorded to present this vignette to managers,

so what would be the advice/tips you would like to pass on to them
so that they can meet your needs and those of the elderly in general?

Al and technologies (Optional) How do you feel about using technology to access care?

— Are you comfortable with the collection of personal data to
improve health services through artificial intelligence techniques?
Do you think it infringes on your privacy?

— Would you be comfortable with the use of technologies such as
Artificial Intelligence to improve the quality of your stay (e.g.
early detection of ailments, intelligent analysis of symptoms, etc.)
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the Daily Lives of Patients and Their
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Abstract The regional project proposed by the French Red Cross aims to improve
the daily lives of cancer patients and of their caregivers. The first statistical part, based
on an in-depth survey via questionnaire among 515 patients and 468 caregivers, was
used as a springboard for our additional study. It deals with the same subject using
the Value Management approach. The functional analysis, a key element of this
approach, examined patients, their caregivers and the various stakeholders that we
involved through two focus groups. Five meetings were held to identify and confirm
information from the focus group discussions. These meetings were facilitated using
an approach that we will present, and which was used to build the necessary consensus
to develop suitable solutions within this complex context. The findings highlight the
challenges faced in daily life, particularly the need for information, psychological
support, and coordination among the involved stakeholders. Consensus was reached
on initiatives such as the creation of a “caregiver’s guide” and improving collabora-
tion between healthcare professionals and community organizations. This approach,
combining quantitative and qualitative methods, offers promising avenues to enhance
the support provided to individuals with chronic illnesses in other contexts.
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Table 1 Elements of the statistical survey on patients and caregivers

Patients—n = 515 Caregivers—n = 468
Men/Women 40%/60% 47%153%
Average age 63 years old (21 to 91) 59 years old (19 to 90)
Urban habitat 50% 47%
Family situation (couple) 73% 83%
Level of education 67% completed high school 67% completed high school

1 Introduction

1.1 Statistical Study Prior to the Project

The study of the daily lives of cancer patients and of their caregivers is part of the
healthcare field, with all the complexity of its context, the parties involved and the
many challenges [1]. Our work is proposed by department no. 54 of the French Red
Cross and supplements a vast survey conducted among 515 cancer patients and 468
caregivers. Two specific questionnaires of 10 and 11 pages respectively, with a total
of around 200 questions, were administered. These questionnaires were developed,
administered and handled by clinical medicine experts and evaluators (Table 1).

In the short term, the goal is to identify the difficulties and needs experienced on
a daily basis by cancer patients at their initial onboarding, when they relapse or when
the disease progresses, as well as during the post-therapy follow-up phase, until two
years after the initial diagnosis or diagnosis of relapse.

In the medium term, it’s a question of implementing improvement actions based
on data collected, emphasising training, coordination and strengthening connections
between existing support systems.

1.2 Value Approach to the Daily Lives of Patients and Their
Caregivers

Our contribution involves interpreting the first statistical results, interviewing stake-
holders and developing scenarios for value creation by offering concrete solutions.
The various actions will be carried out over a short period of three months.

Itis a rich topic and our contribution may prove relevant. However, the fact that an
in-depth statistical survey in the field is ending at the same time is tricky to manage,
so we have identified three pre-requisites.

1. Having strategic, tactical and operational contacts suited to the subject, in partic-
ular health professionals from the Nancy CHU (university hospital) and from the
regional oncology network ONCOLOR. They will be contacted along with the
caregiver associations and institutional partners from the city.
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2. Encouraging interaction between the project customers, patients, their caregivers
or representatives, and stakeholders such as health professionals, associations and
city services. This interaction will be achieved through two focus groups.

3. Approaching the subject from a functional standpoint, i.e. thinking about function
before seeking solutions. The Functional Analysis used within the meaning of
the standard is known by a few participants.

2 Tools and Methods Proposed

2.1 Focus Groups

The focus groups are platforms for communication aiming to qualitatively collect
subjective information such as opinions, motivations, images or representations
relating to a project for the development or improvement of a system (product,
process, organisation, etc.). Sometimes referred to as consumer meetings, focus
groups have participants who share their ideas, openly or secretly, and talk about
representations currently in development.

To represent and then characterise the complexity of the context of the topic
to be addressed with its target, two focus groups were created. The participants of
focus group 1 are institutional representatives from the city, the ARS (regional health
agency), the oncology network ONCOLOR, with a total of 10 participants. Focus
group 2 features users, patient associations and health professionals, with a total of
9 participants. We organised two meetings of around two hours per group, as well as
a plenary session to identify common proposals.

How the Focus Groups Work

Before the first meeting the participants all received the patient questionnaire and
the caregiver questionnaire. The focus group meetings began with a reminder of the
objectives and of the information from the first statistical analyses.

Organisation of Focus Groups

After a review of the objectives and the schedule, we presented some informa-
tion from an initial sorting of the returned questionnaires. Figure 1 illustrates the
organization of the focus groups, detailing the key steps and main discussions.

Meeting 1: Quick, targeted review of the questionnaires and of the initial results,
functional proposals and discussion on the goals and action plans to understand the
rationale.

Meeting 2: Review of the action plans related to the questionnaires, proposed
terms of action with the resources considered.

Meeting 3: Summary of goals, rationale, action plans, resources, proposed ranking
with rationale and consistent methods.
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Fig.1 Organisation of focus group meetings

Well thought out feedback on discussions during each meeting was established
with items for the coloured abacuses. The questionnaire results served as a report
and a springboard for discussion at the next meeting.

2.2 Functional Approach to the Project

This approach comes from the Value Analysis approach standardised [2, 3] at the
European level and used in industrial companies and in organisations mainly in the
health and social sector. Figure 2 illustrates the approach to functional analysis.

In the overall value management approach, we will specifically use the functional
analysis with the external environments and the functional tree [4, 5]. The colour
abacuses will supplement the consensus in the focus groups.

2.3 Colour Abacuses: A Method for Empowering Focus
Groups

Colour voting provides a shared language using colour-coding (Fig. 3) to organise
group work or work in a network of participants [6, 7]. An app facilitates use since
it lets you interview participants, collect results and analyse them [8].

This method uses items that are brief statements on which participants “announce
their colour”. This produces a raw data matrix.

Instead of simple vote collection, this method is an instrument for dialogue and
clarification of positions. We can address points of consensus and disagreement
that become visible, to release collective intelligence. The matSrix of items (Fig. 2)
classifies items according to their degree of consensus, whether they are favourable
or unfavourable [9].

It was agreed to carry out well thought out feedback on the discussions that took
place in each meeting. The colour abacus method will use items or proposals from the
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Fig. 3 Colour abacuses: levels of assessment, raw matrix and item matrix

discussions between participants during the meeting. The feedback with the colour
abacuses will serve as a springboard for the next meeting.
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Fig. 4 Functional analysis of external environments

3 Implementation of the Project and Results

3.1 Functional Reading of the Project

The questionnaires from the statistical survey and more specifically the main topics
addressed, enabled us to propose external environments and identify functions [10]
with the following:

— the aim of the survey: organisation of the daily lives of patients and their caregivers.

— the context with its external environments which represents the environment
in which this organisation will be created. We identified 12 elements of the
environment, organised into 5 categories which will be revisited.

— 13 functioning or function objectives (Fig. 4).

These various functional objectives are then structured into a functional tree
(Fig. 5) which gives an idea of the possible functioning [11].
3.2 Focus Group: Organisation of Meetings and Results

In this part we will present the organisation of discussions during meetings and the
results of the colour abacus questionnaires.
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Fig. 5 A functional reading of the daily lives of patients and their caregivers

Discussions During Meeting 1 of Group 1

After focusing the debate on the patient and the caregiver, emphasising daily life
rather than the illness, the group addressed the following points:

— the notion of emergency situations, not just in medial terms.
— the options for support for the caregiver, in particular listening to the patient.
— an increasing desire for contact with others, the principle of “helpful neighbour”.

These discussions led us to draft a list of 15 items for participants. These items
constituted the content of the colour abacus questionnaire.

The feedback from questionnaires administered between meetings 1 and 2 served
as a report on the points addressed in meeting 1, and above all as a guide to identify
the key points, whether they are the subject of consensus or disagreement [12]. The
table below shows an extract of the classification of 15 items in decreasing order of
consensus (Table 2).

Discussions During Meeting 1 of Group 2

We addressed the caregiver, their role and their tasks. The caregiver must assist
with material, social and medical needs concerning the patient, despite their own
constraints and limits. We also addressed the role of health professionals, particularly
dispensary pharmacists, in terms of listening to patients concerning their daily lives
and relations between the patient and their caregiver(s).
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We also addressed the role of health professionals, particularly dispensary phar-
macists, in terms of listening to patients concerning their daily lives and relations
between the patient and their caregiver(s).

The colour abacuses between meetings 1 and 2 served as a report, and above all
a guide to identifying the key points, whether they are the subject of consensus or
disagreement (Table 3).

Discussions During Meeting 2 of Group 1

Coaching, as a contact or support person, could be an essential resource as part of a
support structure for caregivers, aiming to meet needs expressed or alert situations
connected to the patient’s care. Supervision of volunteers and training of caregivers
in medical issues do not present any specific difficulties. It is essential to take into
account the uniqueness and thus the specificity of requests, whether they concern
material, psychological support or both.

Discussions During Meeting 2 of Group 2

Group 2 discussed how the caregiver operates and specifically their worries. There-
fore it would seem useful to offer a “guide” to the caregiver, allowing them to plan
ahead and to take a step back in certain tricky or complex situations. This would be
a new profession for the person acting as this “guide”, and a psychological aspect
would be needed for listening and understanding. The person should have a practical
and pragmatic attitude to respond simply and effectively to questions identified.

The patient is generally assumed to be well-informed about their illness and their
medical treatment. For problems concerning daily life, the existing proposals do
not address the patient’s specific situation or the many problems faced when they
leave hospital. Non-hospital health professionals such as doctors, pharmacists and
nurses are valuable resources for facilitating the daily lives of patients and detecting
moments of fragility.

Discussions During Meeting 3 of All Groups

This third focus group meeting involved all participants from focus group 1 and 2
and aimed to map out consensual solutions and implement them.

The work of meeting 2 of groups 1 and 2 showed a certain convergence of
proposals. 13 items were identified and then submitted for the participant’s assess-
ment. The abbreviated form of the item will be used for reading the detailed analysis
(Table 4).

The items proposed add to or converge with the topics discussed in meeting 2.
Certain points were clarified or supplemented:

— Concerning the vocabulary, terms such as social workers, referring caregiver,
support workers, best practices and coordination of support workers, were
explained.

— The tricky issue of information and training was addressed.
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Table 4 Abbreviated form of 13 items for meeting 3

1—Patient info

The patient is informed on the information and medical decisions
concerning them

2—PV have The patient has all the information to decide by themselves on the
knowledge referring doctor’s intervention

3—TS have Health professionals have a good overview of the patient daily live
knowledge

4—PV have Health professionals can operate effectively within the patient daily live
resources

5—TS have There are many useful existing solutions to answer patient” questions
resources

6—Tools exist

The are many useful existing solution, we need to find the right one

7—Access tools

The current status of solutions leaves some gaps where suitable proposals
must be made

8—Coord needed

There are many useful existing solutions to answer caregivers’ questions
on their assignments

9—Coord and AR

There are already many supports, we need to work on their appeal, quality
and accessibility

10 — AA Training

Depending of the type of problem experienced by the patient, several
caregivers many intervene in a coordinated manner

11—AA support

Accessible ‘referring Caregivers’ should be considered in order to
capitalise

12—Network meth

The ‘Referring ‘Caregivers’ must have specific skills and/or training

13—Evaluation

Developments (technological, societal) must be taken into account

— The role of non-hospital medical professionals, particularly as regards the infor-
mation that they may provide and the possibilities of being involved in the daily
lives of patients and caregivers, was clarified.

We administered a questionnaire using colour abacuses, and 17 people responded:

12 health professionals (dispensary pharmacists, hospital pharmacists, doctors,

executives, nurses), 2 institutional participants (ARS and city), 3 representatives
(neighbourhood life, social worker, paramedic).

The respondents used the range of choices of colour abacuses: from strongly agree

to don’t know how to respond.

The tables below give an overview of the data processing.
This matrix gives an overview of a strong consensus on 13 items, 1 participant is

very much opposed to the proposals (5 out of 13), and 2 others do not wish to respond
(3 and 5 proposals out of 13). Lastly, the matrix of items gives a classification of the
items according to consensus in terms of acceptance of the item independently of
the participant (Figs. 6 and 7).

It is this last matrix that served as a guide for facilitating the discussions during
meeting 3 of the focus group.
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The 3 items numbered 8, 11 and 12 garnered strong consensus. They deal with
support workers, a term that needs clarification. Even though the term was clarified
with the questionnaire “support workers are volunteers and as such different from
paid caregivers”, it remains too vague for the participants in meeting 3.

The items numbered 1, 6 and 9 enable us to work more in-depth on the notions of
referring caregiver and information. Patients are often well-informed, but there may
be exceptions, since some patients may refuse to hear information about medical
decisions. The referring caregiver, also known as resource caregiver, should have
documentary resources and connections with associations. It is important to establish
what could be called the “Basic kit” to provide the right information at the right time
and to the right person (whether this is the patient, the caregiver or the support
persons). This role of resource referring caregiver may be filled by a local individual,
such as a person at the level of the city or the municipality, acting as a go-between in
a specific geographic area. Their profile could be similar to that of a social worker.

The items led us to address the role of non-hospital medical professionals that
have interesting and relevant information about the daily lives of patients and their
caregivers (item 2), but have few resources to act (item 4). This observation is similar
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for social workers (item 3 and 5). The responses to item 7 confirm the observation
that the tools are not always suitable and easily accessible.

4 Discussions on the Project, the Results and the Method

Management of the project encouraged interaction between the main players and the
stakeholders on the complex subject of the daily lives of patients and their caregivers.
The use of relevant focus groups and colour abacuses shed light on the priorities of
each focus group, then offered consensus for action at the final meeting.

The consensus points achieved at the plenary meeting united the parties involved
in finding appropriate solution pathways.

These solution pathways are a logical continuation of the functional approach,
which proposes an operating method in the form of functions, rather than a finalised
solution. The complexity of the project’s context shows that it is necessary to make
progress on solution pathways and consensus points before moving to the stage of
the possible concrete and finalised solutions.

The entire approach, both functional and consensual, including the focus groups,
forms an overall system that enables us to address this complexity, and progress from
a problem to pragmatic proposals that suit the context. These methods, including
visualizations, allowed greater productivity of groups and facilitated the search for
consensus or dissensus. This aligns with the findings of Dimara [13].

The solutions are not limited to isolated recommendations but provide a coherent
framework to address the complexity of patients’ and caregivers’ needs. For example,
creating a dedicated guide for caregivers and establishing a local support network
were identified as consensus priorities.

The complexity of the context was also addressed through a comprehensive statis-
tical analysis. This analysis consolidated the progress made during focus groups by
providing robust quantitative data on the needs and priorities of patients and care-
givers. The statistics enriched the understanding of critical pain points and vali-
dated the proposed solutions. This underscores the importance of a complementary
approach combining both quantitative and qualitative analyses.

Finally, the integration of stakeholders into the functional and consensus-driven
process transformed an initially complex issue into pragmatic proposals tailored to
the local context.

5 Conclusion

Our work offers an innovative approach to improving the quality of life of cancer
patients and their caregivers. Combining a methodology based on value manage-
ment, focus groups featuring stakeholders and the use of colour abacuses, we were
able to address the complexity of daily life in a comprehensive way. The results
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obtained helped us identify consensus points and put forward appropriate ideas for
action. These solution pathways, coming from the participants themselves, offer a
concrete perspective for meeting the specific needs of patients and their caregivers.
This approach, combining quantitative and qualitative methods, offers promising
avenues to enhance the support provided to individuals with chronic illnesses in
other contexts [14].
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Collective Analysis of Work to Increase )
the Amount of Time Spent with Patients. | @
A Case Study Looking at the Value

of Activities Using the Lean Approach

Noura Zaghmouri® and Julien Husson

Abstract For several years now, healthcare professionals have expressed their frus-
tration at the increasing number of administrative and logistical tasks that take them
away from patients’ bedsides, where their work is most meaningful. In March 2022,
the French Senate published a report on the state of hospitals and the healthcare
system in France. Faced with a “never-ending crisis” (Speech by Emmanuel Macron,
presentation of the National Health Plan, 6 January 2023.) and a feeling of loss of
purpose widely expressed by healthcare professionals, “we need to put patient care
back at the heart of the hospital professions, which are too far removed from it because
they do not have enough time to devote to it” (Commission of Inquiry Report No.
587 (2021-2022), Volume I, published on 29 March 2022.). Lean, a method of reor-
ganising processes that focuses on customer-perceived value, would appear to be a
promising solution to the situation described above. Based on the following research
question: “How can collective analysis of work during lean healthcare implementa-
tion contribute to increase the amount of time spent with patients?”, we will explore
ways of analysing the activities carried out by healthcare professionals in order to
increase the amount of time devoted to care. Our research is based in the geriatric
ward of a hospital group. For a number of years, this ward has faced major organisa-
tional difficulties that have led to occupational burnout. The results show the potential
for refocusing healthcare activities and limiting non-value added tasks, based on an
analysis of the tasks performed by professionals in the field.
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1 Lean Healthcare, a Work Analysis Focusing
on the Added Value of Tasks

1.1 Lean Management

The term Lean was first introduced in 1988 by Krafcik, a researcher at the
Massachusetts Institute of Technology (MIT), to define the method associated with
the success of the Japanese production system Toyota Product System (TPS), which
was developed within the Toyota industry in the 1950s [1]. The TPS aims to eliminate
various types of waste throughout the value stream, based on one of its key princi-
ples, Just-in-Time [2]. Taichi Ohno, the founder of TPS, identified three components
of waste: Muda (non-value added tasks), Mura (variability) and Muri (excesses,
overburdening professionals) [2, 3]. Furthermore, according to the TPS principles,
workflows must be analysed collectively by professionals in the field, by introducing
a managerial philosophy that promotes the development of skills [4].

Lean was formalised by transposing the TPS management philosophy. The
approach is based on practices and tools taken from the TPS, but also on quality
management theories [2, 5]. While the original concept of Lean was an anti-Taylorism
revolution [6] that challenged notions of control within organisations, today’s Lean
has moved away from its original principles by reverting to a form of neo-Taylorism
to become productive Lean aimed at reducing costs [6]. As a result, Lean could
be seen as a cost-cutting method, associated with work intensification and with an
impact on psycho-social risks [7]. This evolution of Lean has led to a variety of
applications of the approach and divergences within the Lean community [8—10].

For the purposes of this study, we consider the Lean approach according to its
original principles, which lead to a socio-technical vision of work [8], and approach
it as an organisational model built around an organisational culture that supports
learning, managerial principles that encourage the commitment of professionals, and
methods that aim to organise activities around the value perceived by the customer
(customer-perceived value) [3, 11].

1.2 Lean Healthcare, a Promising Management Philosophy
Jor Hospitals

After observing the positive results obtained in various sectors, Lean Management
was introduced into the healthcare sector to become Lean Healthcare, defined as a
method of reorganising processes with a focus on the value perceived by the patient
[12]. It can be seen as a management response to the desire to control resources while
limiting waste, which in this case is considered in its entirety. Hospitals in the US and
UK have been recommending its use since 2002, following a number of successful
trials [13]. There are also several examples in the literature that highlight the results
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of the approach in terms of quality of care, waiting times and financial outcomes
[12-15].

However, despite being implemented in a number of hospitals in Europe, Asia and
America, the results of Lean Healthcare are still difficult to generalise [13]. Critics
also point out that the application is often limited to tools and rarely focuses on the
value perceived by the patient [16—18].

1.3 The Value Stream, a Key Element in Implementing
the Lean Approach

Implementing the Lean approach is part of a series of steps aimed at perfecting the
value stream [3]:

1. Define the value

2. Identify the value chain

3. Make the remaining steps in the value stream flow by eliminating all non-value
added activities

4. Use a demand-driven system that only produces goods or services requested by
the customer

5. Aim for perfection

When value is defined by the customer [3], it can be difficult to focus on it, given
the productivity and average length of stay targets imposed by changes in funding
methods, resulting in less time spent in care [19, 20]. As a result, administrative tasks
have multiplied to the detriment of time spent with patients, even though this appears
to be a source of added value of activities and an important factor in attracting and
retaining healthcare professionals [21, 22]. A recent report by the French Senate enti-
tled “La situation de I’hopital et le systeme de santé en France” (The state of hospitals
and the healthcare system in France)! highlights the need to restore the amount of
time spent caring for patients, particularly in light of the declining attractiveness of
the healthcare professions and the shortage of resources and skills, which means that
better use needs to be made of them. But healthcare activities do not always seem to
focus on value-added activities. They do, however, appear to be a lever for creating
a sense of purpose and attractiveness for healthcare professionals, who are essential
resources in the value stream [23].

! Commission of Inquiry Report No. 587 (2021-2022), Volume I, published on 29 March 2022.
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Table 1 Interviews conducted

Position Length of the interview (min)
Managing director 87
Continuous improvement manager 74
Lean specialist 68
Nursing manager 37
Nurse 1 66
Nurse 2 48
Nurse 3 51
Nurse 4 38
Director of nursing 35
Process coordinator 55
Doctor, medical director 54

2 A Question for Empirical Research

Rethinking the value stream using the Lean approach could be one way of addressing
the shortage of human resources and the associated attractiveness issues. Here we
question the ability of Lean to improve patient-defined value while meeting the
expectations of healthcare professionals who want to spend more time with patients,
and pose the following research question: “How can collective analysis of work
during lean healthcare implementation contribute to increase the amount of time
spent with patients?”.

Our research is based on a French hospital group with over 300 doctors and almost
2,250 employees. The hospital group’s management is committed to value-based
strategic positioning and management approach (Annual Report 2020). Since 2019
and following the recruitment of a Managing Director who is strongly committed to
a continuous improvement approach, management has developed a Lean approach.

The aim of our research is to identify the ways in which the concept of value is
analysed during the implementation of Lean Healthcare. This research was conducted
during a Kaizen? project in a geriatric ward with high levels of staff absenteeism and
occupational burnout.

We adopted a qualitative approach [24] and used a triangulation of data sources,
combining semi-structured interviews with personnel involved in implementing the
Lean approach, observation periods documented in a logbook, and documentary anal-
ysis tracking the implementation. Participants were selected according to a theoretical
sampling strategy designed to capture the experiences of the facility’s managers and
professionals involved in the continuous improvement project (Table 1). Additionally,
patients who had been hospitalized during the project period were interviewed.

2 Kaizen is Japanese for continuous improvement.
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The interview guides were based on the themes of value and participation in work
analysis and were adapted to the interviewees. The transcribed interviews were then
subjected to a multi-theme coding process. For the purpose of coding the collected
data, NVivo software was utilized to conduct a thematic content analysis. An open
coding approach was implemented, combining top-down coding from the theoretical
framework and bottom-up coding from the field, in order to approach the process
of data condensation from a comprehensive perspective. Consequently, certain cate-
gories of analysis were defined a priori based on the literature, while others emerged
during the data coding process. The second stage of coding entails linking the first-
order codes to elucidate the main recurrences in the analysis. This constitutes the
axial coding phase, leading to the formalization of categories. In the third phase, the
accumulation of these categories facilitates the emergence of themes, which synthe-
size the key ideas in the data and provide a comprehensive understanding of the
mechanisms under study. The various coding stages contribute to structuring the
collected data, fostering progressive conceptualization.

3 The Added Value of Time, at the Centre of the Collective
Analysis of Work

3.1 Time Spent with Patients, Shared Added Value
Jor Managers, Patients and Professionals in the Field

The interviews elucidate the complexity inherent in the concept of value within
healthcare activities, revealing distinct perceptions among various stakeholder cate-
gories. Nevertheless, the individuals interviewed—patients, healthcare professionals,
and members of management—collectively expressed a shared perception of care,
articulated through various perspectives: optimal resource allocation, minimization
of waste, and ultimately, enhancement of activity value. Patients, professionals, and
management alike perceive nursing time as a significant contributor to the value of
care.

The Value Perceived by Management

The hospital group’s strategy® demonstrates its management’s determination to
mobilise resources effectively and involve all employees in a collective effort to
prevent accidents, lost opportunities, waste and poor quality as part of a safety culture.
The hospital group’s management is particularly attentive to human resources,
the pillars of its sustainability, especially in a context of staff shortages: “our
activity depends largely on human resources, bed closures, department closures,etc.”
(Managing Director). In this sense, they are an essential resource in the value stream

3 The hospital group’s 2018-2023 strategic plan.
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and must be carefully organised to increase the value perceived by patients by
responding to their needs and meeting their expectations.

The Value Perceived by the Patient

In collaboration with the quality department, short surveys have been introduced to
identify patients’ expectations based on the question “What is most important to you
when you are admitted to hospital?” Those conducting the surveys are positioned
at key points where patients pass through, such as the entrance hall, and ask the
patients questions. Patients stressed the importance of receiving clear and transparent
information about their state of health and of being able to talk freely with health
professionals about their fears etc. “Not seeing anyone” can be anxiety-provoking
for patients. Thus, the time taken by professionals to be with them is appreciated.

The Value Perceived by Healthcare Professionals

Interviews with nurses highlighted how important it was for them to be close to
patients:

“We no longer have time to talk to patients, and that’s really frustrating” (Nurse)

“We spend most of our time filling in forms, that’s not what I signed up for” (Nurse)

They believe that the added value of their work is the time they spend with patients.

3.2 Implementing the Lean Approach

Management’s ambition is to improve the performance of its activities while focusing
on the patient. With this in mind, it made a strategic decision to implement Lean
Healthcare and set up a Continuous Improvement Team, made up of Lean special-
ists dedicated to innovation and continuous improvement. Short-term Lean projects,
known as Kaizen projects, are implemented with the aim of achieving rapid improve-
ments, thereby creating “team acceptance” (Lean specialist). A multidisciplinary
team has been set up for each of them, consisting of department managers, profes-
sionals in the field and Lean specialists. A rigorous methodology was applied,
combining a census and an analysis of the data in the ward, which allowed us to
objectively identify the organisational difficulties. Improvement measures are then
decided on collectively. The Lean specialist insists on his role in providing method-
ological support: “We bring a methodology and we do it with the people who work
on the ward” (Lean specialist). In this way, the Lean approach is established in
conjunction with a formalised patient-centred strategy and careful use of resources.
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3.3 The Kaizen Project

The improvement project presented was carried out in an acute geriatric ward over
a period of eight days. Concerned about the level of occupational burnout among its
healthcare professionals, the management asked the Continuous Improvement Team
to intervene.

Preparing the Kaizen Project

After setting up a project team consisting of 2 Lean specialists, the ward manager,
4 nurses and a doctor from the ward, an assessment was carried out based on the
perceptions of the professionals. The project team found:

A struggling ward and teams under constant stress;

A lack of time for patients;

An excessive workload for all personnel;

A change in the nature of the tasks required of nurses;

A vague definition of roles and responsibilities;

A lack of time to participate in projects and continuous improvement efforts.

Defining an Added Value Indicator

It was then necessary to define an indicator that best reflects the value of the work
of healthcare professionals: “looking after the patient”, “being close to patients” or
“caring for patients”.

An indicator was jointly developed to measure the time spent with patients, which
is synonymous with the added value of the healthcare activity. This indicator is called
PATIENT FACE TIME and is expressed in two ways:

e Patient Face Time (as a percentage), which represents the proportion of working
hours that a healthcare professional spends face-to-face with patients during an
8-h shift;

e Patient Face Time (in minutes), which is the amount of time a patient spends
face-to-face with a healthcare professional over a 24-h period.

Planning the Kaizen Project

The Kaizen project was planned in the following stages (Table 2):

Table 2 Stages of the Kaizen project

D1 |D2 |D3 |D4 |Ds | D6 D7 D8

Data collection Data analysis and | Defining the | Finalising the future organisation
mapping the future with the supporting departments
existing organisation | and evaluating the results
organisation
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e Data collection—collected from the ward over a period of five days. The aim was
to measure patient face time and to identify and quantify the tasks performed;

e Data analysis and organisation mapping. At this stage, healthcare professionals
categorise tasks by consensus according to whether they believe they add value
or not (value added or non-value added);

e Defining the future organisation—with the aim of identifying solutions to reduce
the amount of time spent on non-value added tasks in order to increase the amount
of time spent on value added tasks;

e Finalising the proposed organisation—aligning it with the supporting departments
and assessing the benefits and efforts involved. This involved quantifying the
benefits and costs of implementation and drawing up an implementation plan.

Data Collection

The data was collected in the geriatric ward over a period of five days. The Lean
specialists followed the healthcare professionals as they went about their work, day
and night. They transcribed all the tasks carried out by the nurses, who accepted their
presence: “We 're happy that they 're showing an interest in our problems, that they’re
coming to see what’s going on in the ward, what difficulties we’re experiencing”
(nurse).

Data Analysis and Mapping the Existing Organisation

The collected data was then collated by the Lean specialists. The tasks identified
were categorised (Fig. 1) and variability described over time (Fig. 2), revealing a high
degree of variability in the work as well as numerous task interruptions, including
those related to receiving telephone calls.

The tasks were discussed with the healthcare professionals in order to distin-
guish between value-added tasks, which contribute to patient care, and non-value

m Transport without patients

® Logistical tasks

= Break
Telephone communications

m Diverse communications

m Patient care (nurse)

m Preparation of equipment and
medications

m Operational administrative

tasks
® Meetings/transmissions

Fig. 1 Average distribution of tasks performed by a nurse at a workstation



Collective Analysis of Work to Increase the Amount of Time Spent ... 197

Fig. 2 Timeline by type of task (average)

added tasks. This led to some heated discussions before a consensus was reached, as
illustrated by the Lean specialist’s report:

"And when they enter products into stock, is that a caring task or a non-caring task? And
then they have to fold the boxes. We asked ourselves all these questions, task by task, in great
detail. We had to go down to a really precise level of detail to be able to identify all these
little actions. And there are so many of them” (Lean specialist).

The data collected enabled us to estimate patient face time at 36 min/patient.
This means that over the course of a day, a patient spends 36 min face-to-face with
a nurse.

It is also apparent that 38% of the tasks performed were considered to be
non-value added tasks.

The analysis identified numerous stress factors, including repeated interruptions
to tasks and tasks that could be carried out by other personnel (Fig. 3).

Defining the Future Organisation and Proposed Action Plan

The desired future situation is then formalised and the members of the Continuous
Improvement Team step aside to give the floor to the professionals in the field.

= Added value (AV) = No value added (NVA) = Required Waste (RW)

Fig. 3 Distribution of value-added and non-value added tasks
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In order to limit non-value added tasks and to combat peaks in activity, which are
a source of work overload, stress and exhaustion, leaving little time for each patient,
measures to balance activities have been proposed, such as:

e Dividing tasks between the nurse in charge and the “Springer” nurse, who assists
with ancillary care-related tasks;

Changing the communication structure to avoid repeating information, etc.
Moving doctors’ visits;

Changing patients’ mealtimes;

Changing break times;

Respecting patients’ sleeping patterns.

These measures were collectively determined by the project team and then
submitted to management for approval. Their implementation, led by the Continuous
Improvement Team, requires support from the management:

“The management helped us a lot with the changes. They had to communicate a great deal,
especially with the doctors. Some of them weren’t ready to accept the changes right away.”
(Continuous Improvement Manager).

The Results of the Kaizen Project

The impact of these evaluation measures was assessed 60 days after their implemen-
tation (Fig. 4). Patient face time increased by 24% (or 13 min per patient).

The collective analysis has therefore led to a significant increase in time spent
with patients.

Face time patient

Face time patient
After

Before

64%
60 mn/patient

41,5%
36 mn/patient

Face Time Patient % = percentage of working time a
caregiver spends face-to-face with patients

Face time patient (mn) = time a patient spends face-to-
face with a caregiver

Fig. 4 Impact of the improvement measures on time spent with patients (Patient face time)
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4 Conclusion

The collective analysis of work facilitates the development of a consensus regarding
the concept of care value, taking into account the multiplicity of perceptions. Beyond
individual interests, time spent with patients emerges as a central element in the
collective interest and added value of care activities. This consensus establishes a
foundation for a collective approach aimed at enhancing the value chain in service
of added value, specifically healthcare professionals. The methodology employed
provides a detailed description and quantification of the tasks performed. The subse-
quent analysis necessitates a consensus to assess the value of the work and identify
tasks considered to be of no added value. It leads to a shared objectification of task
value and enables the critical examination of practices, work organization, and indi-
vidual roles. Furthermore, the support of lean experts proves to be a significant asset,
providing both expertise in the approach and analysis of work, as well as a degree of
impartiality in the face of a plurality of professionals with divergent interests.

By contributing to the creation of value in the content of the work of healthcare
professionals, Lean becomes a lever for quality of life in the workplace, defined as
“a balanced compromise between technical, managerial, organisational and social
logics, which is constructed above all by discussing the reality of work in all its
dimensions (organisation, content, conditions and results)” (Agence nationale pour
I’amélioration des conditions de travail, ANACT—National Agency for the Improve-
ment of Working Conditions). The Lean approach leads us to rethink the different
dimensions of work: how work is organised, the conditions and content of the work,
and the value created by the work [25, 26]

Despite the contributions of the research presented, it is worth pointing out its
limitations, which are mainly related to the methodology, i.e. a case study. Indeed,
the unique nature of the study limits the scope of the results. It would therefore be
worthwhile repeating this study.
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Abstract The Covid-19 crisis has highlighted the vulnerability of healthcare estab-
lishments’ supply chains, highlighting their dependence on a globalised chain that is
primarily focused on economic aspects rather than the essential criteria of robustness
and sustainability. It is becoming imperative for healthcare establishments to adapt
their strategies so as to transcend the current approach focused primarily on effi-
ciency and cost reduction, in favour of an intelligent, integrated supply chain. This
must encourage the sharing of information while promoting proactive environmental
and social initiatives. This article is the first stage in a research programme designed
to provide managers of healthcare institutions with theoretical, methodological and
empirical tools to help them in their quest to transition their supply chain towards
sustainable development. It also aims to propose reliable and robust measurement
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methods and tools for determining the economic (minimisation of supply, produc-
tion, storage and transport costs), environmental (reduction of waste, rationalisation
of waste, reduction of GHG emissions, etc.) and social (working conditions and
patient satisfaction) benefits arising from the sustainable transition of the supply
chain. To do this, we used a narrative literature review. The literature review enabled
us to identify nine key elements which, a priori, favour a sustainable supply chain
transition in healthcare establishments. We grouped these key elements into major
themes, namely the perspective of sustainable development, the prerequisites for
a sustainable transition, best practices for a sustainable transition, the performance
resulting from the transition, and the learning healthcare systems approach, including
the precepts of communicative action. Despite the scarcity of literature on this theme,
this study has enabled us to identify key elements, analyse their interactions and
highlight existing gaps. These discoveries will guide future research in this field.

Keywords Supply chain + Sustainable transformation + Environmental
performance - Learning health systems

1 Background

The Covid-19 crisis highlighted the vulnerability of the healthcare supply chain,
highlighting its dependence on a globalized chain focused primarily on economic
aspects, to the detriment of the essential criteria of robustness and sustainability.
The impact of this vulnerability was particularly noticeable in the supply chain,
especially for masks, medicines, and vaccines. Recurrent structural reforms and
budget restrictions have exacerbated these weaknesses [1].

The current fragility of the supply chain is not limited to the Covid-19 health
crisis we're facing. International institutions, such as the United Nations Environ-
ment Programme (UNEP), point to the likelihood of other, potentially more serious,
impending health crises. By way of illustration, the Bank of America predicts that
disruptions comparable to Covid-19 could occur every five years on average [2],
directly affecting the supply chain of healthcare establishments.

It is becoming imperative for healthcare establishments to adapt their strategies
so as to transcend the current approach focused primarily on efficiency and cost
reduction, in favor of an intelligent, integrated supply chain. This must encourage
information sharing while promoting proactive environmental and social initiatives
[3, 4]. This need is even more pressing in the current context, where healthcare
establishments face the challenge of maintaining efficient, equitable and sustainable
delivery of health and social services in an increasingly uncertain environment. The
origins of these challenges are multiple, encompassing growing demand due to an
aging population, a shortage of manpower, significant increases in logistical costs,
not to mention the environmental consequences inherent in climate change.

Against this backdrop, many establishments aspire to radically transform their
practices. Yet most approach this transformation with a limited understanding of
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the issues and impacts inherent to the healthcare sector. In fact, there is a gap in
logistics management skills among healthcare facility managers [5]. It is important
to emphasize the specificity of the healthcare supply chain, characterized by specific
requirements in terms of quality of care, patient safety, medical supply, and hazardous
waste management. Any failure in this system can have serious, even fatal, conse-
quences for patient health or cause considerable environmental damage [6]. However,
specific research into logistics in the healthcare sector is still lacking [7]. It would
therefore be imprudent to simply extrapolate knowledge from the industrial sector to
fill this gap. We can draw on it for the development of our conceptual framework, but
the need to produce new knowledge in the field of logistics within ESSS healthcare
facilities is both relevant and necessary [6].

This article is the first step in a research program designed to provide healthcare
facility managers with theoretical, methodological, and empirical tools to help them
make the transition to a sustainable supply chain. It also aims to propose reliable and
robust measurement methods and tools to determine the economic (minimization of
procurement, production, warehousing, and transport costs), environmental (reduc-
tion of waste, rationalization of waste, reduction of GHG emissions, etc.) and social
(working conditions and patient satisfaction) benefits arising from sustainable supply
chain transition. In this first article, based on a review of the scientific literature, we
seek to identify the key elements for the development of an optimized conceptual
framework, adapted to the specific needs of health and social service establishments,
for the sustainable transition of their supply chain.

2 Methods

To do this, we used a conventional “narrative” literature review. This method enables
us to update our knowledge of a given subject and aims to identify relevant publica-
tions through a review of the literature that is not necessarily systematic or exhaustive.
This type of review provides an overview of a specific topic, raising issues that are
usually neglected and encouraging further research into the subject. It should be
noted, however, that this type of review is not a summary from which conclusions
can be drawn on the whole body of evidence, unlike the systematic literature review,
whose aim is to produce a more reliable review by considering all relevant data.

3 Results

In its generic sense, the sustainable supply chain is defined by actions that take
account of social, economic, and environmental concerns in supply chain manage-
ment [7]. It covers all phases of a product’s life cycle, from the extraction of raw
materials, through the design, production, and distribution phases, to the use of
the product by consumers and its disposal at the end of the life cycle [6-8]. In
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Fig. 1 Towards the development of a conceptual framework adapted to the specific needs of
healthcare and social services establishments for a sustainable transition of their supply chain

healthcare, the supply chain covers patient flows, bed management, waste, laundry,
catering, supplies and medical devices. Activities referring to purchasing and supply
management, internal and external transport, storage, production, and all medical
care activities are also linked to the supply chain [7, 9, 10].

The literature review enabled us to identify nine (9) key elements that, a priori,
favor a sustainable transition of the supply chain in healthcare facilities. We have
grouped these key elements into broad themes: the perspective of sustainable devel-
opment, the prerequisites for a sustainable transition, best practices for a sustain-
able transition, the performances resulting from the transition, and the approach to
learning healthcare systems, including the precepts of communicative action. We
elaborate on each of these themes in the following paragraphs and present the model
that emerges from this work (Fig. 1).

3.1 The Perspective of Sustainable Development

The distinctive feature of the conceptual model we wish to develop is to propose
a supply chain transition that integrates the three major dimensions of sustainable
development: economic, social, and environmental performance. We endorse the
definition of sustainable development as meeting the needs of the present without
compromising the ability of future generations to meet their own needs. Sustainable
development is based on a long-term vision that considers the inseparable nature
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of the environmental, social and economic dimensions of development activities.
The sustainable development approach also advocates the adoption of a circular
organization model, a perspective that is in line with work on the learning healthcare
system [11]. Proposed in 2007 by the Institute of Medicine (now National Academy of
Medicine) during the course of a series of workshops [12], this model has generated
much enthusiasm in North America and worldwide. Learning healthcare systems
were defined as systems where ‘science, informatics, incentives, and culture are
aligned for continuous improvement, innovation, and equity—with best practices
and discovery seamlessly embedded in the delivery process, individuals and families
as active participants in all elements, and new knowledge generated as an integral
by-product of the delivery experience’ [13]. According to Friedman and colleagues
[14], learning healthcare systems aim to generate new data from real-life processes,
create knowledge from these data and then feed knowledge back into practice, thus
generating a continuous learning cycle. As for her, the sustainable development
perspective has received very little attention in the literature on logistics management
in healthcare facilities. There is a wealth of literature on supply chains, but very little
on all the functions of alogistics chain, i.e. warehousing, transport between and within
healthcare facilities, and product distribution to target clienteles [15]. What’s more,
most of the work in the literature is set in the context of manufacturing industries, such
as mining, automotive, paper, leather, telecommunications, manufacturing, tanning
and construction [15]. As for service companies, often described as “silent destroyers
of the environment” [16], they receive curiously little attention in the literature,
despite their significant impact. Healthcare establishments are intensive consumers
of energy and water, and massive producers of household and infectious waste [15].

3.2 Prerequisites for a Sustainable Supply Chain

Several writings highlight the contribution of digital tools for analyzing massive data
(Data Lake) and artificial intelligence on the integration of sustainable logistics prac-
tices within healthcare facilities [7, 10, 17]. These innovative technologies improve
information processing capacity, make decision-making more efficient, streamline
chain exchanges and consequently simplify intra- and inter-organizational collabo-
ration [6] Another interesting element to highlight is the contribution of these tech-
nologies to the process of integrating the various logistics functions within healthcare
establishments [7, 17].

Sustainable transition also requires a profound sense of social and environmental
responsibility on the part of the members of healthcare establishments. This approach
isrooted in an awareness of the repercussions of their decisions and actions on society
and the environment. To be fully committed, social and environmental concerns must
be integrated into management processes (such as planning, evaluation and reporting)
and day-to-day activities, such as the production of goods and services, purchasing
and communication. The goal is to promote ethical and transparent behavior, aligned
with the principles of sustainable development [18].
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Management plays a crucial role in this transformation. Senior management’s
determination to steer the organizational culture towards an ecologically respon-
sible approach is an essential linchpin of any responsible commitment [19]. In
the industrial sector, for example, it has been established that for this transition to
succeed, management must demonstrate leadership, maintain open communication
with its staff and emphasize the benefits of a sustainable transition [20]. This trans-
lates concretely into developing a clear strategy, funding environmental projects, and
promoting practices aligned with the principles of sustainable development [15].

Still in the industrial sector, the drive towards a sustainable transition is strongly
influenced by incentives such as the Regulatory and Normative Framework, internal
policies, and economic optimization. Environmental laws and regulations provide
a regulatory and normative framework that acts as an essential constraint, pushing
managers to adopt more environmentally friendly behaviors [15]. However, beyond
these external obligations, internal guidelines such as compensation policies,
management objectives and financial performance measurement systems also play
a crucial role in steering organizations towards an ecological transition. In addition,
economic optimization, notably the desire to reduce costs and ensure better supply
chain integration, emerges as another major incentive for these companies [15].

3.3 Best Practices for Sustainable Supply Chain Transition

The literature prioritizes the need to develop exemplary logistics practices contextu-
alized to the facility’s reality; note that we consider exemplary practices to be those
that result from expert judgment following an exhaustive analysis of the literature [21,
22]. Three properties characterize an interaction system from which logistics prac-
tices emerge: modes of action requiring a particular technology, interaction routines
and goals to which stakeholders adhere [23]. In the service sector, the sustainable
management practices adopted can be classified into three main types: organiza-
tional and planning practices, communication practices and operational practices
[24, 25]. Referring to the literature from the industrial sector—due to the limited
literature related to healthcare facilities—it is possible for us to identify five best
practices for a sustainable supply chain transition in healthcare. These practices are:
learning, inter-organizational collaboration, the control and monitoring system via
performance indicators, the integration of internal supply chain processes, and the
circular economy. We address each of these themes in the following paragraphs.

The literature also reveals a worrying gap in managers’ competence vis-a-vis
sustainable logistics strategies. Many remain ambivalent or uninformed about the
methodical incorporation of sustainability practices within their supply chains,
let alone the potential benefits derived from these practices [26]. This inadequacy,
in the current context of ecological imperatives, calls for rigorous educational
intervention.

Recent studies suggest the introduction of training programs specifically designed
to strengthen the understanding and implementation of sustainable logistics. These
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programs, while tailored to the specifics of supply chain managers, should also
encompass all stakeholders involved, to ensure cross-functional operational coher-
ence [27].

Raising awareness and mobilizing staff around environmental concerns requires
a nuanced pedagogical approach. It is imperative to employ innovative and tailored
teaching methods, aimed at increasing not only technical skills, but also ecolog-
ical awareness [20]. With this in mind, more recent research highlights the merits of
digital learning. Seen as a forward-thinking pedagogical tool, it could serve as a cata-
lyst for strengthening interdisciplinary collaboration, while instilling sustainability
principles within the supply chain [7].

The learning healthcare systems approach, by way of illustration, advocates inclu-
sive management of healthcare facilities. It suggests considering the cross-cutting
interactions and potential impacts of products and services throughout their life cycle.
This systemic perspective is reinforced by the notion of the circular economy, which
seeks to maximize synergies and beneficial interactions between various players in
an economic sector [28].

So, when faced with the daunting challenges of sustainability, it’s clear that these
challenges are systemic in nature. Proposed solutions must therefore be systemic,
not piecemeal. Ideally, they should be developed jointly by a range of organizations
working in coalition. The essence of these solutions lies in integrated co-construction,
where different organizations work together to develop robust strategies to meet the
complex demands of sustainability [29].

The implementation of a rigorous monitoring and control system is just as essential
when it comes to the transition to a sustainable supply chain. Using performance
indicators is strategic for promptly identifying areas requiring improvement, such as
bottlenecks, while evaluating progress at each stage of implementation. It’s crucial
to remember that these indicators go beyond environmental performance and also
encompass socio-economic considerations.

The framework for assessing sustainable health systems developed by Buffoli et al.
[30] is proving to be a relevant reference tool. This framework distinguishes indica-
tors into three major domains: economic, environmental, and social. These domains
distinguish and categorize indicators along three major axes: economic, environ-
mental, and social. These axes are then broken down into 14 specific constructs,
where each construct is defined and interpreted through 4 to 5 distinct indicators. In
addition, this methodology offers a holistic perspective on evaluation, enabling the
final score to be adjusted according to the theoretical weighting of each indicator,
thus guaranteeing accurate and appropriate measurement.

Alarmingly, many companies are not equipped with appropriate tools to assess
their social and environmental performance [31]. This deficiency fuels persistent
ambiguity regarding the tangible benefits of sustainable logistics, and even more so,
its actual realization [26, 31]. Certain facets of environmental performance, such as
green purchasing, green products, and reverse logistics, can be closely linked to the
standards set by standards like ISO 14001. In conclusion, it should be noted that these
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performance measures not only serve to ensure compliance, but they can also high-
light the concrete or perceived benefits arising from investments in environmentally
responsible initiatives [15].

The integration of processes within a supply chain is fundamental to ensuring
harmony and coherence between the different functional areas of a company, thus
contributing to the complete integration of the supply chain. This integration is even
more crucial in complex logistics systems, such as hospital chains. According to
Bentahar and Benzidia [10], this complexity stems from the plurality of activities—
whether core or support—the diversity of flows, whether physical or informational,
and the high number of actors involved. Indeed, healthcare establishments encompass
a wide variety of flows, such as those relating to patients, medication, linen, catering,
and waste. A further difficulty lies in the fact that the actors working within these
institutions often have a limited understanding of the activities taking place in other
functional units [17].

Some work suggests that an organization’s sustainable performance is intrinsically
linked to the effective integration of its operations management [32]. However, it
should be noted that empirical evidence demonstrating the increase in sustainable
performance via optimal integration of supply chain processes is still limited. As part
of our research, we propose that robust internal integration should encompass the
entirety of HSSC processes, including both managerial and medical activities. Such
integration would provide a platform for effective cross-functional collaboration
within the HSSCs, strengthening their involvement in sustainability-related decisions
and fostering the adoption of shared goals.

3.4 The Learning Health Systems (LHS) Approach
as a Vector for Transition

In The Learning Health Systems (LHS) approach is seen as a logical progression from
evidence-based medicine [33]. Its aim is to stimulate the creation and integration of
knowledge into both organizational, administrative, and clinical practices [14]. The
fundamental principles of this approach encompass: (1) the active involvement of
users and the organization, (2) the real-time gathering, analysis, and sharing of rele-
vant data according to various expertise, (3) the generation of real-time evidence,
(4) the implementation of decision-making systems, (5) the harmonization of mech-
anisms relating to governance, funding and the conduct of educational activities,
(6) the promotion of a culture focused on learning and improvement, and (7) the
strengthening of adequate skills, particularly for the implementation of best practices
[11,34].

This approach is strongly encouraged by renowned entities such as the World
Health Organization, aiming to stimulate the transformation of healthcare systems
on a national scale. With specific reference to the healthcare facility supply chain, the
SSA approach facilitates interdisciplinary collaboration [35], merging management
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sciences, logistics, evaluative sciences, data science and clinical sciences. As such,
this innovative paradigm is relevant to areas of transformation of various hospital
flows such as those related to patients, medication, linen, catering, and waste or
at a macroscopic scale of a healthcare system, to drive improvement and muta-
tion of practices to address clinical, logistical, social, economic, and environmental
challenges.

This vision calls for the joint involvement of users, managers, decision-makers,
and researchers, with the aim of gaining a comprehensive and in-depth perception of
the issues driving healthcare facilities to innovate their logistics methods. In short,
it’s a holistic and integrated research paradigm, focused on user needs, innova-
tion, testing, evaluation and, more broadly, knowledge translation. This collaborative
approach contributes to a better understanding of the needs of target groups, empha-
sizing knowledge discovery and translation, with the aim of rapidly maximizing the
benefits of research and evidence-based practice [22].

3.5 Communicative Action

The Learning Health Systems (LHS) approach focuses primarily on promoting orga-
nizational learning, but its primary aim is to encourage stakeholders to embrace
the organization’s objectives. It is intrinsically marked by a strategic focus on effi-
ciency and control. This strategy values individual potential as a cognitive actor
capable of constructing an understanding of the world by mobilizing processes of
conscious reflection. Much of this approach is based on individual learning, where
each individual processes and interprets information based on past experience [23].
However, Norman et al. [36] emphasize the importance of incorporating commu-
nicative action to bring about real change in operational practices. In contrast to
a purely strategic and individual vision, communicative acting, as conceptualized
by Habermas, aims to create a mutual understanding of a situation or phenomenon
through dialogue and collective action. This perspective not only perceives reality
as objectively defined, but also integrates the social and subjective dimensions of
reality [37]. Organizational learning is thus enriched by considering individuals’
intersubjective relations and their relationship to the world, enabling openness to
other perspectives and encouraging intersubjectivity, fundamental to mutual under-
standing in the “lived world” [38]. With reference to our previous work, we postu-
late that the LHS approach, combined with Habermas’s communicative acting, can
facilitate a sustainable transition in logistics within healthcare establishments.
Figure 1 presents a model of the key elements for developing a framework adapted
to health and social services establishments. This model aims to achieve a sustainable
transition of their supply chain and is based on an initial literature review.
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4 Conclusion

Through a narrative literature review, we established the current state of knowl-
edge concerning sustainable supply chain transition within the health and social care
sector, a topic still under-represented in the literature. Despite the scarcity of literature
on this topic, this study enabled us to identify key elements, analyze their interactions
and highlight existing gaps. These discoveries can thus guide future research in this
field.

The use of a less rigorous approach in terms of methodological criteria could
explain the low volume of articles identified on sustainable supply chain transition
in healthcare facilities. As a continuation of our work, we plan to conduct a system-
atic literature review to take stock of current knowledge. The guiding question of
this review will be: what key elements (concepts, dimensions, etc.), methods and
tools are most relevant to facilitating a sustainable transition in healthcare facilities?
We will take a close look at various themes, including prerequisites, challenges, best
practices, successful and unsuccessful interventions, as well as assessment and moni-
toring methods and tools specifically related to economic, social and environmental
transition.

The knowledge acquired through the systematic literature review will enrich our
conceptual framework, specifically adapted to healthcare and social services estab-
lishments. This will guide a sustainable transition of their supply chain and enable us
to suggest relevant methods and tools for its implementation and operationalization.
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Abstract Developing management skills for physicians is important for healthcare
organisations with the advent of clinical and administrative management. However,
the identification of the factors that encourage their involvement in this process
is patchy. This systematic review of the literature, including 26 studies selected
using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) protocol, identifies factors facilitating/inhibiting physician involvement,
expectations on the part of managers and avenues for improvement. The results reveal
the factors determining doctors’ motivation to take on a managerial role, the influence
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of organizational context and support, and avenues for process improvement. In
addition, corrective measures are proposed to encourage physician involvement in
the management of clinical activities, and the challenges associated are presented.
These findings are of interest both for career management policies within healthcare
organizations and for the academic training of physicians.

Keywords Physician-manager - Hybrid role -+ Systematic review

1 Background and Objectives

Hybridization between clinical and managerial domains [1-3] is a process that is
not simply a juxtaposition of two different cultures, but the interweaving of values
intrinsically linked to these two cultures where organizing becomes an integral part
of professional work with an overlap of managerial and professional discourses
[4-6]. Physician managers play a mediating role between managerial and clinical
requirements [3, 7] facilitating communication and collaboration between the worlds
of medicine and management. Despite the need to develop managerial skills suited
to their dual roles, the hybridization process for doctors is hampered by the lack of
administrative support offered by hospitals to clinical directors [3, 8].

Hospitals support this process, while there is a consensus on the relevance of
involving physicians in the management of clinical activities. Indeed, involving
physicians in management strengthens the essential link between strategic and opera-
tional concerns, enabling better-informed decision-making, particularly with regard
to resource allocation [9], as well as the alignment of professional practice with
organizational objectives [3]. Indeed, physician managers have every opportunity to
ensure that the care models in place are effective, efficient and of the highest quality.
Moreover, they have the opportunity to positively influence the strategic directions
of the organization, to exercise this responsibility with benevolence and compassion,
and to influence others to work together to achieve these changes [2, 10, 11].

This consensus on the desirability of combining expertise is based, however,
on distinct references to the role of physician managers and associated models.
Saxena et al. [12] describe 3 possible ways of configuring dyads, corresponding to
the creation of a medical and nursing manager pair, namely “(1) the parallel model
with shared overall responsibility for the whole, but with separate portfolio flows that
do not overlap [...]. (2) the integrated model with shared overall responsibility, but
where each partner in the dyad is individually responsible for each sub-role [...]. (3)
the hybrid model is the one preferred by many because it allows individual expertise
to be used and joint leadership to be developed, with well-defined responsibilities in
both shared and individual areas”.

What’s more, senior management’s expectations of the physician-managers are
not explicitly expressed or documented, or do not necessarily correspond to the
reality of the work expected of them. This lack of clarity regarding the definition of
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positions and the hierarchical responsibilities of each is a source of tension, according
to medical managers [13].

Thus, the literature highlights the interest of certain doctors in developing manage-
rial skills but does not focus on the motivating factors that encourage doctors to
become involved in management, nor on the challenges of participation that may
hold them back in their ambition (barriers, constraints, strategies that have an impact
on doctors’ involvement). We therefore felt it necessary to carry out a system-
atic literature review to identify the factors that facilitate or inhibit motivation to
become a physician manager, the expectations of these professionals, and avenues
for improvement.

2 Methodology

In order to identify the conditions facilitating or hindering physicians’ involvement
in the management of clinical activities within healthcare facilities, we conducted
a systematic literature review. In addition, we followed the recommendations of
the revised PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) protocol [14] to report selected literature. Fight database aggregations
were consulted: Medline, Embase, CINAHL, Web of Science, PsycInfo, ABI/Inform,
Academic Search Premier and MedRxiv. To guide the selection, we opted for the
PCC mnemonic criteria (population, context, concept) proposed by the Joanna Briggs
Institute [15]. The elements specified for the development of the PCC are as follows:

— Target population: physician-managers, managers and/or clinicians.

— Context: healthcare facilities in all geographical areas.

— Concept: involvement and commitment of physicians in management at institu-
tional, organizational and operational levels.

The latest strategy was launched on 01 February 2022. Research articles were
uploaded to Covidence software (version 2020). The team developed selection ques-
tions and forms for levels 1 (abstract) and 2 (full text) of the selection, based on the
inclusion and exclusion criteria presented in Table 1.

Data coding was carried out by two independent coders, in the following stages:

e Inductive coding identified recurring themes and listed them in a table made
available to all team members.

e Themes were re-evaluated throughout the extraction process, with a constant
to-and-fro between the themes to be coded and the content of the articles.

e Validation of the themes was carried out by two senior researchers, following
multiple discussions within the group of researchers.

e From the extracted data, a synthesis of each theme was produced, retaining the
original citations to avoid the risk of altering the meaning. The extracts from
the articles were numbered and arranged in chronological order to analyze the
evolution of the themes addressed in the literature over the years, and to document
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Table 1 Inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

Studies on:

Studies focusing on:

The motivating factors that encourage doctors
to get involved in management, and the
challenges to participation that can hold them
back in their ambitions

Physician involvement at the operational level
(physician—patient interaction) and at the
macro level (institutional and organizational
level)

Barriers, constraints and strategies affecting
physician involvement

Issues and impacts of physician involvement in
management processes on the organization

The studies to be included should describe the
strategies put forward to involve physicians in
the management processes of the healthcare
organization (meso level), and the responses
(impact and consequences) of these strategies
on the behavior of the physicians involved

Performance evaluation; impact of physician
involvement on organizational performance;
studies to be included should outline the
strategies put forward by the studies outlining
the strategies

Writing of the following nature: opinions,
commentaries, dissertations and theses

the possible emergence of new themes (Table 2). The results of this systematic
review reveal five major analytical themes, corresponding to numbers I to V in

the table:

— Concrete nature of the role, work and responsibilities of medical chiefs within

healthcare establishments (I)

— Factors that encourage or discourage doctors from getting involved in the
management of their respective medical departments (II)

— Expectations and needs of medical directors and non-medical clinical directors
with regard to the function of medical chief (III)

— Expectations and needs of medical chiefs in relation to the function of medical

chief (IV)

— Suggested corrective measures to make the medical manager’s task more

efficient (V)
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Authors Year |I 11
.1 |I2A |12B |lL2C |II.1 |12 |IL3
Duran-Arenas et al. [16] 1992 X X X
Balderson and MacFadyen [17] 1994 X X
Buchanan et al. [18] 1997 X X X X X X
Hearing et al. [19] 1999 X
Callanan et al. [20] 2002 X X X
Forbes et al. [13] 2004 X X X
Ham [21] 2008 X X
Fernandez and Fellow-Smith [22] | 2011
Snell et al. [11] 2011 X X X
Dalmas [23] 2012 X
Kaissi [24] 2014 X X X
Kreindler et al. [25] 2014
Quinn and Perelli [26] 2016 X
Macinati et al. [1] 2016 | X X X X X
Lega and Sartirana [8] 2016 | X X X X X X
Roth et al. [27] 2016 X X
Snell et al. [9] 2016 X X X
Throgmorton et al. [10] 2016 X
Skillman et al. [28] 2016
Saxena et al. [12] 2018 X
Perreira et al. [29] 2018 X
Kirk et al. [30] 2019 X
Giacomelli et al. [2] 2019 | X X X X
Sartirana [3] 2019 | X X X X
Saxena [31] 2021 X
Prenestini et al. [7] 2021 | X X
Authors Year |III |[IV |V
V.IA |VIB V2 |V3
V.1B1 | V.IB2
Duran-Arenas et al. [16] 1992 X X
Balderson and MacFadyen [17] 1994 X X X X
Buchanan et al. [18] 1997 | X X X X
Hearing et al. [19] 1999 X X X X
Callanan et al. [20] 2002 | X |X |X X
Forbes et al. [13] 2004 X |X X X
Ham [21] 2008 X X X

(continued)
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Table 2 (continued)

Authors Year |III |[IV |V
V.1IA | VIB V2 |V3
V.1B1 |V.1B2

Fernandez and Fellow-Smith [22] | 2011 X X X

Snell et al. [11] 2011 X X X

Dalmas [23] 2012 X X X
Kaissi [24] 2014 X X X
Kreindler et al. [25] 2014 X X
Quinn and Perelli [26] 2016 X

Macinati et al. [1] 2016

Lega and Sartirana [8] 2016 X X X
Roth et al. [27] 2016 X X X
Snell et al. [9] 2016 X X

Throgmorton et al. [10] 2016 | X

Skillman et al. [28] 2016 X
Saxena et al. [12] 2018 X

Perreira et al. [29] 2018 X
Kirk et al. [30] 2019 X X
Giacomelli et al. [2] 2019 X X

Sartirana [3] 2019 X X
Saxena [31] 2021 X X X
Prenestini et al. [7] 2021 X
3 Results

The Fig. 1. presents the article selection flow chart.

3.1 Factors Influencing Physician Involvement
in the Management of Medical Activities

Physician involvement in the day-to-day management of clinical activities depends
on a number of factors. Adequate organizational support, a clear definition of the role,
autonomy, authority and appropriate resources are essential to facilitate physician-
manager involvement in their role. Table 3 provides a summary of the factors
favourable and unfavourable to physician involvement in the day-to-day management
of clinical activities.
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Identification of studies via databases and registers ‘

) Records identified from:
Medline (n= 771)
Embase (n= 346) Records removed before screening:
CINAHL {n= 623)
web of Science (n=892) Duplicate records removed (n=1515)
_E Psycinfo (n=162) 7 Records marked as ineligible by automation
!'E Dissertation and Thesis (n= 104) tools or removed for other reasons (n=4)
=
'!9 ABlfInfarm (h= 222)
Academic Search Premier (n= 656)
MedRxiv (n= 15)
Google Scholar (n= 80)
Total: n= 3871
S
] Records screentd Records excluded
(n=2352) (n=2281)
!
B Reports sought for retrieval .| Reports nat retrieved
E (n=71) (n=1)
&
!
Reports assessed for eligibility _| Reports excluded:
(n=7E|) Mot relevant to the topic (h=25)
—J Opinion (n=6)
Theses (h=4)
) Conference {n=1)
E Studies included in review Wrong indication {rel)
é (n=26) wrong language (n=2)
__J Wrong population (n=1)
Wrong study design (n=3)
Duplicate (n=1)
Total=44

Fig. 1 PRISMA 2020 article selection flow chart [14]

The dichotomy between managers who are willing to get involved and those who
show a certain reluctance to get involved in the management of their service and
department remains present, both in terms of profiles and motivations.
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Table 3 Incentives and disincentives to physician involvement in the management of medical
activities (extract from the full version of the article)

Authors/
Factors

Individuals (personal)

Organizational

Perreira et al.,
2018 [29]

Individual characteristics:
Age, gender, experience,
marital status, presence or
absence of
children—Work-family
conflict

Personal attributes:
Resilience, self-efficacy,
optimism, agreeableness,
neuroticism and
affectivity—Pessimism
Work results: Ability to
perform and job
satisfaction—Medical errors

Work environment characteristics/work
factors: Quality of life, task mix (teaching,
research and patient care), perceived work
pressure, work demands: amount of work,
emotional demands, need for overtime, no
access to information

‘Work resources: Influence at work,
development opportunities, degree of freedom
at work, sense of community, feedback, social
support, making people healthy and happy, task
control, supervisory support, social climate,
professional accomplishment, satisfying inner
experience of being useful and developing
organizational support such as protection from
courtesy calls and other hospital-wide systemic
measures—Access to information

Saxena, 2021
[31]

Personal challenges:

Attitude and state of mind

— Time

— Experience and training

— Interpersonal access

— Communication

— Mutually valued
relationship

— Collaboration

Personal strategies for

success: Time

— Personal development,
including mindset

— Leadership styles

— Mutually valued
interpersonal relationships

— Effective communication

— Effective collaboration

— Experience and training

Organizational challenges: Role definition (1.

unclear roles; 2. hierarchical structures)

— Conflicting priorities of dyad partners

— Unclear decision-making rules

— Lack of support

— Lack of joint professional development

— Organizational structure/system complexities

— Organizational culture (power and politics)

Organizational strategies for success: Support

collaboration (1. role clarity; 2. dedicated time;

3. administrative support)

— Provide continuous learning

— Framework for decision-making and joint
responsibility

— Enabling structures and culture

3.2 Expectations and Needs Expressed by Medical Managers

Expectations of physician-managers include regular meetings, a less distant attitude,
an effective and visible presence within the organization, sharing their experience
and expertise, and exercising their authority in difficult situations [18]. Clinicians
involved in management are also asked to impose restrictions on the provision of
care and services to meet the organization’s financial imperatives [20]. In addition,
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they are also asked to engage in teamwork, demonstrate communication skills [18],
develop emotional intelligence and business acumen [10].

Physicians in charge of medical services and departments are first and foremost
doctors, and as such demand a high degree of autonomy in their decisions and actions
[20]. The need for organizational support is also mentioned in several studies. A
support team including nurses and managers is also called for [18]. Finally, Saxena
et al. [12] point out that support begins with clarification of the role, which must
be both meaningful and strategic [17]. The function must not be merely symbolic,
and the influence exerted must be significant and positive, enabling it to contribute
directly to the hospital’s success [11]. Physician-managers feel that their role cannot
be strategic, and that their influence remains limited without formal recognition of
it [11].

3.3 Ways to Improve Involvement

The literature suggests a number of corrective measures to encourage physician
involvement in the management of clinical activities, and the challenges associated
with this involvement. We have grouped them under three main headings:

e Structuring the physician-manager role and providing the necessary resources.
e Recruiting physicians with a natural aptitude for management.
e Establishing a culture that encourages the emergence of physician-managers.

By implementing these changes, organizations can contribute to the emergence
of a new culture in which doctors are more willing to take on leadership roles and
become actively involved in hospital management [8].

4 Conclusions

This literature review suggests a few avenues for future research.

The first would be to investigate the effects of role hybridization on physicians’
long-term efficiency and well-being at work. The question of job benefits, and more
specifically remuneration, could also be of interest. It would be counter-intuitive to
expect doctors to tolerate a significant loss of earnings by accepting administrative
responsibility. Traditionally, doctors’ income has been a major stake in their status,
and it would be interesting to investigate the extent to which accepting a hybrid role
may or may not provide an intrinsic motivator that outweighs income. If not, what
means could be put forward to compensate for the loss of income resulting from the
workload imposed by the position of department head?

We could also question the merits of the hybrid status of physician-manager. We
could, for example, experiment with and compare the managerial performance of a
physician-manager with that of a manager who is familiar with healthcare services.
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In other words, we could investigate how doctors trained in management would be
more effective than managers trained in health services.

Acknowledgements The authors would like to thank Mrs Samar Koubeissy, Mrs Vivian Gomez,
Mrs Chantale Simard and Mr Gildas Agbon for their significant contribution to this research. An
extended and French version of this paper is available [32].

References

1. Macinati, M.S., Bozzi, S., Rizzo, M.G.: Budgetary participation and performance: the medi-
ating effects of medical managers’ job engagement and self-efficacy. Health Policy 120(9),
1017-1028 (2016). https://doi.org/10.1016/j.healthpol.2016.08.005

2. Giacomelli, G., Ferré, F., Furlan, M., Nuti, S.: Involving hybrid professionals in top management
decision-making: how managerial training can make the difference. Health Serv. Manage. Res.
32(4), 168-179 (2019). https://doi.org/10.1177/0951484819844778

3. Sartirana, M.: Beyond hybrid professionals: evidence from the hospital sector. BMC Health
Serv. Res. 19, 634 (2019). https://doi.org/10.1186/s12913-019-4442-1

4. Noordegraaf, M.: Hybrid professionalism and beyond:(new) forms of public professionalism
in changing organizational and societal contexts. J. Prof. Organ. 2(2), 187-206 (2015). https://
doi.org/10.1093/jpo/jov002

5. Olakivi, A., Niska, M.: Rethinking managerialism in professional work: from competing logics
to overlapping discourses. J. Prof. Organ. 4(1), 20-35 (2017). https://doi.org/10.1093/jpo/
jow007

6. Pache, A.C., Santos, F.: Inside the hybrid organization: selective coupling as a response to
competing institutional logics. Acad. Manag. J. 56(4), 972—-1001 (2013). https://doi.org/10.
5465/amj.2011.0405

7. Prenestini, A., Sartirana, M., Lega, F.: Involving clinicians in management: assessing views of
doctors and nurses on hybrid professionalism in clinical directorates. BMC Health Serv. Res.
21(1), 1-11 (2021). https://doi.org/10.1186/s12913-021-06352-0

8. Lega, F., Sartirana, M.: Making doctors manage. .. but how? Recent developments in the Italian
NHS. BMC Health Serv. Res. 16(2), 65-72 (2016). https://doi.org/10.1186/s12913-016-1394-6

9. Snell, A.J., Dickson, G., Wirtzfeld, D., Van Aerde, J.: In their own words: describing Canadian
physician leadership. Leadersh. Health Serv. 29(3), 264-281 (2016). https://doi.org/10.1108/
LHS-12-2015-0045

10. Throgmorton, C., Mitchell, T., Morley, T., Snyder, M.: Evaluating a physician leadership devel-
opment program—a mixed methods approach. J. Health Organ. Manag. 30(3), 390407 (2016).
https://doi.org/10.1108/THOM-11-2014-0187

11. Snell, A.J., Briscoe, D., Dickson, G.: From the inside out: the engagement of physicians as
leaders in health care settings. Qual. Health Res. 21(7), 952-967 (2011). https://doi.org/10.
1177/1049732311399780

12. Saxena, A., Davies, M., Philippon, D.: Structure of health-care dyad leadership: an organiza-
tion’s experience. Leadersh. Health Serv. 31(2), 238-253 (2018). https://doi.org/10.1108/LHS-
12-2017-0076

13. Forbes, T., Hallier, J., Kelly, L.: Doctors as managers: investors and reluctants in a dual role.
Health Serv. Manag. Res. 17(3), 167-176 (2004). https://doi.org/10.1258/0951484041485638

14. Page, M.J., McKenzie, J.E., Bossuyt, PM. et al.: The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. Bmj 372 (2021). https://doi.org/10.1136/bmj.n71

15. Aromataris, E., Munn, Z.: Joanna Briggs Institute reviewer’s manual. The Joanna Briggs
Institute, Adelaide (2017)


https://doi.org/10.1016/j.healthpol.2016.08.005
https://doi.org/10.1177/0951484819844778
https://doi.org/10.1186/s12913-019-4442-1
https://doi.org/10.1093/jpo/jov002
https://doi.org/10.1093/jpo/jov002
https://doi.org/10.1093/jpo/jow007
https://doi.org/10.1093/jpo/jow007
https://doi.org/10.5465/amj.2011.0405
https://doi.org/10.5465/amj.2011.0405
https://doi.org/10.1186/s12913-021-06352-0
https://doi.org/10.1186/s12913-016-1394-6
https://doi.org/10.1108/LHS-12-2015-0045
https://doi.org/10.1108/LHS-12-2015-0045
https://doi.org/10.1108/JHOM-11-2014-0187
https://doi.org/10.1177/1049732311399780
https://doi.org/10.1177/1049732311399780
https://doi.org/10.1108/LHS-12-2017-0076
https://doi.org/10.1108/LHS-12-2017-0076
https://doi.org/10.1258/0951484041485638
https://doi.org/10.1136/bmj.n71

Why be a Manager When You’re a Hospital Doctor? A Review ... 227

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Duran-Arenas, L., Asfura, M.B., Mora, J.E.: The role of doctors as health care managers: an
international perspective. Soc Sci Med 35(4), 549-555 (1992). https://doi.org/10.1016/0277-
9536(92)90348-T

Balderson, S., MacFadyen, U.: Management training for doctors: an in-house approach. J.
Manag. Med. 8(6), 17-19 (1994). https://doi.org/10.1108/02689239410073402

Buchanan, D., Jordan, S., Preston, D., Smith, A.: Doctor in the process the engagement of
clinical directors in hospital management. J. Manag. Med. 11(3), 132—156 (1997). https://doi.
org/10.1108/02689239710177774

Hearing, S., Dent, T., Swann, J., Gunaratna, I., McLellan, 1., Ikidde, U.: Maximizing the
contribution doctors make to NHS management. Health Serv. Manag. Res. 12(4), 227-231
(1999). https://doi.org/10.1177/095148489901200404

Callanan, I., McDermott, R., Buttimer, A.: Management issues in healthcare Involving Irish
clinicians in hospital management roles—barriers to successful integration. Clin. Manag. 11,
77-87 (2002)

Ham, C.: Doctors in leadership: learning from international experience. Int. J. Clin. Lead. 16(1),
11-16 (2008)

Fernandez, V., Fellow-Smith, E.A.: Feedback on a specialty trainees management and
leadership group. Int. J. Clin. Lead. 17(1), 53 (2011)

Dalmas, M.: Involving clinicians in hospital management roles: towards a functional integrative
approach. Int. J. Clin. Lead. 17(3), 139 (2012)

Kaissi, A.: Enhancing physician engagement: an international perspective. Int. J. Health Serv.
44(3), 567-592 (2014). https://doi.org/10.2190/HS.44.3.h

Kreindler, S.A., Larson, B.K., Wum, EM., et al.: The rules of engagement: physician engage-
ment strategies in intergroup contexts. J. Health Organ. Manag. 28(1), 41-61 (2014). https://
doi.org/10.1108/JHOM-02-2013-0024

Quinn, J.F,, Perelli, S.: First and foremost, physicians: the clinical versus leadership identities
of physician leaders. J. Health Organ. Manag. 30(4), 711-728 (2016). https://doi.org/10.1108/
JHOM-05-2015-0079

Roth, V.R., Theriault, A., Clement, C., Worthington, J.: Women physicians as healthcare
leaders: a qualitative study. J. Health Organ. Manag. 30(4), 648—665 (2016). https://doi.org/
10.1108/JHOM-09-2014-0164

Skillman, M., Cross-Barnet, C., Singer, R.F,, et al.: Physician engagement strategies in care
coordination: findings from the centers for medicare and medicaid services’ health care innova-
tion awards program. Health Serv. Res. 52(1), 291-312 (2017). https://doi.org/10.1111/1475-
6773.12622

Perreira, T.A., Perrier, L., Prokopy, M.: Hospital physician engagement. Med. Care 56(12),
969-975 (2018). https://doi.org/10.1097/MLR.0000000000000983

Kirk, V.G., Kania-Richmond, A., Chaput, K.: Executive coaching for leadership development:
experience of academic physician leaders. Healthc. Q. (Tor. Ont) 22(1), 54-59 (2019). https://
doi.org/10.12927/hcq.2019.25835;

Saxena, A.: Challenges and success strategies for dyad leadership model in healthcare 34(3),
137-148 (2020). https://doi.org/10.1177/0840470420961522

Coté, A., Benharbit, B., Lemaire, C., Gartner, J.-B., Bergeron, F., & Gilbert, M.-H.: Médecin
ET gestionnaire: Une étude de portée ! Journal de gestion et d’économie de la santé, 3(3), 6-38
(2024). https://doi.org/10.54695/jdds.042.3.0006


https://doi.org/10.1016/0277-9536(92)90348-T
https://doi.org/10.1016/0277-9536(92)90348-T
https://doi.org/10.1108/02689239410073402
https://doi.org/10.1108/02689239710177774
https://doi.org/10.1108/02689239710177774
https://doi.org/10.1177/095148489901200404
https://doi.org/10.2190/HS.44.3.h
https://doi.org/10.1108/JHOM-02-2013-0024
https://doi.org/10.1108/JHOM-02-2013-0024
https://doi.org/10.1108/JHOM-05-2015-0079
https://doi.org/10.1108/JHOM-05-2015-0079
https://doi.org/10.1108/JHOM-09-2014-0164
https://doi.org/10.1108/JHOM-09-2014-0164
https://doi.org/10.1111/1475-6773.12622
https://doi.org/10.1111/1475-6773.12622
https://doi.org/10.1097/MLR.0000000000000983
https://doi.org/10.12927/hcq.2019.25835;
https://doi.org/10.12927/hcq.2019.25835;
https://doi.org/10.1177/0840470420961522
https://doi.org/10.54695/jdds.042.3.0006

228 A. Coté et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

Evolving Landscape of For-Profit Private = m)
Hospitals in France e
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Abstract This paper provides an in-depth analysis of the dynamic changes in
France’s for-profit private hospital sector from the 1980s to the present. It starts by
exploring the sector’s genesis, focusing on the initial developments that set the stage
for subsequent transformations. A significant aspect of this evolution is the concen-
tration phenomenon, which highlights how mergers and acquisitions reshaped the
landscape, creating a more consolidated and competitive market. The paper delves
into the impact of technological innovations, emphasizing how advancements in
medical technology influenced the operations and strategies of private clinics. It also
examines the shift towards more outpatient care and shorter hospital stays, a trend
driven by efficiency goals and changing patient needs. A critical part of the anal-
ysis is the interplay between the state and private clinics. The study investigates
how regulatory changes, particularly in tariffs, affected clinic activities, leading to
strategic adaptations within the sector. The paper concludes by discussing the current
dynamics of private hospitalization, including ongoing trends in mergers and acqui-
sitions. This comprehensive study offers valuable insights into the changing face of
France’s private healthcare sector, highlighting key developments, challenges, and
future directions.

Keywords Healthcare consolidation - Private hospital innovation - Outpatient
care trends - Public—private healthcare dynamics

While in the collective imagination, public hospitals, and in particular university
hospitals, are the archetypal form of healthcare provision, however the French
hospital system is characterized by the important role played by private players in
the healthcare sector. Of France’s 3,000 healthcare establishments, 55% have private
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status. Smaller overall than public hospitals, private establishments account for more
than a third of full hospital bed capacity, and 45% of partial hospital bed capacity
(ambulatory care) [1]. At the heart of this private offer, private for-profit hospital-
ization has been undergoing a restructuring process since the mid-2000s, which has
intensified over the past five years and is set to continue. Today, it accounts for a third
of all French hospitals (983 establishments), and covers the full range of hospital
services.!

In a context marked by an aging population, an increase in chronic pathologies, and
the concentration of populations in large cities and metropolises, public and private
hospital structures are adapting and profoundly modifying their care offering, notably
through the development of part-time hospitalization or home hospitalization, often
resulting in a redesign of real estate. So, despite appearances, the clinic of the good
Doctor X, his heirs and successors is no longer, or not quite, the same. When it
“endures”, it has sometimes forgotten its former name, no longer has its old address
because its real estate has been transferred, but above all, in many cases, it has
abandoned what characterized it and made it original: a business run by doctors for
doctors.

This silent economic and legal metamorphosis, which in many cases has enabled
the company to overcome difficult management challenges and resolve transmission
problems or conflicts between doctors, has taken place within the broader context
of the major upheaval that the world of healthcare, and more specifically the entire
hospital sector, has been undergoing for the past 40 years.

The traditional clinic owned by a few associated doctors and housing few beds
is a thing of the past. Since the early 1990s, the number of MSO clinics (Medicine,
Surgery, Obstetrics) has halved, from 1,014 in 1992 to 478 in 2019.

These Brownian movements of vertical and horizontal concentration, as well as
of cooperation, are part and parcel of other upheavals, in the sense of upheavals in
the organization of something that needs to be briefly recalled if we are to understand
the general framework of forces that have traversed the field of hospitalization.

The purpose of our paper is to explore the dynamics of private for-profit hospi-
talization during this period, understood as the study of things in their movement,
a movement itself in relation to the forces that produce it, in turn producing causes
and effects, with the aim of outlining the prospects heralded by this recompositing
at national and international level.

This phenomenological research, conceived as a descriptive study of a set of
phenomena, is based in particular on a “on the way” method of data collection linked
to our immersion as actors/researchers within the hospital sector.

In the first part, entitled “Genesis”, we will show how the observed concentration
has its roots in two apparently distinct elements: the economic and legal nature of
the clinic, confronted with the disruptions in medical practices. In the second part,
we’ll show how financial operators have taken advantage of the windfall in a sector
made attractive by a number of factors.

1 478 acute and multidisciplinary care facilities, 334 follow-up care and rehabilitation facilities, 145
mental health facilities.
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1 The Concentration Phenomenon: Unraveling the Core
Complexities

Understanding the deconstruction and reconstruction of the sector means first of all
bringing to light a multi-faceted intrigue in which strategies initially favorable to the
stability of an organization turn against one of the pillars of the clinical entity, the
operating company owned by a handful of doctors.

Unlike the public and private not-for-profit sectors, which bring together doctors,
paramedics and other staff under a single banner to carry out their “healthcare
work™?, the for-profit healthcare establishment achieves this by offering a multi-
tude of doctors, acting individually or in partnership, a “platform” from which to
practice their art. This platform, broadly defined, is made up of two categories of
elements:

e Medical equipment, devices and personnel involved in the diagnosis and treatment
of patients;

e A set of services, or “processes”, provided by the clinic (and/or by the group of
clinics to which it belongs) to doctors on the basis of premises, staff, technical
and IT equipment essential for doctors to practice their specialty, and for which
the consideration due by the doctor to the clinic is called a fee.

This interweaving of structures, whose actions combine and recombine with each
other on a daily basis as a function of the care and services provided to patients,
constitutes what is commonly referred to as a clinic or, in administrative parlance,
a private healthcare establishment, without drawing all the consequences on the
obligations of each of the elements (Fig. 1).

1.1 The Basic element—the Legal Structure of the Private
Clinic

In the beginning was “the clinic”, whose name was that of one or more of the
founding heirs [2]. It was set up on a simpler basis than the previous one, with two
legal structures, one of a commercial nature dedicated to operations, and the other a
civil structure carrying ownership of the real estate.

The credo of the original structure is a project implemented to develop a specific
response to the needs of patients [3]: a facility run by doctors who are shareholders in
the operating company and/or hold shares in the non-trading company that owns the
premises, for shareholder doctors practicing their art in the clinic on an individual
basis or grouped around a non-trading company.

2 There are, however, rare exceptions in the not-for-profit sector, where doctors are paid on a fee-
for-service basis, while the platform is run as an association, such as the Clinique Protestante in
Lyon.
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Fig. 1 The “clinic” in its economic interweaving

Long before the letter of the law, behind its apparent uniqueness, the clinic is a
network organization, a virtual, organized structure of companies that combine their
knowledge and/or skills in a close, mutually supportive collaboration, with the aim
of realizing a single project.

Economically, this structure can be represented as a matrix in which the columns
represent the various practitioners, and each row represents all the patients cared for
by these practitioners.

This type of organization, which saves on transaction costs, offers the advantages
of plasticity in the composition of the network (which can welcome or withdraw
members), flexibility and the potential for innovation in the nature of activities.

1.2 The Business Model Associated with the Project

The clinic’s network model is associated with an economic model that is relatively
simple in principle: the remuneration linked to the hospitalization activity is made
up of the financing of the? clinic on the one hand, and the remuneration of medical

3 Prior to 2004 and the introduction of the Tarification 2 ’activité (T2A) system, the operating
company’s remuneration consisted of a daily rate based on historical tariffs negotiated by each
establishment with the regional health insurance fund to which it belonged, to which lump-sum
payments could be added (operating room lump-sum payment, safety and environment lump-sum
payment, etc.). Since 2004, the operating company mainly receives a tariff set annually at national
level for each stay (and no longer for each day), based on its automated classification in a Groupe
homogene de séjours (GHS), depending mainly on the reason for hospitalization, any procedures
performed, and the presence of comorbidities or comorbidity factors. In addition to the main fee,
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acts for the practitioners on the other. The operating company pays rent to the SCI,
and the practitioners pay a fee to the operating company.

A relatively simple legal structure and an economic model that associates each
player with a remuneration: salaries for employees, fees paid by doctors to the oper-
ating clinic in return for services provided, rents paid according to usage to the non-
trading company, a GHS and fees allocated by the social security system according
to activity, make the clinic an apparently stable organization. This fee-based system,
which is sufficiently robust to have adapted to the transition to Tarification a1’activité
(T2A), will function smoothly overall, as long as the various players remain linked,
each practitioner being a shareholder in both the operating company and/or the SCI.

The gradual concentration of clinics and the increase in their activity correlated
with the arrival of a large number of doctors was to undermine this model, as a result
of a dissociation in status between the doctors who owned the clinics and those who
simply offered their know-how. Centrifugal forces will counteract the centripetal
forces of the initial project. Here, as elsewhere, the devil is in the detail: a lack of
remuneration for one of the agents, a questioning of the services provided within
the structure, and the whole system (an organization by doctors for doctors) whose
stability had successfully survived two centuries of history could be transformed into
another system denying this originality.

2 Technological Breakthroughs and Their Impact
on Private Clinics

From the 1980s onwards, three series of major innovations in medical practice led to
major upheavals in the management of private clinics: radiology, the “New French
Revolution” and anesthesia.

Radiology. The transition of medical imaging from an exploratory discipline
focused on diagnosis to a discipline which, in an ever-increasing number of situations,
carries out patient management including interventional and therapeutic activities,
has revolutionized not only the organization of patient management, but also fields
of specialization such as vascular or cardiac surgery [4].

The “new French revolution” [5]. In an article devoted to the dynamics of
private hospitalization, we could do no less than give a special place to the funda-
mental role played by surgeon Philippe Mouret, founder of the Sauvegarde clinic in
Lyon and author of the first laparoscopic cholecystectomy in Lyon in 1987, which
revolutionized surgical management. The development of laparoscopy enabled the
development of outpatient surgery and early rehabilitation, particularly in private
clinics, thanks to an organization that is almost industrialized and, at the very least,
meticulous.

ancillary funding may be added to finance certain implantable medical devices or “expensive”
molecules.
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Anesthesia. The development of anaesthesia has enabled surgery to take off, and
as part of the general effort to reduce the impact of surgery on patients, it has made it
possible to manage patients with increasingly severe co-morbidities. In the operating
theatre, the anaesthetist has access to increasingly sophisticated technological aids
to continue reducing the risks of this essential surgical procedure.

These innovations will support the development of our facilities and strengthen
the positioning of our clinics in a number of specialties, where the potential offered
by very short stays and outpatient hospitalization is greatest. Funding constraints and
the strain placed on the original business model are accelerating the restructuring of
clinics in search of increasing returns.

2.1 The Consequences of These Innovations

The development of outpatient activity leads to a pendulum swing, firstly in the
clinics’ favor, enabling them to increase their market share while reducing the length
of their stays and therefore the turnover of their capital [6], and then more unfavorably,
as the funding bodies retaliate by pointing out that the game is closed by the National
Health Insurance Expenditure Target (ONDAM), and that any increase in activity
leads to a reduction in rates.

The Shift Towards Outpatient Care: Reducing Hospital Stay Durations

The multiplication of surgical specialties at the heart of these innovations has led to
a revolution in patient care and clinic organization. Over the years, the proportion
of inpatient stays lasting several days has been reduced in favor of inpatient beds
enabling patients to be cared for in less than 24 h, resulting in a considerable reduction
in the average length of stay (ALOS) (Fig. 2).

After a significant decline over the previous 30 years, the relative stagnation of
ALOS over the last 20 years in national and international statistics is only apparent.
These statistics are in fact limited to full hospitalization, and in fact remain blind to
the main development of the last 20 years, which is the growth in outpatient activity
common to the entire sector, but more particularly driven by private for-profit estab-
lishments, which account for almost half of all short-stay outpatient activity. Over
the last 10 years, the proportion of MSO activity carried out on an outpatient basis
has risen from 46 to 57% in private for-profit establishments, and the ALOS calcu-
lated on the total activity in full and partial hospitalization has risen from 2.7 days
to 2.1 days* (Fig. 3).

Technological developments, combined with advances in anaesthesia, are
fostering the emergence of new segments, as demonstrated by the development of

4 For full hospital stays alone, Drees reports an ALOS of 4.2 days in 2019 for private for-profit estab-
lishments. Our own calculations reintegrate all full and partial hospitalization activity (excluding
sessions) based on a deliberately conservative scenario counting 1 day per outpatient stay, whereas
it is more common to have outpatient hospitalizations of less than half a day.
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very short stays. These new activities are leading to the transformation of existing
establishments, and even to the entry of new players specializing in ophthalmology,
orthopedics, gastrology or urology. These new establishments provide hyperspecial-
ized care 5 days a week, in real-estate structures strictly adapted to patients’ needs,
and with planned and optimized care. These new organizations, which benefit from
the same rates as traditional clinics, generate highly profitable rates of return (oper-
ating income/sales), accentuated by the increase in sales per euro of capital invested
and the leverage effect inherent in the difference between the economic rate of return
and the cost of borrowing.

5 Source OECD statistics.
6 Sources SAE, Drees, ATIH. ALOS calculated by us from ATIH data.
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State and Private Clinics: Balancing Lower Tariffs with Higher Activity

While the gradual introduction of activity-based pricing (T2A) between 2004 and
2008 has restored the link between funding and activity for establishments financed
on a global grant basis, this link has never been eliminated for private establishments
financed on a daily fee basis. However, the revolution is no less major for clinics.
On the one hand, where per-day financing was an incentive to produce hospital days,
T2A encourages the production of stays each comprising as few days as possible. On
the other hand, public and private establishments formerly under global endowment
are also encouraged to produce more stays, resulting in increased competition for
business [7]. In fact, the general trend at the end of the 2000s is for all facilities to
increase their activity in order to maintain, or even increase, their level of funding.
This strategic orientation is further encouraged by regular adjustments to both the
Programme de Médicalisation des Systemes d’Information (PMSI) and the T2A,
which create uncertainty about revenues [8, 9].

In the closed-envelope game that is the ONDAM, the T2 A system of activity-based
incentives leaves only two main levers for controlling Health Insurance spending:
shifting part of the expenditure to other funders (supplementary health insurance
schemes and patients), and reducing tariffs. For the time being, the first approach
has not been adopted, and the Assurance Maladie covers more than 90% of spending
on care in health care institutions.” On the other hand, the second option has been
regularly mobilized, and in order to comply with the ONDAM, tariffs have been cut
several times to compensate for the increase in activity. Thus, over the 2010-2019
period, the annual increase in hospital care consumption in the private sector was
accompanied by an uninterrupted fall in prices from 2012 to 2019, even reaching
1.2% to 1.5% from 2015 to 2018 (Fig. 4).

The combination of lower rates and shorter stays has led to a deterioration in
the accounts of the clinics, 28% of which are in deficit [1], and has undermined the
underlying economic organization on which the long-term survival of the clinics was
partly based: in addition to providing care, the clinics offered patients hotel stays,
which generated rental income for the real estate company. The decline in lengths of
stay is drying up part of the rental income of the non-trading company, whose real
estate, oversized and ill-suited to the new treatments, costs more than it earns.

7 However, in private, for-profit establishments, the majority of practitioners practice in sector
2, giving them the right to charge fees that are, by definition, not covered by health insurance.
According to ATIH data, in 2018, 30% of the 15 million procedures performed by practitioners in
private, for-profit healthcare establishments resulted in an average overcharge of 110% above the
conventional tariff.
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2.2 Conclusion of the Narrative: Latest Trends in Private
Hospitalization Dynamics

Caught between falling tariffs and oversized real estate, clinics are faced with two
difficulties: restoring their finances or investing to adapt their real estate. However,
as mentioned above, the initial model has withered away, and investment in SCI
and/or the operating company does not hold the same appeal for new generations of
practitioners. Faced with this new situation, owner-practitioners have come up with
various scenarios in an attempt to save their work tool:

— or share a number of services with other establishments, thereby generating
synergies;

— or be absorbed by a regional or even national private group, by selling them the
authorization they hold. Financial players then replace the practicing owners in
the operating companies.

Since the mid-2000s, this trend has led to a major restructuring of the private
hospital sector, with the emergence of regional, national and international groups
whose growth has accelerated in recent years, driven by the attraction of the healthcare
sector to financial groups from all over the world®.

8 In 2005, the top 3 groups (Générale de santé, Capio and Médi partenaires) accounted for 12% of
MSO clinics, with cumulative sales of 1.9 billion euros. In 2020, the top 3 groups (Elsan, Ramsay
Santé and Vivalto Santé) accounted for 43% of MSO clinics, with cumulative sales of 7.1 billion
euros.
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Mergers and Acquisitions: Key Drivers in the Current Era

In asector where regulation is based on limiting the number of business authorizations
[11], the dynamic of setting up and developing groups of establishments in search of
synergies is mainly based on external growth, alternating or combining vertical and
horizontal mergers.

Horizontal concentration initially led to the creation of several groups with terri-
torial or even regional ambitions. In addition to the strategic policy of the establish-
ment, which is then managed at group level, the increasing demands of the super-
visory authorities in terms of accountability and formalization of organizations lead
groups of establishments to deploy various support functions at head office level:
quality service, legal service, financial analysis and management control, informa-
tion systems and digitization, etc. The largest groups generally have these services
provided by one or more national economic interest groupings (EIGs), possibly
supplemented by geographical areas. The largest groups generally have these services
provided by one or more national economic interest groupings (EIGs), possibly
supplemented by EIGs for specific geographical areas. In addition to gains in effi-
ciency and compliance, groups also seek to increase their negotiating power with all
stakeholders, including public authorities.

The last decade has been marked by the search for greater synergies through
vertical concentration along the care pathway. From the end of the 2000s, under
pressure from the roll-out of the T2A, groups of MSO clinics sought to control their
downstream activities by acquiring follow-up and rehabilitation care (SSR) establish-
ments and home hospitalization (HAD) structures. The groups then expanded into the
support functions of these sectors, investing in imaging, biology and, more recently,
transport services. This movement of vertical concentration is far from complete,
and today extends from the care pathway to the healthcare pathway, breaking down
the historical boundaries between primary care and hospital care, and between the
health, social and medico-social sectors.

The Attractiveness of the Healthcare Sector

In a world where capital circulates freely, several endogenous and exogenous factors
explain the strong appeal of the French private hospital sector. Banks and property
developers are investing in the sector, and a handful of financial groups are battling
it out for leadership.

France’s private hospital system offers three major endogenous advantages for
investors: the outlook for demand driven by an ageing population, the fact that this
demand is largely solvent thanks to a collectivized system, and the prospects for
efficiency gains.

In terms of demand, between 2020 and 2030, the number of people aged 75 to
84—the age group with the highest proportion of hospital admissions—will increase
by 49% in France, reaching 6.1 million [12]. While this ageing raises questions
about how dependency will be financed beyond 2030, the fact that France’s health
insurance system covers hospitalization makes it the OECD country with the lowest
out-of-pocket healthcare expenses [10] is an attractive guarantee for investors. This
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situation applies more or less to the whole of Europe, where 10% of the population
will be aged 80 or over by 2050, compared with 4% of the world’s population.

Furthermore, due to the very origins of clinics and the restrictions on supply
imposed by the authorizations described above, the historical structuring of the
market into small, independent units has offered, and continues to offer on a European
scale, the prospect of synergies for investors, guaranteeing significant growth gains.
Finally, the clinic real estate market has established itself as a specific asset class
that financial groups, whose business it is not, are moving away from, for developers
who find in it recurring returns of between 5 and 7% that office real estate no longer
offers, long-term leases and portfolio diversification®.

Moreover, in a globalized market, the private hospital sector offers exogenous
factors of attractiveness linked to the transferability of the model either to developed
countries as a complement to public healthcare provision, or to emerging countries.
In the case of the former, they enable us to respond to the aspirations of certain
countries that are unwilling or unable to finance the development of new hospital-
ization capacity to meet growing demand, as in Sweden or the discussions taking
place in Quebec. For the latter, the aim is to respond to population growth and, in
particular, the emergence of a middle class eager for access to cutting-edge medical
techniques and accommodation of the highest quality. In both cases, the potential for
transferability opens up the prospect of major growth drivers and new synergies.

Final Thoughts: The Continuing Evolution of France’s Private Hospitals

The dynamics of the last 30 years have led to this concentration movement, which,
as in other sectors, has taken the form of leveraged buy-outs (LBOs)[13] carried out
by French or foreign funds. Within these groups, intellectual medical capital and
financial capital are now disjointed, calling into question the common project. While
these groups, as seen above, are becoming the dominant form, alternatives coexist
and play an important role in the offering of private for-profit establishments [14].
To sum up, 3 main ideotypes and one variant are emerging from this dynamic re-
composition of the sector: the independent clinic, the group of clinics and its two
variants, and lastly, an intermediate ideotype constituted by the cooperative group.

The long-dominant independent clinic has been supplanted by groups of clinics,
of which two ideotypes can be identified:

— groups of clinics with significant physician shareholding. This ideal type is
generally more tightly structured, and has a local or regional geographical reach'°.

— groups of clinics with limited or no physician shareholding. This ideal type can be
found within regional groups, and is the dominant model for the sector’s biggest
players with international ambitions.

9 This dynamic may, however, lead to the entry of new players in the sector, such as the AVEC
group, which originally came from the real estate sector.

10 The Vivalto Santé group, however, is a perfect example of this on a national scale.
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Fig. 5 The 3’ ideotypes of clinics

— The cooperative group of independent clinics, an alternative ideal type, is made up
of independent clinics and/or small groups of independent clinics sharing certain
services in search of synergies while retaining their independence'!.

The dynamics discussed in this paper are constantly evolving, and the lines of force
thatled to the emergence of today’s ideotypes may break down in the face of numerous
present and future challenges: an aging population and the role of housing, shortages
and/or quality of working life for healthcare professionals, the attractiveness of public
or private not-for-profit services for patients, and so on (Fig. 5).

Finally, the holistic approach in terms of healthcare pathways, or even life paths,
is attracting new players such as mutual insurance companies, banks and insurers,
who have already invested heavily in the capital of the major groups. But it is also
widening the field of competition, because while groups from the private clinic sector
are investing in the elderly sector, or in primary care by developing health centers, for
example, we are also witnessing the arrival of groups from the social or medico-social
sector in the healthcare field.
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Abstract Several authors note a growing gap between the development of evidence-
based innovations from research projects and their implementation in day-to-day
clinical and administrative practice on a large scale. One of the reasons for this is
a lack of theoretical and methodological knowledge to implement the best clinical,
administrative and organizational practices in other places and contexts. Scaling up
requires an adaptive approach recognizing the importance of flexibility in design,
appreciation of the local context, and a sensitive response to the unique needs of
each environment. It requires the use of qualitative methods to examine under-
lying processes and mechanisms and encourages the adaptation of intervention to fit
different contexts. Dissemination and scaling up of major innovations in the health-
care sector requires an approach rooted in complex systems theory which implies
considering several plausible scenarios, fine-tuning innovations to local specificities,
harmonizing innovation with the realities of receiving environments, and facilitating
intra- and inter-organizational interactions.
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1 Background

Several authors note a growing gap between the development of evidence-based
innovations from research projects and their implementation in day-to-day clinical
and administrative practice on a large scale [1-3]. In Canada, less than 40% of initia-
tives—stemming from pilot projects—aimed at improving health care and services
are successfully replicated in another unit/department of the hospital organization.
Yet, most of these innovations have a proven potential to improve the efficiency
of care at the level of the healthcare system in general, and to meet the needs and
expectations of patients in particular [4, 5]. These implementation difficulties are so
common for service innovations that they cannot be considered a localized problem
for the organizations adopting them.

One of the reasons for this is a lack of theoretical and methodological knowledge
to implement the best clinical, administrative and organizational practices—resulting
from pilot projects—in other places and contexts [6, 7]. “Conducting implementation
research without a theoretical framework also hinders a foundational scientific goal
of being able to generalize and build on findings across studies and contexts” [8]. The
lack of empirical studies on replication and scaling up is also a contributing factor to
this state of affairs [9]. This is why so many decision-makers and practitioners call
on researchers to develop theoretical, conceptual and practical tools for scaling up
innovations deemed promising in healthcare establishments [10, 11].

The purpose of this article is to shed theoretical and methodological light on the
scaling up of innovation in the healthcare sector. The aim is to propose a clear and
precise formulation of the concept, accompanied by a structured and contextualized
approach. Finally, it aims to identify the prerequisites for scaling up an innovation
within healthcare establishments. “The usefulness of all scaled-up innovations will
ultimately depend on the strength of the methodology developed” [12].

2 Methods

To achieve this, we used a hybrid methodology combining both narrative review and
concept analysis. Narrative reviews are used to update knowledge on a given subject,
with the aim of identifying relevant publications. This type of review provides an
overview of a specific topic, raising issues that are usually neglected and encouraging
further research on the subject [13]. The concept analysis method aims to specify
a concept and distinguish it from neighbouring concepts. It provides an operational
definition of the concept under analysis, specifying its characteristics as well as its
theoretical and empirical referents. The analysis consists of 8 steps as recommended
by Walker and Avant in their 2011 paper [14] (Table 1).
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Table 1 Presentation of the 8 steps recommended by Walker and Avant (2011), the adaptation of
this method for the purposes of our study, and the themes that emerged during this study, which we
will discuss in the next section

Step | Description of Adapting Walker and Topics covered
methodological | Avant’s model [14] to the
step Walker and | realities of the study
Avant [14]
1 Choosing a Choosing a concept * A real difficulty in scaling up
concept promising innovations tested at
local level
* A lack of knowledge (theories and
methods) for scaling up promising
innovations
» Few cases that could serve as
examples and benchmarks
The need to develop methods
2 Determine the Determine the purpose and | Provide theoretical, conceptual and
purpose and objectives of the analysis operational insight into an approach
objectives of the aimed at scaling up an innovation in
analysis the SSS field
3 Determining the | Define the concept under ¢ Definition of concepts
defining study « Different types of scaling
characteristics * An evidence-based approach
4 Building a model | Identify concepts that are * Replication versus Scaling up
case (for related, complementary, * Advantages and limitations of
example) borderline or even contrary replication
5 Constructing a to each other
limiting and
opposite case
6 Identify Key concepts: Principles * A broad, all-encompassing
antecedents and | underlying the diffusion of definition of innovation
consequences an innovation * The preconditions (requirements)
(i.e., outcomes) for disseminating an innovation
 The prerequisites for disseminating
an innovation, as well as facilitating
factors
« Strategic choices to be made
* Actions and behaviours that
reinforce success and sustainability
7 Identify all uses | Present the advantages and | ¢ Replication and scaling difficulties
of the concept limitations of each of these
uses
8 Defining Propose theoretical and * Inspired by the open systems
empirical empirical referents approach
referents ¢ Also from the logic of
implementation science, just like
that of learning healthcare systems,
for that matter
* Clear continuity/complementarity
with learning healthcare systems
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3 Results

For this paper, we analyzed 35 English-language scientific articles, distributed as
follows: 13 literature reviews, 11 perspective papers, six case studies, three combining
literature reviews and case studies, one theoretical article and one commentary. Most
authors are affiliated with universities in North America and Europe (see Appendix
1 for a list of articles consulted).

3.1 Definition and Characterization of Scaling up

The World Health Organization (WHO) offers a consensus definition of scaling up,
describing it as deliberate efforts to scale up the impact of successfully tested health
innovations to benefit a greater number of people, and to encourage the formulation of
policies and programs on a sustainable basis [15]. This definition is characterized by
its all-encompassing nature, its potentially non-linear nature, its intrinsic complexity
and its often-political dimension [12].

From a more concrete, application-oriented point of view, scaling up is defined as
a process or method that enables an intervention that has proven its effectiveness on
a small scale or under controlled conditions to be extended under real-life conditions
to a larger proportion of the eligible population, while retaining its efficacy [16—18].
Innovations evaluated in the context of pilot projects must be evidence-based, or
conclusively demonstrate their effectiveness, before being considered for scale-up.
In addition, these innovations must represent economically viable alternatives to
current practices, and be financially accessible [17, 19]. This is the definition we will
use throughout this paper.

Three types of scaling have been identified in the literature: vertical, horizontal
and functional. Vertical scaling is the result of political, strategic or legal imitative.
It aims to institutionalize innovations through policy or legal action. Systems and
structures are then adapted and resources redistributed to put in place the institutional
mechanisms likely to guarantee the innovation’s sustainability. Horizontal scaling
(expansion) seeks to reproduce, or even expand, an innovation in similar services,
sectors or organizations; the aim being to extend the innovation to new geographical
areas or new target populations [20]. Functional scaling, on the other hand, aims
to diversify the approach by adding new interventions to existing innovations [15].
It should be noted that the different types of scaling do not operate in isolation:
spontaneous diffusion can occur in conjunction with guided scaling, and expansion
is generally more effective when supported by political and institutional scaling
[9, 15, 20].
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3.2 Theoretical Referents

The scaling-up approach adheres to open systems theory. It is influenced by envi-
ronmental factors such as gender inequalities, poverty, health system capacity and
political forces [21]. The external context, including social, cultural, political and
economic conditions, also plays a determining role in the success of the approach,
requiring a systemic and integrated vision in planning and execution [15, 22, 23]. It
is embedded in and complements the implementation sciences, seeking to systemat-
ically integrate research findings and evidence-based practices into health care and
service activities. Like the implementation sciences, the scale-up approach develops
strategies for adopting new health interventions in a particular setting, examining
what works, for whom, and under what circumstances the innovation produces the
expected results. Finally, more than implementation science, the scaling-up approach
seeks to extend innovation to other contexts, enabling entire communities to benefit
from the innovation [8, 23, 24]. Scaling up also aligns with the philosophy of learning
health systems, contributing to the creation of more autonomous, agile and innova-
tive health organizations. It promotes a better understanding and implementation of
best practices. By developing national health learning programs, it identifies effec-
tive methods (the “what”) and provides guidance on how to sustain and expand them
geographically (the “how”), thus strengthening the ability to respond adaptively to
health system challenges [6, 19, 25].

3.3 Replication Versus Scaling up

Some authors see “replication” and “scaling up” as similar processes [26, 27]. Others,
on the other hand, see replication as an intermediate step aimed at reproducing the
innovation on a small scale before going on to a global scale-up. From this point
of view, replication aims to adopt and reproduce an intervention in a different envi-
ronment. These interventions adjust, voluntarily or involuntarily, through contex-
tual interactions and feedback processes, in order to reproduce the desired results
in a more heterogeneous set [22, 24, 28]. Replication of a small-scale innovation
under real-life conditions increases the likelihood of successful scale-up. Firstly, it
provides a detailed view of the day-to-day implementation of the innovation, iden-
tifying whether and how it is applied. Secondly, it enables avoidable problems and
negative side-effects to be identified and corrected before any expansion takes place.
Thirdly, it provides information on what needs to be done to realize the innova-
tion’s potential, and how best to do it. In addition, it offers the opportunity to try out
different delivery configurations at low cost. Finally, it acts as insurance against the
risks associated with the large-scale application of an innovation that could prove
ineffective or have negative repercussions, thus protecting against the waste of time
and resources [22, 24]. However, replication is limited to the dissemination of an
innovation without further adaptation. Consequently, it is likely to fail if the new
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environment differs from the initial test environment. Thus, rapid diffusion is only
possible after the implementation process has been tested and adapted to the various
contexts encountered in a complex scaling environment. Only when the intervention
is designed to work in several contexts can it be reproduced with a minimum of
further adaptation [23].

3.4 The Notion of Innovation

In the context of replication or scaling up, innovation is perceived as something new
by those seeking to implement it. It encompasses not only new technologies or prac-
tices in healthcare services, but also those already in existence but unused in a specific
context, making them innovations in this sense. What’s more, innovation needs to be
considered broadly and multifaceted, far beyond a single medical therapy, clinical
practice or program component. It encompasses a range of interventions, including
the processes required to build sustainable implementation capabilities. Unlike a
simple, isolated solution, innovation is made up of a combination of several interde-
pendent elements. Thus, innovation in health services is not limited to a particular
technology, but also includes new delivery methods, changes in the approach to health
service provision, or community-based interventions. It needs to be understood as
a whole, reflecting its complexity and integration into various aspects of healthcare
delivery [15, 17, 29].

3.5 Factors Facilitating the Replication and Scaling
up of a Healthcare Innovation

The first, and perhaps most important, is to demonstrate the success of the innova-
tion. Indeed, the pilot project must conclude positively with a demonstrated impact
to merit the “Successfully tested” label. This implies that the interventions must be
supported by locally generated evidence, confirming their efficacy and feasibility.
What’s more, scale-up must be aligned with the criteria of realization, relevance, and
beneficial impact on the target population. However, it is crucial to recognize that
not all innovations are replicable. Their potential and added value must be carefully
weighed up before replicating them elsewhere. It should be noted that an innovation,
even one that is effective on a small scale, may not achieve its objectives on a large
scale if it is not aligned with the specific needs and expectations of the target popula-
tions. In this respect, Simmons et al. [15] propose seven criteria for determining the
potential of an innovation to be scaled up, grouped under the acronym “CORRECT”:

e Credible: Innovations must be based on solid evidence or backed by respected
institutions.
e Qbservable: Concrete results must be visible to potential users.
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Relevant: Innovations must solve persistent or felt problems.

Relative Advantage: They must offer an advantage over existing practices.

Easy to Implement: Innovations must be simple to understand and implement.
Compatible: Innovations must correspond to established values, norms and
practices.

e Testable so that potential users can see the intervention on a small scale prior to
large-scale adoption [15].

Secondly, the choice of receiving organization must be based on specific charac-
teristics. Firstly, the members of the receiving organization must perceive a real need
for the innovation, thus guaranteeing a match with the latter’s objectives. In addi-
tion, the organization must have the appropriate implementation capacity, and the
timing and circumstances must be right to welcome the innovation. Effective leader-
ship and strong internal support within the receiving organization are also essential
to guide and sustain the innovation. Finally, success is facilitated when the organi-
zations disseminating the innovation and those wishing to implement it internally
have similar characteristics and are physically close, thus strengthening cohesion
and collaboration in implementing the innovation [15].

Successful large-scale innovation also requires substantial institutional capacity
building and a guarantee of sustainability. This implies the development, establish-
ment and maintenance of strong political support, coupled with the implementation
of adequate management structures. Appropriate human and budgetary resources
must be carefully allocated, and the service components essential to innovation must
be put in place. Furthermore, the adoption of innovation is more likely to succeed
if it coincides with a strong impetus for change and a clear fit with existing system
routines. This means that the innovation must fit harmoniously into existing work
and routines, and that it must enjoy broad support and limited opposition. Systematic
assessment of the innovation’s implications is also a crucial part of this process. All
in all, these interdependent factors help to create a solid and resilient institutional
ecosystem, fostering the successful implementation of programs and policies, and
guaranteeing their long-term effectiveness and sustainability [26, 30].

Active stakeholder engagement is an essential component in the successful scaling
of an innovation. This not only serves to ensure that needs are properly expressed and
addressed, but also fosters a deeper, more nuanced understanding of the context in
which the innovation is being implemented. The literature on organizational change
places a strong emphasis on participatory approaches, even if, in practice, they are
not always sufficiently applied. The scaling-up process, as an evolutionary process of
transition, requires the deliberate involvement of the actors concerned at every phase,
from conceptualization to operationalization. Influenced by their diverse beliefs,
norms and affiliations, these individuals hold significant agency and can exert both
predictable and unpredictable influence on the process. Their active participation
thus facilitates the adoption and adaptation of the innovation, whether during the
pilot phase or subsequent scaling up, contributing to a smoother and more effective
integration of the innovation into the existing system [15, 31].
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What’s more, the successful implementation of an innovation is often linked to
the existence and support of local champions. These key individuals, present at
different levels of the organization or even the healthcare system, are vital, particu-
larly during the initial phases of the innovation process. Their influence can manifest
itself in several ways. Firstly, as experts in their field, they can validate the initiative,
reinforcing its credibility. Secondly, their commitment denotes the importance and
value of the implementation, which can stimulate acceptance within the organiza-
tion. Thirdly, local champions, especially clinicians, often possess unique character-
istics, such as motivation, listening skills and tenacity, qualities that can be enhanced
by appropriate training. These local champions play a central role in persuading
their peers, arguing that technology-supported service is effective, safe and profes-
sionally appropriate. In so doing, they act as catalysts, accelerating and facilitating
the acceptance and adoption of innovation within their specific environment. Their
role demonstrates the complexity and multifaceted nature of successful innovation
implementation, underlining the importance of human dynamics in this process [30].

Finally, the successful adoption of an innovation will be greatly facilitated by a
decentralized organizational structure. In such a framework, each department or unit
can make semi-autonomous decisions, which fosters agility and adaptability. The
presence of significant organizational leeway makes it possible to allocate unused
resources to new projects, while supporting a culture of innovation and risk-taking
where staff are encouraged and rewarded for their creative efforts. Strong leader-
ship and good managerial relationships also nurture an environment conducive to
innovation, as do opportunities for “meaning-making”, where team members can
collaborate to understand and interpret the meaning of an innovation [15, 22, 30].

3.6 Recommended Strategies for Scaling up

The academic literature details various strategies for scaling up a healthcare inno-
vation, each adapted to the specific context, organizational structure and targeted
objectives. The first possibility is an additive strategy, where the initial promoters
plan and implement the scaling effort themselves. This approach places the entire
burden of implementation on a single organization. The alternative is a multiplicative
strategy, in which the initial promoters join forces with new partners to expand and
promote the innovation. Here, promoters can benefit from the support and resources
of the various partners, thus distributing the burden and responsibilities [6, 32]. A
third choice lies in a centralized, top-down strategy, where scaling up is guided by a
central authority, such as a ministry of health. While this approach can benefit from
the strength of the large-scale implementation, it can also lead to rigid, uniform imple-
mentation, limiting the ability to adapt innovations to local needs. In contrast, a decen-
tralized, bottom-up strategy can be chosen to encourage local initiative, autonomy,
spontaneity, mutual learning and problem-solving. This approach allows greater flex-
ibility and sensitivity to local realities. However, it has the disadvantage of lacking
centralized reach or resources, thus limiting the ability to effect large-scale change
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[15]. Each strategy has its own advantages and disadvantages and must therefore be
carefully selected to align with the conditions and needs of scaling the innovation in
question.

The importance of adaptability and flexibility in a scaling process is also a recur-
ring theme in the literature. Organizations with a capacity for learning, able to adapt
and think flexibly, are generally more likely to succeed than those that rigidly follow
rules and emphasize standardization. This involves recognizing the need to under-
stand and respond to the local context, using qualitative methods to explore processes
and mechanisms, and tailoring intervention to best suit different contexts. Such an
approach not only facilitates implementation, but also helps ensure that the innovation
is genuinely beneficial and relevant to the target population. Successful intensifica-
tion therefore requires a nuanced understanding of these dynamics and a willingness
to adopt a balanced approach, capable of maximizing the benefits of different strate-
gies while minimizing their drawbacks. This is a delicate challenge, requiring careful
attention to detail, meticulous planning and sensitivity to the needs and constraints
of each specific context [15, 31, 33].

3.7 Actions and Behaviours that Reinforce the Potential
Jor Success and Sustainability

Preparing the host organization is crucial to successful scaling. Some of the chal-
lenges associated with this preparation include resistance to innovation due to
previous beliefs or cultures, and competing priorities. Consensus on care objectives,
alignment of practices between different services or departments, adequate dissem-
ination of information on the aims and objectives of the innovation, and careful
evaluation and adaptation at different levels of the organization can help overcome
these challenges [19, 34].

In this respect, implementing an effective communication strategy is vital to
promoting innovation within the receiving organization. The selection of communi-
cation methods must be adapted to the nature of the innovation and the organization’s
ability to assimilate the changes. Although impersonal communication strategies,
such as publications and websites, are essential for dissemination, they are not suffi-
cient on their own. Personal communication, including training programs, site visits,
workshops and policy dialogues, is needed to spread innovations [35]. A mentoring
and coaching program can also be key to successful scaling up. Research in the field
of implementation science indicates that while training is necessary to develop skills,
it is not sufficient on its own to achieve results. Training needs to be backed up by
technical assistance, including coaching and problem-solving. This support not only
ensures that skills are properly developed, but also that they are applied effectively
and continuously, enabling the infusion of innovation on a wider scale [15, 34, 36].

In addition, meticulous planning of the time required by employees to support
implementation strengthens the potential and sustainability of innovation. This
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includes the essential allocation of an advisory board made up of a diversity of
roles and specialties to represent different perspectives and share information across
the organization. This approach ensures that the different aspects of innovation are
considered, and that innovation is effectively adapted and integrated into the organi-
zation, taking into account available resources and planning and execution processes.
The same applies to the evaluation and monitoring process, which must be as rigorous
as possible [16, 29].

Finally, the successful scaling up of a healthcare innovation requires a careful and
comprehensive analysis of financial factors. This involves an accurate assessment of
the costs associated with the innovation, recognition of the potential economies of
scale that can be realized as the project develops, and careful planning to mobilize
the necessary financial, human and material resources. In addition, it is imperative to
examine the affordability of the innovation, its long-term profitability, and the feasi-
bility of implementing it with fidelity in the existing system. These considerations
ensure that the innovation can be integrated sustainably and effectively, in harmony
with the constraints and opportunities of the economic and organizational context
[17,28].

3.8 Replication and Scaling Difficulties

The ability of an innovation to be replicated or scaled up is strongly influenced by
its complexity. The more complex an innovation, or the context in which it is imple-
mented, the more difficult it will be to adopt, develop and maintain successfully. This
notion of complexity takes on a particular dimension when it comes to technological
innovations. These can often require a significant transformation of existing clinical
and organizational practices, adding further layers of difficulty and potential resis-
tance. Thus, the diffusion and scaling up of an innovation cannot be seen as a linear
mechanical process. On the contrary, they require a multi-perspective approach that
considers the various aspects of the system, including operating modes, interactional
dynamics and social context. When the innovation is ambitious and likely to meet
resistance from the stakeholders involved, this multidimensional consideration is
even more crucial to ensure successful and sustainable implementation [30, 31, 37].
In the context of innovation adoption, it is possible to identify four main types of
resistance from clinicians, illustrating the complexity of implementing change in the
healthcare field. The first type of resistance is linked to the introduction of a radical
change in practice, such as the transfer of disease management from the professional
to the patient. It may be perceived as an attack on traditional practice or professional
autonomy. The second refers to the socio-material constraints arising from innova-
tion. This may include questions about the reliability of the innovation, increased
workload, or the creation of more difficult working conditions. The third type refers
to clinicians’ ability to exercise their professional judgment. The fourth and final
type of resistance is based on the perception that innovation could reduce or limit
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face-to-face interactions, favouring remote communication. This can be experienced
as the dehumanization of relations with patients or between professionals [30].

The literature also points to the problems most frequently encountered when
scaling up an innovation. Firstly, the scheduling of activities and events for scaling
may be too simplistic for the complexity of the innovation within the receiving orga-
nization. Secondly, the innovation may be insufficiently prototyped, customizable or
reliable, require complex knowledge to use, or produce incomplete or inappropriate
data. Thirdly, the value proposition may be imprecise in terms of quality, reliability
or profitability. Fourthly, the target organizations may show little interest in the inno-
vation, be ill prepared to receive it, or simply unable to put in place a viable strategy
for its implementation. Last but not least, successful scaling requires a thorough
understanding of the organizations in which the innovation is deployed. These orga-
nizations are often complex, marked by slowness, interwoven political interests, risk
aversion and a propensity to seek simple solutions to complex problems [33]. In
addition, they can be hampered by poorly paid staff, frequent staff changes and vari-
able efficiency. Some administrations may wield considerable authority and operate
efficiently, while others may have minimal legitimacy and be unproductive. Even
within an organization, there can be significant variation, with zones of innovation
coexisting with pockets of inefficiency, creating a complex and nuanced institutional
landscape, where the scaling strategy needs to be carefully adapted [33, 38, 39].

4 Conclusion

Unlike a pilot project, which is often conducted in a controlled, quasi-experimental
environment with the emphasis on standardization and reproducibility, scaling up
requires an adaptive approach. The latter recognizes the importance of flexibility
in design, appreciation of the local context, and a sensitive response to the unique
needs of each environment. It requires the use of qualitative methods to examine
underlying processes and mechanisms and encourages the adaptation of intervention
to fit different contexts. As a result, it can be difficult to reconcile dissemination
strategies that seek to reproduce a ‘model’ innovation in a standardized way, with
the reality of heterogeneous practice settings and the unpredictability inherent in the
varied contexts in which these innovations are deployed [31].

Unlike traditional ‘plan-do-study-act’ methodologies, which are appropriate for
small-scale improvement initiatives, the dissemination and scaling up of major inno-
vations in the healthcare sector requires an approach rooted in complex systems
theory. This implies considering several plausible scenarios, fine-tuning innova-
tions to local specificities, harmonizing innovation with the realities of receiving
environments, and facilitating intra- and inter-organizational interactions. In addi-
tion, it requires encouraging collective thinking and learning, developing individual
skills, promoting open-mindedness and collaboration, and constructively managing
conflict. By adopting these principles, scaling up can successfully respond in a
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more nuanced and responsive way to the complex and evolving challenges faced
by healthcare organizations [21].
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Retention and Attraction Measures )
in the Quebec Health Care System ek
During the Covid-19 Pandemic

Maude Laberge ® and Jasmine Sawadogo

Abstract The Covid-19 pandemic has led to many changes in the management of
personnel within the Quebec health care system. Faced with the increasing burden
of labor needs and the need to motivate caregivers to stay in the system, the Quebec
government had to put in place various measures. Some of these measures were
aimed at attracting new workers and others were aimed at retaining those already
involved in the health care system. The arrival of these incentives was generally well
received, but their gradual withdrawal was met with outrage by health care workers’
rights groups. Our study aims to describe the measures that were introduced between
March 2020 and January 2023 by the government to maintain the health care system.
The study also presents the reactions that these measures generated from advocacy
groups.

Keywords COVID-19 - Measures + Health system

1 Introduction

In February 2020, Quebec, Canada reported its first case of COVID-19 [1]. This date
marked the beginning of a major change on many levels within the province and in
the rest of the country. According to the Qubec’s national institute for public health

M. Laberge (X)) - J. Sawadogo

Department of Social and Preventive Medicine, Faculty of Medicine, Université Laval, Quebec
City, Canada

e-mail: maude.laberge @fmed.ulaval.ca

VITAM, Centre de recherche en santé durable — Université Laval, Laval University, Quebec City,
Canada

J. Sawadogo
e-mail: laure-jasmine.swadogo.l @ulaval.ca

M. Laberge
Centre de recherche du CHU de Québec, Laval University, Quebec City, Canada

© The Author(s) 2026 257
P. Landa et al. (eds.), Operations Research and Artificial Intelligence in Healthcare

Management, Springer Proceedings in Mathematics & Statistics 506,
https://doi.org/10.1007/978-3-031-95659-1_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95659-1_20&domain=pdf
http://orcid.org/0000-0003-1274-136X
http://orcid.org/0000-0003-1268-9477
mailto:maude.laberge@fmed.ulaval.ca
mailto:laure-jasmine.swadogo.1@ulaval.ca
https://doi.org/10.1007/978-3-031-95659-1_20

258 M. Laberge and J. Sawadogo

(Institut national de santé publique du Québec — INSPQ), by March 2023, Quebec
had more than 1,300,000 confirmed cases since the beginning of the pandemic [2].
At the same time, the province exceeded the 18,000-death mark [2].

Waves of COVID-19 patients shook the Quebec health system. Indeed, the number
of hospitalizations for COVID-19 increased exponentially between March and May
2020 [2]. A de-scheduling plan for medical procedures not related to COVID-19 was
implemented to face the health emergency. The context was already difficult: Quebec
has one of the oldest populations in the world [3], and changes in the demographic
profile of the province are generating a growing gap in which the needs of the ageing
population are increasing at a faster rate than that of the capacity to deliver services.

This scarcity in resources creates pressure on healthcare providers, leading more
than a quarter of those surveyed to express the desire to leave their jobs [4].

Quebec’s healthcare system aims to provide accessible, quality health and social
services. It is administered by local bodies such as clinics and community phar-
macies, and by regional organizations such as the Integrated Centre for health and
social services (Centres intégrés (universitaires) de santé et des services sociaux
(CI(U)SSS)). There are 22 CISSS and CIUSSS, 4 university hospital centers, 2
university institutes and 5 health organizations serving northern or aboriginal popu-
lation [5]. It is estimated that almost 7% of Quebec’s working population is employed
within its healthcare system. Its financing is essentially based on general taxation,
which enables services to be provided free of charge in Quebec [5].

Despite these provisions promoting access to care, the healthcare system is weak-
ened by a constant shortage of doctors, particularly in family medicine. Indeed, in
2022, Quebec had 2,8 doctors per 1,000 people, which was lower than countries like
Austria (5.5), Iceland (4.5) or Italy (4.3) [6]. Health human resources (HHR) are the
foundation of the system, and these include highly qualified providers with years of
training, making retention key to maintain continuous services delivery. The issue
of HHR retention is not limited to Quebec with other jurisdictions facing similar
challenges [7]. We hypothesize that there is no one-size-fits-all solution and that the
local context and the voices of interest groups (IG) may affect the choice of potential
solutions.

2 Objective

The purpose of this study is to identify measures that were implemented by the
Quebec government in the COVID-19 context and to document stakeholders’ views
and reactions.
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Table 1 Websites consulted Média

24 heures La Presse Le Devoir
Le Journal de Montréal | TVA nouvelles/LCN
Le Journal de Québec Radio-Canada

3 Method

We conducted a search in the grey literature to identify the measures implemented
by the Quebec government during the COVID-19 pandemic. This strategy was
selected because the information was expected to be mainly found on the websites of
ministries, professional advocacy groups or in the main Quebec newspapers. A search
of scientific databases was conducted as an exploratory strategy, but this search did
not yield any usable results. We used the narrative synthesis approach [8] to tran-
scribe the results of the research. Searches were conducted using specific key words
in French, determined by consensus among the research team and based on terms
frequently used in the literature to refer to government incentives. These keywords
were “COVID incentives”, “COVID”; “COVID guidelines”; “COVID measures”,
“COVID bonuses” (in French: « mesures incitatives COVID»; « COVID»; « direc-
tives COVID», « mesures COVID», « Primes COVID», respectively). Searches were
restricted to the province of Quebec and the study period was from March 2020 to
January 31, 2023. Finally, to exploit the grey literature more broadly, we used the
keywords « mesures incitatives COVID» et « directives COVID» to perform a Google
search. The media websites consulted are presented in Table 1. The institutions and
interest groups (IG) identified to describe the measures are summarized in Table 2.

The documents were analyzed using an extraction grid based on the following
elements:

— Name of the measure introduced

— Place of implementation

— Health professionals targeted

— Date of implementation and abolition of the measure
— Consequences of abolishing the measure

4 Results

The keyword search strategy yielded 1,703 entries of which 1,031 were from the
organizations’ websites and 672 were from provincial newspapers. The most compre-
hensive list of measures was found using Ministerial Order number 2020-035 dated
May 10, 2020 [9]. Information on the purpose of the measures was mostly found on
the website of the MSSS [10].
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Table 2 Institutions and targeted interest groups to describe the consequences of the measures

Institutions and interest groups

Mission

Québec Ministry of Health and Social
Services (MSSS)

The MSSS is the institution responsible for
managing the health care system in Quebec

Centre interuniversitaire de recherche en
analyse des organisations (CIRANO)

CIRANO is a multidisciplinary research center
whose work aims to support the strategic decision
making of decision makers, the production and
transfer of scientific knowledge

Confédération des syndicats nationaux
(CSN)

The CSN is a group of nearly 1600 unions,
mostly in Quebec, whose goal is to ensure equity
and the respect of rights in the professional sector

The College des Médecins

The College des Médecins monitors and
evaluates medical practice in Quebec. Makes
recommendations for the improvement of
medical practice in Quebec. It may take a
position, including in the media, on various
health-related issues

The fédération des Médecins omnipraticiens
du Québec (FMOQ)

The FMOQ looks after the professional and
scientific interests of general practitioners in
Quebec. It defends their professional autonomy
and does everything in its power to ensure that
they practice in conditions that allow them to
offer their patients the optimal quality of care to
which they aspire

The Fédération Interprofessionnelle de la
santé du Québec (FIQ)

The FIQ is an organization dedicated to the
defence of its members (nurses, nursing
assistants, respiratory therapists and clinical
perfusionists), but also to that of patients and the
public health network

The Fédération des médecins spécialistes du
Québec (FMSQ)

The mission of the FMSQ is to defend and
support the medical specialists of its affiliated
associations who work in the public health
system, while promoting quality care and
services for the Quebec population

The Ordre des infirmiéres et infirmiers du
Québec (OIIQ)

The mission of the OIIQ is to ensure the
protection of the public so that the Quebec
population can benefit from safe, quality care and
services provided by competent nurses with
integrity

The Syndicat québécois des employées et
employés de services (SQEES)

The Syndicat québécois des employées de
services is a sub-branch of the Fédération des
Travailleurs du Québec (FTQ) and has a majority
of employees in the health and social services
sector
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The consequences of the measures and the positions of professional organizations
were found mainly in the media. We found that measures were for the most part
financial incentives (such as bonuses or salary increases) rather than professional
accommodation measures. Table 3 presents the measures mentioned in the ministerial
orders.

4.1 Attraction and Retention Measures

The measures were initiated in May 2020, two months after the beginning of the
COVID-19 pandemic in Quebec. In our analysis, we differentiate attraction measures
which were intended to encourage new or retired people to become involved in
supporting the health system, and retention measures that were designed to keep
employees in their jobs by encouraging them to work more and longer. These
two types of measures, specifically related to the pandemic, are different from
those initially in place to address the already prevalent labor shortage. Of the main
eleven measures identified, seven were retention measures while four were attraction
measures.

The attraction measures were mostly voluntary involvement in health support
programs with good remuneration (“Je contribute” platform or al2-week intensive
PSW training program specific to tasks in LTC facilities). Retention measures were
usually financial compensation. Those bonuses ranged from $100 CAD to $10,000
CAD, most of which were cuamulative. They applied to different healthcare providers
such as nurses, health care aides, personal support workers (PSWs), and for some
measures, maintenance personnel in healthcare facilities. Work during inconvenient
hours such as weekends and nights was highly encouraged with incentives. In addi-
tion, additional shifts and overtime were rewarded with additional bonuses. The
measures were mostly implemented in long-term care (LTC) facilities, general hospi-
tals, and facilities or locations designated by the MSSS. Some conditions applied to
be eligible to some of the bonuses such as the need to be adequately vaccinated [9].

4.2 Implementation of Measures

The announcement of the incentive measures was generally well received. These
initiatives were considered relevant to motivate staff, already suffering from the heavy
demands of the health system, and to enhance the value of the health professions. The
former president of the Quebec Interprofessional Federation (FIQ) declared: “This
is important because we need to attract people, we need to retain those who are there,
and we need those who are part-time to increase their hours” [11].

On the other hand, the interest groups also pointed to the rigidity of the measures
put in place and expressed the feeling that the government preferred paying the
staff more rather than improving their working conditions. The FIQ considered that
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Table 3 Attraction and retention measures implemented during the COVID-19 pandemic in

Quebec
Summary of measures Type of Staff targeted by | Start date | End date
measures | the measure
Lump sum of $100.00 per week Retention | Employees in 10-May-20 |N.A
worked LTC! centers
Lump sum of $200.00 for the first | Attraction |* Employees in 10-May-20 | N.A
two consecutive weeks worked LTC centers
* Nurses
* PSWs Health
and social
services workers
* housekeeping
attendant
Lump sum of $400.00 for the Retention |+ Employees in 10-May-20 |N.A
period of work of two weeks LTC centers
effectively worked consecutively o Nurses
and subsequent to the first 2-week « PSWs
period of work * Health and
social services
workers
* housekeeping
attendant
Bonus of $500.00 per week to Attraction |« Employees in 10-May-20 |N.A
work in a socio-sanitary region LTC centers
more than 70 km from the * Nurses
provider’s home when needed ¢ PSWs
» Health and
social services
workers
* housekeeping
attendant
COVID-19 bonus of 8% on the Retention | All health care 10-May-20 | N.A
hourly rate professionals
Additional 4% COVID-19 bonus | Retention | All front-line 10-May-20 | N.A
on the hourly rate to the 8% bonus health care staff
already given
Implementation of a web platform | Attraction | Nursing and 10-May-20 |N.A
(“Je contribue™)? for people with cardio-respiratory
healthcare training not currently staff
working in the healthcare system
to apply
(continued)

VLTC: Long term care.
n.a: Not available.

2 The “ je contribue “ platform is a digital platform whose objective is to recruit caregivers to
support the health and social services network: https://jecontribuecovid19.gouv.qc.ca/Inscription.

aspx.
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Table 3 (continued)

Summary of measures Type of Staff targeted by | Start date End date
measures | the measure

Option for employees to request Retention | Nursing and 10-May-20 | N.A
payment for vacations cardio-respiratory

staff
Staircase bonus of $1,000 per Retention | Nursing and 10-May-20 | 14-May-22
four-week period cardio-respiratory

staff
Attendance bonus of $1,800 per Retention | Nursing and 10-May-20 | 14-May-22
four-week period for cardio-respiratory
immunization staff working at staff
least one day per week
12-week intensive PSWs training | Attraction | Anyone wishing | N.A N.A
program to support the

health system

“The bonuses promised by the government are nothing more than sweets distributed
without taking into account the fatigue of the staff, [...]. It’s as if fatigue could be
traded for money” [12].

4.3 Withdrawal of Measures

The withdrawal of incentives has been met with difficulty. The FIQ was the IG that
expressed itself the most and it perceived the government’s withdrawal as a failure
to address their concerns. “We had incentives with overtime paid double the hourly
rate and lots of bonuses and lots of things at the financial level. Now we have none
of that except overtime paid double” [13]. “The government needs to think about the
effect it will have on the staff. Workers are stretched thin after two years of fighting
the pandemic. We are already struggling to attract and retain staff in the system”
[14].

5 Discussion and Conclusion

In many fields, the implementation of incentives is a strategy that seems to be effective
in encouraging and attracting workers [15]. Prior to the COVID-19 pandemic, the
Quebec government used this method to recruit nurses and PSWs as a strategy to
mitigate labour shortages. In the case of the pandemic, according to the MSSS,
the incentive measures allowed the Quebec health system to ensure an adequate
availability of staff and the continued delivery of care and services to the population
[16].
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However, in the long term, incentives are costly and cannot last forever. This
leads to their gradual withdrawal. Withdrawing incentives is difficult as it can lead
to disruption and demotivation of staff, and to resignations because the financial
compensation fails to relieve workers from the physical and mental burden [17].

Despite the difficulties associated with removing incentives, the strategy of using
them has been used in many other health systems [18]. For example, in Manitoba and
Ontario, risk premiums were introduced as of October 2020 to temporarily improve
the wages of low-income workers in hospitals and residential care services, including
long-term care homes [18].

In Australia, COVID-19 exposure bonuses were introduced for workers who had
to provide their services face-to-face. These were quarterly bonuses of AUD800 for
aged care facilities and AUD600 for home care for staff working more than 30 h per
week [19].

In the United States, financial incentives varied by state. In Massachusetts, bonuses
of between USDS5 and USD10 per hour were given to individual health care workers
[20]. In Arkansas, workers in facilities with at least one COVID-19 case could receive
an additional USD125 to USDS500 per week [21].

The introduction of incentives has been generally well received. One challenge
faced by these countries is to maintain the performance of health systems and their
actors while withdrawing some of the incentives that were intended to be exceptional
to the pandemic situation. This analysis has documented this phenomenon in Quebec.
It could be relevant to evaluate the management of this situation in other contexts
to find a more appropriate strategy for governments, health care organization and
insurers. Although incentives may be effective in altering behavior (in this case,
retaining staff), they may not be sustainable and alternatives could be more effective
in the long term. The international center on nurse migration proposed a different
action plan to retain nursing staff during a pandemic. It is based on 7 actions [22]:

— commit to supporting secure staffing levels.

— commit to supporting early access to full vaccination regimens for all nurses

— conduct impact assessments on the nursing workforce

— strengthen the capacity of the national nurse training system

— improve the retention and attractiveness of nursing as a career,

— implement policies to optimize the contribution of nurses to the pandemic response
— monitor and track nursing self-sufficiency.

These elements could help other healthcare systems, such as Quebec’s, to improve
the retention of their healthcare staff, especially nurses.

This study, based on grey literature, provides an overview of the phenomenon of
incentives during the pandemic. Future studies based on field analyses with nursing
staff would enable us to reinforce and better understand our conclusions.
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