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Abstract
Purpose: A routine preoperative assessment is considered both ineffective and inefficient. Despite the widespread application
of lean thinking in healthcare, there is little evidence of successful experiences in preoperative admissions in order to reduce
“No value added” activities. A conceptual framework reporting the drivers (clinic, tools, innovation, organization, and gov-
ernance) and impacts (patient, efficiency, sustainability, time, learning and growth) was developed.Methodology: Drawing on
the experience of an Italian high complexity hospital, this paper analyzes the case study by reporting evidence on how to
implement lean in preoperative assessment and how to evaluate the positive results obtained.Results: Applying lean principles,
the identification of value improved the appropriateness of care by creating 40 personalized pathways; the value stream resulted
in a reduction of “No Value Added Time” from 37% to 28%, chest X-rays from 41% to 14% and cardiac visits from 49% to 37%;
the pursuit of continuous flow through innovation contributed to increase the use of digitalization; the new pull organization
helped to reduce the average time spent per year by 1.5 h; the continuous improvement was ensured through the governance of
results. Conclusion: The proposed framework should be used to improve the quality of care in preoperative admissions by
adopting the lean drivers for successful implementation and reporting the impacts.
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Introduction

The necessity of undergoing a preoperative assessment (PA),
i.e., “the clinical investigation that precedes anaesthesia for
surgical or non-surgical procedures”1(p. 1749) is a crucial
step of the entire peri-operative pathway. The preoperative
evaluation consists in a complex hospital activity that in-
volves a huge number of patients.

Garcı̀a-Miguel and colleagues, claiming the relevance of
PA stated “thorough clinical PA of the patient is more im-
portant than routine preoperative tests, which should be re-
quested only when justified by clinical indications”1(p.1749).
There is a large debate on routine tests in PAs with the ev-
idence that claims multiple negative effects, when routines
are not clinically required, on both patients’ comfort and
healthcare providers’ efficiency.2

Removing unnecessary activities in order to improve the
value for patients and optimize flows and processes is in line
with the principles of lean management. Lean is an im-
provement approach widely used by healthcare organiza-
tions3 worldwide to deliver high quality services, create value
from a patient-centered point of view and try to remove “No

Value Added” (NVA) activities, i.e., those services/tests for
which people are not willing to pay.4

According to the literature, there is a wide research on lean
management adoption in the operating room.5 However,
although the relevance of the PA within the entire peri-
operative pathway for improving both patients’ health out-
comes and the organization’s efficiency, very few studies
addressed the implementation of the lean methodology to
specifically improve this complex service.6–8 There is a lack
of evidence framing guidelines on how to “lean” PA
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according to lean thinking, defining the drivers for an im-
provement re-organization.9

According to the evidence on preoperative routine as-
sessment and moving from these research gaps, a high
complex research and academic hospital located in the North
of Italy, dealing with a preoperative organization character-
ized by routines tests for all patients, queues, delays, dis-
comfort both for patients and healthcare personnel and, thus,
inefficiencies, and activities without value for patients, de-
cided to implement and carry on an improvement project
aimed at increasing the quality of care and reducing waste in
this hospital activity.

The hospital setting analyzed within the scope of this study
represents an excellence both at national and international
level for its competence in lean management. It counts more
than 10 years of experience with lean principles adoption,
reaching a hospital-wide implementation (more than 250
projects implemented), with a disseminated culture of quality
improvement and an overall engagement of personnel (1031
people trained until 2021) on lean techniques and method-
ology (i.e., administrative staff, physicians, nurses, and other
health professionals such as physiotherapists, technics of
radiotherapy). It was one of the first hospitals to have re-
organized the entire PA according to lean management,
representing a best practice for healthcare organizations
worldwide.

Thus, the aim of this work is to give evidence on how to
implement lean management in the PA and how to assess the
results obtained, by providing a conceptual framework that
follows lean principles. The organizational transformation
reported through a case study provides insights for appli-
cations of the framework in other hospital settings.

Theoretical background

Lean management emerged from manufacturing industries,10

in the Toyota Production System. The five principles of lean
are: (i) the identification of value from the customers’ per-
spective; (ii) the understanding of the value stream; (iii) the
identification and improvement of the process flow; (iv) the
adoption of a “pull” logic; (v) continuous improvement to
achieve perfection. It was adopted in the healthcare sector to
reduce waste (Muda), thus improving processes, reaching a
widespread diffusion within hospitals operations world-
wide.11 Although the potential of lean management in
healthcare, evidence still highlights a lack of systematic
adoption, fully developing the methodology, and of frame-
works able to capture the systemic nature of lean im-
plementation at hospital level and report the related
impacts.12

Recent studies have tried to provide general frameworks to
support both the implementation of lean management and the
evaluation of the impacts. For example, Barberato Henrique
and colleagues identified a lean healthcare assessment
framework based on three levels – tools, methods and

people – in order to ensure the sustainability of lean initia-
tives’ impacts.13 Analyzing multiple case studies, Centauri
and colleagues derived a conceptual framework composed by
both social (i.e., structure and people) and technical (i.e.,
technology and production processes) components and in-
cluding also the influence of the external context.14

Recently, Marsilio and Pisarra15 provided a theoretical
framework through a meta-review that embraces the socio-
technical drivers that support both quality improvement
practices at organizational level and the lean implementation
process. Some studies tried to focus on specific applications.
Sales-Coll presented a consolidated model that allowed to
improve both the overall efficiency in operation rooms and
the patients’ perceived value.16 However, to the extent of our
knowledge there is no evidence of lean implementation
frameworks in the PA. Shah and Ward defined lean pro-
duction as “an integrated socio-technical system whose main
objective is to eliminate waste”.17 Moving from the evidence
of previous works, the present paper aims at analyzing how to
implement lean management in the PA (i.e., which are the
main areas of intervention - “driving pillars”), and how to
assess the impacts, by providing a conceptual socio-technical
framework.

The theoretical framework

The frame proposed took inspiration from previous works,
particularly, from the study of Marsilio and Pisarra (2021)
(Table 1). Nevertheless, it was adapted to the specificities of
the case study presented and, particularly to PA’s
characteristics.

All the socio-technical dimensions were included. The
external context was not considered since the framework
includes only in-hospital components for lean
implementation.

The implementation framework is reported in Figure 1 by
aligning the success factors and impacts to the five lean
principles.

The central aspect is the organizational culture of quality.
Lean implementation requires the creation of a continuous
improvement culture. The simple application of lean tools to
processes does not exploit the potential of lean principles in a
holistic perspective.18 Moreover, the organizational lean
culture should be oriented towards the education and training,
motivation, and engagement of employees.19

The pillars and the related impacts are summarized as
follows:

⁃ VALUE IDENTIFICATION. The clinic pillar involves
both identifying value and stratifying risks. Within this
phase, the engagement of clinicians is fundamental to
eliminate routine PAs.1 Frontline staff should be em-
powered and trained to identify and address problems:
the people doing the work are the best suited to create
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solutions.20 Impacts are attributed to patients: i.e., health
outcomes, improved appropriateness, and patient value.

⁃ VALUE STREAM. Lean tools, such as the Value
Stream Map, enable the creation of the value stream
and identification of both “Value” activities and non-
value-added activities, i.e., those that do not con-
tribute to an efficient care. From the hospital’s per-
spective, the impacts of using lean tools are related to
the waste reduction and improvement of the
efficiency.21

⁃ CREATE FLOW. In order to achieve the continuous flow
of processes, innovation can be used to introduce new
technologies and procedures. Digital technologies com-
bined with lean can improve flows.22 The introduction of
technologies and innovation allows the sustainability of
the organization and the engagement of personnel.23

⁃ ESTABLISH PULL. At an organizational level, lean
management re-organizes processes to implement a pull
logic. The application of tools to redesign pathways is
fundamental and has positive results on both quality of

Table 1. PA Socio-technical Dimensions and impacts.

PA lean socio-technical drivers and impacts
Marsilio and Pisarra (2021) lean socio-technical
dimensions and impacts

Social dimension Culture of quality Organizational culture

Social dimension Clinical pillar Organizational structure
Impact Patient Patient
Technical dimension Lean tools Techniques and tools
Impact Efficiency Financial/Internal process
Technical dimension Innovation Layout
Impact Sustainability Learning and growth
Technical dimension Organization Techniques and tools
Impact Times Internal process
Social dimension Governance Strategic management/Organizational culture
Impact Learning & growth Learning and growth

Figure 1. The conceptual PA framework for lean implementation and impacts control.
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care and efficiency and, thus, on the reduction of waiting
times.24

⁃ CONTINUOUS IMPROVEMENT. Governance should
drive a functional system of performance manage-
ment. Gonçalves Pinheiro and Misaghi proposed a
pyramidal multiple level lean governance framework
(for IT enterprise) related to lean principles.25 The
impacts encompass the growth and education of the
staff and the organization.19

Methods

Most of the studies reported in literature provide lean im-
plementation evidence in hospital settings based on real case
studies.26 This work adopts a qualitative approach, based on
the case study methodology.27 Particularly, it is a longitudinal-
explanatory single-case study. This methodology was adopted
to fully consider the complexity of the context in which the
lean initiative occurred. It is also able to “illuminate a decision
or a set of decisions: why they were taken, how they were
implemented, and with what results”27(p.12)

Study setting

The transformation initiative involved a research, hospitalization
and healthcare scientific institute organization located in the North
of Italy. Preoperative admissions average 110 patients per day.

The hospital investigated provides insights thanks to its
expertise and diffused lean culture within the overall organi-
zation. The requirements suggested in this work are also those
to which healthcare organizations worldwide are going
through in the wake of the COVID-19 pandemic (e.g., digi-
talization). The problem related to routine preoperative as-
sessments is investigated within the international literature1

and the presented lean model might be scaled-up in the pre-
operative admissions of other national and international hos-
pital settings. Accordingly, NICE guidelines firstly suggested
the model.28

Data collection

Data collection used multiple sources, i.e., archival data
(internal clinical database, organizational records with flow
chart and protocols), documents (minutes of meetings, written
reports of events, administrative documents), and direct ob-
servations by attending the 15 multidisciplinary groups’
meetings (i.e., 5 h per group for a total of 75 h) that allowed for
the construction of the personalized preoperative pathways,
with the aim of improving data validity through triangulation.

The study observed a sample of patients over a period of
3 years, with 14,466 patients in 2019, 9,419 patients in 2020,
and 14,091 patients in 2021.

Results

Case study design

Before the re-organization through lean methods, the PA
consisted in routines, decided by each clinical unit. All pa-
tients in had blood tests, with appointments from 7.30 a.m. to
11.00 a.m. and ECG tests. The other visits were organized
with age routines i.e., cardiac visits and chest X-rays for all
the patients over 50 years old. Starting from 2 p.m. till 7 p.m.,
preoperative was completed by the anesthesiology and sur-
gery visits. The project, studied in 2019, was implemented in
January 2020.

How to implement lean management in the
preoperative assessment

Enabling factor
Culture of quality. Lean thinking principles were diffused by

the hospital’s leadership that has been always focused on
ensuring a culture of continuous improvement. Education and
training have been also promoted. A multidisciplinary core
team, composed by the Quality Manager, the anesthesiolo-
gists’ Department Director and the Operations Manager, met
15 clinical groups to discuss how to review preoperative
pathways to add quality, include innovation and grant sus-
tainability. 15 multidisciplinary groups (representing the dif-
ferent units) were created.

Driving pillars

Value
Clinic. Evidence-basedmedicine (EBM) drove the beginning

of the project particularly from the need to reduce complications
and adversities29 and improve patients’ outcomes.

A multidisciplinary team followed NICE guidelines28 to
identify the patients’ risk and procedures’ severity. A “pa-
tient-centered” perspective was adopted for the stratification
of the PA’s pathways, by analyzing which tests and visits
could be considered with value for patients.

Value stream
Lean tool. The team introduced the concept of “Value

Time” as the time spent for activities, medical visits, and tests
during the PA without waiting and waste of time.

Focusing on value, the multidisciplinary groups:

⁃ eliminated the “No Value Added” activities (i.e.,
routine tests based on the age were considered waste),
and

⁃ defined which “Value Added” activities must be in-
cluded for each surgery.
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Continuous flow

Innovation. Technology was a fundamental driver for
lean implementation to ensure continuous flows. A con-
tinuous flow was ensured through the following steps: (i)
the computerization of the hospitalization proposal, (ii) the
surgery planning was scheduled based on the stratification
of patients by the administrative offices, and (iii) a change
in the physical space of the PA with the possibility of
choosing between the hospital setting and innovative
options, e.g., “tele preoperative”.

Establish pull

Organization. It was necessary to move from a push
logic (Figure 2(a)) to a pull logic, where the pre-operative
assessment was conducted by the anesthesiology and
surgery visits. The PA was re-organized with a patient’s
convocation depending on the anesthesiology and surgery
visits (Figure 2(b)). In this way, the anesthesiologists can
conclude their consultation in a day.

Continuous improvement
Governance. Another relevant driver is represented by the

governance of results for both the project and the future
operability. The 15 teams identified a pyramid system of
dashboards, thus creating a preoperative performance man-
agement model (PPMM) with a strategic vision and a drill
down logic (Figure 3).

How to assess the impacts of lean management
implementation in the preoperative assessment

Impacts
Patient. Despite this study does not assess clinical health

outcomes, some positive results are reported also in the
patient’s sphere.

The clinical contribution allowed to increase appropri-
ateness of care (identifying the right clinical pathway for each
patient). Through the stratification according to the clinical
risk and the surgery, 40 preoperative pathways were iden-
tified. Patients receive only the appropriate tests and visits

Figure 2. PA before (a) and after (b) the re-organization.

Figure 3. The preoperative performance management model (PPMM) – a pyramid system of dashboards.
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according to their clinical condition and the surgical inter-
vention programmed.

Efficiency. The reduction of those activities without value
for patients or the organization as well as the related reduction
of the “No value added” time were used as proxy of effi-
ciency. Consistently, the use of Chest X-rays was reduced
from about 41% in 2019 to 14% in 2021 (only revised units)
and cardiac visits decreased from 49% in 2019 to 37% in
2021 (decreasing overproduction).

Figure 4 shows the percentage of Value Time, No-Value
Time-Necessary and No-Value Time on Total Time during
2019, 2020 and 2021. Considering all the units and only
the day of the “standard” PA (days dedicated to addi-
tional tests were excluded), VT increased from 33% in
2019 to 36% and to reduce NVT from 37% in 2019 to 28%,
during 2021.

Sustainability. The hospital achieved pioneering status in
the field of “tele-preoperative” procedures, with 2500 in-
stances implemented in the year 2021. This initiative led to
enhanced empowerment of both personnel and processes.
The implementation of computerized systems, particularly
for hospitalization proposals, yielded not only positive
clinical outcomes but also notable sustainability benefits.
These benefits included improved availability of data and
hospitalization proposals, the elimination of paper-based
documentation, and the reduction of duplicate records. By the
year 2021, a total of 2298 hospitalization proposals had been
successfully transitioned to the computerized system.

Time. The pull logic allowed reduce the length of stay and
waiting times perceived by patients as waste of time. From
2019 to 2021, the average time spent by patients in PA de-
creased. Considering all the units and only the day of the

Figure 4. % of TV, NVT-N and NVT during 2019, 2020 and 2021.

Figure 5. Average time spent by patients for PA.
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“standard” PA, the average hours spent per year were reduced
from 5:39 h in 2019 to 4:09 h in 2021, with 1:30 h less
(Figure 5).

Learning and growth. The PPMM allowed to monitor and
discuss about PA’s performance, thus ensuring continu-
ous improvement and planning. It enabled to give top-
down feedbacks, but also to obtain monthly bottom-up
suggestions for improvement, with a continuous ex-
change. During the first 12 months the multidisciplinary
groups met 1 h per month, and thereafter twice a year, to
discuss the results.

Discussion

The PA is a crucial service in healthcare organizations
worldwide. An efficient and effective functioning is funda-
mental to ensure the correct management of surgical patients,
influencing the entire peri-operative pathway.

Despite the suitability of lean methods and philosophy
implementation with PA’s problem solving, literature about its
application in this field is scarce. This work stands out as the
first providing a theoretical framework to implement a lean re-
organization in PAs with a socio-technical approach. Differ-
ently from previous literature reviews and case studies, it
represents the first work with a single application to PA, it
provides a socio-technical framework with pillars and impacts
related to the model of lean principles, it draws from a real and
concrete implementation in a hospital setting, thus contributing
to the literature on lean management implementation. Con-
sistently, positive impacts (reported with qualitative and
quantitative measures) have been obtained in all the areas.
Moreover, it contributes suggesting that innovation favors
sustainability,23 and that the re-organization of the PA can be
itself a driver of innovation by facilitating the adoption of new
working methods, such as “tele preoperative”.

Lean is a tools-based approach30 and the PA’s re-organization
used lean tools to increase the sustainability of results. However,
the presented case suggests that the hospital embraced a holistic
lean implementation within an organizational culture of quality
improvement.18,19 Continuous improvement contributes to staff
education/growth, and organizational learning.19 The re-
organization had a patient-centered focus both from a clinical
(i.e., necessarymedical tests)1 and organizational perspective (i.e.,
reduced waiting times).24

In February 2020, the pandemic completely changed the
hospital life and increased the treated patients’ complexity.
The PA re-organization was a driver also during SARS-COV-
2. This led to less time spent in hospital with less risk of
infections, especially due to COVID-19.

Moreover, one of the novelties of lean implementation in the
PA is that this hospital function cannot be considered as a single-
process adoption. Preoperative admissions include several dif-
ferent surgical units and pathways according to the specific

surgical interventions. For this reason, embracing lean adoption in
this complex service requires a holistic, hospital-wide approach.

Limitations of this study are due to the complexity of
detecting and analyzing all the relevant outcomes and pro-
viding indicators. Despite triangulation was used, further
research should deepen the clinical outcomes and use dif-
ferent data collection methodologies such as interviews or
surveys to provide data for more accurate statistical analysis.
Efficiency data, such as costs, should be further analyzed.
Moreover, the results are based on a single hospital setting. To
generalize the model, other studies should test the framework.

Practical implications

This work provides a framework to implement a lean re-
organization with a socio-technical approach. It provides a
validation of the framework through a real single case-study. A
circular model, able to connect each lean principle to a concrete
driver for lean implementation and an outcome measure to
report results, is provided. The pillars identified should drive
successful re-organizations in PAs through lean principles.

This study also suggests that all the improvements must be
supported by a culture of quality, shared by everyone in the
healthcare organization.
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