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Abstract: Lean healthcare aims to manage and improve the processes in the healthcare sector by
eliminating everything that adds no value by improving quality of services, ensuring patient safety
and facilitating health professionals’ work to achieve a flexible and reliable organization. Value Stream
Mapping (VSM) is considered the starting point of any lean implementation. Some papers report
applications of VSM in healthcare services, but there has been less attention paid to their contribution
on sustainability indicators. The purpose of this work is to analyze the role of VSM in this context.
To do so, a scoping review of works from recent years (2015 to 2019) was done. The results show
that most applications of VSM reported are in the tertiary level of care, and the United States of
America (USA) is the country which leads most of the applications published. In relation with the
development of VSM, a heterogeneity in the maps and the sustainability indicators is remarkable.
Moreover, only operational and social sustainability indicators are commonly included. We can
conclude that more standardization is required in the development of the VSM in the healthcare

sector, also including the environmental indicators.

Keywords: lean healthcare; Value Stream Mapping (VSM); patient flow; process improvement;
systematic literature review; sustainability; scoping review; bibliometric; bibliometrix; primary care;

secondary care

1. Introduction

The lean manufacturing concept has been applied for years now in the healthcare
services sector (primary care centers or specialist centers and hospitals). Lean healthcare
can be considered a management philosophy for developing a hospital culture character-
ized by increasing the satisfaction of patients and other stakeholders through continuous
improvements, in which all employees actively participate in identifying and reducing non
value-adding activities (waste) [1,2].

Different techniques can be used to help the continuous improvement process and to
deploy lean manufacturing [3-6]. One of these is Value Stream Mapping (VSM), which has
been traditionally considered a basis or a basic pillar to deploy others [7-9]. When the
healthcare institutions apply VSM, their aim is to develop a culture that promotes the
satisfaction of patients, healthcare staff and healthcare managers by means of contin-
uous improvement, characterized by the personnel’s engagement (managers, doctors,
female nurses, lab technicians, hospital porters, office staff and outsourced workers) to
detect areas than can improve [8].

Until 2015, very few works had investigated using VSM in different sectors and even
fewer specifically in healthcare services [10]. We are unaware of whether the situation has
changed in recent years. We will also try to find out how to adapt the VSM methodology to
design future states, as is proposed by Rother [11], in healthcare services. The construction
of the map of the future state is based on the design of material management tools (for ex-
ample Kanban), which must be adapted in some way for patient management. In addition,
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papers are beginning to appear that address the problem of environmental sustainability in
the design of the map [12]. Our research will shed some light on these matters.

Integrating published knowledge is a vital contribution to the development of the
scientific field [13]. It allows researchers to know, on the one hand, the real evidence
currently available and, on the other hand, which limitations impact the available published
research and the possible research niches that future research can deal with. Indeed,
in relation to VSM, our research will provide researchers with a list of recent fieldwork
done on this theme and we help to verify if the demand of studies on this matter has been
covered according to previous literature reviews [8,14].

The remainder of this paper is organized as follows. Section 2 presents the theorical
framework for this work, defining the VSM concepts and healthcare services sector to
be used herein. Conclusions reached by previous systematic reviews about the topic are
exposed also in this section. Section 2 finishes enumerating the research questions to solve
with the work. Section 3 describes the materials and methods for the systematic literature
review. Section 4 presents the results obtained, solving the former research questions,
and the discussion is presented in Section 5. Finally, in the last section, the conclusions are
drawn, as well as the limitations and the future work.

2. Theoretical Framework

Value Stream Mapping is a diagnostic technique of the process” present status. Al-
though different VSM versions exist [10,15,16], we center on what Rother and Shook pro-
pose [11], which is probably the most widespread version in industrial settings linked with
continuous improvement, although we lack evidence that this is the case in other contexts.

The main peculiarity of Rother and Shook’s version [11] lies in it graphically showing
in the same diagram the information flow and materials flow [8,10,17] needed to complete a
project, a product or a service [17,18]. This version normally focuses on an organization’s in-
ternal operations by showing the main steps from raw material warehouses to the deliveries
point or the supply point to clients [17,18]. Nonetheless, some adapted versions specif-
ically represent all the supply chain elements and intersections, in which several plants
and/or organizations intervene. This VSM version is characterized by using standardized
symbols [8,17] to present the flow of a family of products or services now and in the future.
Other VSM versions are available [19-21], but essentially share the same elements. The way
in which the described VSM is run can allow added-value and non-added-value activities
to not only be identified, but improvement actions to start [8,10,18].

With our research, we wish to deal with any healthcare level (primary care, special-
ist medical consultations, hospitals, reference centers for uncommon diseases and geriatric
or disability care care). We explore using VSM in organizations in any country in the
world regardless of them being public, private, or not-for-profit foundations. We focus
on healthcare services with patients and include neither the pharmaceutical industry nor
government/non-government public health structures (e.g., ministries, the Red Cross or
the like). Primary care focuses on general practitioners and outpatient services (nursing
and pharmacy). Specialties like internal medicine, neurology, general surgery, cardiology,
immunology, oncology, etc., make up a different healthcare level (secondary care), which,
according to the health system, may have reference centers. This secondary care is normally
provided in specific clinics but can also take place in hospitals (tertiary care). In some
public health systems, specialists can only be accessed by a primary care doctor or through
emergency services [22-24].

One of the main goals pursued with the VSM is to improve some key performance
indicators (KPI) of the organization. In this work, we are going to group them into three
main pillars: operational, environmental and social indicators [25-29]. For example, for op-
erational indicators, among others, the following have been used [24,29-32]: clinical quality,
cost reduction, patient safety, organizational responsiveness, lead time, delivery perfor-
mance, process time, inventory level, equipment performance, reducing delays, error rate,
service quality and patient satisfaction, and for environmental indicators [26,30]: waste



Int. J. Environ. Res. Public Health 2021, 18, 951 3 of 25

reduction, energy consumption, resource reduction, carbon footprint, carbon value ef-
ficiency and fossil fuel reserve emissions. Finally, some examples for social indicators
are [30,33-35]: employee well-being, work-life balance, employee satisfaction, work acci-
dents, turnover rate, etc.

The published literature reviews about VSM that we found center on analyzing several
economic activities [10,36-38] in which manufacturing industries predominate [27,39].
Many of these reviews [40,41] do not deal with specific works on VSM, but about lean
manufacturing in general, although others cover the healthcare sector [42,43]. We also
found that some reviews center on the pharmaceutical sector [44]. Former research seems
to indicate that VSM allows the transparency of the process to improve and to make it
more comprehensible to the stakeholders involved in it [8,10] by reducing not only the
process lead time [10], but also inventories [10]. However, these results mostly derive from
repetitive production contexts (related to the automobile or the consumer electronics sector,
or their auxiliary industries), and normally from Anglo-Saxon countries [31]. It would
appear that there are not enough available publications to generalize these results to all
kinds of contexts. Some published studies indicate that the barriers which prevent such
tools being used can outbalance facilitators in public services contexts [45].

As previously mentioned, a series of former papers roughly cover VSM in research
studies that concentrate on lean. Some consider that VSM is an interesting future research
line [46]. Others [47,48] cite it as a lean tool, but do not go into it in much detail. Only four
studies specifically focus on VSM in the healthcare services sector. Bucci et al. [49] conclude
that emergency departments that employ VSM successfully remove non-value-added ac-
tivities through managing patient flows. Moraros, Lemstra and Nwankwo [50] apply a
search strategy centered on lean or Kaizen with health and focus on articles published
from 2007 to 2014. In the 22 selected articles, the main interventions that they mention
are: Waste analysis (n = 22), Plan Do Check Act (PDCA)/Define Mesure Analyse Improve
Control (DMAIC)/A3 (n = 15), Value Stream Map (VSM) (n = 10), standard operations
procedure or training (n = 8), work redesign (1 = 4) and triage (n = 3). A clear association
comes out between waste analysis and PDCA /DMAIC, and with VSM, as these interven-
tions tend to overlap in the studied works. The main indicators analyzed as outcomes
are operational (length of stay/wait time and productivity/efficiency, followed by work
engagement, trust and movement reduction). Nowak et al. [14] also report having searched
many databases, but they adopt a much more specific strategy to seek VSM. These authors’
studies comprise articles published between 2000 and 2015, which include the pre- and
post-results when VSM is used as an intervention, and they implement future VSM solu-
tions. These authors also include 22 articles (which differ from those selected by Moraros,
Lemstra and Nwankwo [50]). The interventions related to VSM are training (n = 1), reloca-
tion of workers (n = 1), layout changes (1 = 1), triage (n = 8) and waste analysis (1 = 16).
Outcome indicators are length of stay (1 = 15), staff satisfaction (n = 2) and pay satisfaction
(n = 2). Without being able to draw evidence-based conclusions, the authors indicate
that VSM seems to have positive effects on service quality and reducing non-value-added
activities, and they clearly observe shorter waiting times and, consequently, length of stay.
However, these improvements might be due to both VSM and some of its related interven-
tions, and it is not possible to specify any effects. Vidal-Carreras et al. [8] focus on searching
in the Web of Science (WOS) databases. They specify a narrow VSM-focused strategy and
healthcare for works published up to 2014 and include 18 articles. An overwhelming major-
ity are from Anglo-Saxon countries. These authors also indicate the number of publications
with positive results, which seems disproportionate compared to the published failure
cases (in both the first implementation and the long cycle).

Of the four recent above-mentioned reviews, one [49] centers only on emergency
departments and does not cover any other healthcare services sector. The other three
reviews [8,14,50] coincide in stressing that they are unable to draw conclusions about the
effects that VSM interventions have on the healthcare services sector for several reasons:
very few published works, and both interventions and outcomes are too heterogeneous
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insofar as they cannot aggregate outcomes and the VSM intervention is rarely presented
separately. So, the observed effects might be due to any of the VSM-related interventions.
Therefore, all three conclude that more field research about VSM in the healthcare service
sector is necessary. Moreover, none of the reported articles in these four reviews have
analyzed the key performance indicators (KPI) related to environmental or social categories.
Finally, all these reviews have analyzed information published until 2015 as the most
recent articles.

As a few years have elapsed since the date of the latest references included in the
reviews we found [8,14], we believe it is worth performing a new systematic review about
VSM in healthcare services and checking if new works have since been published that
contribute new evidence and overcome some of the limitations of the previous systematic
reviews in this study area.

Our systematic review intends to answer some questions inspired in the field re-
search conducted by the authors of the present work and of previously published research
works [23,25,51,52]:

How much research on VSM in healthcare has been published in the period 2015-2019?

In which health areas has the VSM methodology been applied in the published articles?
What sustainability indicators are considered when applying the VSM methodology?
Is VSM employed alone or along with other lean tools? If so, which ones?

What is the common VSM version used in healthcare sector publications?

Gl » =

Moreover, we can reflect on the existing research gap for VSM when it is applied to the
current healthcare services sector, and which research questions about VSM remain open.

3. Materials and Methods

Our work is framed within descriptive literature review and scoping review typolo-
gies [35,53]. The procedure followed for our systematic literature review is based on
previous recommendations and working practices according to other authors [25,45,54-60].
The methodology can be consulted in detail in the published research protocol [61].

. Inclusion criteria

1. Research works published between 2015 and 2019 in the journals or conferences
indexed in Web of Science (WOS) databases

2. Research works that investigate applying VSM to public or private clinics or
hospitals anywhere in the world.

3. Research works written in English, Spanish, French, German, Italian or Portuguese.

. Exclusion criteria

4. Book chapters, dissertations and other sources that are not easy to access and
with no guaranteed review process (e.g., consultant firms’ reports).
5. Applications in health areas that are not the object of our research, such as the

pharmaceutical industry or official organizations or institutions (Red Cross,
Ministry of Health, World Health Organization (WHO), Médecins Sans Frontieres,
etc.). For instance:

a. Ha, C., Taylor, C., & Modi, J. R. (2016). Mass Vaccinations at the United
States Naval Academy. HEALTH SECURITY, 14(6), 382-388. https:/ /doi.
org/10.1089/hs.2016.0030

6. The research work makes no clear contribution with VSM, but only appears
indirectly as merely another lean manufacturing technique, or as a continuous
improvement or processes improvement technique. For instance:

a. Fung-Kee-Fung, M., Maziak, D. E., Pantarotto, J. R., Smylie, J., Taylor, L.,
Timlin, T., ... Stewart, D. J. (2018). Regional process redesign of lung can-
cer care: a learning health system pilot project. CURRENT ONCOLOGY,
25(1), 59-66. https:/ /doi.org/10.3747 /c0.25.3719


https://doi.org/10.1089/hs.2016.0030
https://doi.org/10.1089/hs.2016.0030
https://doi.org/10.3747/co.25.3719

Int. J. Environ. Res. Public Health 2021, 18, 951 5 of 25

b.  Furterer, S. L. (2018). Applying Lean Six Sigma methods to reduce length
of stay in a hospital’s emergency department. QUALITY ENGINEERING,
30(3), 389-404. https:/ /doi.org/10.1080/08982112.2018.1464657

C. Al Owad, A., Samaranayake, P, Karim, A., & Ahsan, K. B. (2018).
An integrated lean methodology for improving patient flow in an
emergency department—case study of a Saudi Arabian hospital. PRO-
DUCTION PLANNING & CONTROL, 29(13), 1058-1081. https:/ /doi.
org/10.1080/09537287.2018.1511870

d. Basta, Y. L., Zwetsloot, I. M., Klinkenbijl, ]. H. G., Rohof, T., Monster, M.
M. C., Fockens, P, & Tytgat, K. M. A.]. (2016). Decreasing the dispatch
time of medical reports sent from hospital to primary care with Lean Six
Sigma. JOURNAL OF EVALUATION IN CLINICAL PRACTICE, 22(5),
690-698. https://doi.org/10.1111/jep.12518

7. Articles containing only one page or two, with barely any information to be
subsequently analyzed. For instance:

a. Rodrigues, D. M., Sadeghi, M., Bernstein, M., & Yong, E. (2017). Utiliza-
tion of quality improvement strategies in the inpatient endoscopy setting
at a tertiary care educational hospital. GASTROENTEROLOGY, 152(5, 1),
5221-5222. https:/ /doi.org/10.1016/50016-5085(17)31037-5

= Search strategy

To construct an automatic search strategy, we connected two chains. The first one
adopted works related to the healthcare services sector. For this purpose, we started with
the strategy adopted by previous works [8,24] and we improved it in several ways. On the
one hand, we simplified it by removing redundancies and using proximity (NEAR/WITHIN)
or truncation (*) operators. On the other hand, we included synonyms taken from other
reviews [14,62,63] to avoid false positives.

The second chain included works related to VSM. To this end, we considered an
improved strategy compared to that employed in former works works [8,14,63]. In it, we re-
moved redundancies and put the potential of proximity (NEAR/WITHIN) or truncation
(*) operators to good use. This allowed us to obtain simpler and more comprehensible
structures (which can help us to avoid the logical errors made in connecting operators).
We also included new synonyms and terms that could provide us with research works
found in those contexts in which VSM is likely to have been used. We did not include the
term “VSM” because we checked [62] that it introduced many false-positives and did not
help to avoid false-negatives. WOS search from 11 February 2020 (TS = (((“value stream”
NEAR/2 (Map* OR analysis OR Design OR management OR lean OR Chain OR “six
sigma”)) OR ((Lean OR “Value Stream”) AND ((“define-measure-analyze-improve-control”
OR dmaic) OR (flow* NEAR/2 (patient OR information OR process OR material OR work
OR production OR waste))))) AND (((health* OR care OR medical OR nursing) NEAR/3
(system* OR institution* OR organisation* OR organization* OR facilit OR Social OR set-
ting* OR enterprise OR service* OR social OR centers OR department*)) OR (Physician*
or doctor) NEAR/3 (clinic or Office) OR surgery OR “clinical operation” OR “operating
rooms” OR “SURGICAL clinics” OR “emergency room” OR pharmacy OR hospital OR
hospitals OR clinic* OR “tertiary care” OR “primary care” OR “secondary care” OR “emer-
gency department” OR (home NEAR/2 (retirement OR nursing OR “old people’s” OR
“senior-citizens” OR disabled OR handicap*)))). Databases = WOS, CCC, DIIDW, K]D,
MEDLINE, RSCI and SCIELO, with timespan = 2015-2019 and search language = Auto,
leading to 244 results.

We compared the results we obtained with our strategy to those adopted by Vidal-
Carreras et al. [8], such as scoping study [64], and to all their works obtained by our
selection process.

To manually filter the results (by analyzing the information found in the title and
abstract), the last two authors worked independently on the WOS result. The first author
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overcame any divergences that had not been solved by reaching a consensus with the other
two authors [60,62,65,66]. Figure 1 shows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) diagram with the selection process summary.

N
c
2
i~ Records identified through database
EE searching WOS
€ (n=244)
[}
-
l
N
Screened by title and abstract Records excluded
(n=244) » (n= 138)
oo
£
c
@
o A 4
A
Screened and duplicates removal Full text not available
(n = 106) > (n=6)
—
—
v Full-text articles excluded with reasons
> (n=20)
- .
3 Full-text artl.cl_es., _Elssessed * Duplicate publication (n = 1)
Eﬂ for eligibility [ —» « No VSM mentioned in article (n=9)
- (n=100) *  VSM mentioned in abstract but not
analyzed in article (n = 2)
* Theoretical or Review articles (n = 8)
e
E Studies included in
3 qualitative synthesis
£ (n=80)
—

Figure 1. PRISMA diagram.

By reading the full text of the eligible articles, the three authors collected information for

the codes representing the research questions by filling in a card for all the references [67-72].

The three authors coded five articles to verify the agreement of collecting information and to

reach a consensus about codes. The other articles were independently coded (25-30 articles

per author) and this information was acquired:

e C(Citation: specifying the author, year and titles of the article (e.g., “Dogan, N. O.,
& Unutulmaz, O. (2016). Lean production in healthcare: simulation-based value
stream mapping in the physical therapy and rehabilitation department of a public
hospital. Total Quality Management and Business Excellence, 27(1-2), 64-80. https:
//doi.org/10.1080/14783363.2014.945312\ T1\ textquotedblright).

Objectives: A brief description of the article’s objectives.

Research type: literature review, survey/interview (cross-sectional), longitudinal (in-
tervention or observation).

Population: country or geographic region of which the data sample is representative.
Sample (for surveys or multiple cases): if they are longitudinal, the hospital’s name.
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e Year: indicating the year when the data or data sources employed in the research
were collected.

Questions: identify the main ideas set out in the articles.

Healthcare sector: primary care consultation, consultation with a specialist, hospital,
geriatric, others.

Unit: emergency services, cardiology, traumatology, etc.

Current state VSM (Yes/No).

Future state VSM (Yes/No).

Suggest improvement actions.

Other TQM or lean interventions used with VSM.

Indicators Baseline Value (Yes/No), Post Value (Yes/No).

Indicators: operational/social-human resources/environmental.

Limitations that the article indicates.

If a doubt arose, it was solved by the three authors reaching a consensus. The R
Bibliometrix package was used for the bibliometrics analysis [52,56,73].

4. Results

This section deals with solving the research questions.

4.1. RQ1: How Much VSM Research in the Healthcare Sector Has Been Published?

As previously mentioned, 80 documents were finally selected to be included in this
work, and the bibliometrics analysis was performed on them. Table 1 summarizes our
sample, and acts as an overview of the research conducted about VSM in the health sector in
2015-2019. The typology of these 80 documents included: 71 papers published in journals,
8 proceeding papers and 1 editorial article. We found 67 different sources of the works we
selected. Our sample contains 218 different keywords. The average number of citations per
document is 4.8.

Table 1. General bibliometric descriptions of the papers retrieved.

Description Results
Documents 80
Article 71
Editorial material 1
Proceedings paper 8
Sources (Journals, Books, etc.) 67
Keywords Plus 164
Author’s Keywords 218
Period 2015-2019
Average citations per documents 4.784
Authors 408
Author Appearances 424
Authors of multi-authored documents 406
Single-authored documents 2
Documents per Author 0.196
Authors per Document 5.1
Collaboration Index 5.21

The analysis performed by the authors shows that the sample contained 408 different
authors, although some authors had published more than one work. Of the 80 documents,
we highlight that only two were written by a single author. The mean number of co-authors
per document is 5.1.

After offering this overview of the research conducted on VSM in the health sector
since 2015, we performed a detailed analysis of the number of articles per year, the number
of articles per journal, the number of articles per author, the number of articles per country
and the most cited journals and works.
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The time distribution of publications is found in Figure 2.

25
2
20 18 18

[%]
S 15
§ 13
Q
= 9
= 10
=2

| I

0

2015 2016 2017 2018 2019

Year

Figure 2. Number of references per year from 2015 to 2019.

As we can see (Figure 2), the trend in 2015 and 2018 has grown, but it remained
stable in 2016 and 2017. However, a considerable reduction was noted in 2019. Part of this
reduction might be due to delays in journals’ indexing because, according to the citations
found, this topic does not seem to have matured. Some authors did not doubt classifying
VSM in 2017 as highly relevant [74,75].

Figure 3 depicts the number of publications in each source and/or journal.

Total Quality Management & Business Excellence
Plos One
Journal Of Evaluation In Clinical Practice
International Journal Of Health Care Quality Assurance
International Journal For Quality In Health Care
lioab Journal
Healthcare-The Journal Of Delivery Science And...
Annals Of Thoracic Surgery

N NN NN NDNMNDNDN

Advances In Human Factors And Ergonomics In...
Bmc Health Services Research

wv

o
=
N

3 4 5 6
No. References

Figure 3. Number of references published per source.

As shown in Table 1, 67 different sources appeared in our sample. Figure 3 shows the
10 journals with the most published articles. The journal BMC Health Services Research
stands out in the set of sources with five articles about the subject, followed by nine journals
with two publications each on this subject. The 57 remaining sources in the sample only
presented one publication on the subject of our review for the 20152019 period.

As previously mentioned, 408 different authors appeared in the summary of our
sample, along with a mean of 0.196 articles/per author. Table 2 shows the 13 authors with
more than one published article. The remaining 395 authors only appear in one article.
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Table 2. Number of articles per author.

Authors Articles

Cesarelli M
Improta G
Romano M
Balato G
Camgoz-Akdag H
CerfolioR.]
Neogi S
Russo M. A
Triassi M
Martinez P
Martinez |
Nuio P
Cavazos ]

w

NNNDNDNNNDNMNDNNNDNDDNWW

Figure 4 presents the number of references per country of the main author. Accord-
ing to Figure 4, the USA is the leading country as it is the country in which more references
are published according the affiliation data of the main author. It is followed at a consider-
able distance by Brazil and Turkey with seven works, and then by the UK, Canada and
Italy with four. All the other works are distributed among the other countries.

35 29

30

25

20

15

i

10

5 0 4744737373739 22 2 1 1 1 11111111

0 II.....II---- ___________
I €« 2 > g0 3 g >gCcgCoZzz2EFEgLgZaoz0ng=zo
v N2adZZa <9 >z Z @w & 5 Z2 < 02 g w =z
?3§§<5,‘-‘“$3223§§§>§éso;zggs
@ = EZ2z2 &4 5 = o = 2 5 g w o
E ®P2=2Z2 9go0<*¥9 " g=" €93z 32x
: °% gg=g = °F il B

(=
3 = 3 E
n =

Figure 4. References per country of the main author.

Table 3 shows the most cited works of our sample. The two most cited works are those
by Hicks, McGovern, Prior and Smith [76] from 2015, with 43 citations and a 7.2 average
number of citations/year, and that by Henrique, Rentes, Godinho Filho and Esposto [77]
from 2016, with 38 citations and a 7.6 average number of citations/year. They are followed
by a work by Improta et al. [78] from 2015, with 22 citations and a 3.7 average number of
citations/year.
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Table 3. Citations per references.

Paper Total Citations TC per Year
Hicks C, 2015, Int J Prod Econ [76] 43 7.167
Henrique D. B, 2016, Prod Plan Control [77] 38 7.600
Improta G, 2015, ] Eval Clin Pract [78] 22 3.667
Tortorella G. L, 2017, Total Qual Manag Bus [75] 18 4.500
Duska L. R, 2015, Gynecol Oncol [79] 15 2.500
Dogan N. O, 2016, Total Qual Manag Bus [71] 14 2.800
Improta G, 2017, ] Eval Clin Pract [80] 13 3.250
Cerfolio R. ], 2016, Ann Thorac Surg [81] 13 2.600
White B. A, 2017, West ] Emerg Med [82] 12 3.000
Towbin A. ], 2017, Pediatr Radiol [83] 10 2.500
Sampalli T, 2015, Int ] Health Policy [84] 10 1.667
Bal A, 2017, Int ] Healthcare Man [85] 8 2.000
Sirvent J. M, 2016, Med Intensiva [86] 8 1.600
Swancutt D, 2017, BMC Health Serv Res [74] 7 1.750
Krupp N. L, 2017, ] Asthma [87] 7 1.750
Haddad M. G, 2016, Eng Manag J [88] 7 1.400
Robinson E. G, 2016, ] Dent Educ [89] 7 1.400
Cheung Y. Y, 2016, Radiographics [90] 7 1.400

Figure 5 summarizes the most cited journals, with more than 13 citations among the
80 articles. Seventeen journals form the most cited ones, of which we highlight the journals
Ann Emerg Med with 31 citations and Int ] Qual Health C with 29. The journal BMC Health
Services Research that leads the analysis of quantity of papers included in our review
(Figure 3), in this case, has 17 citations and occupies the sixth position.

Qual Saf Health Care
Qual Manag Health Care
Jaids J Acq Imm Def

J Eval Clin Pract

Acad Emerg Med
Public Money Manage
IntJ Prod Econ

J Healthc Qual

Int J Health Care Q
Leadersh Health Serv
Int J Oper Prod Man
Bmc Health Serv Res
Total Qual Manag Bus
J Emerg Med

Am J Clin Pathol

Int J Qual Health C
Ann Emerg Med

0 5 10 15 20 25 30 35
No. citations

Figure 5. Number of citations per source.

Figure 6 depicts the years of publication for all the references cited in the 80 selected
works. There is a remarkable preponderance of current citations. The trend diminishes
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as of 2012, which is reasonable considering that our sample comprises papers published
between 2015 and 2019 and, moreover, works cannot cite papers until they have been
published. It is also worth considering that review processes for publishing are usually
lengthy (between 1 and 2 years), which means that those from this period do not tend to be
included in the cited references.

150-

Cited References
8

50-

1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
Year

Figure 6. Reference publication year spectroscopy.

4.2. RQ2:Where Has the VSM Methodology Been Applied since 20152

To answer this research question, we analyzed the healthcare settings and healthcare
fields to which VSM has been applied since 2016. For healthcare settings, we identified
the care levels (primary, secondary, tertiary) and the countries where the contributions
found in the literature were from. We go on to provide details in the specific healthcare
field where VSM has been applied.

Figure 7 shows the distribution of the care levels to which the VSM methodology
has been published since 2015. We can clearly see that such applications predominate
in the tertiary sector; that is, applications in highly specialized medical care centers like
hospitals. First, 56 applications appear in the tertiary sector, which represents 70% of the
sample. Second, with 24% of all the works, VSM published applications appear in the
secondary sector, composed mostly of clinics. The fact that very few applications appear in
the primary sector stands out as there were only three, which represents 2% of the total.

Not specified,
2,2%

Primary, 3, 4%

Tertiary, 56, 70%

Figure 7. Distribution of health levels (Level; Frecuency; Percentage)
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Figure 8 offers details about which countries VSM published applications were per-
formed in depending on care levels. Here, we see how the country with the most VSM
applications is, once again, the USA, followed by Brazil and Turkey. Coherently with
Figure 4, we find publications in accordance with their authors’ nationality. It is worth
mentioning that some variations appear among all the articles in Figures 4 and 8 because
works appear in which their authors do not indicate the healthcare institution where they
implement the VSM. According to Figure 8, those countries that report only one VSM
application in the sample of articles tend to mention the tertiary sector. Only three countries
can be seen (Kenya, Jordan and Poland) with exclusive applications at the secondary level.
Applications in the tertiary sector tend to be combined with other levels.

30
25
20
16

15

10

T 11 1 1 1 1 1
RPR SR SRR SR - S SR
{\b\ O 2 b@

N . . . GRS
DA PN PN LHAYE SO SS
NEPTCR e & 0(50 ¢ ARSI & & & S o,\b P o & &
g C O X N & TN RN & S
O NS ) Q),\’
S < S
M Not specified Primary Secondary Tertiary

Figure 8. Number of applications per country.

Table 4 depicts the number of VSM applications for each healthcare field. More publi-
cations are found in emergency services (11), and usually at the tertiary level. The oncology
and radiology fields are the next ones for number of publications (5), followed by laboratory
(4) and Human Immunodeficiency Virus (HIV), Intensive Care Unit (ICU), pathology and
pediatrics (3). The other healthcare fields only indicate two applications or one. Of the
11 VSM applications in emergency services, 5 appear in the general area, 2 in neurology,
1in gynecology, another in radiology and 1 in maternal units. Of the five VSM applications
in oncology, three are in the general area, a fourth is in gynecology and a fifth in radiation.

Table 4. Articles per healthcare field.

Healthcare Field Articles No.
Emergency [74,82,85,91-98] 11
Oncology [77,79,99-101] 5
Radiology [83,90,102-104] 5
Laboratory [105-108] 4
HIV [109-111] 3
Intensive Care Unit [86,112,113] 3
Pathology [114-116] 3
Pediatrics [87,117,118] 3
Cardiothoracic Surgery and Anesthesiology [81,119] 2
Chronic Service [84,120] 2
Maternity Unit [121,122] 2
Medicine dispensation [123,124] 2
Orthopedics and Traumatology [78,80] 2
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Table 4. Cont.

Healthcare Field Articles No.
Outpatient Services [125,126] 2
Physical Therapy and Rehabilitation [71,127] 2
Sterilization [75,128] 2
Surgical Unit [129,130] 2
Transplants [131,132] 2
Anesthesia [133] 1
Audiology [134] 1
Cardiology [135] 1
Dental [89] 1
Endocrine [136] 1
Endoscopy [76] 1
Gynecology [137] 1
Glaucoma [138] 1
Hemophilia [139] 1
Orthopedics [140] 1
Otolaryngology [141] 1
Outpatient Internal Medicine [142] 1
Trauma [143] 1

Others Articles No.
Not specified [144-147] 4
Administrative [148,149] 2
Clinical Publications [150] 1
Hospital Admissions [88] 1
Internal saline process [151] 1
Food services [152] 1

4.3. RQ3: What Is the Impact of VSM on Sustainability?

When we analyzed the articles, we found marked inconsistency in the indicators
they used to identify/improve by means of the Value Stream Map. We grouped these
indicators in the areas shown in Figure 9. Most articles are related to lead time: length of
stay [78,80,81,143], in-the-door to out-the-door time [89], flow time [102,127,146], time of
stay [90], stream time [114] and visiting time [111]. These indicators cannot be directly
compared to one another as they deal with different actions or sections in healthcare.
For instance, they go from processes in which patients go home for weeks or days to others
in which patients are attended at hospitals within hours (e.g., emergency services).

Process time

Clinic Indicators

Satisfaction

Waiting Time

Efficiency

VA time

o
9]
[y
o
[y
9]

Figure 9. Main indicators identified as groups.
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In relation to lead time, 24 articles deal with the problem of waiting times and 16 ad-
dress the added-value/no added-value problem of processes, or the ratio and added-value.
Lead time also improves if process times do, and 14 articles state some improvement in
certain processes they study.

Ten articles are about the efficiency or capacity of using resources, regardless of them
being the human or physical resources employed in healthcare centers (percent usage,
interventions/day;, etc.).

The satisfaction problem for [79,84,89,99,108,129,150] or workers in health centers [86,107]
comes across in nine articles. Nonetheless, it must be pointed out that in those cases
when the lead time or waiting time has probably improved, it may be associated with
patient satisfaction.

One interesting point is that the VSM technique can also help to improve cer-
tain medical operational indicators, such as duration of treatments or re-admission
ratios [81,87,93,112,113,141,143,147].

Although it is not easy to group indicators in large sustainability areas (operational,
environmental and social), we clearly observed that no indicator was directly linked with
the environmental aspect, and the separation of indicators between social- and operational-
type indicators in healthcare services was not clear. We identified worker satisfaction
indicators as social sustainability. The other indicators found in the articles were associated
with operational sustainability. However, as our work was conducted in the healthcare sec-
tor, reducing treatment costs (when processes improve) can serve to extend the population
size that can access treatments, which can be taken as a social impact.

4.4. RQ4: Is VSM Applied Alone or Combined with Other Lean Tools?

The Value Stream Map is a tool employed to diagnose the present and to outline
an action plan for an ideal future. Hence, using other improvement tools as a result of
applying VSM is quite normal (Figure 10).

25
20
15
10
5
0
Solving SOP DMAIC Simulation 5S/Visual Layout
Problems Factory
Tools

Figure 10. Number of improvement tools used with Value Stream Mapping (VSM).

The most referenced improvement tools are those related to problem-solving method-
ologies. Some are a general set of tools, such as A3, but specific tools are normally employed,
such as Ishikawa’s diagram or analyses of root causes. We did not include those papers
that stated solving problems but then failed to specify which tools they used to do so.
In relation to problem-solving, but in a different scope, we found that VSM formed part
of tools like DMAIC/6-sigma (9 articles). The third most repeated tool is associated with
processes standardization (SOP) (9 papers), which is not surprising because it is the basis
of the Toyota Production System, a system that VSM encompasses.
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This figure does not show the papers that state using tools to identify waste (no
added-value) (25 articles) because we assume that they all do, but do not explicitly state
this. By definition, the VSM acts to identify those processes that add value and those
that do not. It is also worth pointing out that quite a few of the studied articles employ
diagrams of processes, although they are not indicated because, in most cases, they are
identified as either VSM or variants of VSM.

The articles used more tools than those summarized in Figure 10 (poka yokes, mizusu-
mashi, kaizen, Pareto analysis, PDCA, Supplier Input Process Output Customers SIPOC,
heijunka, Single Minute Exchange of Die (SMED), etc.), which generally demonstrates that
several lean tools are combined with VSM.

4.5. RQ5: What Is the Most Common VSM Version in the Healthcare Sector Publications?

As defined in the methodology of Rother and Shook [11], VSM is a methodology to
analyze and plan changes made toward a state that the team believes is ideal for a given
setting. The model generally attempts to control the material flow so that the amount of
product accumulated in the system is not too large and the product does not remain on
the plant for too long. With healthcare systems, this would mean not having too many
patients on waiting times. Nonetheless, other problems must be simultaneously dealt with
on most occasions, which are identified when creating the Value Stream Map. The VSM
methodology is divided into two main parts: creating the current state and the ideal state.
To draw maps, a series of standardized symbols can be used to create a materials flow
line (patients in the healthcare case), identify data movements with decision-making and
create a timeline that distinguishes added-value activities from non-added-value ones.
As the tool also serves to synchronize materials/patients, identifying waiting time is also
deemed necessary.

What we first point out is that of the 80 identified articles, 20 draw no kind of map despite
them indicating one in the text. The following results were obtained in the rest (Figure 11).

45

40

35
30
25
2
1
1
0
No Yes No Yes No Yes No Yes

Future Map Lead-Time Bar Waiting Represented  Information Symbol

o

2]

o

2]

Figure 11. Standardization of the created map.

To obtain the data that appear in Figure 11, we did not consider if they employed
standardized symbols, but we verified if some differentiation existed in the sought aspects.
We believe that waits can be identified if they meet any of these three conditions: if there is
any specific type of symbol, if a clear gap on the map can be identified and if it is quantified
with any number. Some examples of articles that respect all the VSM characteristics are
References [91,127] while those that respect all the characteristics, except for information
symbols, are References [82,115]
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5. Discussion

Several studies [153-155] have identified that operations management can achieve
improvements in healthcare areas. As the lean approach has been introduced in healthcare
organizations, VSM and other tools related to process improvement have been incorporated
into these organizations. Accordingly, the literature published about the VSM methodology
in healthcare organizations has been growing, with certain ups and downs, over the years.
The trend is similar to the publications on the lean approach in the healthcare sector [156,157].
It is a trend which is not exponential, as has happened with the publications of other
operations management tools, such as the healthcare supply chain [156].

Taking into account the results shown in the articles reviewed in this study, the im-
plementation of VSM is a potent tool to reduce waiting times for the patients. Also,
the development of VSM improves patient flow and efficiency, similar to other tools related
to lean healthcare [153,157-159]. The improvements have mainly come by way of reducing
wasted time [160-163], and improving service quality, patient satisfaction [162,164,165]
and safety [162,166,167]. The relation of these indicators to the areas of sustainability
can be considered, with the environmental area remaining practically not covered by the
published literature [168,169].

It is remarkable that we have not found any article with negative results or barely
noticeable improvements. This is especially so considering that there are previous studies
that indicate that the implementation of lean tools does not always provide the expected
result [50,170]. Furthermore, the implementation in healthcare of lean tools, such as VSM,
can be much more complicated than in a manufacturing context [170].

The VSM is commonly used in conjunction with other tools to differentiate value-
added activities from activities with no value [154,171]. In terms of the maps drawn in
the reviewed papers, it is common to find diagrams that are not exactly a VSM but are
used to analyze processes. The tools most used with VSM in the analyzed papers are those
associated with problem-solving. This aspect leads us to think that, once the problems with
the flow of patients have been identified, they can be solved through these tools.

On the other hand, process mapping alone is not VSM methodology, at least in the
model proposed by Rother [11] and widely followed in many papers in other sectors.
If only the current state is analyzed, it does not fulfill the purpose of providing a clear
roadmap for the organizations to improve. The future map was ignored in the majority of
the articles examined for this study. This situation recalls the same issue shown in papers
on other topics where the use of a part of the tools or steps in isolation does not guarantee
the expected results from the application of the complete methodology [156,169].

The complexity of the healthcare system is generally considered an inhibitor of im-
provement initiatives [156,172,173]. However, none of the research analyzed has acknowl-
edged this issue. Probably, when VSM is implemented in healthcare areas with similarities
to manufacturing, such as laboratories or pharmacies, it tends to be more successful than
when it is implemented in complex areas like emergency departments [156]. In the papers
analyzed, experience in emergency departments predominates. This fact may be related to
the internal organization of the health centers. These are organized based on departmental
silos to extract maximum benefits of specialization. However, to improve patient flow,
it is necessary to eliminate those silos and foster an integrated care process [156]. This is
usually the case in emergency departments where almost all patients follow similar flows,
and therefore, following the lean methodology would be more likely to achieve success.

All the VSM applications reported in the analyzed papers focus on improvements in
a specific area, and VSM applications that cross departmental boundaries or incorporate
other elements of the health chain are not shown. Such examples would include the link
between primary care and medical specialties, or hospitals with external laboratories.
This situation has been commented on in previous works [156,174], and it may mean
that, instead of eliminating waste, in these cases, it is simply being transferred to another
organizational unit. This may be an indicator that the focus of improvement through VSM
is overly focused on local improvements and not on addressing substantial value chain
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improvements, as was proposed in Jones et al. [174]. It must be recognized that these types
of transversal approaches are not profuse in the scientific literature of other sectors either.

Some authors suggest that establishing clear definitions for healthcare-related lean
terminology would be interesting [169]. We consider as a future line of work not only
clarifying terminology, but also establishing the appropriate indicators, their nomenclature
and their calculation method in order to be able to share cases of success (and failure).
In this way, the results could be made more extensible to other organizations.

Finally, the reported VSM implementations in several countries leave no doubt about
the transferability of VSM in different contexts. However, many of the studies reviewed in
which VSM is implemented have a lot of similarities, being single-case applications where
the outcome to be improved is, mainly, time reduction [95,101,111]. The quality of these
studies is diverse, and more quality research continues to be needed, not only in the design,
but also in the reporting of it. In this line, some papers [82,127,139] can be presented as
outstanding references in the development of the VSM methodology in healthcare.

6. Conclusions

The present scoping review described the potential size of available literature on VSM
and healthcare, examined the extent, range and maturity of the research and determined
research gaps in extant literature. Until 2015, very few research works had investigated
using VSM in different sectors, and even fewer had done so specifically in healthcare
services [10]. The present research work has shed some light on this point.

Integrating published knowledge is essential for a scientific field to develop [13].
On the one hand, it allows researchers to know all available current evidence and, on the
other hand, they can know the limitations that affect available published research, as well
as possible research niches that can be addressed by future research. Specifically, in relation
to VSM, our research offers researchers a list of recent field works about the subject,
including analyses of encountered pieces of evidence.

We can state that, although VSM started being generalized after Rother and Shook’s
publication [11], the subject is still valid in healthcare settings 20 years later and many
publications have appeared in recent years. Nevertheless, most published articles have
referred to hospital contexts, which leaves primary care, which is critical for the general
population’s health, outside the current research. This might be because the more complex
services are, the more striking the improvements made. However, this gap should be
bridged in the future.

The methodology is applicable to all areas in the healthcare sector, despite the incon-
sistencies found in how VSM has been used (selecting patient families, data collection,
action plans, ways they are drawn). This clearly indicates that some kind of adaptation
should be made from the industrial setting to the healthcare setting. For the results of VSM
implementation to be more effective, it would be desirable for practitioners to have a robust
and shared methodology, adapted to healthcare. For researchers, this standard format
would allow outcomes to be verified and implementations to be validated so they could
be later transferred to the healthcare industry with confirmed results. Nonetheless, as our
results have checked and described, applying VSM seems to lead to major improvements
in process indicators.

The marked variety of countries where cases have been published is also noteworthy,
as is the variety of analyzed healthcare systems (public, private and mixed managements).
Another stressed point is that despite all the published articles presenting positive out-
comes, we do not know if this is because there are no negative outcomes, or because they
have not been published.

Limitations and Future Research

This study presents some limitations that are worth noting. Firstly, the use of the
WOS database only as a source of information. Despite WOS best covering the scientific
journals in the health area, having included the SCOPUS database would have been
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References

helpful because it best covers the journals in the management and process improvement
areas. Exploring databases with more professional type journals (like ABI and EBSCO)
would have also been worthwhile, although such articles predominate in our results.
Future research should explore these sources to see if they modify the results. The review
scope could have also been extended to include laboratories as services susceptible to be
analyzed with VSM.

Another limitation was the lack of standardization in the indicators employed in the
analyzed research papers. As this problem appeared in almost all the reviews conducted
about performance in the management area [27,28], it would be interesting to attempt to
somehow combine all the waiting time and total stay indicators of healthcare interventions.
A wide range of terms appears (door-to-door, lead time, flow time, stream time), which may
have their nuances and should be explained. Moreover, for healthcare management
purposes, it would be very interesting to distinguish if waits are at the hospital or at home
as this distinction was not found in the studied articles.

As future research lines, it would be interesting to investigate the impact of imple-
menting VSM in healthcare KPI. Almost all the publications mentioned improvement in
process indicators. It is feasible to think that if processes improve, so would indicators of
recovery, morbidity, etc., but this should be investigated in more detail to see if it would
be confirmed.

Regarding the use and drawing of Value Stream Maps, several problems were identi-
fied. First, the lack of symbols about information flows in 41 papers. This issue highlights
the lack of attention to the patient scheduling problem when addressing the Value Stream
Map. However, one of the fundamental objectives of the VSM is to address the problem of
synchronizing the different activities so that the patient should not wait too long. Second,
lack of standardization in symbols makes the different maps and indicators difficult to
understand and compare. Third, there are not ideal state maps in 40 of the 60 papers.
It means that a fundamental characteristic in the way to use maps in manufacturing set-
tings (future state) might either prove complicated to adapt or may not be necessary in
healthcare settings. Therefore, as a recommendation, we propose to unify the way to deal
with process mapping.

There are research questions still open, for example, which problems or difficulties
have emerged while VSM was being drawn or after it was drawn? Which elements acted
as mediators between VSM and the impact achieved by applying this technique? In what
contexts did VSM work and where did it fail? Why? These issues can be dealt with in
future research.
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