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Abstract
Purpose – The purpose of this paper is to present an approach based on the thinking process of the theory of
constraints (TP–TOC) to support decision-makers, managers and professionals of health to diagnose and
improve healthcare systems focusing on the service quality deployed to patients.
Design/methodology/approach –A case study was developed in a SUS-affiliated philanthropic hospital in
southern Brazil, through the analysis of its ED processes and application of the TP–TOC. The Current Reality
Tree and the Evaporating Cloud tools of the TOC were used to identify the root causes (RC) and their
connections with undesirable effects.
Findings – The analysis of this case helped to understand and identify the causes of the current problems in
the analyzed processes related to internal management and external causes. The proposed approach allowed
the hospital team to progress in the understanding of such causes in a sequential manner, giving conditions to
apport different perceptions and to identify relevant facets and causes related to the problem. The research
provided a systemic and an integrated vision of the losses in the organizational processes and indicated the
steps to be prioritized in order to eliminate such losses.
Originality/value – The paper proposed an approach that allowed the systematic and systemic analysis of
organizational processes through the application of the TP–TOC. The recognition of the existence of RC
responsible for processes losses represents an excellent opportunity for improvement because it allows
managers to focus their efforts on the more productive areas.
Keywords Hospitals, Theory of constraints, Current reality tree, Public health
Paper type Case study

1. Introduction
Brazil recorded in 2016 a gross domestic product (GDP) of $1,913bn, accounting for 8.51m
square kilometers and about 200m inhabitants (IBGE, 2017). Brazil investment in healthcare
public services raised from 1995 to in 2014 from about 6.5 percent to about 8.3 percent of the
GDP (WHO, 2017). However, despite the increment of the investment, Brazil holds one of the
lowest worldwide investments in this kind of public service (Anahp, 2015). Even if
compared to other Latin American countries, such as Argentina and Chile, Brazil’s expenses
on public healthcare are significantly lower (WHO, 2017).

The Brazilian public system offers free and universal healthcare service to the entire
population. The Brazilian Unified Health System (SUS) covers consultations and treatments
recognized by the current legislation to the entire population, without any additional charge
(PWC, 2013). Ensured as a universal, equal and sustainable right by the Brazilian
constitution of 1988, about 76 percent of the Brazilian population depend solely on the SUS
health services (Anahp, 2015; Kuchenbecker and Polanczyk, 2012; Victora et al., 2011).

The system relies on service providers, as public and private philanthropic hospitals
(Anahp, 2015). While committed to their mission of reestablishing health to patients, these
organizations need to provide services in a sustainable fashion, leading to a trade-off
between service quality, availability and cost management. To find equilibrium and to
ensure sustainability in the long term to this service is a significant problem (Paim et al.,
2011). The SUS is a fundamental structure for healthcare in Brazil, as a significant part of
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the Brazilian population is not able to access the private system (PWC, 2013). Nevertheless,
SUS services are often associated to low quality, inefficient resources management and poor
infrastructure (Alástico and Toledo, 2013; Anahp, 2015; La Forgia and Couttolenc, 2008;
Paim et al., 2011). Service quality, as well as long waiting time, is recurrent complaining of
the population (Alástico and Toledo, 2013; Burmester et al., 2007; La Forgia and Couttolenc,
2008). For example, patients waiting for non-critical surgeries may take up to 36 months to
be served (Souza et al., 2016).

Under a global perspective, there has been an upward trend in the demand for quality in
healthcare services as well as increased expectations and requirements of cost reduction. To
be sustainable, health systems must focus on continuous improvement of their processes, to
avoid wasting resources or time. Healthcare providers should be able to use information
effectively to serve the community, preserve efficiency and assure the quality of the service
(Snyder et al., 2005).

The theory of constraints (TOC) may contribute to improving decision making in conflicting
situations (Goldratt, 1994) like those found in healthcare service systems. The TOC aims to
solve unstructured or ill-defined problems and also to identify cause-and-effect relationships
that may generate constraints (Mabin et al., 2010). Applications of TOC in healthcare services
are observed in association with computer simulation-based studies (Gunal, 2012) or lean
thinking (Mazzocato et al., 2010; Poksinska et al., 2016; Souza, 2009). The main issue is to
identify bottlenecks, reduce wastes, decrease lead times and balance the flow of patients.

The analysis of hospital organizations from a TOC perspective can contribute to
improving the quality of the provided services (Gupta and Kline, 2008; Nematipour et al.,
2014). Nevertheless, the application of the TOC in the hospital context is still incipient,
particularly in Brazil (Pergher et al., 2016; Ren et al., 2013; Souza et al., 2016; Wadhwa and
Schleier, 2010). Therefore, the purpose of this paper is to propose an approach based on the
thinking process of the theory of constraints (TP–TOC) to support decision-makers to
diagnose problems and improve healthcare service systems performance, focusing on the
quality of the service. The research method is the case study.

This research relies on the perspective of a SUS-affiliated hospital. As a mean to discuss
how the TP–TOC may support the improvement of healthcare service systems focusing on
the service to the patient, a case study was developed in a philanthropic hospital in southern
Brazil. Process analysis and the application of the TP–TOC were used to compile
information from internal documents, observation, publicized material and data gathered in
interviews. The Current Reality Tree (CRT) and the Evaporating Cloud (EC) tools of the
TOC were used to identify the root causes (RC) and their connections with undesirable
effects (UEs). The experience from this study, combined with the literature background
permitted to propose the main result of this research.

The justification of using TOC in public healthcare service systems relies mainly in the
capacity of TOC in handle conflicting systemic situations without using advanced analytical
or probabilistic solutions. Other approaches such as computer simulation or lean healthcare
require software packages, literature background and advanced support from experts, which
are rarely available in public healthcare service systems. TOC tools are intuitive and easy to
communicate. Therefore, managers and practitioners of public healthcare service systems can
easily employ and explore the set of TOC tools to manage conflict situations and quickly find
suitable solutions. Other managers and practitioners of public healthcare service systems can
use the TOC approach by applying the TOC tools in focusing the conflicting situations of their
organizations to uncover the main problems and to propose ultimate solutions.

The use of TOC is not novel in healthcare service systems. To ground the study, we
extracted some applications from the literature to explain how other studies had already
used the TP–TOC, which can also help to understand how managers and practitioners
would use the approach to improve the performance of their systems.
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Pergher et al. (2016) carried out a TP–TOC case study in the process of authorization of
radiotherapy service in a large Brazilian hospital. The main results allowed the definition of
a set of actions to eliminate or reduce the failure modes in their healthcare system. Souza
et al. (2016) analyzed the case of another large Brazilian hospital to improve bed
management using the TP–TOC. The research promoted an in-depth understanding
of the problems associated with the management of hospital beds and driven actions to
reduce wastes.

Stratton and Knight (2010) used TP–TOC to analyze the flow of patients in hospitals in
England and the Netherlands, reducing the waiting time of patients by 20 percent. Tsitsakis
(2010) applied the TOC in five public hospitals in Greece, aiming to solve capacity problems,
long waiting lists and low occupancy rate in hospitals. Groop et al. (2010) suggested a
constraint-based alternative to increase the transfer rate rather than reduce costs in a home
healthcare service in Finland. Nematipour et al. (2014) described the application of the
TP–TOC in the hospital supply chain of five hospitals in Iran and uncovered the core
problem, the environmental instability, which requires larger inventories to prevent
shortages. Finally, Ren et al. (2013) demonstrated how the TOC’s five focal steps can be
applied to the surgical process, to increase the number of surgeries, reduce overtime and
increase the patient’s satisfaction.

The following sections present a background on the TOC and TP–TOC in the
context of healthcare, the methodological approach and the results of the research. The
paper ends drawing some considerations regarding the produced results in the context
of healthcare.

2. Background
2.1 The TP–TOC
The TOC focus on elements that limit the ability of an organization to achieve its goal.
These elements are referred as constraints. TOC was initially created to improve production
and distribution systems, latter evolving to supply chain management, marketing and
strategy (Cox and Spencer, 1999; Polito and Capen, 2014; Rahman, 2002; Watson et al., 2007).
Its use also encompassed service organizations and non-profit institutions (Motwani et al.,
1996a; Watson et al., 2007).

According to Cox and Spencer (1999), TOC comprises three key approaches:

(1) The logistics approach: the management of buffers, the sequencing of production by
the drum-buffer-rope algorithm (DBR), and the analysis of the V-A-T production
structure (disassembly, assembly and transformation lines).

(2) The five focusing steps approach: the identification, subordination and exploitation
of the main constraint of a system, by increasing its capacity, the capacity of the
whole system is increased as a result.

(3) The TP–TOC approach: the use of cause-and-effect diagrams to resolve
organizational problems. The recommended tools are the Current Reality Tree
(CRT), the Future Reality Tree (FRT), the Prerequisite Tree (PRT), the Transition
Tree (TT) and the Evaporating Cloud (EC) diagram.

Organizational constraints can be either physical (a machine with lower capacity, suppliers,
people) or non-physical (the market, policies, procedures, standards and skills, daily
practices, thinking models) (Kendall, 2004). To explore non-physical restrictions, it is
recommended to use TP–TOC (Gupta and Boyd, 2008; Motwani et al., 1996a).

As the TOC seeks to identify the core problem associated with UEs, the TP–TOC may
support answering the three questions related to the organizational performance: “what to
change”; “what to change to” and “how to cause the change” (Dettmer, 1997). To do so, the
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operational tools represented in Table I are utilized. Each tool requires a methodological
procedure to be constructed. Further discussion can be found in the studies of Cox and
Spencer (1999), Gupta et al. (2004), Kim et al. (2008) and Noreen et al. (1995).

The TP–TOC, made operational by the tools above, is considered a Socratic method, that
uses propositions in the form of “if […] so […]” (Motwani et al., 1996a; Ritson and Waterfield,
2005). It contributes to self-disclosure, encouraging engagement and participation to focus
changes on the weakest link (RC) of a problem. The RC is responsible for most of the UEs that
hinder the organization on achieving better performance (Reid and Cormier, 2003; Taylor and
Churchwell, 2004).

The process allows the explanation of the managers’ insights, who are usually unaware
of the real problems of the company in which they act, much less of the solution to them
(Goldratt, 1990). The CRT, for example, allows managers to work from the effects (above)
down to the causes (below) in a top-down logic. Then, the tree interpretation is given toward
bottom-up, using conditional relations established (Gupta et al., 2004). When an effect is
promoted by two or more causes, it becomes necessary to verify the conjunctions of causes
that cause the effect. This analysis may result in a logical operation “or” or a logical
operation “and.” The second case represents the obligation of a conjunction of causes, being
represented by an ovate symbol. It marks the situations where there may occur insufficiency
of causes to generate an effect (Wright and King, 2006). The trees drawn up by the actors
involved serve as a means to exchange and widespread information and knowledge.

2.2 TOC studies in healthcare organizations
Motwani et al. (1996a, b) conducted theoretical studies about the use of TOC in healthcare
organizations. Wadhwa and Schleier (2010) identified the five focusing steps, the TP–TOC
and the buffer management as the most used tools in public health. In addition to those, 25
articles published between 1999 and 2016 were identified: 9 related to the five focusing
steps; 14 related to the TP–TOC; and 2 related to buffer management. Table II presents a

What to change?
Current Reality
Tree (CRT)

The CRT presents hypotheses and possible causes of problems. It allows
representing secondary effects that, when confirmed, justify the existence of a
prior cause. The CRT allows the identification of a core problem that resonates into
several UEs, unresolved conflicts or erroneous assumptions

What to change to?
Evaporating Cloud (EC)
diagram

The EC diagram allows checking the assumptions related to the conflict or core
problem and understanding why the problem was not resolved. It forces to explicit
existing assumptions related to the core problem, to solve (evaporate) it by
generating a new conception of the situation

Future Reality
Tree (FRT)

The FRT organizes potential solutions to the problem in relation to the UEs arising
from the CRT. The FRT allows identifying the changes required from actions, as
well as to prevent problems that can arise from the solution implementation

How to cause the change?
Prerequisite Tree (PRT) The PRT identifies obstacles that prevent the implementation of the solution. The

PRT allows defining intermediate goals that span potential obstacles and enables
the development of an action plan to achieve the FRT

Transition Tree (TT) The TT identifies actions necessary to achieve the stated goals. It represents the stages
and phases of transition from the current situation to a desired ( future) situation

Negative Branch (NB)
diagram

The NB diagram allows constructing and experimenting possible solutions prior
to the effective selection of a course of action. It focuses on identifying the impacts
and any negative effects related to each action taken

Sources: Adapted from Cox and Spencer (1999), Mabin et al. (2010) and Polito and Capen (2014)
Table I.
The TP–TOC tools
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health systems

1547

TP–TOC
applied to

public
healthcare



www.manaraa.com

A
ut
ho
rs

O
bj
ec
tiv

e
M
et
ho
d

R
es
ul
ts

Si
lv
es
te
r
et
al
.

(2
00
4)

T
o
ev
al
ua
te

th
e
ca
us
es

of
ex
ce
ss
iv
e
w
ai
tin

g
lin

es
in

th
e
N
at
io
na
lH

ea
lth

Se
rv
ic
e
(N
H
S)

an
d

de
la
ys

in
th
e
pa
tie
nt
s’
ca
re

A
th
eo
re
tic
al

st
ud

y
on

th
e
N
at
io
na
lH

ea
lth

Se
rv
ic
e
(N
H
S)

in
E
ng

la
nd

an
d
th
e
po
ss
ib
ili
ty

of
ap
pl
ic
at
io
n
of

th
e
T
O
C
in

th
e

he
al
th
ca
re

se
ct
or

T
he

m
ai
n
ca
us
e
of

lo
ng

qu
eu
es

w
as

no
t
th
e
la
ck

of
ca
pa
ci
ty
,b

ut
th
e
va
ri
at
io
n
an
d
m
is
m
at
ch

be
tw

ee
n

ca
pa
ci
ty

an
d
de
m
an
d.

T
he

in
cr
ea
se

in
av
ai
la
bi
lit
y
of

no
n-
bo
tt
le
ne
ck

pr
oc
es
se
s
re
so
ur
ce
s
di
d
no
t
ge
ne
ra
te

im
pr
ov
em

en
ts

in
th
e
sy
st
em

.T
he

re
du

ct
io
n
of

w
ai
tin

g
tim

es
w
ou
ld

on
ly

be
ac
hi
ev
ed

by
im

pr
ov
in
g
th
e
flo

w
of

pa
tie
nt
s,
m
an
ag
em

en
t
of

bo
tt
le
ne
ck
s
an
d
va
ri
at
io
n

re
du

ct
io
n

T
ay
lo
r
an
d

Ch
ur
ch
w
el
l

(2
00
4)

T
o
an
al
yz
e
th
e
bu

dg
et

co
ns
tr
ai
nt
s
in

a
ho
sp
ita

l
A

ca
se

st
ud

y
in

a
no
t-f
or
-p
ro
fit

ps
yc
hi
at
ri
c

ho
sp
ita

li
n
T
ex
as
,u

si
ng

th
e
T
P–

T
O
C
an
d

to
ol
s
as

CR
T
,E

C
an
d
FR

T

T
he

co
ns
tr
ai
nt

id
en
tif
ie
d
w
as

th
e
le
gi
sl
at
iv
e
fu
nd

s.
A
s
a

re
su
lt
of

th
e
ap
pl
ic
at
io
n
of

T
O
C,

th
er
e
w
as

an
im

pr
ov
em

en
t
in

th
e
qu

al
ity

of
ca
re
,r
ed
uc
tio

n
of

st
af
f

ov
er
w
or
k
an
d
im

pr
ov
em

en
t
of

st
af
f
m
or
al
e

Lu
bi
ts
h
et
al
.

(2
00
5)

T
o
an
al
yz
e
th
e
im

pa
ct
s
of

T
O
C
in

th
re
e
N
H
S

T
ru
st

de
pa
rt
m
en
ts
,n

eu
ro
su
rg
er
y,

E
N
T
,E

ye
s

an
d
to

re
du

ci
ng

w
ai
tin

g
lis
ts

in
th
e
sy
st
em

an
d
im

pr
ov
in
g
th
e
th
ro
ug

hp
ut

of
pa
tie
nt
s

A
ca
se

st
ud

y
ba
se
d
on

th
e
T
O
C’
s
fiv

e
fo
cu
si
ng

st
ep
s
in

th
re
e
de
pa
rt
m
en
ts
of

a
ho
sp
ita

li
n
th
e

U
K
(R
ad
cl
iff
e
In
fir
m
ar
y
(R
I),

in
th
e

de
pa
rt
m
en
ts

of
ne
ur
os
ur
ge
ry
,e
ye

an
d
E
N
T
.

D
at
a
w
er
e
co
lle
ct
ed

ov
er
a
pe
ri
od

of
40

m
on
th
s

W
ith

T
O
C
ap
pl
ic
at
io
n,
on

av
er
ag
e,
18
4
pe
op
le
pe
rm

on
th

w
er
e
at
te
nd

ed
in

le
ss

th
an

30
m
in
,a
nd

10
8
D
ep
ar
tm

en
t

of
O
to
la
ry
ng

ol
og
y
(E
N
T
).
T
he

to
ta
ln

um
be
r
of

pa
tie
nt
s

on
th
e
w
ai
tin

g
lis
t
ha
s
de
cr
ea
se
d
in

al
lo

f
th
em

.T
he
re

w
er
e
no

si
gn

ifi
ca
nt

im
pr
ov
em

en
ts

in
th
e
ne
ur
os
ur
ge
ry

de
pa
rt
m
en
tw

hi
ch

ar
e
as
so
ci
at
ed

w
ith

th
e
co
m
pl
ex
ity

of
th
e
sy
st
em

.A
nd

th
e
bo
tt
le
ne
ck

id
en
tif
ie
d
w
as

th
e
la
ck

of
nu

rs
es

in
th
e
ho
sp
ita

lw
in
g

R
its
on

an
d

W
at
er
fie
ld

(2
00
5)

T
o
id
en
tif
y
ho
w

th
e
N
at
io
na
lH

ea
lth

Se
rv
ic
e

(N
H
S)

an
d
th
e
So
ci
al

Se
rv
ic
es

D
ep
ar
tm

en
t

(S
SD

)c
ou
ld

m
an
ag
e
ch
an
ge
s
in

th
e
lo
ca
l

m
en
ta
lh

ea
lth

se
rv
ic
e

A
ca
se

st
ud

y
in

th
e
m
en
ta
lh

ea
lth

se
rv
ic
e
fo
r

ad
ul
ts

liv
in
g
in

th
e
N
or
th

E
as
t
of

th
e
U
K
,

ap
pl
yi
ng

T
P–

T
O
C,

an
d
to
ol
s
as

CR
T
,E

C,
FR

T
,P

R
T
an
d
T
T

A
s
a
re
su
lt
of

th
e
st
ud

y,
th
e
in
tr
od
uc
tio

n
of

a
Cr
is
is

R
es
ol
ut
io
n/
H
om

e
T
re
at
m
en
t
T
ea
m
s
al
lo
w
ed

th
e

re
du

ct
io
n
of

tim
e
to

ad
m
is
si
on
s
an
d
th
e
le
ng

th
of

st
ay

in
th
e
ho
sp
ita

l.
T
he

qu
al
ity

of
tr
ea
tm

en
ts
ha
s
im

pr
ov
ed

fo
r

us
er
s
of
se
rv
ic
es

bo
th

at
ho
m
e
an
d
in
th
e
ho
sp
ita

la
s
w
el
l

Se
lli
tt
o
(2
00
5)

T
o
an
al
yz
e
th
e
m
an
ag
em

en
t
of

re
pe
at
ed

us
e

m
at
er
ia
ls
in

th
e
pu

bl
ic
he
al
th

of
a
B
ra
zi
lia
n

ca
pi
ta
li
n
or
de
r
to

im
pr
ov
e
th
e
as
si
st
an
ce

to
m
an
ag
er
s
of

co
m
m
un

ity
he
al
th
ca
re

se
rv
ic
e

ce
nt
er
s
re
ga
rd
in
g
th
e
re
qu

ir
ed

m
at
er
ia
ls
in

qu
an
tit
y
an
d
tim

e

A
ca
se

st
ud

y
ap
pl
yi
ng

th
e
T
P–

T
O
C
in

a
pu

bl
ic
he
al
th

or
ga
ni
za
tio

n.
T
he

fo
llo
w
in
g

to
ol
s
ha
ve

be
en

ap
pl
ie
d:

CR
T
,E

C,
FR

T
,P

R
T

an
d
T
T

A
n
in
cr
ea
se

of
60
%

of
un

its
de
liv

er
ed

pe
r
m
on
th
.T

he
av
er
ag
e
st
oc
k
ha
s
be
en

re
du

ce
d
by

ap
pr
ox
im

at
el
y
15
%

an
d
tu
rn
in
g
st
oc
k
cl
im

be
d
ab
ou
t
2:
30

tim
es

a
ye
ar

fo
r

ab
ou
t
fiv

e
tim

es
a
ye
ar
.T

he
co
m
pl
ai
nt
s
fr
om

m
an
ag
er
s

of
he
al
th
ca
re

se
rv
ic
e
ce
nt
er
s,
w
hi
ch

w
er
e
fr
eq
ue
nt

un
til

th
en
,h
av
e
be
en

ze
ro
ed
.S
ho
rt
ag
es

of
m
at
er
ia
ls
am

ou
nt
ed

to
ne
gl
ig
ib
le
le
ve
ls

(c
on

tin
ue
d
)

Table II.

1548

BPMJ
25,7



www.manaraa.com

A
ut
ho
rs

O
bj
ec
tiv

e
M
et
ho
d

R
es
ul
ts

Pa
tw

ar
dd

ha
n

et
al
.(
20
06
)

T
o
pr
ov
id
e
ap
pr
op
ri
at
e
te
ch
ni
ca
lr
ep
or
ts

to
th
e
cl
in
ic
an
d
pu

bl
ic
he
al
th

po
lic
ym

ak
er
s
in

th
e
Ce
nt
er

of
Pr
ac
tic
al

E
vi
de
nc
e
(e
vi
de
nc
e-

ba
se
d
pr
ac
tic
e
ce
nt
er
s
(E
PC

s)
)

A
ca
se

st
ud

y
ap
pl
yi
ng

th
e
T
P–

T
O
C,

an
d
th
e

CR
T
an
d
FR

T
to
ol
s

Im
pr
ov
em

en
ti
n
th
e
pr
oc
es
s
of
de
ve
lo
pi
ng

te
ch
ni
ca
lr
ep
or
ts

on
th
e
ba
si
s
of

ev
id
en
ce

th
at

re
al
ly

in
fo
rm

ed
de
ci
si
on
s
of

gr
ea
t
im
po
rt
an
ce

to
th
e
E
PC

s
an
d
to

po
lic
ym

ak
er
s

U
m
bl
e
an
d

U
m
bl
e
(2
00
6)

T
o
re
du

ce
th
e
w
ai
tin

g
tim

e
an
d
ad
m
is
si
on

to
th
e
ac
ci
de
nt

an
d
em

er
ge
nc
y
de
pa
rt
m
en
t

(A
&
E
)a

t
th
re
e
ho
sp
ita

ls

A
T
O
C–

D
B
R
ca
se

st
ud

y
in

th
re
e
no
n-
pr
of
it

ho
sp
ita

ls
in

th
e
U
K
(M

ilt
on

K
ey
ne
s
H
os
pi
ta
l

D
is
tr
ic
t,
H
or
to
n
H
os
pi
ta
l,
O
xf
or
ds
hi
re

an
d
th
e

O
xf
or
ds
hi
re

R
ad
cl
iff
e
H
os
pi
ta
l)

R
ed
uc
tio

n
of

w
ai
tin

g
tim

es
an
d
ad
m
is
si
on
s
in

th
e

de
pa
rt
m
en
ts
.A

dd
iti
on
al

ca
pa
ci
ty

w
as

ge
ne
ra
te
d

w
ith

ou
ti
nv

es
tm

en
ts
.T

he
pe
rc
en
ta
ge

of
pa
tie
nt
s
w
ai
tin

g
le
ss

th
an

4
h
in

K
ey
ne
s
H
os
pi
ta
lD

is
tr
ic
t
M
ilt
on

in
cr
ea
se
d
fr
om

85
%

to
90
%
,a
nd

th
e
nu

m
be
r
of

pa
tie
nt
s

at
te
nd

ed
pe
rw

ee
k
in
cr
ea
se
d
to

1,
20
0.
A
tt
he

O
xf
or
ds
hi
re

ho
sp
ita

ls
,t
he

nu
m
be
rs

in
cr
ea
se
d
fr
om

50
–
60

to
91
%

G
up

ta
an
d

K
lin

e
(2
00
8)

T
o
re
du

ce
w
ai
tin

g
tim

es
fo
r
ad
m
is
si
on

in
th
e

ps
yc
hi
at
ry

an
d
th
er
ap
y
se
ct
or
s,
as

w
el
la

s
to

re
du

ce
ec
on
om

ic
im

pa
ct
s
re
la
te
d
to

ca
nc
el
la
tio

n
an
d
m
is
se
d
ap
po
in
tm

en
ts

A
ca
se

st
ud

y
ba
se
d
on

th
e
T
O
C’
s
fiv

e
fo
cu
si
ng

st
ep
s
w
as

co
nd

uc
te
d
in

a
ch
em

ic
al
-

de
pe
nd

en
cy

un
it
of

a
co
m
m
un

ity
m
en
ta
l

he
al
th

ce
nt
er

T
hr
ou
gh

co
ns
ul
ta
tio

n
re
m
in
de
rs
,t
he

re
im

bu
rs
em

en
th

as
in
cr
ea
se
d
to

m
or
e
th
an

$5
0,
00
0.
T
he

ra
te

of
ca
nc
el
la
tio

n
or

no
n-
at
te
nd

an
ce

fe
ll
fr
om

43
to

20
%
.T

he
re

w
as

an
in
cr
ea
se

in
pa
tie
nt
s
sc
he
du

le
d
ap
po
in
tm

en
ts
,r
ed
uc
tio

n
in

m
is
se
d
ap
po
in
tm

en
ts

an
d
al
so

a
re
du

ct
io
n
of

ps
yc
hi
at
ri
st
’s
tim

e
w
as
te
d

St
ra
tt
on

an
d

K
ni
gh

t
(2
01
0)

T
o
im

pr
ov
e
th
e
pa
tie
nt

flo
w

in
E
ng

la
nd

an
d

th
e
N
et
he
rl
an
ds

ho
sp
ita

ls
A

T
O
C–

D
B
R
ca
se

st
ud

y
ap
pl
ic
at
io
n
w
as

co
nd

uc
te
d

A
m
ar
ke
tc
on
st
ra
in
tw

as
id
en
tif
ie
d.
T
he

pa
tie
nt
s
w
ai
tin

g
tim

e
ha
s
be
en

re
du

ce
d
by

20
%

T
si
ts
ak
is

(2
01
0)

T
o
so
lv
e
ca
pa
ci
ty

pr
ob
le
m
s,
lo
ng

w
ai
tin

g
lis
ts

an
d
lo
w

oc
cu
pa
nc
y
ra
te

in
ho
sp
ita

ls
A
ca
se

st
ud

y
ba
se
d
on

th
e
T
O
C’
s
fiv

e
fo
cu
si
ng

st
ep
s
co
nd

uc
te
d
in

fiv
e
pu

bl
ic
ho
sp
ita

ls
in

G
re
ec
e

T
he

re
st
ri
ct
io
n
w
as

ob
se
rv
ed

in
th
e
re
so
ur
ce
s
of

th
e

di
ag
no
st
ic
im

ag
in
g
la
bo
ra
to
ry
,w

hi
ch

w
as

ca
us
in
g

de
la
ys

an
d
im

pa
ct

on
th
e
pa
tie
nt
’s
tr
an
sf
er

ra
te

G
ro
op

et
al
.

(2
01
0)

T
o
su
pp

or
t,
th
ro
ug

h
th
e
T
O
C,

th
e
ev
al
ua
tio

n
of

te
ch
no
lo
gi
es

to
re
m
ov
e
or

re
lie
f

or
ga
ni
za
tio

na
lc
on
st
ra
in
ts
,i
n
or
de
rt
o
in
cr
ea
se

th
e
tr
an
sf
er

ra
te
,i
ns
te
ad

of
cu
tt
in
g
co
st
s

A
T
O
C-
ba
se
d
ca
se

st
ud

y
in

a
ho
m
e
he
al
th
ca
re

se
rv
ic
e
or
ga
ni
za
tio

n
in
Fi
nl
an
d
to
im

pl
em

en
ta

m
ob
ile

so
lu
tio

n
to

im
pr
ov
e
m
ob
ili
ty

A
lth

ou
gh

th
e
co
nv

en
tio

na
lf
in
an
ci
al

ap
pr
oa
ch

co
ns
id
er
ed

th
at

th
e
im

pl
em

en
ta
tio

n
w
ou
ld
sa
ve

tim
e
an
d

w
ou
ld

be
be
ne
fic
ia
l,
th
e
T
O
C
ha
s
sh
ow

n
th
at

te
ch
no
lo
gy

im
pl
em

en
ta
tio

n
ai
m
in
g
at

an
im

pr
ov
em

en
t
of

pr
od
uc
tiv

ity
w
ou
ld
br
in
g
ad
ve
rs
e
ef
fe
ct
s.
T
he

re
st
ri
ct
io
n

of
th
e
sy
st
em

w
as

th
e
di
st
ri
bu

tio
n
of

w
or
kl
oa
d.
Le
ve
lin

g
th
e
w
or
kl
oa
d
w
ou
ld

re
su
lt
in

se
rv
in
g
m
or
e
cu
st
om

er
s

an
d
im

pr
ov
em

en
t
of

pr
od
uc
tiv

ity
M
ab
in

et
al
.

(2
01
1)

T
o
im

pr
ov
e
th
e
sa
tis
fa
ct
io
n
of

pa
tie
nt
s
in

a
ho
sp
ita

lp
ha
rm

ac
y.

T
he

su
bj
ec
t
of

th
e

re
se
ar
ch

w
as

a
le
ad
in
g
su
pp

lie
r
of

se
co
nd

ar
y

T
P–

T
O
C
an
d
to
ol
s
ha
ve

be
en

ap
pl
ie
d,

w
ith

fo
cu
s
on

E
C
di
ag
ra
m
s

R
ed
uc
tio
n
in

th
e
w
ai
tin

g
tim

e
of

pa
tie
nt
s,
w
or
kl
oa
d
an
d

ov
er
tim

e
re
du

ct
io
n,
in
cr
ea
se
d
sa
tis
fa
ct
io
n
of

pa
tie
nt
s
an
d

im
pr
ov
em

en
t
of

th
e
te
am

m
or
al
e
an
d
pe
op
le
re
te
nt
io
n

(c
on

tin
ue
d
)

Table II.

1549

TP–TOC
applied to

public
healthcare



www.manaraa.com

A
ut
ho
rs

O
bj
ec
tiv

e
M
et
ho
d

R
es
ul
ts

he
al
th

se
rv
ic
es

in
th
e
N
or
th

Is
la
nd

of
N
ew

Ze
al
an
d

G
ro
op

(2
01
2)

T
o
ex
pl
or
e
th
e
m
ec
ha
ni
sm

s
an
d
pr
ac
tic
es

th
at

in
hi
bi
t
th
e
ab
ili
ty

of
ho
m
e
he
al
th
ca
re

se
rv
ic
e

pr
ov
id
er
s
to

m
ak
e
be
tt
er

us
e
of

av
ai
la
bl
e

re
so
ur
ce
s,
an
d
to

pr
ov
id
e
ge
ne
ra
lm

od
el
s
of

so
lv
in
g
th
es
e
pr
ob
le
m
s

A
T
O
C-
ba
se
d
ca
se

st
ud

y
on

th
e
E
sp
oo

H
om

e
Ca

re
(E
H
C)
,a

pu
bl
ic
ly

fu
nd

ed
he
al
th
ca
re

or
ga
ni
za
tio

n
lo
ca
te
d
in

Fi
nl
an
d

T
O
C
ca
n
pr
ov
id
e
a
sy
st
em

at
ic
st
ru
ct
ur
e
fo
r
id
en
tif
yi
ng

an
d
ad
dr
es
si
ng

th
e
fa
ct
or
s
th
at

lim
it
pr
od
uc
tiv

ity
.T

he
ap
pl
ic
at
io
n
of

T
O
C
in
-h
om

e
ca
re

re
ve
al
s
va
ri
ou
s
po
lic
ie
s

an
d
pr
ac
tic
es

th
at
,i
nt
ui
tiv

el
y
m
ig
ht

se
em

lo
gi
ca
la

nd
ef
fic
ie
nt
,b
ut

in
fa
ct
ar
e
co
un

te
rp
ro
du

ct
iv
e.
A
s
a
re
su
lt
of

th
e
in
ve
st
ig
at
io
n,
th
e
ho
m
e
ca
re

un
it
st
ud

ie
d
w
as

ab
le
to

si
gn

ifi
ca
nt
ly

re
du

ce
th
e
us
e
of

ou
ts
ou
rc
ed

la
bo
r
an
d
co
st

re
du

ct
io
n
w
as

es
tim

at
ed

at
€
0.
5m

an
nu

al
ly

T
ay
lo
r
an
d

N
ay
ak

(2
01
2)

T
o
de
te
rm

in
e
th
e
ce
nt
ra
lp

ro
bl
em

th
at

w
as

ca
us
in
g
th
e
lo
ss

of
re
ve
nu

e
in

th
e
E
D
of

a
ho
sp
ita

l

A
ca
se

st
ud

y
of

th
e
ap
pl
ic
at
io
n
of

T
P–

T
O
C

an
d
CR

T
,E

C
an
d
FR

T
to
ol
s
in

th
e
E
D
of

a
ho
sp
ita

ll
oc
at
ed

in
T
ex
as

T
he

tr
ia
ge

pr
oc
es
s
w
as

no
t
co
nd

uc
te
d
pr
op
er
ly
.A

s
a

so
lu
tio

n,
a
tr
ia
ge

te
am

w
as

hi
re
d
to

im
pr
ov
e
th
e
us
e
of

th
e
E
D

R
en

et
al
.

(2
01
3)

T
o
de
m
on
st
ra
te
ho
w
th
e
fiv

e
fo
cu
si
ng

st
ep
s
of

T
O
C
ca
n
be

ap
pl
ie
d
in

th
e
su
rg
ic
al

pr
oc
es
s

A
lit
er
at
ur
e
re
vi
ew

on
th
e
ap
pl
ic
at
io
n
of

th
e

T
O
C’
s
fiv

e
fo
cu
si
ng

st
ep
s
an
d
its

ap
pl
ic
at
io
n

in
th
e
pr
oc
es
s
of

su
rg
er
ie
s
in

th
e
W
es
t
Ch

in
a

H
os
pi
ta
l

A
hi
gh

er
nu

m
be
r
of

su
rg
er
ie
s,
re
du

ct
io
n
of

ov
er
tim

e
an
d

in
cr
ea
se
d
pa
tie
nt

sa
tis
fa
ct
io
n
ha
ve

be
en

ob
ta
in
ed

by
el
im

in
at
in
g
th
e
co
ns
tr
ai
nt
s
in

th
e
pr
oc
es
s
of

su
rg
er
ie
s

Sa
da
t
et
al
.

(2
01
3)

T
o
ve
ri
fy

ho
w

th
e
T
O
C
co
m
pl
ie
s
w
ith

th
e

pu
bl
ic
he
al
th

sy
st
em

s
w
ith

re
sp
ec
t
to

th
e

de
fin

iti
on

of
go
al
s,
pe
rf
or
m
an
ce

m
ea
su
re
s
an
d

co
nt
in
uo
us

im
pr
ov
em

en
t.
T
he

es
ta
bl
is
he
d

go
al

w
as

to
in
cr
ea
se

th
e
qu

al
ity

an
d
qu

an
tit
y

of
lif
e,
bo
th

no
w

an
d
in

th
e
fu
tu
re

A
sy
st
em

dy
na
m
ic
s
re
pr
es
en
ta
tio
n
of

th
e

T
O
C’
s
go
al
an
d
pe
rf
or
m
an
ce

m
ea
su
re
s
fo
r

pu
bl
ic
ly

tr
ad
ed

fo
r-
pr
of
it
co
m
pa
ni
es
.A

si
m
ila
r

m
od
el
w
as

cr
ea
te
d
fo
r
pu

bl
ic
ly

fu
nd

ed
he
al
th

sy
st
em

s,
in
cl
ud

in
g
so
m
e
of

th
e
fa
ct
or
s
th
at

af
fe
ct

sy
st
em

pe
rf
or
m
an
ce
,p
ro
vi
di
ng

a
fr
am

ew
or
k
to

ap
pl
y
T
O
C’
s
pr
oc
es
s
of

on
go
in
g

im
pr
ov
em

en
t
in

pu
bl
ic
ly

fu
nd

ed
he
al
th

sy
st
em

s

T
he

au
th
or
s
cr
ea
te
d
st
oc
k
an
d
pa
tie
nt

flo
w
di
ag
ra
m
s
to

de
fin

e
th
e
re
la
tio

ns
hi
ps

be
tw

ee
n
th
e
T
O
C
go
al
s
an
d

pe
rf
or
m
an
ce

in
di
ca
to
rs

N
em

at
ip
ou
r

et
al
.(
20
14
)

T
o
de
sc
ri
be

th
e
ap
pl
ic
at
io
n
of

T
P–

T
O
C
to
ol
s

ai
m
ed

at
th
e
re
co
gn

iti
on

of
cr
iti
ca
li
ss
ue
s
an
d

fa
ct
or
s
of

ho
sp
ita

ls
up

pl
y
ch
ai
n
in

or
de
r
to

un
de
rs
ta
nd

th
e
ca
us
al

re
la
tio

ns
hi
ps

be
tw

ee
n

th
es
e
fa
ct
or
s

A
ca
se

st
ud

y
ap
pl
yi
ng

th
e
T
P–

T
O
C
in

th
e

su
pp

ly
ch
ai
n
of

fiv
e
m
aj
or

ho
sp
ita

ls
in

T
eh
ra
n.
T
he

ph
ar
m
ac
eu
tic
al
in
du

st
ry

an
d
th
e

di
st
ri
bu

tio
n
of

m
ed
ic
in
es

w
er
e
an
al
yz
ed

th
ro
ug

h
th
e
CR

T
to
ol

T
he

ro
ot

pr
ob
le
m

w
as

th
e
in
st
ab
ili
ty

in
th
e
su
pp

ly
ch
ai
n

en
vi
ro
nm

en
t
of

ho
sp
ita

ls
in

Ir
an
,w

hi
ch

is
lo
ca
te
d

be
yo
nd

th
e
ra
ng

e
of

co
nt
ro
la

nd
sp
he
re

of
in
flu

en
ce

of
ch
ai
n
m
em

be
rs

(c
on

tin
ue
d
)

Table II.

1550

BPMJ
25,7



www.manaraa.com

A
ut
ho
rs

O
bj
ec
tiv

e
M
et
ho
d

R
es
ul
ts

Pe
rg
he
r
et
al
.

(2
01
6)

Pr
op
os
es

a
di
ag
no
st
ic
s
an
d
im

pr
ov
em

en
t

ap
pr
oa
ch

ba
se
d
on

to
ta
lq

ua
lit
y
m
an
ag
em

en
t

to
ap
pl
y
in

ca
nc
er

he
al
th
ca
re

se
rv
ic
e
se
rv
ic
es

sy
st
em

s

A
ca
se

st
ud

y
w
as

ap
pl
ie
d
in

th
e
ra
di
ot
he
ra
py

se
rv
ic
e
au
th
or
iz
at
io
n
pr
oc
es
s
in

a
la
rg
e

B
ra
zi
lia
n
ho
sp
ita

l

T
he

m
ai
n
re
su
lts

pe
rm

itt
ed

th
e
de
fin

iti
on

of
a
se
t
of

ac
tio

ns
to

el
im

in
at
e
or

re
du

ce
th
e
fa
ilu

re
m
od
es

in
he
al
th
ca
re
se
rv
ic
e
sy
st
em

s.
In

ad
di
tio

n
to
th
at
,o
ne

of
th
e

ad
va
nt
ag
es

of
th
e
ap
pr
oa
ch

pr
op
os
ed

an
d
ap
pl
ie
d
is
th
e

id
en
tif
ic
at
io
n
of

th
e
ro
ot

ca
us
es

(R
C)

of
th
e
pr
ob
le
m

in
flo

w
m
an
ag
em

en
t
of

pa
tie
nt
s,
th
e
un

de
si
ra
bl
e
ef
fe
ct
s
of

th
es
e
ca
us
es

an
d
th
e
pr
io
ri
tiz
at
io
n
of

th
e
im

pr
ov
em

en
t

ac
tio

ns
So
uz
a
et
al
.

(2
01
6)

A
na
ly
si
s
of

ho
sp
ita

lb
ed

m
an
ag
em

en
t
th
e

pe
rs
pe
ct
iv
e
of

th
e
th
eo
ry

of
co
ns
tr
ai
nt
s
(T
O
C)

un
de
r
a
la
rg
e,
pr
iv
at
e,
no
n-
pr
of
it
ho
sp
ita

li
n

th
e
R
io

G
ra
nd

e
do

Su
ls
ta
te

–
B
ra
zi
l

It
fo
cu
se
d
on

ap
pl
yi
ng

th
e
Cu

rr
en
t
R
ea
lit
y

T
re
e
(C
R
T
)p

ro
po
se
d
by

th
e
th
eo
ry

of
co
ns
tr
ai
nt
s
to

al
le
vi
at
e
th
e
un

de
si
ra
bl
e
ef
fe
ct
s

(U
E
s)
re
la
te
d
to
th
e
lo
w
av
ai
la
bi
lit
y
of
ho
sp
ita

l
be
ds
.T

hi
s
pa
pe
r
pr
es
en
ts

a
st
ud

y
of

a
la
rg
e

B
ra
zi
lia
n
ho
sp
ita

lt
ha
t
ai
m
s
to

im
pr
ov
e
th
e

m
an
ag
em

en
t
of

th
e
nu

m
be
r
of

ho
sp
ita

lb
ed
s

us
in
g
th
e
T
O
C

T
he

th
eo
ry

of
co
ns
tr
ai
nt
s
(T
O
C)

se
ek
s
to

m
ap

an
d
ac
to

n
co
ns
tr
ai
nt
s,
th
er
eb
y
co
nt
ri
bu

tin
g
to

th
e
m
iti
ga
tio

n
of

w
as
te

an
d
th
e
ro
ot

ca
us
es

of
un

de
si
ra
bl
e
ef
fe
ct
s
(U
E
s)
.

T
he

nu
m
be
r
of

ho
sp
ita

lb
ed
s
is
a
si
gn

ifi
ca
nt

co
ns
tr
ai
nt

on
th
e
op
er
at
io
n
of

he
al
th
ca
re

se
rv
ic
e
sy
st
em

s
be
ca
us
e
it

re
ce
iv
es

de
m
an
ds

fr
om

va
ri
ou
s
ar
ea
s
an
d
re
qu

ir
es

la
rg
er

vo
lu
m
es

to
im

pl
em

en
t
an
d
m
ai
nt
ai
n

Table II.

1551

TP–TOC
applied to

public
healthcare



www.manaraa.com

summary of the research identified in the chronological order. The table shows objectives,
methods and results, as well as the TOC tools of each research. Not all the studies are totally
equivalent to what is made in our study, but the table reinforces the importance of using
TOC in an intrinsic, complex environment, such as healthcare service organizations.

In the healthcare service industry and in the analyzed articles, notable results of the TP–TOC
application are observed. In most cases, the implementation of the TOC seeks to reduce the
patient waiting times, accelerate the availability of beds and serve the largest number of patients
seeking both the patients’ and the employees’ satisfaction. The DBRwas adopted by Umble and
Umble (2006) and Stratton and Knight (2010) in order to reduce waiting times and admission, i.e.,
the flow of patients in the hospital. Regarding the TP–TOC, the main tools adopted were the
CRT, the EC and the FRT. The studies of Taylor and Sheffield (2002), Taylor and Churchwell
(2004), Mabin et al. (2011) and Taylor and Nayak (2012) intended to increase revenue and reduce
costs, while Sellitto (2005) and Nematipour et al. (2014) focused on materials and supplies
management. Souza et al. (2016) presented a study of a large Brazilian hospital that aims to
improve the management of the number of hospital beds using the TOC. Finally, Pergher et al.
(2016) propose a diagnostics and improvement approach based on total quality management to
apply in cancer healthcare service systems.

3. Methodological approach
The research method was the case study (Yin, 2003). The focus of the study was exploratory
and sought field evidence on ways to improve the service quality of a philanthropic hospital
through the TP–TOC. The steps for the elaboration of the research are summarized in
Figure 1. The combination of internal documents and processes observation, publicized

Bibliographic Revision and Analysis

Definition of the Research Method

Analysis of intern documents and interviews with managers

Undesirable Effects (UDE’s) identification

Construction of the Current Reality Tree (CRT)

Development of the Evaporating Cloud (EC)

Indications of Improvement Actions

Discussion and Final Considerations

Theory of Constraints

Thinking Process (TP) of Theory of
Constraints (TOC)

Review of previous studies about TOC
application in Healthcare

Selection of the case object of study

Definition about instruments of
data collection

Proposal of a conceptual framework and an approach to
support decision making

Source: Adapted from Lacerda et al. (2010)

Figure 1.
Structure of research
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material and data gathered in interviews offered data sources for triangulation.
Triangulation increases reliability and internal validity of the findings (Gibbert and
Ruigrok, 2010; Sellitto, 2018).

The literature review allowed identifying the variables related to hospital services used
in studies aiming the services quality improvement (Table III). Relevant studies retrieved
from the extant literature provided the variables. Two experts of the hospital and two
scholars reviewed and eventually completed the list.

The indicative variables of Table III helped to construct the conceptual framework of
Figure 2 that systematized the study and guided the application. The framework considered
both service quality and patient satisfaction as focal points for analysis. In addition, despite
the proposed framework based on peer-reviewed literature, to the best of our knowledge, no
previous model covering all the elements listed in Table III was found.

To discuss the appropriateness of the proposed framework, the case study conducted
focused on the emergency department of a medium-sized philanthropic Brazilian hospital.
The instruments for data collection and the research protocol were developed, and the study
proposal was presented to the hospital board for approval.

Data collection was carried out between April and July 2014 and included document
analysis, non-participant observation and semi-structured interviews. Interviews were
based on the research constructs presented in Table III and applied to the sources
presented in Table IV. The respondents were chosen based on their experience in the
healthcare sector, work experience in the hospital under study, internal processes
knowledge, strategic level of decision making and knowledge of the human resources
internal policies.

Construct Indicative variables Authors

Infrastructure Equipment for triage and diagnosis
Bed needs satisfaction
Suitable rooms and spaces
Necessary staff
Services and examinations for emergency

Ritson and Waterfield (2005),
Battaglia et al. (2012)

Internal
processes

Schedule for physicians’ and nurses’ activities
Workforce leveling
Time to admissions
Length of stay
Registration, triage and admission

Taylor and Nayak (2012), Groop
et al. (2010), Umble and Umble
(2006), Ritson and Waterfield
(2005), Lubitsh et al. (2005), Lowsby
et al. (2017)

Financial
context

Financial contributions or voluntary actions for hospital
activities (in countries where the public ownership
dominates in healthcare sector relatively little attention is
paid to the issues of financial management in hospitals)
Payments related to the medical services
Sources of revenue
Government awareness of the need to foster and support
the hospital sector

Bem et al. (2014), Gupta and Kline
(2008), Lee (2015)

Human
resources

Employees’ training and qualification
Team career plan
Relationship and communication among employees
People retention

Mabin et al. (2011), Taylor and
Churchwell (2004), Taylor and
Sheffield (2002)

Patients
satisfaction

Waiting for appointments and emergency care
Need to seek treatment in another city

Taylor and Nayak (2012), Lubitsh
et al. (2005), Womack and Flowers
(1999)

Service
quality

Delays occurring in patient care
Challenges and opportunities in services

Mabin et al. (2011), Kershaw (2000),
Womack and Flowers (1999)

Table III.
Constructs and

indicative variables
associated with

studies on hospital
service quality
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From the interviews, the core problem was identified as the patients’ dissatisfaction and
the low quality of services provided by the hospital. The non-participant observation
stage focused on the main processes of the SUS care system. Internal documents related to
the number of attendees per specialty were analyzed, and the processes have been selected
considering the relevance of the medical specialties to the hospital emergency care. The
non-participant observation stage was held for two weeks, accompanying the reception,
triage and nurses.

The items observed were: the physical infrastructure (general maintenance of the
building, furniture, equipment and utensils); the use of equipment and supplies; the
workload leveling between the teams was observed; the relationship between employees
during working hours in patient care and assistance in the emergency sector; the equipment
for triage; the occurrence of triage; the registration of patients; waiting times; and the
internal coordination of the team in regard to the patients’ care.

The CRT and EC tools were applied to the core problem. From the data collection, the
research team, first, proceeded to the modeling of the CRT. The causal model generated
was validated with the organization representatives (head nurse, hospital president
and hospital CEO). Then, EC diagrams have been built to explicit premises and to
discuss the identified conflicts. These diagrams also have been discussed and validated

Health System

Patient
satisfaction

Service
quality

Internal
processes

Financial
context

Human
resources Infrastructure Action Plan

(Continuous improvement)

Root Cause Analysis

Causal Model
(Cause-and-effect relationships)

Current Reality Tree (CRT)

Figure 2.
Conceptual framework
related to TP–TOC in
a health system

Function Qualification Experiences

Head nurse Bachelor of nursing; specialization in
emergency care; emergency management; and
public health; masters’ degree in education

25 years of experience in hospital services
and hospital management; 4 years of
experience in the studied hospital

President Bachelor in public administration;
specialization in business management

Hospital’s secretary from 2011 to 2013;
hospital’s president from November 2013 to
March 2015; secretary of the hospital board
from March 2015 to April 2016

CEO Bachelor in marketing science Experience of 10 years in the banking sector;
2 years in the studied hospital

Treasurer Bachelor of accounting science 2 years in the studied hospital
Nurses (tree) Technical training in nursing Average experience from of 3 years in the

studied hospital (minimum 2 years;
maximum of 5 years)

Administrative
assistant

Bachelor in business management 3 years’ experience in the studied hospitalTable IV.
Interviewees’ profile
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with the same representatives, allowing an in-depth RC analysis. This analysis has served
as a basis for the discussions about the core problem, driving the analysis to the
proposition of improvement actions in the hospital. The actions were presented to
the hospital board and discussed with regard to their feasibility and the resources
required for their implementation.

The observations and experience arisen from the case study were then used to discuss
the framework proposal presented.

4. Results and discussion
The Hospital Foundation under study has been in operation since 1983. It offers SUS
services (medical assessments, glucose testing, nutritional assessment, blood pressure
control) and examinations (laboratory, EGG, x-rays, scans and endoscopies) to
the community. The hospital has 61 employees (25 nursing technicians, 5 people in the
sanitation sector and 31 in the administrative services, including billing, chairman, director).
The hospital had 52 beds and had been facing an increased demand for hospitalizations.
Monthly hospitalizations rose from 78 in 2013 to 168 in 2014, on average. Despite such
increase, beds were not a constraint yet. The average daily attendance in the ED had
doubled, from an average of 60.3 patients in 2013 to 126.6 patients in 2014. The projection
was a total amount of 45,000 medical appointments in 2014.

4.1 CRT and EC analysis
Figure 3 shows the CRT for the ED. Figure 3 embraces the logical relationships subjacent to
the CRT tool. The construction of the CRT is abundantly described in the extant literature.

High staff
turnover

The nurses become
unmotivated

The nurses carry the
most workload

There is no
workload leveling
between the team

Nurses do not
communicate

absence

There is no
continuous

training

There is no career
plan for nurses

Lack of
specialist

physicians in
the emergence

Patients are referred to
another town for treatment

Individualism and
competitiveness

among the nurses

  Patients
pressure

the nurses

Nurses become
exhausted

The nurses do not do
not do their job with
so much willingness

Inefficient
quality of service

Patients become dissatisfied
with the hospital service

Patients look
for treatment

in another
hospital

Decision making is
flawed

Management lack of
processes visibility

Patients seek
private care to cover

their needs

Delays occur in patient
treatment

There is no performance
control by operational
efficiency indicators

Patients with simple problems
may take precedence in the

emergency rooms

The patients do not have
information which health
center they should go to

Lack of
structured

triage process

Patients prefer to
go to hospitals
due to ease of

access

Lack of some
patient triage

equipment Lack of
emergency

severity index

The resources for
equipment purchase

are limited

Legend UDE’S (Undesirable Effects) Internal Causes External Causes

Inequality of job
description/compen-

sation of nurses

Figure 3.
Current reality tree
for the ED patient’s

dissatisfaction
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Among many others, we point Kendall (2004) to further details on the construction.
The CRT corresponds to the causal model of Figure 2.

Figure 3 must be followed as in the following example: if “there is no emergency severity
index,” then “there is no structured triage process,” and then “patients with simple problems
may take precedence in the emergency rooms.” As a consequence, “delays occur in the
treatment,” leading to “patients seek to private care to cover their needs” and, as a
consequence, to patients’ dissatisfaction with the hospital services and low quality.

The relationships between the causes and effects observed in the hospital lead to
dividing causes into internal and external. Mainly, the limited resources and the lack of
employee relationship between physicians and the hospital are external causes related to the
structure of SUS. Hospitals depend on government budget to operate, and other
inefficiencies in the bureaucratic system lead to delayed or poorly allocated resources. In the
same sense, physicians use the facilities of the hospital, but they are considered as partners
and not as employees in the system. This leads to agency problems ( Jensen and William,
1976), creating an environment in which negotiation tends to prevail over hierarchy, thus
leading to higher managerial complexity.

The internal causes relate to the lack of severity index for triage, the lack of demand
management for specialties based on schedules, the lack of career plan for nurses, the lack of
workload leveling among the teams and the lack of continuous training. These causes may be
correlated to the need of professionalization in hospital management (Bornhost, 2015; Butler
et al., 1996; Taylor and Sheffield, 2002) or the gap still existent between hospital services and
operations management (Butler et al., 1996; Li et al., 2002). Nevertheless, the internal RC allows
us inferring that action should be taken to improve the allocation and adequate use of the
workforce in the hospital, to reduce patient’s dissatisfaction with this service.

As a third category of RCs, patients lack information to choose the health center they
should go look for treatment and patients prefer to go to hospitals for ease of access. These
RCs have been classified separately since they represent a socio-cultural trend, effect of
another systemic problem: since there is an understanding of lengthy and cumbersome
public health service, patients tend to skip the level of the Basic Care Units (BCU – Unidade
Básica de Saúde) for assessment, and to go directly to hospitals. Hospitals are not allowed to
refuse patients, becoming hubs of excess demand. Meanwhile, the lack of information about
service and occupation levels in different BCUs and hospitals reinforces such population
behavior, since hospitals are seen as more prepared to attend severe cases.

From the analysis, it has become also evident that actions focused just on internal causes
would mitigate, but not completely eliminate the problem of patients’ dissatisfaction. As the
UEs arise independently of other causes, any of these RC may lead patients to become
dissatisfied. This perception of independence of causes is coherent to the context of
healthcare (Groop et al., 2010).

As the hospital team was able to identify and to learn about the RC and their influence on
patient satisfaction and quality services, it was possible to move to the RC and conflict
analysis. The following step was to discuss how the hospital could draw up a plan to
provide better service to the population based on the improvement of the processes
associated with the internal roots identified.

A set of EC diagrams was built to explicit existing conflicts, in order to drive potential
solutions to the hospital. For instance, it was observed the lack an adequate triage system in
the ED. To implement such system the hospital must train the team and invest in equipment
and infrastructure. However, this requires investment in both personnel training and
equipment. The conflict arises since the hospital does not have resources to do so (Figure 4).

Figure 4 depicts the EC tool to find the RC (or core problem) of the ill-defined situation.
As for the CRT, the extant literature abundantly describes the construction of the tool. The
EC corresponds to the causal analysis of Figure 2.
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As a plan of action, in the short term, it is suggested that the hospital develops a career
plan, as well as staff training, influencing their turnover rate. In addition, training should
only be provided to those employees with in-depth knowledge of the processes, with
minimum two-year company time. In the medium term, information should be provided to
the public so that they are aware of available services, and locations other than the hospital
to seek a diagnosis. Also in the triage process, the hospital can adopt a color system. In
addition, in terms of long-term investments in equipment can be made according to the
perspective of receiving and reimbursing funds at federal, state and municipal levels.

While external factors become more difficult to manage by the hospital, such as federal,
state and municipal government resources for the acquisition of equipment and expansion
of physical facilities. However, it is suggested to start-up funds from private entities and the
development of campaigns encouraging spontaneous contribution from the population, also
new ways of thinking public–private partnerships projects in healthcare service can
contribute to attendance improvement.

4.2 Discussion
SUS is a complex system (Paim et al., 2011; PWC, 2013). It consists of a series of
interdependent units that complement each other and seek to meet the population health
needs. The system evolved from previous national health policies, aiming at increased
efficiency. Nevertheless, it still falls short on its objectives due to factors such as the
identified as external in this study.

Information to the population is a key aspect: many citizens do not know if they should
either look for a BCU, an Emergency Care Unit (ECU) or a hospital ED. In 2003, the Brazilian
Ministry of Health created the ECU program to integrate emergency care and to reduce
waiting times in hospitals (Ministério do Planejamento, 2017). Nevertheless, no adequate
orientation was disseminating to the population. As a consequence, hospitals receive a
significant amount of cases that could be attended in BCUs distributed across the
neighborhoods. Intermediate-severity cases could be transferred from BCUs or directly
taken to ECUs, which act as hubs for BHUs (Ministério do Planejamento, 2017; Portal Brasil,
2011) allowing hospitals to care about their core focus: acute cases, and elective treatment. In
other words, part of patients’ dissatisfaction is related to the misunderstood use of SUS:
many people end up in hospitals because there is full (excess) care, instead of being directed
to seek neighborhood health workers as soon as a health condition appears.

There are other contextual elements that contribute to patient dissatisfaction. The health
sector experiences problems originated from the public health management process. Despite
the tax exemptions received by the Hospital Foundation, as a philanthropic institution, the
amount the government reimburses the hospitals does not cover the costs of consultations
and procedures. This entails the Foundation’s deficit, which tends to generate long-term
concerns about investment and interferes with the service quality provided to the patient.

In the hospital under analysis, the triage process was not well structured and required
changes, as well as the training of personnel involved in this process. Such fact is similar to

There is an adequate
triage system

The team is trained in
the triage process

There is the necessary
equipment for patients triage

Constant investments in staff
training

Investments are made in
equipment and infrastructure

Conflict Figure 4.
Evaporating cloud

diagram for the lack
of adequate triage

system
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that found by Taylor and Nayak (2012), in the emergency department of a Texas hospital. In
addition, it is at the ED that patients’ expectations regarding staff communication with
patients wait times, the triage process, capacity and payment will determine a significant
part of a hospital’s revenue (Taylor and Nayak, 2012).

The triage is as an essential first step in efficient and effective emergency care (Lowsby
et al., 2017). The introduction of a risk classification in health centers, hospitals and
outpatient clinics can ease the burden of emergency and emergency services (Groop et al.,
2010; Taylor and Nayak, 2012). Patients can be redirected to other providers such as clinics,
urgent and/or private care centers. Lowsby et al. (2017) suggest the use of colored categories
triage systems since they ensure that patients with greater acuity are prioritized after
screening evaluation. Once patients are seen by a healthcare service provider, a decision is
usually made quickly with regard to greater management, i.e., discharge or admission.

The improvement of several processes, such as the screening system and the
communication, has a direct impact on patient care, as observed by Groop et al. (2010).
Training and qualification can improve the workload leveling, which would result in
serving more patients and improving productivity. These effects could also contribute to
reducing, in the specific case of the studied service, the nurse’s overload and the
staff turnover.

The development of a careers and salaries plan was also identified as relevant. For the
physicians, the SUS remuneration table is perceived as low-payment, leading newly
graduates do not want to work on the ED. For the nurses and technicians, the possibility of
foreseen career progression is also perceived as a motivational aspect.

Overall, implications drawn from this study are:

• The implementation of the TP–TOC was relevant for the hospital staff and
managers, agreeing with the stated by Goldratt (1990) and Reid and Cormier (2003).
In any organization, there are professionals with conflicting goals, as evidenced in
this study. The operational tools allowed to give attention and to combine the
opinions of those involved, revealing, in a constructive manner, the hospital current
reality and the root problems associated with the patients’ dissatisfaction. The
collaborative and friendly approach enabled those involved to explain their
perceptions about the working atmosphere, forming a consistent and plural view of
the encountered problems (Goldratt, 1990).

• The incorporation of procedures in a systematic way as proposed in the framework
has allowed improving the decision making and action planning (Reid and Cormier,
2003; Taylor and Churchwell, 2004). In the specific context, it is possible to conduct
an in-depth analysis of the system and its relationships before any intervention
being performed.

• In a broader sense, it was evidenced by the participants the possibility of applying
the TP–TOC approach as an operational support in the preparation of certain
stages of the strategic planning, allowing the verification of the strengths and
weaknesses of the hospital processes through the CRT and the other tools. It was
possible to identify to which processes the actions should be directed to so that
there would be a greater gain to the hospital as a whole. This view agrees with the
presented by Cox and Spencer (1999).

In short, while the potential for applying the approach of this paper is observed, a lack of
operational mechanisms that allow tactical and strategic troubleshooting in health service
environments is inferred. This perception is coherent to that stated by Bornhost (2015) and
Butler et al. (1996). Although based on a single study carried out, the perception detected
from the participants’ reports is that, at least regionally, there is room for improvement of
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the planning and decision-making processes by means of this and other approaches of
operations management. This argument echoes also on the perception of mimetic
isomorphism found in hospital and care systems (Bornhost, 2015; Souza et al., 2016).

5. Final remarks
The aim of this study was to propose an approach based on the TP–TOC to support
decision-makers, managers and professionals of health to diagnose and improve healthcare
systems focusing on the service quality deployed to patients. A case study was developed in
a SUS-affiliated philanthropic hospital in southern Brazil, through the analysis of its ED
processes application of the TP–TOC. The TOC–TPC framework generated the application
of the CRT and EC tools that supported the construction of an action plan and the analysis
of its implications on the service, providing a connectivity along the steps of the study.

Data were triangulated from different sources to provide evidence on how UEs are
perceived and combined to generate patients’ dissatisfaction. Delays in patients’ treatment,
exhausted and unmotivated nurses and lack of adequate triage are examples of identified
problems. Root problems related to internal management were the lack of a workload
leveling between the team, lack of a program of employees’ continuous training, lack of a
career plan for nurses and the lack of an emergency severity index. External RC also have
been identified and discussed, as limited resources for equipment purchase, lack of
information to patients choose the health center they should go to look for treatment.

The proposed approach allowed the hospital team to progress in the understanding of
such causes in a sequential manner, giving conditions to apport different perceptions and to
identify relevant facets and causes related to the problem besides the commonly referred
(such as lack of resources and excess bureaucracy). In the context of the study, developing a
structured method for screening patients as an emergency severity index is essential. In
addition, it was suggested to develop a system to prioritize some consultations with experts,
and demand management based on schedules that do not follow the logic “first to mark will
be the first to be scheduled.” As patients do not know which health center they should go to
according to symptoms, the city should create information plans to direct patients to BCUs
and ECUs, disclosing to the population when each provider should be sought for assistance.

From the perspective of the hospital management, the results of this research generate
evidence that can be confronted with research or similar contexts, and it can provide
support for the better use of resources. However, the TOC is an ongoing process and not an
appropriate and permanent solution to a particular situation (Lin, 2009). It is important to
consider changes in business environments. It cannot be generalized that a particular TOC
application will result in a gain for other similar philanthropic institutions.

As a suggestion for further research in the light of the TP–TOC, comparisons of the
costs incurred through the activity-based costing or throughput accounting and similar
applications in the healthcare sector could be made. Also, the framework proposed in this
work should be further analyzed and applied. Studies on bed management, surgical
centers and image diagnostic centers could provide evidence for testing and refine the
proposed approach.
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