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ABSTRACT

One of the most relevant aspects in hospital management relies on how to properly control and predict the patient flow, that is, the
paths and the time sequence a whole set of patients run in their journey inside the hospital, as they look for treatment. This issue
is of the utmost importance since it interferes in the quality of the healthcare delivered to a person and also has a huge impact on
both the costs for the patient and the operational costs for the hospital. This work intends to collaborate with the comprehension
of the patient flow analysis and to offer a mathematical model analogous to a physical science model capable of, qualitatively at
first sight, describing the main variables and properties of this flow. We also present the logical elements that allow the manager
to develop quantitative flow evaluations adaptable to a specific institution, based on local measurements of the variables described
here. This theoretical formulation can be applied directly to practical situations concerning the management of patient flow. The
relevant variables and their mathematical relations can be used by the manager in order to quantify each relevant patient circuit
in a hospital. This way, it is expected that recurring problems derived from the unwanted variations in the patient flow can be
anticipated and corrected by the manager.

Key Words: Patient flow, Healthcare improvement, Ohm’s law, Hospital management, Operations management

1. INTRODUCTION

Packed services, delayed treatments, evasion and attendance
in hallways often plague emergency services in hospitals.
These annoying effects derived from saturated services show
how complex the interaction of the variables that rule patient
flow are and challenge healthcare institutions all around the
world. Patient flow, though notorious in emergency depart-
ments, is a systemic problem in all areas of a hospital. The
interaction between intensive care units, operating rooms,
patient care units and emergency departments must be an-
alyzed as a whole.[1–4] In this scenario, managing patient
care has attracted the attention of researchers and healthcare

professionals, who have sought to formalize and model this
management.[1–23]

In this work we present a model analogous to certain models
that describe well-established physical phenomena and when
applied to the management of patient flow in hospitals, can
help the administrator to solve the issues related to it. The
analogy we have made here has the purpose to serve as a
guide to the manager in the idealization of actions that con-
tribute to the solution of the issues mentioned here. We also
demonstrate how the existing solution tools for managing the
patient flow relate among themselves.

In the following sections, we used the equations appropriated
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to an electrical circuit in order to model a circuit for the
patient flow. This formulation has the advantage of including
the conceptual and operational elements that are relevant to
this problem and thus allowing the rational use of these ele-
ments in the search for specific solutions in a hospital service.
Finally, we analyzed how the patient flow can depend on
the characteristic parameters of a hospital, and proposed a
new interpretation for the Theory of Constraints based on the
Continuity Equation (a theory that explains mass transport
in a constricted region, such as a channel, for instance).

2. METHODOLOGY

2.1 A physical approach to the patient flow problem
When patients look for a hospital, they go through attendance
lines that form a circuit, from their entry to their exit. This
patient circuit can be compared to both the conductors in
series and in parallel, as in an electrical circuit. Such con-
ductors form a general circuit, which can be the hospital as a
whole or a specific unit, such as the emergency department,
the surgical ward, the laboratory, the intensive care unit or
the patient care unit. A circuit can also be understood as the
treatment to patients with a specific illness or as any admin-
istrative process, for instance, the billing system. In this way,
each general attendance circuit is formed by specific inter-
mediate circuits of receptionists, triage, physicians, nurses,
image technicians and their equipment, laboratory techni-
cians and their equipment, administrative personnel, beds
and available chairs. Each element of a specific intermediate
circuit is a local circuit, which in turn is a conductor that can
no longer be subdivided.

In the context of this work and in analogy with the physical
models, we introduce the following elements of the circuit
of patient flow, with the goal of elaborating a specific analog
model:

a) Entry Point: place where the patients enter to be treated,
either coming from home or from another attendance circuit.

b) Exit Point: place where patients leave to go home or
to another circuit. The physical distance that the patients
go through between the entrance and the exit is one of the
determining factors of length L of the circuit.

c) Patients: are the elements that flow through the circuit
and can be compared to a fluid or to electric charges of an
electric circuit.

d) Conductors: are the elements that allow the patient flow.
They could be physical in nature, such as hallways, the re-
ception area, beds, chairs, imaging and laboratory equipment.
For instance, a chair or the space for image services, within
the hospital environment, represents a pathway that allows

the patient flow and therefore can be considered conductors.
On the other hand, the medical team, the nurses, the radiol-
ogy and laboratory technicians, as well as the administrative
personnel can be considered conductors of human nature
since the patient flow also happens through them.

In the context of this work and taking under consideration the
analogy with the physical models, we introduce the following
magnitudes for a patient flow circuit:

a) Pressure P: difference in demand exerted by the number
of patients in the circuit’s entrance and exit.

b) Flow φ: the movement of patients within a circuit, being
measured by the number of patients that are treated in a time
interval “t” through a transversal section of a conductor. We
can imagine the circuits as channels, through which the pa-
tient flows during the stages of treatment. The transversal
section of these channels is an important parameter for the
flow.

c) Resistance R: resistance offered by circuit conductors to
the patient flow.

d) Internal Friction µ: magnitude that is intrinsic to each
service, inversely proportional to the quality and to the or-
ganization of the offered treatment. It reflects the physical,
professional and emotional interaction between the actors in
the attendance process, which are the patients, the healthcare
professionals and the administrative personnel.

e) Length L: sum of the lines of the attendance that are of-
fered to the patient. This length can be physical, associated
to the distances the patient goes through within the hospital,
or can be technical, linked, in this case, to the duration of
the processes the patient is submitted to. Long processes
increase the circuit’s effective length, even though the patient
can remain in the same place.

f) Area A: area of the transversal section of the conductors
through which the patient flow φ happens. This parameter
has a physical characteristic, dependent on the hospital’s
architecture, as well as a human characteristic. The human
resource grid available for the attendance interferes deci-
sively in the flow and defines an effective area as well. For
instance, there could be an ample reception room for the
patient who accesses the hospital, but having an insufficient
number of personnel for triage, and this effect acts as a lim-
iting factor for the flow. In this way, it can be said that the
inadequate dimensioning of the human resources diminishes
the effective area.

2.2 An empirical model for the patient flow
When analyzing the tools of management and solution of
issues found in patient flow, it was observed that many of
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them are related to conceptual elements that refer to architec-
ture,[1, 3] circuits,[9] queues,[14, 15] variability,[7] proximity of
services to the place of treatment,[9] adjustment of capacity to
the demand,[6, 9] speed,[5, 17] pressure, availability of conduc-
tors and attendance lines, parallelism,[10, 12, 21] organization
and quality, standardization and shortening of processes,[20]

work sequence, elimination of bottlenecks,[16, 17] real time
monitoring[3, 10, 11] and patient triage. Therefore, we propose
an analogue physical model for the patient circuit, which
relates to several of the terms listed above.

2.2.1 General equation
For the patient flow, we propose the following equation to re-
late the pressure P of patients with their flow φ (see Equation
1):

P = Rφ (1)

In this equation, R is the resistance of the portion of the
circuit that is under analysis. Equation 1 relates a cause (P,
the difference in pressure of patients between the entrance
and the exit of a circuit or a portion of a circuit) with an
effect (φ, the patient flow in this circuit). We also assume,
as in the first approximation, that resistance R is constant,
meaning that this parameter is independent of the value of
the difference in pressure. This approximation is valid for
not very high pressure values. In this way compared to the
analogy in physics, it should be expected that the value of
this parameter depends on geometric factors (architecture)
of the circuit. For instance, the increase in the attendance
circuit length increases its resistance. On the other hand,
wider hallways and ampler rooms can facilitate the treatment
access and diminish the resistance of this process. Besides
the influence of the geometric effects, the effects of the in-
teraction of the patient with the structure of attendance also
interfere with the value of its resistance. In this work the
effect of the patient’s interaction with the attendance struc-
ture is described by friction µ even though this parameter is
difficult to measure in the context of the management tools.
We therefore have the following equation (see Equation 2):

R = µL

A
(2)

Combining Equations 1 and 2, we have the following general
equation relating pressure and patient flow (see Equation 3):

P = µL

A
φ (3)

That is analogous to Ohm’s Law applicable to the patient
flow circuit. This equation can be applied to parts of the
circuit or to the circuit as a whole.

It is important therefore to establish an important difference
in this analogy. In an electrical circuit, resistance always
has a deleterious dissipative effect. It transforms the electric
energy into heat, which is lost irreversibly in the circuit. In
the case of a patient circuit, part of the friction refers to losses
(also irreversible) due to the inefficiency of the attendance
circuit but here friction is also associated to the interactions
of the patients with the service they are seeking in the hos-
pital (consultations, examinations, procedures). From the
manager’s point of view, even this non-dissipative effect has
to be included in the calculation or the measure of the resis-
tance, because at a certain point of the attendance line, the
patients (alive or dead) will have to leave the hospital or the
circuit under analysis, which alters its pressure’s value. At
this point of the analysis made here, another aspect of the
physical analogy should also be considered. Both the electric
current and the patient flow represent average values of the
flow of multiple electric charges (from a physics point of
view) or of multiple patients, in a hospital. That is to say,
patient flow values must be considered as the average of a
multiple occurrence of single patient events.

2.2.2 Analysis of area A
Area A is the transversal section area through which patient
flow φ happens. The patients flow through conductors, whose
transversal sections have a rectangular area that is equal to
the product of its height h versus its base b(N). The equation
is given by (see Equation 4):

A = b(N)h (4)

As the height h of floors of hospital buildings is not a vari-
able, the only parameter that can be modified in area A is its
base b(N), where N corresponds to the number of attendance
lines available in parallel. Thus, base b(N) is variable and it
is a function both of the geometric area and of the available
human and technical resources. Therefore, the number N
includes the consultation offices, exam rooms, service desks,
physicians, nurses, technicians, etc. The bigger the number
N, the bigger the value of base b(N) and the value of area A.
Busy attendance lines, or few of them in parallel, reduce the
value of b(N) and, consequently, of area A.

2.2.3 Configuration of healthcare delivery system
Given the elements of the analogy presented here, it must be
pointed out that in a circuit of patients the conductors can
be in series, in parallel, or in both configurations. In order
to avoid the duplication of tasks, the parts of the attendance
lines that contain similar local conductors (that form specific
intermediate circuits) are habitually set in parallel. On the
other hand, the parts that contain different local conductors
are habitually set in series (both configurations are similar
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to the electric circuit and to the human circulatory system).
The reason for the configuration in series is associated with
the need of achieving sequential tasks and procedures, due
to either technical or logistical reasons.[24] However, there
are tasks of different local conductors that can and should be
done in parallel, as will be seen in the following sections.

Therefore, the equations that apply to the calculation of equiv-
alent resistances in an electric circuit are also applied to the
calculation of the equivalent resistances of the association
of conductors in a circuit of patients. On the other hand,
a real circuit of patients is extremely complex because it
has several connections between the different services pro-
vided, the healthcare professionals and their decision-making
process, the patients and their illnesses and their response
to treatment. This grid presents countless combinations of
conductors, sometimes difficult to map out due to the un-
predictability and variability of the processes.[5–9, 24] In this
way, the manager must be mindful when using the physical
analogies in a manner to make it compatible and applicable
to the model presented here.

Considering the hospital as a whole, its circuits could have,
ideally, the same number of some specific intermediate cir-
cuits, in a way that several attendance lines were also avail-
able in parallel. For example, the same number of physicians
at work, consultation rooms and the associated nursing ser-
vices.

But an ideal hospital is not a real hospital.[7] In a hospital,
the patient is, at the same time, a user and an actor of the
production process. This conjunction demands for the exis-
tence of an installed work capacity which cannot be stocked
to be used afterwards. If this capacity becomes idle, it will
be wasted. If a specified service is not used, its availabil-
ity will be definitively lost.[5] That is why there must be a
balance of the following aspects of the process of patient
flow: installed capacity and demand, cost and benefit, quality
and result, provided service and available area, budget and
billing. Besides, it must be pointed out that the patient treat-
ment cannot be based only on statistical data and on average
values.[14, 18, 19] In this context, the medical consultation be-
comes a complex procedure, and care must be taken in the
analysis of its execution time.[25, 26] According to Jensen et
al.,[5] “Patient velocity should be balanced with other aspects
of care, like patient satisfaction, quality measures, patient
safety, and risk reduction.”

3. RESULTS

In the sequence, we present a general analysis of the patient
flow from the standpoint of the proposed Equation 1.

3.1 General analysis
It is obvious that electrical circuits do not have in their inti-
macy anything to do with the flow of people. Besides, Ohm’s
Law is a linear equation, in which there is a direct relation
between tension V and current I. In the patient circuit, a di-
rect relation of proportionality between P and flow φ can be
verified during a great part of the occupation of the installed
capacity, for a given increase in the value of P. Under this
condition, resistance R is nearly constant (that is, it depends
very little on the value of difference in pressure P). It has
been observed that the average time spent in a clinic[5, 24] and
the average delay for attendance[8] remain approximately
stable, even when there is an increase in the occupation rate.
This means that, even if there is an increase in the pressure
of patients, the flow also increases proportionally, because
the average time and the average delay are subject to small
variations. So the resistance of the circuit does not depend
(or weakly depends) on the value of P. It has been established
that this linear regime could be sustainable at values up to
80% of the occupation capacity.

In fact, if this situation of direct relation of proportionality
were true during the entire time a patient seeks for the hos-
pital, the flow φ would increase without limit, in response
to any increase in P. However, this effect does not happen
in real life situation. As the value of P increases (due to
spontaneous demand from the patients that seek the hospital)
and reaches a value that is incompatible with the installed
capacity, the saturation of attendance lines is verified. This
nonlinear effect generates an increase in resistance R and
consequent drop in flow. From this moment resistance R – as
presented in Equation 2 – stops being constant and becomes
dynamic (meaning it starts to depend on P). The linearity
between P and flow is thus lost. This effect results in an
increase of the complexity for the solution of the process and
usually demands the inclusion of new analysis to the model.

Lack of linearity is one of the fundamental aspects of the
study of the Queuing Theory.[5–9] The biggest evidence of
the loss of linearity between P and flow is the increase of
the average time and the average delay due to an increase
of the occupation rate of the installed capacity. As stated
above, even when an occupation rate of 80% to 85% of the
installed capacity is attained, the average time in clinic[5, 24]

and the average delay for attendance[8] present small varia-
tions, meaning that the capacity absorbs the demand. Above
this value range, the average time and the average delay be-
gin to grow exponentially and the saturation of the circuit
takes place. Under these conditions, magnitude variations
of the parameters in a circuit cannot reflect in a way that
is proportional to the flow. For instance, an increase in the
area may not have the desired effect in the flow but could
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considerably increase the implementation costs. Therefore,
there must be predictability, in order to anticipate and avoid
the system reaching the saturation state. It has been observed
that the exact place (elbow) of the loss of stability of the
average delay depends on two characteristics of the system:
variability and its size. According to Hall:[8]

“The higher the degree of variability in the system, the more
to the left the elbow will be so that delays will be worse
for the same utilization level (the greater the variability in
the service time, the longer the delays at a given utilization
level). And the larger the system, the closer the elbow will
be to 100% so that delays will be smaller for the same uti-
lization level. Unless average utilization is strictly less than
100%, the system will be unstable and the queue continues
to grow. Queuing systems have economies of scale so that
larger hospitals can operate at higher utilization levels than
smaller ones yet maintain similar levels of congestion and
delays.”

Although there is a consensus among several authors[5–8]

with regard to the classification of variability as natural or
artificial (as will be seen further ahead), any variation in
the values of pressure, internal friction, length and area that
increases the resistance and promotes saturation must be
discouraged. On the other hand, a variation in these values
that decreases the resistance and avoids saturation must be
encouraged.

In the following section, we demonstrate how the equation
proposed for patient flow explains the saturation of this cir-
cuit, considered to be an essential aspect for the management
of healthcare units.

3.2 Saturation of the circuit
The saturation in the patient flow circuit takes place due to
the following factors:

a) The absence of optimization of demands from patients in
the entrance of the circuit (for instance, if there is a badly
done triage) and in its exit (for instance, lack of agility in
discharge) alters the difference in pressure and more atten-
dance lines are occupied, generating a drop in the value of
b(N), until the saturation of the circuit. In this case, there
would be no available lines left. Thus, area A decreases and
resistance R increases in the same proportion. Therefore, a
decrease of the flow takes place and followed by the satu-
ration of the circuit. For instance, consider the increase in
the prevalence of chronic diseases in the population such as
diabetes mellitus and systemic arterial hypertension, among
others. These cases increase the demand for emergency room
services, even when there is not an indication for such treat-
ment.[27] In this way, the lack of access to primary healthcare

units leads to the search for rapid treatment, without neces-
sarily being a medical urgency or emergency. These factors
contribute in a significant way to the oscillation in patient
pressure in a general hospital.[2, 27] One way of reducing the
variations in the value of P is to increase the offer of medical
attention outside the hospital environment (in the form of
annexes) for the patients that need ambulatory services.

b) Services that do not use tools that improve the quality,
the organization and the internal communication tend to be
disorganized, slow in decision making and full of conflicts
between the parts, leading to the increase in internal friction
µ. Minimizing the internal friction involves improving all
levels of the interaction among the actors of the process,
which includes the patients, the healthcare professionals and
the administrative personnel.

Oftentimes a pleasant and comfortable environment with air
conditioning and clean restrooms exert a reduction in the
stress of patients and employees and a decrease in internal
friction. The measurement of this magnitude can be made by
the tools of the institutions of accreditation and certification,
such as ONA,[28] NIAHO,[29] JCI[30] and ISO.[31] Further-
more, if the resistance of a determined circuit presents itself
as being high, but this circuit possesses adequate length and
area, the only magnitude that can be adjusted is the internal
friction. An elevated internal friction increases the resis-
tance and this is one of the factors that, if not adjusted, could
saturate the circuit.

c) An inadequately made architectural planning, with essen-
tial services such as image services and laboratories far from
the place of treatment, increases the value of L. Another com-
mon error in the management of patient flow is to increase
the value of L by adding a local circuit in series to correct an-
other local circuit whose performance is not satisfactory. The
correct way is to improve the deficient local circuit instead of
adding another. Long tasks tend to saturate the circuit more
quickly. If the patient is obligated to have an exam done
in a place that is distant from where she/he is being treated
and then returns to that place, this effect increases the traffic
time and decreases the flow: the resistance increases. The
same could happen if the patient is retained for a long time,
e.g. waiting for the result of an exam in a local line. As in
the former example, there would be an increase in the traffic
time. This increase of the resistance can be analyzed as a
consequence of the increase of the length. Besides, unnec-
essarily long or wasteful processes also increase the length
of attendance lines, which make the flow slower, and more
time consuming.

d) Each conductor that cannot be subdivided characterizes
a local circuit with N = 1. For local circuits in the parallel
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configuration, if one is not properly working, the others sup-
press the flow. But for certain patients, an in-series circuit
is indispensable and it can be the only element of a specific
intermediate circuit. This circuit becomes critical because, if
it does not work, there is no flow.

e) Another issue that is important to consider is the area of
the attendance circuits. The best way to increase area A is to
make available more attendance lines in parallel, which is the
best configuration to increase flow φ. However, certain im-
plementation costs could be incompatible with the financial
condition of the institution and usually demand long term
planning.

But there is another way of increasing the area and here it is
important to note that local circuits are characterized by one
unique line with N = 1. Beyond the geometric interpretation,
there is also the functional interpretation of the conductor:
the availability or receptivity for the task. Local conductors,
such as employees with total availability, effectively have
their area full and ready for attendance, whereas employees
that are slow and dispersed by other matters (cell phones,
for instance), with grudges and badly trained, not only make
their tasks longer and with more internal friction, but also
effectively decrease their area of interaction with the patient
(N ends up having a value between 0 and 1), all of which
contributes to the increase of the resistance and saturation of
the system.

f) The variability of the flow[5–8, 24] could be due to natu-
ral processes, such as randomness in the arrival of patients,
differences between patients and their illnesses and in the
experience of each professional. Such variability cannot be
eliminated, but it can be managed. On the contrary, artifi-
cial or unnatural[23] variability such as peaks of pressure of
elective surgeries in the entrance of the surgical ward, is con-
trollable and could be eliminated. This means, for instance,
actions that adequate the number of surgeries to the capacity
of the surgical ward. Another artificial variability found is
the patient discharge. In nearly 80% of the time the physi-
cians know with one day’s notice when they will discharge
the patient.[2, 9] Such information is not explored enough, and
it is very common to have an unnecessary waiting period for
the discharge.[9] In Felicio Rocho Hospital, a pre-discharge
protocol was instituted. When the physician makes the sum-
mary of the hospitalization and the homecare prescription
on the day previous to the discharge, an e-mail is sent to
several sectors (such as nursing, billing, bed management,
hospitality, laboratory and image department). The process,
previously done in a sequential manner, is now done in par-
allel. This way, permanence of the patients was reduced in
two hours.[32]

Besides the ability to manage, the variability could be used
as a source of knowledge.[33] In complex systems, such as a
hospital, the processes occur in varied conductors and they
present several connections. That is why studying the vari-
ations can create opportunities for the conception of new
circuits. As a result of internal studies[32] carried out in Hos-
pital Felicio Rocho, it was observed that there was a high
demand for certain groups of patients, who oftentimes stayed
in lines in the emergency department. The solution to this
problem was the creation of specialized treatment services,
such as a center for wounds secondary to peripheral vascular
insufficiency, an orthopedic clinic, a surgical ward for small
surgeries and a center of ambulatory infusion of drugs. Spe-
cific attendance circuits in parallel freed up circuits used by
critical patients. The final effect was an effective increase
in the total circuit area and the consequent decrease in its
resistance.

3.3 Analysis of the bottlenecks
Eliyahu M. Goldratt was one of the developers of the Theory
of Constraints.[16] He compared the stages of a complex
process with the stages of a chemical reaction, in which the
velocity of the slower stage determines the velocity of the
entire process.[17] One of the most important restrictions in
mass transportation (as in the case of chemical reactions) is
the conservation of matter. In mathematical terms, flow φ is
written as Equation 5:

φ = ρvA (5)

This is the Continuity Equation. Here ρ is the density of the
material that flows, v its velocity and A is the area of the
channel’s transversal section. Therefore, matter is conserved
and it results in the following equation (see Equation 6):

φ = ρ1v1A1 = ρ2v2A2 = ... = ρnvnAn (6)

valid for any segment 1, 2, ..., n, of the circuit. If density ρ is
constant, since the material that flows is the same, it will be
the following condition (see Equation 7):

v1A1 = v2A2 = ... = vnAn (7)

From Equation 7 it follows that the flow does not depend
only on the velocity for being constant. There is an inverse
relation between the velocity of the fluid in a channel and
the area of its transversal section. If this area is decreased
(a bottleneck), the velocity of the fluid has to increase in
the same proportion to keep the flow constant. If this pro-
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portional increase in velocity is not observed, there will be
an overflow of the fluid through the channel’s sides. When
there is no room for such overflowing, there is retention of
the fluid and this effect results in return pressure, generat-
ing turbulence and dissipative effects (friction) in the flow.
The result is the increase in the pressure and the buildup
of fluid in the entrance of the system. In the treatment of
patients in a local in-series circuit, the base b(N) and area
A are minimal. That is why the velocity of the flow in this
conductor must be increased in order to keep the value of
flow φ constant. If its velocity decreases, there will be a
drop of flow, with the subsequent appearance of a bottleneck.
That is why some circuits with N = 1, especially in series,
deserves special attention from the manager, in order to avoid
being transformed into bottlenecks.

The goal to fix a bottleneck demands the increase in either
velocity of the flow or transversal section area. The increase
in velocity equally implies: an increase in the organization
and the quality of the attendance in a well-done triage, stan-
dardized work sequences, the minimization of waste and
flaws, the mapping and shortening of processes, the reduc-
tion of variability and pulling, instead of pushing the patients
throughout the healthcare delivery.[5] All of these measures
reduce the friction, the length and the time, and increase the
velocity of the flow.

The adjustment of the capacity to the demand, such as, for
instance, the reallocation of professionals in periods of more
demand, creates more attendance channels. Besides, it is
possible to combine different steps and processes for them
to act simultaneously, as long as they are compatible among
themselves. All these decisions can generate conductors in
parallel. Prioritizing such configurations increase the area of
the transversal section, regardless of the process being techni-
cal or administrative. The parallelism for the patient flow was
studied in other models, such as the Systems Thinking[6, 9]

and the Queuing Theory.[12, 21]

3.4 Analysis of the attendance circuits in an emergency
department

Considering the diverse aspects of the proposed analogy in
this work, we can presume the existence of three basic types
of circuits applied to the emergency department:

a) Type 1: Short go home circuit. In this type of circuit, the
patient mainly goes through the line of medical attendance
and is discharged to go home. This type of circuit meets the
classes called Fast Track, Super Track or Ultra Track.[9] The
patients that go through this circuit present low complexity
in the medical demand. That is why this circuit offers less
resistance to the patient flow. Its main characteristics are:

(1) Its length L is shorter, given that medical offices are
usually located close to the circuit’s entry and exit.

(2) The organization of the lines is simple and depends
only on the service of triage and reception (used to
make the treatment file) and on the medical treatment.
By its nature, this circuit has a low internal friction µ.

(3) There are more available medical offices that charac-
terize the lines b(N). This condition increases in an
easily realizable manner, the area A. In this circuit, the
treatment lines are found almost always in parallel.

(4) This circuit supports more pressure from patients in
the entry point, and the pressure in the exit is zero
since the patient goes home after being discharged by
the physician.

These characteristics guarantee that this circuit admits high
values (volume) of flow and rarely interrupts the attendance
(its saturation rarely occurs).

b) Type 2: Long go home circuit. In this circuit, the patient
goes through lines that have already been described for cir-
cuit type 1 (reception, triage and medical treatment). Besides
these lines, they are sent to other circuits that include other
physicians, nurses, the administration of drugs, laboratory
and image examinations. After this process, longer than the
previous one, the patient is discharged to go home. The main
characteristics of this circuit type are:

(1) Length L longer than the previous one and the demand
for architecture projects that prioritize treatment in the
same physical level. Additional local circuits, such
as image diagnostic equipment close to the treatment
line, are actions that can shorten its value.

(2) Internal friction µ is higher than that of the previous
type. There are more conductors involved, the connec-
tion between the conductive elements is more complex,
and the quality and the organization become more im-
portant.

(3) Area A decreases due to a larger occupation of the
lines. In this type there are more intermediate circuits
and the configuration in series becomes more impor-
tant.

(4) Pressure difference still depends mainly on the pres-
sure at the entry, since the pressure at the exit could
still be small, because the patient will go home, as
long as the discharge is given at an adequate time.

By its characteristics, this circuit presents a higher possibility
of having its attendance interrupted, and reaching saturation,
when compared to the type 1 circuit.

c) Type 3: Long go into the hospital circuit. In this type
of circuit, the patient goes through lines of circuit type 1 or
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2 and is sent to treatment and admittance in other circuits
inside the hospital.

This circuit has a property that differentiates it from the other
two types: the exit. The patient leaves the emergency de-
partment to enter another circuit of the hospital. In this case,
a saturation of the attendance lines could take place, espe-
cially due to the difficulty of having available beds in the
patient care unit, intensive care unit or operating rooms. It is
common to keep the patient temporarily in the emergency de-
partment, an effect known as “boarding”.[9] That is why the
pressure in the exit of the emergency department increases,
as there is equivalent pressure build-up at the entry. As a
result, the value of the difference in pressure is neutralized
and there would be no flow φ. Consequently, the saturation
of the lines takes place, due to patients waiting to be admit-
ted. Thus, the value of N is annulled and resistance R attains
very high value. This is the circuit type that interrupts the
emergency services the most.

4. DISCUSSION
Hospital managers wonder on how to understand the com-
plexity and variability of the processes related to the assis-
tance of patients. In this sense, hospital management is
intrinsically interdisciplinary and demands both medical and
administrative coordination.

As pointed out by Deming[9] “in order to optimize the system,
everyone working in it needs to clearly understand the overall
aim of the system. We cannot optimize the entire system
by separately optimizing each part of the system”. With the
same reasoning, Senge[34] argues that “there must be shared
mental models that consider the fundamental interconnec-
tions of the systems”. In this sense, the physical analogy for
the patient flow allows the visualization of the system and
the development of corrections to several processes involved
in it. Most analyses of the management process reinforce
the effects of complexity and the regimen of non-linearity of
the patient flow, although they intuitively manage the system
within the linear regime, a procedure known as “the smooth
patient flow”.[2, 5] However, as pointed out in this work, the
non-linear effects occur above 80% to 85% of occupation
of the installed capacity. As shown here, the analogy of the
attendance lines in a hospital with Ohm’s Law allows a clear
understanding of patient flow, especially in the linear regi-
men, which occurs in the larger part of the occupation of the
installed capacity. The reasoning developed here suggests
that the resistance of an attendance circuit can be justified
within the context of Little’s Law.[35] Little’s Law is a linear
equation that deals with queuing systems. When it is applied
to operations management in an emergency department, Lit-
tle’s Law says that the average number of patients in process

equals the average arrival rate of patients multiplied by the
average length of stay in the emergency department.[35] It ap-
plies to individual queues and also networks. Developments
in this direction are in progress in our group.

The model presented here allows a qualitative analysis of the
problem and a precise evaluation about how and where the
patient flow management tools can be applied. Furthermore,
the proposed model helps in the classification and system-
atization of these tools. This analysis can be made both for
part of the circuit as for general circuits, either technical or
administrative. Thus, we propose that the attendance circuits
are managed in a way that keeps them in the linear regimen,
avoiding their saturation instead of their posterior correction.
The analogy with the physical phenomena of mass trans-
port supplies the conceptual elements needed to obtain the
conditions of linearity.

Ohm’s Law, applied in analogy to the patient flow, allows the
theory of electrical circuits with its laws and theorems to be
employed in the development of software for real time moni-
toring for the circuit of patients. For that, the use of RFID
(radio frequency identification tags) proves to be a promising
tool in tracking the patient flow and could be useful in the
identification of bottlenecks.[5, 33]

5. CONCLUSIONS

The basis for this work is supported on the possibility of us-
ing the analogy of physical systems (flow systems) and mass
transportation to the problem of management of the patient
flow in a healthcare unit. In comparison with this analogy, we
used several tools of patient flow management that already
existed, showing that the concepts presented in them are
consistent with our work. For instance, it was demonstrated
how the physical concept of difference of electric potential
could be applied to an analogous model of difference in pa-
tient pressure in an attendance line. Also it was presented
how the physical concepts of resistance and characteristics
of an electric conductor could be qualitatively applied to an
analogous model capable of describing the patient flow.

Finally, we demonstrated the concepts that allow the man-
ager to make a rational decision and equation for the problem
of patient flow. In particular it was verified that, given the
evidence of a strong linear regimen in the relation of demand-
capacity in a hospital, the use of the analogy presented here
could favor the planning of the operation within this linear
regimen and eventually quantify, in a preventive manner, the
linear deviations. In this way, the manager can correct such
deviations in a timely manner, without the need for embark-
ing on expensive corrections in the system when it reaches
the non-linear regimen. In these conditions, this work allows
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managers not only to develop a qualitative analysis of the
systems in the institutions they manage, but also to formalize
the variables customized, aimed at eventually developing
quantitative management models that have real impact on

the improvement of patient flow.
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