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Abstract

Background This study describes a systematic approach to assess the effects of
relocating a hospital department.

Methods Using the phlebotomy service as an example, computer simulation was
applied to predict changes in performance indicators, such as patient turn-around
time (TAT), when planning a procedural and/or architectural redesign.

Results Average patient TAT fell from 12 to 8 min, enabling the department to
cope with any increase in numbers of patients.

Conclusion This type of study can provide useful information in assessing the
consequences of future changes in the location of a hospital department.
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Introduction
Moving a hospital department to a new location
almost always results in changes in operational
procedures, as well as in the physical layout. There
may therefore be a need for a business process rede-
sign to obtain an optimally running department.
Business process redesign has been advocated as one
of the research priorities in health informatics.1

Because most health care organizations are
complex, it is di¤cult to assess the e¡ects of a depart-
mental relocation and/or redesign. In this article we
present a systematic approach that can be used for this
purpose.We use a computerized simulation technique
to calculate performance measures under di¡erent
circumstances and have investigated the usefulness of
this approach.

In the provision of a phlebotomy service, managers
aim to employ the minimum number of sta¡ that can
process patients in a timely cost-e¡ective manner. In
practice, a compromise is reached between the time a
patient has to wait and the number of sta¡ required.
Additional constraints may include the quality of
medical care delivered and work satisfaction. In The

Netherlands and in many other countries, the phle-
botomy service may be the ¢rst service used by
patients when they visit hospital. Therefore their
impression of the hospital as a whole may be in£u-
enced by their initial experience with the phlebotomy
service.

To assess the performance of the phlebotomy
service an indicator is needed that can be used to
compare di¡erent situations. Commonly used stan-
dards are the average turn-around time (TAT), costs
per blood draw, patient satisfaction, average quality of
the blood samples and the error rate. In this study, the
average TAT is the main performance indicator used.
This was also used by Klafehn and Connolly,2 who
used a simulation model to assess the number of sta¡
needed for a new phlebotomy service to obtain
reasonable TATs. They distinguished between clerical
and technical sta¡ and studied the impact of
employing cross-trained clerical sta¡, who, they
believed, would make the laboratory more e¤cient.
The results of the study were used to convince the
management of the presence of bottlenecks that had
already been observed by the technical sta¡. They did
not study layout or procedural changes.
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In the manufacturing industry simulation is used to
analyse the £ow in a designed layout of a plant.3 Slack
et al.4 argue that simulation is one of the most
powerful tools for designing a process.

The phlebotomy service in the present study is
located in a general hospital. Users of this service
include medical specialists from the local hospital and
regional general practitioners. Because of a planned
renovation of the hospital, the phlebotomy service will
be moved to a new location. This necessitates the
development of a £oor plan of the phlebotomy service
at the new location. The management of the hospital
had determined to which location the service had to
move, therefore several design parameters such as
dimensions and the location of the entrance were
already de¢ned. The relocation provided an opportu-
nity to introduce new technologies. It is expected that
the number of patients that visit the phlebotomy
service will rise in the near future, as more patients
visit hospital. Before constructing the new facility it is
important to know whether the proposed layout will
be an improvement over the current situation, given
the expected trends.

Methods
Delineation of problem
This study deals with the e¡ects of both the redesign of
the architectural layout and changes in organiza-
tional procedures on selected performance indicators
of the phlebotomy service.

Figure 1 illustrates the process of analysing the
e¡ects of relocating a department within a hospital
setting. First, the di¡erent processes carried out in the
current situation are described and the observed TAT
of the patients is measured. On the basis of these data,
a simulation model of the current situation is devel-
oped. In the next step, an inventory of existing bottle-
necks is made. The processes are now redesigned in
such a way that bottlenecks are removed or reduced
and a £oor layout of the future location is made. After
¢nishing these activities, a simulation model of the
future phlebotomy service is developed. Using the
simulation models, performance measures may be
calculated for both the current and proposed layout.
These performance measures can be compared and a
decision made either to implement the proposed
processes and architectural layout or create another
model. This procedure is repeated until acceptable
results are obtained.

General approach to modelling
The technique used to compare the current and
proposed layout is simulation. Simulation is de¢ned as
`the imitation of the operation of a real-world process
or system over time’. While running a simulation

model, an arti¢cial history of the system is created. A
simulation model can be used as a tool for predicting
the impact of a change in an existing system and can
provide an answer to `what if ’ questions concerning
the behaviour of the system under study. It is one of the
most widely used and accepted tools in operational
research and systems analysis. Some of the advan-
tages of simulation are (see Banks et al.5 for an
extensive list):

. The e¡ects of new organizational or operational
procedures can be assessed without changing the
operations of the real system.

. Bottlenecks can be identi¢ed (with simulation) and
a solution tested without changing the real system.

. `What if ?’analyses can be performed and the results
analysed.

Besides these advantages there are also some disad-
vantages (see Banks et al.5 for an extensive list):

. Model building is half an art, half a science.6 Model
building can be time-consuming. The modeller has
to be familiar with the topic under study and spend
time talking with those more familiar with the
issues.

. People with (some) simulation background are
needed to perform the simulation study. However,
simulation software is user-friendly; the skills
needed today are less than those needed 10 years
ago.

. A simulation experiment is an experiment in which
a model (always a simpli¢cation) of an organization
is used. It is not a real-life experiment.

A simulation study consists of several steps.7,8 Two
important steps are veri¢cation and validation. In
veri¢cation, the operation of the model is investigated.
Does the proposed model run properly? In the valida-
tion step, the results of the simulation model are
compared with actual observations of the modelled
system.

When using the validated model for investigating
new situations in which a modi¢ed simulation model
is used, one may expect that the outcome of a simula-
tion is also valid for the new situation. Every simu-
lation model has a certain `bandwidth’ within which
modi¢cations do not in£uence the validity of the
model. However, there may be changes in the model
that may invalidate it and this is not always predict-
able. It is therefore always useful to report not only
how the model was validated but also whether the
predictions for the new situation were correct.

There are several methods that may be used to vali-
date a simulation model; animation and historical
data validation are two examples.9,10 In general, a
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Computer simulation analysis for relocating a hospital department 263

validated simulation model can be used to analyse
di¡erent scenarios and therefore it can be used as a
decision support tool.

A simulation model of patient £ow in a health care
organization can be characterized as a queuing
model.11 Using discrete event simulation, utilization of

resources and average service times can be calculated.
Di¡erent queuing principles such as `¢rst in ¢rst out’or
`last in ¢rst out’can be tried out.

In this study, MedModel12 was used to implement
the simulation model. MedModel is a discrete event
simulation package with a graphical user interface. It

Ann Clin Biochem 2002; 39: 261- 272

Figure 1. The process of assessing the effects of relocating a department of a health care organization.
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is based on the description of processes in a health care
facility. The di¡erent locations are depicted with icons.
The patients take part in various processes and activ-
ities and the use of speci¢c resources (e.g. the drawing
of blood by a nurse in the cabin) form part of the
process description. The duration of these activities is
described by statistical distribution functions. The
patients move between the various locations on so-
called `path networks’, which are an implementation
of queuing networks. During simulation, animation
visualizes the movement of the patients through the
organization.

Development of the phlebotomy service model
The £oor plan of the current phlebotomy service is
shown in Fig. 2. The department consists of nine
employees [5¢8 full-time equivalents (FTE)], including
nurses who also take blood from the patients at the
wards. At any one time a maximum of ¢ve nurses
(4¢5 FTE) provide the service, one of them continu-
ously manning the reception desk. The other nurses
work in the cubicles, in which the blood is taken.
Departmental opening hours are from 0800 until
1700 h and an average of 271 patients visit the
department daily. Patients are referred to the
department from outpatient clinics or by a general

practitioner. At time T1, the patient arrives in the
department. At time T2, they report to the reception
desk where they identify themselves and hand over
the request form. On average this takes 48 s. Only one
patient at a time can be served at the reception desk.
After a nurse has checked the forms, the patient is sent
to the waiting room, which has a capacity of18 chairs.
In instances where blood is not required, patients
hand over urine or faecal samples and then leave.

When a nurse is available, the patient is guided from
the waiting room to one of the ¢ve cubicles or to one of
the ¢ve toilets at time T3. Depending on the request,
the patient has to give blood and/or urine. The patient
leaves the service at timeT4. If the request is a STAT, a
nurse brings the sample directly to the clinical
laboratory, located at a distance of 279 m. On average,
the total distance a nurse walks per patient is 37¢5 m
(STAT samples not included). There is no di¡erence in
the procedure between patients referred from outside
the hospital and patients referred from the outpatient
clinic.

A brief international survey showed that the process
described above is very similar in ¢ve European
countries. In some countries the process of drawing
blood is not centralized; it is performed in various
departments within the hospital.

Ann Clin Biochem 2002; 39: 261- 272

Figure 2. Floor plan of the current phlebotomy service location.
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A work-£ow analysis was carried out. During one
working day all patients who visited the phlebotomy
service had their times of arrival at the di¡erent loca-
tions recorded. For all the patients, the test request
forms were examined and the di¡erent request types
were scored.

The following bottlenecks in the system were iden-
ti¢ed by means of the work-£ow analysis:13

. STAT samples are time-consuming for the nurses
because they have to be taken directly to the
laboratory.

. The process of calling a patient and guiding him/
her from the waiting room to the cubicles by a nurse
is time-consuming.

. Too little capacity is available at the reception desk
(only one nurse).

. There is little privacy at the reception desk.

Based on these observations a number of changes
were suggested for the new phlebotomy service. The
introduction of a pneumatic tube to transport samples
to the laboratory would reduce the time wasted by
nurses in transporting STAT samples to the laboratory.
At the counter a second workplace would be created,
which unlike the ¢rst counter, would not be
constantly attended; but, if there were patients
waiting in the queue, the ¢rst nurse that was available
would attend the second counter instead of going to
patients in the waiting room.

A callboard would direct patients to a speci¢c
cubicle or toilet, obviating the need for the nurse to
guide the patient. However, it is assumed that
currently, on average, 50% of the patients have to be
accompanied by a nurse from the waiting room to the
cubicle or toilet because of their mental or physical
condition.

Implementation of the simulation models
While building the model several decisions were
made:

. Patient arrivals were modelled using an arrival
cycle. The arrival cycle, a MedModel phrase, indi-
cates the measured percentage of patients arriving
in 30-min time windows (see Fig. 4). Within these
time-frames the arrivals are assumed to be
uniformly distributed.

. No distinction was made between individual
nurses. All nurses performed all tasks within a
task-speci¢c time-frame.

. There were eight di¡erent procedures in the cubicle
and one (urine collection) in the toilets.

. TATs were calculated only for patients who visited a
cubicle and/or a toilet.

. Co¡ee breaks and lunch breaks were included in
the model. These occur at ¢xed times, although all

on-going procedures are completed before breaks
are taken.

. The time taken for each patient consultation at the
reception desk depends on the number of patients in
the queue. For example, individuals in a queue of
ten patients are more likely to ask fewer questions
than those in a queue of two because they would
delay more people by holding up a longer queue. If
there are no patients in the queue, then individuals
may ask more elaborate questions. Nurses behaved
similarly when answering patients’questions. They
took longer to answer questions from patients who
were in short queues than from patients in long
queues.

The time taken to process 53 patients at the
reception desk was measured, together with the
number of patients in the queue when the ¢rst
patient was processed. Three situations were iden-
ti¢ed depending on whether there were (1) zero, (2)
one or two, or (3) more than two additional patients
in the queue. A statistical tool included in
MedModel was used to ¢t these data with suitable
probability distribution functions. Based on the
goodness-of-¢t, asymmetric distributions such as
Weibull, Pearson V and Pearson VI (see Law and
Kelton7 for more details on distribution functions
and about ¢tting of distributions) were chosen and
their parameters obtained.

. Figure 2 shows the £oor plan for the simulation.
The dimensions of the cubicles are known, and the
pathways were scaled to real-life.

. In the future situation the medical laboratory will
use new equipment, resulting in a reduction in the
number of blood tubes that need to be collected
from each patient and the number of forms that
need to be completed. This will reduce the time
spent in each cubicle.

Model validation
To validate the model, the output of the simulation
model is compared with the data of the actual system.7

Validation of the model is an important step in any
simulation study and several methods have been
described to validate a simulation model.5,9,10 In one of
these,9 the author stresses that actual results
(including determined variances) should be published
to convince users of the correctness of the model and
its results. In addition, as explained earlier, it would be
good to show that the suggestions of a validated
simulation model for a new situation are correct. The
outcomes of decisions based on simulations are
usually not reported in the literature, although the
outcome can shed additional light on the adequacy of
a model. It demonstrates the power of simulation as a
tool for redesign.

Ann Clin Biochem 2002; 39: 261- 272
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Experiments
To assess the predictive power of our simulation model
a new situation was created by the introduction of a
second workplace at the reception desk and this was
then modelled. The e¡ects on theTATs were simulated
and compared with observed values (experiment 0). In
situation A, the number of workspaces is one and in
situation B the number of workspaces is two; in both
situations the layout of the current department is
used. Situation B is the experimental situation
specially created for this study.When the observations
regarding situation B were made, new equipment was
in use in the laboratory. As this required fewer tubes
and request forms, the process times in the cubicles
were sometimes reduced.

In experiment 1 the e¡ect of the new layout on the
TAT was investigated. The need for one or two work-
spaces at the reception desk in the new layout was also
ascertained. In situation C the future layout was used
with one workspace at the desk; in situation D another
workspace was added. The number of patients was
kept ¢xed at the current level. In this way both the
e¡ect of the new layout and the presence of one or two
workspaces could be studied.The main characteristics
of situations A ^D are summarized in Table 1.

In experiment 2 the number of patients was varied
to study the e¡ects on theTAT when varying numbers
of patients visit the phlebotomy department. The
number of sta¡ was ¢xed at the current value.

The duration of patients’ contact at the reception
desk in£uences the number of patients in the queue at
the counter. If for some reason the counter is sta¡ed
with non-specialized personnel, the duration of the
contacts at the counter will likely increase. On the
other hand, if the request forms are printed out and
the nurses do not have to identify what is written on
the request form, a decrease of the duration of the
contact with the patient at the counter can be
expected. To investigate these e¡ects, in experiment 3
the minimum amount of time spent at the counter
(one of the parameters of the distribution) was varied
for both the current and the future layout (one and two
workspaces at the counter). It is assumed that the
shape of the probability distribution describing the
contact time remains the same.

Taking into account the frequencies of the di¡erent
types of phlebotomy requests for di¡erent laboratory
disciplines and the average time needed for carrying
out each of these request types, the average TAT at the
cubicle and/or lavatories was found to be 4 min 19 s.
The average time a patient spent at the counter was
46 s. Therefore, a patient will on average spend 5 min
5 s in the phlebotomy department (walking and
waiting not included). If one accepts the criterion that,
on average, a patient should not wait longer than the
time needed to be served (5 min 5 s), the averageTATat
the phlebotomy service should be equal to, or less
than, 10 min 10 s.

Results
Validation of the model
Two methods were used to validate the model of
situation A, one based on animation and validated by
nursing sta¡ and the other using actual historical
data. The observed data were obtained during one day.
In total, 20 simulation runs were carried out (the
statistics are presented in Table 2). In each simulation
run, one day is simulated in which 271 patients arrive
at the phlebotomy area according to the arrival
pattern shown in Fig. 4. Average values of T47T1over
all runs are calculated by taking into account only
those patients who actually visited a cubicle and/or a
lavatory (so excluding patients that only handed over
urine or faecal samples).

A histogram of the observed and simulated TATs is
presented in Fig. 5. The distributions of T47T1 do not
di¡er signi¢cantly (w2 ˆ 12¢36, df ˆ 6, P ˆ 0¢95), nor do
di¡erences (D) between the mean observed and simu-
lated values of T47T1 (¢ ˆ 12 s, t ˆ 0¢52, df ˆ 5620,
P ˆ 0¢80; two-sample t-test). Based on these results it
is concluded that the model of situation A is valid.

The models of the future layout (situations C and D)
were validated using animation.

Simulation experiments
For each experiment, 20 simulation runs were carried
out. During each day 271 patients visited the phle-
botomy area.

Ann Clin Biochem 2002; 39: 261- 272

Table 1. Summary of the main differences between situations A, B, C and D

Situation Layout
Number of workspaces at
the reception desk

STAT samples to
the laboratory

Process time
in cabin

A Fig. 2 1 Walking Normal
B Fig. 2 2 Walking Reduced
C Fig. 3 1 Pneumatic tube Reduced
D Fig. 3 2 Pneumatic tube Reduced
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Experiment 0
In experiment 0 the simulated value of T47T1 in
situation B was compared with the observed values of
T47T1 in the new situation. The observations in
situation B were made during morning hours on four
di¡erent days. The means of the simulated and
observed values of T47T1 are shown in Table 3; they
do not di¡er signi¢cantly (¢ ˆ 49 s, t ˆ 1¢24,
df ˆ 5398, P ˆ 0¢80; two-sample t-test). A histogram
of the observed and simulated values of T47T1 in
situation B is shown in Fig. 6.

The distributions of the observed and simulated
values of T47T1 do not di¡er signi¢cantly (w2 ˆ 13¢96,
df ˆ 6, P ˆ 0¢98).

By comparing situation A and situation B
using simulation, the combined e¡ect on the TATs
of a second reception desk and the requirements
for fewer tubes to be taken and less paperwork to
be completed is shown. The TAT in situation B is
signi¢cantly lower than in situation A (¢ ˆ 2 min
27 s, t ˆ 21¢95, df ˆ 10 697, P50¢001; two-sample t-
test).

Ann Clin Biochem 2002; 39: 261- 272

Table 2. Observed and simulated turn-around times for current and future layouts

Situation A Situation D

Observed Simulated Simulated

Mean SD Mean SD Mean SD

T27T1 2 min 19 s 2 min 12 s 1 min 15 s 1 min 44 s 0 min 26 s 0 min 30 s
T37T2 5 min 40 s 4 min 39 s 6 min 29 s 5 min 35 s 3 min 41 s 3 min 58 s
T47T3 4 min 12 s 2 min 24 s 4 min 20 s 1 min 5 s 3 min 49 s 1 min 4 s
T47T1 11 min 52 s 5 min 59 s 12 min 4 s 6 min 19 s 7 min 57 s 4 min 18 s

T27T1 is calculated for all patients; T37T2, T47T3 and T47T1 are calculated only for patients who visited a cubicle or a lavatory.
SD ˆ standard deviation.

Figure 3. Floor plan of the new phlebotomy area.

Figure 4. Arrival cycle of patients at the phlebotomy area. The percentage of the total number of patients arriving at the area is
indicated for each time-frame.
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Experiment 1
Experiment 1 dealt with the question of whether the
new layout would increase e¤ciency. Therefore the
results of situation A and situation C were compared
(see Table 4). The average TAT per patient was 3 min
49 s shorter in situation C. The mean TATs (T47T1) of

situation A and situation C di¡er signi¢cantly
(¢ ˆ 3 min 49 s, t ˆ 36¢93, df ˆ 10 692, P50¢001;
two-sample t-test).

The mean simulated TATs for situations B (see Table
3) and D (see Table 4) also di¡er signi¢cantly
(¢ ˆ 1min 40 s, t ˆ 15¢09, df ˆ 10 679, P50¢001; two-

Ann Clin Biochem 2002; 39: 261- 272

Table 3. Observed and simulated data for situation A (current layout with one workspace) and situation B (current layout with two
workspaces at the desk)

Situation A Situation B

Observed Simulated Observed Simulated

Dt Mean SD Mean SD Mean SD Mean SD

T27T1 2 min 19 s 2 min 12 s 1 min 15 s 1 min 44 s 0 min 57 s 1 min 11 s 0 min 32 s 0 min 36 s
T37T2 5 min 40 s 4 min 39 s 6 min 29 s 5 min 35 s 6 min 19 s 6 min 42 s 5 min 22 s 4 min 49 s
T47T3 4 min 12 s 2 min 24 s 4 min 20 s 1 min 5 s 3 min 11 s 1 min 22 s 3 min 51 s 1 min 5 s
T47T1 11 min 52 s 5 min 59 s 12 min 4 s 6 min 19 s 10 min 26 s 7 min 9 s 9 min 37 s 5 min 10 s

Simulated data are based on 20 runs. The observed values in situation A are based on 256 observations made on a single day. The observed values
in situation B are based on 62 observations made during 3 days.
SD ˆ standard deviation.

Figure 5. Frequency distribution of the observed and
simulated values of turn-around time (TAT) (T47T1) in
situation A. Observed data are obtained from observations of
261 patients. Simulated data are obtained from 20 simulation
runs (days). On each simulated day 270 patients arrive at the
phlebotomy service.

Figure 6. Frequency distribution of the observed and
simulated values of turn-around time (TAT) (T47T1) in
situation B (current layout with two workspaces at the desk).
Observed data are obtained from 62 observations. Simulated
data are derived from 20 simulation runs (days). On each
simulated day 270 patients arrive at the phlebotomy service.

Table 4. Simulated turn-around times in situations A (current layout), C and D (future layout with one workspace at the counter and
with two workspaces at the counter, respectively)

Situation A Situation C Situation D

Dt Mean SD Mean SD Mean SD

T27T1 1 min 15 s 1 min 44 s 1 min 6 s 1 min 10 s 0 min 26 s 0 min 30 s
T37T2 6 min 29 s 5 min 35 s 3 min 20 s 3 min 34 s 3 min 41 s 3 min 58 s
T47T3 4 min 20 s 1 min 5 s 3 min 49 s 1 min 5 s 3 min 49 s 1 min 4 s
T47T1 12 min 4 s 6 min 19 s 8 min 15 s 4 min 10 s 7 min 57 s 4 min 18 s

T27T1 is calculated for all patients; T37T2, T47T3 and T47T1 are calculated only for patients who visited a cubicle or a lavatory.
SD ˆ standard deviation.
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sample t-test). The TAT was also studied as a function
of the arrival time of the patient. The relationship
between the TAT and the arrival time at the depart-
ment are presented for situations A and D in Fig. 7.

It can be deduced from Fig. 7 that the spread in
TATs in the future layout as a function of the time of
the day is less than the spread in TATs in the current
layout.

Another performance measure is the utilization of
nursing time. Utilization is de¢ned as the percentage
of the scheduled time a nurse is `working’. A high
utilization means that the nurses do not often have to
wait for new patients. The mean utilization of the
nurses is presented in Table 5. The di¡erences (D) in
terms of percentage utilization between the current
and new layout are statistically signi¢cant (A ^C:
¢ ˆ 12¢73%, t ˆ 34¢27, df ˆ 38, P50¢001; A^D:
¢ ˆ 12¢11%, t ˆ 31¢44, df ˆ 38, P50¢001; B ^C:
¢ ˆ 6¢80%, t ˆ 21¢49, df ˆ 38, P50¢001; B^D:
¢ ˆ 6¢18%, t ˆ 18¢59, df ˆ 22, P50¢001; two-sample
t-test).

A di¡erent layout will also a¡ect the percentage of
the scheduled time that nurses are walking. In situa-
tions C and D they do not have to take STAT requests to
the laboratory and they do not have to guide all
patients from the waiting room to the cubicles or
restrooms. The values of this performance measure

are shown in Table 5. The percentage of time the
nurses are walking as part of their work is almost the
same in situation C as in situation D. Situation A di¡ers
signi¢cantly from situation C (¢ ˆ 2¢29%, t ˆ 14¢97,
df ˆ 38, P50¢001; two-sample t-test); situation B also
di¡ers signi¢cantly from situation C (¢ ˆ 3¢08%,
t ˆ 25¢03, df ˆ 38, P50¢001; two-sample t-test).

Experiment 2
In experiment 2, the e¡ects on the TAT of an increase
or decrease in the number of patients per day were
investigated. The number of patients was decreased
and increased in 10% increments. The results are
shown in Fig. 8. For practical reasons the 25th and
75th centile values are presented.

Experiment 3
In experiment 3 the e¡ect of changes in the
minimum value of the contact time at the reception
desk upon TAT were studied. The results are shown in
Table 6.

Compared to the current minimum value of the
contact time, a 30-s increase will cause a 40%
increase (from12 min 4 s to16 min 53 s) in the average
TAT. In the future layout, a 30-s increase in the
minimum time will cause an increase in the average

Ann Clin Biochem 2002; 39: 261- 272

Figure 7. Simulated turn-around time (TAT) as a function of the arrival time for situation A and situation D. The lower end of the
vertical lines indicates the value of the 25th centile; the top end indicates the value of the 75th centile. Simulated data are obtained
from 20 runs.

Table 5. Utilization of nurses and percentage of time walking in situations A- D

Situation A Situation B Situation C Situation D

Mean SD Mean SD Mean SD Mean SD

Utilization of nurses (%) 75¢22 1¢45 69¢29 1¢16 62¢49 0¢81 63¢11 0¢93
Time of walking (%) 9¢06 0¢66 9¢85 0¢52 6¢77 0¢18 6¢77 0¢15

Data are based on 20 simulated days.
SD ˆ standard deviation.
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TATof 34% (from 8 min 15 s to 11min 3 s) in situation
C and of 22% (from 7 min 57 s to 9 min 49 s) in
situation D.

Discussion and conclusions
To assess the e¡ects of the relocation of a department,
the steps described in Fig. 1 were carried out using the
phlebotomy service as an example. TheTATof patients
at the department was chosen as the main perfor-
mance indicator. The data relating to the status quo
were collected during one working day. During this
day no irregularities occurred and it was classi¢ed by
the nursing sta¡ as a normal day. Both data analysis
and model building took about 2 weeks. The imple-
mentation of a queuing model in MedModel proved to
be successful.

Validation of the simulation model
The results of the historical data validation showed
that the values of the TAT obtained by simulating the
model were in agreement with the data observed. The
di¡erences between the observed values ofT27T1and
T37T2 and the simulated values (see Table 2) can be
explained by the fact that patients have to cross the
queue to go to another department (see Fig. 2), which
leads to delays. Often, another person accompanied a
patient so there were more people present in the small
area in front of the reception desk, disturbing the £ow
of patients. These circumstances are not included in
the simulation model.

Klafehn and Connolly2 only used animation to vali-
date their model of an outpatient haematology
laboratory.We believe that this should not be the only
validation method used. A more quantitative valida-
tion method should also be carried out.We agree with
the opinion of Bailey and D’Angelo14 that good visua-
lization of a simulation model is important, but
animation should not be the only validation method
used.
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Figure 8. Average turn-around time (TAT) at the phlebotomy
department (T47T1) as a function of the number of patients for
(a) situation A and (b) situation D. The lower point of the vertical
lines represents the 25th centile, the upper point represents the
75th centile.

Table 6. Turn-around times of patients and utilization of nurses as a function of the change in the minimum value of the contact time
at the counter in situations A, C and D

Change in minimum contact time (min:s)

Situation A Situation C Situation D

76 6 18 30 76 6 18 30 76 6 18 30

T27 T1 0:59
(1:11)

1:22
(1:48)

1:55
(2:1)

3:8
(3:4)

0:56
(1:4)

1:16
(1:25)

1:50
(1:53)

2:52
(2:50)

0:25
(0:28)

0:30
(0:37)

0:32
(0:38)

0:37
(0:44)

T37 T2 6:59
(6:8)

6:17
(6:4)

8:35
(6:56)

9:23
(7:13)

3:4
(3:20)

3:43
(3:52)

3:56
(4:7)

4:23
(4:29)

3:32
(4:8)

4:7
(4:19)

4:37
(4:29)

5:22
(4:54)

T47 T1 12:20
(6:40)

13:2
(6:50)

14:52
(7:49)

16:53
(8:32)

7:49
(3:54)

8:49
(4:37)

9:34
(4:52)

11:3
(5:38)

7:44
(4:28)

8:25
(4:41)

8:57
(4:52)

9:49
(5:20)

Utilization
of nurses (%)

74¢71
(1¢73)

76¢33
(1¢07)

79¢14
(1¢05)

81¢79
(1¢97)

60¢99
(1¢16)

63¢70
(0¢90)

66¢31
(0¢64)

68¢21
(0¢77)

61¢30
(0¢89)

64¢28
(0¢90)

67¢13
(0¢81)

69¢70
(0¢97)

Standard deviations are shown in parentheses.
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Experiments
It is assumed in all the experiments that the nursing
sta¡ will work in the new situation in the same way
they do now. Furthermore, no distinction is made
between types of patients (i.e. the elderly, children,
disabled, etc.). The contact time at the reception desk
and the time in the cabin may di¡er for these groups.
Incorporating these distinctions will probably lead to
a more accurate model but will require a large amount
of data to determine the corresponding distributions
and its parameters. As we stated before, because of
these simplifying assumptions it is good practice to
test the predictive power of such models and to publish
the results. Di¡erences between prediction and actual
results may be used to update the model.

Because during some periods of the day patients can
be served immediately, and in other periods the
patients have to wait, relatively high standard devia-
tions of theTAT were found.

Experiment 0
In experiment 0 we wanted to demonstrate the
predictive power of the model. We simulated the addi-
tion of a second workspace in the old situation and
actually added a second workspace. The results of the
simulation runs of this model are in good agreement
with the observations. The relatively small number of
observed low TATs can be explained by the higher
number of patients at the time of the observations,
although the total number of patients that were bled
was normal. It shows that our simulation model has
the predictive power to assess theTAT in a new situa-
tion.

Experiment 1
In experiment 1 we investigated whether the new
layout would improve the e¤ciency. The results of the
simulation show that the average TAT in situation C
(see Table 1) is indeed signi¢cantly lower (3 min 49 s)
than in situation A (seeTable 4).

The addition of a second workspace (situation D)
results in a signi¢cant decrease in the mean TAT
compared with situation C (¢ ˆ 18 s, t ˆ 3¢66,
df ˆ 10 685, P50¢001; two-sample t-test). The addi-
tion of a workspace at the counter reduces the average
waiting time (T27T1) to 43 s in the old layout (origin-
ally 1min 15 s) and to 40 s in the new layout (origin-
ally 1min 6 s).

With one workspace at reception, the time between
leaving reception and entering the cubicle or lavatory
(T37T2) is less compared with the corresponding
values obtained with two workspaces at the counter.
This is because, having bled the patients, nursing sta¡
return to reception to ascertain whether assistance is
required. They stay there until no patients remain in
the queue. This therefore results in fewer nursing sta¡

being available for phlebotomy. However, this increase
in waiting time after reception is more than compen-
sated by the decrease in waiting time at reception. The
utilization of nursing sta¡ is less in situation B than in
situation A due to the changes in the laboratory. They
have to collect fewer blood tubes and have to complete
less paper work.

Experiment 2
In experiment 2 the e¡ect on the TAT of varying the
number of patients per day was investigated. As
shown in Fig. 8, an increase in the number of patients
per day will lead to an increase in the average TAT
since more patients have to be dealt with by the same
number of sta¡. Also, an increase in the range
between the 25th and 75th centile values can be
observed. In the current layout, the increase is larger
compared with the future layout. Experiment 1
showed that utilization of nursing sta¡ in the future
layout was less than that in the current layout. In the
future layout the nurses on average have time left to
serve more patients. So the TAT will increase less in
situation D compared with that in the current layout.

It was assumed that the age of the patient popula-
tion remains the same. However, if an increase in the
number of patients is caused solely by an increase in
the number of elderly people, then consultation times
(e.g. in the cubicle) may increase. These changes will
cause an increase in theTAT.

Experiment 3
In experiment 3 the e¡ects of changes in the contact
time at the counter were studied. It was assumed that
the shape of the di¡erent distribution functions
describing the contact times remain the same and that
only the minimum value of the di¡erent distribution
functions changes. Table 6 shows the e¡ects of these
changes on the TAT. The time spent at reception may
be longer with new, inexperienced nurses. It is shown
in Table 6 that an increase in the minimum value will
result in an increase in the average value of the TAT
(T47T1). Again, the increase is higher in the current
layout than in the future layout. A patient waiting in
the queue has to wait longer before being served at the
desk. In situation D two nurses can work at the desk so
the time a patient has to wait will be shorter compared
with situations A and C (see Table 1). If the minimum
value increases by 6 s, the chance that when a patient
arrives another patient is present at the desk
increases.This will cause the value ofT27T1to rise. In
situation D a nurse attends the second workspace if
there are patients waiting in front of the desk. At that
moment he/she is not available to help patients in the
cabin or instruct them in the lavatories. This will
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increase the value of T37T2 as was shown in
experiment 1. The rise in the value of T37T2 is also
caused by the increase in the contact time.

During the working day a maximum of ¢ve nurses
simultaneously provide the phlebotomy service. The
e¡ect of assigning an extra nurse to the second work-
space was also studied. When the minimum value of
the contact time was increased, the value of T47T1
slightly increased, the value of T27T1hardly changed
and the value of T37T2 increased as much as the
minimum value since there were enough nurses
to serve the patients in the waiting room. The utiliza-
tion of the extra nurse was low. Thus the provision
of an extra nurse solely to attend the workspace is
an expensive solution to reduce the TAT when for
some reason the contact time at the desk has
increased.

Simulation experiments allowed us to assess the
e¡ects on the performance indicators without
carrying out real-life experiments. We could verify
some of the predictions of the simulations. In the case
of the phlebotomy service under study, it was shown
that the proposed changes could signi¢cantly
decrease the average TAT of each patient by about
4 min. In the new layout the utilization of the nurses is
less than in the current layout. Therefore, in the future
layout, any increase in the number of patients or
increase in the contact time at the desk will a¡ect the
TAT less.

The approach presented in Fig. 1 proved to be a
useful way of assessing the e¡ects of the relocation of a
department, in this case a phlebotomy service, within
a health care organization. We think that modelling
and simulation can be used on a much larger scale in
health care than is now the case. At this moment
future managers are trained when to apply simulation,
how to use simulation software and how to interpret
the results.15 This, combined with the increasing user-
friendliness of the software, leads us to expect an
increase in the application of simulation in health
care.

Acknowledgements
We thank the personnel of the phlebotomy service at
the St Elisabeth Hospital,Tilburg,The Netherlands, for
their cooperation in this study.

References

1 Brender J, Nùhr C, McNair P. Research needs and priorities in
health informatics. Int J Med Inf 2000; 58/59: 257- 89

2 Klafehn KA, Connolly M. The simulation/animation of a new
outpatient haematology laboratory. In: Anderson JG, Katzper M,
eds. Simulation in the Health Sciences and Services. La Jolla, CA:
Society for Computer Simulation, 1993: 12- 5

3 Sule DR. Manufacturing Facilities: Locations, Planning and Design,
2nd edn. Boston: PWS Publishing Company, 1994

4 Slack N, Chambers S, Harland C, Harrison A, Johnston R.
Operations Management, 2nd edn. Harlow: Pearson Education,
1998

5 Banks J, Carson JS II, Nelson BL. Discrete-event System
Simulation, 2nd edn. Upper Saddle River, NJ: Prentice-Hall, 1996

6 Shannon RE. Systems Simulation: the Art and Science. Englewood
Cliffs, NJ: Prentice-Hall, 1975

7 Law AM, Kelton WD. Simulation Modeling and Analysis, 2nd edn.
New York: McGraw-Hill, 1991

8 Banks J. Principles of simulation. In: Banks J, ed. Handbook of
Simulation. New York: Wiley, 1998: 3- 30

9 Sargent RG. Veri�cation and validation of simulation models. In:
Tew JD, Manivannan S, Sadowski DA, Seila AF, eds. Winter
Simulation Conference. New York, NY: Institute of Electrical and
Electronics Engineers, 1994: 77- 87

10 Balci O. Veri�cation, validation and testing. In: Banks J, ed.
Handbook of Simulation. New York: Wiley, 1998: 335- 93

11 Fishwick PA. Simulation Model Design and Execution: Building
Digital Worlds. Englewood Cliffs, NJ: Prentice-Hall, 1995

12 MedModel Homepage, 2001 [http://www.promodel.com/products/
medmodel/]

13 Drupsteen EJ. Innovation and replacement decisions using
work�ow simulation [thesis]. Maastricht: Maastricht University, 1999

14 Bailey KA, D’Angelo S. Computer-simulation modeling of clinical
laboratories. Lab Robotics Automation 1999; 11: 312- 5

15 Groothuis S, van Merode GG. Discrete event simulation in the
health policy and management program. Methods Inf Med 2000; 39:
339- 42

Accepted for publication 7 December 2001

Ann Clin Biochem 2002; 39: 261- 272

http://www.promodel.com/products/medmodel
http://www.promodel.com/products/medmodel
http://www.ingentaconnect.com/content/external-references?article=/0895-7533^281999^2911L.312[aid=2311613]
http://www.ingentaconnect.com/content/external-references?article=/0026-1270^282000^2939L.339[aid=2311614]
http://www.ingentaconnect.com/content/external-references?article=/0026-1270^282000^2939L.339[aid=2311614]

