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ABSTRACT

Obijectives: To analyze the whole PET/CT imaging protocol from patient’s registration to the end of the exam in order
to optimize the use of such device. Methods: Data from June to July 2010 and from September to October 2010 were
acquired, evaluating the time required by every step of the patient pathway. After the first data acquisition, we identified
critical elements connected with the execution of the exams. Results: The results of the first data acquisition reported 12
daily performed exams. By reducing patient turnover time and consequently the device downtime, patient turnover time
dropped from 6 min to only 3 min while device downtime dropped from 2 h and 30 min to 1 h and 20 min between the
first and the second data collection. The number of daily performed exams increased from 12 to 14. Conclusions: The
results show how the analysis of a complex study process such as PET/CT and a continuous activity control allow the
identification of critical organizational and structural issues providing necessary information to the optimization in the
use of devices with a clear value in public health, in large benefits for the patients and improved management results.
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1. Introduction

PET/CT is a technology mainly used in cancer staging
and with a therefore clear value in public health. Opti-
mizing the use of such device, and the consequent op-
portunity to perform the highest possible number of ex-
ams during the device’s operational hours, reduce wait-
ing lists and make the resource management more effec-
tive [1-4].

In fact the maximum number of exams that can be
performed during the department’s operating hours is
given by the combination of the device’s operational
hours and the acquisition protocol.

The aim of this study is the analysis of the whole
PET/CT imaging protocol from the patient’s registration
to the end of the exam, paying particular attention to the
time required for every step of the process, the number of
examined patients and their stay in the department. Be-
sides we analyzed critical points of the process to provide
information of general interest.

2. Materials and Method
2.1. Center Organization
The study center’s PET/CT is operational six days a
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week from Monday to Saturday: From 8 a.m. (registra-
tion time of the first patient) to 6 p.m. (end of the last
exam) Monday till Friday, and 8 a.m. to 2 p.m. on Satur-
day. During operative hours, hospital representatives
dedicated to patient registration, a Nuclear Medicine Phy-
sician, a Radiologist, a nurse and a Radiologic Techni-
cian are present in the department.

The reception desk is open from 8 a.m. to 7 p.m.

Regarding the radiopharmaceuticals produced by the
cyclotron of the Hospital hosting the PET/CT center, a
quantity of 18F-FDG proportional to the number of pa-
tients is delivered twice a day.

2.2. The Patient Pathway

After registration, the patient is interviewed by a physi-
cian in order to obtain information regarding his medical
history, to verify the indications for the exam and to ob-
tain written consent.

A nurse performs a glucose test and if the result is in
the normal values range, the nuclear medicine physician
endovenously injects 18F-FDG. If blood glucose values
are higher than normal ones, the patient is asked to take a
walk for 10 - 15 minutes before a further glucose test is
performed. In the rare cases in which blood glucose level
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doesn’t reach acceptable values, the exam is postponed.

The patient is then taken to a quiet and dimly lit room,
isolated from the rest of the department, in which he is
administered intravenous saline and oral contrast me-
dium in order to highlight the bowel during the CT scan.
18F-FDG uptake requires 45 - 60 minutes after which the
patient is requested to void the bladder, subsequently
positioned into the PET/CT device by the radiologic
technician and, upon the radiologist’s indication, con-
nected to the contrast fluid delivery system.

A non-contrast CT scan is performed providing attenu-
ation correction for the subsequent PET scan and anat-
omic localization of FDG uptakes.

After the PET scan is over, the quality of the acquired
images is evaluated and, when indicated, a second CT
scan is performed with the use of contrast media injected
by the radiologist.

Acquired images are then sent to an imaging workst-
ation and jointly evaluated by the nuclear medicine phy-
sician and the radiologist who produce together a single
medical report including morphologic, metabolic and
functional information, and diagnostic conclusions. Fur-
thermore, in the case of pathological findings, the most
significant images are printed.

Meanwhile the radiologic technician burns a CD con-
taining the complete exam, which will be given with the
report.

2.3. Relevant Elements for the Patient Pathway’s
Rationalization

Figure 1 shows variables influencing the exam execution
process with their relative weight. Weights represent the

Variables

influence of the single factor not only in reference to the
study Center. In the scheme, a weight of 3 or 4 is associ-
ated to crucial factors. As evidenced, considering the
patient availability organized into a waiting list, and
given the supposed availability in an organized center of
radionuclids, nuclear medicine physicians and radiolo-
gists, the most important factors are patient punctuality, a
space arrangement facilitating the patient pathway and
the avoidance of eventual interferences with exam plan-
ning by emergencies.

Data collection was performed highlighting the most
important elements in the center’s organization and ad-
ministering a questionnaire on such topics to patients,
physicians, nurses and admitting representatives.

2.4. Data Collection

For the analysis, data from two periods were acquired:
the first period from June to July 2010 and the second
period from September to October 2010. During these
periods questionnaires were administered in our PET/CT
center of the Diagnostic Imaging department to adminis-
trative staff, nurses, radiologic technicians and physi-
cians.

This approach allowed the evaluation of the time re-
quired by every single step of the patient pathway, from
registration to the end of the exam.

After the first data acquisition, we identified the critical
elements leading to the execution of only 12 exams a day
despite the fact that the maximum number of exams which
could be performed in the study PET/CT center was 14.

The outpatient/inpatient ratio remained unchanged
between the two data collections (Figure 2).

Patient Setting

Weight (2)
Mobility (3)
Emotivity (3)
Sex (2)
Age (4)
Availability (4)
Punctuality (4)

Paths (4)
Distance (3)

Communication (4)

Patient flow (4)
Waiting room (4)
Room location (3)
Room access (3)

Process

Exam complexity (4)
Defined processes (4)
Defined protocols (3)
Exan methodology (2)
Physician’s absence (3)
patient call (3)

18F-FDG
Availability (3)

Device

Motivation (3)

Organization

Communication (4)
Physician availability (4)
Registration access (3)

Technologist availability (3)
Nurse availability (3)

- Process
Time

Emergency (2)
Schedule compliance (4)
Communication (4)

Registration process (3)
Inernal disturbance factors (3)

External disturbance factors (3)

Management

Figure 1. The fishbone diagram shows the factors influencing the examination process; 4 and 3 indicate the most important

weight.
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First data collection period

85%

Inpatients

Second data collection period

15%

[l Outpatients

Figure 2. The diagrams shows the percentages of inpatient and outpatient in comparison between the two periods of data

collection.

3. Results

The results of the first data acquisition, shown in Table 1,
report 12 daily performed exams.

We therefore analyzed the device downtime and pa-
tient turnover time. This allowed a better organization
which, by reducing patient turnover time and cones-
quently the device downtime, led to an increased use of
the machine. Between the first and second data collection,
patient turnover time dropped from 6 minutes to only 3
minutes while device downtime dropped from 2 hours
and 30 minutes to 1 hour and 20 minutes. As a result, the
number of daily performed exams increased from 12 to
14,

Regarding the total exam execution process time, from
patient arrival in the department to the end of the exam,
no significant change was recorded between the two data
collection periods: As reported in Table 2 the average
time was 165.5 during the first acquisition and 160.3
during the second one.

Analyzing data from the second collection period, total
execution time was evaluated from the patients’ sched-
uled appointment time as well. In this way the total re-
quired time decreased. This discrepancy could be ex-
plained by a certain variability in patient arrival time
which causes a high standard variation.

Patient punctuality in both data collection periods was
variable with most patients arriving early in the first data
collection period while a very high rate of patients ar-
rived late during the second one.

The mismatch between patient arrival and the sched-
uled time exceeded specifications in 53% of the cases in
the second period, and in 57.6% of the cases in the first
period. During the second data collection period, 61% of
the patients underwent the exam with an average delay of
30 minutes while during the first period an average 35
minutes delay occurred in 44% of the cases. During the
first data collection period, 39% of the exams was per-
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formed on average 35 minutes in advance while, during
the second period, 23% were carried out 40 minutes early
on average.

A mismatch of over 10 minutes between the scheduled
time and the actual time of the beginning of the exam
process was recorded in 62% of the cases in the first pe-
riod and in 69.5% in the second period.

As shown in Table 3, some steps in the exam execu-
tion process happened to be critical since they involved
long waiting times.

Waiting times for the interview, which was the first
step of the exam execution process, were calculated
starting from both actual patient arrival time and from
scheduled time. Interview waiting time had a 9.8%
(12.2% if considered starting from the scheduled time)
influence on the overall exam duration in the second data
collection period compared to a 11.8% influence in the
first one. Glucose test waiting time had a 19% influence
on the overall PET/CT examination time in the second
data collection period compared to a 15.2% influence in
the first one. 18F-FDG administration waiting time had a
21.5% influence on the overall study time in the second
data collection period compared to a 25.4% influence in
the first one. Even though Glucose test waiting time had
great impact on the overall exam execution time, it was
not the single relevant factor as the decrease of the inter-
view waiting time and 18F-FDG administration waiting
time had led to improvements between the two data col-
lections.

4. Discussion

The detailed analysis of the PET/CT study process and
its single steps led to the identification of critical points
which allowed a better organization of the patient path
and to a consequent increased number of examinations
performed between the first and second data collection.
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Table 1. Overall results.

Length mins (SD)

1st Data Collection 2nd Data Collection

Patients per day 12 14
Avgrage quICE 2 hr 30 min 1 hr 20 min
owntime
Device usage 76% 87.5%
Average 6 min 3 min

turnover time

Table 2. Total study duration.

Length min (SD)

1st Data Collection 2nd Data Collection

Study length from patient

arrival 165.5 (43)

160.3 (60)
Study length from

scheduled time 156.5 (47)

Table 3. PET/CT study steps duration (see text for explana-
tion).

Steps Length min

1st Data Collection  2nd Data Collection

Registration 3.9 3.8
Interview waiting time 19.5 15.7
Interview 9 9
Glucose test waiting time 25.2 30.6
s
Patient preparation 35 3.7
Standard PET study 26 26
CT study 111 6.5
165.5 160.3

It is important to highlight the fact that in literature the
break even point for a PET/CT facility was estimated to
be between 8 and 9 daily exams, a value confirmed by
the management of the study center [5,6]. Therefore the
number of performed procedures recorded during both
data acquisition periods was above such break even point
[7]. However, given the value in public health of PET/CT
and the amount of the initial investment, the importance
of executing the maximum possible number of exams is
clear [8,9].

In the study center, considering the patient pathway,
the device’s operational hours and the department’s op-
erative hours, the estimated maximum number of exams
that can be performed daily, Monday through Friday,
was 14.
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The results of the first data acquisition report 12 daily
performed exams. We therefore analyzed the device
downtime and patient turnover time. This allowed a bet-
ter organization which, by reducing patient turnover time
and consequently the device downtime, led to an in-
creased use of the machine.

Between the first and second data collection, there was
a 11.5% increase in the device usage rate while down-
time remained equally balanced between morning and
afternoon.

Average patient turnover time in the second data col-
lection was 3 minutes, 3 minutes shorter than in the first
data collection. This decreased turnover time showed that
dead times were concentrated at the beginning and at the
end of the day, and allowed the execution of an increased
number of exams in the second analyzed period, with an
increase from 12 to 14 exams.

Despite due to architectural limitations some steps in
the patient’s path could not be shortened and, in some
cases, required longer times such as glucose test, the total
lenght of the process decreased from 164.5 to 162.3 min-
utes, while standard deviation grew from 43 to 60 min-
utes.

Data from the second data collection showed that 23%
of the patients arrive, on average, 40 minutes early and
that 61% of the patients underwent examination with an
average delay of 30 minutes. Variability in patient arrival
was likely due to unpredictable and uncorrectable factors
such as traffic. In order to reduce dead times, the patient,
should start the exam execution process as soon as possi-
ble from its arrival.

A further study could investigate whether punctuality
in combination with a more organized and fluent path
could reduce dead times and offer more benefits for the
patients.

Therefore, further improvements in the scheduling
process and in the management of the patient path have
to be made taking account of uncorrectable factors in
order to obtain greater punctuality in the PET/CT study
execution and a more orderly flow with consequent be-
nefits in terms of patient satisfaction.

Furthermore, an excessive patient delay may lead to
limited availability of 18F-FDG which is delivered con-
sidering the decay time of the radionuclide and the sche-
duled examination time.

A further point of interest was the combination be-
tween the PET study and a diagnostic contrast CT ex-
amination. Considering data from both collection periods,
in our experience the second one required 5 minutes of
the total examination process time. Even though this may
appear to be a lengthening of the PET/CT study, its de-
rived benefits must be considered. The main advantage
consists in the fact that patients (mainly those affected by
oncological diseases) who would in any case have to
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undergo both PET and contrast-enhanced CT examina-
tions, receive both in a single process, with a reduction in
terms of time, costs and stress. This consequently leads
to increased schedulable CT time and shorter CT waiting
lists.

In order to obtain such a result, the main effort of our
Center was to inform referring physicians and evaluate
the clinical needs of the patients before the examination
accurately.

In conclusion, the obtained results evidence how the
thorough analysis of a complex study process such as
PET/CT and a continuous activity control allow the iden-
tification of critical organizational and structural issues
and therefore provide useful information to the optimiza-
tion in the use of expensive and sophisticated devices
with a clear value in public health, great benefits for the
patients and improved management results.
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