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Clinical imaging protocols play an important role in the
provision of high-quality care in nuclear medicine. It is
imperative that all nuclear medicine facilities have protocols
for every procedure performed. However, creating protocols
that are detailed, unambiguous, and consistent is often
easier said than done. Properly written protocols help to
ensure that nuclear medicine procedures are performed in
a standardized, reproducible manner so that patients receive
high-quality care. This 2-part article provides technologists
with a framework for composing comprehensive protocols.
Part 1 discusses the secrets to successfully composing
protocols ensuring they are detailed and step-by-step along
with the importance of basing protocols on evidence from
published guidelines and peer-reviewed literature. The com-
ponents and important aspects of clinical imaging protocols
are detailed.
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Clinical imaging protocols play an important role in the
provision of high-quality care in nuclear medicine. It is
imperative that all nuclear medicine facilities have site-
specific protocols for every procedure performed. However,
creating protocols that are detailed, unambiguous, and con-
sistent is often easier said than done. Adding to the diffi-
culty of creating protocols is the fact that education on
writing protocols is not included in the curriculum of most
nuclear medicine programs and that, in general, nuclear
medicine technologists are more often experts in their tech-
nical skills than in literary skills. The goal of this article is
to provide technologists with a framework for composing
comprehensive, site-specific protocols. Included in part 1 is

a discussion of the secrets to successfully composing pro-
tocols to ensure they are detailed and step-by-step, along
with a discussion of the importance of basing protocols on
evidence from published guidelines and peer-reviewed lit-
erature. The components and important aspects of clinical
imaging protocols are detailed. Part 2 will cover protocols
for exercise and pharmacologic stress testing, therapy, and
quality control.

A protocol is defined as a detailed plan for a medical
experiment, treatment, or procedure. The goal of any
protocol is to provide detailed structure for how to manage
the patient and how to perform the procedure. It should
provide precise instructions on what should be done, how,
when, to whom, and why. Protocols define workflow, create
uniformity, help to eradicate omissions, and reduce confu-
sion. When a procedure is performed in a standardized,
reproducible manner, inter- and intraoperator variability is
reduced, ensuring that each patient study is of optimal
quality and every patient receives the same quality of
service.

The importance of standardization can be clearly
illustrated using PET scanning. The standardized uptake
value, used to differentiate benign from malignant
tumors and assess response to therapy, requires precision
and reproducibility. Precision begins with accurate data,
including the patient’s height and weight (measured on
the day of imaging), dose activity, time of measurement,
and time of injection. Standardized uptake values will
change over time (1). Comparable quantification of stan-
dardized uptake values at different time points relies on
the production of reproducible data from one time point
to the next. A standardized protocol defines the steps
to acquire precise, reproducible data to support optimal
patient care.

Protocols are also important for other reasons. They
provide an outline for technologist training on performing
procedures along with a mechanism to assess competency
in performing procedures. A protocol provides a written
record of the expected care to be provided to a patient. As
long as the protocol adheres to best patient practices and
complies with all federal, state, and local laws and regulations,
it may provide a measure of protection in medical malpractice
negligence claims (2,3). Finally, protocols play an important
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role in accreditation, as the submission and evaluation of clin-
ical protocols is an essential consideration in the accreditation
process (4,5).

WHAT MAKES A PROTOCOL GOOD?

A good protocol thoroughly and specifically describes
what is to be done. It should literally be in “cookbook”
format to guide the technologist step-by-step through the
procedure. When one is composing a protocol, it is helpful
to imagine that all the technologists at the facility won the
lottery and quit. What would a newly hired technologist
need to know to image a patient in the exact same manner
as in the past to produce the same results? Consistency in
protocol performance is critical, especially if a patient is
being imaged for follow-up, when accurate, reproducible
results are mandatory.
Protocols must be evidence-based and constructed from

well-recognized references (6). Most notably, the published
imaging guidelines from the Society of Nuclear Medicine
and Molecular Imaging, American Society of Nuclear Car-
diology, and American College of Radiology should be
used (7–9). In the absence of imaging guidelines, articles
from relevant, peer-reviewed published journals should be
used. As a case in point, currently there are no published
guidelines for myocardial sympathetic innervation imaging
with 123I-metaiodobenzylguanidine. However, there are sev-
eral published journal articles on which to base a protocol.
Using the radiopharmaceutical package insert and pre-

scribing information is helpful when creating protocols,
along with monographs and educational materials issued
by the manufacturer. As an example, 123I-ioflupane (DaT-
scan; GE Healthcare) imaging for Parkinson disease is a
relatively new procedure lacking published guidelines.
Nevertheless, there is a wealth of imaging information
located on the manufacturer’s website. (10) Additionally,
when the Food and Drug Administration approves new
equipment or technologies, oftentimes there may not be
an abundance of published literature and the manufac-
turer’s recommendations must be relied on. This was the
case when wide-beam reconstruction software was ini-
tially available for use.
Finally, it is helpful to consult the regulations from the

Nuclear Regulatory Commission and agreement states
when developing protocols (11).

THE WHO, WHEN, AND WHAT OF PROTOCOLS

Who should be responsible for writing a protocol? The
answer is any and all stakeholders in a procedure (12).
These may include the medical director, interpreting staff,
radiation safety officer, physicist, staff technologists,
nurses, administration, and perhaps auxiliary personnel
such as receptionists or transcriptionists. However, in the
end it is the technologist who will most likely be doing the
actual writing. Therefore, it is important that the technolo-
gist obtain input and buy-in from all stakeholders.

The medical director must approve, sign, and date all
protocols. Depending on the practice setting, approval by
the radiation safety officer may also be required. Official
approval of a protocol is important because it is essentially
a standing order allowing the protocol to be performed
under the direction of a qualified physician. In the absence
of authorized protocols, individual prescriptions and direc-
tions from a physician are required for each patient.

This is particularly true with regard to the administration of
radiopharmaceuticals. If a facility does not have approved
protocols prescribing the identity, amount or dose range, and
route of administration of each radiopharmaceutical for each
imaging procedure, then there must be a written prescription
by an authorized user for each patient (13).

Additionally, protocols should be updated and approved
by the medical director annually. This helps to ensure that
protocols follow current guidelines or best practices and
accurately reflect the procedure as currently performed.
Whenever a revision is made to an existing protocol, the
revision date should be noted on the revised copy and
a copy of the previous protocol archived with a notation
citing the dates the protocol was in force, that is, “start
date” and “end date.” Ideally, archived protocols should
be in a protected form that minimizes the possibility of
tampering. As noted, a facility’s protocol is a written record
of expected care for a patient and might be important doc-
umentation in a negligence claim (14).

Additionally, it is important to remember that protocols
are not limited to imaging procedures. Department proto-
cols not only include all clinical imaging examinations
such as bone scans, gastric emptying studies, or myocardial
perfusion imaging but also exercise and stress test proce-
dures. There should also be detailed, specific protocols for
all therapy procedures. Finally, yet equally important, there
should be protocols for quality control tests performed on
imaging and nonimaging equipment.

COMPONENTS OF A WELL-WRITTEN PROTOCOL

The required components for a protocol vary by type of
protocol. The necessary components for a clinical imaging
protocol are different from the components of a therapy pro-
tocol. For example, informed consent or a written directive is
not needed when performing diagnostic imaging but is
critical for therapy. The required components for clinical
imaging protocols are detailed below, whereas protocols for
cardiac stress testing, therapy, and quality control will be
included in part 2 of this article.

Indications and Contraindications

Each clinical imaging examination should have specific
indications and contraindications stated in a simplified
manner. Clinical indications list the possible reasons for
the test based on clinical evidence. An indication is the
clinical question or the reason for performing the study.
Indications should be based on the net benefit to a patient
related to the pretest and posttest probability of a disease or
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condition. For instance, a ventilation–perfusion lung scan is
indicated for the detection of pulmonary embolism in
patients with sudden onset of shortness of breath and chest
pain that worsens with deep breath (15).
Contraindications are the specific reasons that a pro-

cedure should not be used because it may be harmful to the
patient or there may be no benefit. By way of illustration,
a gastrointestinal bleed study is contraindicated for a patient
not actively bleeding and should not be performed, as
a gastrointestinal bleed study shows only active bleeding
and cannot detect sites of prior bleeding.

Patient Preparation, Education, and Instructions

Appropriate patient preparation before an imaging
examination is crucial to the accuracy and quality of the
study. All protocols should specifically list requirements
for food or diet restrictions and specific timelines for any
restrictions noted. If the patient is not allowed to eat or
drink, it should be noted whether water is allowed. On
the other hand, there are some tests, such as a renogram,
for which proper patient hydration before the scan is
important. Instructions for hydration should be specifi-
cally detailed in the protocol. For example, in the case of
a renogram, the protocol should cite, “hydrate the pa-
tient 1 h before the examination with 300–500 mL (10–
16 oz) of water over 30 min.”
Protocols should specifically state whether certain foods

must be avoided before the test and the specific period for
abstinence. It is well recognized that caffeine and caffeine-
containing products should be avoided 12–18 h before va-
sodilator pharmaceutical stress. Caffeine interferes with
adenosine binding sites, preventing the intracellular uptake
of adenosine and precluding blood vessel dilation. If a pa-
tient consumes caffeine before undergoing vasodilator
stress, there is a risk for a false-negative myocardial perfu-
sion imaging result.
The withholding or nonwithholding of medications can

be vital to the results of a test. For example, thyroid uptake
values may be affected in patients taking thyroid hormones
and antithyroid medications. A typical protocol recom-
mends withholding antithyroid drugs for 2–4 d, T4 therapy
for 4–6 wk, and T3 therapy for 2 wk. Also, it is important
for the protocol to not only state the types of medications to
be avoided but also list specific common examples. For
instance, a gastric emptying protocol that simply states to
withhold prokinetic agents is unhelpful if the technologist
is unaware of which medications are considered prokinetic,
such as metoclopramide (Reglan; Schwarz Pharma), and
thus cannot provide proper patient instructions before the
test.
Protocols should also provide patient instructions for

medications administered before a test, such as the admin-
istration of potassium iodide before adrenal imaging with
131I-metaiodobenzylguanidine.
Other types of patient preparation such as bowel

preparation or administration of oral laxatives; skin prep-

aration; and wound care, such as changing or removing
dressings or casts, should also be stated in the protocol.
In particular, before prostate tumor imaging with 111In-
capromab pendetide (ProstaScint; Cytogen Corporation),
it is recommended that bowel-cleansing preparation 24 h
before imaging and an enema the morning of the imaging
be performed.

If no patient preparation or restrictions are required, this
should also be clearly stated in the protocol.

It is helpful to detail other patient education or instruc-
tions in the protocol. This could include instructions to
wear comfortable shoes instead of high heels for an
exercise stress test or instructions to alert the patient that
follow-up scans at 24, 48, or 72 h after injection are
required for 131I for whole-body scanning.

Radiopharmaceutical Identity, Dosage, and Route
of Administration

The administration of a radiopharmaceutical to a patient
must be prescribed by an authorized user, either by an
individually written prescription or by a standardized pro-
tocol. The standardized protocol acts as a standing order
and specifically states the prescribed radiopharmaceutical
identity, amount or dose range, and route of administration
(e.g., oral, inhalation, subcutaneous, intramuscular, intra-
venous, or intradermal).

It is also recommended that radiation dosimetry such as
the effective dose and critical organ dose be included in the
protocol for each prescribed radiopharmaceutical.

Adjunct Medications

All adjunct medications used as part of the imaging
procedure must be stated in the protocol. Again, this should
include the medication identity, dose, and route of admin-
istration along with the timing of administration, patient
instructions, requirements for patient monitoring, and pre-
cautions for side effects or restrictions. Adjunct medica-
tions include all pharmacologic stress agents and medications
used to treat side effects, such as aminophylline or esmolol.
Adjunct medications also include medications used to
enhance an imaging study or produce a physiologic effect,
such as cholecystokinin or morphine used during a hepato-
biliary study or furosemide or captopril used during renal
imaging.

Camera Setup

The technical parameters for any imaging study are often
ignored in protocols but are critically important. Image
quality and diagnostic accuracy and reproducibility depend
on the use of appropriate image acquisition parameters.
Important camera setup parameters that should be listed in
a protocol are detailed in Table 1.

Patient Position and Camera Position

Patients are often imaged in various positions. For
example, a study may be performed with the patient in
the supine, prone, or right or left lateral decubitus position.
Specific patient positioning instructions such as arms up or
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down for SPECT studies, bra on or off for myocardial
perfusion studies, or neck extended for thyroid imaging
should be stated to ensure the reproducibility and accuracy
of a study.
The camera position such as starting angle, detector

configuration, and tilt should be included in the protocol.
This is the case for the performance of an equilibrium
radionuclide study, for which the protocol should include
instructions for the use of a mild 10�–15� caudal tilt on the
left anterior oblique position to separate the left atrium
from the left ventricle. The protocol should state whether
the target organ or area of interest should be centered in the
field of view or positioned off-center. There are many pro-
cedures in which the target organ is positioned off-center or
at the edge of the field of view to allow a physiologic pro-
cess to be monitored such as during hepatobiliary imaging,
in which the liver is positioned superiorly in the field of
view. Additionally for most procedures, the camera is
placed as close to the patient as possible. However, for
some procedures, such as thyroid uptake or any procedure
using a pinhole collimator, a standard patient-to-detector
distance is desirable and this distance must be stated in
the protocol.

Acquisition Instructions

Camera- and computer-specific acquisition instructions
must be detailed in the protocol to include views, number of
views, and time or counts per view. Specific procedural
instructions should be described; for example, for studies

such as diuretic renography, pre- and postvoid kidney and
bladder images should be clearly described. Additional
views that are optional or may help differentiate pathologic
findings should be suggested in the protocol, such as the
use of oblique views of the pelvis during skeletal imaging
to differentiate between structures perpendicular to the field
of view. Appropriate anatomic landmarks and the use
of anatomic markers should be clearly described in the
protocol.

Appropriate injection-to-imaging time is critical to the
results of a study and must be specifically noted. Some
procedures, such as renography or hepatobiliary imaging,
must be started at the time of injection to assess perfusion
or a physiologic process. However, for other procedures,
injection-to-imaging time is delayed to allow adequate
uptake of the tracer and clearance from background, such as
the clearance from background in a bone imaging study.

Finally, if support from other departments is needed,
such as for intrathecal injection of 111In-diethylenetriamine
pentaacetic acid for cisternography or intradermal injec-
tions of 99mTc-sulfur colloid for lymphoscintigraphy, steps
for coordination between the departments should be de-
scribed in the protocol.

Processing Instructions

Protocols should specifically detail any postacquisition
manipulation or processing. Because image processing is
done for multiple reasons, such as to enhance the image, to
reorient or reorganize, to measure specific physiologic

TABLE 1
Camera Setup Parameters

Parameter Setup details

Collimator Collimator-specific properties such as thickness (depth), width (bore), and angulation (diverging/

converging) affect sensitivity and resolution of acquisition. Collimator selection (e.g., low, medium,

and high energy; low or high resolution; or high sensitivity) depending on isotope used and
administered dose should be stated. Proper collimator selection can enhance quality of images and

data collected, as is so when high-sensitivity collimator is used to increase counting rate during

first-pass study.

Energy setting and
window

Correct photopeak and energy window setting should be used.

Acquisition type Whether study is static, dynamic, planar, or SPECT should be described.

Orbit, orbit type, and

number of projections

For SPECT studies, protocol should state whether 180° (as is common in cardiac studies) or 360° orbit
is used. Orbit type, such as circular or body contouring, along with number of stops or projections
should also be stated.

Acquisition time or counts Because count density directly affects diagnostic quality, acquisition time or minimum counts should

be specified. There may be instances (e.g., with bone scanning) in which counts are obtained in one
view, and time for that image is used for remaining views.

Matrix, pixel size, and

zoom

For most nuclear medicine studies, matrix and pixel size are relatively standard. Dynamic studies are

often acquired using 64 · 64 or 128 · 128 matrix, whereas static images commonly use 254 · 254

matrix. However, for myocardial perfusion imaging, pixel size (smallest discrete unit of image matrix)
and matrix size play direct role in count statistics and resolution. Smaller pixel size required for

large-field-of-view cameras is accomplished by adjusting camera zoom to be able to detect

perfusion defects.

Gating For cardiac gated studies, number of frames per cardiac cycle should be stated. Ejection fraction
calculated from study acquired using 8 frames per cycle vs. 16 frames per cycle will result in

different values. R-R acceptance window, which is particularly important in patients with irregular

heart rates, should also be stated. Wide R-R window used for myocardial perfusion study results in
count statistics different from narrow R-R window used for equilibrium radionuclide studies.
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parameters, or to allow comparison with established normal
populations, there should be instructions for how the desired
type of processing is accomplished (16). As an example, an
initial bone flow study is acquired at 1 frame per second.
However, images are often reformatted by adding 3 images
to create a dynamic set with improved count density.
Another processing technique commonly performed that

should be intricately described is count or image subtraction.
Count or background subtraction, in which a numeric value
from an area of interest is subtracted from all pixels and
images, is performed during the processing of many studies.
On the other hand, clinically useful information is obtained
from the subtraction of one image from another, as occurs for
dual-isotope parathyroid imaging, in which 99mTc-pertechnetate
is subtracted from 99mTc-sestamibi.
The steps involved in any image quantitation should be

clearly spelled out. The exact placement, size, and shape of
any regions of interest must be delineated. For example,
when a region of interest is being drawn over the kidney,
should the area include the whole kidney and renal pelvis,
the cortex and collecting system, or simply the cortex? The
protocol should also carefully detail the placement of
background regions of interest, as different results are
obtained due to variances in region-of-interest placement.
This issue can be clearly demonstrated by moving the
background region for an equilibrium radionuclide study
into an area of higher count density, resulting in a falsely
elevated ejection fraction (Fig. 1). Protocol steps for the
creation of any time–activity curves and calculation of
quantitative values should be clearly explained as well for
procedures such as the calculation of gallbladder ejection
fraction computed from a hepatobiliary study.
For SPECT studies, protocols should describe the type of

reconstruction—that is, whether filtered-backprojection or
iterative reconstruction is used. Other reconstruction param-
eters such as type of filter and cutoff value, image reorienta-
tion, and display (e.g., transaxial/longitudinal/oblique images
for general nuclear medicine verses short axis/horizontal
long axis/vertical long axis for myocardial perfusion imag-
ing) should be explained. Protocols should also describe any
steps and procedures for attenuation correction or motion
correction that may be performed.
Additional processing details that should be included in

the protocol include camera- and computer-specific instruc-
tions on image and data display. The protocol should
contain instructions for how images should be labeled (e.g.,
patient name, date of birth, patient identifier, date of study,
time interval, laterality, and anatomic markers). There
should also be instructions for how the images are pre-
sented for physician interpretation, such as from hard copy
or uploaded to a PACS.

PRECAUTIONS

The final component of a protocol should include
a discussion of any special precautions that should be

taken during or after the procedure. For example, when
99mTc-macroaggregated albumin is injected for a perfu-
sion lung scan, blood should not be pulled back into the
syringe because clotting may occur, resulting in hot
spots on the images. As another example, if sedation is
used during 18F-FDG PET imaging, the patient should be
monitored and not allowed to drive.

SUMMARY

This article details the recommended components of
a well-written clinical protocol; however, for most nuclear
medicine technologists, the ability to apply these recom-
mendations may seem somewhat overwhelming at first
glance. For those who find the “show me” educational pro-
cess somewhat easier to follow, the bone scan protocol in
Figure 2 is an example of a successfully written protocol.

CONCLUSION

Protocols should not be viewed as inflexible require-
ments or absolute standards of care. Every patient is
different and presents with a unique clinical scenario and
individual needs. Thus, a scanning procedure must be

FIGURE 1. Demonstration of importance of protocol defining
precise placement of region of interest. (A) Background region of
interest is correctly placed below myocardium in area of low counts,
resulting in ejection fraction of 52.5%. (B) Background region is
incorrectly placed in area of high counts on spleen, resulting in
ejection fraction of 67.5%. BGC 5 background count; ED 5 end-
diastole; EDC 5 end-diastolic count; EF 5 ejection fraction; ES 5
end-systole; ESC5 end-systolic count; TES5 time to end-systole.

PROTOCOL: PART 1 • Thomas and Farrell 5



FIGURE 2. 18F bone scintigraphy protocol demonstrating all components of clinical protocol.
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modified to accommodate the patient and to ensure that the
results of the examination answer the clinical question
posed by the referring physician. For instance, the protocol
may call for the patient to lie supine on the imaging table.
However, if the patient is severely claustrophobic, adequate
results may be obtained by placing the camera under the
patient and imaging in the prone position. The ultimate
judgment regarding the use of protocols rests with the
nuclear medicine technologist working under the direction
of the authorized user or interpreting physician. Let there
be no doubt that writing a protocol is challenging both
intellectually and technically. It requires thorough investi-
gation and research along with meticulous attention to
detail. There may be times when “borrowing” a protocol
from another experienced facility may be advantageous.
This may be the one time that plagiarizing is acceptable,
as long as the protocol is customized to reflect exact pro-
cedures as performed in the facility where it will be ap-
plied.
This article has provided technologists with a framework for

composing appropriate protocols. The secret to successfully
creating protocols is to make sure they are detailed, step-by-
step, and written in simple language in a manner similar to
a cookbook. Protocols should be site- and equipment-specific.
It is important that protocols be evidence-based following the
best practice recommendations of published guidelines and
contain all necessary components. Properly written protocols
help to ensure that nuclear medicine procedures are performed
in a standardized, reproducible manner so that patients receive
high-quality care. Part 2 of this article will address writing
protocols for cardiac stress testing, therapy, and quality control.
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