Impact of Obesity on Nuclear Medicine Imaging
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Obesity, with its alarming increase among adults and children,
represents a significant health problem with serious medical,
social, psychologic, and economic reverberations. The burden of
this problem significantly affects the medical care system,
including medical imaging. The effect of obesity on nuclear
medicine imaging spans many aspects, from preimaging patient
preparation to radiotracer administration, image acquisition, and
image interpretation. The acquired images may be suboptimal
because of artifacts due to soft-tissue attenuation and incom-
plete whole-body coverage, and quantification may be subopti-
mal, especially for PET. Other difficulties include mechanical
problems such as the weight limit of the imaging table and the
bore size of the PET or SPECT/CT scanner and the need to alter
the timing, duration, or protocol of many imaging procedures.
These issues are discussed in this review, which clarifies the
impact of this epidemic health problem on nuclear medicine
services and proposes possible solutions to overcome obesity-
related difficulties encountered in nuclear medicine practice.
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Obesity, a complex condition representing a significant
health problem with serious medical, social, and psycho-
logic reverberations, affects virtually all ages and socio-
economic groups. It has reached an epidemic figure
globally, with more than 1 billion overweight adults, at least
300 million of whom are clinically obese (/-9). Forming a
large economic burden, obesity has been estimated to ac-
count for 2%—-7% of the total health care cost in several
developed countries (10).

Additionally, obese and overweight children are a growing
concern. This disorder has doubled in children 10—-17 y old
over the last decade, making it the most prevalent childhood
nutritional disorder in many parts of the world (/7).

Obese individuals encounter more health problems through-
out the course of their lives. Because of the alarming rate at

Received May 11, 2011; revision accepted Oct. 29, 2010.

For correspondence or reprints contact: Abdelhamid Elgazzar, Department
of Nuclear Medicine, Kuwait University, P.O. Box 24923, Safat, Kuwait,
13110.

E-mail: aelgazzar49@hotmail.com

COPYRIGHT © 2011 by the Society of Nuclear Medicine, Inc.

40 JoUurRNAL OF NUCLEAR MEDICINE TECHNOLOGY ¢ Vol.

which the number of obese patients, both adults and children,
is increasing, a bigger burden is being placed on the medical
care system as it deals with obesity-related problems (72).
One such problem is radiologic images that are difficult to
perform and interpret (/3). This review discusses these diffi-
culties and suggests ways to overcome them.

The effects of obesity on imaging can be classified into
preimaging, imaging, and postimaging categories.

PREIMAGING CONSIDERATIONS

Obesity affects several preimaging aspects, including
calculation of radiopharmaceutical activity, injection of the
radiopharmaceutical, and preparation of the patient.

Administered Activity

The standard activity of radiopharmaceuticals in adults is
based on the ideal standard weight of a patient, 70 kg (/4).
Parameters such as pregnancy and sometimes renal func-
tion are considered limiting factors in the radiation dose
delivered to the patient. Obtaining acceptable image quality
in an obese patient frequently requires use of an activity
higher than used in a patient of ideal weight. However, the
radiation dose to the patient recommended by the Interna-
tional Commission on Radiological Protection limits the
increase in activity, and hence the dose may not be high
enough to produce an adequate study for proper interpreta-
tion due to a reduced signal-to-noise ratio and increased
scatter in the acquired image. In PET, for example, an
increase in the injected dose according to patient weight
can be used to overcome poor image quality due to scatter,
but the dose cannot exceed 925 MBq (25 mCi) of '8F-FDG
(15). A common procedure used in myocardial perfusion
imaging is to calculate the activity on the basis of patient
weight and adjust upward for heavier patients by using a
fixed formula dose such as 11.47 MBq (0.31 mCi)/kg for
99mTc agents or 1.48 MBq (0.04 mCi)/kg for 2°'Tl. Another
option to overcome this limitation and improve image qual-
ity is to lengthen the acquisition time or use a multidetector
system for higher statistical counts (/4,16).

Injection

Subcutaneous adipose tissue in obese patients can act as a
barrier to visualization and palpation of the underlying
vascular structure and make intravenous access cumbersome.
Such cases should be dealt with by more experienced nuclear
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FIGURE 1.

........

Whole-body PET/CT scan of 48-y-old woman (body mass index, 39; blood glucose level, 101 mg/dL, or 5.6 mmol/L) with

history of breast cancer whose body contour exceeds PET and CT field of view, causing cropping and reconstruction artifact at left-

breast region.

medicine technologists, an intravenous team, or even an
anesthesiologist.

Some hospitals have sophisticated settings in which
ultrasonography-guided peripheral intravenous access can
be used (/7,18). Costantino el al (/9), in studying a sub-
group of 60 patients with difficult intravenous access, con-
cluded that ultrasonography-guided peripheral intravenous
access is more successful than traditional blind techniques,
requires less time, decreases the number of percutaneous
punctures, and improves patient satisfaction.

Patient Preparation

In addition to the well-known aspects of patient prepa-
ration before a nuclear medicine study, such as good
hydration, fasting, body hair shaving for cardiac studies,
and specific drug cessation, some special considerations
should be kept in mind in obese or overweight patients,
such as the amount of hydration (when required in some
studies) and longer acquisition times. Greater fluid intake
should be encouraged because, among other factors,
adequate hydration is dependent on the patient’s weight.
The patient should be told how long an acquisition is
expected, since this will encourage greater cooperation by
the patient during positioning and acquisition.

IMAGING CONSIDERATIONS

Patient and Staff Safety

Obese patients generally need more staff assistance.
Patient transfer from stretcher or wheelchair to the imaging
table may be cumbersome, and the patient may fall and be
injured if not carefully assisted. Any accessory gadgets
such as mobile steps and walkers available in the imaging
room should be used to prevent possible injury to the
patient. Furthermore, the members of the staff may be given
special training on how to use an assistive device, such as a
Hoyer lift, to reduce their chance of being injured while
attempting to lift or transfer obese patients. If patient
transfer is still a problem, it is recommended that a mobile
vy-camera, if available, be wheeled to the patient’s stretcher.

Camera Setup and Limitations

Most y-camera tables have a weight limit of 180 kg (400
Ib). It is unsafe for overweight patients to be positioned on a
vy-camera table if the maximum bearing weight is exceeded.
A mobile y-camera, if available, can be wheeled to the
patient’s bed or stretcher for certain studies such as lung
ventilation—perfusion scans. Imaging equipment that is used
for heavy patients may show increased wear and tear; poten-
tial stress to the table motors requires particular attention.
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When multihead y-cameras are used, the position of the
detectors is usually adjusted automatically; however, in the
case of an obese patient, the detector position may be
adjusted manually to accommodate the contour of the
patient. A ~y-camera integrated with a CT scanner has an
entrance gantry that does not exceed 80 cm, creating diffi-
culty in accommodating some obese patients. Artifacts such
as cropping and beam hardening can occur when the
patient’s girth exceeds the field of view, leading to a lower
sensitivity for detection of peripheral lesions (Fig. 1) (20).
Even large-field-of-view cameras may not accommodate
the body of the patient in whole-body imaging. Parts of
the body may not be included, and additional images should
be obtained. If the patient’s body is larger than the bore
diameter of the imaging system, the patient cannot undergo
the scan, even though body weight may not exceed the limit
specified by the manufacturer. New-generation scanners
have promising potential advantages for the imaging of
heavy patients, such as an increased table weight limit
and an increased gantry bore diameter (27).

Positioning

Nuclear medicine studies generally take longer than
radiologic studies. This increases the chance of patient
movement during acquisition, since remaining still for long
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FIGURE 2. Whole-body PET/CT scan of 49-y-old woman (body mass index, 42; blood glucose level, 104 mg/dL, or 5.6 mmol/L)
with history of breast cancer who was not able to complete emission part of study because of discomfort during acquisition.

periods is uncomfortable for obese patients. Accordingly,
more attention to proper and secured positioning of the
patient is required to ensure acceptable image quality.
Furthermore, as most acquisition protocols require the
patient to be supine, the aid of pillows, splints, or even
sandbags may be needed to ensure patient comfort during
imaging and minimize motion under the y-camera. Patients
should be told to ask that the imaging be stopped if dis-
comfort becomes intolerable. In such a case, the study is
rendered incomplete, with only part of the imaging protocol
performed (Fig. 2).

In addition, many obese patients may have a limited
range of movement in the upper or lower limbs. This
limitation may markedly affect the imaged area, causing
attenuation artifacts in studies that require the patient’s
arms to be lifted above the head (Fig. 3).

Exposing the imaged area properly, as in thyroid imaging
of patients who are obese and have an apparently shorter
neck due to the surrounding fat tissue, is a challenge for
technologists and for physicians both before and during the
acquisition.

Furthermore, proper positioning of an obese patient,
especially if CT is used along with PET or SPECT to
include the exact volume of the patient that is being
imaged, can reduce the radiation dose to that patient (22).
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FIGURE 3. Lung perfusion images of overweight female patient who was unable to lift arms over head during acquisition, causing
attenuation defects (arrows) on lateral, right anterior oblique, and left anterior oblique images.

Difficulty in positioning after all efforts may lead to sub-
optimal imaging, longer procedures, and increased radia-
tion dose to the patient and technologist.

Including the entire body within the acquired images can
be troublesome in obese patients. This issue is a problem in
whole-body bone scans or PET scans, as parts of the body
periphery may not be included in the imaged area (Fig. 4).

The standard acquisition protocol may need to be
modified in obese patients. For instance, a combined supine

and prone acquisition may be required to maintain the
specificity of gated myocardial perfusion imaging in the
diagnosis of coronary artery disease (23).

Acquisition

The number of photons reaching the y-detector depends
greatly on the amount of attenuating tissue and the geom-
etry of the patient’s body. Compton scattering attenuates
primary photons reaching the y-camera and contributes a
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FIGURE 4. Whole-body bone scintigraphy image shows that
peripheral parts of body are outside field of view of y-camera
because of patient’s obesity. Most parts of upper limbs are not
included in field of view.

significant amount of undesired scattered radiation to the
image. The deeper the source of radiation in the patients,
the greater is the buildup of scattered radiation (24). In
obese patients, a frequent problem is obtaining insufficient
count statistics because of soft-tissue attenuation, leading to
a poor signal-to-noise ratio. To overcome this problem,
acquisition time should be increased to maintain a sufficient
count number (/4,20). It has been suggested that patients
weighing 120 kg need a PET acquisition 2.3 times longer
than that for a 60 kg-person to obtain the same signal-to-
noise ratio (25). Halpern et al., in a well-designed study
(26), acquired lutetium oxyorthosilicate PET emission
scans for 7 min per bed position in 25 consecutive obese
patients. Single-minute frames were extracted from these
scans for each patient. The investigators found that lesion
detectability and reader concordance peaked on the scans
acquired for 5 min per bed position, with no further diag-
nostic gain achieved by lengthening the duration of PET
emission scanning. Thus, 5 min per bed position is suffi-

cient for optimal lesion detection with lutetium oxyortho-
silicate PET/CT in obese patients.

Delaying the acquisition in certain procedures, such as
bone scanning, is also an important option to improve
outcome. In such a case, static images can be delayed up to
4-5 h after injection to help further clear soft-tissue activity
and improve target-to-nontarget ratio.

Furthermore, in obese patients, the ratio of scattered pho-
tons within the body increases, leading to a wide base
photon energy spectrum due to the lower-energy scattered
photons. Narrowing the energy acceptance window or using
an asymmetric window can reduce the amount of scattered
photons accepted during acquisition and can improve
energy resolution, thus producing better images in such
cases (27).

Technologists’ Radiation Exposure

Potentially larger amounts of radiation exposure to
technologists are expected the longer they spend with the
patient for extra support during positioning and acquisition.
Accordingly, changing the technologist dealing with obese
patients might be considered when prolonged contact will
be required and larger doses administered, particularly in
PET studies (28).

POSTIMAGING CONSIDERATIONS

Breast Attenuation

Overweight patients, particularly women with large
breasts, are prone to having attenuation artifacts on many
studies. In myocardial perfusion imaging, artifacts within
the anteroseptal wall due to breast attenuation are common
(Fig. 5). In extremely obese patients, lateral wall attenua-
tion artifacts can be due not only to scatter of photons
emitted from the myocardium but also to increased distance
between the heart and the surface of the y-camera. Adding
prone imaging (i.e., imaging in the supine and then prone
positions) can help correct for these artifacts and, for cor-
onary artery disease, provide diagnostic accuracy similar to
that for a normal-weight patient (Fig. 6) (28). In addition,
breast taping or lifting during acquisition can resolve some
of this attenuation (Fig. 7). Other methods such as trans-
mission source— or CT scan—based attenuation correction
are used in many centers worldwide to increase diagnostic
accuracy and reduce false-positives caused by attenuation
in the overlying soft tissue (29). However, it remains to be
seen whether attenuation correction may itself introduce
artifacts. Breast attenuation can also be seen in other stud-
ies, such as in sulfur colloid scans, especially if the scan
reaches the upper abdominal quadrants (Fig. 8).

Fat Crease Attenuation and Effect on Images

In bone scintigraphy, image quality is often limited by
soft-tissue attenuation and photon scatter caused by over-
lying fatty tissue. A large amount of fat tissue can entirely
obscure the underlying imaged organ (Fig. 9) (30). This
particularly affects lesion detection on planar images, but
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FIGURE 5. Multislice views (A) and raw images (B) show large-breast-attenuation artifact (arrows) involving anterolateral

myocardial wall of obese female patient.
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Stress Gated [Recon]
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FIGURE 6. Myocardial perfusion imaging using supine and prone stress technique clearly demonstrates that inferior wall artifact
(arrows) caused by diaphragmatic attenuation in obese male patient is corrected on prone images (middle row).

the problem can sometimes be resolved by performing
SPECT of the region of interest. Different techniques for
attenuation correction have been proposed for better image
quality and enable better quantification (37).

Similarly, in a study on sentinel lymph node biopsy in
842 breast cancer patients, unsuccessful mapping was
significantly higher in patients with a body mass index
greater than 30 than in those less than 30 (14/113 [12.4%)]
vs. 8/425 [1.9%], respectively; P < 0.001), among other
factors (32).

The addition of SPECT/CT to the acquisition protocol
used for lymphoscintigraphy in overweight and obese
patients improves nodal identification and avoids false-
positive interpretations of sites of nonnodal uptake (33).

Another example of the effect of fat crease attenuation on
image quality during whole-body bone or gallium scans is
seen in Figure 10. The folded skin creates thicker soft tissue
overlying the imaged area of interest, causing linear abnor-
mally increased uptake at the edge of the fat crease. If at the
level of a vertebral body, this artifact could be mistaken for
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a compression fracture (34). This can also affect bone den-
sitometry studies, causing falsely higher values at the level
of the crease. The amount of soft tissue in obese patients
has been observed to cause diffusely increased skull activ-
ity on bone scans due to disparate attenuation of overlying
soft tissues (35).

Steatopygia

A high degree of fat accumulation in the buttocks can
cause marked attenuation and a decrease in counts in the
lumbar spine and pelvic region, obscuring or mimicking
disease (Fig. 11). SPECT acquisitions can help in such sit-
uations to confirm or rule out any disease.

Quantitation Difficulties

Standardized uptake value takes into account the differ-
ences between normalizing for body weight, for lean body
mass, and for surface area. Obese or overweight patients
usually have an overestimated standardized uptake value
when calculated using patient weight. Although not popu-
lar, using lean body mass or body surface area usually
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FIGURE 7. Myocardial perfusion imaging using stress technique and breast taping (middle-row images and second-from-left
bull’s-eye) clearly demonstrates that anterolateral wall artifact caused by large-breast attenuation in obese female patient is

corrected with breast-lifting technique.

produces less variability by more consistently describing a
body volume into which tracer distributes (36—38). Stand-
ardized uptake value in obese patients should be used with
caution.

The amount of attenuation tissue is considered an
important factor in other quantification measurements, such
as the calculation of left ventricular ejection fraction in
multiple gated acquisitions of the heart or even the
quantification of radiotracer uptake in the sacroiliac joints
for evaluating inflammation on bone scintigraphy.

ROLE OF NUCLEAR PHYSICIANS
AND TECHNOLOGISTS

Physicians must be familiar with the patient’s weight and
other features when dealing with obese patients and should
plan the study accordingly with proper communication with
the technologist.

It is important that technologists working in any depart-
ment of nuclear medicine follow special guidelines and
protocols that are optimized for obese patients as proposed

\ _
4

Posterior
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FIGURE 8. Whole-body sulfur colloid scintigraphy image
shows right-breast attenuation over dome of right lobe of liver
in overweight female patient.
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FIGURE 9. Photon attenuation caused by massive abdominal
fat, which renders interpretation of lumbar spine and pelvis
difficult on anterior view of this male subject.

in Table 1. Knowing the camera weight limit and bore
width is important to avoid overloading the mobile table
or jamming the patient into the CT or PET opening. Asking
patients about their weight before they make the appoint-
ment will save the staff a lot of time and prevent unneces-
sary cancellations. In addition, choosing the right dose and
camera setting with the proper energy windowing is essen-

g

B £ $ £
Anterior

Posterior

FIGURE 10. Fat tissue over lower abdomen and buttocks on
gallium scan causes soft-tissue attenuation of detected
photons on anterior and posterior views.
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tial to get an acceptable image quality. If patient manipu-
lation is required before and after placement under the
y-camera, an extra hand is probably advisable to avoid
technologist injury or prolonged radiation exposure (I8).
Proper communication with the referring physician and
nuclear medicine staff is mandatory to ensure a safe and
smooth transfer of the patient.

CONCLUSION

No less than other medical services, nuclear medicine
services are affected by obesity in important and variable
ways. If nuclear medicine personnel make proper arrange-
ments, problems arising during patient transportation,
preparation, and imaging can be limited. Special protocols
should be established to deal with overweight and obese
patients, depending on the prevalence of this problem in the
serviced area. Such preparations can help correct for the
artifacts arising from obesity and in the interpretation of
images and can improve imaging outcomes in these
patients.

FIGURE 11. Whole-body bone scan of obese patient
illustrates effect of body build on images. Attenuation is seen
in region of lower lumbar spine and pelvis, in addition to edge
artifact caused by fat crease in mid posterior lumbar spine and,
to lesser extent, in anterior ribs.
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TABLE 1

Main Effects of Obesity on Nuclear Medicine Imaging and Possible Remedies

Obesity-related difficulty Impact on imaging

Possible remedy

Body configuration Attenuation

Possible infiltration
Patient discomfort

Access to veins

Patient mobility Possible fall injuries

Positioning for acquisition

Body contouring
parts of body

Compton scatter

Insufficient count statistics

Beam-hardening artifact on CT.

Patient girth

Reduced sensitivity to peripheral lesions

Diaphragmatic attenuation
(cardiac)
Breast attenuation (cardiac)

Masking of underlying organ activity
(inferior wall artifact)

Masking of underlying organ activity
(anteroseptal-lateral wall defect)

Fat crease and steatopygia Edge effect/attenuation

Masking of bone details and creation

of false findings

Difficulty in achieving proper positions

Variable distances from camera at different

Proper preparation such as adequate hydration
(higher amount)

Increase of injected activity

Delayed acquisition in some studies

Increased time of acquisition

Use of more experienced nuclear medicine technologist

Use of intravenous team

Help from an anesthesiologist

Use of ultrasound-guided peripheral intravenous
access injection method

Use of greater caution

Use of accessory gadgets

Imaging of patient on stretcher (mobile camera
may be needed)

Adequate communication with patient

Attention to proper and secured positioning

Use of pillow, splints, or other means to ensure
patient’s comfort and thus minimize motion

Manual adjustment of camera head to obtain
adequate images

Use of narrower or asymmetric energy window

Increase of acquisition time

Use of caution during reading and quantification

Comparison with non-attenuation-corrected images

Acquisition of additional spot image studies

Use of prone acquisition in myocardial perfusion

Use of attenuation correction

Breast lifting and binding

Use of attenuation correction

Manipulation of crease and reimaging, or
addition of SPECT

Addition of extra views or SPECT
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