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ABSTRACT

Obese patients challenge imaging departments in their ability to obtain diagnostic quality images and to perform
image-guided interventions. These technical challenges include properly accommodating large patients on imaging
equipment, adjusting equipment settings to address imaging limitations, and pre-planning and preparation for image-
guided interventions to insure safe and successful outcomes. Knowing and addressing these challenges can result in

successfully addressing the imaging and image-guided interventions needs of obese patients.

IMPACT OF OBESITY ON IMAGING IN
GENERAL AND HISTORICAL IMPACT OVER
THE YEARS

Imaging plays a central role in the diagnosis and manage-
ment of many medical conditions. With advances in tech-
nology and the expanded availability of imaging equipment
in emergency rooms and outpatient clinic centers, use of
imaging to diagnose many medical conditions has grown
over the past 10 years.

Critical to the success of medical imaging to diagnose a
condition, is the ability to obtain diagnostic quality images.
In the obese population, the ability to get diagnostic quality
images and the ability to perform image-guided interven-
tions can be technically challenging. These challenges have
been identified in the literature."'® As the prevalence of
obesity has increased in the USA, there have been increased
challenges in interpreting images due to imaging limitations
posed by obese patients. A study published in 2006 showed
that over a course of a 15-year period (1999-2003), there was
an increased use of the words “limited by body habitus” by
radiologists attempting to interpret limited quality images
obtained on obese patients.! These limitations are a result
of attenuation of the X-ray and ultrasound beams, increased
noise, and resultant artifacts. The purpose of this article is
to review the technical challenges of medical imaging and
image-guided interventions in the obese population and
review advances made in the past 10 years.

IMAGING OBESE PATIENTS

Clinically, obesity is classified by body mass index, which
accounts for both height and weight and defined as
kg m~%'>1? Although body mass index has been clinically
useful to quantify the degree of obesity and classify patients
into categories for diagnosis and treatment for the purposes
of medical imaging, the most important factors to obtain
diagnostic quality imaging include patient weight, patient
girth, and distribution of the adipose tissue.>

For all imaging equipment available, there are industry
standard defined table weight and aperture limits.> Recent
technological advances allow for improving image quality
without increasing radiation dosage.® Before obtaining any
medical imaging in obese patients, it is critical to confirm
that the patient can be accommodated on the imaging
equipment. At Massachusetts General Hospital, it is now
standard practice to post table weight and aperture limits
on CT and MRI equipment (Figure 1). These limits can be
incorporated into radiology order entry software so that
alerts can be generated when the medical image study is
ordered on patients whose documented weight exceeds the
provided limits of the imaging equipment.

ACCOMMODATING PATIENTS

For all cross-sectional imaging equipment, there are
industry standard table weight and aperture limits. In a 2008
survey of United States hospitals, only 28% of academic
hospitals and 10% of non-academic hospitals had CT scan-
ners in the emergency department that could accommodate
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Figure 1. Photograph in the control room of one of our CT
suites showing the posted sign detailing maximum table
weight and gantry diameter.

obese patients.>'® Over the past 10 years, these limits have been
increased by manufacturers in attempts to accommodate the
bariatric population (Table 1). Of all the cross-sectional imaging
equipment typically available in hospitals, CT scanners tend to
have the largest table weight and aperture limits and are, there-
fore, the most useful tool to accommodate and image larger
patients.

It is important for all hospitals and outpatient centers to docu-
ment patient weight and girth diameter in the patient's health
record to ensure that they will fit on the imaging equipment
available at their institution. Patients who exceed the weight limit
of the equipment defined by the manufacturer can potentially
damage the mechanics of the equipment. Failure to accommo-
date patients on medical imaging can be embarrassing for the
patient, their family, and can disrupt the throughput of busy
inpatient or outpatient imaging centers.

Table weight limits

CT

Industry standard table weight limits for CT is usually 450 Ibs
(205 kg). Newer larger CT scanners are currently available which
can accommodate patients weighing up to 680 Ibs (308.4 kg).
These table weight limits exist because the table movement
mechanics can be limited by the weight of the patient. For some
CT manufacturers, it is possible to exchange the standard CT
table accommodating up to 500 Ibs with a bariatric table that
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can accommodate up to 676 Ibs. The bariatric tables have less
padding and have a flat (non-curved surface).”

MRI

Industry standard table weight limit for MRI is usually 350 Ibs
(159 kg). For MRI, more than the table weight limit, typically
the bore diameter is the limiting factor. The typical MRI bore
length is typically longer than the gantry length of a CT scanner
and patients can become claustrophobic laying inside a long MRI
bore.

Fluoroscopy

Table weight limit for traditional fluoroscopic/angiographic
equipment is typically 450 Ibs (205 kg). Table weight limits for
fluoroscopic/angiographic equipment exist not because of the
table motor but the ability of the table to accommodate the
patient. Table width is also a problem in large patients as some
patients and fluoroscopy operators may feel table is too narrow
for the body diameter. Standard table width is 45 cm.” The ability
to turn patients LPO (left posterior oblique) and RPO (right
posterior oblique) may be hindered if there is a perception that
the table width is too narrow to safely accommodate the patient.

Aperture openings

Even though patients may be able to fit on imaging equipment
from a weight standpoint, a second critical consideration is the
ability to accommodate the patient through the imaging equip-
ment aperture. For cross-sectional imaging, the widest section
of the aperture is the horizontal diameter. Although the vertical
diameter is typically the same as the horizontal diameter (the
gantry or bore is typically circular in shape), the vertical diam-
eter is often smaller as one has to account for the entry of the
table into the gantry or bore which excludes approximately
18 cm from the vertical dimension (Figure 2). Often, it is hard
to objectively quantify patient girth. It is common for many
hospitals and outpatient clinics to measure patients’ weight. It is
not common that body diameter is measured. In addition, body
diameter can change based on the patient's position. One unique
solution identified is to create a hula hoop in the dimension of
the largest CT scanner in the institution and have it available
to check the diameter of a patient who could potentially exceed
the aperture limit based on their weight approaching the weight
limit of the table. Typically, if patients barely fit into the aperture
opening, they are “squeezed” in—body straps from the CT/MRI
table can be used to help fit patients into the aperture opening.
However, unfortunately these solutions occasionally place the
ability to make a clinical diagnosis at odds with patient tolera-
bility and comfort.

Table 1. Maximum table weight and aperture limits for currently available bariatric imaging equipment

Imaging modality Weight limits (kg) Maximum aperture opening (cm) | Maximum field of view (cm)
Fluoroscopy 317.5 117 N/A

CT 308.4 85 65 cm

MRI 249.5 70 Virtual field of view 205 cm
Open MRI 249.5 55
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Figure 2. Two photographs of the same CT scanner show-
ing loss in the length of the vertical gantry opening diame-
ter when the table is positioned within the gantry space. (a)
Photograph of CT scanner with table positioned outside the
gantry and thereby accommodating a vertical length gantry
diameter of 70 cm. (b) Photograph of CT scanner with table
now positioned inside the gantry, showing decreased in the
vertical length gantry diameter by 18 cm—vertical diameter is
now only 52 cm.

CcT

Typical industry standard gantry diameter is 70 cm. The larger
bariatric CT scanners have a gantry diameter measuring up to
85 cm in diameter (Figure 3). There are CT scanners in Radiation
Oncology Department that have 90 cm gantry diameter but they
are not suitable for diagnostic imaging.'®

MRI

For many years, MRI bore diameter was 60 cm. The 60 cm diam-
eter does not account for the placement of phased array coils,
which are typically placed on top of the patient to improve image
quality. Excluding surface coils to help accommodate patients in
the MRI bore can result in suboptimal image quality. Patients
who are “squeezed” into a bore can sustain minor burns in areas
where the skin touches inner lining of the bore. Use of pillows
placed between the patient and the bore can prevent these minor
burns. Another issue is bore length. Due to issues of claustro-
phobia, shorter bore lengths that allow a greater portion of
the body to be out of the bore are better tolerated by patients,

Figure 3. Photograph of two CT scanners showing the dif-
ferences in gantry opening size. Left photograph—standard
CT with 70 cm diameter gantry opening. Right photograph—
large bore CT with 80 cm gantry opening.

Figure 4. Photographs of two fluoroscopic imaging equip-
ment showing differences in aperture opening. (a) Standard
fluoroscopic machine with 45 cm aperture opening. (b) Bari-
atric fluoroscopic machine with 63 cm aperture opening. The
larger opening is possible as the image intensifier and film
capture plate have been inverted.

however, this configuration comes at the expense of coverage
along the Z direction.

A typical scenario in hospitals in the USA is as follows: a patient
is referred for MRI. The patient cannot fit onto any hospital MRI.
They are then referred to outpatient “Open MRI” units that have
a larger aperture opening but are typically of lower field strength
(0.3-1.0 T) and therefore, lower image quality, compared to
closed bore higher field strength MRI units.

Over the past 10 years, equipment manufacturers have increased
diameters of closed bore MRIs to 70 cm.

Fluoroscopy

Aperture openings for fluoroscopic equipment have increased
dramatically due to the special role fluoroscopic equipment plays
in the post-procedural evaluation of bariatric surgery patients.
With the rapid rise in the use of bariatric surgery as a treatment
option for morbid obesity, it has been increasingly important to
have imaging equipment that can accommodate large patients
for their post-operative evaluation. Imaging centers that perform
bariatric surgeries are now required to have fluoroscopic equip-
ment that can accommodate large patients with large girths in the
immediate post-operative period. Manufacturers have dramati-
cally increased the aperture openings. One technical solution by
manufacturers that has allowed increase in aperture openings is
to invert the film panel and image intensifier (Figure 4). With
this adjustment, the maximum aperture opening in now 117 cm.
This solution, however, comes at a cost of increased radiation
doses to the radiologists/radiographers and often these studies
are done with the movement of the table and machine remotely
behind leaded glass panel.

Radiography X-ray cassette film size

An occasionally overlooked issue is accounting for limitations
of a fixed cassette film size. For plain radiographs, imaging the
chest or abdomen can be challenging if patients exceed the size of
standard 14 x 17 inch film cassette size (Figure 5). Knowing this
limitation is important for radiographers. For adequate imaging
of the area of interest, knowledge of the patient’s size and addi-
tional planning to image using multiple overlapping cassettes to
cover the entire anatomy may be essential. Use and knowledge
of anatomical landmarks such as the bend of patient’s elbow
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Figure 5. (a) Photograph showing standard 14 x 17 inch film
cassette size. A single 14 x 17 inch cassette size in larger
patient may not cover entire area. (b) Abdominal X-ray image
in a 73-year-old male showing that only a portion of his large
abdomen is images and, therefore, potential risk for missing
crucial pathology.

—
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approximating the iliac crest, can help radiographers properly
obtain radiographs in obese patients.’

Ultrasound

One advantage of sonography compared to cross-sectional
imaging and fluoroscopy is that there is no table weight or aper-
ture opening limit. Ultrasound exams can be performed at the
patient's bedside. However, as detailed below, imaging quality
can be compromised with sonography of obese patients.

IMAGE QUALITY IN OBESE PATIENTS:
CHALLENGES AND SOLUTIONS

Once patients are accommodated onto imaging equipment,
the next issue to address is the ability to get diagnostic quality
images. There are technical challenges to obtaining diagnostic
quality images in obese patients. These challenges stem from the
thick adipose tissue, the X-rays and ultrasound beams have to
penetrate through. Not only is there attenuation of these beams,
but the increased distance of penetration result in motion artifact
as well as increased scatter.

Ultrasound

Ultrasound beams are directly attenuated by fat which limits the
image quality. Sound waves from ultrasound are estimated to
be attenuated at a rate of 0.63 dB per centimeter of fat.” Limita-
tions in image quality start to become evident in patients who
weigh 250 to 300 Ibs (Figure 6). Because thickness of tissue has
a direct impact on ultrasound image quality, the distribution of
adipose tissue is critical to the success of the ultrasound exam.
A 350 Ibs patient with distribution of fat predominately in the
subcutaneous tissues will have lower quality images as the ultra-
sound beam has to penetrate through the thickness of subcuta-
neous adipose tissue just to image the internal organs (Figure 7).
A patient of similar weight with distribution of fat predominately
in the intraperitoneal compartment will not have much skin to
organ thickness to penetrate through and, therefore, will have
better ultrasound image quality of the internal organs.

Solutions to address technical challenges in obtaining diagnostic
quality ultrasound images include: using the lowest frequency
(1.5-2 MHz) transducer (to maximize of penetration of depth),

Uppot

Figure 6. Comparison of image quality of two liver ultrasound
exams in two different-sized patients. (a) Ultrasound exami-
nation of the liver in a 350 lbs patient shows limited visibility
of the hepatic structures—bile ducts and vessels not well seen
due to attenuation of the sound waves by thickness of sub-
cutaneous tissue. (b) Abdominal ultrasound in 150 lbs patient
showing normal hepatic parenchyma with good visualization
of bile ducts and vessels.

SAG RT LIV

pushing in with the transducer to decrease the depth of adipose
tissue to penetrate through, and placing the transducer at its
closest distance to the organ of interest.

In addition, various manufacturers have varying quality trans-
ducers and ultrasound machines. Sometimes, using a different
ultrasound machine may yield improved image quality. Using
the harmonics setting has also been reported to improve image
quality in obese patients."”* Harmonics imaging depend on the
detection of signals from reverberating soft tissues. Therefore, in
patients with greater amounts of soft tissue, the signal-to-noise
ratio, contrast and spatial resolution can be improved by using
harmonics. Despite these adjustments, if ultrasound is unable to
obtain diagnostic quality images, it is always possible to consider
other modalities such as nuclear medicine hepatobiliary (HIDA)
scan to diagnose acute cholecystitis or CT may be obtained to
aid in diagnosis.

Figure 7. Axial CT scans of the abdomen in two patients
showing how the distribution of fat can impact hepatic ultra-
sound image quality. (a) Axial CT image in an obese patient
with predominately subcutaneous fat. Any potential ultra-
sound exam in this patient requires the ultrasound beam to
penetrate through the 7 cm of subcutaneous fat to image the
liver and therefore limits ultrasound image quality (b) Axial CT
image in another non-obese patient shows less subcutaneous
fat, therefore, ultrasound exam of the liver in this patient will
not be limited due to fat.
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Table 2. CT protocol for standard patients compared to obese

patients (>350 lbs)

CT setting Standard setting | Obese patient
kVP 120 140
mAs “Fixed mAs” “Automatic mAs”
Gantry rotation speed
per rotation 0.5s 1s
Pitch 1.1 0.6

CT

Typically, if the patient can fit on the CT scanner, diagnostic
quality images can be obtained. Challenges in obtaining diag-
nostic quality images in CT include attenuation of the X-ray
beams due to excessive soft tissue and increased imaging time
resulting in patient motion artifact.

CT artifacts

CT—Increased noise/quantum mottle

Attenuation of the photon beams due to obesity results in
increased noise. Solutions to address the technical challenges
in obtaining diagnostic quality CT images include changing
fixed mAs setting to “automatic” mAs, increasing the kVP, and
decreasing gantry rotation speed (effectively increasing mAs)
(Table 2). Increasing the voltage to 140 kVP improves penetration
and decreases noise, however, it also decreases image contrast.

CT—motion artifact

Increased soft tissue thickness leads to additional time for
photons to penetrate through the body and can result in motion
artifact. The impact of motion artifact on CT is less dramatic
than on plain radiographs, however, it can be seen as indistinct-
ness of the margins of solid organs.

CT—beam hardening/truncation artifact

Most CT scanners have a field of view of 50 cm. Portions of the
patient's anatomy that extends beyond the field of view can result
in beam hardening artifact, which is seen as a bright line causing
streak artifact in the adjacent tissues (Figure 8). Special bariatric
scanners have an extended field of view(eFOV) of up to 85 cm.
The eFOVs are reconstructed CT images from a partial data set.
Although the eFOV were designed to accommodate larger
patients, it can also result in image distortion.'*

Beam hardening or truncation artifact occurs when portions of
the patient’s anatomy extend outside the field of view and recon-
struction algorithms assume that the attenuation was within the
field of view and, therefore, generate a band of higher (bright)
attenuation (Figure 8).>'° This can be addressed by extending the
field of view (more easily achieved with the bariatric CT scan-
ners) to cover the patient’s entire cross-sectional anatomy or by
adjusting the patient’s anatomy so that the area of interest does
not suffer this artifact.

CT—inappropriate image cropping

In obese patients who exceed the field of view are at risk of having
their images cropped by radiologist/technologist concentrating
on internal organ structures. Crucial anatomy and pathology
can be cropped out of an image due to extension beyond the

Figure 8. Axial abdominal CT scan in a 76-year-old obese
patient shows many of the limitations and artifacts seen in
obese patients—quantum mottle (increased noise), beam
hardening artifact (bright area in large area of left flank and
smaller area posterior right flank where patient’s body goes
beyond the field of view), ring artifact, and motion artifact
(indistinct edge of the kidneys).

field of view or when the images are manually cropped by the

technologists.a’ 10

CT—ring artifact

Ring artifacts occur when there are errors in detector calibration.
In the normal population, ring artifacts are usually not detectable
because there are enough photons and there are no issues with
image noise. However, in the obese population, ring artifacts are
exaggerated and seen due to increase in image noise.'® They are
seen as ring-shaped distortion in the center of the image and
can obscure crucial central anatomical abnormalities (Figure 8).
Ring artifacts can be addressed by increasing the kVP and mAs.

Possible benefits of obesity for CT

Typically, if patients can fit on CT scanners and diagnostic
quality images can be obtained, the image from patients with
large amount of intraperitoneal fat are typically easier to inter-
pret due to the separation of internal structures by the fat.

Recent advances in CT that impact limitations of
obesity

Over the past 5 years, there have been advances in CT tech-
nology that indirectly have addressed challenges related to
obesity including image quality and radiation dose. These
advances include proliferation of dual source CT scanners and
improvement in post-processing techniques including iterative
reconstruction

Dual source CT

Recent proliferation of dual source scanners offers the poten-
tial for improving image quality because of higher X-ray tube
power (80 kW from two sources provides a total power output
of 160 kW)’
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Figure 9. Comparison of chest radiographs in obese and normal patient. (a) Limited chest radiograph due to inadequate photon
penetration resulting in increased nose, and motion artifact. (b) Compare to a chest radiograph in normal sized male patient.
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Iterative reconstruction

For many years, conventional image reconstruction was accom-
plished via back filtered production. Newer iterative reconstruc-
tion algorithms allow reconstruction of image using statistical
modeling which decrease noise without decreasing image reso-
lution. Using iterative reconstruction allows for imaging obese
patients at lower radiation doses without sacrificing image
quality.*'>">"'7 A recent paper of five abdominal/pelvic CT
protocols across three scanners showed that use of iterative
reconstruction could achieve 30-60% lower radiation doses
while maintaining image quality.'®

Radiation dose

Increasing the mAs and kVP to obtain better quality images
for CT, fluoroscopy, and plain radiographs comes at a cost of
increasing radiation dose to obese patients. One study showed
that the entrance site radiation can be 10 times higher in obese
patients compared to non-obese patients.'* However, CT
phantom studies have shown that the radiation dose to internal

organs is decreased in obese patients because fat can attenuate
the radiation beam."?A recent paper summarized that for CT
examinations of the abdomen, the typical increased dose in
obese patient is approximately times that of a normal patient®’

Plain radiographs/fluoroscopy

For both plain radiographs (Figure 9) and fluoroscopy (Figure 10),
technical challenges in imaging obese patients include attenua-
tion of the X-ray beam resulting in increased noise and increased
motion artifact due to the increased exposure time necessary.

Solutions to address these challenges including increasing the
mAs and kVP, but this comes at the cost of increasing radiation
dose to the patient.?!

For plain radiographs using a bucky grid can decrease scatter
which can improve image quality and decrease radiation dose to
the patient and radiographer. Post-acquisition adjustments can

Figure 10. Frontal view fluoroscopic images of an upper gastrointestinal study from (a) standard fluoroscopic machine with poor
contrast and motion artifact and (b) special bariatric fluoroscopy machine. The bariatric fluoroscopic machine accommodates a

larger patient and with increases in kVP, to deliver clearer images.
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also improve image quality including doing a double exposure,
increasing the film development speed, adjusting the window
and level settings.

Limitations for fluoroscopy

If the patient is unable to undergo fluoroscopic evaluation due to
the table weight limit it may be possible, although less optimal, to
perform a study with overhead radiographs only. Another option
may be to transfer the patient to CT, as the allowed weight limit
may be greater.

Radiation dose

Increases in radiation doses occur due to increases in mAs and
kVP to penetrate through the soft tissue. Effective dose of radio-
graphs in extremely obese can exceed 100 mSv.** A recent paper
summarized the increased dose in typical abdominal imaging
for obese patients compared to standard sized patients as 10
times more for radiographs and 5 times more for fluoroscopic
exams’ Unlike CT, there is no iterative reconstruction that can
improve or maintain image quality at lower radiation doses.
There are, however, techniques to decrease radiation doses in
obese patients. including: positioning patient so that the thinnest
body fat layer is closest to the image receptor, and increasing the
tube voltage.?*

MRI

Once the patient can be accommodated on MR equipment,
diagnostic quality images can typically be obtained. For obese
patients, whose bodies approach the inner lining of the MRI
bore, there is an increased potential for claustrophobia. Solutions
include placing the patient feet first, administering anxiolytics,
or limiting exam times can ensure a complete study.

MRI—signal to noise ratio

MRI images can be limited due to the attenuation of the RF
beam by fat. Although the degree of attenuation is not as great
as photons in X-ray beams or sound waves in sonography, the
signal to noise ratio of the image can be affected. Solutions to
address this include increasing the field strength of the MR
scanner which can lead to higher signal to noise ratios.”

MRI field of view

Another technical challenge for MRI of obese patients includes
the limited field of view. Standard field of view for a 1.5 T MRI
is 40-50 cm. Patient's anatomy that exceed the field of view can
cause wraparound artifact (Figure 11). Solutions to address this
include increasing the field of view if possible, choosing “no
wrap” option, adjusting the configuration of the field of view
from a rectangular configuration to a square conﬁguration.3
Newer MRI scanners that uses matrix coils and moving table
options, allow for the creation of a virtually eFOV. However, this
eFOV benefits the z-axis and is used for MR angiography.?

Nuclear medicine/positron emission tomography-
CT

Technical challenges of nuclear medicine and especially positron
emission tomography-CT include limitations in the amount of
weight-based nuclear medicine agents that can be administered
in obese patients. Obese patients who exceed the limits often have

Figure 1. Axial 7; MRI in an obese patient showing wrap
around artifact. Images of the anterior pelvis exceeding the
field of view are projected along the posterior anatomy. There
is also inadequate fat saturation with bands of high signal.

-

a lower dose in their body and as these photons exit the body,
they are attenuated by be adipose tissue. Solutions to address
these issues include providing the maximum dosage allowable in
obese patients and increasing gamma camera imaging times to
maximize photon counts.

Mammography

Mammograms can potentially benefit from large amounts
of adipose tissue separating mammary tissue. However, as
with fluoroscopy and plain radiographs, the X-ray beam can
be attenuated by the adipose tissue. Attenuation results in

Figure 12. Photographs of standard gastrostomy
tube. Although catheters can be up to 25 cm in length, the
distance from the hub to the pigtail can be the most criti-
cal distance. In this picture, this distance is 8 cm and, there-
fore, cannot accommodate a patient who has skin to stomach
thickness greater than 8 cm.
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increased noise, decreased image contrast, and motion unsharp-
ness.”*™* Larger breasts are also harder to compress and have
been correlated with increased rates of recall and false-positive
screening mammograms.*>2

OTHER LOGISTICAL ISSUES

Starting an intravenous (i.v.) line

When an obese patient arrives for imaging, it is important to
establish whether i.v. access is in place. Obtaining i.v. access in
obese patients can be challenging due to the soft-tissue thickness.
Solutions to improve success of obtaining i.v. access in obese
patients includes using multiple tourniquets, displacing adipose
tissue, using anatomical landmarks and warm compresses™*”

Intravenous contrast dose

Intravenous contrast doses for CT and MRI are weight-based
and calculated based on cm3 kg!. Obese patients whose weight
exceed the maximum doses may not be getting adequate contrast
to opacify internal organs. Solutions to improve vascular opaci-
fication in obese patients include using larger cannula 18-gauge
venous lines and placing access into more central larger caliber
veins. These steps will allow for higher injection rates and
decrease the probability of subcutaneous extravasation of
contrast material.'’

IMAGE-GUIDED INTERVENTIONS

Performing image-guided interventional procedures in obese
patients can present its own technical challenges independent of
the imaging portion of the interventions.>**** These challenges
include adequately visualizing targeted areas, inadequate instru-
ment/equipment length, ability of the instruments and large
patient to fit into CT and MRI scanners, radiation doses in inter-
ventional radiology procedures, safely sedating obese patients,
post-procedure recovery and healing.

Adequately visualizing targets

Ultrasound is used for many interventional procedures such as
focal biopsies and drainages. Multiple studies have evaluated
the limitations of performing ultrasound procedures in obese
patients.?* ! Poor sonographic visualization can potentially
lead to non-diagnostic specimens and higher rates of complica-
tions.? Solutions to address this include performing transjugular
non focal kidney™ or liver biopsy instead of percutaneous biop-
sies or positional changes such as placing patients for non-focal
renal biopsies in a supine position and approaching the kidney
from an anterolateral approach®!

Instrument length

All wires and catheters used for interventional procedures are
manufactured at standard lengths. The longest needles and cath-
eters measure up to 25 cm. Technical challenges include:

(1) Accessing femoral arteries and veins which can be obscured
by adipose tissue limiting access via ultrasound or use of
typical landmarks. There are devices that try to address this
issue by using straps that hold the pannus out of the way.

(2) Patient’s exceeding lengths of the longest needle/catheters.
Critical to the success of the successful image-guided
interventional procedure in obese patients is pre-procedural

Uppot

Figure 13. Photograph of the CT-guided procedure showing
potential for the biopsy needle to not fit into the CT gantry.

planning by reviewing the imaging to identify the
shortest distance from the skin entrance site to the target.
Occasionally, changing the patient position and displacing
the subcutaneous adipose tissue by pushing instruments into
the skin can allow one to reach target previously deemed not
possible.

Although many catheters are 25 cm in length, the critical
distance is the length between the skin and the pigtail. These
distances can be less than 25 cm (Figure 12) and, therefore,
becomes a serious limitation in obese patients.

(3) Ability to fit patient and long instruments into the CT gantry
(Figure 13). This is an often overlooked issue that comes
up once it is time to obtain images in an interventional
procedural case. If the long instrument is only placed a
few centimeters into the skin to minimize internal organ
damage it may not fit into the gantry with the large patient.
Solutions to address this include using a smaller needle to
correctly confirm skin entrance site and trajectory and then
using tandem trocar technique to place the longer needle
in relation to the shorter needle. Another solution is using
flexible instruments made by some manufacturers that can
be bent outside the patient to clear the gantry for imaging.

Interventional radiology radiation dose
Angiographic equipment can often deliver larger radiation
doses during long/challenging angiographic cases which can
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occasionally exceed safety thresholds set by the Radiation Safety
Office of the institution. At our institution, for interventional
cases that exceed a 5-Gray threshold risks potential for skin burns
and requires a letter be sent to the radiation safety office and the
referring physician and close clinical follow-up of the patient. In
obese patients, the radiation doses automatically administered
to properly visualize the anatomy can approach these thresh-
olds. Solutions to address this include minimizing magnification
and changing the frames per second from the default of 7.5 to

4 frames s\,

Sedation
Administering sedation in obese patients can be a technical chal-
lenge for several reasons.

For many weight-based sedative agents, obese patients may not
receive adequate amount of sedation, for fear of oversedating
them. In addition, many obese patients are at risk for undi-
agnosed obstructive sleep apnea and difficult airway access.
For this reason, many obese patients may not tolerate stan-
dard conscious sedation and may require consultation with an
anesthesiologist.

Post procedure recovery

Obese patients are at greater risk for poor wound healing due
to increased stress in the approximation of tissues as well as
poor wound healing from increased risk for Type II diabetes
mellitus.?? In addition, obese patients can be less mobile and take
longer to ambulate and recover their pulmonary function.

CONCLUSION

Obese patients present technical challenges for medical
imaging and image guided interventions. Over the past 10
years, radiologists, radiology technologists, manufacturers
of imaging equipment, and interventional radiologists have
identified these issues and have proposed solutions to address
these challenges. Of all the imaging equipment available at
most institutions, CT scanners can accommodate the largest
weight and girth diameters. For all image-guided procedures
in obese patients, pre-procedural planning by reviewing the
imaging, ensuring that the correct equipment is available, and
seeking the aid of the anesthesia department are critical for a
successful outcome.
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