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Abstract

Image-guided therapies play an increasingly important role in oncology.

Several imaging tools for interventional oncology procedures are available

or in development which influence the success of the procedures and,

therefore, influence the implementation of the procedures into oncologic

treatment strategies. In this chapter, a detailed review of medical imaging

strategies during an interventional oncology procedure is provided includ-

ing use of contrast agents for improved tumor visualization, real-time

imaging, three-dimensional imaging, fusion of images of different imaging

modalities, navigation of devices during interventions, movement of

devices by robots, and intraprocedural imaging monitoring. Furthermore,

problems of image guidance such as physician access to the patient and

radiation exposure are discussed.

In general, the ideal properties of medical imag-

ing during an interventional oncology procedure

include (1) sufficient image quality to visualize

the tumor targeted as well as the interventional

tools and important structures around the tumor;

(2) image feedback of the therapy, preferentially

in real time, displayed to the interventionalist in

the procedure room; and (3) access to the patient

by both the interventionalist performing the pro-

cedure and other health-care personnel, for exam-

ple, anesthetist and nurses, during the procedure.

In contrast to diagnostic imaging, lower image

quality is an acceptable compromise for real-time

imaging for interventional procedures. Patients

have already undergone high-quality diagnostic

imaging when they are referred to interventional

therapies. High-quality diagnostic imaging may

require more time and more radiation dose than

fast imaging of a restricted region of interest as

performed for image guidance of interventions.

Ideally imaging for interventions would

provide real-time, three-dimensional displays of

information that include the depiction of the tar-

get, the interventional tools, and the surrounding

anatomy and perhaps for some applications phys-

iologic information indicating areas of contrast

enhancement or areas of metabolic activity.

The latter is particularly helpful in differentiating

viable from necrotic tissue for guiding biopsy or

ablation therapy. Although current imaging
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systems provide some of these features, none

provides all of them. Ultrasound (US) is a real-

time, multi-planar technique that provides full

access, but the depiction of some tumors is lim-

ited especially near bone- and gas-containing

structures. In addition, real-time, three-

dimensional imaging is limited for interventional

applications. CT provides partial access and can

be used to guide procedures intermittently, while

CT fluoroscopy is near real time, but both have

the potential disadvantage of the need for ioniz-

ing radiation, which requires one to limit radia-

tion exposure to patients and personnel [1, 2]. CT

also is primarily a two-dimensional planar tool;

real-time, three-dimensional imaging is not yet

fully integrated into interventional CT applications.

OpenMRI systems have been developed and allow

full access to the patient [3], but manyMRI-guided

interventions today are performed in systems cre-

ated for diagnostic imaging, and access is limited

[4]. Currently, US, CT, and MRI are rarely used

with three-dimensional images.

Technical advances of the following areas aim

to improve imaging equipment to better meet

interventional imaging requirements.

Physician Access to Patient

Physicians must have access to the patient in

most interventional oncology procedures to

allow real-time guidance as the interventional

oncologist places and advances a device.

The degree to which the patient is accessible

varies from modality to modality. For instance,

US and X-ray fluoroscopy provide the most

access. During CT-guided procedures, access

to patients is more limited due to the gantry

surrounding the patient. For example, CT imag-

ing may not be possible during the placement of

devices such as long biopsy needles, drainage

catheters, and ablation applicators that do not fit

in the space between the patient’s body surface

and the gantry (Fig. 17.1). This is also the

major limiting factor to the use of closed-bore

MRI systems. MRI allows interventions to

be performed for tumors that are visible only

with MRI and provides thermal monitoring of

ablations [5-10]. MRI offers advantages related

to superior soft tissue contrast. However, physi-

cian access to the patient in closed-bore, high-, or

Fig. 17.1 Demonstrates

how cumbersome current

diagnostic imaging

equipment may be for

performing interventional

procedures. The arrow
shows how the

radiofrequency ablation

probe cannot fit within the

gantry with the patient due

to the limited access. The

probe needs to be taped to

the bore to keep the top-

heavy handle from torquing

the probe out of the patient
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intermediate-field strength MRI systems is a

limitation; this has been partially overcome

with newer systems [11, 12]. Older “double-

doughnut” and open magnets provide access but

have lower field strengths (0.5–1.0 T) than recent

wider bore magnets (70 cm) with higher field

magnets (1.5 T). These systems have been

utilized to provide improved access with higher

image quality and are facilitating interventional

procedures [13, 14]. Many other impediments to

MRI-guided intervention, such as the develop-

ment of MR-compatible instrumentation, have

also been solved; some hurdles still remain.

Instrument visualization issues still persist

whether due to too much artifact or too little

conspicuity [15-17]. Noise generated during

scanning is potentially harmful to the interven-

tional radiologist, especially with newer high-

field (3T) systems [18, 19]. Other challenges

still exist such as electrical noise from ablation

devices interfering with MR imaging [20].

Similarly to MRI scanners, some newer CT

scanners offer 82–cm bores, which provide

extended room for interventional procedures.

Other solutions make use of semiflexible devices

that can bend to accommodate a closed gantry

environment [21].

Contrast Agents

Contrast agents are increasingly being applied as

interactive tools during intervention. With diag-

nostic applications, a contrast agent is adminis-

tered typically once at the beginning of imaging;

however, with interventions repeated, smaller

contrast doses given intermittently during

a procedure may sometimes be helpful. Contrast

agents can be used to highlight a target that is

not visualized well on non-contrast scans.

However, the benefit of most contrast agents in

interventional procedures is limited, as they are

rapidly cleared and their effects are often tran-

sient. Since the use of these agents is dose limited

due to renal toxicity, the volume administered

during a procedure must be carefully monitored.

New fusion systems that allow overlay of

needles on previously acquired enhanced CT

imaging may be able to account for the transient

nature of contrast enhancement during an

intervention.

Contrast agents already play an important

role in diagnostic imaging, and new contrast

agents are becoming available for all imaging

modalities. US contrast agents are comparable

to iodine contrast agents concerning tissue

enhancement characteristics without subjecting

patients to the risk of nephrotoxicity posed

by iodinated contrast agents. Contrast agents

have been used in US to plan, target, and mon-

itor RF ablations [22-25]. It has been reported

that with the routine adoption of contrast-

enhanced US, a rate of partial necrosis of 5.9 %

was achieved, in comparison with a 16.1 % rate

achieved without the real-time management of

ablations of hepatocellular and metastatic liver

lesions [25]. New, blood-pool, iodinated

agents that stay in the vascular space for an

extended time and that are hepatocyte selective

(such as iodinated triglyceride (ITG)-dual [26])

may be used during CT-guided interventions

to delineate blood vessels throughout the

procedure or to improve tumor conspicuity in

the future [26, 27]. Similar agents are

being developed for use in MRI [28]. MRI

contrast agents that are aimed at Kupffer cell

uptake (superparamagnetic iron oxide particles,

SPIO) and agents for the hepatobiliary tree

(hepatobiliary-specific MR contrast agents)

provide new tools that can be applied to specific

cases [29]. Additionally, new thermosensitive

MR contrast agents can offer a monitoring

tool during thermal ablation by, for example,

releasing a contrast agent from a liposome

under certain thermal [30-32]. Lastly,

advances in molecular imaging are likely to

provide improved targeting opportunities that

are specific and personalized. For example,

new radiotracer-labeled antibodies (such as

huA33 and cG250) can specifically target colon

cancers or clear cell renal cancers and guide

interventions [33, 34].
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Real-Time Imaging

CT fluoroscopy, in which real-time CT images

are displayed, allows the interventional radiolo-

gist to continuously monitor needle placement

and has replaced repeated scanning after needle

incremental advance as requiredwith standard CT

interventions. CT fluoroscopy for interventional

procedures was introduced in the early 1990s

[35], and it is now widely evaluated for various

interventional procedures including the lung,

abdominal organs, and the spine [2, 36, 37].

It has been reported that in CT fluoroscopy-

guided biopsy of pulmonary lesions with

20-gauge coaxial cutting needles, the biopsy

results were nondiagnostic in only 0.6 % of the

lesions. The sensitivity and specificity for

the diagnosis of malignancy were 94.2 % and

99.1 %, respectively [36].

The downside to CT fluoroscopy is the

increased radiation dose and the lack of three-

dimensional reconstructions [38]. Attempts to

reduce radiation exposure during CT fluoroscopy

by lowering the dose applied per section, by

implementing angular beam modulation which

enables adaption of the tube current to the course

of beam and the patient’s habitus, and by

providing arm extenders have been demonstrated

[39-42]. MRI fluoroscopy also provides real-time

imaging. Its advantages over CT include the

ability to freely select the imaging planes along

the needle pathway and the absence of ionizing

radiation for the patient [43].

Three-Dimensional Imaging

While US, CT, andMRI are still primarily used in

two-dimensional, planar mode, efforts are under

way to make more use of three-dimensional

imaging. For example, in order for a tumor

ablation procedure to be successful, the entire

tumor volume needs to be treated, without

affecting nearby critical structures. Therefore,

intraprocedural displays of the tumor in its entire

three-dimensional extension and its surroundings

would likely improve ablation outcomes.

Preliminary work suggests that three-dimensional

imaging is beneficial and assists with applicator

placement. One of the limitations to the use of

three-dimensional imaging is the time required to

create the images and present them to the

interventionalist in the procedure suite. The abil-

ity to rapidly reconstruct three-dimensional

images from these two-dimensional views will

further aid image-guided therapy. Rotational

flat-panel CT (or cone-beam CT) combine the

real-time imaging advantages of fluoroscopy

with computed tomography imaging [44-46].

Three-dimensional rotational angiography has

been widely applied in neuroradiological inter-

ventions. Recent advances in the technology of

angiographic equipment have made it feasible

to conduct rotational angiography with a large

diameter image intensifier allowing coverage

of the hepatic vessels [45, 47-51]. It has

been reported that 3D rotational flat-panel CT

can improve chemoembolization procedure

in patients with hepatocellular carcinoma

[47, 48, 52]. Software is in evaluation which can

be used to segment out the vessels feeding the

tumor in 3D angiography images and thereby

provide a guide for transcatheter therapy [53].

Providing planar and 3D “CT-like” images with

patient access typical of fluoroscopy will allow

these machines to take on an even more powerful

role in the interventional oncology imaging arma-

mentarium. Although visualization of dense

structures such as bone and contrast-filled vessels

on these systems is adequate, challenges still

remain in soft tissue resolution. As this relatively

new technology improves, the need for helical CT

to guide many interventional procedures may be

reduced.

Image Registration and Fusion

Image registration is defined as aligning two

imaging data sets spatially to each other. Fusion

is defined as overlaying them and visualizing

them as one image. Image fusion may be

performed to combine metabolic imaging with

anatomical imaging (e.g., fluorodeoxyglucose

(FDG) PET with CT) or to combine real-time
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anatomic imaging with non-real-time imaging of

a second anatomic imaging modality (e.g., US

with CT). While metabolic imaging such as

fluorodeoxyglucose (FDG) PET has had a major

impact on detecting and staging cancers, its role

in interventional radiology has been limited

because of the lack of sufficient anatomic detail

required for image guidance. While combined

PET/CT, SPECT/CT, or even PET/MR systems

exist, interventions usually occur in CT or MR

systems independent of PET or SPECT equip-

ment. To best utilize these PET images for imag-

ing guidance, they must be fused with the CT

images. Fusion, or overlay, of PET images with

CT or MR images allows the utilization of both

the anatomic detail of CT or MRI and the phys-

iologic information of PET [54-56]. US images

also may be fused with CT images obtained pre-

procedurally to gain the real-time, nonionizing

radiation information of US with the anatomic

detail of a contrast-enhanced CT [57, 58]. This

potential benefit in combining these modalities

may be used for image-guided interventions. US

systems in which a previously recorded CT or

MRI examination is shown simultaneously with

real-time US are commercially available from

different vendors. An existing CT or MRI data

set is loaded into the system, and the CT or MRI

images are reformatted in a projection to fit the

live sonography images. The advantage of this

method is that structures that are difficult to out-

line on US are shown on the CT or MRI images,

and yet real-time ultrasound imaging can still be

utilized. In a phantom study using a fusion navi-

gating system [59], a rate of success in obtaining

biopsies from US invisible spheres of 72 % has

been reported for the first needle pass and of 88%

within two needle passes. In a clinical study [60]

in patients with prostate cancer, transrectal US

images were registered with pre-procedural-

acquired endorectal MRI for biopsy guidance.

The authors concluded that the fusion of real-

time transrectal US and prior MR images of the

prostate (dynamic contrast-enhanced maps, or

T2-weighted or MR spectroscopy images) is

feasible and enables MRI-guided interventions

outside of the MRI suite [60] (Fig. 17.2).

Also, MR images may be fused with

intraprocedural, unenhanced CT to provide better

depiction of tumor margins for targeting as MRI

features higher soft tissue resolution than CT [61].

Fusion has also been used to overlay fluoroscopy

with cone-beam CT, CT, or MRI to provide addi-

tional guidance during embolization procedures

(Fig. 17.3) [62]. Multimodality image fusion may

aid interventional radiologists substantially, but

Fig. 17.2 Demonstrates

image registration to guide

prostate biopsy. The left
image shows time

transrectal ultrasound of the

prostate; the right image

shows prior acquired

endorectal MRI which is

aligned to the real-time

ultrasound image on the left
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patient breathing, patient positioning, organ shift,

and even procedure-/instrument-related motion

challenge image registration and fusion [63, 64].

The challenge of multimodality fusion is simpli-

fied when both imaging data sets are obtained on

the same patient bed through the use of

multimodality imaging suites. These hybrids,

combination suites with CT and fluoroscopy or

MR and fluoroscopy, are being used and offer

easier image registration since patients remain

on the same table and in the same position for

both imaging studies. However, these hybrid

units are costly limiting their practicality.

Navigation

The integration of position sensors with interven-

tional devices such as needles and ablation appli-

cators allows them to be tracked real time with

imaging obtained during a procedure. Tracking

displays the needle or applicator location in rela-

tion to the pre-procedural-acquired images.

Tracking can be accomplished with mechanical

arms, with optical systems, or with electromag-

netic systems. Electromagnetic tracking allows

tracking of internalmedical devices, whereas opti-

cal tracking requires direct line of sight, which is

less useful for image-guided therapy which may

utilize flexible needles [65]. Miniaturization of

electromagnetic sensors and needles with sensors

integrated inside the tip has enabled spatial track-

ing of needles. Internalized needle-tip sensors

actually track and follow the motion of the needle

itself and do not rely on the estimation of needle

position on the basis of external needle hub

position. This can correct for needle bending,

organ motion, and respiration [66] (Fig. 17.4).

When used with multimodality image fusion,

the coordinates of the device’s tip can be

superimposed on previously acquired images or

on real-time imaging. When a pre-procedural CT

scan is fused with real-time US, the position of

the device can be tracked in real time such that its

position is known in relationship to anatomy

displayed both on CT and US. It may also allow

the physiologic images such as PET to be incor-

porated into an intervention. Additionally, device

tracking may allow out-of-plane trajectory imag-

ing such as directing a needle to the dome of the

liver without transgressing pleura. Navigation

has even been reported on cone-beam CT images

to further enable procedures in fluoroscopy

rooms [67]. However, all these navigation tools

face the same image registration engineering

challenges that image fusion does [65, 68-72].

Robotics

According to the Robotic Institute of America

(1979), a robot is “a reprogrammable,

multifunctional manipulator designed to move

materials, parts, tools, or other specialized devices

through various programmed motions for the per-

formance of a variety of tasks.” Robotics have

been applied to several areas of medicine [73].

Since modern medical imaging is digital and

robots function in a digital world, it makes sense

that robotics can be applied to interventional

oncology. Robots in interventional oncology, cur-

rently, have two potential roles. First, they may

Fig. 17.3 Shows a fused image of a contrast-enhanced

cone-beam CT and a live 2D-fluoroscopy image. The

cone-beam CT has been segmented to demonstrate

the enhanced hepatic arterial tree. It is registered with

the fluoroscopy image automatically by maintaining the

same table for both imaging studies
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act as “arm extenders” during fluoroscopy and

CT-guided interventions and thereby limit physi-

cian radiation exposure. Second, robots may

improve the accuracy of device placement

[64, 74, 75]. Using integrated software systems,

the coordinates of targets can be chosen, and then

the robot can deliver a device to the prescribed

location. Robotic precision may be helpful to

ensure overlapping ablations and ensure safe

probe separation. Robots have been applied to

CT, MRI, fluoroscopy, and even US-guided pro-

cedures [76-78]. Accurate targeting, however,

requires that the image used for planning is regis-

tered with the patient and accounts for patient

motion. These, therefore, are the same engineer-

ing challenges that are faced with navigation and

fusion enhancements.

While medical robots have been applied in

many fields such as neurosurgery, orthopedics,

and urology, they are not the standard of care in

any field. Studies on phantoms and animals as well

as clinical trials have been performed using fluo-

roscopy, US, CT, and MRI as imaging modality.

The AcuBot robot has been developed in the

URobotics Laboratory at Johns Hopkins Medical

Institutions (Baltimore, USA) (Fig. 17.5) [64].

Four clinical cases of CT-guided kidney and

spine biopsy and radiofrequency ablation and

a nephrostomy tube placement were successfully

performed with no complications [79]. Another

study showed that the use of the robot in

CT-guided core biopsies and radiofrequency abla-

tions reduced radiation exposure for the patient

and medical personnel [75]. The B-Rob system

which has been developed by ARC Seibersdorf

Research (Seibersdorf, Austria) enables CT-

guided and US-guided biopsies. The first in vitro

trials of the system show a high accuracy

(0.66 � 0.27 mm) in image-guided positioning

of a biopsy, and a risk analysis of the complete

system did not find any major risks [64, 80].

A series of quantitative evaluation studies is

currently in process at different research

centers. The robotic instrument-guiding system

INNOMOTION (Innomedic, Herxheim and FZK

Karlsruhe, Germany) has been developed to pro-

vide MRI compatibility. The system has shown

a precision of the insertion site in the axial plane

was +/2 1 mm (0.5–3 mm). The angular deviation

in the transverse plane of the cannulae was � 1�

(0.5�–3�) [64]. The MrBot robot has been devel-

oped at URobotics Laboratory at Johns Hopkins

Medical Institutions (Baltimore, USA) for fully

automated image-guided transperineal access of

the prostate gland, and a recent robot developed by

this research group is under way for transrectal

access. In the future, this robot may enable better

targeted prostate image-guided therapies.

Fig. 17.4 Shows two images from a navigation study

where an electromagnetic system was used to guide

a needle to a retroperitoneal lymph node (arrow). The
needle tip is at the skin prior to entry with the arrow

showing the direction to the lymph node (T target). Left
image shows sagittal-oblique view; right image shows

transverse–oblique view
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Intraprocedural Monitoring

Evaluation of treatment success during and

immediately after the procedure is an important

challenge in most interventional oncologic ther-

apies. Ideally there would be some clear endpoint

for therapy completion. Imaging is a preferable

potential solution in this matter due to its nonin-

vasive measure of completeness. The term mon-

itoring can be defined as imaging that is used

during the procedure and immediately after the

procedure that visualizes changes that result from

the procedure. The goal of monitoring is to not

only determine if the treatment is complete

but also display the surrounding critical

structures that should not be affected more than

is necessary to complete the treatment effectively

and safely.

Several imaging modalities have been used to

assess completeness of therapy. These primarily

revolve around measures of blood flow.

Angiography after (chemo-)embolization of

hypervascular tumors can show hemostasis and a

completely embolized tumor bed. Lipiodol or con-

trast laden-embolic material uptake may be used

to visualize progress during chemoembolization

and bland embolization procedures, respectively

(Fig. 17.6). This may be especially well visualized

on 3D rotational flat-panel CT. Recently

combined MR–X-ray systems have allowed

intraprocedural transcatheter intra-arterial perfu-

sion MRI to be performed during hepatic artery

embolization to permit intraprocedural perfusion

changes and monitoring [81].

With US, Doppler flow and contrast agents

have been used to assess blood flow and deter-

mine when a tumor no longer has a viable blood

supply after an ablation [25, 82]. US may also be

used without contrast to monitor the effects of

an ablation based on changes in echogenicity.

During RF ablation, increased echogenicity

can be seen in the ablation zone which diameter

correlates with the diameter of necrosis [83].

However, the solitary diameter of the echogenic

response may be greater than the smallest diam-

eter and less than the largest diameter of the area

of tissue necrosis. Therefore, the echogenic

response associated with radiofrequency ablation

should be viewed only as a rough approximation

of the area of induced tissue necrosis; the final

assessment of the adequacy of ablation should be

deferred to an alternative imaging technique [83].

Furthermore, this increased echogenicity may

Fig. 17.5 Depicts the

AcuBot which is a CT robot

for needle placement. The

robot is mounted to the CT

table and can be registered

with the CT image

284 H. Schoellnast and S.B. Solomon



obscure imaging during the procedure and hinder

probe replacement. During cryotherapy, an

echogenic mass-like structure with distal acoustic

shadowing representing the ice ball formation

may be noted.

Like US, CT and MRI can also provide

intraprocedural imaging feedback during a ther-

apy. Contrast agents may be used in CT and MRI

to assess vascularity of the treatment zone. Unlike

US, the cryotherapy ice ball can be viewed in its

entirety using both CT and MRI [10, 84].

Intraprocedural T2-weighted fast spin-echo

images can be obtained every 2–3 min, which

allow real-time ice ball monitoring and accurate

prediction of the region of cryo-necrosis [85].

During ethanol-ablation procedures, CT low

attenuation associated with percutaneous ethanol

injection can guide procedure termination

[86-88]. Conceivably nuclear medicine agents in

the future, such as [15]O-H2O, might be useful to

measure tumor viability during a procedure and

guide therapy completion. The short, 2-min half-

life of [15]O makes it possible to perform

repeated PET imaging at 20-min intervals at mul-

tiple time points before and after image-guided

therapy. [15]O-water PET demonstrates the

ablated tumor region, whereas the unablated

tumor continued to show high [15]O-water

accumulation [89].

More recently imaging has also been used to

measure tissue temperatures; these techniques

can help monitor thermal ablations and assure

that the tumor is completely treated and critical

structures not harmed [90]. Since maintaining

temperatures of �54 �C or higher for longer

than one second is believed to cause cell death,

measuring temperature with MRI can provide

a quantitative noninvasive method of evaluating

Fig. 17.6 (a–d) Shows the
importance of

intraprocedural monitoring

to determine completeness

of an image-guided bland

embolization procedure. (a)
Pre-procedure contrast-

enhanced CT indicating an

enhancing hepatocellular

carcinoma, (b) mid-

procedure non-contrast CT

image with contrast laden

particles showing

a partially embolized

tumor, (c) mid-procedure

CT image with contrast

laden particles filling the

rest of the tumor, and (d)
contrast-enhanced CT after

the embolization procedure

without enhancement of the

tumor. Fusing these mid-

procedure images (b–c) can
help guide the

interventionalist to

a complete treatment
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the completeness of a thermal ablation. Under-

standing the thermal dose delivered may even

facilitate some selectivity of tissue destruction

since different tissues have different thresholds

for death [91]. While a number of temperature-

sensitive MR techniques, based on the relaxation

time T(1), the diffusion coefficient (D), or proton

resonance frequency (PRF) of tissue water, have

also been used, proton resonance frequency

changes are probably most commonly used clin-

ically [92]. The excellent linearity of the temper-

ature dependency of the proton resonance

frequency (PRF) and its near independence with

respect to tissue type make the PRF-based

methods the preferred choice for many applica-

tions. A standard deviation of less than 1 �C, for
a temporal resolution below 1 s and a spatial

resolution of approximately 2 mm, is feasible

for immobile tissues [93]. MR thermometry has

been primarily developed for use with high-

intensity focused US [31, 94] but has also been

applied to other ablative agents, such as

radiofrequency, laser, microwave, and hot saline

[95-101] (Fig. 17.7). Limitations of MR ther-

mometry still exist due to motion, magnetic

field inhomogeneities created by ablation tools

or fatty environments, and those due to the lim-

ited temporal resolution of the technique.

Although less developed to date and not yet in

clinical practice, both CT and US have been

suggested as noninvasive modalities to measure

tissue temperatures. CT attenuation and sound

velocity have both been shown to correlate with

temperature [102, 103].

Radiation Exposure

Many procedures are best done using CT or X-ray

fluoroscopy as the guidance modality. Their

inherent limitation is the radiation exposure to

physician and patient. For example, excessive

radiation exposure to physician and patient can

occur during CT fluoroscopy because of continu-

ous exposure at a single anatomic location. On the

other hand, excessively low radiation doses lead to

inferior image quality and result in interference

with IR procedures. In addition to wearing lead

aprons and other protective garb, physician

exposure can be diminished further during CT

Fig. 17.7 (a–c)
Demonstrates MRI-guided

laser ablation of solitary

liver metastases. (a)
Pretreatment T2-weighted

fat-suppressed imaging

reveals the hyperintense

lesion (arrow) adjacent to
the inferior vena cava

(arrowhead). (b) MR

thermometry during

ablation was used to ensure

adequate heating and

avoidance of critical

structures. Colors represent
different levels of

temperature. (c) Image

after ablation shows tissue

where the temperature was

above 60 �C in orange to

estimate the ablation area
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fluoroscopy-guided procedures by placing a lead

shield on the patient just below the imaging plane

to reduce scatter radiation and by using “arm

extenders” such as robots described above [2].

Modifications to the imaging protocol can

also be employed to limit radiation exposure.

Lowering tube current and tube potential and

reducing the time the beam is on during a rotation

reduce radiation exposure directly. On the basis of

the As Low As Reasonably Achievable (ALARA)

principle, one should use the CT fluoroscopic scan

parameters which provide acceptable image qual-

ity at the lowest possible radiation exposure. For

example, acceptable image quality can be

achieved with a tube voltage of 135 kV and a

tube current of 10 mA (1.48 mGy/s) for CT fluo-

roscopy in lung interventional procedures [40].

Adapting the tube load to the patient’s size and

shape with the aim to keep image noise constant

throughout the entire study has also proved to

lower the radiation dose to the minimum required.

Both in-plane (XY-axis) and longitudinal (Z-axis)

dose modulation are embedded in 64-slice

CTs [39]. In addition, the use of navigation soft-

ware and fusion imaging may potentially reduce

the time required to do the procedure, thereby

indirectly reducing radiation exposure [104, 105].

The dose for rotational flat-panel CT is similar

to those used for corresponding MDCT scans

with comparable slice thickness [106]. The effect

of rotational flat-panel CT on overall patient dose

remains to be seen. On the one hand, judicious

use of in-suite rotational flat-panel CT may actu-

ally result in a decrease in patient dose by pro-

viding critical diagnostic information that

obviates the need for excessive fluoroscopy.

Alternatively, the simple availability of this tech-

nique may lead to overuse and increased patient

radiation [107].

Conclusion

Imaging plays a critical role in interventional

oncology procedures. It is needed for guidance

and monitoring. As these tools are adapted from

diagnostic roles to interventional ones, they

require modification. Some of these

modifications have begun to occur, while others

are still in their infancy. Image fusion and robot-

ics, for example, represent two areas of potential

applicability to interventional oncology proce-

dures. As imaging evolves to meet the needs of

interventional oncology, the interventionalist

will be enabled to accomplish even more with

image-guided, less invasive techniques.
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