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Digital Imaging of the Chest from CR
to DR

Carl E. Ravin, MD

Introduction The introduction of photostimulable phosphors

Since the initial discovery of the X ray by Roent- ope_ned the door to commercially feasible dir_ect digital
gen, images have been recorded on film. A number O]1rad|ography. The linear response of photosnmulable
refinements have been introduced into this basic imagp_ho_sphors overan extraord!narlly _W'd_e range_ of ra-
ing chain, such as intensifying screens, modifications diation eXposures ma_1de their application partl_cularly
to the film, and fluoroscopic displays, but fundamen- 900‘?‘ for bedside radmgra_phy. Unfortunately image
tally the link between x-ray exposure and image dis- quality from early photostimulable phosphor plates

play on film has remained. However, during the past was not particularly good, although the images

two decades, rapid advances in electronics and com- I(r)]oked reasonable :jn tge “m'r?'f'ed" forn;l n V:]h'Chl
puter technology have created new possibilities for x- they were presented. Over the years phosphor plate

ray imaging, including specific receptor systems inde- Fechnololgy.has improved and contrast det_ail resolution
pendent of film which permit image information to be is now S|gn|f|cqntly better Wlth. fourth and fifth genera- -
recorded in digital form for improved image transpor- tion plates. This has allowed images to be expanded in

tation, manipulation, display, and storage. These sys-Slze elmdhare now ava!IabIe n 14|.by.17 formaltl. UIt||-
tems include photostimulable phosphor computed ra- mately, however, CR image quality is generally only

diography systems and a selenium-based digital Chesfequwalent to that of_ conven.uonal scrgen—ﬁlm radio-
system. Recently, a new generation of direct-readout graphs, and expansion of this photostimulable technol-

x-ray detectors based on thin-film transistor (TFT) ar- 093/_ tlo condventional up;]right'; chest radi?gr_apgy in the
rays has emerged, offering unsurpassed image qualit)fa lology department has been more limited.

from a compact digital detector. Selenium-based Digital Chest
Storage Phosphor Systems Radiography (Thoravision)

Digital imaging systems that use a photostimulable  In 1993 a new device was introduced which pro-
storage phosphor imaging plate were first introduced duces direct digital images of the chest. This system
by Fuji Photo Film, Tokyo, Japan, in 1983. Com- s based upon a selenium detector. Amorphous sele-
monly called Computed Radiography (CR) systems, nium has long been recognized as an excellent detec-
these devices are now widely used throughout the tor of X-rays, and its detective quantum efficiency
world. has been demonstrated to be significantly higher than

Storage phosphor CR systems employ a reusablethat of other image detectors, both digital and con-
imaging plate in place of the traditional screen-film ventional. Like photostimulable storage phosphors,
detector. Imaging plates and cassettes are availableselenium detectors possess a very wide dynamic sen-
in standard film sizes, including 14x17 inches, which sitivity range which makes them well-suited for tho-
allows them to be used with conventional radio- racic imaging; unlike storage phosphor systems, sele-
graphic equipment. The imaging plate is coated on nium-based detectors do not require stimulation for
one side with a layer of photostimulable phosphor  image readout, which eliminates a source of image
material. When exposed to x-rays, the plate stores noise and improves image quality.
some of the incident energy in metastable energy The selenium-based chest radiography system em-
traps within the phosphor layer, forming a latent im- ploys an aluminum drum coated with a thin layer of
age on the plate. An automated image readout systemmorphous selenium as the x-ray detector. Prior to x-
scans the plate with a very fine laser beam, and as thay exposure, the drum is rotated slowly beneath an
laser beam strikes the imaging plate the stored energglectrical charging element which deposits a uniform
is released as visible light, which is captured by the positive charge density on the drum’s surface. When
reader’s photomultiplier tube and digitized, forming the x-ray exposure is initiated, drum rotation is
the digital image. The plate is erased by exposure tostopped and the x-ray exposure is completed, casting
visible light, an operation performed automatically  the radiographic image onto the drum. The x-rays
by the plate reader, and may then be reused. discharge the selenium in an amount proportional to
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the radiation intensity, which results in a latent chargesystems which have external image readout systems
image on the drum face. Immediately after exposure,and the selenium drum system which has a large,
the drum is rapidly rotated and the charge pattern is free-standing detector unit.
read out by microelectrometer probes, forming the One type of direct-readout system, currently under
digital image. development by GE Medical Systems, is a large-area,
A number of theoretical, laboratory, and clinical  solid-state X-ray detector consisting of a structured
studies of the selenium-based chest imaging system Cesium lodide (Csl) scintillator directly coupled to
have been reported to date. In a laboratory study, an array of amorphous silicon thin-film photodiodes
Neitzel et al reported that the detective quantum effi-and readout electronics. The multi-layered detector is
ciency of the selenium system exceeds that of both manufactured on a glass substrate, approximately 41
conventional screen-film and photostimulable storagem square. When exposed to X rays, the visible light
phosphor systems. This suggests that the selenium-is channeled within the Csl crystal matrix directly to
based digital images may be of inherently higher the photodiode array where the electric charge is col-
quality than previously available from any other sys- lected and digitized, forming the digital image. Be-
tem. In a separate study, Chotas et al described a cause of its direct-readout design, structured scintilla-
technical evaluation of the selenium system as itis tor, and the use of very-low-noise electronics, this
used clinically, reporting excellent image quality, re- flat-panel detector is anticipated to provide excep-
duced scatter fractions in the lung image regions relationally high image quality.
tive to that found in conventional images, and the po- Another style of direct-readout digital detectors uti-
tential for reduced patient examination times due to lizes the same type of TFT array for charge collection
the ease of patient setup and the rapid display of a and readout, but the active detector element is amor-
low-resolution image after exposure (to verify proper phous selenium instead of a scintillator and photo-
patient positioning). Finally, an investigation was re- diode. Because selenium is an x-ray photoconductor,
ported by Floyd et al which compared radiologists’ X ray photons striking the detector are converted di-
preference between conventional films and laser-  rectly to electrical charge with no intermediate (visible
printed films from the selenium system for the visual-light) stage. This direct conversion eliminates one step
ization of 17 anatomical features in PA and lateral ra-in image production, and thus removes one opportu-
diographs. Chest radiologists showed a marked andnity for noise to enter the imaging chain.
statistically significant preference for the digital im- Image quality from digital acquisition systems is
ages for visualization of all image features; non-spe- influenced by detector materials, design, and elec-
cialized, general radiologists also showed a prefer- tronics, and it is unknown at this time which style of
ence for the digital images, but the preference was direct-readout digital x-ray receptor will offer superi-
significant only in 11 of the 17 imaging features. Ob- or performance. It is clear, however, that large-area,
server performance studies will be required to assesdlirect-readout digital detectors offer expanded oppor-
the clinical significance of these findings, but the tunities in the radiology department.
early evidence suggests that the selenium-based digi-

tal system offers the potential for significant im- REFERENCES

provement in image quality relative to other chest ra- 1. bobbins JT Ill, Rice JJ, Beam CA, Ravin CE: Thresh-

diography techniques, both conventional and digital. old perception performance with computed and screen-
film radiography: Implications for chest radiography.

Direct-Readout, Thin-Film Radiology 183:179-187, 1992.

: 2. Neitzel U, Maack |, Gunther-Kohfahl S. Image quality
Transistor (TFT) Detectors of a digital chest radiography system based on a sele-

A new generation of d|g|ta| X_ray |mag|ng sys- nium detector. Med Phys 1994;21:509-516.

tems based on flat-panel detectors is now emerging, > ¢hotas HG, Floyd € Jr,, Ravin CE. Technical evalua-
tion of a digital chest radiography system that uses a

promising exceptionally gOOd image qua"ty and very selenium detector. Radiology 195(1):264-70, 1995.
rapid, direct access to digital images. Although a va- 4. Floyd CE, Baker JA, Chotas HG, Delong DM, Ravin
riety of approaches, designs, and materials are being Cl(Ej-_ ISel_e?iym-t;ased digital radi?jgre}fhhﬁ{lof the chest:
used by different manufacturers to devise these new L?oé?;[?t:Ss .S Aerg irgg(%(;:;gSmSP—i;eSSYVJI. o 9'5.”” screenra
detectors, most are based on large-area, thin-film 5 chotas HG, Dobbins JT, Ravin CE: Principles of digi-
transistor (TFT) arrays. These multi-layered elec- tal radiography using large-area, electronically-read-
tronic devices offer compact packaging and direct able detectors: A review of the basics. Radiology

connection to digital imaging networks, unlike CR 210(3):595-599, March 1999.
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PACs for the Thoracic Radiologist

Philip A. Templeton, MD
Professor and Chairman, Diagnostic Radiology
University of Maryland

PACS Components

» Acquisition
* PACS/RIS Interface

* Networking and communication .
» Archive : storage and retrieval .
» Display .
DICOM .

e The standard for exchange of image data
» All new modalities should have DICOM output

Interfaces

» DICOM (Digital Images and Communications
for Medicine)
- Defines standards for exchange of images
and related data
- Conformance to DICOM does not = inter-

- ATM
- Gigabit Ethernet

Storage - Archive

Short term

Intermediate term

Long term

Database management
Storage

* Workflow management
Storage Options

RAID

MOD

DLT

CD-R

Costs and retrieval times vary
Back-up storage wise

operability
- All standards flexible to meet vendor needs, Image Storage
@ users cannot just plug and play « CR 10 MB / image
e HL -7 (Health level 7) e CT 0.5MB / image
Acquisition « MR 0.22MB / image
e US 0.3MB / image

» DICOM interface
» Gateways for Non-DICOM modalities
» Film Digitization

RIS Radiology Information System

» The history of the radiology department °
- Work record
- Billing record g
- Tracks individual productivity °

- Exam history

- Reporting information

- Links to HIS, PACS, Modalities, Dictation °
systems

Networks

* Local area networks °

e Intranet

¢ Wide Area Networks °

e |nternet, WWW °
Network ’

» Many different options and costs for communi-

NM 0.5MB / image
It all adds up to terabytes per year!

Compression

Used to reduce image transmission time and
storage requirements.

Lossless (reversible) 3:1

Lossy (non-reversible)

- JPEG 5-10:1

- Wavelet 10-80:1
Compromise image quality for transmission
speed and storage costs.

Display Monitors
Diagnostic and non-diagnostic (radiologist vs.

clinician)

1K or 2K resolution

2K for CR, 1K for all others
1, 2, 4 or 8 monitors

High luminosity

cation PACS Reading Tools

- Tl °
- Fast Ethernet .
- ISDN .
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Display format options
WI/L manual or pre-sets
Mag/zoom
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Annotate

Measure

Localizers, planar correlation
ROI

Invert

Clinical history/prior reports

The Clinical Interaction

‘ Thursday A.p65

Clinical consultation may decrease

More of a trainer - not where is the film? But
how do you do this?

Images easily available outside of radiology
Less reliance on radiologist interpretation un-
less reporting is clinically relevant

In other words “real-time”, annotated, interac-
tive

More formal rounds or video teleconferencing
may be needed
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Benefits: CR

» Digital image acquisition

* Lower repeat rate, decrease patient call-backs

 Information available on network

* Image can be altered/manipulated for enhanced
diagnosis

Benefits: PACS

* No lost studies
* Less scut work
» Medico legal protection and recovered revenue
from lost films
» Time savings for all staff
* Increased throughput = increased customer sat-
isfaction, revenues
» Enhanced teaching ability
(Disclosure Statement: Philip A. Templeton, MD, is a
member of the Medical Advisory Board of AGFA.
UMMS has a corporate partnership in CR and PACS
with AGFA.)
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Computer-aided Diagnosis
for Chest Radiology

Heber M. MacMahon, MD
Professor of Radiology
The University of Chicago, Chicago, lllinois, USA

Objectives rated by a filter. This single exposure is embodied in
the FCR 9501 ES chest radiography unit (Fuji Medi-

This presentation will provide an overview of the o
cal Systems U.S.A., Stamford, Conn.), which is the

current status of computer-aided diagnosis (CAD) in  ~ . ) )
chest radiology. The basic concepts and potential ap- first commerqal device to employ energy subtraction
plications of CAD will be discussed. After the presen- for chest radlography.

tation, attendees will understand the value of advanced In all, three _PA |m_ages are produced:_ a standard
image processing and CAD as it presently exists, and Image, a soft tissue image, and a bone image. Al-

the potential of programs that are under development rhouglh e_:nerg%/ subtrfcélon cf';mhbe perfkcj)rme(; on thed
in research settings. ateral view, the 9501 ES unit has not been designe

to perform a lateral subtraction view routinely.
Introduction For departments already performing primary inter-

Computer-aided diagnosis (CAD), in the broadest Pretation with workstations, it is necessary to develop
sense, includes all of the approaches that apply com& display that incorporates the ES images in addition to
puter techniques to radiological diagnostic decision the standard PA and lateral views, while facilitating
making. One such category includes programs that rapid comparison with previous examinations, which
enhance diagnostic images for visual examination byMay also have ES images. We have implemented a
segregating components of the same image (as in enfvorkstation display that “stacks” ES images behind
ergy subtraction) or integrating different images (as the standard PA view for both current and previous ex-
in temporal subtraction). ams. When interpreting from hard copy, we review

A second group of CAD programs includes those the ES versions of the images on workstations and re-
that are designed to detect pathological abnormalitie®int them when they provide additional information.
in the image (i.e., nodule detection). A third category Because ES separates the calcium and soft tissue
includes those that use both clinical and/or radiologi-COmPonents of the thorax, it has obvious potential to
cal data to determine the most likely pathological di- ImProve detection accuracy for certain types of pa-
agnosis. This latter category would include the use thology. In a research and clinical setting, ES images
of artificial neural networks for differential diagnosis have been shown to be significantly superior for de-
of interstitial lung disease or pulmonary nodules.  tection of pulmonary nodules compared to either

Though only one of these methods (energy subtracScreen film or standard digital radiographs.
tion) is currently available for routine clinical use, oth-  The “bone image” can be useful for confirming

ers have advanced to the point where clinical imple- the presence of calcification in benign pulmonary
mentation seems likely in the near future. nodules or in hilar lymph nodes. Rib abnormalities

such as sclerotic metastases or bone islands that can

Image Enhancement Techniques mimic lung nodules are also more clearly visible in
Energy Subtraction the bone ES images. Calcified pleural plaques that

Energy Subtraction (ES), exploits the energy de- may be caused by asbestos exposure can mimic soft
pendence of x-ray attenuation by calcium to producetissue abnormalities and can be mistaken for pulmo-
separate images of the bones and soft tissues. Two nary nodules or consolidation when viewed en-face.
basic approaches have been used. One involves then such cases, the bone image clearly reveals the cal-
use of two sequential x-ray exposures at different  cified nature of the abnormality.
kVp settings. Although this approach has advan-
tages, the inevitable time delay between the first and Temporal Subtraction
second exposure can introduce misregistration arti- Digital radiography allows various types of image
facts. The second approach involves the use of a  processing to be performed, but techniques that im-
single exposure with the use of two receptors sepa- prove the visibility of abnormal findings also tend to
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emphasize certain features of normal anatomy. Ide- and to indicate them with arrows superimposed on
ally, the visibility of pathological findings would be the image.
improved selectively, while normal anatomical struc- At present the computer program has a sensitivity
tures would be suppressed. In the case of patients whaf approximately 70% for subtle pulmonary nodules
have had a previous chest radiograph, an opportunity with an average of one to two false positives per ra-
exists to enhance selectively areas of interval change,diograph. Although this accuracy rate is slightly less
including regions with new or altered pathology, by  than that of most radiologists, the errors of the com-
using the previous radiograph as a subtraction mask. puter program tend to differ from those of the radi-
The temporal subtraction technique involves auto-  ologist. Consequently, use of this program can in-
mated two-dimensional warping and registration of a crease the accuracy of even experienced radiologists
previous with a current chest radiograph in order to  in the task of nodule detection.
produce a “difference image” in which unchanged ar-
eas appear as uniform gray while new opacities appednterstitial Lung Disease
as isolated dark foci that stand out from the uniform Detection and quantitation of interstitial lung dis-
background. Although the quality of the temporal sub-ease is subject to large intra and inter-observer varia-
traction image is affected by variations in patient posi-tions. However, a range of pathologic processes,
tioning, this limitation can be partially overcome by  ranging from cardiac failure to inhalational dust dis-
the geometric warping that is performed. eases, can present with an abnormal interstitial pattern.
One of the unique advantages of temporal subtractherefore, an automated computerized scheme for de-
tion is that it can highlight areas of subtle change thatection of pulmonary interstitial disease has been de-
may not appear obviously abnormal when viewed in veloped, using a Fourier transform method. Based on
isolation, even with energy subtraction. Its ability to analysis of a large database, including both normal
improve detection of a broad range of abnormalities, cases and abnormals with interstitial disease, detection
including nodules, infiltrative opacities, and locall and classification of abnormal interstitial patterns is
pulmonary perfusion deficits secondary to tumor in performed. Two parameters are used: the root mean
the pulmonary hilum are important advantages. Thissquare (RMS) pixel variation, and the first moment of
technique is currently being investigated in the set- the power spectrum. Using this method, both sensitiv-
ting of a lung cancer screening program in Japan. ity and specificity of approximately 89% have been
. . achieved on a database including 100 abnormal cases.
Computer-aided Detection In an observer test the diagnostic accuracy of the
Schemes for computer-aided detection that are cur-observers was improved by a statistically significant
rently under development include programs designed amount when the CAD scheme was used.
to detect pulmonary nodules, abnormal interstitial pat-  Interstitial disease CAD may be of particular value
terns, cardiomegaly, pneumothorax, abnormal thoracicin cases with a clinical suspicion of interstitial lung
asymmetry and pleural effusions in chest radiographs, disease, such as patients undergoing screening for
and nodules in CT scans. pneumoconioses.
These programs differ fundamentally from energy
or temporary subtraction, in that they perform an auto- Other Detection Programs
mated analysis of the image, using criteria developed  Other CAD programs that might be classified in
from large numbers of normal and abnormal cases.  this general category include those for detection of
The result is presented in the form of a graphic overlaycardiomegaly (automated detection of cardiac and rib
that localizes and/or quantifies a suspected abnormalitgage borders, with CT ratio determination), and
pneumothorax detection (identification of an abnor-
Nodule Detection mal pleural line in the apical area). Programs that de-
The rationale for this program is that radiologists tect abnormal thoracic asymmetry, which can indi-
commonly fail to detect early lung cancers that are cated unilateral pulmonary or pleural disease, and
visible in retrospect. Although there are several pos-one that analyzes the costophrenic angles for abnor-
sible reasons for such oversights, failure of the radi- mal blunting, which can indicate pleural effusion,
ologist to focus directly on the area of the lesion is a have also been tested. A scheme that detects nodules
contributing factor in many cases. in thoracic CT scans is currently being developed and
The nodule detection program addresses this prothas potential utility in CT cancer screening programs.
lem by directing the radiologist’s attention to suspi- . . . .
cious areas in the image. This scheme is designed tp'fferent'al Diagnosis
distinguish abnormal focal nodular opacities from the When an abnormality has been detected on an im-
complex anatomic background of a chest radiographage, a determination must be made as to the most like
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etiology. This involves a complex decision-making  hardcopy interpretation and softcopy CAD display.
process that takes into consideration the patient's medAlthough such a system may have certain niche ap-
ical history, physical symptoms and signs, as well as plications for chest work (i.e., screening programs
laboratory or imaging data. Experienced clinicians  for cancer or industrial lung disease), it seems un-
and radiologists learn to reduce a potentially over-  likely that a film-based system would be widely ac-
whelming mass of information to a few salient points. cepted. Particularly when so m any hospitals are

A differential diagnosis is constructed based on the in-converting to digital image acquisition, it would be
dividual physician’s experience and memory. While logical to implement chest CAD in an all-digital
most radiologists can remember the important featuresworkstation environment. In a PACS, chest CAD

of the more frequently encountered diseases, many programs could be applied to images as soon as they
have difficulty recalling all of the features of rare or un- were acquired. The CAD results could be stored as
usual diseases. Few, if any, can recall the precise fre- overlays that would be available for immediate dis-
guency with which certain signs, symptoms or radio- play at the workstation.

graphic findings occur at each stage of each disease, in Although CAD is at an early stage, sufficient

the various age groups and patient populations. objective data has been accumulated to indicate that
certain existing programs can improve diagnostic
ANN for Differential of Interstitial Lung Disease accuracy, even in the case of experienced radiolo-

Differential diagnosis of interstitial lung disease is gists. As radiographic interpretation migrates from
a typical example of such a complex diagnostic pro- the traditional viewbox situation to the computer
cess. Therefore, a pilot computer-aided diagnostic workstation, it seems likely that CAD, in various
program was developed that uses an artificial neural forms, will become an accepted tool for the practic-
network (ANN) to distinguish between various inter- ing radiologist.
stitial lung diseases using a combination of clinical
parameters and radiographic features. The program REFERENCES
was trained to distinguish between 11 types of inter- Hartman TE. Dual-energy radiography. Seminars in roent-

stitial lung disease, including sarcoidosis, miliary tu- ~ genology 1997; 32(1): 45-49.

berculosis, lymphogenous metastases, interstitial edéd/d© S: 'kezoe J, Naito H, Arisawa J, Tamura S, Kozuka T,
e . . . . Ito W, Shimura K, Kata H. Clinical evaluation of pulmo-

ma'_S”'COS'S' _pneumOCySt_n_'S carini, pneL_JrT_]onla, _sys- nary nodules with single-exposure dual-energy subtrac-

temic sclerosis, eosinophilic granuloma, idiopathic tion chest radiography with an iterative noise-reduction

pulmonary fibrosis, viral pneumonia and pulmonary algorithm. Radiology 1995; 194:407-412.
s P Difazio MC, MacMahon H, Xu, XW, Tsai P, Shiraishi J
r xicity. Ten clinical parameters wer for ’ ) g N !
d ug to Cty, € ,C cal paramete S ere used fo Armato SG, Doi K: Digital Chest Radiography: Effect
each 'Case’ 'nCIUdmg age, sex, durat"on of symptoms, of temporal subtraction images on detection accuracy.
severity of symptoms, temperature, immune status, Radiology 202:447-452, 1997.
underlying malignancy, history of smoking, dust ex- MacMahon MD, Engelman MS, Behlen FM, Hoffman KR,
posure and drug therapy. Sixteen radiological find- Ishida T, Roe C, Metz CE, Doi K: Computer-aided Di-
. L . . agnosis of Pulmonary Nodules: Results of a Large-
mgs yvere used, which .|nf:luded descriptors of the dis-  gcgje Observer Test. Radiology 213:723-726, 1999
tribution and characteristics of the abnormal process Katsuragawa S, Doi K, MacMahon H. Image feature analy-
as well as additional thoracic abnormalities such as sis and computer-aided diagnosis in digital radiography:
; ; _ classification of normal and abnormal lungs with Intersti-
Iymphadenopathy, pIeuraI effusions an(.j C_a_rdlom_e tial disease in chest images. Med Phys 1989; 16:38-44.
galy- Observer te_St re_SU|tS Sh_owed a S|gn|flcgnt 'm'_ Monnier-Cholley L, MacMahon H, Katsuragawa S, Morishita
provement in radiologists’ ability to diagnose intersti-  J, Ishida T, Doi K. Computer-aided diagnosis for detec-
tial disease correctly when the ANN was used. tion of interstitial infiltrates in chest radiographs. AJR:
: : 171, 1998
An ,ANN approach has also peen applled to the (_jl MacMahon H: Clinical application of CAD in the chest. In:
ggnoss of pulmgnary nodgles in terns o'f characteriz- Computer Aided Diagnosis in Medical Imaging, Doi K,
ing them as benign or malignant. In a pilot study, an ~ MacMahon H, Giger ML, Hoffmann KR (eds). (Elsevier,
ANN that considered image features such as size, Amsterdam), pgs. 23-34, 1999.
margination and location was more accurate in distinNékamura K, Yoshida H, Engelmann R, MacMahon H,

LT . . Katsuragawa S, Ishida T, Ashizawa K, Doi K: Comput-
guishing benign from malignant nodules than were erized analysis of the likelihood of malignancy in soli-

radiologists. tary pulmonary nodules by use of artificial neural net-
L. i works. Radiology (in press), 2000.

Clinical Implementations of Ashizawa K, Ishida T, MacMahon H, Vyborny CJ,

Com puter-aided Diag nosis Katsuragawa S, Doi K: Atrtificial neural networks in

chest radiographs: Application to differential diagnosis
A CAD system for mammography has been devel-  of interstitial lung disease. Acad Radiol 6: 2-9, 1999.

oped based on film digitization with a combination of
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Multidetector Row CT Pulmonary

Applications
Theresa C. McLoud, MD

Objectives In 4D CT the concept of spiral pitch must be un-
derstood. There are two notions of collimation: pre-
patient, which has to be wide enough to radiate all

ethe detector elements serving the four DAS channels,
and detector collimation, nominally the width of the

1. To teach the attendee the basic physical prin-
ciples of multislice CT scanner technology.
2. The attendee will learn the current and possibl
future applications in chest imaging. i )
Different technological approaches have been usedOUP of detector element§ serving a ;lng!e DAS
by different vendors for multislice CT scanners. The channel. In 4D CT pre-patient collimation is roughly
literature at the present time is limited because these fpur tlm_es Qreatef than the inherent ‘,‘eteCtPr collima-
scanners are so new. At the Massachusetts General 1°" which IS set by the detector cpn_flguratlon. Thus,
Hospital we have had the opportunity to work with the one can dgflne the pitch of a multislice ,CT scanner
GE Light Speed Scanner over the past several monthé).y hormallglng .the table travel per rqtatpn by pre-
This multidetector row scanner differs from that ofa  PaUeNt collimation or_by detector coII|mat|on._ )
single slice scanner in that in addition to being divided Somg of the techmca_l ad_vantages_ of multislice CT
into channels in the transaxial plane, it is also divided include improved V|sua|_|zat|on O_f major blood Ves-
into sixteen elements in the longitudinal slice direc- Sel_s of the bod_y, reducﬂgn or elimination of motion
tion. Each measures 1.25mm as reflected to the iso- artifact, detection of malignant tumors too small to be

center of the scanner. At present, the scanner’s data ageen with single slice techniques, large reductions in

quisition system is capable of sampling the outputs of the required doses of intravenous coqtrast med.la and
up to four channels simultaneously. enhancement of CT as a tool for surgical planning.

A channel can be the output of a single element OrThe multislice scanner acquires four imaging slices

the sum of the outputs of neighboring elements. For simultaneously by irradiating four rows of detectors

example, sampling the inner four elements (one ele- 3'0“9 the Z-axis with a single x-ray tube. It can thug
ment per channel) results in the acquisition of four acquire four times as many data per gantry revolution

1.25 minimal channels. Summing the elements in as a single slice CT scanner. This enables multislice

groups of two, three, or four prior to sampling results CT to cover the Same z-axis distance far more i
in four 2.5mm channels, four 3.75mm channels and quu_:kly |_f sl|_ce colllmatlon_ls the same, to use thinner
four 5mm channels respectively. The GE Light Speed:O"'m_at'On if table s_peed IS th? Same, a_nd to retro-
Scanner provides data on four channels and is thus gpectlvely create thinner or thicker sections.
four-detector CT scanner. Applications in the Thorax

The patient can be scanned in a stationary position Data at this time is quite preliminary but multislice
and a slice can be reconstructed from each of the fol€T appears to be superior to single slice CT in de-
channels. This axial multislice mode is similar to tecting small parenchymal nodules in imaging for
conventional step and shoot CT but with two major metastatic lung disease largely because it can provide
improvements. First, for a given slice thickness of upa narrower effective section thickness. Thinner colli-
to 5mm, cross sections may be acquired at up to fourmation and a higher pitch can be used to achieve the
times the rate. Second, thicker slices may be recon- same length of coverage in a shorter scan time.
structed retrospectively using data from multiple Compared with single slice CT multislice CT also
DAS channels. A second way to use the four channelsffers advantages in evaluating the tracheal bronchial
of DAS output is to scan with patient translation in a tree. It extends the length of coverage while simulta-
manner directly analogous to helical scanning on a neously decreasing effective section thickness, result-
one-detector CT scanner with the addition that data ing in visualization of more subsegmental bronchi at
from all channels contribute to each reconstructed higher longitudinal resolution. Protocols developed at
slice in 4D CT. One can tailor the slice profile retro- Stanford University for the airway are for a collima-
spectively and select among different nominal slice tion of 1.25mm, a pitch of 6 and a reconstruction sec-
widths; for example 5, 7.5, and 10mm for the tion thickness of 1.25mm and a reconstruction inter-
4X5mm detector configuration. val of 0.8mm.
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Multislice CT also has advantages over single
slice CT for the evaluation of pulmonary embolism

because it provides greater length of coverage with

improved image resolution through thinner collima-

tion, that is a reduction in the required scan duration
and thus the dose of IV contrast and reduction in mo
tion artifact. Our protocol consists of a 1.25mm colli-
mation, a pitch of 6, and a reconstruction interval of

0.8mm. A distance of 200mm can be covered in 21

seconds. CTA can be combined with CT venography
of the pelvis and legs. Both scans can be performed

with the same contrast injection.

In CTA for pulmonary embolism, image noise can
cause heterogeneous attenuation of the pulmonary ar-
terial tree. With multislice CT the signal to noise ratio

can be increased by reconstructing images at a
greater section thickness. Also, thinner collimation

276 %
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can achieve better spatial resolution and confirm on
multiple sections that apparent defects in small seg-
mental or subsegmental arteries are due to intralumi-
nal origin and not to volume averaging.
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Three-dimensional Imaging of the

Thorax: Practical Applications

H. Page McAdams, MD
Duke University Medical Center
Durham, NC 27710

Learning Objectives For routine imaging the aorta and branch vessels,
we use 5-mm collimation, pitch 2.0 on our single-de-
tector-row scanners and 3.75-mm collimation, table
speed 22.5-mm/rotation on our multi-detector-row
scanner. When evaluating suspected acute traumatic
aortic injury (ATAI), we use a protocol similar to that
used for pulmonary arterial imaging (see above).
Again, a 20-30% reconstruction overlap is probably
sufficient for axial imaging. However, we typically
Introduction reconstruct the data at 1-mm or 2-mm intervals when

Axial imaging remains the diagnostic standard for We plan to perform complex 2-D and 3-D renderings.

CT evaluation of diseases of the thorax. However, Reconstruction Techniques

two and three-dimensional reconstructions of helical . )

CT data sets continue to play an increasingly impor- There are two dlﬁgrent approaches for generating

tant role. Not only are there situations in which these -D images frqm helical CT data S?tS: surface and
@ techniques improve diagnostic accuracy or confi- volume rendering. Surface rendering (SR) uses

dence, these images can communicate the type, IOCéhreshold values to create a model of the volume of @

tion, and extent of abnormality to referring clinicians Interest. For instance, when imaging the airways,
in a way that the radiographic report and axial CT threshold values are chosen so that the model repre-

images often do not. This review will focus on a few sents the soft tissue-air interface along the inner sur-
practical applications of certain 3-D imaging tech- facg _°f the airway. .After this ”,‘09'91' 'S cre.ated th? re-
niques as they are applied to imaging airway and vadnaining d_ata are discarded, S|gn|f|car_1tly increasing
cular diseases of the thorax. For a more thorough cpmputatlonal speed. V_olume rendering (VR) tech-_
and in-depth review, the reader is referred to several niques preserve the entire data set and create 3-D im-

recent, excellent articles [1-3] ages by varying the opacity and lighting of selected
' ' tissues. VR techniques are more computationally

Acquisition Parameters complex than SR techniques and require greater com-

Obviously, appropriate choice of CT acquisition ~Puting power and memory. However, VR techniques
parameters is of utmost importance for producing di- &€ inherently more flexible than SR techniques and
agnostic quality 3-D images. Collimation, pitch and are rapidly becoming the standard for 3-D imaging
reconstruction interval are the most important param-2Pplications. 3-D images produced by either tech-
eters and their selection generally depends upon the Nique can be then viewed from either an external or
specific application. internal perspective.

For imaging airways and pulmonary arteries, nar-

row collimation is best. On a single-detector-row Alrway Imaglng _ _ _
scanner, we typically use 3-mm collimation with Axial CT is now the diagnostic standard for radio-

pitch 1.5 — 2.0. On our multi-detector-row scanner, logic evaluation of the central airways. Helical CT has

we use 2.5-mm collimation with table speed of 15- improved evaluation of the airways by virtually elimi-
mm per rotation. Most authors suggest that a 20-  hating slice misregistration and respiratory motion arti-
30% reconstruction overlap is sufficient for routine  facts. By obtaining a continuous volume data set dur-
axial imaging_ Thus, 3-mm collimation images can ing a single breath-hold, excellent non-axial 2-dimen-
be reconstructed at 2-mm intervals. However, we sional (2-D) and 3-dimensional (3-D) reconstructions
typically reconstruct the data at 1-mm intervals whencan be generated. There are a variety of reconstruction
we plan to perform complex 2-D and 3-D renderings.methods that can be applied to airway imaging. These

1. To understand basic principals of three-dimen-
sional reconstruction techniques using helical
CT data sets.

2. To understand the use of these techniques for
evaluation of diseases of the thorax.

3. To review practical applications of these tech-
nigues for evaluation of diseases of the thorax.
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include 2-D methods such as multiplanar (MPR) or  malities of the pulmonary arterial and venous circula-
multiplanar volume (MPVR) reformat techniques and tion. It is a particularly important new modality for
externally and internally rendered 3-D images. Theseevaluation of suspected pulmonary embolism (PE)
techniques vary significantly in computational com-  because it directly images clot in a less invasive man-
plexity and thus in time required to generate images. ner than pulmonary angiography. Numerous studies
For imaging most diseases of the central airways, confirm the high sensitivity (greater than 90%) and
including tumors, stenoses and congenital abnormali- specificity of spiral CT for detecting clot in the cen-
ties, axial CT images are usually sufficient for diagno- tral through segmental pulmonary arteries. In most
sis. However, in some instances, oblique coronal andcases, diagnosis of PE is made from review of the re-
sagittal 2-D (MPR) reconstructions along the axis of constructed axial images, often reviewed on a work-
the airway can be helpful for improving diagnostic ac- station in rapid viewing or cine mode. However, in
curacy or confidence, particularly in patients with air- some cases, particularly for evaluation of obliquely
way stenoses. Also, clinicians often find these imagesoriented vessels such as the right middle lobe and
useful for planning therapeutic procedures. It has alsdingular arteries, non-axial 2-D reconstructions are
been shown that externally volume rendered 3-D im- necessary [9]. Three-dimensional renderings, as yet,
ages (CT bronchography) can be useful for demon- have no demonstrated utility for evaluation of sus-
strating subtle airway stenoses and for identifying pected PE.
complex congenital anomalies of the airways [4]. Other, less common indications for helical CT an-
Internal 3-D renderings of the airways, so-called giography of the pulmonary circulation include eval-
virtual (VB) or CT bronchoscopy results in excellent uation of arterial and venous anastomoses in lung
depictions of the lumen of the central airways. Pro- transplant recipients, evaluation of known or sus-
posed uses for VB include screening for endobron- pected pulmonary arteriovenous malformations
chial malignancy, evaluating airway stenoses and as @AVM), evaluation of pulmonary arterial involve-
“road map” for fiberoptic bronchoscopy (FOB) [5]. ment due to central tumor, and evaluation of congeni-
Unfortunately, experience thus far suggests that VB tal anomalies of pulmonary venous drainage. In all
may not accurately detect and define the small mu- cases, selected use of 2-D and occasionally 3-D ren-
cosal and submucosal lesions typical of early endo- derings is necessary for confident diagnosis. In par-
bronchial malignancy. Thus, the role of VB as a ticular, 3-D reconstructions can be useful for delin-
screening modality is questionable. Numerous au- eating the often complex angioarchitecture of PAVMs
thors have found that VB is as accurate as FOB and prior to embolization.
slightly more accurate than axial CT for evaluation of
airway stenoses [6], although the differences reporte®ystemic Circulation
in most studies are not statistically significant. We Major applications for CT angiography of the tho-
have found VB useful as a “roadmap” for trans- racic aorta include evaluation of suspected acute trau-
bronchial needle aspiration (TBNA) [7]. TBNA is a matic aortic injury (ATAI), known or suspected tho-
safe and effective means of staging the mediastinumacic aortic aneurysm and evaluation of suspected
and hilum in patients with suspected lung malig-  thoracic aortic dissection.
nancy. Very high accuracy rates, rivaling those of CT continues to assume a greater role in the exclu-
mediastinoscopy, are reported from some academicsion of suspected ATAI. Because helical CT angio-
centers. Yet, a recent survey of members of the  graphy allows direct visualization of the aorta in mul-
American College of Chest Physicians showed that tiple planes, emphasis is now shifting from imaging
only 11% of practicing bronchoscopists performed indirect signs of injury (hematoma) toward imaging
TBNA [8]. Reasons cited for not performing TBNA  direct signs of ATAI: aortic contour abnormality,
include lack of experience, poor results and concern pseudocoarctation, demonstration of an intimal flap
for damage to the bronchoscope with larger needles.or pseudoaneurysm and frank extravasation of con-
In a preliminary investigation, we found that VB was trast. We have found, as have others, that 2-D and 3-
useful for directing transbronchial needle aspiration D reconstructions of the aorta are often valuable for
in patients with enlarged mediastinal or hilar lymph evaluation of suspected ATAI, particularly for revalu-
nodes. Our bronchoscopists also felt that VB improvedation of the aortic isthmus [10].
the yield of their TBNAs using smaller needles. Axial imaging is usually sufficient for diagnosis in
. cases of thoracic aortic aneurysm or suspected aortic
Vascular Imaging dissection. In some cases, however, 2-D and 3-D re-
Pulmonary Circulation constructions can improve confidence or accuracy in
Contrast enhanced spiral CT is an accurate meangissessment of great vessel involvement. Also, these
for assessing both congenital and acquired abnor-  reconstructions present anatomic information in a
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context more familiar to referring surgeons, who mayREFERENCES

prefer them to axial CT images, and thus replace con-1,

ventional catheter angiography.
2.

Summary

Helical CT continues to play an increasingly im-
portant role in the diagnosis and treatment of many 3.
diseases of the thorax. For most purposes, recon-
structed axial images provide all necessary informa-
tion for diagnosis. However, in some circumstances, ,
3-D imaging can be quite useful.

1. Improved diagnostic accuracy or confidence.
2-D and 3-D imaging can improve accuracy and
confidence for diagnosis or exclusion of airway
stenoses, pulmonary emboli, acute traumatic
aortic injury or great vessel involvement in aor-
tic dissection.

2. Improved communication to referring
clinician(s). 3-D images rapidly and efficiently
communicate the type, location, and extent of 7.
abnormality to busy referring clinicians. This
may be particularly true in cases of helical CT
angiography of the aorta, where CT can often re- g.
place catheter angiography, and in cases of air-
way stenoses.

3. Improved CT reading efficiency. Helical CT,
and particularly multi-detector-row CT, is result-
ing in larger and larger data sets. In the future, it
will be impractical and inefficient to interpret
these data sets in traditional axial format. Alter-
native viewing formats, including cine viewing
and non-axial 2-D and 3-D imaging may be re-
quired to efficiently review these large data sets. 1.
Perhaps then, the paradigm shift toward volumet-
ric analysis of volumetric data will occur [11].

6.
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Future Directions of Imaging Lung

Cancer

Edward F. Patz, Jr, MD
Duke University Medical Center

Durham, NC

Objectives

1. Discuss the current limitation of imaging lung

cancer

2. Describe new imaging techniques and bio-
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marker development

There are over 170,000 new cases of lung cancer
in the US each year, and lung cancer accounts for ap
proximately 25% of all cancer deaths. The overall 5
year survival is approximately 14%, and has not sig-
nificantly changed over the past several decades de-
spite newer more aggressive treatment protocols.

The ability to non-invasively diagnose, stage, and
follow patients with cancer has improved with cur-
rent techniques, but there are clear limitations with
conventional studies. These examinations typically
provide anatomic and morphologic information, but
are not always sensitive or specific enough to make

clinical decisions.

It has become clear that new diagnostic strategies
are essential if we are to have an impact on survival.
Lung cancer is a genetic disease and integration of
tumor biology will be essential if we are to have a
significant impact on survival. Potential new areas to

explore include:

» Tumor specific imaging agents targeting tumor
cells or the local environment for diagnostic
and staging, information. Nuclear medicine
studies are more sensitive than conventional

CT or MR.

*

» Development of non-invasive ‘tumor profiles”

which will provide diagnostic and prognostic
information for treatment protocols. This will

reflect the molecular characteristics of the tumor.
 Integration of biomarkers with imaging studies.
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PET Scan and Coincidence Scan
Technology: How Does It Work?

David K. Shelton, Jr, MD
Associate Professor of Radiology
University of California Davis Medical Center

Learning Objectives shown to identify malignant nodules with up to 96%
sensitivity and to improve the staging accuracy in up
to 40% of these patients. In other studies, PET imag-
ing has been shown to change management in 41%
of patients with lung cancer by detecting unsuspected
metastases or by indicating that abnormalities de-
tected on conventional studies may not be malignant.

(1) To learn the basic physiology and concept of
functional tumor imaging with fluorine-18-
FDG, as compared with conventional, ana-
tomic imaging.

(2) To understand the basics of image acquisition
for dedicated ring-type PET imaging, coinci-
dence camera based PET imaging, and high Fluoro-deoxyglucose (FDG)
energy 511 keV SPECT imaging of FDG for
oncologic applications.

(3) To learn the efficacy of FDG PET imaging in
the evaluation of solitary pulmonary nodules
or focal pulmonary opacities.

(4) Evaluate data concerning CT and conven-
tional imaging, whole body PET imaging, and
coincidence imaging in the staging and fol-

@ low-up of patients with lung carcinoma.

Fluorine-18 is a positron emitter that is generated
in a cyclotron by creating an unstable nucleus
through the addition of positrons. The radiopharma-
ceutical, fluorine-18 fluoro-deoxyglucose (FDG) is a
positron emitting glucose analogue with a half-life of
110 minutes. As the nuclei decay to stable state, they
emit a proton (positive electron) which travels 1-2.7
mm and annihilates or reacts with an electron. This
. annihilation reaction releases two, 511 keV photons
Introduction which travel in a line, almost exactly 180° opposite

Numerous recent studies have shown Positron  to each other. These two photons can then be de-
Emission Tomography (PET) to have significant tected with standard heavily collimated SPECT
clinical utility in the evaluation and staging of oncol- gamma cameras or with higher resolution and sensi-
ogy patients. Because of its documented sensitivi- tivity, on a non-collimated coincidence detector and
ties, specificity, and accuracy, the Health Care Fi-  circuitry. The coincidence technigque projects the line
nance Agency (HCFA) has approved funding for (1) of origin or line of coincidence without the use of
characterization of solitary pulmonary lesions and  heavy photon limiting collimators.
nodules with FDG, (2) staging and follow-up of non-  The FDG enters the cell via the normal glucose
small cell lung carcinomas, (3) whole body PET for transport mechanism and is phosphorylated within
recurrence of colorectal and colorectal metastatic  the cell by hexokinase to FDG-6-phosphate. This
cancer, (4) whole body PET for staging and charac- phosphorylation process essentially traps the FDG
terization of Hodgkin's disease and non-Hodgkin’s  within the cell for imaging. Many tumors and their
lymphoma, and (5) whole body PET for recurrence metastases are hypermetabolic, demonstrate in-
of melanoma or melanoma metastatic disease. Otheg¢reased glucose uptake, and actually utilize the FDG
tumor types are currently being scientifically evaluat-in preference over glucose. Therefore, malignant le-
ed for potential Medicare billing. Many private in-  sions show marked increased uptake compared to
surance payers also allow billing for myocardial PET background and benign lesions. To ensure good im-
evaluation, suspected recurrence of brain tumors andge quality, patients must be fasting and if they are
general tumor imaging. diabetic, their glucose levels should be below 200 mg

Approximately 180,000 new cases of lung carci- d/L before the fluorine-18 FDG is administered.
noma are reported in the U.S. per year and lung car-Normal imaging times begin approximately 30-60
cinoma accounts for approximately 25% of cancer minutes after injection of FDG. The patient is kept in
deaths. More than 130,000 new solitary pulmonary a quiet resting status to minimize muscular uptake.
nodules (SPN) are identified in the U.S. per year. Normal body distribution of the FDG is to the brain
PET imaging with fluoro-18-deoxygluclose has been and there is active excretion in the kidneys, ureters,
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and bladder. Cardiac uptake is seen in association low-up. This standard uptake ratio or SUR is equal
with oral glucose loading. Metabolically active tu- to mean ROI (MBq per mk injected dose (MBe
mors will have a very high level of activity or signal body weight in kg). Mean SUR for malignant lesions
to noise versus background. Benign tumors typically is reported at 5.9 + 2.7 with a range of 2-20. Benign
show no increased activity but very active inflamma- lesions have shown SURs of 2.0 + 1.7. SUR levels
tory processes may demonstrate mildly increased  greater than 2.5 to 4 usually indicate malignancy,
FDG uptake. however, most nuclear medicine physicians utilize vi-
. . sual evaluation. Utilizing a SUR threshold of 2.5, re-
FDG PET Imagmg in Focal ported sensitivity is 92% and specificity of 90% for
Pulmonary Opacity malignancy. With visual analysis only, the same re-
Chest radiography detects most of the solitary pulviewers show 98% sensitivity, but 69% specificity.
monary nodules and most lung cancers. However, Whole body PET scans can also detect unsus-
even with the utilization of CT it is often difficult to  pected, extra-thoracic metastases resulting in up to
separate benign from malignant lesions. PET imag-41% of patients having management changes based on
ing provides physiologic and metabolic information these findings. One series evaluating distant metastases
that can non-invasively characterize those lesions  found on whole body PET scan, demonstrated a sensi-
which are indeterminate on chest radiography and CTivity of 100%, specificity of 94% and accuracy of
scan. Overall, the sensitivity of PET with FDG is ~ 96%. In this series, 34% of patients had changes in
greater than 95% for determining malignant lesions. clinical staging and 20% had changes in clinical man-
Failure to detect malignant lesions can be due to vernagement. Common sites of metastases are the liver,
small lesions which are less than 1 cm in size. Alveo-adrenal glands, skeletal system, and brain. Adrenal
lar cell carcinoma and carcinoids have lower levels ofnetastases in lung cancer can occur in up to 20% of
glycolytic activity and thus may not be well seen on patients and yet many adrenal masses represent ad-
PET imaging. These lesions, however, can fre- enomas or hyperplasia and may be indeterminate after
quently be suspected based on clinical or CT evi-  conventional imaging. Studies have shown PET scan
dence. Specificity for detecting malignancy within a in lung cancer patients to be up to 100% sensitive and
solitary pulmonary nodule is reported to be approxi- 80% specific for metastatic lung cancer to adrenal
mately 85-88%. False positive lesions can occur in glands. Small cell lung carcinomas and metastases are
approximately 10-20% of indeterminate lesions usu- also FDG avid and whole body PET imaging has been
ally due to granulomatous disease. A negative PET reported to be clinical useful in the initial staging and
scan is associated with less than 5% probability of  follow-up of small cell lung carcinoma, as well.

malignancy. If a lesion shows no uptake or very low .
uptake, the lesion could eaisly be followed by lim- Therapeutic Response and

ited, non-contrast, thin cut CT. Decision analysis Potential Lung Cancer Recurrence

has shown that the combination of CT and PET is the Conventional imaging with chest radiography, CT,
most cost-effective management for solitary pulmo- or MRI relies primarily on bidimensional measure-
nary nodules, and the addition of PET imaging has ments of tumors and lymph nodes for evaluation of
improved the accuracy of clinical staging. tumor response or tumor recurrence. Accurate evalu-
Lung Carcinoma ation is frequently difficult, secondary to post-treat-
ment necrosis, scarring, and fibrosis due to chemo-

In evaluation of hilar and mediastinal lymph node therapy or radiation treatment. Many oncologists are
staging, numerous studies have shown PET sensitiv-interested in the potential of utilizing FDG uptake or
ity to be approximately 82-100% with specificities of serial decrease in uptake, as a way of following initial
81-100%. Because the PET scan with FDG shows therapeutic response. An early 75% reduction in
hypermetabolic activity, this compares favorably to  FDG uptake has been associated with good tumor re-
reported CT sensitivity of 55-65% and specificity of sponse. Poor response has been associated with poor
65-75% for nodal staging. In addition, whole body outcome. PET imaging has shown to have a sensitiv-
PET has been reported to detect a 10-25% incidenceity of 97-100%, specificity of 62-100% and accuracy
of distant metastases thus precluding surgery in pa- of 78-98% for detecting early recurrence of tumor.
tients thought to be resectable by conventional imag- ) ) .
ing. Abnormal lesions are detected by visual inspec—POS'tron Imaging Modalities
tion of focally increased uptake which may be mul- There are currently three acceptable modalities
tiple or solitary. In addition, some investigators have for imaging positron emitting radiopharmaceuticals:
utilized local regions of interest to provide a more (1) dedicated ring type PET scanners, (2) hybrid
objective value or threshold for evaluation and fol- dual-head coincidence PET scanners, and (3) heavy
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collimator SPECT scanning. Traditional PET scan- continue to improve count sensitivity, image quality,
ners have utilized a fixed ring of detectors most com-and are currently adding attenuation correction sys-
monly composed of bismuth germinate (BGO). tems. Preliminary reports for hybrid coincidence
BGO has a high atomic number and high density re- PET imaging demonstrates 90-100% sensitivity for
sulting in high stopping power for the 511 keV pho- malignant nodules with a specificity of 66-85%. For
tons that are admitted after the annihilation reaction. mediastinal and hilar nodal staging, hybrid coinci-
Dedicated ring-type PET scanners are limited to 511 dence imaging has demonstrated a 78% sensitivity,
keV coincidence imaging and are very costly. A 93% specificity, and 87% accuracy. For 1 cm or
variation on full ring PET scanner are the less expendarger lesions, hybrid coincidence PET imaging cor-
sive dedicated PET scanners, composed of rotating relates well to PET imaging. However, for lesions
banks of BGO detectors which also allow imaging of less than 1 cm in size, dedicated PET imaging has
the 180° opposed, coincidence photons. More re- shown a clear advantage over non-attenuation cor-
cently, new hybrid, two and three-headed gamma  rected coincidence cameras.
cameras have been designed to detect and image th%:onclusion
same coincidence 511 keV photons. These cameras
are usually 25-30% of the cost of a dedicated ring PET imaging with FDG has shown improved sen-
type PET camera and can be utilized for other con- Sitivity, specificity, and accuracy for evaluating soli-
ventional nuclear medicine imaging such as general tary pulmonary nodules, as well as in staging lung
SPECT scans, cardiac SPECT scans, and whole bodgarcinoma patients, compared with conventional im-
imaging. The detector technology remains as sodiunging. Coincidence imaging with hybrid cameras
iodide crystals, which are doped with thallium and has shown good correlation with dedicated PET sys-
have a high light output with good position and spa- teéms, and improvements in coincidence technology
tial resolution. This allows the cameras to also be Wil likely improve the accuracy of staging, as well.
utilized for lower energy tracers such as thallium,  (Disclosure Statement: David K. Shelton, Jr, MD, is a
technetium, and indium. These crystals, however, research collaborator with Picker International.)
have less stopping power and therefore have lowered
detector sensitivity for the higher energy photons at REFERENCES
511 keV. Therefore, many vendors have increased 1. Coleman R.E. Clinical PET in oncology. Clinical Posi-
the crystal thickness from 3/8 inch and up to % inch tron Imaging 1998; 1:15-29. _
(19 mm) in order to improve detector sensitivity 2. Cpleman RE. PET in lung cancer. J. Nuclear Medi-
! cine 1999; 40:814-820.

photon count rates, and thus better spatial and con- 3. Gambhir SS, Hoh CK, Phelps ME, Madar I, Maddahi J.
trast resolution. New crystal technology is also being  Decision tree sensitivity analysis for cost-effectiveness
evaluated. Inherent resolution of these hybrid sys- of FDG-PET in the staging and management of non-

. . A small cell carcinoma. J. Nuclear Medicine 1996; 37:
tems is approximately 4-6 mm which is similar to 1428-35.
clinical PET scanners. However, clinical resolution 4. Gupta NC, Maloof J, Gunel E. Probability of malig-
is approximately 7-8 mm, which is approximately nancy in solitary pulmonary nodules using fluorine-18-
1mm less than a dedicated PET scanner. Hybrid, co- FDPG and PET. J. Nuclear Medicine 1996; 37: 943-8.
. cep . 5. Gupta NC, Graeber GM, Rogers JS, et al. Compara-
mu_denc_e_ca_meras _also haye d|_ff|culty !f the Iev_el of tive efficacy of PET with FDG and computed tomo-
radioactivity in the field of view is too high. Typical graphic scanning in preoperative staging of NSCLC.
coincidence cameras can handle 12,000 to 20,000 Annals of Surgery 1999; 229:286-291.
counts per second versus up to 350,000 counts per & rF::iZC igdjéi ;ZW;V\JA}itGhooggsgnPgrﬁg:i?:?: nfo I:Or;
;egond for dedicated EET dgtectors. F(')r.hybrld €O~ (PET) and 18F£—]2—gﬂu Oro_g_d eoxy-D-glucose in pgﬂ e?}tsy
incidence cameras, this requires a lower injected dose with bronchogenic carcinoma. Chest 1995; 108:1617-21.
or longer waiting times after injection which may ac- 7. Erasmus JJ, Patz EF, McAdams HP, et al. Evaluation

tually increase the signal to noise ratio within a ma- of adrenal masses in patients with bronchogenic carpi-
Iignant lesion noma by using 18F-flourodeoxyglucose positron emis-

- . . sion tomography. AJR 1997, 168:1357-60.
Attenuation correction is also very important to 8. Inoue T, Kim E, Komaki R, et al. Detecting recurrent

image contrast and image quality. Most dedicated or residual lung cancer with FDG-PET. J. Nuclear

PET scanners currently utilize transmission scans to _ Medicine 1995, 36:788-93. ,
enerate attenuation maps which help to compensate - €0/eman RE. Laymon CM, Turkington TG. FDG im-

g A . p P . P aging of lung nodules: A phantom study comparing

for variability in body thickness, composition, and at-  speCT, camera based PET, and dedicated PET. Radi-

tenuation. Improved image quality with attenuation ology 1999; 210:823-8.

correction has been a major advantage for dedicated!®- L?gdorlhc'dela-nOI-I(IjL' LuggEr}a”' G, etal. géTmPat”SO”

. . . Ol dual-nead coinciaence versus rin In tu-
PET scanners versus hybrid coincidence scanners, to g

) L mor patients. J. Nuclear Medicine 1999; 40:1617-1622.
date. However, hybrid coincidence PET cameras
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Pulmonary Embolism: Diagnostic

Approach in the New Millenium
Mayur M. Patel, MD

Introduction REFERENCES

Evaluation of a patient with suspected pulmonary The Piopgd Investigators: Value of yentilation/perfusion
. . . b . scan in acute pulmonary embolism. JAMA 1990; 263.
embolism continues to remain a diagnostic challenge. 5753.5759

Clinical presentation is variable and rarely diagnos- Moses K. Versus Thromboembolism: American Review of

tic. Laboratory tests are improving but still have . ReSB)ift’ﬁOf)’(/lDEeaseJl?/?/Oiu_l“l12L34c-_;2_49d c Gontral

S . T . emy - Jardin M. Remy J, Wattinne L, Girard F. Centra

Ilm,ltatlons' Wlth Fhe a_'vallab"lty of several _neW Im? pulmonary thromboemoblism: Diagnosis with spinal

aging modalities in this past decade, the diagnostic volumetric CT with single - breath - hold technique,

algorithms have also changed. comparison with pulmonary angiography. Radiology
1992: 185: 381 - 387

Objectives Goodman LR et al. Detection of pulmonary embolism in
patients with unresolved clinical and scintigraphic diag-

1. Brief review of clinical presentation of pulmo- nosis: Medical CT versus angiography. AJR 1995;

164: 1369-1376

nary embolism X . . .
y Remy - Jardin M. Remy J, Deschildre F, et al. Diagnosis of

2. Review of various modalities available in diag- pulmonary embolism with spinal CT: Comparison with
nostic approach; pulmonary angiography and scintigraphy Radiology
Plasma D - dimer assay 1996; 200:699 - 700 N
Ventilation - Perfusion Iung Scanning Van_Beek EJR, Reelfe‘rs JA,‘I_Batchelor_DA, et aI: Fea_5|b|I—

ity, safety and clinical utility of angiography in patients
Duplex ultrasonography with suspected pulmonary embolism. Eur Radiol
Synthetic peptide scintigraphy 11996:6:415 - 419 . . _ _
@ Contrast enhanced computerized spiral CT Stein PD, et al. Strategy for dlagnqss of patients Wl.th sus- @
. . pected acute pulmonary embolism. Chest 1993;
Magnetic Resonance Angiography 103:1553 - 1559
Transesophageal echocardiography Quinn RJ et al; Pulmonary embolism in patients with inter-
Selective pu|m0nary angiography mediate probability Lung scans: Diagnosis with Dop-
. . . pler venous US and d - dimer measurement. Radiol-

3. Review of recently proposed diagnostic algo- ogy 1994; 1994: 509-511
rithms with special emphasis on advantages Raskob GE, Hull RD; Diagnosis of pulmonary embolism.
and disadvantages of contrast enhanced com-  Curr Opin Hematol 1999 Sept; 6 (5): 280-4 _
puterized spiral CT and ventilation perfusion Stein PD, Hull RD, Pineo GF; The role of newer diagnostic

. o . . techniques in the diagnosis of pulmonary embolism.
lung scanning as the initial imaging modality. Curr Opin Pulm Med 1999 Jul; 5 (4): 212-5
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Pulmonary MR Angiography

Andre J. Duerinckx, MD, PhD

Abstract not available at time of printing

Oxygen-enhanced MR of the Lung

Hiroto Hatabu, MD, PhD
Associate Professor of Radiology, Director of Pulmonary Functional Imaging Research
University of Pennsylvania Medical Center

The assessment of regional ventilation in human  T2* value. The sequence is T1-weighted by the inver-
lungs is important for the diagnosis and evaluation of a&ion recovery preparation pulse.
variety of pulmonary disorders including pulmonary Laser-polarized Xe-129 and He-3 were proposed
emphysema, diffuse lung disease (i.e., sarcoidosis, puler ventilation MR imaging.[35-38] These noble
monary fibrosis), lung cancer, and pulmonary embo- gases can be hyperpolarized using optical pumping
lism. Oxygen modulates MR signals of blood and fluidtechnique. MR signal from these noble gases may be
through two different mechanisms; (1) a paramagneticincreased by 100,000 times compared with the MR
property of deoxyhemoglobin and (2) a paramagnetic signal in a thermal equilibrium state. The strong sig-
property of molecular oxygen itself.[29,30] Molecular nal from the noble gases enable the acquisition of the
oxygen is weakly paramagnetic with a magnetic mo- data from gas itself. A preliminary clinical study by
ment of 2.8 Bohr magnetrons.[30,31] Young et al demKauczor et al demonstrated feasibility in assessing
onstrated reduction in T1 relaxation time of blood at various pulmonary diseases including chronic ob-
0.15 Tesla after inhalation of oxygen.[30,32] After in- structive lung disease, bronchiectasis, and lung can-
halation of 100% oxygen, the concentration of dis-  cer.[39,40] Diffusion of these noble gases impeded
solved oxygen in arterial blood increases by approxi- by alveolar structure can be measured. In addition,
mately five times. Xe-129 can be dissolved in blood, which may enable

Recently, we have demonstrated the feasibility of perfusion imaging as well as functional brain imag-
oxygen inhalation to evaluate regional pulmonary vending.[41] Recent spectroscopic technique with Xe-129
tilation and examined the effect of oxygen inhalation demonstrated the possibility of separating the signal
on relaxation times in various tissues.[33,34] Signal from lung parenchyma and blood.[42] Xe-129 may
changes from the right upper quarter portion of the  be injected intravenously for delivery to the lung and
right lung following alternate administration of 10L/  vasculature.[43] The hyperpolarized noble gas tech-
min air (21% oxygen) and 100% oxygen via a mask niques provide new exciting applications.[44]
are demonstrated. Calculated T1 values of the lung Although extremely promising, these agents are
with various Tls before and after administration of not ready for routine clinical use because of the high
oxygen were 1336 46 ms and 1162 33 ms, respec- costs of noble gases and the apparatus for laser-polar-
tively. The observed change in T1 value confirms thatization as well as the narcotic effects of large concen-
molecular oxygen can be used as an effective T1 shortrations of inhaled noble gases. Any gases other than
ening agent in the assessment of ventilation in humansxygen utilized for ventilation study, i.e., radioactive
Single-shot fast SE sequence was used to obtain MR gases or hyperpolarized gases, are either heavier or
signal from lung parenchyma, which has very short  lighter than oxygen. Therefore, the behavior of these
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gases may be different from oxygen in the lungs with 9.
gravitational effect.

The oxygen-enhanced MR ventilation technique
utilizes conventional proton-based MR imaging. 10.
Oxygen is available in most MR units for patients
and its administration is safe and inexpensive. Thus
the oxygen-enhanced MRI technique for assessing
pulmonary ventilation has the potential to provide a
noninvasive means of assessing regional pulmonary 11
ventilation at high resolution. Combined with the
MRI perfusion studies, this technique has the poten-
tial to have a major impact on the diagnosis and as-
sessment of a variety of pulmonary disorders.[45]

MR assessment of pulmonary ventilation-perfusion
is possible when combined with recent first-pass con-
trast-enhanced MR perfusion technique using Gd-
DTPA.[15,23,45,46] The combination of ventilation- 13-
perfusion techniques is particularly interesting when
airway obstruction and pulmonary embolism, two
classic disease models of the lung with contrasting ra-
diographic manifestations are studied. Airway obstruc-*
tion causes regional hypoxyemia, which elicits hy-
poxic vasoconstriction, resulting in an accompanying
decreased regional perfusion. Therefore, matched re- 15
gional ventilation- perfusion deficit is expected when a
combined ventilation - perfusion imaging study is per-
formed. In contrast, pulmonary embolism does not
cause airway obstruction. Therefore, regional perfu- 16-
sion deficit without ventilation deficit (mismatched
ventilation-perfusion) is expected on the combined
ventilation-perfusion imaging study. [45] 17.
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