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Abstract

Lung Perfusion CT:

The Differentiation of Cavitary Mass

Young Han Lee
Department of Medicine

The Graduate School, Yonsei University

PURPOSE: To evaluate lung perfusion maps based egiorr of interest

(ROI)-studies in the differentiation of cavitary ssa

MATERIALS AND METHODS: Fifty-three patients with g#ary lung masses
who underwent dynamic chest computed tomography) (®ith lung perfusion

protocol were analyzed. All patients underwent apby to confirm the

diagnosis. Dynamic chest CT was performed prioratml at 15, 30, 45, 60,
90, 120, 180, and 300 seconds (from the thoradet ito the adrenal gland)
at 60 seconds after contrast medium injection. Valime map, washout map,
peak map, and time-to-peak map were reformattedgudDL (Interactive Data

Language). The perfusion patterns were classifie ithree scoring groups,
and these scorings was repeated after 2-week #@isenbDiagnostic confidence
levels were assigned by consensus.

McNemar’s chi-square test was used to determinerdbserver agreement, and

Fisher's exact test was used to analyze statistdifferences in perfusion



scores. Receiver operating characteristic (ROC)lyaisa was performed to
evaluate the usefulness of the perfusion maps

RESULTS: Volume maps, washout maps, peak maps, tamgto-peak (TTP)

maps were reformatted pixel-by-pixel from the titnentensity curve analyses
using post-processing software made in-house, ahdset maps showed
perfusion values at a glance. Of 23 patients wibgenic cavities, 16 (69.6%)
showed weak washout and slow TTP. Conversely, of fddients with

malignant cavities, 11 (73.3%) showed strong wash&@f 15 patients with

tuberculous cavities, 9 (66.7%) showed low perfosian the volume and peak
maps. Interobserver agreement was excellent forh egarameter. The
performance of the combination of CT and the pésfusmap was always
better than that of CT alone (Az value differencés132, 0.163, 0.167;
significance levels, p<0.040, p<0.020, p<0.042peetvely).

CONCLUSION: Lung perfusion CT could be a promisiagd feasible method
for differentiation of cavitary mass. Thus, it cdube very beneficial for the
noninvasive diagnosis of cavitary masses, as wsllf@ proper therapeutic

planning.

Key words : Cavitation, Lung, Thorax, CT perfusiddT
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[. Introduction

Information about the morphologic features of aitesy mass on computed
tomography (CT) scans may be insufficient provide accurate and early
diagnosis, and differentiation of a cavitary lunggs is still radiologically and
clinically problematic. Morphologic observations chu as wall thickness,
eccentricity, air-fluid level, the presence of npll cavities in one mass, and
marginal irregularity would help differentiate bgni and malignant cavities
when they have typical features (1), but there d@ms@erable overlap in the

morphologic presentation of many cases in clinidaily practice.



Findings in recent studies using dynamic CT or netignresonance (MR)
with manually-defined regions of interest (ROIs)dicate that differentiation
between benign and malignant nodules is feasiblel3]2 However, these
studies using manual ROI have some limitations udliclg: the need for
additional time-consuming tasks, operator-depengempoor reproducibility, the
absence of a parametric perfusion map at a glaamee, questionable feasibility

in daily practice.

For that reason, we postulated that mapping perfusialues from dynamic
CT images after injecting intravenous contrast mediwould be a helpful and
useful diagnostic tool for differentiation of caaiy mass. Thus, as previous
reports based on dynamic studies have demonstratesl, attempted to
reconstruct perfusion CT maps including the volumap, washout map, peak
map, and time-to-peak (TTP) map. The purposes i skudy were to assess
the findings of perfusion CT maps in cavitary massnd to evaluate the
usefulness of perfusion CT, with a focus on difféi@ing pyogenic,

tuberculous, and malignant cavitary mass.



[I. Materials and Methods

2.1. Patients selection

Cases from fifty-three patients with cavitary lumgasses who underwent
dynamic chest CT scans with lung perfusion CT pmoltobetween September
2005 and March 2007 were examined retrospectivAly. patients underwent
lung perfusion CT before biopsy. All patients’ dimges were confirmed with
transbronchial lung biopsy (TBLB) or CT-guided tsthroracic needle biopsy.

The patients ranged in age from 28 to 84 years rjnege, 60.4 years); 41
were men and 12 were women. Of these patients #23plgagenic cavities, 15
had tuberculous cavities, and the remaining 15 mmadignant cavities. The last
group consisted of squamous cell carcinoma (n=8gnacarcinoma (n=5), and
metastatic squamous cell carcinoma (n=1).

No specific approval by our institutional review dsd is needed for
retrospective studies. Excluded from the study weases demonstrating poor
cooperation, previous chemotherapy, cavitary maghkas were too small, and

excess motion artifacts.

2.2. Methods

2.2.1. Dynamic CT imaging studies
All the source images of lung perfusion CT wereaoi®d with 16-channel

MDCT (LightSpeed Pro 16; GE Medical Systems, Milke&, WI). An



18-gauge cannula was placed into an antecubitaafogein while the patient
lay supine on the scanner table. The following imggparameters were used:
120 kV; 200 mAs; table feed, 13.75 mm; matrix, 54512. All studies were
performed using breath-hold with full inspiration.

Before the intravenous injection of contrast mediuanseries of 10 images
was obtained throughout the nodule for 25 mm altmg z-axis with 2.5-mm
collimation. This precontrast study provided a fliaseimage and was used to
plan the subsequent perfusion study. Thereafter,additional eight series of
images were obtained at 0, 15, 30, 45, 60, 90, 1AW, and 300 seconds
(throughout the mass for 25 mm along the z-axis [irtages], and from
thoracic inlet to adrenal gland) at 60 secondsr aiftgecting contrast medium
(4 mL/sec, total of 120 mL of nonionic iodide cast, Ultravist 300;
Schering, Seoul, Korea) with a power injector (&tdl Duaf’; Medrad,
Indianola, PA) with the same parameters as for ittigal precontrast series (9
total series of images obtained at 0, 15, 30, 4%, ¥, 120, 180, and 300

seconds).

2.2.2. Lung perfusion maps

Image reconstruction and perfusion mapping werdopeed on a separate
IBM compatible personal computer, using dedicatethage-reconstruction
software made in-house using Interactive Data Laggu (IDL; Research
Systems Inc., Boulder, CO) as a development tobe Volume map, washout
map, peak map, and TTP map were reformatted pixgikel from
time-to-intensity curve analysis using post-protesssoftware. For each pixel,

the change in Hounsfield Units (HUs) over time m@fteontrast material



administration was transformed by a model-indepehdmethod to generate
color-coded parametric maps of volume, washoutkpead TTP maps for the
cavitary mass (Fig 1). Each pixel location withirhet perfusion map
corresponded to a single semiquantitative perfusialue that resulted from the
mathematical calculation of the data at that pikeb., perfusion maps were
created on a pixel-by-pixel basis). This lung pegida processing was

automated, eliminating operator-dependent errors.

2.2.3. Image Analysis

All the perfusion CT maps and conventional imagesrewinterfaced to our
personal computer, which displayed all image dataaomonitor (1280 x 1024
resolution and 24-bit colors). The first analysss a perfusion pattern analysis
to evaluate the differences in perfusion CT mapd &m show the trends in
perfusion CT maps, and the second analysis is didemce scale analysis to
compare the diagnostic performance of the perfus®h maps with that of
conventional CT. All the conventional CT and peidns CT maps were
reviewed independently by two chest radiologistsaware of the clinical
information or histopathologic data.

First, the perfusion patterns were classified intbree scores (high
perfusion, 3; intermediate perfusion, 2; low pedas 1) as follows: high,
middle, and low perfusion on volume and peak mapsense, intermediate,
and weak washout on washout maps; and fast, intkatee and slow
perfusion on time-to-peak maps. The final scorinigg the CT perfusion
findings were reached by consensus.

Second, the image review consisted of two sessioosventional CT alone



and the combination of CT and perfusion maps. Diagja confidence levels
(1= definitely negative, 2= possibly negative, 3wigqcal, 4=possibly positive,
5= definitely positive) were assigned by two chestdiologists who were
unaware of the clinical information or histopathgito data. The final
confidence levels were reached by consensus.

A review of conventional CT alone was performed.eSén conventional CT
scans comprised two images per patient: mediastviabow (window width,
400 HU; window level, 30 HU) and lung window (winsdowidth, 1600 HU,;
window level, - 700 HU) images at the same level of the perfusioapsn
Diagnostic confidence levels with conventional CErev assigned by two chest
radiologists who were unaware of the perfusion Cifdihgs. Reviewers
focused on the findings for the cavitary massesichviincluded wall thickness,
inner and outer margins, eccentricity, and airefldevel. We did not consider
any ancillary findings, such as satellite nodulggsnphadenopathy, metastasis,
and pleural effusion. Thereafter, review of the fggon CT maps was
performed at 2-week intervals to minimize learniagd recall biases. Lung
perfusion CT scans were evaluated to differentilie cavitary masses by
assigning diagnostic confidence levels regarding tlkelihood of pyogenic,
tuberculous, or malignant cavitary masses using dbetinuous 5-point rating

scale.

2.2.4. Statistical Analysis
The interobserver agreement between two reviewerspérfusion level was
calculated with McNemar's chi-square test. As poasly suggested (14), a

kappa statistic greater than 0.75 was considerethdizate excellent agreement



beyond chance; 0.4-0.75 indicated fair to good ement; and less than 0.4
indicated poor agreement. The Fisher's exact tests wised to analyze
statistical differences in perfusion scores amongpgpnic, tuberculous, and
malignant groups of patients who underwent dynalaig perfusion CT.

Receiver operating characteristic (ROC) analysis wwerformed to evaluate
the usefulness and diagnostic performance of perfusnaps compared with
those of conventional CT alone. Each area under RG@¥C curve (Az) was
calculated. Descriptive statistical analysis wasfquemed as follows: sensitivity
and specificity for each diagnostic modality wergcalated using a confidence
rating of 4 or 5 as positive.

A p value of less than 0.05 was considered to atdica statistically
significant difference. ROC analysis was performesing MedCalc software
(version 7.4, Mariakerke, Belgium). All other ssdital analyses were

performed with SPSS software (version 11.0; SPSS IBhicago, IL).



[1l. Results

3.1. Lung CT perfusion features

The volume map, washout map, peak map, and TTP wap reformatted
pixel-by-pixel from the time-to-density curve ansily using a post-processing
software made in-house, and these perfusion mapweshthe perfusion values
of the cavities at a glance by differences in spedf colors (Fig 3-7).

Perfusion scorings in pyogenic, tuberculous, andligmant cavities were
statistically different in volume, washout, peak pnand TTP map (p = 0.002,
p = 0.001, p = 0.001, p = 0.001, respectively). Motume maps of pyogenic
cavities showed significantly higher perfusion thalmose of malignant and
tuberculous cavities (p = 0.001). Washout maps afignant cavities showed
significantly higher perfusion (i.e. intense wastouhan those of benign
(pyogenic and tuberculous) cavities (p = 0.002)béraulous cavities showed
low perfusions in the volume, peak map, and washmoaps.

Of 23 patients with pyogenic cavities, 16 (69.6%)owed weak washout
and slow TTP. Conversely, of 15 patients with nredigt cavities, 11 (73.3%)
showed strong washout. Of 15 patients with tubercsil cavities, 10 (66.7%)

showed low perfusion in the volume and peak mapbl€rl 1).

3.2. Interobserver agreement

Interobserver agreement was excellent for eachnpea as indicated by a
kappa of 0.770 (p=0.001), 0.854 (p=0.001), 0.78E=0(P01), and 0.822
(p=0.001) for volume maps, washout maps, peak maps] TTP maps,



respectively.

3.3. ROC Analysis

The areas under the ROC curves for pyogenic, tubmrs, and malignant
cavities were as follows: 0.820 (95% CI, 0.6900®11) for CT alone, and
0.952 (95% CI, 0.855 to 0.991) for the combinatioh CT and perfusion
maps; 0.816 (95% CI, 0.685 to 0.909) for CT aloaed 0.979 (95% ClI,
0.895 to 0.997) for the combination of CT and psida maps; and 0.767
(95% CI, 0.630 to 0.872) for CT alone, and 0.935%9Cl, 0.831 to 0.983)
for the combination of CT and perfusion maps, respely. The performance
of the combination of CT and perfusion map was gtwdetter than that of
CT alone (Az value differences, 0.132, 0.163, O0;1&ignificance levels,
p<0.040, p<0.020, p<0.042, respectively). (Tables3;2Fig 2).



Table 1. CT perfusion characteristics of Cavitary Mass

Abscess (n=23) Tuberculosis (n=15) Malignancy (n=15)

Volume map  H(17/23) L(10/15) H(9/15)

Washout map L(16/23) L(6) or I(7) H(11/15)

Peak map H(19/23) L(6) or I(5) H(12/15)

TTP map H(20/23) I (11) L(6) or 1(8)

TTP = Time-to-peak, H = high perfusion , | = interdmte perfusion, L=low perfusion

Table 2. Az values difference of conventional CT alone Versus the combination of CT
and perfusion CT

ROC Performance (Az)

Pyogenic  Tuberculosis  Malignancy

CT alone 0.820 0.816 0.767
Perfusion CT 0.952 0.979 0.934
P value 0.040 0.020 0.042

Table 3. Sensitivity and specificity in Differential diagnosis of cavitary mass with
conventional CT aone versus the combination of CT and perfusion CT

Sensitivity (%) Specificity (%)

Pyogenic TB Malignancy Pyogenic TB Malignancy

CT alone 73.9 73.3 80.0 90.0 86.8 65.8

Perfusion CT  95.7 80.0 73.3 93.3 100.0 89.5

TB = Tuberculosis

,10,



Figure 1. Perfusion source images.

Dynamic CT source images in a 55-year-old man withung abscess on the right
lower lobe. The source image set consists of nigralsdynamic images. This nodule
was 22 x 24 mm in diameter. Note placement of megib interest (ROI). Nine total

series of images obtained at 0, 15, 30, 45, 60,120, 180, and 300 seconds.

,11,



Sensitivity

i} 20 40 B0 a0 100 o 20 40 B0 aa 100 i} 20 40 B0 a0 100
100-Specificity 100-Specificity 100-Specificity
(a) (k) (c)

Difference between areas Difference between areas

Difference between areas
= 0.313 (P = 0.001) =0.235 (P = 0.003)

= 0.229 (P = 0.011)

— — Conventional CT alone

Combination of conventional CT and perfusion CT

Figure 2. Graphs of the ROC curves for cavitary masses.

(a) ROC curves for inflammatory cavities. The AZues are 0.820 (95% CI,
0.690 to 0.911) for CT alone and 0.952 (95% CI,586.80 0.991) for the combination
of CT and perfusion maps. The difference between ttho areas is 0.132 (P =
0.040).

(b) ROC curves for tuberculous cavities. The Azuesal are 0.816 (95% CI, 0.685
to 0.909) for CT alone and 0.979 (95% CI, 0.8950t897) for the combination of
CT and perfusion maps. The difference between W dreas is 0.163 (P = 0.020).

(c) ROC curves for malignant cavities. The Az valuwae 0.767 (95% CI, 0.630 to
0.872) for CT alone and 0.934 (95% CI, 0.831 to88)9for the combination of CT

and perfusion maps. The difference between the aveas is 0.167 (P = 0.042).

,12,



Volume map | Washout rr"{ap Peak ma"rg TTP map

Figure 3. Chest CT and parametric perfusion maps in a 55-year-old man with a
lung abscess in the right lower lobe superior segment.

(a) Mediastinal and lung window setting of transeetthin-section (2.5-mm
collimation) CT scan obtained at the level of thght superior pulmonary vein shows
an irregular thick-walled cavitary mass. This masstained central low density.
Ipsilateral pleural effusion is noted.

(b) A continuous increase of attenuation followimgravenous administration of
contrast material demonstrates a gradually incckgmstern in time-concentration curves.
(c) Four parametric perfusion maps, including vadumap, washout map, peak
map, and TTP (time-to-peak) map, were reformattedha same level. Volume map

and peak map show red and yellow colors signifyimgh perfusion. Washout map
shows blue and cyan colors signifying weak wash@uttite arrows). TTP map shows

red color signifying slow and prolonged flow (blaekrows).

,13,
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Volume map_ Washout map Peak map TTP map .

Figure 4. Chest CT and parametric perfusion maps in a 63-year-old woman with
tuberculosis in the left upper lobe apicoposterior segment.

(a) Mediastinal and lung window setting of transeetthin-section (2.5-mm
collimation) CT scan shows an approximately 3.0simed cavitary mass (arrows) with
a satellite nodule (thick arrow) and a pleural (@growhead).

(b) This curve demonstrates a plateau. No releesiancement was calculated
after intravenous administration of contrast materi

(c) Four parametric perfusion maps, including vadumap, washout map, peak
map, and TTP (time-to-peak) map, were reformattedha same level. The volume
map and peak map show blue color signifying lowfyson. The washout map shows
blue color signifying weak washout. The TTP map vehosellow and green colors

signifying relatively slow flow.

,14,



Figure 5. Chest CT and parametric perfusion maps in a 35-year-old man with

squamous cell carcinoma in the left upper lobe apicoposterior segment.

(a) Mediastinal and lung window setting of transeetthin-section (2.5-mm
collimation) A CT scan obtained at the level of tleét pulmonary artery shows an
approximately 5.1-cm-sized, relatively thin-walledvitary mass with air-fluid level.

(b) This curve was characterized by a fast densityease and an obvious decrease
after the first bolus transit. The second peak wWas to secondary circulation.

(c) Four parametric perfusion maps, including vadumap, washout map, peak
map, and TTP (time-to-peak) map, were reformattedha same level. The volume
map and peak map show red and green colors siggifselatively high perfusion. The
washout map shows red color (black arrows) signifyfocal intense washout, which
is explained by washout. TTP map shows a tiny fdaeat flow, which indicates

intense washout on the washout map, showing a $kg @olor (white arrows).

,15,
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'"Volume map . Washout map Peak map

Figure 6. Chest CT and parametric perfusion maps in a 55-year-old man with
squamous cell carcinoma in the right upper lobe.

(a) Mediastinal and lung window setting of transeetthin-section (2.5-mm
collimation) CT scan obtained at the level of thght superior pulmonary vein shows
an approximately 8.1-cm-sized heterogeneous muitated mass with an infiltrating
margin.

(b) This curve was characterized by a fast densityease and an obvious
decrease after the first bolus transit.

(c) Four parametric perfusion maps including volumap, washout map, peak map,
and TTP (time-to-peak) map were reformatted at shme level. The volume map and
peak map show red and green colors signifying ivelgt high perfusion. The washout
map shows red color signifying intense washout,ctvhis explained by washout. The

TTP map shows green and sky blue colors signifyieigtively fast flow.

,16,



Figure 7. Chest CT and parametric perfusion maps in a 71-year-old woman with

adenocarcinoma in the right middle lobe.

(a) Mediastinal and lung window setting of transeetthin-section (2.5-mm
collimation) CT scan shows an approximately 5.3 .%-&n-sized mass with necrotic
portions.

(b) This curve was characterized by a fast denisityease and an obvious
decrease after the first bolus transit.

(c) Four parametric perfusion maps, including vadumap, washout map, peak
map, and TTP (time-to-peak) map, were reformattedha same level. The volume
map and peak map show red and green color siggifyatatively high perfusion. The
washout map shows red color signifying intense washwhite arrows), which is
explained by washout. The TTP map shows green &gdbhkie colors signifying fast

flow (dashed arrows).

,17,



V. Discussion

The differential diagnosis of a cavitary mass igically and radiologically
important for the determination of treatment plagniand prediction of the
patient's outcome. The presence of cavitation inglicancer is common and
has been reported in-216% of lung cancer patients (15). Known CT features
suggestive of a malignant cavity include wall timeks over 4 mm and
spiculated or irregular margins of inner and outawity walls. The tuberculous
cavity is a common feature suggestive of activdustan tuberculosis patients.
Hadlock et al. (16) reported that 120 (51%) patieatnong 236 had evidence
of cavitation, and Woodring et al. (17) demonsttathat tuberculous cavitation
was common (45%) with various cavity wall thickress(from very thin and
smooth to very thick and nodular). A lung abscessdéfined as a localized
area of suppuration with destruction of Ilung pahgmea (18). The
conventional CT features of an abscess includeyuieg inner (57%) and outer
margins (91%), relatively thin walls (mean 1.0crogntral location (57%), and
air-fluid level (86%) (1). Morphologic evaluationowld help differentiate these
cavitary masses when they have typical featured, there is considerable

overlap in morphologic presentation in many cases.

Some authors have reported the usefulness of etrnhanced dynamic
CT in the work-up of solitary pulmonary nodules K& (4-12, 19-20). Recent
technological advances in helical multidetector GWDCT) allow precise
evaluations of hemodynamic characteristics in &sskindings in recent studies

using manually-defined ROl (Regions of Interestjlicate that enhancement of

,18,



malignant SPNs following intravenous administratiafi contrast material is
greater than that of benign SPNs depicted on Chssemd MR images (2-3,
8, 13, 21). Schaefer et al. (22) simplified thedinygs into four distinct signal
intensity profiles: fast initial increase and matkdecrease, fast initial increase
and no decrease, continuous increase, and no mnélesahancement. Signal
intensity changes in dynamic MR parameters such MR, slope, and
washout ratio correlate with tumor vascularity, antese dynamic MR
parameters may be helpful in the prediction of pomjs, as described in the
study of Fujimoto et al. (23). Yi et al. (2) repsuit that the extent of
enhancement reflects underlying nodule angiogenesisng net enhancement,
maximum enhancement ratio (MER), time to peak (TTé&)d slope. However,
these studies using manually-defined ROl have stim#ations, including the
need for additional time-consuming tasks, operdependency, poor
reproducibility, the absence of a parametric pésfusmap at a glance, and
guestionable feasibility in daily practice. Paramcetperfusion maps can be
reformatted pixel-by-pixel from time-to-intensity uwes on the basis of
previous ROI studies. Interest in lung perfusion pmahas been growing.
Recently, an MDCT technique was shown to permitntjtaetive whole tumor
perfusion assessment, and good measurement refoitiducfor lung masses

was reported (24).

In the present study, we used various acquisitiore tintervals (15, 30, 45,
60, 90, 120, 180, and 300 seconds) to obtain dynaimiormation about
cavitary masses. These intervals enabled us tonoktasuitable and acceptable

time-to-density curve by identifying the detailetianges in HU for the entire

,19,



duration of dynamic imaging. Furthermore, we couédonstruct four perfusion
maps in an automated fashion, eliminating humars bra manually defining
ROI. These perfusion maps provide various perfusiatues at a glance by
differences in spectra of colors. The perfusiontgsas were classified into
three scores as follows: high, middle, and low y&dn in volume and peak
maps; intense, intermediate, and weak washout ishe# maps; and fast,
intermediate, and slow perfusion in time-to-peakpsaBy using this scoring
system, the complex and various perfusion maps dcchg simplified, and
assessment of the perfusion maps can be made.easier

In our study, the walls of pyogenic cavities showeedcharacteristic finding
(16 of 23 pyogenic cavities; 69.6%): weak washonttbe washout map (blue
and cyan colors) and slow flow on the TTP map (aedl yellow colors) (Fig
3). Our study population contained only one patiaith a pyogenic cavity
that may have shown rapid washout on the washoup. nffdhe TTP map
showed slow and prolonged perfusion in 20 patiemtsong a total of 23
patients who had pyogenic cavities. An histopathiclofinding associated with
an abscess is an abundant formation of granuladimh fibrosis, which implies
a regenerative healing process associated withanmfiation. In the present
study, we expected that abundant formation of dediom and fibrosis would
reflect characteristic perfusion findings.

We observed some interesting features of perfusionthe walls of
tuberculous cavities: significant low perfusionsluéb and cyan colors) were
shown in the peak and volume maps after contragtiume injection (10 of 15
tuberculous cavities; 66.7%). On the other han@& wWashout maps and TTP

maps showed nonspecific patterns (Fig 4). The wéllthe tuberculous cavity
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consists of caseous materials, epithelioid cellsh wnultinucleated giant cells,

granulation tissue, and a fibrous capsule (25). €hbancing area corresponds
histopathologically to a fibrous capsule or epithidl granulomas in a remnant
of granulation tissue, whereas a nonenhancing eoesesponds to a caseous or
liquefied necrotic area (26). In the present studye thought these fibrous
capsules or epithelioid granulomas would be degictes significant low

perfusions.

The walls of malignant cavities were characteriiydwashout maps (11 of
15 malignant cavities; 73.3%), similar to those R®I studies (2-3, 27-28). Of
15 patients with malignant cavities, 6 (40%) showstbng and rapid washout
and fast TTP, and 12 (80%) showed high perfusionpéak maps (Fig 5-7).
This washout phenomenon of contrast material han bgeen in a variety of
other tumor types with signs of hypervascularity)(2This type of washout is
known to correlate with the tumor interstitium (thiensity grade of elastic
fibers and collagen fibers, elastic fibers 1-3 amallagen fibers 1-3) (23). This
strong contrast enhancement and rapid washoutlasedeto high vascularity in
tumors and interstitial accumulation of contrastterial by means of increased
permeability of tumor capillaries (28). These featu are often present in
malignant tumors (29-31). However, another studyporeed that no
parenchymal destruction or tumor-associated neolaszation was found in
16% of 500 stage | primary lung cancers (32). Indittmh, pyogenic
conditions have been demonstrated to stimulate rameased blood flow in
malignant lesions (3, 11, 33). In our study, higérfpsions were seen in 12
of 15 patients (80%) with malignant cavities and &P 23 patients (82.6%)

with pyogenic cavities. Therefore, we thought ttia¢ strong enhancement (i.e.
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high perfusion on the peak map) is not sufficieot ihdicate malignancy.

However, rapid washout could be a reliable findiog differential diagnosis.

In our study, ROC analysis was used to evaluate tisefulness of
perfusion maps, compared with conventional CT aldioe differentiating
cavitary masses. The performance of the combinatbnCT and perfusion
maps was always better than that of CT alone (Fjg 18 other words,
differentiations of cavitary masses were more gasidchieved with a
combination of CT and perfusion maps than with th€&T alone with
statistical significance (Az value difference, (8310.235, 0.229; significance
level, p=0.001, p=0.003, p=0.011, respectively). @me other hand, the
sensitivity of CT alone is higher than that of tlwembination of CT and
perfusion maps in differentiating malignant cawtidVe thought that this might
be due to the tendency to overread the cavitarysnmasuncertain cases (Table

3).

Our study has the following limitation: on convemal CT review, we
focused on the features of the cavity in the pressndy, but we did not
consider any ancillary findings including satellilgodules, lymphadenopathy,
metastasis, and pleural effusion. So there may bdiffarence between the

evaluation in our study and readings in clinicallydgractice.
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V. Conclusion

In conclusion, lung perfusion CT could be a prongsiand feasible method
for assessing cavitary mass. Thus, it could be Jmgeficial in allowing for
noninvasive diagnoses of cavitary mass and in jpt@nthe proper therapeutic

planning.
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Abstract in Korean

W B CT: 354 79 0
Lung Perfusion CT: The Differentiation of Cavitary

Mass

st YAGGS dAY. P =+ 2= IDL(Interactive Data Languagé)

o] &3}l Volume map, Washout map, Peak mapz| 12 Time-to-peak(TTP)

maps TN BF ALE F4 BHo2 geseigod Wiz
3}

%}l 59

Fhol =7 o] A A (McNemar's chi-square test) o] &3 A==

—

7zt #ARAEY] HeEe M AFE A (Fisher's exact tes§ o] &-3to] F7

,29,



7 shsirh

A3t =

|

Y

g

= F8Ael o

o] Volume map, Washout map,

o] &

L~ =
s

Peak map,22]32 TTP map S +

J

o} X
2

o) 2 15%) 9

LR

7+3+ washout

=
=

H7 TTP

I =

112 (73.3%)p1l A

R

3l washout

ok
2

(69.6%)1 A

H o 154

FA =
I, 94(66.7%) | A Volume map 3} Peak mapi A

135

TC
TR

%‘j”] %’

CRCRC

o]

CTet #7CT

Al A
|

o A I

0.002, p=0.001, p=0.001, p=0.001y,

(p=

o

+7F p<0.040, p<0.020, p<0.042]%}

0.132, 0.163, 0.167H,

oh.

Mo

ol
yAO

T
OO

e

A ABAY s =+

=1
=

o

2

|
Sy

Az

o

,30,



	Contents
	Abstract
	I. Introduction
	II. Materials and Methods
	2.1. Patients selection
	2.2. Methods
	2.2.1. Dynamic CT imaging studies
	2.2.2. Lung perfusion maps
	2.2.3. Image Analysis
	2.2.4. Statistical Analysis


	III. Results
	3.1. Lung CT perfusion features
	3.2. Interobserver agreement
	3.3. ROC Analysis

	IV. Discussion
	V. Conclusion
	References
	Abstract in Korean

