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Abstract

Assessment of Right Ventricular Function and Lurgduvhes using
Multi-detector Row Computed Tomography in Chronies®uctive
Pulmonary Disease Patients

Jin Hur
Department of Medicine
The Graduate School, Yonsel University

Directed by Professor Sang Jin Kim

The purposes of this study was to evaluate theicalinusefulness of
Multi-detector row computed tomography (MDCT) fdnet assessment of right
ventricle (RV) function and lung volumes and teess MDCT results and disease
severity determined by pulmonary function test (PR chronic obstructive
pulmonary disease (COPD) patients.

PFT and cardiac MDCT were obtained in thirty-th@®PD patients. Using
the GOLD classification, patients were divided itlicee groups according to disease
severity; stage | (mild, n=4), stage Il (moderatel5), and stage Il (severe, n=14).
RV volumes, ejection fraction (EF) and wall masgevebtained by cardiac MDCT
using a two-phase reconstruction method based da. By analysis of histogram,
the proportions of lung volumes with attenuatioruea below -910 and -950 HU
were measured. Results were compared among gra&ims a one-way analysis of

variance (ANOVA) with the Student-Newman-Keuls nueth Pearson's correlation
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was used to evaluate the relationship between RafieFwall mass results with PFT
results. P-values less than 0.05 were consideagidtgtally significant.

The mean FEV1 (% of predicted) and FEV1/FVC wer®822% and 65.2 +
2% in stage I, 53.5 £ 11% and 52 + 6% in stagarij 32.3 + 7% and 44.2 + 13% in
stage lll, respectively. The RVEF and mass were 8% and 41 + 2g in stage |, 46 +
6% and 46 + 5¢g in stage I, and 35 = 5% and 55 in6gfage Ill, respectively. The
RVEDV was significantly lower in stage Il than gtage | and Il §<0.01), whereas
the RVESV was not significantly different among ttleee stagespg0.05). In
concordance, the RVEF was significantly lower iagst Il than in stage | and Il
(p<0.01). The RV mass was significantly different amgpdhe three stages according
to disease severity of COP<0.05). There were no significant differences in
RVEDV, RVESV, RVSV, and RVEF pe0.05) between stage | and stage Il
Correlation was excellent between MDCT results BEY1 (=.797 for RVEF and
r=-.769 for RV mass) and FEV1/FVEH.745 for RVEFandr=-.718 for RV mass).
Values for the lower attenuation volume at thredbalf -950 HU at inspiration were
11.2 + 3% in stage |, 21.6 + 8% in stage Il, and33912% in stage lll. Values for
the lower attenuation volume at thresholds of -BilDat inspiration were 22.5 + 5%
in stage I, 37.7 + 10% in stage Il, and 51.6 + lit¥4stage lll. Differences of
percentages of lung volumes at thresholds of -980aHd -910 HU among the three
stages were statistically significant (11.2 + 3%@2s6 + 8% vs 39.3 + 12%, P<0.01,
and 22.5 +5% vs 37.7 £ 10% vs 51.6 £ 11%, P<0.04¢ percentage lung volumes
correlated well with the FEV1 (% of predicted) aRr@EV1/FVC §=-.789 and
r=-.812).

According to our study, cardiac MDCT has the po&rib become a useful

modality in assessment of RV function and RV mydidrhypertrophy in patients



with COPD. Our results showed that the mean RV walks measured by cardiac
MDCT correlates well with COPD disease severityedained by PFT, and that the
mean RVEF eventually decreased in patients withergeMCOPD. In addition,

volumetric measurement obtained by MDCT can prowahe accurate means of

guantification of pulmonary emphysema.

Key words : Multi-detector row CT, Chronic obstructive pulmoyaliseasedleart

ventricle, Heart function, Lung densitometry
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|. Introduction

The evaluation of the right ventricle function diet heart is clinically
important for management of chronic obstructivenprary disease (COPD) because
this disease is known to be complicated by the ldpweent of cor pulmonale.

Cor pulmonale is defined by the World Health Orgation (WHO) as right
ventricular (RV) hypertrophy resulting from a dider that affects either the structure
or the function of the lungsFor patients with COPD, a rapid, reproducible, and
noninvasive technique for RV function assessmenlingcally essential, because the
development of cor pulmonale in these patientslated to mortality rate, and proper

treatment may improve a patient's quality of lifel @rolong the survivdl®



Although, RV function is defined as the ratio ofetiRV stroke volume
(RVSV) and the RV end-diastolic volume (RVEDV), iaélle measurement of RV
volumes and mass, either by echocardiography, diomaclide studies, has proven
difficult because of the complex geometry of righntricle?®> An additional problem
in COPD patients is that emphysema often encouhiarthese patients, may disturb
the transmission of echocardiographic or echo-dopgignals, especially when
emphysema extends between the heart and thoraX wall

Recently introduced multi-detector row computed agnaphy (MDCT) with
subsecond rotation times and dedicated cardiacnséemtion algorithms has the
ability to acquire thin-section spiral CT coronamygiograms:? Using a helical scan
technique, image data are continuously acquirealitiirout the entire cardiac cycle.
Thus, additional end-diastolic and end-systolic gesm can be reconstructed
retrospectively from the same MDCT data for funaéibanalysis. Previous reports
have shown that using cardiac MDCT for RV functassessment is a possible and
acceptable technique?

In COPD, assessment of the normal lung volume ®itant for monitoring
the course of disease and the disease severitglasisvevaluation of right ventricle
function. Because, in COPD, it is mainly destruct{or failure to repair) of the lung
parenchyma that leads to emphysema and there are imlportant structural
alterations that occur in varying degrees to simahchi and membranous bronchioli
(i.e., airways <2 mm in diametet) The structural alterations at these two sites are
considered as the most important contributors & ahflow limitation and to the
accelerated decline of FEV1 in COPD. So, sequentighsurements of FEV1 are
mostly used for monitoring the progress of the akige However, no single

pulmonary function test exists to evaluate all tha@rameters considering the



diagnosis, assessment of severity, prognosis andairse of the disease.

High-resolution computed tomography (HRCT) is knoasma useful method
for quantifying the extent of emphysema. Severgoress have mentioned the
relationship between HRCT scan and pulmonary fonctest in COPD*™ As the
range of CT values in the lung is strongly influeddy the content of air per voxel,
guantitative volumetric CT assessment of emphysentidies by an analysis of the
range, frequency, and distribution of the CT valuesing MDCT at a certain
threshold may reflect the accurate extent of thptgreema.

The purpose of this study was to evaluate theadlnisefulness of MDCT for
the assessment of RV function and lung volumes tandssess the relationship
between these results and COPD disease severigge@smined by pulmonary

function test (PFT).



II. Materials and method

1. Patients Selection

Thirty-three patients with COPD underwent PFT aacd@ac MDCT. Patients
are composed of 29 men and 4 women, aged from 5 tgears (mean age, 62
years).

The diagnosis of COPD was made by clinical exarmonathest radiographs,
and lung function parameters based on the Glolittime for Chronic Obstructive
Lung Disease (GOLD) Workshop RepbriThe following patients were excluded
from our study: patients who had severe cardiaeadis, diffuse or focal parenchymal
abnormalities affecting more than one segmentpdaaral effusion.

This study was approved by the institutional reviewards, and informed

consent was obtained from all patients for PFT eardiac MDCT.

2. Pulmonary Function Test

PFT was performed in a dedicated pulmonary funcléoratory, under the
supervision of a certified pulmonary technologigbefore cardiac MDCT
examinations. For all patients, the interval betwP&T and cardiac MDCT was less
than 1 weeks.

The PFT indexes were measured using a spirometenaxV 229,

Sensormedics, USA). PFT parameters included ttad w#pacity (VC), the forced



expiratory volume in 1 sec (FEV1), the ratio of theced expiratory volume in 1 sec
to the forced vital capacity (FEV1/FVC), and diffug capacity of the lung for
carbon monoxide (DLCO). Values for VC, FEV1, FEWI(F, and DLCO were

expressed as the percentages of predicted valege(ptage of predicted).

All patients were divided in three groups accordioglisease severity based
on GOLD workshop report stage I: (n=4, mild, FEV1/FVC < 70% of predicted,
FEV1/predicted FEV1 > 0.8), stage II: (n=15, moterd~EV1/FVC < 70% of
predicted, 0.3 <FEV1l/predicted FEV1l < 0.8) and stage Ill:(n=14, esey
FEV1/FVC < 70% of predicted, FEV1/predicted FEV103 or FEV1/predicted

FEV1 < 0.5 with respiratory failure or clinical sig of right heart failure).

3. MDCT examination

The cardiac MDCT scan was performed using a sixsdiea helical CT
(Somatom Sensation 16oftware version VA20, Siemens Medical Solutions,
Forchheim, Germany) in the caudo-cranial directigthin a single breath-hold. The
patient's ECG trace was simultaneously recordead 3¢an parameters were as
follows: 420 ms gantry rotation time, 120 kV, 50@81 0.75 mm slice collimation, 1
mm slice width, and 2.8 mm table feed/rotation. &dministration of contrast
solution, composed of 100 ml of contrast media réist 300; Schering, Berlin,
Germany) mixed with 20 ml of normal saline, was adstered intravenously at a
rate of 4.5 ml for the first 20 seconds followedrhye of 1.5 ml for 20 seconds using
a power injection (Envision CT, Medrad, USA). Asiagle head power injector was

used, the contrast media was diluted with salinergter to reduce streaky artifact



caused by high concentration of contrast mediherright heart.

Image reconstruction was performed on the scanmeoikstation using
commercially available software (Syngo, Somaristeemens Medical Solutions,
Germany). We used a partial scan algorithm, whitvided a heart rate dependent
temporal resolution between 70 msec and 210 msae & 420-millisecond gantry
rotation. The reconstruction parameters were davisl a 1 mm slice thickness, a 0.5
mm increment, a 512 x 512 pixels image matrix, @ioma smooth kernel, and a 20
cm field of view.

In order to identify the maximum systolic constinct and diastolic relaxation
phases, we reconstructed two image sets baseceaerttiospective EGC triggering.
The end-systolic phase was reconstructed when ghenstruction window was
located at the halfway point of the ascending T-evam ECG, and the end-diastolic
phase was reconstructed when the window was attaéinepoint of the QRS complex
on ECG.

Multiplanar reformation (MPR) images in a 4-chambé&w, and long and
short axis orientation were reformatted using tenser's standard 3D-software (Fig.
1). From the short axis orientation, MPR imagedwsiction thickness of 6 mm and
without gap were produced to encompass the entirédtn base to apex.

The HRCT scan was performed before the cardiac €ih sising the same
scanner without intravascular contrast material iathtnation. The CT scan was
performed in supine from the lung apices to theelleaf adrenal gland during
inspiration with a slice thickness of 1 mm, takéri@ mm intervals. The acquisition
time is 1 second for each 1-mm thick section, authtical parameters are 120 Kvp

and 174 mAs.



End Systolic End Diastolic

Figure 1. Short-axis MPR images in end-diastolid @amd-systolic phase.

4. MDCT data analysis

Two radiologist independently evaluated the RVESW eRVEDV using
commercially available software (Argus, Wizard, rBéms Medical Solutions,
Germany). The endocardial contours of all the digstand diastolic short-axis
reformation images were manually traced on theescod the analysis software. Both
papillary muscles and trabeculations were consii@at of the RV cavity. The
areas containing a recognizable RV outflow tradbwethe pulmonary valve were
included in the ventricular portion. The RVSV an&/BEF were obtained by the
analysis the software. Measurement of the RV mybabrvolume was performed
from a short-axis plane as described in the previeeporf Endocardial and

epicardial volumes were obtained using commerciallgilable software, by tracing
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endocardial and epicardial contours manually (B)g.The ventricular septum was
not considered part of the RV and not included le tmass measurements.
Myocardial volume was assessed using the followeigpgation: myocardial volume =

(epicardial volume - endocardial volume) *1.05 (f#pecific gravity of heart).

Figure 2. Measurement of RV myocardial volume. End systolic MPR (A) and end

diastolic MPR (B) images in short-axis sections with markers indicating how
endocardial and epicardial borders of these sections were traced. Myocardial volume was
assessed using the following equation: myocardial volume = (epicardial volume -

endocardial volume) * 1.05 (the specific gravity of heart).

5. Volumetric assessment technique(densitometry)

The HRCT scans were evaluated using a softwarergmog@Pulmo, Wizard,

Siemens Medical Solutions, Germany) (Fig. 3A, 3B)e boundaries of each lung
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were determined automatically by a density-disamating computer program.
Manual corrections of lung contour tracing wereallsuneeded at the carina level
due to irregular shape of the hilar bronchovascstiarctures. The trachea, mainstem

bronchi, and air in the gastrointestinal structuvese selectively removed.

Yolume [cem)
Height [cm]
Mean [HU]

gD

L Eval Limit [HU)]
U Eval Limit [HU)]

Figure 3. Lung volumetric assessment methods. (AjialA CT image from a
57-year-old man with COPD. (B) Image indicates fneg volume of attenuation at
threshold from -600 to -1024 HU to exclude sofsuis surrounding the lung and large
vessels within the lung. (C) Image indicates theeoattenuation volume of right (1) and left
(2) lung at thresholds of -950HU. (D) Results om¢ai from the data set indicate the total lung
volume of right (1) and left (2) lung below -950HMean attenuation, and SD of attenuation
of the whole lung volume.
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Threshold limits were from -600 to -1024 to exclusidt tissue surrounding
the lung and large vessels within the lung. Theiwva, attenuation distribution, mean
attenuation, and SD of attenuation of the wholeglwolume were shown by a
histogram display. The histogram provided a fregyenf voxels with specific
attenuation numbers (in HU) in the lung. The petagae of voxels with attenuation
values below a specific level was defined as thweefoattenuation volume at that
threshold. Values for the lower attenuation volumbe¢hresholds of -950, -910HU at
inspiration were measured by moving the boundarg bn the histogram (Fig. 3C,
3D). Thresholds for assessment of abnormally Idenatation of the lung were made
on the basis of previous studies?

Percentages of abnormally low attenuation of luntuwes were calculated
using the following formulas: percentage of loweatiation of lung volume = 108

[hypoattenuating volume (l)/total lung volume (1)].

6. Statistical analysis

Mean volumetric measurements by two observers wseel for analysis. To
evaluate the statistical significant differencedR¥ volumes, EF, and mass among
the three COPD groups, we used one-way ANOVA with $tudent-Newman-Keuls
method. The RVEF and mass results were correlaithdRk# T results using Pearson's
correlation. P-values less than 0.05 were congidstiaistically significant.

Percentages of abnormally low attenuation of luotuwmes were compared

among the three COPD groups using one-way ANOV/A whe Student-Newman-
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Keuls method. The percentages of abnormal low @adtiion lung volumes were
correlated with PFT results using Pearson's cdialaP-values less than 0.05 were
considered statistically significant.

Pearson's correlation and Bland-Altman analysiseweyed to determine the
correlation and limits of agreement between the dleervers who used two-phase
reconstruction method of cardiac MDCT for RVEF anthss measurements.
Wilcoxon signed rank test was used to evaluatésstatly significant differences in
RVEF and mass between the two observers. P-vadgeghan 0.05 were considered
statistically significant.

SPSS software (Version 10.0 Statistical Packagetler Social Sciences,

Chicago, IL) was used for the statistical evaluaio
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[11. Results

Cardiac MDCT short axis reformations allowed a clear delineata the
endocardial contours of the RV in all COPD patietits some patients, stair-step
artifacts were visualized, which were more promirierstage 1l than in stage | or Il.
However, there were no obstacles in the RV volunteraass evaluation.

The PFT results of 33 COPD patients are summairizd@ble 1. There were
four patients in stage |, fifteen in stage Il, dodrteen in stage Ill. The mean FEV1
(% of predicted) and FEV1/FVC in stage |, stageatid stage 11l was 82.2 + 2% and
65.2 £ 2%, 53.5 + 11% and 52 + 6%, and 32.3 + 7%4h?2 + 13% respectively.

Table 2 shows the results of the of the RVEDV, RVERVSYV, RVEF, and
RV mass in 33 patients with COPD. The RVEDV wasi§igantly lower in stage |l
than in stage | and llp&0.01), whereas the RVESV was not significantlyfedént
among the three staggs>(0.05). In concordance, the RVEF was significafdlyer
in stage Ill than in stage | and p<0.01). The RV mass was significantly different
among the three stages according to COPD diseaesetgdp<0.05). There were no
significant differences between stage | and sthge RVEDV, RVESV, RVSV, and
RVEF (>0.05). Correlation was excellent between MDCT Itesand FEV1(=.797
for RVEF andr=-.769 for RV mass) and FEV1/FVE~H.745 for RVEFandr=-.718

for RV mass).
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Table 1. Results of Pulmonary Function Tests in 33 patients with Chronic
Obstructive Pulmonary Disease

Parameter Stage | (n=4) Stage Il (n=15) Stage Il f)=1
VC (% of predicted) 97.3 +4 85.4 +13 719 +15
FEV1(% of predicted) 822 +2 535 +11 323 7
FEV1/FVC(% of predicted) 65.2 +2 520 + 6 44.20F
DLCO(% of predicted) 713 +2 48.3 +£10 36.7 £12

VC: Vital capacity, FEV1: forced expiratory volunre 1 second, FEV1/FVC: the ratio of the

forced expiratory volume in 1 second to the foregdl capacity, DLCO: diffusing capacity of
the lung for carbon monoxide.

Stage I: (FEV1/FVC <70% of predicted, FEV1/predicEEV1 >0.8)

Stage II: (FEV1/FVC <70% of predicted, 0.3=FEV1#ficted FEV1 <0.8)

Stage lll: (FEV1/FVC <70% of predicted, FEV1/pradit FEV1 <0.3 or FEV1/predicted
FEV1 <0.5 with respiratory failure or clinical sigof right heart failure

n= number of patients

Note: Mean values plus or minus standard devig&) are indicated.
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Table 2. Right Ventricular Measurements Obtained with Multi-detector CT Imaging
in 33 Patients with Chronic Obstructive Pulmonary Disease

Measurement Stage | (n=4) Stage Il (n=15) Stage H#l&) P-value
End-diastolic volume (mL) 135 + 10** 126 + 16** 16 11* .002
End-systolic volume (mL) 709 67 £13 62+12 651
RV stroke volume (mL) 64 £ 7** 59 £ 11** 36+ 7* .005
RV ejection fraction (%) 47 £ 3** 46 + 6** 355%* .009
RV wall mass (g) 41 £ 2% 46 + 5* 55 + 6* .008

Stage I: (FEV1/FVC <70% of predicted, FEV1/predicEEV1 >0.8)

Stage II: (FEV1/FVC <70% of predicted, 0.3=FEV1#flicted FEV1 <0.8)

Stage lll: (FEV1/FVC <70% of predicted, FEV1/pradit FEV1 <0.3 or FEV1/predicted
FEV1 <0.5 with respiratory failure or clinical sigof right heart failure)

n= number of patients

* - Significant differences among three stages.

** - No significant differences between two stages.

Note: Mean values +/- standard deviation (SD) ardicated. One-way ANOVA with
Student-Newman-Keuls method was performed to etalttze difference among the three
stages, differences are considered significant<.85 level.

Table 3 shows the results of CT densitometry inpad8ents with COPD.
Values for the lower attenuation volume at thredhodf -910 and -950 HU at
inspiration were 22.5 £ 5% and 11.2 + 3% in stag&/l7 + 10% and 21.6 £ 8% in
stage Il, and 51.6 + 11% and 39.3 + 12% in stagerdbpectively. Differences of
percentages of lung volumes at thresholds of -91tD-850 HU among three stages
were statistically significant (22.5 + 5%, 37.7 @%, and 51.6 + 11%<0.01, 11.2 +
3%, 21.6 + 8%, and 39.3 + 12%x0.01). The percentage lung volumes correlated
well with the FEV1 (% of predicted) and FEV1/FV(G(.789 and=-.812).
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Table 3. Results of CT Densitometry in 33 Patients with Chronic Obstructive
Pulmonary Disease

Parameter Stage | (n=4)  Stage Il (n=15) Stage Il §)=1
Mean inspiratory attenuation (HU) -879 =5 - 886L% -891+21
Percentage of lung volume (%)
- 950 11.2+3 216 +8 39.3+12
- 910 225 %5 37.7 £10 51.6+11

Stage I: (FEV1/FVC <70% of predicted, FEV1/predicEEV1 >0.8)

Stage Il: (FEV1/FVC <70% of predicted, 0.3=FEV1flicted FEV1 <0.8)

Stage Ill: (FEV1/FVC <70% of predicted, FEV1/pradit FEV1 <0.3 or FEV1/predicted
FEV1 <0.5 with respiratory failure or clinical sigof right heart failure)

n= number of patients

Note: Mean values plus or minus standard devig&i) are indicated.

Interobserver agreement was good, with a correlatimefficient of .907 for
RVEF, and a correlation coefficient of .894 for Rwvall mass (Fig. 4). Mean
differences between the two observers were-®.9 for RVEF, and 0.2 5.7 for RV
mass, respectile (Fig. 5). There were no significant differendes RVEFand RV
mass (p=0.74 for RVEF, and p=0.71 for RV mass,aetsyely) (Table 4).

Table 4. Interobserver  Variability of Right Ventricular Measurements with
Multidetector CT in 33 Patients with Chronic Obstructive Pulmonary Disease

Measurement (n=33) r P-value B-A Analysis W (P)
RV ejection fraction (%) .907 .001 0.1+6.9 74
RV wall mass (g) .894 .001 -01+7.2 71

n= number of patients
B-A Analysis. = Bland-Altman Analysis, W = Wilcoxaigned ranks test
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RVEF 2

55 7 . .
y =0.9005x + 4.1665

50 - r=.907 F ®
45

40 ~

30

25 T T T T T 1
25 30 35 40 45 50 55

Figure 4A. Interobserver agreement of measuremeht®V ejection
fractions in 33 patients with COPD. Interobservaration of RV ejection
fraction measurements by two observers. Regresdiaps for
measurements of RV ejection fraction was y = 0.900%1.1665, with a

correlation coefficient of 0.907.
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RV mass 2

55 1

50 Y =08514x +57562 .
r=894

45

40 -

35

25 30 35 40 45 50 55
RV mass 1

Figure 4B. Interobserver agreement of measurenoéi®y wall mass in

33 patients with COPD. Interobserver variation of Rvall mass

measurements by two observers. Regression lineséasurements of
RV mass was y = 0.8514x + 5.7562, with a corretatoefficient of

0.894.
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Figure 5A. Bland-Altman-plot for the difference BV ejection fraction
measurements between two observers in 33 patiefifs @hronic
obstructive pulmonary disease. The mean differdbotd line) £ 2SD

(dash line) was 0.1 + 6.9%.
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Figure 5B. Bland-Altman-plot for the difference dRV mass

measurements between two observers in 33 patiefifs @hronic

obstructive pulmonary disease. The mean differdbotd line) £ 2SD

(dash line) was 0.1 +5.7g.
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V. Discussion

This study showed that the mean RV wall mass aRdnteasured by MDCT
scan correlate with COPD disease severity.

It is known that RV hypertrophy occurs in numerashditions, including
valvular disease, lung disease and chronic leftesitheart failuré®'® Chronic
hypoxemia, which occurs in patients with COPD, &ad hypoxic pulmonary
vasoconstriction and later to structural changethenpulmonary vasculature. This
contributes to the development of pulmonary artehgpertension and causes
increased RV afterloaddRV hypertrophy may results from a response to R¥Ns
pressure overloa *' However, RVEF is well preserved in most patientshw
advanced emphysema during &8t A previous study by MacNédas shown that
patients with COPD had normal RV ejection fractiomsen they were clinically
stable, even though they had experienced episddeghd heart failure due to cor
pulmonale. Pattynama et “Aldescribed that RVEF is not decreased in COPD
patients, and that it is well preserved in mosblst&OPD patients. Biernacki et?l.
also demonstrated this in patients with stable COH8spite the presence of
pulmonary hypertension. In our study, RVEF betwstage | (mild COPD patients)
and stage Il (moderate COPD patients) was notfsgntly different (47 + 3% vs 46
+ 6%, P>0.05), whereas it was significantly lower stage 1ll (severe COPD
patients). These results may reflect that with ipemst RV pressure overload,
compensated RV function falls and eventually resnlRV failure?

In addition, it has been strongly suggested thahen a hypertrophied RV the
EF is preserved until relatively late in the couo$ehe diseas&'?® However, if RV

hypertrophy progresses and RVEDV decreases, comehsRV function can
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eventually fall. In our study, RV mass was sigrifidy different among the three
stages of disease severity. It gradually increagtdpreservation of RVEF in stage |
and stage Il (mild and moderate COPD patients),evewin stage Il (severe COPD
patients), RVEF eventually fell although RV massréased.

Several imaging modalities, including echocardipbsa angio-cardiography,
and radionuclide imaging, have been used to evalR®EF and mass, however the
success of these techniques is limited. Becausieeofomplex shape and substernal
location of the RV, it is difficult to estimate Rviass and function with most imaging
techniqueé.6 RV visualization may be difficult with echocardmaghy because of its
irregular shapé. Furthermore, in patients with COPD, emphysema fteno
encountered, and may disturb the transmission dfoardiographic signals,
especially when the emphysema extends betweeretirednd the thorax wall.

Recently, magnetic resonance imaging (MRI) has begoduced for more
accurate measurements of RV function and wall niassCOPD patient§®?
Pattynama et &f used MRI to evaluated RV function and wall masd inpatients
with moderate COPD and concluded that detectioRWWfmyocardial hypertrophy
with MRI may aid in early diagnosis of cor pulmomatomplicating COPD.
Advantages of cardiac MRI compared to MDCT are latkradiation exposure,
avoidance of iodinated contrast media, and improtadporal resolution in the
evaluation of RV volumes and mass. Furthermorestshas images are readily
available, and secondary reformations requiredardiac MDCT are not needed.
However, cardiac MRI cannot evaluate lung parenchymd is difficult in patients
with dyspnea and heart failure due to a much loegamination time.

Recently introduced MDCT scanners have demonstréitedt ability to

perform RV function and wall mass assessniéhkoch et a demonstrated that the
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mean RVEDV, RVESV, and RVSV determined with MPR 18+detector-row CT
correlated well with those measured by cardiac MiRdwever, to our knowledge,
there are no studies that evaluate RV functiongu$IDCT in COPD patients.

Although cardiac MDCT can be used as a modalitguwaluate RV volume,
function, and wall mass in COPD patients, it hamedimitations for routine use.
Cardiac MDCT requires contrast media to discringrthie ventricular cavity, and its
temporal resolution is inferior to either electroeam CT or MRF’ Ritchie et af®
reported that a temporal resolution of about 20isetonds is needed to completely
avoid any motion artifact in cardiac imaging by Cihus, the limited temporal
resolution used in our study may have been indaffido acquire precise end systolic
volume. Furthermore, in COPD patients, dyspneanofi@its breath-holding for
more than 10 seconds, and stair step artifact déctaventricular function
evaluation. It is hoped that, with technologicavelepments, image quality will
further improve and imaging time will be shorten@aother limitation is radiation
exposure. Total radiation dose was calculated toajperoximately 4 to 6 mSv
depending on scan range and patient's body weight.

Advancement of the MDCT and workstation made itsgae to obtain and
analyze the lung volume data in order to generad&drams of attenuation in
Housfield units for the lun§. Measurement of CT pixel attenuation values pravide
an objective method for quantitating emphysema.iodar techniqgues have been
performed to separate the lung from other sofuéssin order to reduce the time
involved for this analysis, but with use of thesehiniques available on most modern
workstations, 3D lung models can be generated vatmetric data acquired in the
MDCT. Measurement of voxel attenuation values & possible without the need to

transfer data to other computer systems. The largseasily separated from the
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soft-tissue structures including trachea, main stawnchi, and esophagus, with
minimal postprocessing. With this model, the rangfe emphysema is readily
determined by moving a boundary line to the defitir@@shold on a histogram of
attenuation values that present whole lung.

By previous studie¥ " the severity of anatomical emphysematous chamges i
HRCT correlate with PFT. By Arakawa A et "3l their results showed good
correlation of inspiratory and expiratory volumetabnormally low attenuation of
lung measurements to percentage of FEV1, FEV1/RAarnd,DLCO. Our results also
showed good correlation of inspiratory volumetrlinarmally low attenuation of
lung measurement to disease severity which refthet physiologic values of
pulmonary function test. We believe that volumesdanning of the entire lung with
MDCT can be useful and representative of underlpmignonary function.

The low attenuation thresholds that have been usest widely to identify
emphysema on conventional 10-mm-thick CT sectioas200 or -910 HJ? Using
thin section CT scans at 1-mm collimation withootravenous administration of
contrast material. Gevenois et'al®found that a lower attenuation threshold of -950
HU correlated best with morphologic emphysema. un siudy, the low attenuation
thresholds that were used are -910 and -950 HWuhkin section CT scans at 1-mm
collimation without intravenous administration @intrast material.

Our study includes the following limitations. Firshe study population was
too small to generalize results, especial for stagald COPD patients). Second, we
did not include normal control subjects for cortiela of RV function. Third, MDCT
results were not compared to cardiac MRI, whichthis accepted gold standard
modality. These problems will need to be solvetiitare studies.

Although cardiac MDCT has several limitations suab contrast media
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application, radiation exposure, and limited tenapoaresolution, it provides an
opportunity to assess RV function and wall massne breath-hold for patients with
COPD, and allows direct depiction of coronary grtnages in cases of suspected
coronary artery disease. Furthermore, MDCT is awkmauseful method for
guantifying the extent of emphysema. As the ranbe&™® values in the lung is
strongly influenced by the content of air per voxguantitative volumetric CT
assessment of emphysema entities by an analysibeofrange, frequency, and
distribution of the CT values using MDCT at a certéhreshold may reflect the

accurate extent of the emphysema.
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V. Conclusion

Our results showed that the mean RV wall mass meddwy cardiac MDCT
correlates well with COPD disease severity as detexd by PFT and that the mean
RVEF eventually decreased in patients with seve@PO. Thus despite several
limitations, we believe that cardiac MDCT has thatential to become a useful
modality in assessment of RV function and RV mydedrhypertrophy in COPD
patients. In addition, we conclude that volumetrnieasurement obtained by MDCT
can provide an accurate means of quantificatiotun§ volume in COPD patients
and the quantitative lung volumes measured by M2Girelate well with disease
severity determined by PFT. In the near futurediearMDCT with three dimensional
technique can be useful for assessment of RV fom&ind myocardial hypertrophy,
allowing assessment of distribution and accuratergof pulmonary emphysema in

COPD patients.
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