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Measurement of Human Lung Lobar Volume using X-ray CT

Hideaki WATANABE and Hiroyuki KoBa
Department of Internal Medicine (Section 3), Sapporo Medical College
(Chief : Prof. A. SUZUKI)

ABSTRACT This study was conducted to measure the lobar volumes of human lung using CT
under physiological conditions and to define its changes during respiration. Chest CT scans were
obtained in 16 healthy volunteers from the apex to the base of the lung at four respiratory levels;
maximal inspiratory level, half inspiratory capacity level, resting expiratory level and maximal expir-
atory level. The outlines of the lung lobes were traced with a digitizer on CT film and the area of
the lung lobes in the cross-sectional plane was calculated using a personal computer.

The total area of each lobe—right upper lobe (RUL), right middle lobe (RML), right lower lobe
(RLL), left upper lobe (LUL) and left lower lobe (LLL)—multiplied by the thickness of the scan
space gave the lung lobar volume.

We calculated the sum total of five lobar volumes at three respiratory levels in order to obtain
total lung volumes (total lung capacity (TLC), functional residual capacity (FRC:;) and residual
volume (RV.;). Vital capacity (VC.;) was determined by subtracting RV . from TLC,:.

A good correlation was found between the lung volumes (TLC, FRC, RV and VC) measured by
this method and those from spiromefry in the supine position. The ratio of LUL to total lung vol-
ume at the resting expiratory level, which was independent of respiratory effort, was greatest, fol-
lowed by those of RLL, RUL, LLL and RML. As the respiratory level went up from the resting
expiratory level to the maximal inspiratory level, the ratios of RUL, RML and LUL to total lung
volume decreased, while those of LLL and RLL increased. The ratio of LLL to vital capacity was
greatest, 27.7%, followed by that of RLL, 27.2% ; LUL, 21.6% ; RUL, 16.6% ; and RML, 6.9%.

This method of using CT is useful and reliable for measurement of lung lobar volume. The
measurement at different respiratory levels demonstrated the change of each lobar volume during
respiration. Our method is expected to greatly contribute to clinical practice, e.g., diagnosis of
diffuse lung disease which shows local volume change and determination of lobar resection operability
for patienfs with poor pulmonary function.

(Received November 2, 1990 and accepted November 21, 1990)

Key words: CT, Lung volume, Lung lobar volume, Vital capacity

Abbreviations : TLC : total lung capacity
PFT : pulmonary function test IC . inspiratory capacity
RUL : right upper lobe FRC : functional residual capacity
RML : right middle lobe . RV : residual volume
RLL : right lower lobe ERV : expiratory reserve volume
LUL : left upper lobe VC : vital capacity
LLL : left lower lobe FEV : forced expiratory volume
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Fig. 1 The subdivisions of lung volume measured
by pulmonary function test.
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Fig. 2 The subdivisions of lung volume measured
using X-ray CT.
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Fig. 3 Chest CT images of four respiratory levels
at almost equal level relative to spine.

A : maximal inspiratory level. B: half in-
spiratory capacity level. C: resting expir-
atory level. D: maximal expiratory level.
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Fig. 5 A chest CT image at the level of interface
between right upper and middle lobe and its
scheme.

Area A belongs to RUL. Area B, avascular
area, is equally divided into RUL and RML.
Area C is included in RLL.
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Fig. 6 Correlations between lung volumes measured using X-ray CT and measured by pulmonary function test.

A : Correlation between TLC¢r and TLCpgr.
tion between RV¢r and RVper.

B: Correlation between FRC¢r and FRCpr.

C: Correla-



60 (1) 1991

¥HE T % & (Fig.6-A, B, C), TLC¢r & TLCeer
(r=0.959, p<0.01), FRCcr & FRCprr (r=0.936,
p<0.01), RVer & RVppr (r=0.898, p<0.01) ¢x\»
ThIFEECBFHEEEYRL .

3.2 REIRL ~IAZE T DFEBRBENIRET (Table 1)

BRI R L I BEHEEATRERLEE
Wins 54.4+1.7%, ZERiA 45.6+1.7% &AMk
B, BENCIELIED EDAEMN25.4+1.7%
ERBEL, RWTHTEMN23.1+2.2%, AL
20.9+2.5%, &= F #20.2+2.2%, EH#E10.5+
22%DIETH -t TRV A2 1/2 HARKEN,
HABEM~EBEBL BN TH TED D 5 IR
PEBCHEML, MiembIE AGPED S5 EEIT
BEED L.

TR DR KA AR L ~NAD T 5 &,
BHEDED 3 LR ITEE L Mol
BERAOLRLEFEE XD .

ERERE LY L L EMO BRI - edd, B
KU A_ABEL 52 TEMD H® 5 Ry B
L 7.

33 FhERTEE (CT AEMTE) okt
3:3-1 CTRIEMER VC.; & Ik EMES
VCprr & NDIER

VCer 124119.0+733.3ml, VCppr %4832 .5+
805.4 m! &TBEERIEED T ABREXE hote. THE
OMBEE®ET5 & r=0.953(p<0.01) LIEFE BT
MBI %R L (Fig. 7).

OUWT VCer 15 % ZHED IR L HE L 72 (Fig.
8. EH L AN 2350.741.6%, Z i »349.3+
1.6%T, 16 fih 11 BIcER T IcEB A Ch - 1o
PR CIRETED HH 5 EBRAM 27.722.0% & HbE
<, WMWTHETIEMN27.212.2%, £ EEHN21.6+
1.9%, B EIEN16.6+2.0%, HHEH6.9+1.3%
TH - 7.

XECT 2H\vice MERBEORIE 73

90007
N .
E
& 5000
O
> —
y =0.862x — 40.20
r =0.953
p <0.01
0 =TT T ™T
0 5000 9000
VCerr (me)
Fig. 7 Correlation between vital capacity measured

using X-ray CT and measured by pulmonary
function test.

Fig. 8 The ratio of lung lobes to vital capacity.

Table 1 The ratio of lobar volume to total lung volume at the respiratory levels

respiratory level RL LL RUL RML RLL LUL LLL
maximal inspiratory level 52.3%1.3 47.8+1.3 17.9+1.9 8.4+1.4 26.0+1.8 22.6x1.6 25.241.4

half inspiratory capacity level 53‘0i1.4:1* 47.0J_r1.0:|* 19.14;2.2]* 9.0%1. :|* 24.9i2.5%M 24.0£2.1 ' 23‘012.0]*
resting expiratory level 5444i1.7j* 45.6i1.7j* 20.9%2. j* 10.5+2.%* 23.1+2.2 ’ 25.4i1.7:l* ZO.QiZ,Z:I*
maximal expiratory level 55.412‘3]“‘ 23— zo.Siz.Z]n's‘ L4z23— 23.712.2]“' 2u 51940 20.2t1.4]n'5'

*p<0.001,

RL: Right Lung, LL: Left Lung, RUL: Right Upper Lobe, RML : Right Middle Lobe
RLL: Right Lower Lobe, LUL: Left Upper Lobe, LLL: Left Lower Lobe

**p<0.005,

n.s.:

not significant
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Table 2 The ratio of lobar volume fo folal lung volume in the subdivisions of lung volume

RL LL RUL RML RLL LUL LLL
ICer 50.5%1.8 49.5+1.8 15.4+2.1 6.5x1.1 28.6x2.3 20.2+2.0 29.4%2.0
first half IC¢y 51.1£1.8 s 48.9+1.8 s 16.4&2,5 6.8+1.4 s 21.8%3.5 o 216134 . 20.3%3. .
:{n.s. > :ln,s. " :| Wk 9:|r1.s. > :|n‘s. :I*** *
second half ICcy  49.3+3.7 50.7£3.7 13.613.4 6.3x1. 29.513.4 18.0%2.4 32.7£4.5
ERVer 53.07.7 47.017.7 22.7£5.8 8.5%5.0 21.749.1 27.9£7.6 19.249.0

*p<0.001 **p<0.005 ***p<0.01 n.s.:
RL: Right Lung, LL: Left Lung,
RLL: Right Lower Lobe,

not significant

LUL: Left Upper Lobe,

RUL: Right Upper Lobe,

RML: Right Middle Lobe
LLL: Left Lower Lobe
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