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ÖZET

Kronik obstrüktif akciğer hastalığı olgularında solunum fonksiyon testleri, toraks YRBT ve kantitatif
ventilasyon-perfüzyon sintigrafisi arasındaki ilişki

Çalışmamızda yaş ortalamaları 65.6 ± 5.5 yıl olan 16 kronik obstrüktif akciğer hastalığı (KOAH) olan erkek olguda, sol-

unum fonksiyon testleri, toraks yüksek rezolüsyonlu bilgisayarlı tomografi (YRBT) incelemesi ve kantitatif ventilasyon-per-

füzyon (V/Q) sintigrafisi arasındaki ilişki incelenmiştir. Olguların ortalama FVC değeri 2352 ± 642 mL (%65.4 ± 15.8), FEV1
değeri 1150 ± 442 mL (%40.8 ± 14.9),  DLCO/VA değeri 3.17 ± 0.88 mL/dakika/mmHg/L, PaO2 ve PaCO2 değerleri sırasıyla

68.5 ± 11.04 mmHg, 38.9 ± 5.8 mmHg idi. Her hastanın toraks YRBT ve V/Q sintigrafi imajları, sağ ve sol akciğerde üst,

orta ve alt alanlara bölünerek incelenmiştir. Toraks YRBT’de amfizem skorlaması için Visual skorlama yöntemi kullanılmış

ve bu yöntemle amfizem derecesi hafiften ağıra doğru skorlanmıştır (≤ %25 - ≥ %76). Amfizem skorlarının her iki akciğerin

üst alanlarında en yüksek olduğu, aynı alanlarda V/Q oranlarının da en düşük olduğu bulunmuştur. DLCO/VA, DLCO

değerleri ile total amfizem skoru ve üst, orta, alt akciğer alanlardaki amfizem skorları arasında korelasyon tespit edilmiştir.

Çalışmamızda; KOAH’lı olgularda amfizematöz değişikliklerin üst akciğer alanlarında daha belirgin olduğunu ve aynı alan-

larda V/Q oranının en düşük olduğunu saptadık.

Anahtar Kelimeler: KOAH, yüksek rezolüsyonlu bilgisayarlı tomografi, ventilasyon-perfüzyon sintigrafisi.

Yazışma Adresi (Address for Correspondence):

Dr. Tunçalp DEMİR, Ata-4, 2B D56 Ataşehir, 34758 İSTANBUL - TURKEY 

e-mail: tuncalp@hotmail.com - drtuncalp@yahoo.com



It is recognized that the generic term chronic
obstructive pulmonary disease (COPD) includes
patients with a variety of conditions including
emphysema and chronic bronchitis which may
occur alone or in combination (1). Cigarette smo-
king is the dominant risk factor the development
of COPD (2). Emphysema implies loss of elastic
recoil producing airway collapse and gas trap-
ping, resulting in hyperinflation which is a useful
but non-specific feature on chest X-ray, whereas
loss of lung tissue and alterations in the pulmo-
nary vasculature can only be accurately assessed
by thorax high resolution computed tomography
(HRCT) (3). Centrilobular emphysema with up-
per lobe predominance is the most common type
of emphysema in smokers. Thorax HRCT scan-
ning is also sensitive and accurate in the diagno-
sis of emphysema (4). Many studies have shown
a correlation between thorax HRCT images and
diffusion tests in emphysematous patients (5). 

Ventilation/perfusion (V/Q) mismatch is a well
known feature of COPD. Emphysema impairs

both ventilation and perfusion of the lung tissue.
In mild to moderate COPD with a normal chest
X-ray, multiple small matched defects may be
found on V/Q scans (6).

We have evaluated the relationship between pul-
monary function tests (PFT), thorax HRCT ima-
ges and quantitative V/Q scintigraphic studies in
16 patients with COPD.

MATERIALS and METHODS

The Methodology of Pulmonary Function Tests

Sixteen patients with COPD were enrolled from
the outpatient COPD clinic of the Pulmonary Di-
seases Department in Cerrahpasa Medical Fa-
culty. They were clinically stable with no acute
exacerbations of COPD at least for three weeks
prior to enrollment. All the patients enrolled met
the European Respiratory Society criteria for the
diagnosis of COPD and airflow obstruction ran-
ging from mild (n= 4 cases) to severe (n= 12 ca-
ses) (7). All of the patients were on inhaled glu-
cocorticosteroid, long-acting inhaled β2 agonist
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We have evaluated the relationship between pulmonary function tests (PFT), thorax high resolution computed tomography
(HRCT) images and quantitative ventilation-perfusion (V/Q) scintigraphic studies in 16 male patients (mean age 65.6 ± 5.5
years) with chronic obstructive pulmonary disease (COPD). The mean forced vital capacity (FVC) value of the patient gro-
up was 2352 ± 642 mL (65.4 ± 15.8%), whereas mean forced expiratory volume in one second (FEV1) was found to be 1150
± 442 mL (40.8 ± 14.9%). The ratio of carbon monoxide diffusion capacity to alveolar ventilation (DLCO/VA) was 3.17 ± 0.88
mL/min/mmHg/L, and the mean partial oxygen (PaO2) and carbon dioxide (PaCO2) pressures were 68.5 ± 11.04 mmHg
and 38.9 ± 5.8 mmHg respectively. For each patient, thorax HRCT and V/Q scintigraphic images of both lungs were divi-
ded into upper, mid and lower zones during examination. Visual scoring for the assessment of emphysema on thorax HRCT
were used and images were graded from mild to severe (≤ 25%- ≥ 76%). Emphysema scores were found to be higher on up-
per zones with accompanying lowest V/Q ratios. DLCO/VA, DLCO, total emphysema scores, and individual emphysema
scores of the upper, mid and lower zones were found to be correlated. As a conclusion, it can be stated that emphysemato-
us changes in COPD patients are more apparent in the upper lung zones, which also have the lowest V/Q ratios.

Key Words: Chronic obstructive pulmonary disease (COPD), thorax high resolution computed tomography (HRCT), ven-
tilation-perfusion scintigraphy.
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and sustained-release theophylline therapy at
the initation and through the study period. Writ-
ten informed consent was obtained from each
patient at beginning of the study.

Forced spirometry (FVC, FEV1, FEV1/FVC,
FEF25-75%), lung volumes (FRC, TLC, RV,
RV/TLC) and carbon monoxide transfer (DLCO,
DLCO/VA) were measured using a Sensor Me-
dics Vmax series 22 spirometre. The spirometry
test procedure uses the forced expiratory vital
capacity (FVC) maneuver, in which the subject
inhales maximally and then exhales as rapidly
and completely as possible. Patients were consi-
dered to have fixed expiratory flow limitation if
FEV1 values, measured after two inhalations of
salbutamol (400 µg) from a metered-dose inha-
ler, increased by less than 12% (or < 200 mL) of
the baseline value. Even with complete exhala-
tion, some air still remains in the lungs. This re-
maining volume is the residual volume (RV).
The RV can be measured and added to the vital
capacity (VC) to obtain the total lung capacity
(TLC). To measure the lung volumes we used
nitrogen washout method (8). Carbon monoxide
transfer was measured by the single-breathe
method using a 10 second breath-hold time (9).
Duplicate measurements were accepted where
estimates of transfer factor (DLCO) and effecti-
ve alveolar volume (VA) were within 5%. The CO
transfer coefficient was derived (DLCO/VA). Ar-
terial blood gas (ABG) analyses measurements
were carried out using a Rapid lab 248, Chi-
ron/Diagnostics diagnostic device.

The Methodology of Ventilation/Perfusion
Studies

Ventilation and perfusion studies were perfor-
med in different days with three days interval.
Five mCi Tc 99m Macroaggragated Albumin
(MAA) was used for perfusion study. The radiop-
harmaceutical was injected to the patient in su-
pine position and during quiet respiration. Tc
99m diethylene triamin penta acetic acid
(DTPA) aerosol was used for ventilation study.
30 mCi Tc 99m DTPA was placed in to the ne-
bulizer of an aerosol delivery system. Oxygen
tubing was connecred to the side port, and oxy-
gen was supplied through flow meter. Flow rates
were in the range of 7 to 10 L/min. A mouthpi-

ece with a nose clip was used to administer the
aerosol. The patient was asked to breathe 5 mi-
nutes in sitting position. Siemens large field of
view gamma camera equipped with low energy
all purpose collimator was used for both studies.
Anterior and posterior lung images were obta-
ined for 30 seconds with the patient in supine
position and with the collimator nearly tight to
the bodysurface of the patient and stored on the
computer with 256 x 256 matrix size. 

During processing, pixel reregistration program
was called to provide the two images that are to
be aligned. Computer generated conjugated ima-
ge from anterior and pixel reregistrated posterior
image. During calculation of the conjugated ima-
ge the posterior image is flipped along Y-axis to
be in anterior view. Flipped posterior image was
manually aligned with the anterior image, by me-
ans of the built in pixel reregistration software.
Anterior and flipped posterior image are multip-
lied to produce the product image. The square
root of each pixel in the product image is calcu-
lated to build the conjugated image. The sum of
the pixels in all six rectangles in a view is 100%,
each rectangular region comprices a percentage
of this total. Left and right regions are summed to
give a left and right total percentage.

The Methodology of Radiographic Studies

Thorax HRCT scans were performed on a Si-
emens Somatom Plus (Siemens, Erlangen, Ger-
many) scanner during breath-holding at full inspi-
ration according to Gevenois and collegues (10).
None of the patients received contrast medium
intravenously. In the beginning of the procedure
radiographic fields were marked in patients digital
topograms. Choosing cross sectional thickness of
1 mm and cross sectional interval of 10 mm deep
inspiration images of the whole lung parenchema,
from apex to base, were taken. Images were obta-
ined by using high reconstruction bony algorithm.
Every sections over the diaphragm and both lungs
were evaluated separately.

Pulmonary emphysema was visually assessed
by an expert chest radiologist unaware of the cli-
nical and lung function data. Visual observation
was quantified using a semiquantitative visual
score according to Sakai and Goddard co-wor-
kers (11,12). Emphysema is characterized by fo-
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cal areas of abnormally low attenuation usually
without visible walls, and sometimes with a per-
sistent vessel in the center of the lesion. An app-
ropriately low window setting is essential for di-
agnosing emphysema (13). In every HRCT sec-
tions emphysema scores were calculated sepa-
rately for both lungs. All sections were divided
equally among three lung fields; lower, mid and
upper. The scores of every lung sections were
summed up. The maximum score for every sec-
tion was 4 and the possible maximum score was
calculated by multiplying section number by 4.
The proportion of patients total score to the pos-
sible maximum score were expressed as emphy-
sema scores. According to the emphysema sco-
res patients lung parenchyma were classified as
follows: no damage, mild damage (≤ 25%), mo-
derate damage (26-50%), severe damage (51-
75%) and very severe damage (≥ 76%).

Statistical Methods

In the analysis of the data obtained, SPSS (Sta-
tistical Package of Social Sciences) 10.0 for
Windows was used. The results were defined as
mean value ± standard deviation. Correlations
between variables were assessed by Spearman
Correlation. A p value smaller than 0.05 was
considered to be significant.

RESULTS

Demographic characteristics of our cases were
summarized in Table 1. All patients were not
smoking for 7.06 ± 8.2 years. Patients mean he-
moglobin and hematocrit values were 14.5 ±
1.21 g/dL and 42.4 ± 3.88% respectively. Neit-
her anemia nor polycythemia was observed.

The PFT, lung volume, diffusion capacity and
ABG mean values were given in Tables 2.

FEV1/FVC ratio and FEV1 (%) values was found to
be lower in the patient. Lung volumes of the COPD
patients tend to increase with increasing percenta-
ge of emphysematous component. The RV, TLC
and FRC (%) values of the cases were found to be
increased. DLCO and DLCO/VA values of the
COPD patients tend to decrease with increasing
percentage of emphysematous component (14).
The DLCO ve DLCO/VA values of the COPD pati-
ents were found to be decreased. The ABG analy-
ses of the patients enrolled in the study reveal that
most of them were hypoxic and normocarbic. 

The visual HRCT scores ventilation and perfusi-
on scintigraphic values of patients mean values
given Table 3. It can be stated that emphysema-
tous changes in COPD patients are more appa-
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Table 1. The demographic characteristics.

Total number of cases 16

Age (years) 65.44 ± 5.69

Sex 16 M

Smoking history (pack-years) 56.68 ± 34.1

Disease of duration (years) 10.25 ± 5.29

M: Male.

Table 2. Pulmonary function tests, lung volumes,
diffusion capacities and arterial blood gases valu-
es of patients*.

FVC (mL) 2351.87 ± 642.54 

FVC (%) 65.43 ± 15.89

FEV1 (mL) 1150.62 ± 442.68 

FEV1 (%) 40.81 ± 14.98

FEV1/FVC (%) 48.21 ± 10.5

TLC (mL) 7200.62± 1922.88 

TLC (%) 113.56 ± 26.1

RV (mL) 4690 ± 1652.44 

RV (%) 193.37 ± 67.33

FRC (mL) (%) 5359.37 ±1718.11 

FRC (%) 154.8 ± 46.84

RV/TLC (%) 63.93 ± 9.5

DLCO (mL/mmHg/min) 14.71 ± 4.7

DLCO (%) 61.15 ± 21.2

DLCO/VA (mL/mmHg/min/Liter) 3.17 ± 0.88

DLCO/VA (%) 62.76 ± 20.56

PaO2 (mmHg) 68.53 ± 11.04

PaCO2 (mmHg) 38.93 ± 5.85

SaO2 (%) 93.03 ± 4.3

* Values are expressed as mean.

FVC: Forced vital capacity, FEV1: Forced expiratory volume
in 1 second, TLC: Total lung capacity, RV: Rezidual volume,
FRC: Functional rezidual capacity, DLCO: Carbonmonoxide
transfer factor, DLCO/VA: Carbonmonoxide transfer coeffici-
ent, PaO2: Arterial partial oxygen pressure, PaCO2: Arterial
partial carbondioxide pressure, SaO2: Oxygen saturation.



rent in the upper lung zones, which also have the
lowest ventilation and perfusion values. Correla-
tion analysis between visual HRCT scores and
diffusion capacity values of COPD patients
shown Table 4. Between HRCT total scores and
DLCO and DLCO/VA values were found to be
correlated (p< 0.05).

In COPD patients, V/Q values and emphysema
scores of upper, mid and lower zones in both
lungs were found to be correlated (p< 0.001).
But, we found no correlation between total V/Q
ratio and PaO2, PaCO2, SaO2 values and diffusi-
on parameters (p> 0.05). COPD cases were clas-
sified into two subgroups according to V/Q ratio
values. Group I (n= 8 cases) consisted of patients
whose V/Q < 1 and group II (n= 8 cases) consis-
ted of patients whose V/Q ≥ 1. In both groups, no
statistically significant difference is found in
DLCO, DLCO/VA and emphysema scores of up-
per, mid and lower zones in both lungs (Table 5).

DISCUSSION

Emphysema scores were found to be higher on
upper zones with accompanying lowest V/Q ra-
tions. Taking heavy smoking history of our pati-
ents into account, it is not suprising to find high
emphysema scores on upper zones. Many studi-
es evaluating HRCT images of COPD patients ha-
ve emphasized that the most frequent localization
of emphysema was in upper lobes (15). DLCO,
DLCO/VA values and emphysema scores of up-
per, mid and lower zones of both lungs were found
to be correlated (p< 0.01). The correlation betwe-
en diffusion tests and visual scoring of emphyse-
matous fields is pointing out to sensibility of the-
se test in determining emphysematous fields.
O’Brien et al found that emphysematous changes
in mid and lower lung zones were correlated with
low DLCO and DLCO/VA values. As our study
included only mild and severe COPD patients,
O’Brien et al constituded their study group with
COPD patients in every stages (1). Baldi et al fo-
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Table 4. Visual HRCT scores and diffusion test values of patients.

DLCO DLCO/VA

r p r p

Right HRCT scores

Upper -0.611 0.012 -0.662 0.005

Mid -0.657 0.006 -0.697 0.003

Lower -0.62 0.010 -0.758 0.001

Left HRCT scores

Upper -0.733 0.001 -0.716 0.002

Mid -0.651 0.006 -0.737 0.001

Lower -0.583 0.018 -0.747 0.001

Table 3. Visual HRCT scores and ventilation/perfusion values of patients.

HRCT scores (%)* V (%)* P (%)* V/Q

Right Upper 60.87 ± 28.38 9.43 ± 3.5 11.3 ± 6.2 0.83

Mid 36.7 ± 26.37 27.3 ± 4.7 28.8 ± 4.9 0.94

Lower 20.93 ± 19.18 15.5 ± 5.1 16.8 ± 6.3 0.92

Left Upper 57.7 ± 29.14 8.8 ± 3.0 10.1 ± 3.5 0.87

Mid 40.56 ± 30.78 24.9 ± 6.1 22.3 ± 5.4 1.11

Lower 24.93 ± 24.97 13.9 ± 3.6 12.5 ± 4.2 1.11

* Values are expressed as mean.



und a highly significant correlation between pul-
monary emphysema, as assessed by HRCT quan-
titative analysis, and % predicted values of FEV1,
DLCO, DLCO/VA in patients with COPD (5).

In their study which was taken in COPD patients
with lung volume reduction Cleverley et al, es-
tablished strong correlation between lung perfu-
sion on scintigraphy and HRCT images (16). We
found no correlation between ventilation, perfu-
sion values and emphysema scores on upper,
mid and lower zones of both lungs. But V/Q va-
lues and emphysema scores on upper, mid and
lower zones of both lungs were found to be cor-
related (p< 0.001). V/Q values and emphysema
scores were found positively correlated. Besides
lowest V, Q and V/Q values were obtained in up-
per zones of both lungs. So we can claim that
emphysematous changes are one of the impor-
tant reasons of V/Q mismatch in COPD patients. 

Emphysema scores decreased from upper to lo-
wer lung lobes and ventilation/perfusion ratios
were higher in mid lung fields than lower porti-
ons of the lung. One possible explanation for this
observation could be the horizontal pozition of
the patients during V/P scanning. In horizontal
position movements of the diaphragm decre-
ases, it moves up and volumes of lower lung lo-
bes diminishes (17). 

In conclusion smoking related COPD results
emphysematous changes especially in upper

lung lobes,visual scoring on thorax HRCT corre-
lates with difusion tests and V/P mismatch exist
in emphysematous lung fields. 
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