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ABS TRACT Objective: In emphysema, changes such as decrease in 
the maximum expiratory air flow, excessive ventilation and air trap-
ping occur. These changes affect the patients’ exercise tolerance and 
effort capacities in the later period. Our purpose was to determine the 
relation between the prevalence of emphysema and patients’ perfor-
mance, the level of obstruction in the patients, the changes occurring in 
patients’ artery blood gas (ABG) and other emphysema parameters. 
Material and Methods: A total of 55 consecutive patients with defi-
nite emphysema were included in the study. Patients’ demographic and 
clinical characteristics were recorded. High resolution computed to-
mography (HRCT), pulmonary function tests, ABG measurement, pa-
tient performance evaluation and lung quantitative perfusion 
scintigraphy were performed to all patients. HRCT and visual emphy-
sema score were used to determine the distribution and prevalence of 
emphysema. Results: Negative correlation coefficients were found be-
tween the emphysema scores and forced vital capacity (FVC), forced 
expiratory volume in the first second (FEV1), FEV1/FVC, diffusing ca-
pacity of the lung for carbon monoxide, oxygen saturation percentage 
and 6 minutes walking test (6MWT) and positive correlation coeffi-
cients were found residual volume (RV), total lung capacity, partial car-
bon monoxide tension, Global Obstructive Lung Disease stage and 
Modified Medical Research Council (p<0.05). Conclusion: It was de-
termined that among all the parameters, the strongest negative correla-
tion was with the 6MWT, and the strongest positive correlation was 
with the RV. It was seen that in terms of the zones, the percentage of 
perfusion decreased as the emphysema scores increased. 
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ÖZET Amaç: Amfizemde maksimum ekspiratuar hava akımında 
azalma, aşırı havalanma, hava hapsi gibi değişiklikler oluşur. Bu deği-
şiklikler ilerleyen dönemde hastaların egzersiz toleransı ve efor kapa- 
sitelerini etkiler. Amfizemli hastalarda tespit edilen amfizem yaygınlı-
ğının hastanın performansı, hastada oluşan obstrüksiyonun düzeyi ve 
hastanın arter kan gazında (AKG) oluşan değişiklikler ve diğer amfizem 
parametreleri olan ilişkisini tespit etmeyi amaçladık. Gereç ve Yön-
temler: Daha önce kesin amfizem tanısı almış ardışık 55 hasta alındı. 
Hastaların demografik ve klinik özellikleri kaydedildi. Hastaların tü-
müne yüksek rezolüsyonlu bilgisayarlı tomografi (YRBT), solunum 
fonksiyon testleri, AKG ölçümü, hasta performansını değerlendirmeye 
yönelik testler, akciğer kantitatif perfüzyon sintigrafisi yapıldı. Amfi-
zem dağılımı ve yaygınlığının belirlenmesi için YRBT ile görsel amfi-
zem skoru kullanıldı. Bulgular: Amfizem skorları ile zorlu vital 
kapasite (FVC), 1. saniyedeki zorlu ekspiratuar volüm (FEV1), 
FEV1/FVC, karbonmonoksit difüzyon kapasitesi, yüzde oksijen satü-
rasyonu ve altı dakika yürüme testi (6DYT) arasında negatif yönlü; re-
zidüel volüm (RV), total akciğer kapasitesi, parsiyel karbondioksit 
basıncı, Global Obstrüktif Akciğer Hastalığı evresi ve Modifiye Tıp 
Araştırması Konseyi arasında aynı yönlü ilişki katsayıları bulundu 
(p<0,05). Sonuç: Tüm bu parametreler arasında en kuvvetli negatif 
yönlü korelasyon 6DYT ile, en kuvvetli pozitif yönlü korelasyon ise 
RV ile saptandı. Zonlara göre amfizem skorları arttıkça perfüzyon yüz-
delerinin düştüğü görüldü. 
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Emphysema is abnormal and permeant enlarge-
ment of the air tracts in distal terminal bronchioles in 
the lungs. The appearance of the acinus and its com-
ponents might be distorted or completely disap-
peared. Major physiological defect is the loss in the 
elastic spring back and this loss causes such changes 
as decrease in the maximum expiratory air flow, ex-
cessive ventilation and air trapping.1 

Due to ventilation and gas change disturbances, 
in the later period, patients’ exercise tolerance and ef-
fort capacities decrease gradually, and their vital ac-
tivities get restricted and their quality of life 
deteriorates.2  

Due to airway obstruction in chronic obstructive 
pulmonary disease (COPD), loss of flexibility in lung 
tissue and alveolar destruction a decrease is detected 
in forced expiratory volume in the first second 
(FEV1), forced vital capacity (FVC), FEV1/FVC. In 
emphysema patients, diffusing capacity of the lung 
for carbon monoxide (DLCO) decreases due to alve-
olar-capillary bed loss. Because of the increasing air 
trapping, residual volume (RV) and total lung capac-
ity (TLC) increase.2,3  

The main pathology in emphysema is the hyper-
inflation related to elastic tissue destruction. For this 
reason, lung parenchyma is monitored in computed 
tomography as low density areas. Pulmonary capil-
laries get damaged and perfusion deteriorates due to 
increased pulmonary capillary vascular resistance and 
alveolar wall destruction around air trapping areas de-
veloping in emphysema. Quantitative lung perfusion 
scintigraphy is a reliable method in evaluation of the 
differences in the localised perfusion reflecting the 
prevalence of emphysema. 

In this study, we aimed to determine the relation 
between the prevalence of emphysema and patients’ 
performance, the level of obstruction in the patients, 
the changes occurring in patients’ artery blood gas 
(ABG) and other emphysema parameters.  

 MATERIAL AND METHODS 
This text is intended as a descriptive clinical study. 
Fifty-five consecutive patients, regardless of gender, 
who were admitted to the chest diseases clinic of hos-
pital of Sivas Cumhuriyet University between No-

vember 2017 and November 2018 and examined, de-
termined to be previously diagnosed with definite 
emphysema after the investigation of their files, 
treated and/or followed-up by us and who agreed to 
participate were included in the study. About 45 pa-
tients who did not want to participate, who had 
chronic morbidity (chronic kidney failure, decom-
pensated congestive heart failure, malignancy etc.) 
and did not complete the tests were excluded from 
the study. Before the study, ethics committee ap-
proval was obtained from Cumhuriyet University 
Non-interventional Clinical Research Ethics Com-
mittee (9.7.2017/ N:2017-09/01). Patients were in-
formed about the study. Informed consent was 
obtained from all patients. The study was conducted 
according to WHO Helsinki Declaration rule. 

Patients’ personal information such as age, gen-
der, smoking status, complaints on admission to the 
polyclinic were recorded. Patients’ body mass in-
dexes (BMI) were calculated and recorded.3 Patients’ 
arterial blood gases were measured via Radiometer 
brand ABL 800 model blood gas measuring device. 
Modified Medical Research Council (MMRC) dysp-
nea scale was used to determine the severity of the 
patients (Table 1).4 According to this;  

Stage 0: I experience shortness of breath only 
while a heavy exercise.  

Stage 1: I experience shortness of breath only 
when I walk fast on a straight road or I walk up a 
slight hill.  

Stage 2: Because of the shortness of breath I 
have to walk on a straight road slower than my peers 
or stop and take a rest off-and-on.  

Stage 3: After walking on a straight road for 100 
meters or for a few minutes, I experience a shortness 
of breath and stop.  

Stage 4: Because of the shortness of breath, I 
can’t go outside or I experience shortness of breath 
when I change my clothes. 

In order to determine the exercise performances 
of the patients, a six minutes walking test was per-
formed. Pulmonary function test (PFT) was applied 
to the patients on spirometry mode via CareFusion 
MasterScreen APS brand V-781261-027 model de-
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Demographic and clinical features n (%) 
Number 55 (100) 
Age <65 28 (50.9) 

≥65 27 (49.1) 
Gender Male 51 (92.7) 

Woman 4 (7.3) 
Smoking history 0-10 pack-year 8 (14.5) 

11-20 pack-year 11 (20) 
21-30 pack-year 4 (7.3) 
31-40 pack-year 12 (21.8) 
>40 pack-year 20 (36.4) 

Application complaint Dyspnea 41 (54.5) 
Dyspnea+cough 13 (23.6) 

Dyspnea+cough+hemoptysis 1 (1.8) 
BMI <18.50 kg/m2 (Weak) 7 (12.7) 

18.50-24.99 kg/m2 (Normal) 25 (45.5) 
25.00-29.99 kg/m2 (Overweight) 14 (25.4) 

≥30.00 kg/m2 (Obese) 9 (16.4)

TABLE 1:  Patients’ demographic and clinical characteristics.

BMI: Body mass index.

vice. Patients’ FEV1, FVC and FEV1/FVC values 
were recorded. Patients’ FEV1 findings were staged 
per Global Obstructive Lung Disease (GOLD) stag-
ing system and GOLD Stage 1-2 patients were cate-
gorized as not-severe COPD and GOLD Stage 3-4 
patients as severe COPD. Using the same device, both 
carbon monoxide test on Diffusion SB Realtime mode 
and helium dilution PFT on FRC Rebreathing mode 
were performed on patients and the values of the first 
test, the RV and the TLC values were recorded. 

In order to assess the patients’ emphysema dis-
tribution and prevalence, high resolution computed 
tomography (HRCT) imageries were obtained from 
the whole lung through 1 mm section thickness and 
10 mm section distance from the apex to basal. 
HRCT sections were analysed by our university’s ra-
diology department and in data collection visual em-
physema score was used. In the visual emphysema 
score, emphysema severity was evaluated for a total 
of 6 zones, for left and right lungs being top, middle 
and bottom. It was scored as: 

0: No emphysema  

1: ≤25% of lung parenchyma  

2: 26%-50% of lung parenchyma  

3: 50%-75% of lung parenchyma 

4: 76%-100% of lung parenchyma, for each zone 
maximum 4, for the whole lung maximum 24.5  

Via digital gamma camera system, a quantitative 
lung perfusion scintigraphy was performed in order to 
asses the pulmonary perfusion of the patients. Perfu-
sion lung zones and non-perfusion lung zones were 
assesses qualitatively and quantitatively. Perfusion 
ratios of the data obtained from the imaging and top, 
middle and bottom zones of the right and left lungs 
obtained from anterior and posterior imageries were 
calculated separately. 

STATISTICAL ANALYSIS 
The obtained data were uploaded to the SPSS 22.0 
program and in data assessment Spearman’s rho cor-
relation coefficient was calculated in order to deter-
mine the correlations between the variables. When the 
parametric test hypothesis couldn’t be met, to inves-
tigate the difference between the score and percent 
values, Kruskal-Wallis test and Mann-Whitney U test 
was used and bias level were considered as 0.05. 
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 RESULTS 
Total of 55 patients who were followed-up and/or 
treated in our clinic and agreed to participate, were 
included in the study. Patients’ demographic and clin-
ical characteristics were shown Table 1.  

On MMRC dyspnea scale used for assessing pa-
tients’ dyspnea severity, it was found that 5 patients 
were on Stage 4, 19 patients on Stage 3, 15 patients on 
Stage 2, 13 patients on Stage 1 and 3 patients on Stage 
0. Table 2 shows the data regarding patients’ PFT, 
ABG, 6 minutes walking test (6MWT) and MMRC. 

According to FEV1 results; 6 patients were on 
Stage 1, 21 patients on Stage 2, 15 patients on Stage 
3 and 13 patients on Stage 4. 

Table 3 indicates the emphysema scores and per-
centages for lungs in HRCT imageries. 

On the HRCT, the correlation between right-
middle, right-bottom and left-middle zone emphy-
sema score and the BMI was found significant 
(p<0.05). Between the emphysema scores of right-
top, middle, bottom and left-top, obtained from 
HRCT imageries and FVC, FEV1FEV1/FVC, DLCO, 
6MWT, RV, TLC, partial carbon monoxide tension 
(PaCO2) and MMRC, a significant relation was found 
(p<0.05) (Table 4). 

It was determined that among all the parameters, 
the strongest positive correlation were with the RV 
and DLCO (Figure 1, Figure 2). 

The relation between lung zones emphysema 
scores evaluated with age and HRCT and total em-
physema scores was found insignificant (p>0.05). Pa-
tients’ FEV1 values were found significant to zones 
emphysema scores measured with HRCT for each 
zone (p<0.05). Comparing the GOLD Stage 1-2 (Not-
Severe) and Stage 3-4 (Severe) with the variables, ex-
cept for the left-bottom zone score, the relation was 
found significant (p<0.05) (Table 5). 

According to HRCT right-top zone emphysema 
scores, comparing the right-top zone perfusion per-
centage values, the difference was found significant 
(p<0.05) (Table 6). 
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Parameters AO±SD 
FVC (Liter)/(%) 68.02±19.92 
FEV1 (Liter)/(%) 48.62±23.17 
FEV1/FVC 53.17±12.23 
RV % 153.47±60.62 
TLC % 105.75±19.85 
DLCO % 56.75±23.93 
PaCO2 (mmHg) 40.41±7.23 
SO2 (mmHg) 90.13±7.40 
6MWT (meter) 299.55±142.00 
MMRC 2.18±1.07

TABLE 2:  The findings regarding patients’ pulmonary 
function test, artery blood gas, 6 minutes walking test  

and modified medical research council.

FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second; RV: Resid-
ual volume; TLC: Total lung capacity; DLCO: Carbon monoxide diffusion capacity; 
PaCO2: Arteril partial pressure of carbon dioxide; SO2: Arterial oxygen saturation; 
6MWT: Six minute walk test; MMRC: Modified Medical Research Council dispne scala; 
AO±SS: Arithmetic mean±standard deviation.

HRCT  
emphysema scores n % 

Right upper zone emphysema score 1 22 40 
2 12 21.8 
3 15 27.3 
4 6 10.9 

Right-middle zone emphysema score 1 28 50.9 
2 11 20.0 
3 15 27.3 
4 1 1.8 

Right lower zone emphysema score 1 31 56.4 
2 13 23.6 
3 2 3.6 
4 9 16.4 

Left upper zone emphysema score 1 25 45.5 
2 15 27.3 
3 12 21.8 
4 3 5.5 

Left middle zone emphysema score 1 32 58.2 
2 10 18.2 
3 12 21.8 
4 1 1.8 

Left lower zone emphysema score 1 34 61.8 
2 9 16.4 
3 5 9.1 
4 7 12.7 

TABLE 3:  Emphysema scores and percentages 
according to zones.

HRCT: High resolution computed tomography. 
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HRCT right upper HRCT right midle HRCT right lower HRCT left upper  HRCT left midle HRCT left lower  

zone emphysema zone emphysema zone emphysema zone emphysema zone emphysema emphysema 

Parameter score score score score score score 

Age r value 0.60 0.179 0.161 0.075 0.150 0.091 

p value 0.662 0.191 0.234 0.585 0.274 0.509 

Smoking history r value 0.088 0.005 -0.056 0.080 -0.060 -0.103 

p value 0.525 0.971 0.686 0.560 0.663 0.456 

BMI r value -0.253 -0.326(*) -0.292(*) -0.298(*) -0.379(**) -0.257 

p value 0.063 0.015 0.030 0.027 0.004 0.058 

FVC r value -0.312(*) -0.300(*) -0.360(**) -0.338(*) -0.375(**) -0.335(*) 

p value 0.020 0.026 0.007 0.012 0.005 0.012 

FEV1 r value -0.509(**) -0.505(**) -0.584(**) -0.530(**) -0.556(**) -0.506(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001 

FEV1/FVC r value -0.593(**) -0.601(**) -0.682(**) -0.629(**) -0.630(**) -0.562(**)  

p value 0.001 0.001 0.001 0.001 0.001 0.001 

RV r value 0.845(**) 0.885(**) 0.872(**) 0.856(**) 0.866(**) 0.789(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001 

TLC r value 0.839(**) 0.872(**) 0.853(**) 0.854(**) 0.855(**) 0.777(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001 

DLCO r value -0.695(**) -0.738(**) -0.723(**) -0.709(**) -0.765(**) -0.690(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001 

PaCO2 r value 0.355(**) 0.328(*) 0.360(**) 0.397(**) 0.372(**) 0.356(**) 

p value 0.008 0.015 0.007 0.003 0.005 0.008 

SO2 r value -0.531(**) -0.355(**) -0.280(*) -0.463(**) -0.299(*) -0.115 

p value 0.001 0.008 0.038 0.001 0.026 0.405 

6MWT r value -0.768(**) -0.757(**) -0.770(**) -0.798(**) -0.789(**) -0.729(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001 

MMRC r value 0.501(**) 0.551(**) 0.561(**) 0.515(**) 0.589(**) 0.447(**) 

p value 0.001 0.001 0.001 0.001 0.001 0.001

TABLE 4:  Correlation between lung zones emphysema scores and age, smoking history, body mass index data,  
pulmonary function test, artery blood gas, 6MWT and MMRC parameters.

HRCT: High resolution computed tomography; BMI: Body mass index; r: HRCT: High resolution computed tomography; BMI: Body mass index; FVC: Forced vital capacity;  
FEV1: Forced expiratory volume in one second; RV: Residual volume; TLC: Total lung capacity; DLCO: Carbon monoxide diffusion capacity; PaCO2: Arteril partial pressure of carbon 
dioxide; SO2: Arterial oxygen saturation; 6MWT: Six minute walk test; MMRC: Modified medical research council; r: regression coefficient, *p<0,05: Significant.

FIGURE 1: Total lung emphysema scores and percentages.  
HRCT: High resolution computed tomography;  

RV: Residual volume.

FIGURE 2: Total lung emphysema scores and diffusing capacity of the lung for 
carbon monoxide correlation diagram. 
HRCT: High resolution computed tomography; DLCO: Diffusing capacity of the lung for 
carbon monoxide.
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 DISCUSSION 
Major physiological defect in emphysema is the loss 
in the elastic spring back and this loss causes such 
changes as decrease in the maximum expiratory air 
flow, excessive ventilation and air trapping.1 Due to 
ventilation and gas change disturbances, in the later 
period, patients’ exercise tolerance and effort capac-
ities decrease gradually, and their vital activities get 
restricted and their quality of life deteriorates.2 Kauc-
zor et al. carried out a study on patients with lung dis-
ease suspicion and found no relation between the 
prevalence, scope and the severity of air trapping and 

age values.6 Similarly, we found no correlation be-
tween the visual emphysema score and age values.  

In many studies, it is stated that stimulation of 
the risk factors, particularly smoking, causes the de-
struction of the balance between protease-antipro-
tease, oxidant-antioxidant, which play an important 
role in emphysema pathogenesis, and especially in 
smoking individuals alveolar destruction occur due 
to the activities of metalloproteinase such as elastase 
and collagenase, which are released from inflamma-
tory cells. In their study, Hoessein et al. detected that 
as the consumed cigarette packet/year value in-
creases, measured emphysema prevalence also in-

HRCT amphysema score n Mean (minimum-maximum) 
Percentage of right upper zone perfusion right upper zone  

1 22 13.27 (9-17) kw:8.58 
2 12 12.33 (6-21) p=0.035* 
3 15 12.93 (5-25)  
4 6 8.00 (4-12)  

Percentage of right midle zone perfusion right midle zone  
1 28 24.54 (11-33) kw:3.69 
2 11 24.82 (19-34) p=0.296 
3 15 23.20 (16-39)  
4 1 20.00 (20-20)  

Percentage of right lower zone perfusion right lower zone  
1 31 15.16 (7-23) kw:3.55 
2 13 16.69 (11-29) p=0.313 
3 2 11.50 (8-15)  
4 9 12.33 (3-22)  

Percentage of left upper zone perfusion left upper zone  
1 25 12.92 (9-25) kw:2.80 
2 15 11.67 (5-18) p=0.414 
3 12 12.92 (4-24)  
4 3 8.67 (4-13)  

Percentage of left midle zone perfusion left midle zone  
1 32 23.06 (14-33) kw:4.28 
2 10 23.80 (15-31) p=0.232 
3 12 21.25 (15-31)  
4 3 17.00 (17-17)  

Percentage of left lower zone perfusion left lower zone  
1 34 14.06 (7-21) kw:6.59 
2 9 13.78 (7-24) p=0.086 
3 5 10.00 (6-18)  
4 7 11.00 (7-21)

TABLE 6:  Comparison of the emphysema scores according to zone and the perfusion percentages of the zones.

HRCT: High resolution computed tomography; kw: Kruskal-Wallis. *p<0.05: Significant.
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creases.7 Similarly, in their study, Zach et al. found 
out that as the amount of the consumed cigarette in-
creases, low density area intensity, which is consid-
ered a sign of emphysema in computed tomography, 
also increases.8 In our study, smoking history was 
present in all the patients in variable ratios. Of the pa-
tients 65.5% showed a 20 packets/year smoking his-
tory. We found no significant relation between the 
HRCT visual emphysema scores and smoking his-
tory. The reason might be the fact that all of the pa-
tients in our study were heavy smokers. 

Being the most easily applicable and non-inva-
sive method in detecting emphysema, PFT can be in-
sufficient in the early stages of the emphysema, in 
which especially the functional loss is mild. In this 
case, the most effective method is determining the air 
trapping by lung tissue density via HRCT.9 Contrary 
to spirometry, radiology allows the localised assess-
ment of several parts such as air tracts, parenchyma 
and vascular system. HRCT is the most sensitive 
(96%) method in detecting especially early stage em-
physema diagnosis and its prevalence. With HRCT, 
small emphysematous areas up to 0.5 cm can be de-
tected.10 In emphysema assessment via HRCT, there 
are several qualitative and quantitative methods and 
scoring systems. It was found in the study that since 
the radiologic scoring in HRCT presents the func-
tional and anatomical features of emphysema ideally, 
it is sensitive in diagnosing. There are publications 
stating that the evaluation of the HRCT scanning with 
HRCT score can be used as a non-invasive method 
to asses the prevalence and the distribution of em-
physema. There are also several studies comparing 
the HRCT findings and PFT.11,12 In their study, Sakai 
et al. used an observation method based on the preva-
lence and the severity of emphysema and obtained a 
strong correlation between visual scoring values and 
PFT. FEV1 and FEV1/FVC percentage was deter-
mined as the strongest relation.11 Pescarolo et al. 
found a negative correlation between the emphysema 
level and FEV1 and FEV1/FVC. Comparing the em-
physema level and the PFT, they found that the 
strongest correlation was with FEV1/FVC.12 Simi-
larly, Sandek et al. detected a significant inverse cor-
relation between emphysema and FEV1, FVC and 
FEV1/FVC.13 In our study, we found a negative sig-

nificant correlation between emphysema scores and 
FEV1, FVC and FEV1/FVC. 

Gelb and colleagues performed a PFT before the 
thoracotomy in patients scheduled for lobectomy or 
pneumonectomy, then between the pathological sam-
ples and air tract obstruction a correlation was inves-
tigated and it was found that while all of the 7 cases, 
in which emphysema was detected, showed a DLCO 
level of <70%, FEV1/FVC value was on normal lim-
its and also in 5 of these cases FEV1 value was de-
termined as normal.14 This study states that 
emphysematous parts were detected in lungs without 
any decrease in FEV1/FVC and FEV1 values and thus 
it is thought that in emphysema diagnosis HRCT pre-
ceded the PFT, yet in the assessment of emphysema 
patients DLCO can be superior. In a study by Tylen et 
al., HRCT findings and PFT values were compared 
and it was found out that while only 15 of the cases 
showed functional finding regarding emphysema, of 
the 19 cases DLCO values were low and in 33 cases 
emphysema score was higher than 0.15 HRCT method 
showed the best correlation in DLCO measure. In the 
study by Cerveri and colleagues, similarly, a negative 
relation was found between emphysema score and 
DLCO.16 Gurney et al. draw attention that while the 
emphysema scores of the cases increase, DLCO val-
ues decrease.17 Baldi et al. stated that the decrease in 
DLCO was strongly correlated with quantitatively as-
sessed emphysema size and there was a weak rela-
tion between FEV1 and emphysema size.18 
Bayramoğlu et al. found out that the strongest corre-
lation was between emphysema score and DLCO and 
a strong negative correlation between emphysema 
score and FEV1 and FEV1/FVC.19 We found a nega-
tive correlation between emphysema scores and 
DLCO also in our study. The correlation between em-
physema score and DLCO was detected to be 
stronger than FVC, FEV1, FEV1/FVC.  

Fotheringham et al. stated that decreased atten-
uation, as one of the most important findings in 
HRCT, showed a significant correlation with RV.20 In 
their study Petty et al. calculated and compared the 
TLC and FEV1 values of the case group consisting of 
21 small air tract disease cases, which were known 
to be mild emphysema, and a control group of 18 
cases. In the mild emphysema group, TLC showed a 
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significant increase and there was no difference be-
tween the control group in terms of FEV1 values.21 In 
our study, we found out a significant positive corre-
lation between total lung emphysema scores and TCL 
and RV values. The correlation with TCL and RV was 
found to be stronger compared to FEV1. Comparing 
the emphysema scores and all the PFT, we found out 
in our study that the strongest correlation was with 
the RV values. In our study the lung was divided into 
6 zones and each zone was compared with the PFT 
parameters separately, and the results were also sim-
ilar with the results from the total lung score com-
parison. Pescarolo et al. detected a positive 
correlation between emphysema level and COPD 
stage.12 In our study, similarly, comparing both the 
zones emphysema scores separately and total lung 
scores with GOLD staging system with the data ob-
tained, the relation was found to be significantly pos-
itive. The relation between the severe and not-severe 
group in terms of HRCT, total emphysema score was 
found to be associatively significant. 

Small air tract obstruction, which distributes on 
the lung zones non-homogenously, and emphysema 
causes difference in ventilation/perfusion ratio and 
this causes hypoxemia. Decrease in the lung flexibil-
ity tension and increase in the gas volume in thorax, 
occurring as a result of obstruction, cause a change 
in the normal position of the diagram and, in time, 
cause diaphragm and other ventilatory muscles to 
tire. In this period, in which alveolar ventilation ex-
tremely deteriorates, hypoxemia increases and hy-
percapnia occurs.22 In the study by Sarıaydın et al., a 
negative correlation was found between visual em-
physema score and oxygen saturation percentage 
(SO2) and a positive correlation was found between 
PaCO2 (Sarıaydın M. KOAH Hastalarında Solunum 
Fonksiyonları, Bilgisayarlı Tomografi ve Yaşam 
Kalitesi Anketi Arasındaki Korelasyon. Tıpta 
Uzmanlık Tezi, 2010, 51) 

In our study, similarly with the literature we de-
tected a negative correlation between visual em-phy-
sema score and SO2 and a positive correlation 
between PaCO2. At the same time lung zones were 
separately analysed and compared with SO2 values 
and a stronger correlation was detected between lung 
top zones than middle and bottom zones. This situa-

tion can be linked to prevalence of the emphysema in 
the lung top zones. It can cause this situation that per-
fusion was lower in the normal lung apex. It is 
thought that in studies carried out with more patients 
can present more significant results.  

COPD is a multi-component disease, which has 
systemic impacts, and weight loss, myolysis and 
muscle dysfunction are the systemic symptoms of the 
disease.23 Renvall et al. detected a negative correla-
tion between BMI and emphysema scores.3 O’Donnel 
et al. showed that dynamic hyperinflation resulting 
from ex-ercise and the energy needed for the ventila-
tion were higher in the emphysema cases than healthy 
adults.24 Similarly with the literature, we also found 
in our study that there was a negative significant cor-
relation be-tween HRCT emphysema scores and BMI 
values.  

While in HRCT the prevalence of emphysema 
increases, air tract obstruction increases, diffusion ca-
pacity decreases, and hyperinflation occurs. Being a 
progressive disease, COPD causes increase in the 
symptoms, especially of dyspnea, and decrease in the 
exercise capacity in patients in the later periods. In 
the study by Scnchez et al., 6MWT distances of the 
severe COPD patients were significantly lower than 
that of mild COPD patients and their MMRC dyspnea 
levels were found to be higher.25 In several studies in 
the literature, similarly, it was shown that as the 
COPD level and emphysema severity increase, 
MMRC dyspnea score also increases.4,26 This may be 
due to the increase in the severity of symptoms in se-
vere COPD and an increase in the intensity of dysp-
nea due to the need for more energy and oxygen in 
the muscles. Similarly with the literature, we also 
found in our study that there was a positive signifi-
cant correlation between emphysema score and 
MMRC dyspnea score.  

In patients with severe air tract obstruction, ex-
ercise capacity largely decreased.27 It is known that 
as the severity of COPD and the prevalence of em-
physema increase, walking distance decreases. İnal 
İnce et al. carried out a study on 35 COPD patients 
with moderate and severe obstructions, the 6MWT 
distance was significantly shorter in the cases with 
severe obstruction than that of the cases with moder-
ate obstruction.5 This result supports the lack of dis-
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tance in patients with severe airway obstruction and 
frequent exacerbation in studies evaluating the 
106MWT distance of COPD patients with different 
GOLD levels in the literature.28,29 In our study, it was 
found that as the emphysema scores of the patients 
increased, 6MWT distance decreased.  

Lung perfusion scintigraphy isn’t a standard di-
agnosing method in emphysema, however it can be 
considered in patient selection for bronchoscopy vol-
ume decreasing spiral treatment, which is a new 
method in emphysema treatment. In the success in 
the bronchoscopy volume decreasing spiral treat-
ment, patient’s anatomical and physiological features 
and careful patient selection play a critical role. As in 
the surgical volume decreasing treatment, in the bron-
choscopy volume decreasing spiral treatment also, it 
can be helpful to perform a quantitative perfusion 
scintigraphy in order to obtain an additional infor-
mation regarding the heterogeneity of the functional 
damage caused by emphysema in addition to HRCT 
and the distribution.30 Yıldız et al. carried out a study 
to determine the importance of quantitative perfusion 
scintigraphy in detection of the target lobe of the pa-
tients who were going to receive bronchoscopy vol-
ume decreasing spiral treatment, and found that as the 
emphysema score increased, perfusion decreased, yet 
the relation was not significant.31 Cleverly et al. 
showed a good correlation between emphysema 
prevalence evaluated with HRCT and perfusion 
prevalence evaluated with scintigraphy.32 In our 
study, lung zone emphysema scores measured with 
HRCT and the perfusion percentages obtained from 
quantitative perfusion scintigraphy were compared 
and found not significant. Although it was found not 
significant, it was seen that as the emphysema scores 
increased, perfusion percentages decreased. We think 
that with studies carried out on more patients more 
significant results can be found between emphysema 
scores and perfusion percentages.  

 CONCLUSION  
Finally, a negative significant correlation was found 
between the emphysema scores obtained with HRCT 
and semi-quantitative visual emphysema scoring and 
FEV1, FEV1/FVC, DLCO PFT and a positive signif-
icant correlation found with the RV and TLC. A pos-
itive correlation was found with PaCO2 and a 
negative correlation was found with SO2. With 
MMRC, patients’ quality of life and exercise per-
formance scale, a positive, and with 6MWT negative 
correlation was detected. The strongest correlation 
among all the parameters was found between em-
physema score and RV. Therefore, it can be consid-
ered that RV parameter can be used in the follow-ups 
of the emphysema patients. 

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

Idea/Concept: Sulhattin Arslan, Kübra Güldemir; Design:  Sul-
hattin Arslan; Control/Supervision: Kübra Güldemir, Sulhattin 
Arslan; Data Collection and/or Processing: Kübra Güldemir, 
Zekiye Hasbek, Büşra Soylu, Cesur Gümüş; Analysis and/or In-
terpretation: Sulhattin Arslan, Kübra Güldemir; Literature Re-
view: Kübra Güldemir; Writing the Article: Kübra Güldemir; 
Critical Review: Sulhattin Arslan; References and Fundings: 
Kübra Güldemir; Materials: Kübra Güldemir.

Kübra GÜLDEMİR et al. Turkiye Klinikleri J Intern Med. 2021;6(2):69-79

78



797979

1. McDonough JE, Yuan R, Suzuki M, Seyedne-
jad N, Elliott WM, Sanchez PG, et al. Small-
airway obstruction and emphysema in chronic 
obstructive pulmonary disease. N Engl J Med. 
2011;365(17):1567-75. [Crossref]  [PubMed]  
[PMC]  

2. Özer C. KOAH'lı hastada yaşam kalitesi [Qual-
ity of life COPD]. Turkiye Klinikleri J Fam Med-
Special Topics. 2014;5(3):93-7. [Link]  

3. Renvall JM, Friedman P, Ramsdell WR. Pre-
dictors of body mass index in patients with 
moderate to severe emphysema. Journal of 
Chronic Obstructive Pulmonary Disease. 
2009;6(6):432-6. [Crossref]  [PubMed]  

4. Mănescu V. Relevanţa testului de mers de 6 
minute si a dispneei măsurate pe scala 
mMRC in evaluarea BPOC [The relevance of 
the 6 minutes walking test and of dyspnea 
measured with mMRC scale in evaluating 
COPD severity]. Pneumologia. 2012;61(3): 
153-9. Romanian. [PubMed]  

5. İnal İnce D, Savcı S, Çöplü L, Arıkan H. Kro-
nik obstrüktif akciğer hastalığında günlük 
yaşam aktivitelerinin değerlendirilmesi [Eval-
uation of daily living activities in chronic ob-
structive pulmonary disease]. Toraks Dergisi. 
2005;6(1)31-6. [Link]  

6. Kauczor HU, Hast J, Heussel CP, Schlegel J, 
Mildenberger P, Thelen M. Focal airtrapping 
at expiratory high-resolution CT: comparison 
with pulmonary function tests. Eur Radiol. 
2000;10(10):1539-46. [Crossref]  [PubMed]  

7. Mohamed Hoesein FA, de Hoop B, Zanen P, 
Gietema H, Kruitwagen CL, van Ginneken B, et 
al. CT-quantified emphysema in male heavy 
smokers: association with lung function decline. 
Thorax. 2011;66(9):782-7. [Crossref]  [PubMed]  

8. Zach JA, Williams A, Jou SS, Yagihashi K, 
Everett D, Hokanson JE, et al; COPD Gene 
Investigators. Current Smoking Status Is As-
sociated With Lower Quantitative CT Meas-
ures of Emphysema and Gas Trapping. J 
Thorac Imaging. 2016;31(1):29-36. [Crossref]  
[PubMed]  [PMC]  

9. Fernandes L, Fernandes Y, Mesquita AM. 
Quantitative computed tomography imaging in 
chronic obstructive pulmonary disease. Lung 
India. 2016;33(6):646-52. [Crossref] [PubMed] 
[PMC]  

10. Mohamed YM, Osman ND, Osman AM. Up-
dates in computed tomography assessment of 
emphysema using computed tomography lung 
analysis. Egyptian Journal of Bronchology. 
2017;11:104-10. [Crossref]  

11. Sakai F, Gamsu G, Im JG, Ray CS. Pulmonary 
function abnormalities in patients with CT-de-
termined emphysema. J Comput Assist To-
mogr. 1987;11(6):963-8. [Crossref]  [PubMed]  

12. Pescarolo M, Sverzellati N, Verduri A, Chetta 
A, Marangio E, De Filippo M, et al. How much 

do GOLD stages reflect CT abnormalities in 
COPD patients? Radiol Med. 2008;113(6): 
817-29. English, Italian. [Crossref]  [PubMed]  

13. Sandek K, Bratel T, Lagerstrand L, Rosell H. 
Relationship between lung function, ventila-
tion-perfusion inequality and extent of emphy-
sema as assessed by high-resolution com 
puted tomography. Respir Med. 2002; 
96(11):934-43. [Crossref]  [PubMed]  

14. Gelb AF, Gold WM, Wright RR, Bruch HR, 
Nadel JA. Physiologic diagnosis of subclinical 
emphysema. Am Rev Respir Dis. 1973; 
107(1):50-63. [Crossref]  [PubMed]  

15. Tylén U, Boijsen M, Ekberg-Jansson A, Bake 
B, Löfdahl CG. Emphysematous lesions and 
lung function in healthy smokers 60 years of 
age. Respir Med. 2000;94(1):38-43. [Crossref]  
[PubMed]  

16. Cerveri I, Dore R, Corsico A, Zoia MC, Pelle-
grino R, Brusasco V, et al. Assessment of em-
physema in COPD: a functional and radiologic 
study. Chest. 2004;125(5):1714-8. [Crossref]  
[PubMed]  

17. Gurney JW, Jones KK, Robbins RA, Gossman 
GL, Nelson KJ, Daughton D, et al. Regional 
distribution of emphysema: correlation of high-
resolution CT with pulmonary function tests in 
unselected smokers. Radiology. 1992;183(2): 
457-63. [Crossref]  [PubMed]  

18. Baldi S, Miniati M, Bellina CR, Battolla L, Cat-
apano G, Begliomini E, et al. Relationship be-
tween extent of pulmonary emphysema by 
high-resolution computed tomography and 
lung elastic recoil in patients with chronic ob-
structive pulmonary disease. Am J Respir Crit 
Care Med. 2001;164(4):585-9. [Crossref]  
[PubMed]  

19. Bayramoğlu S, Çetinkaya E, Taşyürek O, Unat 
A, Özcan M, Kaya L. Akciğer amfizeminin 
tanısında inspiratuar ve ekspiratuvar BT 
bulguları: kalitatif ve kantitatif değerlendirme. 
Tanısal ve Girişimsel Radyoloji. 2000;6:309-
13. [Link]  

20. Fotheringham T, Chabat F, Hansell DM, Wells 
AU, Desai SR, Gückel C, et al. A comparison 
of methods for enhancing the detection of 
areas of decreased attenuation on CT caused 
by airways disease. J Comput Assist Tomogr 
1999;23(3):385-9. [Crossref]  [PubMed]  

21. Petty TL, Silvers GW, Stanford RE. Mild em-
physema is associated with reduced elastic 
recoil and increased lung size but not with air-
flow limitation. Am Rev Respir Dis. 
1987;136(4):867-71. [Crossref]  [PubMed]  

22. Erk M. Kronik obstruktif akciğer hastalığında 
yapısal değişikliklerin akciğer fonksiyonları ile 
ilişkisi [Correlation of structural changes with 
function in chronic obstructive pulmonary dis-
ease]. Türk Toraks Dergisi. 2000;1(3):71-6. 
[Link]  

23. Wouters EF. Minimal clinically important dif-
ferences in COPD: body mass index and mus-
cle strength. COPD. 2005;2(1):149-55. 
[Crossref]  [PubMed]  

24. O'Donnell DE, Webb KA. Exertional breath-
lessness in patients with chronic airflow limi-
tation. The role of lung hyperinflation. Am Rev 
Respir Dis. 1993;148(5):1351-7. [Crossref]  
[PubMed]  

25. Sanchez FF, Faganello MM, Tanni SE, 
Lucheta PA, Padovani CR, Godoy I. Relation-
ship between disease severity and quality of 
life in patients with chronic obstructive pul-
monary disease. Braz J Med Biol Res. 2008; 
41(10):860-5. [Crossref]  [PubMed]  

26. Oga T, Tsukino M, Hajiro T, Ikeda A, 
Nishimura K. Analysis of longitudinal 
changes in dyspnea of patients with chronic 
obstructive pulmonary disease: an observa-
tional study. Respir Res. 2012;13(1):85. 
[Crossref]  [PubMed]  [PMC]  

27. Wijkstra PJ, TenVergert EM, van der Mark TW, 
Postma DS, Van Altena R, Kraan J, et al. Re-
lation of lung function, maximal inspiratory 
pressure, dyspnoea, and quality of life with ex-
ercise capacity in patients with chronic ob-
structive pulmonary disease. Thorax. 1994; 
49(5):468-72. [Crossref]  [PubMed]  [PMC]  

28. Chen H, Liang BM, Tang YJ, Xu ZB, Wang K, 
Yi Q, et al. Relationship between 6-minute 
walk test and pulmonary function test in sta-
ble chronic obstructive pulmonary disease 
with different severities. Chin Med J (Engl). 
2012;125(17):3053-8. [PubMed]  

29. Fujimoto H, Asai K, Watanabe T, Kanazawa 
H, Hirata K. Association of six-minute walk dis-
tance (6MWD) with resting pulmonary function 
in patients with chronic obstructive pulmonary 
disease (COPD). Osaka City Med J. 2011; 
57(1):21-9. [PubMed]  

30. Washko GR, Hoffman E, Reilly JJ. Radi-
ographic evaluation of the potential lung vol-
ume reduction surgery candidate. Proc Am 
Thorac Soc. 2008;5(4):421-6. [Crossref]  
[PubMed]  [PMC]  

31. Yıldız F. Ağır amfizem için hacim azaltıcı sar-
mal tedavisi öncesi kantitatif perfüzyon sinti-
grafisi değerlendirmesinin işlemin etkinliğini 
belirlemedeki rolü [Role of quantitative perfu-
sion scintigraphy evaluation in determination 
of the efficiency of the procedure before lung 
volume reduction coil treatment for severe em-
physema]. Tuberk Toraks. 2017;65(2):106-
111. Turkish. [Crossref]  [PubMed]  

32. Cleverley JR, Desai SR, Wells AU, Koyama 
H, Eastick S, Schmidt MA, et al. Evaluation of 
patients undergoing lung volume reduction 
surgery: ancillary information available from 
computed tomography. Clin Radiol. 2000; 
55(1):45-50. [Crossref]  [PubMed] 

 REFERENCES

Kübra GÜLDEMİR et al. Turkiye Klinikleri J Intern Med. 2021;6(2):69-79

79

https://www.nejm.org/doi/full/10.1056/NEJMoa1106955
https://pubmed.ncbi.nlm.nih.gov/22029978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3238466/
https://www.turkiyeklinikleri.com/article/en-koahli-hastada-yasam-kalitesi-69337.html
https://www.tandfonline.com/doi/full/10.3109/15412550903433034
https://pubmed.ncbi.nlm.nih.gov/19938965/
https://pubmed.ncbi.nlm.nih.gov/23173376/
https://app.trdizin.gov.tr/makale/TlRJM01qSXk/kronik-obstruktif-akciger-hastaliginda-gunluk-yasam-aktivitelerinin-degerlendirilmesi
https://link.springer.com/article/10.1007%2Fs003300000566
https://pubmed.ncbi.nlm.nih.gov/11044921/
https://thorax.bmj.com/content/66/9/782
https://pubmed.ncbi.nlm.nih.gov/21474499/
https://journals.lww.com/thoracicimaging/Fulltext/2016/01000/Current_Smoking_Status_Is_Associated_With_Lower.6.aspx
https://pubmed.ncbi.nlm.nih.gov/26429588/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4677600/
https://www.lungindia.com/article.asp?issn=0970-2113;year=2016;volume=33;issue=6;spage=646;epage=652;aulast=Fernandes
https://pubmed.ncbi.nlm.nih.gov/27890994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5112822/
https://ejb.springeropen.com/articles/10.4103/ejb.ejb_67_16
https://journals.lww.com/jcat/Abstract/1987/11000/Pulmonary_Function_Abnormalities_in_Patients_with.7.aspx
https://pubmed.ncbi.nlm.nih.gov/3680708/
https://link.springer.com/article/10.1007%2Fs11547-008-0284-3
https://pubmed.ncbi.nlm.nih.gov/18618079/
https://www.sciencedirect.com/science/article/pii/S0954611102913715?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12418592/
https://www.atsjournals.org/doi/10.1164/arrd.1973.107.4.571
https://pubmed.ncbi.nlm.nih.gov/4683321/
https://www.sciencedirect.com/science/article/pii/S095461119990690X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/10714477/
https://www.sciencedirect.com/science/article/abs/pii/S0012369215321668?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15136381/
https://pubs.rsna.org/doi/10.1148/radiology.183.2.1561350
https://pubmed.ncbi.nlm.nih.gov/1561350/
https://www.atsjournals.org/doi/full/10.1164/ajrccm.164.4.2010066
https://pubmed.ncbi.nlm.nih.gov/11520720/
https://www.truvakitap.com/dergi/saglik-ve-yasam/tanisal-ve-girisimsel-radyoloji-2000-6-P395159
https://journals.lww.com/jcat/Abstract/1999/05000/A_Comparison_of_Methods_for_Enhancing_the.12.aspx
https://pubmed.ncbi.nlm.nih.gov/10348444/
https://www.atsjournals.org/doi/abs/10.1164/ajrccm/136.4.867
https://pubmed.ncbi.nlm.nih.gov/3662240/
https://turkthoracj.org/content/files/sayilar/92/buyuk/pdf_Toraksder_86.pdf
https://www.tandfonline.com/doi/full/10.1081/COPD-200050653
https://pubmed.ncbi.nlm.nih.gov/17136976/
https://www.atsjournals.org/doi/abs/10.1164/ajrccm/148.5.1351
https://pubmed.ncbi.nlm.nih.gov/8239175/
https://www.scielo.br/j/bjmbr/a/9RKH3qkT4Cf4SZvDH5sGcSr/?lang=en
https://pubmed.ncbi.nlm.nih.gov/19037530/
https://respiratory-research.biomedcentral.com/track/pdf/10.1186/1465-9921-13-85.pdf
https://pubmed.ncbi.nlm.nih.gov/23006638/
https://www.ncbi.nlm.nih.gov/pmc/articles/23006638/
https://thorax.bmj.com/content/49/5/468
https://pubmed.ncbi.nlm.nih.gov/8016768/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC474868/
https://pubmed.ncbi.nlm.nih.gov/22932179/
https://pubmed.ncbi.nlm.nih.gov/22106764/
https://www.atsjournals.org/doi/pdf/10.1513/pats.200802-017ET
https://pubmed.ncbi.nlm.nih.gov/18453349/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2645313/
http://tuberktoraks.org/managete/fu_folder/2017-02/2017-65-2-106-111.pdf
https://pubmed.ncbi.nlm.nih.gov/28990889/
https://www.sciencedirect.com/science/article/abs/pii/S0009926099903264?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/10650110/

