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Цель. Изучить диагностическое значение объемной капнографии в обследовании па-

циентов с тяжелым и среднетяжелым течением бронхиальной астмы (БА). Материалы и 

методы. Обследован 171 пациент с БА, из них 43 – с БА тяжелого течения и 45 – средней 

степени тяжести. Контрольная группа – 83 относительно здоровых добровольца. У всех об-

следуемых наряду с клиническим осмотром определяли показатели спирометрии и объем-

ной капнографии с помощью ультразвукового компьютерного спирографа SpiroScout 

(Ganshorn, Германия), оснащенного функцией объемной капнографии. Результаты. При 

проведении объемной капнографии у пациентов c БА в отличие от контрольной группой 

обнаружились следующие изменения: увеличение угла наклона фазы III (отражает неод-

нородность вентиляции и перфузии легочной периферии вследствие патологии малых 

дыхательных путей) и индекса эмфиземы (характеризует легочную гиперинфляцию). Раз-

личия с контрольной группой были статистически значимы и для пациентов с тяжелой 

БА, и для пациентов со средней тяжестью БА. По результатам обследования здоровых 

лиц рассчитаны нормальные значения для угла наклона фазы III (<0,31 г/моль*л) и ин-

декса эмфиземы (<43). Изучалась диагностическая чувствительность и специфичность 

объемной капнографии с последующим построением ROC-кривых и расчетом AUC для 

угла наклона фазы III и индекса эмфиземы. Установлено, что наибольшей информативно-

стью при БА обладают показатели специфичности диагностического теста (угол наклона 

фазы III – 90,32%, индекс эмфиземы – 96,77%). Последующее построение ROC-кривых 

выявило, что величина AUC для угла наклона фазы III и индекса эмфиземы выше при БА 

тяжелого течения по сравнению с БА среднетяжелого течения (0,74 и 0,86, соответствен-

но). Заключение. Полученные данные демонстрируют значимость метода объемной кап-

нографии в функциональной диагностике БА. 
Ключевые слова: бронхиальная астма, объемная капнография, индекс эмфиземы, ма-

лые дыхательные пути. 
______________________________________________________________________________ 
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Aim: to study the diagnostic significance of volume capnography in examination of patients 
with severe and moderate bronchial asthma (BA). Materials and Methods. 171 patents were ex-
amined, of them 43 patients with severe BA and 45 patients with moderate BA. The control group 
included 83 relatively healthy volunteers. In all the participants, along with clinical examination, 
parameters of spirometry and volume capnography were determined using ultrasound computer 
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spirograph SpiroScout (Ganshorn, Germany) equipped with a volume capnography function. Re-
sults. Volume capnography revealed the following changes in patients with BA in comparison 
with the control group: increase in the slope of phase III (indicates non-uniformity of ventilation 
and perfusion in the lung periphery due to pathology of the small airways) and increase in emphy-
sema index (indicates hyperinflation of lung). The above indices had statistically significant dif-
ferences in severe and moderate asthma. Based on the results of examination of healthy individu-
als, the normal values for the slope of phase III (<0.31 g/mol·L) and emphysema index (<43) were 

calculated. Diagnostic sensitivity and specificity of volume capnography were studied with subse-
quent construction of ROC-curves and calculation of AUC for the slope angle of phase III and for 
emphysema index. It was found that most informative in BA are parameters of specificity of the 
diagnostic test (slope of phase III – 90.32%, emphysema index – 96.77%). The subsequent con-
struction of ROC-curves showed that the AUC value for slope of phase III and emphysema index 
was higher in severe BA compared to the moderate BA (0.74 and 0.86, respectively). Conclusion. 
The obtained data demonstrate the significance of volume capnography in the functional diagnosis 
of respiratory disorders in BA. 

Keywords: bronchial asthma, volume capnography, emphysema index, small airways. 
______________________________________________________________________________ 

 
At present a stable tendency is noted to 

world-wide increase in the number of patients 
with bronchial asthma (BA) including Rus-
sian Federation [1,2] which necessitates im-
provement of diagnostics and treatment of 
this disease. The main factor that determines 
clinical symptoms in BA is bronchial obstruc-
tion that leads to respiratory dysfunction. The 
acknowledged «gold standard» of diagnosis 
of ventilatory disorders in broncho-
obstructive syndrome is spirometry [1]. How-
ever, this method has a number of limitations, 
for example, difficulties in performing forced 
respiratory manoeuvers, especially by patients 
with severe BA, that does not permit correct 
interpretation of the results of examination 
[3,4]. Spirometry does not permit to deter-
mine the expressiveness of hyperinflation of 
lung and the condition of small airways (SA) 
which, in modern understanding, play a sig-
nificant role in the pathogenesis of BA [5-7]. 
These facts stimulated search for new instru-
ments of evaluation of the lung function that 
could become an alternative to spirometry in 
some clinical cases. In this aspect, of special 
interest is a method of volume capnography 
that requires no forced respiratory 
manoeuvers and reflects alterations in SA and 
the presence of hyperinflation of lungs in pa-
tients with BA.  

Volume capnography records a pattern 
of elimination of CO2 of the expired air in 
relation to the tidal volume (in contrast to tra-
ditional capnography that evaluates release of 
CO2 depending on time) [8,9]. A graphic 
presentation of this method is a volume 
capnogram (Fig.1) that is required for further 
calculation of some parameters: dead space, 
slopes of I, II and III phases, emphysema in-
dex and etc. [10]. 

In the curve (Fig.1) three phases are dis-
tinguished.  

Phase I characterizes CO2 of the ana-
tomical dead space, that is, the gas of the up-
per airways which contains little amount of 
CO2 (usually compared to zero) and is used in 
resuscitation practice to calculate the dead 
space of the breathing system [11]. 

Phase II (dMM/dV2) illustrates fast 
buildup of concentration of CO2 due to addi-
tion of gas from alveoli and is the main pa-
rameter for calculation of the dead space. Re-
duction in dMM/dV2, and, consequently, re-
duction in the volume of the dead space is 
seen in bronchial obstruction [10]. 

Phase III (dMM/dV3, alveolar phase, 
alveolar plateau) is determined by alveolar 
CO2 and indirectly reflects changes in the 
ventilation and perfusion of the lung periph-
ery (SA) [12]. 
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Fig. 1. Structure of volume capnogram: 

FCO2 – fractional concentration of carbon dioxide in the expired air;  
VTeff – effective tidal volume; I – phase I; II – phase II; III – phase III; 1 – dead space volume;  

2 – transition of phase I to phase II; 3 – slope of phase II; 4 – alpha angle (transition of II to phase 
III); 5 – slope of phase III; 6 – end of expiration; 7 – released volume.  

The area between the curves represents the volume of released СО2 [10] 
 
A special calculated parameter of vol-

ume capnography is emphysema index 
(Vm25-50/VTin-s) – a slope of the regression 
line of index of mixed air with maximal con-
centration of СО2 from 25 to 50%. Emphyse-
ma index permits to indirectly evaluate ex-
pressiveness of hyperinflation of lungs [13].  

Aim to study diagnostic significance of 
volume capnography in patients with severe 
and moderate bronchial asthma.  

Materials and Methods 
The study was conducted at the De-

partment of Therapy and Family Medicine of 
the Faculty of Additional Professional Educa-
tion, Ryazan State Medical University. The 
work was approved by the Local Ethical 
Committee of Ryazan State Medical Univer-
sity and complies with the requirements of 
Good Clinical Practice (GCP) and of the 
World Medical Association’s Declaration of 

Helsinki «Ethical Principles for Medical Re-
search Involving Human Subjects».  

The study included 88 patients with se-
vere (n=43) and moderately severe (n=45) 
BA above 18 years of age. The diagnosis of 
BA was established in accordance with the 
requirements of the global strategy of treat-
ment and prophylaxis of bronchial asthma [3]. 
The group of comparison included 83 healthy 
non-smoking volunteers above 18 years of 
age having no BA in history. The groups were 
comparable in gender and age (p>0.05). All 

studied individuals signed voluntary informed 
consent. There were excluded patients with 
diseases and conditions that could produce a 
significant influence on the function of the 
respiratory system and the studied parameter.  

The data of volumetric capnography 
and spirography were recorded using ultra-
sound computer Spirograph Spiro Scout 
(Ganshorn, Germany) equipped with the 
function of volume capnography (Fig. 2). 
Spirometry was conducted according to 
ATS/ERS standards [4]. 

Statistical processing of the obtained re-
sults was carried out using Microsoft Excel 
2013, Stat Soft Statistica, version 13 (USA). 
For evaluation of distribution of signs 
Shapiro-Wilk test was used. Taking into ac-
count other than normal distribution of the 
studied signs, the data were presented in Me 
[Q25; Q75] form, where Me – median, and 
Q25 and Q75 are lower and upper quartiles, 
respectively. Normal parameters of the vol-
ume capnography were determined in the 
control group by percentile method provided 
the distribution of a sign was normal. Here, 
the limits of the norm were considered to be 
an interval of measurement including 2 quad-
ratic deviations above and below the average 
value, e.g., 95% of all measurements.  

Dependence of the quantity of correctly 
classified positive examples on the quantity 
of  incorrectly  classified  negative  examples 

 

Volume 
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Fig. 2. Spirograph Spiro scout equipped with the function of volume capnography  

(Ganshorn, Germany) 
 

was studied. Diagnostic sensitivity and speci-
ficity of the test were determined by construc-
tion of ROC-curves with the subsequent cal-
culation of Area Under ROC-Curve (AUC). 
AUC=0.9-1.0 corresponded to excellent qual-
ity of the diagnostic test, AUC=0.8-0.9 – to 
high quality, AUC=0.7-0.8 – to good quality, 
AUC=0.6-0.7 – to medium quality, AUC=0.5-
0.6 corresponded to unsatisfactory quality. A 
share of positive results of the test in the 
group of patients with BA (sensitivity, Se) 
and a share of negative results in the control 
group (specificity, Sp) was given in %. Prog-
nostic significance of positive results (PSPR) 
and prognostic significance of negative re-

sults (PSNR) were evaluated for the slope of 
phase III and for emphysema index of volume 
capnography. 

Results and Discussion 
The results of volume capnography and 

spirography of patients with BA and of re-
spondents of the control group are given in 
Table 1. The slope angle of phase III 
(dMM/dV3, g/mol·L) was found to be higher 

in patients with BA as compared to respond-
ents of the control group. Emphysema index 
(Vm25-50/VTin-s) also showed statistically 
significant differences between the groups 
and was higher in patients with BA than in 
representatives of the control group. 

 
Table 1 

Parameters of Volume Capnography and Spirometry in Patients  
with BA and in Control Group (М±SD, Ме (25%;75%)) 

 

Parameter 
Group with BA 

(n=88) 
Control Group (n=83) p 

Volume Capnography 

dMM/dV3, g/mol·L 0.25 (0.18;0.36)* 0.19 (0.13;0.26) 0.001 

Vm25-50/VTin-s 31.64 (12.30;75.69)* 16.55 (8.34;26.67) <0.001 

Spirometry 

FEV1, % of the reference value 59.50±1.72* 98.98±1.26 <0.001 

FEV1, ml 1520 (1105;1785)* 2650 (2130;3270) <0.001 

 
Notes: dMM/dV3 – slope angle of phase III, Vm25-50/VTin-s – emphysema index,  

FEV1 – forced expiration volume per the 1st second, * – p<0.05, compared to control group results 
 
Comparison of parameters of volume 

capnography and spirometry of patients with 
severe and moderate BA showed statistically 
significant differences between the compared 
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groups: increase in the slope angle of phase 
III, in emphysema index and reduction in the 
forced expiration volume per the 1st second 

(% of the reference value) in patients with 
severe course of the disease (Table 2). 

Table 2 
Parameters of Volume Capnography and Spirometry in Patients  

with Severe and Moderate BA (М±SD, Ме (25%;75%)) 
 

Parameter 
Severe BA 

(n=43) 
Moderate BA  

(n=45) 
p 

Volume Capnography 

dMM/dV3, g/mol·L 0.25 (0.12;0.22)* 0.2 (0.13;0.28) 0.002 

Vm25-50/VTin-s 45 (31.2;154.3)* 19.8 (1.2;94.3) 0.001 

Spirometry 

FEV1, % of reference value 48.5±1.2* 78.98±1.28 <0.001 

FEV1, ml 1120 (905;1515)* 1690 (1530;2080) <0.001 

 
Notes: dMM/dV3 – slope angle of phase III, Vm25-50/VTin-s – emphysema index, FEV1 – 

forced expiration volume per the 1st second, * – p<0.05 
 
In analysis of the results of volume 

capnography in relatively healthy individuals, 
normal values for dMM/dV3 (<0.31 g/mol·L) 

and Vm25-50/VTin-s (<43) were calculated. 
Diagnostic sensitivity and specificity of the 

test (with subsequent construction of ROC-
curves and calculation of AUC) and also 
PSPR and PSNR for the slope angle of phase 
III and emphysema index were determined 
(Table 3). 

Table 3 
Diagnostic Significance of Certain Parameters of Volume Capnography 

 

 Se Sp PSPR PSNR AUC 

dMM/dV3 
BA 39.74% 90.32% 77.39% 64.47% 0.66 

Severe BA 50.00% 89.00% 69.00% 78.38% 0.74 

Vm25-50/VTin-s 
BA 39.74% 96.77% 90.95% 65.75% 0.72 

Severe BA 60.46% 98.80% 96.15% 83.30% 0.86 

 
As seen from Table 3, parameters of 

specificity of the diagnostic test can be con-
sidered most informative. Here, of the high-
est diagnostic significance was emphysema 
index. Subsequent construction of ROC-
curves showed that the value of AUC for 
dMM/dV3 (Fig. 3) and Vm25-50/VTin-s 
(Fig. 4) was higher in the group that includ-
ed patients with severe BA. 

So, today there exist single publica-
tions about diagnostic significance of vol-
ume capnography in chronic obstructive 

pulmonary disease (COPD). P.V. Romerо, 
et al. (2007) observed an increase in AUC 
ROC-curves for dMM/dV3 depending on 
severity of COPD [14]. In turn, S. Ponto, et 
al. (2016) showed a high diagnostic value 
of dMM/dV3 in patients with COPD (sen-
sitivity 90%, specificity 86%) [15]. How-
ever, there are no data in the literature con-
cerning research of diagnostic significance 
of volume capnography in BA. Results of 
our study permitted to make the following 
conclusions. 
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Fig. 3. ROC-curves for the slope of phase III (А – BA, B – severe BA) 
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Fig. 4. ROC-curves for emphysema index (А – BA, B – severe BA) 

 
Conclusions 

1. Method of volume capnography pos-
sesses high specificity in examination of pa-
tients with severe and moderate course of 
bronchial asthma (a slope angle of phase III – 
90.32%, emphysema index – 96.77%).  

2. In severe course of bronchial asthma 
higher sensitivity of parameters of volume 

capnography were recorded (slope angle 
ofphase III – 50.0%, emphysema index – 
60.46%); specificity of emphysema index in 
this case was 98.8%. 

3. The obtained data demonstrate signif-
icance of the studied method in the function-
nal diagnosis of respiratory disorders in bron- 
chial asthma. 

______________________________________________________________________________ 
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