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JTAATHOCTHYECKOE 3HAYEHHUE METOJA OFBEMHOH KAITHOTI'PA®UU
B OBCJIEJJOBAHWM MAIIMEHTOB C BPOHXHUAJIBHON ACTMOM

© C.B. Cybbomun

®I'BOY BO Ps3anckuii rocy1apcTBEHHbINA MEIULIUHCKUN YHUBEPCUTET
uM. akan. W.I1. [TaBnoBa Munsapasa Poccuu, Psizanb, Poccus

Ilens. M3yunTh MUAarHOCTUYECKOE 3HAUCHHE O0BEMHON KarmHorpaduu B 0OCiIe10BaHUU TMa-
LIUEHTOB C TSDKEJIBIM U CPEIHETSKENBIM TeueHueM OpoHxuanbHOU acT™bl (BA). Mamepuanwt u
memoowt. O6cnenoBan 171 nanuent ¢ BA, u3 Hux 43 — ¢ BA Tspkenoro teueHus u 45 — cpeHe
creneHu TsokecTd. KoHTponbHas rpymmna — 83 OTHOCHTEIBHO 3J0POBBIX J0OpoBOIbLA. Y BCeX 00-
CJIETyEeMbIX Hapsy ¢ KIMHUYECKHMM OCMOTPOM OIpEAessUiM MOKAa3aTenu CIUPOMETPUN U 00beM-
HOW KamHorpaduu ¢ TMOMOINBIO YIBTPAa3BYKOBOTO KOMITBIOTEPHOTO cruporpada SpiroScout
(Ganshorn, I'epmanust), ocHalieHHOTO GyHKIKEH 00beMHOM KanHorpabuu. Pezyremamot. 1pu
poBeeHNH 00BEMHON KarmHorpadguu y nanueHToB C BA B oTin4me oT KOHTPOJIBHOM TpymIioi
OOHapyXUIUCH CIEeAYIOLMe U3MEHEHHS: yBenuueHnue yria HakiaoHa ¢assl Il (oTpakaer Heo -
HOPOJHOCTh BEHTHJIALMU U Tepy3uu JETOYHON mnepudepuu BCIEACTBUE MATOJIOTUU MAaJIbIX
JBIXaTeIbHBIX MyTeil) U HHAEKca dM(pU3EMBbI (XapaKTepU3yeT JeroYHyto runepuHduanuio). Pas-
JUYHSA C KOHTPOJIBHOHM TPyNIoi ObUTH CTATUCTHYECKW 3HAYMMBI M JUIS TMAIMEHTOB C TSDKEION
BA, u nng nmanuenToB co cpennei TsxecThio BA. Ilo pesynbTaTam oOcienoBaHUs 310POBBIX
JIUI] PacCYMTAaHbl HOPMAJIbHBIE 3HAa4YeHHs s yriaa HakioHa ¢assl Il (<0,31 r/mons*n) u uH-
nexca smbuzembl (<43). M3yuanach nuarHocTuyeckass 4YyBCTBUTEIBHOCTh U CHEHU(PUYHOCTD
o0bemMHON KamHOTrpaduu ¢ nocnenyromum nocrpoeaneM ROC-kpuBbix u pacuetom AUC mis
yria HakyioHa (a3sl |1l u nnaekca sMmdpuzemsl. Y CTaHOBICHO, YTO HauOOMIbIIeH HHHOPMATHUBHO-
cThio Ipu BA 00namaroT mokazarenu cuenuGUIHOCTH AMATHOCTUYECKOTO TecTa (Yrojl HaKJIOHA
¢azsr 1T — 90,32%, unnexc smpuzemsl — 96,77%). [locnenyromee nocrpoenne ROC-kpuBbIx
BBIIBIIIO, 4TO BenmunHa AUC mnst yria vaknona ¢assl |l u manekca smpuzemst Boimie npu BA
TSDKETIOT0 TeYeHus 1mo cpaBHeHHIo ¢ BA cpennersskenoro teuenus (0,74 u 0,86, COOTBETCTBE H-
HO). 3aknwuenue. llonydyeHHBIE TaHHBIE EMOHCTPUPYIOT 3HAYMMOCTh METOAa 0OBbEMHON Kat-
Horpaduu B QyHKIMOHAIBHOM TuarHoctuke bA.

Knioueewle cnosa: bpouxuanvuas acmma, o0veMHas KanHozpagus, uHOexc smgusemol, mMa-
JIble Ovlxamenvhble nymu.

DIAGNOSTIC SIGNIFICANCE OF VOLUME CAPNOGRAPHY IN EXAMINATION
OF PATIENTS WITH BRONCHIAL ASTHMA

S.V. Subbotin
Ryazan State Medical University, Ryazan, Russia

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 Il (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 Il and for
emphysema index. It was found that most informative in BA are parameters of specificity of the
diagnostic test (slope of phase Il — 90.32%, emphysema index — 96.77%). The subsequent con-
struction of ROC-curves showed that the AUC value for slope of phase 1l 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 Volume capnography records a pattern
world-wide increase in the number of patients of elimination of CO, of the expired air in
with bronchial asthma (BA) including Rus- relation to the tidal volume (in contrast to tra-
sian Federation [1,2] which necessitates im- ditional capnography that evaluates release of
provement of diagnostics and treatment of CO, depending on time) [8,9]. A graphic
this disease. The main factor that determines presentation of this method is a volume
clinical symptoms in BA is bronchial obstruc- capnogram (Fig.1) that is required for further
tion that leads to respiratory dysfunction. The calculation of some parameters: dead space,
acknowledged «gold standard» of diagnosis slopes of I, Il and Il phases, emphysema in-
of ventilatory disorders in  broncho- dex and etc. [10].
obstructive syndrome is spirometry [1]. How- In the curve (Fig.1) three phases are dis-
ever, this method has a number of limitations, tinguished.
for example, difficulties in performing forced Phase | characterizes CO; of the ana-
respiratory manoeuvers, especially by patients tomical dead space, that is, the gas of the up-
with severe BA, that does not permit correct per airways which contains little amount of
interpretation of the results of examination CO;, (usually compared to zero) and is used in
[3,4]. Spirometry does not permit to deter- resuscitation practice to calculate the dead
mine the expressiveness of hyperinflation of space of the breathing system [11].
lung and the condition of small airways (SA) Phase Il (dMM/dV2) illustrates fast
which, in modern understanding, play a sig- buildup of concentration of CO, due to addi-
nificant role in the pathogenesis of BA [5-7]. tion of gas from alveoli and is the main pa-
These facts stimulated search for new instru- rameter for calculation of the dead space. Re-
ments of evaluation of the lung function that duction in dMM/dV2, and, consequently, re-
could become an alternative to spirometry in duction in the volume of the dead space is
some clinical cases. In this aspect, of special seen in bronchial obstruction [10].
interest is a method of volume capnography Phase Il (dMM/dV3, alveolar phase,
that requires no forced respiratory alveolar plateau) is determined by alveolar
manoeuvers and reflects alterations in SA and CO; and indirectly reflects changes in the
the presence of hyperinflation of lungs in pa- ventilation and perfusion of the lung periph-
tients with BA. ery (SA) [12].
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Fig. 1. Structure of volume capnogram:
FCO, — fractional concentration of carbon dioxide in the expired air;

VTeff — effective tidal volume; | — phase I; 11 — phase Il; 111 — phase I1I; 1 — dead space volume;
2 — transition of phase | to phase I1; 3 — slope of phase Il; 4 — alpha angle (transition of Il to phase
I11); 5 — slope of phase I11; 6 — end of expiration; 7 — released volume.

The area between the curves represents the volume of released CO, [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 CO, 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
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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 111 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 Il
(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 (M+SD, Me (25%;75%))
Parameter Gronzgzvg;g; BA 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
FEV, % of the reference value 59.50+1.72* 98.98+1.26 <0.001
FEV,, ml 1520 (1105;1785)* 2650 (2130;3270) <0.001

Notes: dMM/dV3 — slope angle of phase IlI, 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
111, 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 (M+SD, Me (25%;75%))
Parameter Seve_re BA ModeEate BA D
(n=43) (n=45)
Volume Capnography
dMM/dV3, g/mol-L 0.25 (0.12;0.22)* 0.2 (0.13;0.28) 0.002
\Vm25-50/V/Tin-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
FEV,, ml 1120 (905;1515)* 1690 (1530;2080) <0.001

Notes: dMM/dV3 — slope angle of phase 111, Vm25-50/VTin-s — emphysema index, FEV; —
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 AMM/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
1l and emphysema index were determined
(Table 3).

Table 3
Diagnostic Significance of Certain Parameters of Volume Capnography
Se Sp PSPR PSNR AUC
BA 39.74% | 90.32% | 77.39% | 64.47% 0.66
dMM/dV3
Severe BA 50.00% | 89.00% | 69.00% | 78.38% 0.74
BA 39.74% | 96.77% | 90.95% | 65.75% 0.72
Vm25-50/VTin-s
Severe BA 60.46% | 98.80% | 96.15% | 83.30% 0.86
As seen from Table 3, parameters of pulmonary disease (COPD). P.V. Romero,
specificity of the diagnostic test can be con- et al. (2007) observed an increase in AUC
sidered most informative. Here, of the high- ROC-curves for dMM/dV3 depending on
est diagnostic significance was emphysema severity of COPD [14]. In turn, S. Ponto, et
index. Subsequent construction of ROC- al. (2016) showed a high diagnostic value
curves showed that the value of AUC for of dMM/dV3 in patients with COPD (sen-
dMM/dV3 (Fig. 3) and Vm25-50/VTin-s sitivity 90%, specificity 86%) [15]. How-
(Fig. 4) was higher in the group that includ- ever, there are no data in the literature con-
ed patients with severe BA. cerning research of diagnostic significance
So, today there exist single publica- of volume capnography in BA. Results of
tions about diagnostic significance of vol- our study permitted to make the following
ume capnography in chronic obstructive conclusions.
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Fig. 3. ROC-curves for the slope of phase Ill (A — BA, B — severe BA)
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Fig. 4. ROC-curves for emphysema index (A — 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 111 —
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 Ill — 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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