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Diagnosis and Clinical Significance of «Hidden»
Spectral Disorders of Blood Oxygenation Among
Smokers with Exacerbation of Bronchial Asthma

Pesome

Llesb — BbIIBUTb M OLLEHUTb KAMHUYECKOE 3HAYeHME «CKPbITbIX» HApYLUEHUA OKCUIreHaL MU KPOBU Y KYPU/IbLLMKOB C 060CTPeHNEM BpPOHXMasIbHOM
actMbl. MaTtepuansl u Metogbl. O6cneaoBaHo 19 KypubLmMKoB(cpeaHuit BospacT 54,6+2,05 neT) ¢ o60cTpeHmeM cMelwaHHoi (68 %) uav annep-
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Abstract

The purpose of the study — to identify and evaluate the clinical significance of “hidden” disorders of blood oxygenation in smokers with
exacerbation of bronchial asthma. Materials and methods: spirometry, pulse oximetry, CO-metry of exhaled air. To diagnose “hidden" disorders
of blood oxygenation, including “hidden"” violations of the spectral characteristics of the level of hemoglobin oxygen saturation, 19 male
smokers (middle age 54,6+2,05 years) with exacerbation of mixed (68 %) or allergic (32 %) bronchial asthma were examined. The results: the
accuracy of the clinical assessment of blood oxygenation in smokers increased significantly after the correction of the SpO, level to the level
of carboxyhemoglobin with the help of a computer program developed by us, which made it possible to diagnose a clinically significant life-
threatening exacerbation of this disease in smoking patients with bronchial asthma, since “hidden" respiratory insufficiency was detected in a

timely manner.
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Introduction

Tobacco smoking is one of the known exogenous
sources of carbon monoxide (CO) in human body.
Carbon monoxide displaces oxygen (O,) with the for-
mation of carboxyhemoglobin (HbCO) that results in
various impairments of the oxygen transport function of
blood, therefore, it is necessary to define HbCO level in
smokers, especially if they have chronic bronchial and
obstructive pathology [1-3]. This diagnostic approach
allows clarifying and objectifying the assessment of
blood oxygenation disorders, in particular, in smokers
with bronchial asthma (BA).

The prevalence of smoking in patients with bron-
chial asthma is high. It was established that 25-35% of
patients with bronchial asthma are active smokers [4, 5].
Tobacco smoke in some smokers with asthma leads to
the neutrophilic transformation of airway inflammation
with more frequent and more severe exacerbations of
bronchial asthma [6, 7].

Transcutaneous two-wavelengths pulse oximetry is
most widely used worldwide to assess blood oxygen-
ation, however, it leads to a diagnostic error in smokers,
since carboxyhemoglobin absorbs infrared light almost
identically to oxyhemoglobin. As a result, the level of
the oxygen saturation of hemoglobin in smokers accord-
ing to transcutaneous two-wavelengths pulse oximetry is
always overestimated [8-12].

The advanced two-wavelengths pulse oximeters allow
monitoring blood oxygenation and conducting its spec-
tral analysis to determine the percentage of blood oxygen

saturation (SpO,) in the ranges of 95-100%, < 95%,
90-94 %, 85-89 %, etc. [13]. However, the levels, as well
as the spectral characteristics of hemoglobin oxygen
saturation, without considering carboxyhemoglobin are
always aberrant. The clinical significance of this aberra-
tion is confirmed by the data from the federal guidelines
Carbon Monoxide Poisoning; they confirm that the level
of HbCO in non-smokers is 1-2 %, whereas in smokers
it ranges from 5 to 10 %, with average daily concentration
of HbCO from 5 up to 15% [14].

The reliable information about the exact level and
spectral characteristics of SpO, is crucial for diagno-
sis and assessment of the severity of respiratory failure,
in particular, in life-threatening asthma exacerbation.
One of the most important diagnostic criteria for a life-
threatening BA exacerbation is the blood oxygenation
decrease below 92 %.

The objective of this study was to identify and to
evaluate the clinical significance of the “occult” blood
oxygenation impairments in smokers with asthma
exacerbation.

Materials and Methods

For the diagnosis of the “occult” impairments of
blood oxygenation, including “occult” impairments of
the spectral characteristics of SpO,, 19 male smokers
aged (54.60 * 2.05), with exacerbation of mixed (n = 13;
68%) or allergic (n = 6; 32%) asthma were exam-
ined. It was a cross-sectional study; informed consent
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Table 1. Clinical characteristics of smokers with bronchial
asthma

Smokers with

Signs bronchial asthma,
n=19

Age, years 52,2+2,69
Men, % 100
Tobacco smoking, % 100
Disease duration, years 27,9+1,45
Duration of tobacco smoking, years 26,5+2,37
Mixed bronchial asthma, % 68
Allergic bronchial asthma, % 32
Allergens, % 100
Viral infection, % 15
Urticaria, % 7,3
Eosinophilia of blood and/or sputum, % 11
Arterial hypertension, % 17
Obesity, % 27
Angina pectoris II-III functional class, % 27
Type II diabetes mellitus with a target 14

blood sugar level, %

was obtained. BA was diagnosed in accordance with
the Clinical Guidelines for Asthma-2021 of the Ministry
of Health of the Russian Federation [7]. Table 1 presents
clinical characteristics of patients.

In all patients, carboxyhemoglobin level was analyzed
using a Micro CO-monitor (Micro Medical, UK) by
the carbon monoxide fraction in the exhaled air. HbCO
was measured no earlier than 2 hours after smoking.

M. J. Jarvis et al. conducted a study to evaluate
the accuracy of exhaled air CO measurement in com-
parison with gas chromatography results. The results
obtained confirmed the high accuracy of HbCO evalu-
ation by FECO measurement — the correlation coefhi-
cient in assessing the accuracy of HbCO measurement
by these methods was 0.98 for “healthy” smokers and
0.92 for smoking patients with emphysema [1].

Ventilatory lung capacity was assessed using a Spi-
rodoc SpO, spirometer (Italy).

Blood oxygenation was assessed using a 15-minute
transcutaneous two-wavelength pulse oximetry at rest
using a Spirodoc SpO, spirometer (Italy). The analy-
sis of hemoglobin oxygen saturation, including spec-
tral characteristics of SpO,, was performed both with-
out and with regard of carboxyhemoglobin. To adjust
the results of monitoring blood oxygenation for HbCO,
we used our proprietary Software for Carboxyhemo-
globin Adjustment of Blood Oxygenation Monitoring
Results During Transcutaneous Two-Wave Pulse Oxim-
etry (https://elibrary.ru/item.asp?id=43888052&ysclid=1
7ulwur86q612655985).

Software language and user interface are imple-
mented in Java Script language using HTML and CSS.
The software is provided as source code under the terms
of the GNU General Public License. Implementing com-
puter types — Intel, ARM, MIPS, operating system ver-
sions — Windows, Linux, FreeBSD.

Algorithm for using the software

1. Monitoring of blood oxygenation using transcu-
taneous two-wavelength pulse oximetry.

2. Extraction of the blood oxygenation dataset from
the SpO, curve recorded by Spirodoc SpO, and its
loading into the software.

3. Adjustment of blood oxygenation data for HbCO
average level after the introduction of average
HbCO value in the software.

Statistical processing of study results was car-
ried out using a licensed Russian version of Statistica
13.3 software. Mann — Whitney U test was used to
compare the parameters. The results are presented as
(M £ m). The differences in the analyzed values were
considered to be statistically significant at the level of
a-error < 0.05.

Results and Discussion

A moderate BA exacerbation was observed in
5 patients (26 %), a severe exacerbation — in 8 patients
(42%), and a life-threatening exacerbation — in
6 patients (32 %) according to the level of peak expira-
tory flow and clinical signs of the severity of BA exacer-
bations. However, none of the examined patients dem-
onstrated clinically significant decreased SpO, below
92 % (as measured by pulse oximetry with no subsequent
adjustment for carboxyhemoglobin).

The main clinical signs of bronchial and obstruc-
tive pathology in smokers were: paroxysmal cough in 5
(27 %) individuals, episodes of labored breathing in 19
(100 %) individuals, shortness of breath at heavy physi-
cal activity in 7 (39 %) individuals, at moderate physi-
cal activity — in 10 (51 %) individuals, and shortness
of breath at rest — in 2 (10 %) patients. Predominantly
mucous sputum was observed in 4 (19 %) patients. All
patients underwent chest X-ray to exclude pneumonia.

According to the pack-year (PY) parameter,
5 patients with asthma were identified as “abso-
lute smokers” (PY > 10, 26 %) and in 10 — as “heavy
smokers” (PY > 25, 53%). In 4 patients (21% of
cases), smoking was less intense and less prolonged
(PY < 10). Mean carboxyhemoglobin level exceeded
the upper limit of normal (< 1.12%) and amounted to
(2.40 £ 0.17)%. The pack-year parameter was at the level
of (35.10 + 5.15) due to the predominance of the “heavy”
smokers category. The average duration of hospital stay
was (11.10 + 0.40) days.
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Table 2. Characteristics of lung ventilation in smokers
with bronchial asthma

Indicators, (Mm) Smokers with bronchial asthma,

n=19
VG, % 54,7+3,97
FVC, % 42,3+3,33
FEV, % 40,0+3,56
FEV /VC, % 58,5+5,38
FEV /FVC, % 67,9+4,11
f/ggzs'ﬁ’ Z:’ 32,5+4,33

25-75”

Note: VC — vital capacity of the lungs; FVC — forced vital capacity of the lungs;
FEV, — volume of forced exhalation in 1 sec.; MEF,, . -middle expiratory flow of
25-75% FVC

® Sp02<92%
92%=<Sp02<95%
Sp02=95%

Figure 1. Prevalence of normal (Sp022=95 %),
moderately reduced (92 %<Sp02<95 %) and clinically
significant reduced (Sp0O2<92 %) blood oxygenation
without correction (A) and with correction for
carboxyhemoglobin (B)

Note: * — probability of a-error <0,05 when comparing indicators

All examined patients were found to have an obstruc-
tive respiratory dysfunction, with a decreased lung vital
capacity (VC) and forced vital capacity (FVC), as well as
the ratio of forced expiratory volume per 1 second (FEV )
to VC (FEV,/VC) and FVC (FEV /FVC), see Table 2. It is
known that VC decreases in severe obstruction, and air-
trapping that develops both during smoking and BA
exacerbation contributes to a decrease in FVC.

When performing pulse oximetry without subse-
quent adjustment of the mean value of hemoglobin satu-
ration with oxygen for carboxyhemoglobin, the satura-
tion of hemoglobin with oxygen in all examined patients
exceeded 92 %. It is worth mentioning, that normal mean
SpO, values (SpO,mean > 95 %) were found in 13 (69 %),
and moderately reduced mean values (92% < SpO-
,mean < 95%) — in 6 (31%) smokers with asthma
exacerbation.
saturation
for HbCO (the mean value of carbon monoxide in
the exhaled air used to determine carboxyhemoglo-
bin level is presented in Table 3 below) allowed iden-
tifying “occult” impairments of blood oxygenation
in 9 (48 %) patients. The prevalence of normal mean
oxygenation values decreased from 69 to 21%, and
the prevalence of moderately decreased mean hemoglo-
bin oxygen saturation increased from 31 to 53 %. Five
(26 %) smokers demonstrated a decrease in SpO, below
92 %; it is typical for a life-threatening BA exacerbation
(Figure 1).

As a result, the concept of BA exacerbation severity
in the examined smokers with asthma has fundamen-
tally changed: the prevalence of moderate exacerbation
decreased from 26 (n = 5) to 21% (n = 4), of severe —
from 42 (n = 8) to 26 % (n = 5), and the prevalence of
life-threatening exacerbation increased from 32 (n = 6)
up to 53% (n = 10) — p < 0.05 (Figure 2).

Adjustment of hemoglobin oxygen

Be3 koppekuun no HbCO - Without correction for HbCO
(A)

CpeaHeTsxénoe oboctpeHue,
% (moderate exacerbation, %)

 Taxénoe oboctpeHue, %
(severe exacerbation)

B XusHeyrpoxatolee
oboctpenue, % (life-
threatening exacerbation, %)

C Koppekuueit no HbCO - With correction for HbCO
(B)

CpepHeTaxénoe obocTpeHue,
% (moderate exacerbation, %)

H Taxénoe obocTpeHue, %
(severe exacerbation, %)

M XusHeyrpoxatoliee
obocTtperue, % (life-
threatening exacerbation, %)

Figure 2. Prevalence of severity of bronchial asthma exacerbation among smokers depending on the correction for

carboxyhemoglobin

Note. A — without correction for HbCO; B — with correction for HbCO; * — probability of a-error < 0.05 when comparing the parameters
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Table 3. Assessment of blood oxygenation in smokers with bronchial asthma with and without correction for

carboxyhemoglobin

Parameters Without correction for HbCO, With correction for HbCO, P

(M +m) (M +m)

F.CO, ppm - 15.60 + 0.09 -
HbCO, % - 2.40£0.17 -
SpO,min., % 93.80 £ 0.34 91.40 £ 0.39 <0.001
SpO,max., % 97.10 £ 0.24 94.60 £ 0.31 <0.001
SpO,mean, % 95.60 + 0.29 93.20+0.33 <0.001
SpO, (< 95%), % 20.70 +7.30 80.80 £ 8.53 <0.001
SpO, (< 92%), % - 24.90 £ 7.82 -
SpO, (< 90%), % - 1.60 +0.75 -
SpO, (95-100%), % 79.30 £ 7.30 19.20 + 8.53 <0.001
SpO, (95-100 %)mean, % 96.00 £ 0.20 95.50 + 0.10 0.196
SpO, (90-95%), % 20.70 +7.30 79.30 + 8.37 <0.001
SpO, (90-95 %)mean, % 93.80 £ 0.06 93.00 £ 0.24 0.022
SpO, (85-90%), % - 1.50 +0.75 -
SpO, (85-90 %)mean, % - 89.50 + 0.20 -

Note. F.CO — fraction of carbon monoxide in exhaled air; HbCO — carboxyhemoglobin; SpO,min., max., mean — minimum, maximum and average values of SpO,; SpO,(< 95%)
SpO, (< 92%) SpO, (< 90 %), SpO, (95-100 %), SpO, (90-95 %), (85-90 %) — part of SpO, values related to the specified oxygenation spectra; SpO, (95-100 %)mean, SpO, (90-95 %)mean,
SpO, (85-90%)mean — the average level of SpO, in the indicated blood oxygenation spectra; p — the probability of a-error < 0.05 when comparing corrected and uncorrected for HhCO

parameters of blood oxygenation

It is apparent that the accuracy of the clinical assess-
ment of blood oxygenation in smokers after adjusting
SpO, for HbCO level increased significantly and allowed
diagnosing a clinically significant life-threatening exac-
erbation of asthma in smoking patients due to the timely
detection of respiratory failure.

In addition to decreased mean, minimum and
maximum SpO,, adjustment of blood oxygenation
monitoring data for HbCO allowed revealing signifi-
cant changes in the basic spectra of blood oxygenation
(Table 3).

In particular, the part of the normal values of blood
oxygenation (95-100 %) decreased from 79.3 to 19.2%.
It should be noted that, for example, the proportion of
decreased SpO, values (90-95 %) increased significantly
from 20.7 to 79.3% in combination with a decrease in
the mean values of blood oxygenation in the indicated
blood oxygenation spectra.

Conclusion

The negative effect of carbon monoxide on the oxygen
transport function of blood is implemented due to
hypoxic hypoxia (due to decreased partial pressure of
O, in alveolar space), hemic hypoxia (due to excessive
carboxyhemoglobin, HbCO), circulatory hypoxia (due
to hemodynamic disorders), and tissue hypoxia (due to
inactivation of enzymes that regulate tissue respiration).
Further, the increase in HbCO level shifts the oxyhemo-
globin dissociation curve to the left with a decrease in

the rate of oxygen delivery to tissues. The higher HbCO,
the more impaired the state of oxygen transport in a
smoker is.

Due to elevated HbCO levels in all smokers, trans-
cutaneous pulse oximetry is subject to diagnostic error
due to similar absorption of infrared light by HbO, and
HbCO; it leads to an “underestimation” of blood oxygen-
ation disorders and, accordingly, to an “underestimation”
of the severity of respiratory failure that occurs in some
patients with chronic bronchial and obstructive pathology.

Therefore, timely detection and more accurate diag-
nosis of respiratory failure required adjustment for car-
boxyhemoglobin level after two-wavelength transcu-
taneous pulse oximetry. This determines the practical
significance of this study. For practical adjustment of
SpO, monitoring results we can use, for example, a com-
puter program developed by us.

This diagnostic strategy is also important for the sub-
sequent treatment the nature and extent of which largely
depend on timely and more accurate assessment of respi-
ratory failure.
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