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Summary

Aim of the study. To study the effect of helium-oxygen mixture on predictors of postoperative pulmonary
complications in cancer patients with chronic obstructive pulmonary disease (COPD).

Materials and methods. A single-center prospective clinical study with historical control included 208 pa-
tients, among them 104 patients received helium-oxygen mixture inhalations (70% helium and 30% oxygen)
in the preoperative period (He group) and 104 patients were the historical control group (Ctrl group). Given
the risk of bias associated with confounders, we conducted a one-to-one matching analysis based on pseudo-
randomization to adjust for the unbalanced baseline characteristics of the groups. We used logistic regression
to develop the pseudo-randomization estimates. We used the nearest neighbor matching 1:1 with a caliper of
0.1 to achieve better similarity among matched pairs. After pseudo-randomization, we included 87 patients
in each group, ensuring adequate balance across all covariates. A multivariate logistic regression analysis was
performed to identify factors associated with the risk of postoperative pulmonary complications.

Results. In the He group, there was a statistically significant improvement in a number of functional parameters
compared to the Ctrl group. FEV;, FVC, mod. Tiffeneau index values in the He group increased significantly
(p=0.0009; p=0.0115; p=014, respectively), gas exchange parameters (PaO., PaCO., pH, SpO.) improved (p=0.0006;
p=0.004; p=0.0097; p=0.001, respectively). Hypoxia tolerance tests also showed significantly greater values in the
He group (Stange test, p=0.016; Sabrazes (Hench) post-exhalation breath-holding test, p=0.024). Analysis of post-
operative parameters showed significant advantage of the He group over the control group in terms of critically im-
portant clinical outcomes. At the final stage of stepwise selection, three independent predictors were included in
the risk model for postoperative pulmonary complications: SpO,, the breath-holding test, and the duration of post-
operative mechanical ventilation. The quality of the model was high, with a correctly classified case rate of 92.2%,
a Hosmer-Lemeshow goodness-of-fit statistic of p=0.933, and a total model significance of p<0.000.

Conclusion. We performed the first clinical study that showed the importance of preoperative preparation
using a helium-oxygen mixture in cancer patients with chronic obstructive pulmonary disease and identified
predictors of pulmonary complications after thoracic surgery.
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Introduction  cicinoma, squamous cell carcinoma, neuroen-
Lung cancer is one of the most common causes docrine carcinoma, and carcinoid, are reported

of cancer-related morbidity and mortality, repre- annually [1].
senting a significant challenge within healthcare Lobectomy and pulmonectomy are the main
systems. Worldwide over 2 million cases of various  surgical options for lung cancer. According to most
malignant lung tissue neoplasms, such as adeno- authors, it is advisable to consider reducing the
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scope of surgical intervention in patients with
limited functional reserves, i.e., to reduce the volume
of resected lung tissue and limit lymph node dis-
section. This approach is common in patients with
metastatic lung disease, and also relevant in primary
lung cancer, especially in patients with severe res-
piratory failure [2].

It's not uncommon that surgical access may
require single-lung ventilation, which can increase
dead space and intrapulmonary shunting, thereby
causing hypoxemia in patients with low respiratory
reserve. Traditional methods, including increasing
PEEP, peak pressure, and plateau pressure, can
worsen oxygenation and respiratory mechanics, es-
pecially in patients with COPD. In addition, thoracic
surgeries are associated with postoperative com-
plications such as alveolar-pleural fistula, pneu-
monia, and ARDS [3, 4]. According to some authors,
the mortality rate after lung resection for cancer
reaches 6% [5].

There are several factors that are directly and
indirectly related to the risk of negative treatment
outcomes. These include patient-related (ASA >11I)
and surgery-anesthesia related (ARISCAT > 26 scores)
criteria. Quitting smoking provided a beneficial
effect on patient’s respiratory status during com-
prehensive preoperative preparation. According
to the LAS VEGAS study, the number of pulmonary
complications did not differ between smokers and
non-smokers in the postoperative period, but the
incidence of respiratory failure was statistically
significantly higher in smokers (5.1% and 3.0%,
respectively) [6].

Conventionally used predictors of postoperative
pulmonary complications, such as age, volume of
resected lung tissue, and baseline respiratory func-
tion, are well known. However, most existing models
are static and do not take into account the potential
for preoperative optimization of respiratory status.
Berry et al. study has demonstrated that the predictive
value of functional pulmonary tests in relation to
postoperative pulmonary complications in patients
with respiratory failure depends on the surgical ac-
cess, as statistically significant correlation was found
only in thoracotomy access, not in video-assisted
thoracic surgery (VATS) [7]. D. Almqvist et al. have
demonstrated in a recent study that FEV, and lung
diffusion capacity did not have prognostic value in
relation to survival rates in patients after surgical
resection for early stage lung cancer. Meanwhile,
the same functional tests significantly correlated
with length of hospital stay [8].

The breath-holding test was introduced into
practice in 1902 by Sabrazes Jean-Emile (1867-1943),
who established that the normal duration of apnea
is 20-25 seconds, and a reduction in time to 5-10
seconds is associated with various pathologies, such
as mitral valve insufficiency. Later, V.A.Stange

(1856-1918) recommended this test as «the best
indicator of the patient's heart condition during
operations under general anesthesia» [9].

Noble gases are a promising direction in therapy
of critical conditions [10]. Xenon and argon possess
organoprotective properties in vitro and in vivo,
while studies of krypton are only at the beginning
of the experimental path [11-13].

Helium is a monoatomic noble gas with a
lower molecular mass compared to diatomic nitrogen
(Mr He=4.0 g/mol vs Mr N2=28.0 g/mol). Graham's
law (Thomas Graham, 1805-1869), known as the
law of relative rates of passage of substances through
a membrane, states that the rate of gas flow is in-
versely proportional to the square root of its mass
density [14]. Therefore, replacing nitrogen with he-
lium in a breathing mixture will lead to a more
active penetration of oxygen through the alveoli
into the blood, which may be beneficial for patients
with impaired gas exchange.

Heliox (a mixture of helium and oxygen) has
been used for medical purposes since 1934, when
Alvan Barach first described his own research on
the use of the gas in patients with bronchial asthma
and upper airway obstruction [15]. The dominant
area of clinical application of Heliox is currently re-
lated to respiratory diseases, while its potential
effects on other physiological systems (CNS, circu-
lation, immunity) remain the subject of preclinical
studies [15-21].

According to a systematic review and meta-
analysis (Lakhin et al., 2022), adding of Heliox to
conventional respiratory therapy for severe acute
pneumonia improves oxygenation, reduces acute-
phase proteins (APPs) levels, but does not reduce
the length of ICU stay, rates of mechanically assisted
ventilation, or in-hospital mortality rates [22].

Prevention of respiratory complications is a
basic principle of perioperative management in
thoracic anesthesiology. Finding the best strategy
and tactics for managing patients can lead to a de-
crease in mortality, paving the way for a solution to
this problem. To date, there are no studies on the
impact of Heliox on the quality of prevention of
pulmonary complications in the perioperative
period.

The aim of the study is to investigate the effect
of helium-oxygen mixture on predictors of postop-
erative pulmonary complications in cancer patients
with chronic obstructive pulmonary disease.

Materials and Methods

A single-center prospective clinical study with his-
torical control was conducted. The study protocol was
approved by the local ethics committee of the Perm
regional clinical hospital, No. 42 dated March 31, 2023.

The study analyzed two time-related cohorts. The
retrospective part was formed from patients who met the
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inclusion criteria and received treatment between 01.11.2022
and 31.10.2023. The prospective cohort was recruited be-
tween 15.01.2024 and 15.06.2025. A buffer interval (No-
vember-December 2023) was set to exclude temporal
overlap and potential data mixing between cohorts.

Taking into account the risk of systematic error as-
sociated with confounding bias, characteristic of retro-
spective studies, we used a propensity score matching
(PSM) — a one-to-one matching analysis based on pseu-
do-randomization to adjust for the unbalanced baseline
characteristics of the groups. Logistic regression was used
to develop estimates of pseudorandomization. We used
the nearest neighbor matching 1:1 with a caliper 0of 0.1 to
achieve better similarity among matched pairs. This value
of the caliper allowed to achieve a satisfactory balance
between the SMD <0.1 groups. Age, gender, Charlson
comorbidity index, Stange post-inhalation breath-holding
test, PaO,, FEV,, FVC, and COPD were included as co-
variates. The balance of covariates between groups was
assessed by calculating and visualizing standardized
mean differences (SMDs) using a love plot, using the
threshold value of SMD < 0.1 as a success criterion.

Criteria for the inclusion of patients in the study:

» verified diagnosis of lung cancer (non-small cell
cancer);

e presence of chronic obstructive pulmonary dis-
ease (COPD stage I-1II);

e age: 40-75 years old;

e elective surgery ((lobectomy, bilobectomy, pul-
monectomy);

e consent to participate in the study.

Criteria for excluding patients from the study:

e severe concomitant somatic pathology (decom-
pensated cardiovascular insufficiency, severe renal or he-
patic dysfunction);

e acute infectious diseases in the preoperative
period;

¢ absence of patient’s informed consent;

e incomplete clinical and laboratory data that im-
pede correct analysis (for example, absence of spirometry
data (FEV,, FVC), arterial blood gases, ABGs (PaO,, PaCO,,
pH, SpO,), breath holding tests — after deep inhalation
and after full exhalation (Stange and Sabrazes (Hench)
tests, respectively), or important demographic and clinical
characteristics (age, COPD stage, Charlson comorbidity
index, CCI) necessary for statistical analysis and com-
parison of the groups)

As part of the preoperative preparation, all patients
underwent a comprehensive diagnostic examination. In
cases of chronic respiratory failure, ventilation disorders
were corrected under the dynamic supervision of a pul-
monologist. During preparation for surgery, all patients
were managed according to the current National clinical
guidelines for patients with COPD and lung cancer that
are prepared for thoracic surgery. The program included
standard of care therapy (bronchodilators, inhaled glu-
cocorticosteroids as indicated), breathing exercises, cor-
rection of nutritional status, and mastering coughing
technique, if necessary.

Preoperative preparation in the He group. The
breathing gas mixture of 70% helium and 30% oxygen
«Heliox 70/30» was heated to 70°C and the inhalation
procedure was performed for 10 minutes. After a short
pause of 4 minutes, the procedure was repeated. After
6-8 hours, a second session of two inhalations was per-
formed in the same mode. This inhalation regimen was
carried out for 5-7 days during the preoperative period.

Preoperative preparation in the Ctrl group. Heli-
um-oxygen mixture was not used in this group.

The results of preoperative preparation were assessed
based on cardiovascular and respiratory system indicators,
including ABGs analysis and spirometry, electrocardiog-
raphy, and echocardiography data.

Criteria for the effectiveness of preoperative prepa-
ration:

e Improvement in the patient's well-being;

e Reduction in the severity of respiratory disorders
(reduction in shortness of breath, dyspnea);

¢ Improvementin ABGs composition (increase in
pO. >80 mmHg, decrease in pCO, <45 mmHg, P/F ratio
>300 mmHg);

e Improvement in spirometry
FEV, > 70%, FVC, modif. Tiffeneau index;

¢ Improvement in functional test indicators (in-
crease in Stange test > 30 sec, Sabarazes-Hench > 20 sec);

Patient's readiness for lung cancer surgery or the
need for extended preoperative preparation was established
by a consilium based on the dynamics in patient’s
condition evaluated by clinical data, results of laboratory
and instrumental examinations.

All surgical interventions for lung cancer were per-
formed under combined anesthesia: low-flow inhalation
anesthesia based on desflurane and epidural anesthesia
with ropivacaine [23, 24]. Ventilation with protective
modes was performed using a Datex-Ohmeda Avance
S/5 anesthesia and ventilation machine. Extended in-
traoperative monitoring included the following param-
eters: pulse, heart rate, noninvasive blood pressure, des-
flurane concentration, CO, and O, on inspiration and
expiration, body temperature, depth of anesthesia
(Conox, Fresenius Kabi). Before suturing the thoracotomy
wound, anesthesia of the lung root and intercostal block-
ade were performed. Postoperative care was continued
either in an intensive care or resuscitation unit, depending
on patient’s condition.

Statistical methods. The data were analyzed using
Microsoft Office Excel 2019 spreadsheet software. Quan-
titative data were described as Me [Q1; Q3], where Me is
the median value, QI is the first quartile (25" percentile),
and Q3 is the third quartile (75" percentile). The
Shapiro-Wilk test was used to assess the normality of the
data. The distribution of most quantitative unrelated
variables was significantly different from normal, therefore
the nonparametric Mann-Whitney U test was used to
assess intergroup differences. The Chi-square test or the
Fisher's exact test was used to compare frequency of
variables in unrelated groups (in cases where the frequency
of the outcome was less than 10%).

indicators
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To assess the degree of predictors’ influence on the
outcome of a particular event, the odds ratio (OR) was
used. To assess the significance of predictors (of the de-
velopment of a particular event, i. e., pneumonia, death),
multivariate and univariate analyses based on logistic
regression were used, as well as ROC analysis of the sen-
sitivity and specificity of predictors. Multivariate analysis
was performed using a stepwise method with inclusion
criteria at p<0.05 and exclusion criteria at p>0.1. To de-
termine the optimal cutoff point (related criterion) in
ROC analysis, the Youden index was used. The critical
two-tailed significance level p was set at 0.05. SPSS
Statistics software (IBM SPSS Statistics for Windows,
Version 27.0.1 Armonk, NY: IBM Corp) and MedCalc
(MedCalc Software Ltd version 20.305, Ostend, Belgium;
https://www.medcalc.org; 2023) were used for statistical
data processing.

Results

A total of 238 patients were evaluated. After
screening for selection criteria, 30 patients were
excluded from the study for the following reasons:
presence of severe concomitant pathology (n=10),
refusal to participate in the study (n=8) and in-
complete data (n=12). As a result, 208 patients
were included in the study, and divided into two
groups: He group (receiving inhalations of a heli-
um-oxygen mixture, n=104), and Ctrl group (his-
torical control, n=104). After pseudo-randomization,
87 patients in each group with an adequate balance
across all covariates were included in the final analy-
sis (Fig. 1, Table 1).

After preoperative preparation, there was a
statistically significant improvement of monitored
functional parameters in He group compared with
the Ctrl group (Table 2). FEV;, FVC, and modified
Tiffeneau index significantly improved in He group,
as well as gas exchange parameters (PaO,, PaCO,,
pH, SpO.). Hypoxia tolerance tests values (Stange

Table 1. Patient characteristics.

Assessed for eligibility,
n=238
1]
Excluded, n=30:
— severe concomitant pathology, n=10
— refusal to participate in the study, n=8
— incomplete data, n=12

]
[ Included in the study, 7=208 ]
v ¥
[ He group, n=104 ] [ Ctrl group, n=104 J
Y
[ Pseudorandomization ]
¥ (]

[ He group, n=87 ] [ Ctrl group, n=87 ]

Fig. 1. Patient inclusion scheme.

and Sabrazes (Hench) tests) also showed a statistically
significant increase in He group.

Analysis of postoperative parameters demon-
strated the advantage of the He group in terms of a
number of critically important clinical outcomes
(Table 3). In the He group, compared with the Ctrl
group, the duration of mechanical ventilation was
shorter: 4 [0-7] hours vs. 5 [0-9] hours (p=0.032);
lactate 12 hours after surgery was lower: 1.9 [0.5-2.3]
vs. 2.3 [0.5-3.1] mmol/L (p=0.002); the P/F ratio
was higher at 6 hours (395 [395-395] vs. 373 [327-385]
mmHg, p<0.0001) and at 12 hours (398 [398-400]
vs. 381 [357-397] mmHg, p<0.0001), reflecting im-
proved lung oxygenation. The ICU stay was shorter
in the He group compared to the Ctrl group: 1 [0-2]
vs. 2 [1-4] days (p<0.0001). The total length of hos-
pital stay was also shorter in the He group than in
the Ctrl group: 21 [18-25] vs. 23 [19-28] days
(p=0.006). The incidence of pulmonary complica-

Parameters Values in the groups P
He, n=87 Ctrl, n=87

Age, years 56 [47-64] 56 [44.5-67.5] 0.720
Gender (male), % 90 90 NA

Body weight, kg 65 [62-71.5] 68 [63-73] 0.053
BMI 22 [21-23] 22 [20-23] 0.669
COPD stage I, % 32 29 0.674
COPD stage II, % 54 54 1.000
COPD stage III, % 14 17 0.592
Charlson Comorbidity Index, score 9 [6-10] 8 [6-10] 0.804
FEV;, % of predicted 71 [27-82] 67 [30-83] 0.618
FVC, L 4.24 [3.46-4.66] 4.28 [3.65-4.68] 0.851
Mod Tiffeneau-Pinelli (Hensler) index 0.62 [0.58-0.71] 0.6 [0.57-0.71] 0.263
Stange test, sec 34 [25-45] 33 [25-45.5] 0.777
Sabrazes (Hench) test, sek 20 [13-24] 19 [12-25] 0.647
PaO,, mmHg 78 [73.5-80] 77 [74-80] 0.655
PaCO,, mmHg 43 [40-47] 44 [40-48] 0.434
pH 7.39 [7.38-7.41] 7.39 [7.37-7.41] 0.789
SpO», % 95 [93-96] 96 [93-96] 0.603
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tions in the He group was significantly lower than
in the Ctrl group: respiratory failure — 3 vs. 13
cases (p=0.019), atelectasis — 1 vs. 4 (p=0.029),
total number of pulmonary complications — 9 vs.
23 (p=0.006). Extrapulmonary complications and
mortality did not differ statistically significantly be-
tween the groups (p>0.05).

Next, we conducted a univariate analysis of
risk factors for pulmonary complications using uni-
variate logistic regression. We identified a number
of statistically significant predictors (Table 4, white
TOWS).

Thus, both preoperative (especially pulmonary
function tests, gas exchange parameters, and oxygen
saturation) and early postoperative parameters
served as significant risk factors for the development
of pulmonary complications.

Multivariate logistic regression analysis was
performed to identify factors associated with an
increased risk of postoperative pulmonary compli-
cations (Table 5).

At the final stage of stepwise selection, two
preoperative prognostic parameters (SpO., and
Sabrazes (Hench) test) and one early postoperative
marker/risk factor (duration of mechanical venti-
lation) were included in the model:

e SpO. after preparation: increased blood
oxygen saturation was associated with a reduced
risk of complications (coefficient=-0,09; p=0,0004;
OR=0,41; 95% CI: 0,27-0,63);

e Sabrazes (Hench) test after preparation: a
decrease in the duration of post-exhalation breath
holding increased the risk of complications (coeffi-
cient=0,2; p=0,0001; OR=1,22; 95% CI: 1,09-1,36);

Table 2. Pulmonary function tests and gas exchange parameters after preoperative preparation of patients in the

study groups.
Parameters Values in the groups p
He, n=87 Ctrl, n=87
Me [QI; Q3] 95% CI Me [QI; Q3] 95% CI

FEV1, % of predicted 81 [33-89] 77-87 69 [30-85] 62-73 0.0009
FVC, L 4.65 [3.78-5] 4.55-4.72 4.34 [3.7-4] 4.08-4.50 0.0115
modified Tiffeneau index 0.67 [0.64-0] 0.65-0.68 0.63 [0.59-0] 0.61-0.64 0.014
Stange test, sek 40 [30-54.5] 35-45 35 [26-48] 33-38 0.016
Sabrazes (Hench) test, sek 24 [15-29] 19-24 19 [12.5-25] 16-22 0.024
PaO,, mmHg 84 [80-84] 84-84 80 [80-84] 80-84 0.0006
PaCO,, mmHg 40 [38-43] 39-41 42 [38-46] 40-43 0.004
pH 7.42 [7.41-7.44] 7.41-7.43 7.41 [7.39-7.43] 7.40-7.42 0.0097
SpO3, % 97 [91-97] 97-97 96 [91-97] 95-97 0.001

Table 3. Postoperative parameters and complications in patients in the study groups.

Parameters Values in the groups p
He Ctrl
Frequency of pneumonectomy 9% 8% 0.817
Frequency of bilobectomy 3% 4% 0.725
Frequency of lobectomy 37% 38% 0.894
Risk scale post-op RF 39 [22-39] 34 [22-39] 0.387
Duration of post-op mechanical ventilation 4 [0-7] 5[0-9] 0.032
Lactate 6 hours post-op, mmol/L 2.5[0.7-3.3] 2.710.7-3.2] 0.871
Lactate 12 hours post-op, mmol/L 1.9 [0.5-2.3] 2.3[0.5-3.1] 0.002
Pa0,/FiO, = P/F ratio, mmHg after 1 hour 330 [279-370] 331 [281-360] 0.508
P/F ratio (after 3 hours) 344 [321-380] 341 [315-361] 0.323
P/F ratio (after 6 hours) 395 [395-395] 373 [327-385] <0.0001
P/F ratio (after 12 hours) 398 [398-400] 381 [357-397] <0.0001
Length of stay in the ICU, days 1[0-2] 2 [1-4] <0.0001
Length of hospital stay, days 21 [18-25] 23 [19-28] 0.006
Pneumonia, cases 1 3 0.060
Respiratory failure, sl. 3 13 0.019
Atelectasis, cases. 1 4 0.029
Bronchospasm, cases 1 0 0.500
ARDS, cases. 1 3 0.060
All pulmonary complications, cases 9 23 0.006
ACS, cases 1 2 0.123
PE, cases 1 2 0.123
Cerebral stroke, cases. 0 0 H/TI
Severe arrhythmia, cases 4 6 0.001
Acute circulatory failure, cases. 1 2 0.123
All extrapulmonary complications, cases 7 12 0.226
In-hospital mortality, % 1.15 2.30 0.123
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Table 4. Significance of risk factors for pulmonary com-

plications.
Parameters OR 95% CI p
Baseline
Age 0.98 0.94-1.23 0.320
Gender (male) 1.11 0.23-5.33 0.898
BMI 0.92 0.61-1.38 0.696
Charlson Comorbidity 0.98 0.78-1.38 0.681
Index
FEV1, % of predicted 0.95 0.92-0.98 0.0007
FVC, L 0.48 0.27-0.86 0.014
Stange test 0.95 0.91-0.99 0.029
Sabrazes (Hench) test 1.0 0.94-1.08 0.787
PaO, 0.88 0.82-0.93 0.004
PaCO, 1.19 1.08-1.33 0.0006
pH 1.38E-9 1.48E-14-0.0001 0.0016
SpO. 0.65 0.52-0.82 0.0002
After preoperative preparation
He group 2.74 0.92-8.17 0.058
FEV}, % of predicted 0.93 0.91-0.97 0.0001
FVC,L 0.48 0.27-0.86 0.014
Modif Tiffeneau index 1.38E-9 1.48E-14-0.0001 <0.0001
Stange test 0.95 0.91-0.99 0.02
Sabrazes (Hench) test 1.01 0.95-1.06 0.79
PaO, 0.89 0.80-0.98 0.02
PaCoO, 1.24 1.12-1.38 0.0003
pH 1.38E-9 1.48E-14-0.0001 0.013
SpO. 0.59 0.46-0.76 <0.0001
Post-operative
Pulmonectomy 2.0 0.59-6.74 0.28
Bilobectomy 4.82 1.30-17.82 0.03
Lobectomy 3.71 1.32-10.44 0.016
Risk scale post-op RF 1.07 0.99-1.16 0.054
Post-op mechanical 1.33 1.14-1.56 0.0001
ventilation
Lactate 6 hours post-op 1.61 0.89-2.91 0.095
Lactate 12 hours post-op 2.55 1.35-4.82 0.002

e Duration of postoperative mechanical ven-
tilation: prolongation of mechanical ventilation in-
creased the likelihood of developing pulmonary
complications (coefficient=0,35; p=0,0005; OR=1,41;
95% CI: 1,16-1,72).

The quality of the final model was high: the
percentage of correctly categorized cases was 92.2%,
Hosmer-Lemeshow goodness-of-fit test was
p=0.933, and the overall significance of the model
was p<0.0001.

It should be noted that variables such as age,
gender, type of surgery, Charlson comorbidity index,
FEV,, Pa0,, PaCO, after preparation, were not in-
cluded in the final model, which confirms the in-

Table 5. Results of multivariate regression analysis.

dependence of the identified factors from important
clinical and demographic characteristics.

To assess the discriminatory ability of the fac-
tors, we performed ROC analysis of significant pre-
dictors of pulmonary complications (Table 6).

Factors with satisfactory and good model
quality:

e FEV, after preparation: AUC=0.813 (95%
CI: 0.753-0.863), sensitivity 74.07%, specificity
77.35%%;

e SpO. after preparation: AUC=0,814 (95%
CI: 0,747-0,870), sensitivity 88,24%, specificity
68,00%;

¢ modified Tiffeneau index after preparation:
AUC=0,803; sensitivity 94,12%, specificity 59,33%;

¢ duration of post-op mechanical ventilation:
AUC=0,750; sensitivity 76,47%, specificity 83,33%.

Discussion

Reducing cardiorespiratory complications in
patients with combined pathology (lung cancer and
COPD) during surgery is an extremely pressing issue
that requires development of appropriate treatment
standards [25, 26]. Several factors contribute to the
significant risks of postoperative respiratory failure,
such as the duration of surgery exceeding 3 hours,
urgency, tumor location in the chest, and trauma of
major surgery (FAR guidelines, 2022). The negative
effects of mechanical ventilation and intraoperative
factors can lead to serious changes in respiratory
biomechanics at all stages of anesthetic care [27].

Helium, due to its low density, reduces airway
resistance, improving ventilation and gas exchange.
A statistically significant improvement in functional
parameters was reported in patients treated with
helium-oxygen mixture: FEV; increased to 81% (versus
69% in the control group, p=0.0009), SpO, reached
97% (p=0.001), and the Tiffeneau index improved to
0.67 (p=0.014). This confirms the effectiveness of
using helium to optimize respiratory function in pa-
tients with obstructive pulmonary disease in the
preoperative period. In our opinion, these indicators
can be a useful tool in risk stratification.

The data obtained are comparable to the study
by P. Jolliet et al., where a multicenter randomized
controlled trial evaluating the effectiveness of Heliox
in patients with COPD showed that the helium-

Parameters Coefficient P OR corr. 95% CI
SpO. after preparation -0.09 0.0004 0.41 0.27-0.63
Sabrazes (Hench) test after preparation 0.2 0.0001 1.22 1.09-1.36
Duration of post-op mechanical ventilation 0.35 0.0005 1.41 1.16-1.72
Constant 75.06 0.0001

Overall model quality assessment <0.0001

Percentage of correctly categorized cases 92.2%

Hosmer-Lemeshow goodness-of-fit test, p=0.933

Note. Here and in the Table 6: AUC > 0.9 — excellent model quality; AUC > 0.8 — good model quality; AUC> 0.7 — satisfactory model

quality.
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Table 6. ROC analysis of significant predictors of pulmonary complications.
Parameters AUC 95% CI Related Sensitivity 95% CI Specificity 95% CI
criterion
Baseline
FEV1, % of predicted 0.767  0.695-0.829 <47 47.06 23.0-72.2 92.00 86.4-95.8
FVC,L 0.677  0.600-0.747 <4.04 70.59 44.0-89.7 68.00 59.9-75.4
Stange test 0.649  0.572-0.722 <46 100.00 80.5-100.0 26.67 19.8-34.5
PaO, 0.672  0.596-0.743 <72 47.06 23.0-72.2 85.33 78.6-90.6
PaCO, 0.711  0.636-0.778 >46 58.82 32.9-81.6 74.00 66.2-80.8
pH 0.751  0.678-0.814 <7.38 76.47 50.1-93.2 64.67 56.5-72.3
SpO, 0.767  0.696-0.829 <93 70.59 44.0-89.7 76.67 69.1-83.2
After preoperative preparation
FEV,, % of predicted 0.813  0.753-0.863 <61 70.59 44.0-89.7 78.00 70.5-84.3
FVC,L 0.680  0.603-0.750 <4.08 70.59 44.0-89.7 71.33 63.4-78.4
Mod Tiffeneau index 0.803  0.734-0.860 <0.64 94.12 71.3-99.9 59.33 51.0-67.3
Stange test 0.667  0.589-0.737 <36 76.47 50.1-93.2 54.67 46.3-62.8
PaO, 0.627  0.549-0.701 <80 58.82 32.9-81.6 65.33 57.1-72.9
PaCO, 0.715  0.640-0.782 >39 82.35 56.6-96.2 47.33 39.1-55.6
pH 0.701  0.626-0.770 <7.4 58.82 32.9-81.6 73.33 65.5-80.2
SpO, 0.814  0.747-0.870 <95 88.24 63.6-98.5 68.00 59.9-75.4
Postoperative
Duration of post-op 0.750  0.677-0.813 >8 76.47 50.1-93.2 83.33 76.4-88.9
mechanical ventilation
Lactate 12 hours post-op 0.698  0.623-0.767 >2.3 52.94 27.8-77.0 70.67 62.7-77.8

oxygen mixture reduced respiratory acidosis, de-
creased shortness of breath, and reduced the severity
of encephalopathy [28].

ABGs analysis remains the gold standard in
assessing gas exchange in patients with COPD in
the acute stage. The use of Helioxs led to an im-
provement in parameters such as PaO,, PaCO., and
pH, indicating a significant correction of ventila-
tion-perfusion mismatch in the He group. Improved
oxygenation and tissue perfusion parameters reduced
the risk of multiple organ dysfunction and the fre-
quency of pulmonary complications. This inevitably
led to a reduction in duration of mechanical venti-
lation and ICU stay among patients in the He group.
According to a study by L.V.Shogenova, the use of a
helium-oxygen mixture in combination with nitric
oxide and molecular hydrogen also led to a reduction
in hypercapnia and hypoxemia, an increase in ex-
ercise tolerance, and an improvement in the clinical
condition of patients with COPD [29].

According to a study by P. Singh et al., preop-
erative assessment of the risk of respiratory disorders
can be performed using the Sabrazes (Hench) test.
This method allowed predicting the likelihood of
hypoxia in the early postoperative period in patients
after surgery on the paranasal sinuses [30]. Multi-
variate analysis demonstrated a statistically signifi-
cant correlation between shortened Sabrazes (Hench)
breath-holding test and an increased risk of pul-
monary complications.

Therefore, SpO, value and the Sabrazes (Hench)
test are clinically significant parameters for preop-
erative prediction. The duration of mechanical ven-
tilation is an important postoperative risk factor

and essential target indicator for the prevention of
secondary complications during treatment.

It should be emphasized that inclusion of he-
lium-oxygen therapy in comprehensive preoperative
preparation led to an improvement in functional
parameters and laboratory indicators, contributing
to a reduction in postoperative respiratory risks in
cancer patients.

Conclusion

The use of a helium-oxygen mixture as part of
preoperative preparation in cancer patients with
COPD undergoing lung resection leads to a statisti-
cally significant improvement in functional respi-
ratory parameters and a reduction in the incidence
of postoperative pulmonary complications. Low
saturation after preoperative preparation may be
associated with an increased risk of complications,
confirming the importance of oxygenation in pre-
vention of respiratory dysfunction. In our opinion,
the results of Sabrazes (Hench) breath-holding test
correlates with the risk of complications, which
may imply a decrease in breathing reserve (BR). An
increase in the duration of mechanical ventilation
is associated with an increased likelihood of com-
plications, which is explained by the risk of baro-
trauma, atelectasis, and ventilator-associated lung
injury.

The study confirms that preoperative opti-
mization of respiratory function reduces the incidence
of postoperative pulmonary complications in patients
with COPD. The identified predictors can be used
for individual risk prediction and the development
of personalized management protocols.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2026, 22; 1



Clinical Studies

References

1.

Thandra K. C., Barsouk A., Saginala K., Aluru J. S.,
Barsouk A. Epidemiology of lung cancer. Con-
temp Oncol. 2021; 25: 45-52.

DOI: 10.5114/w0.2021.103829. PMID: 33911981.
Bakcuan I'. A., 3asbs108 A. A. AKTyaJIbHOCTD U
OIIPaBIaHHOCTH cy0/100apHOH pe3eKIIUN TPU
paHHeM neprgepruIeckoM HEMEJTKOKIETOYHOM
paxe JIETKOTO B 3py IOCIIOACTBA JIOO9KTOMUH
(0630p Jsuteparypsl). Ilpakmuueckas OHKO-
aozus. 2023; 24 (2): 185-193. Baksiyan G. A.,
Zavyalov A. A. The relevance and justification
of sublobar resection in early peripheral non-
small cell lung cancer in the era of lobectomy
dominance (literature review). Practical On-
cology = Prakticheskaya Onkologiya.2023; 24 (2):
185-193. (in Russ.). DOI: 10.31917/2402185.
Kim H. J., Cha S. I, Kim C. H., Lee J., Cho J. Y,
Lee Y., Kim G. ]., Lee D. H. Risk factors of post-
operative acute lung injury following lobectomy
for nonsmall cell lung cancer. Medicine. 2019;
98 (13): e15078.

DOI: 10.1097/MD.0000000000015078.

PMID: 30921242.

Clark J. M., Cooke D. T, Brown L. M. Management
of complications after lung resection: prolonged
air leak and bronchopleural fistula. Thorac Surg
Clin. 2020; 30 (3): 347-358.

DOI: 10.1016/j.thorsurg.2020.04.008.

PMID: 32593367

Roungeris L., Devadze G., Talliou C., Griva P
Prediction of postoperative complications after
major lung resection: a literature review. Anes-
thesia research. 2024; 1 (2): 146-156.

DOI: 10.3390/anesthres1020014.

Dorland G., Saadat W., van Meenen D. M.P,
Neto A. S., Hiesmayr M., Hollmann M. W. et al.
LAS VEGAS-investigators. Association of pre-
operative smoking with the occurrence of post-
operative pulmonary complications: A post
hoc analysis of an observational study in 29
countries. J Clin Anesth. 2025; 104: 111856.
DOI: 10.1016/j.jclinane.2025.111856.

PMID: 40373497.

Berry M. E, Villamizar-Ortiz N. R., Tong B. C,,
Burfeind W. R., Harpole D. H., DAmico T. A.,
Onaitis M. W. Pulmonary function tests do not
predict pulmonary complications after thora-
coscopic lobectomy. Ann Thorac Surg. 2010;
89 (4): 1044-105.

DOI: 10.1016/j.athoracsur.2009.12.065.

PMID: 20338305.

Almquist D., Khanal N., Smith L., Ganti A. K.
Preoperative pulmonary function tests (pfts)
and outcomes from resected early stage non-
small cell lung cancer (NSCLC). Anticancer. Res.
2018; 38: 2903-2907.

DOI: 10.21873/anticanres.12537.

PMID: 29715115.

10.

11.

12.

13.

14.

15.

McMechan E H. The diagnostic and prognostic
value of breath-holding test. Cal State ] Med.
1922; 20 (11): 377-380. PMID: 18738821.
Kabuonvcruii H. A., Cumonenro C. /1., Capviue-
ea H. I0., /Iybvinun B. A. TeparmeBTU4YecKue
a(pderTsI MHEPTHBIX Ta30B. Pocculickull gu-
3uoaozuveckull xcypran um. H. M. Ceuernosa.
2024; 110 (10): 1582-1601. Kabiolsky 1. A., Si-
monenko S. D., Sarycheva N. Yu., Dubynin V. A.
Therapeutic effects of inert gases. I. M. Sechenov
Russian Journal of Physiology = Rossiyskiy Fizio-
logicheskiy Journal im I. M. Sechenova. 2024;
110 (10): 1582-1601. (in Russ.).

DOI: 10.31857/S0869813924100033.

Ionrumos M. E., Iloonpyeuna C. B., 3o1omoea E. H.,
Hoemes I1. B., Acakuna IO. C., 7Kykoea C. I, Aeo-
posckuil A. I KimmHn4yeckoe MpuMeHeHne KCeHOHa
B CyDaHECTeTIYECKIX KOHIIEHTPAIsX (0030p).
Obwas pearumamonozus. 2025; 21 (2): 55-67.
Politov M. E., Podprugina S. V., Zolotova E. N.,
Nogtev P. V., Agakina Yu. S., Zhukova S. G., Ya-
vorovsky A. G. Clinical appplcation of xenon in
subanesthetic concentrations (review). General
Reanimatology = Obshchaya Reanimatologiya.
2025; 21 (2): 55-67. (in Russ.&Eng.).

DOI: 10.15360/1813-9779-2025-2-2554.
Boesa E. A., I'pebenuukos O. A. OpraHomnpo-
TeKTUBHBIE CBONCTB aproHa (063op). Oduwas
peanumamonozus. 2022; 18 (5): 44-59.
Boeva E. A., Grebencchikov O. A. Organopro-
tective properties of argon (review). General
Reanimatology = Obshchaya Reanimatologiya.
2022; 18 (5): 44-59. (in Russ.&Eng.).

DOI: 10.15360/1813-9779-2022-5-44-59.
Anmonosa B. B., Illymos H. B., /loneux B. T., I pe-
benuukosa A. A., Iabumos M. B., Akynosea 3. 1.,
I'peberuuros O. A. BvstHIE THIXaTeTbHOM CMeCH
KPUIITOH-KUCJI0POJ, Ha CUTHA/IbHBIE KACKalbl B
TOJIOBHOM MO3Te KPBIC ITPX MOJIeJIMPOBAHUU (po-
TOXUMHUYECKN MHIYITMPOBAHHOIO MHCYJIBTA. bioJl-
JlemeHb IKCHePUMEHMALbHOLL 0U0102ULL U MeOU-
uunbst. 2024; 178 (9): 321-327. Antonova V. V,
Shumov I. V,, Dolgikh V. T., Grebenshchikova A. A.,
Gabitov M. V,, Yakupova E. I., Grebenshchikov O. A.
Influence of breathing krypton-oxygen mixture
on signaling cascades in the rat brain in the simu-
lation of photoinduced ischemic stroke. Bulletin
of Experimental Biology and Medicine = Biulletten
Eksperimentalnoy Biologii i Meditsiny. 2024; 178
(9):321-327. (in Russ.).

DOI: 10.47056/0365-9615-2024-178-9-321-327.
Szczapa T., Kwapien R, Merritt T. A. Neonatal
applications of heliox: a practical review. Front
Pediatr. 2022; 10: 855050.

DOI: 10.3389/fped.2022.855050.

PMID: 35359907.

Barach A. L. Use of helium as a new therapeutic
gas. Exp Biol Med. 1934; 32: 462-464.

DOI: 10.3181/00379727-32-7724P.

GENERAL REANIMATOLOGY, 2026, 22; 1

www.reanimatology.com



12

Clinical Studies

16.

17.

18.

19.

20.

21.

22.

23.

Ke H. Progress in the clinical application of he-
liox. Med Gas Res. 2025; 15 (4): 546-547.

DOI: 10.4103/mgr.MEDGASRES-D-25-00026.
PMID: 40300891.

Allena N., Penikilapate S., Allu S., Vakde T. Op-
timizing recovery: heliox therapy for post-ex-
tubation stridor management. Cureus. 2025;
17 (2): e78740. DOI: 10.7759/cureus.78740.
PMID: 40065892.

Zhou L., Lin J., Zhuang M., Wang Y., Weng Q.,
Zhang H. Heliox ventilation in elderly, hyper-
tensive ICU patients improves microcirculation:
a randomized controlled study. J Crit Care.
2024; 84: 154897.

DOI: 10.1016/j.jcrc.2024.154897.

PMID: 39137689.

Moraa 1., Sturman N., McGuire T.M., Driel M. L.
Heliox for croup in children. Cochrane Database
Syst Rev. 2021; 8 (8): CD006822.

DOI: 10.1002/14651858.CD006822.pub6.
PMID: 34397099.

Wigmore T., Stachowski E. A review of the use
of heliox in the critically ill. Crit Care Resusc.
2006; 8: 64-72. PMID: 16536724.

Tassaux D., Jolliet P, Roeseler ]., Chevrolet J. C.
Effects of helium-oxygen on intrinsic positive
end-expiratory pressure in intubated and me-
chanically ventilated patients with severe chronic
obstructive pulmonary disease. Crit Care Med.
2000; 28: 2721-2728.

DOI: 10.1097/00003246-200008000-00006.
PMID: 10966241.

Jlaxun P. E., Illlanosanos I1. A. I1]ézones A. B.,
Kosnos K. B., 7Koanos A. /I. 9D (PpeKTUBHOCTD
HCII0JIb30BAHUS KUCJIOPOIHO-TeIMEBON CMeCU
B MHTeHCUBHOH Tepalyuy MTHeBMOHUH Y B3pOC-
JIBIX TTAI[MEHTOB: CHUCTEeMaTHYeCcKuil 0030p U
MeTaaHaIu3. BecmHUK UHMEHCUBHOLL mepanuu
um. A. H. Canmanosa. 2022; 2: 52—69. Lakhin R.
E., Shapovalov P A. Shchegolev A. V., Kozlov K. V.,
Zhdanov A. D. Efficacy of using an helium-
oxygen mixture in the intensive care of pneu-
monia in adult patients: a systematic review
and meta-analysis. Ann Crit Care = Vestnik In-
tensivnoy Terapii im A.L Saltanova 2022; 2: 52—
69. (in Russ.).

DOI: 10.21320/1818-474X-2022-2-52-69.
Jluxeanues B. B., 10zapos M. A., Di Piazza M.,
Kaodanuesa K. K. HTa/IAIIUOHHAS VS TOTAJb-
Hasl BHYTPUBEHHAas aHeCTe3UsI: IJle MassTHUK
ceityac? (MeTa-aHama v 0030p). Obuas pea-
numamonozus. 2020; 16 (6): 91-104. Likhvant-
sev V.V, Yadgarov M. Ya., Di Piazza M., Kadant-
seva K. K. Inhalation vs total intravenous anes-
thesia: where is the pendulum now? (meta-
analysis and review). General Reanimatology =
Obshchaya Reanimatologiya. 2020; 16 (6):
91-104. (in Russ.&Eng.).

DOI: 10.15360/1813-9779-2020-6-91-104.

24.

25.

26.

27.

28.

Makito K., Matsuo Y., Matsui H., Fushimi K,
Yasunaga H. Postoperative pulmonary com-
plications of desflurane-versus sevoflurane-
based general anesthesia in patients with chronic
obstructive pulmonary disease or asthma un-
dergoing gastrointestinal cancer surgery: a na-
tionwide retrospective cohort study. J Anesth.
2025; 16.

DOI: 10.1007/s00540-025-03548-0.

PMID: 40668244.

Hlatimypamos P. 1., Cuzan A. M. Bnusinue Xpo-
HUYECKOM OOCTPYKTUBHOM 00JIE3HM JIETKUX Ha
BBDKMBAEMOCTB IIAIIMEHTOB [10CJIe XUpypruye-
CKOT0 JIeUeHUs 110 IOBOJY paka jierkoro. PMJK.
2025; 1: 17-22. Shaimuratov R. I, Sigal A. M. The
effect of chronic obstructive pulmonary disease
on the survival rate of patients after surgical
treatment for lung cancer. RMJ. 2025; 1: 17-22.
(in Russ.). DOI: 10.32364/2225-2282-2025-1-4.
Jlobuep C. I0., Tyaukos C. A., Camyos E. H., /Ty-
6aros A. B., /lobpodees A. IO.TIpenonepanmoH-
Has MOJAr0TOBKA U ITOCJeollepalliOHHAs pea-
omsnTaryst 60JILHBIX PAKOM JIETKOTO B COYe-
TAaHUHM C XPOHUYECKOH OOCTPYKTHBHOM 60-
JIe3HBIO JeTKuXx. Cubupcrull onkoaouueckul
ascypran. 2020; 19 (1): 111-118. Dobner S. Yu.,
Tuzikov S. A., Samtsov E. N., Dubakov A. V., Do-
brodeev A. Yu. Preoperative preparation and
postoperative rehabilitation of patients with
lung cancer combined with chronic obstructive
pulmonary disease. Siberian Journal of Oncology
= Sibirskiy Oncologicheskiy Zhurnal 2020; 19 (1):
111-118. (in Russ.).

DOI: 10.21294/1814-4861-2020-19-1-111-118.
3abonomcrkux H. b., [puuyan A. ., Kupos M. IO.,
Kysoenes A. H., Jlebedunckuti K. M., Masypok B. A.,
Ilpouenro /[. H. u dp. IlepronepaiinoHHOE Be-
JleHre IalMeHTOB C JbIxaTeJbHON HegocTa-
TOYHOCTBIO: METOAWYECKHE peKOMeHIaluu
OO0IIIepOCCUMCKON OOIIEeCTBEHHOW OpTaHU-
3anuu «Pemeparys aHeCTe3UOJIOTOB U pea-
HUMAaTOoJIOTOB». BeCmHUK UHMEHCUBHOLL me-
panuu um. A. H. Canmanosa. 2022; 4: 7-23.
Zabolotskikh I. B., Gritsan A. L., Kirov M. Yu.,
Kuzovlev A. N., Lebedinsky K. M., Mazurok V. A.,
Protsenko D. N., et al. Perioperative manage-
ment of patients with respiratory failure:
methodological recommendations of the All-
Russian public organization «Federation of
Anesthesiologists and Reanimatologists». Ann
Crit Care = Vestnik Intensivnoy Terapii im A.L
Saltanova. 2022; 4: 7-23. (in Russ.).

DOI: 10.21320/1818-474X-2022-4-7-23.

Jolliet P, Ouanes-Besbes L., Abroug E, Ben Khelil J.,
Besbes M., Garnero A. et al. A multi-center ran-
domized trial assessing the efficacy of
helium/oxygen in severe exacerbations of chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med.2017; 195 (7): 871-880.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2026, 22; 1



Clinical Studies

29.

DOI:10.1164/rccm.201601-00830C.

PMID: 27736154.

Illozenosa JI. B. 3¢ hekTUBHOCTE U Oe3omac-
HOCTBb KOMIIJIEKCHOTO IIPUMEHEHU A MeIUIH-
CKHX I'a30B Y [TaIIEHTOB ¢ 000CTpeHreM Xpo-
HUY€eCKOH OOCTPYKTUBHON O0JIE3HU JIETKUX U
BTOPUYHOU JIETOYHOU apTepuaibHOU rumep-
TeH3Wel B IOCTKOBUAHOM nepuone. IIynomo-
Hosozus. 2025; 35 (3): 359-369. Shogenova L. V.
Efficacy and safety of the combined use of
medical gases in patients with exacerbation of
chronic obstructive pulmonary disease and
secondary pulmonary arterial hypertension in

30.

the post-COVID period. Pulmonology-Pul-
monologiya. 2025; 35 (3): 359-369. (in Russ.).
DOI: 10.18093/0869-0189-2025-4653.

Singh P, Bobde S., Singh H. K., Kalra V. Prediction
of postoperative pulmonary complications in
patients undergoing functional endoscopic
sinus surgery: a cohort study. J. Clin and Diag
Res. 2023; 17 (11): 12-16.

DOI: 10.7860/JCDR/2023/63831.18745.

Received 31.07.2025
Accepted 14.01.2026
Online First 09.02.2026

GENERAL REANIMATOLOGY, 2026, 22; 1

www.reanimatology.com

13



