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Summary 
Presence and decompensation of comorbid conditions can directly affect levels of wakefulness and 

cosciousness in patients with chronic disorders of consciousness (DoC). Identifying and thorough assessment 
of comorbid conditions and concurrent diseases is a decisive step in diagnosing signs of consciousness, mo-
nitoring changes over time, and making prognoses in patients with DoC.  

Objective. To assess the incidence and severity of comorbid conditions in patients with chronic DoC using 
the Comorbidities Coma Scale (CoCoS). 

Materials and Methods. At the Russian Center of Neurology and Neurosciences, we conducted a retrospe-
ctive review of the medical records of 52 patients with chronic DoC of various etiologies (31 men, 21 women; 
traumatic etiology, n = 18; non-traumatic etiology, n = 34). To determine the type of DoC, all patients were in-
dependently assessed twice by two investigators using the Coma Recovery Scale–Revised (CRS-R). To account 
for the severity and nature of brain injury, we analyzed etiology (traumatic/non-traumatic), time since injury, 
and the baseline CRS-R score as an integrated measure of neurological deficit. Comorbid status was assessed 
using the CoCoS scale. 

Results. Different types of stomas as life-sustaining medical devices (tracheostomy, gastrostomy, and sup-
rapubic cystostomy) in 100%, and joint disorders in 98% were identified as predominant comorbid conditions 
in patients with chronic DoC. Less common comorbid conditions included urinary tract infections (71.15%), 
kidney diseases (57.69%), pressure ulcers (53.85%), infectious respiratory diseases (46.15%), malnutrition 
(38.46%), anemia (30.77%), fractures of bones and skull (28.85%), hydrocephalus (13.46%), and paroxysmal 
autonomic activity (13.25%). Сomorbidity of moderate severity was identified in one patient (1.96%); all others 
were classified as mild. When stratified by etiology, no significant differences in the total CoCoS score were 
found between the traumatic and non-traumatic groups (p � 0.05). No correlation was observed between  
CRS-R and CoCoS scores in the overall sample (p = 0.051, R = 0.227); similar results were obtained in the sub-
group analyses (traumatic: p = 0.43, R = 0.19; non-traumatic: p = 0.28, R = 0.21). 

Conclusion. The analysis revealed a high prevalence of medical devices used to support vital functions and 
prevent joint contractures, reflecting apparent dependence of patients with chronic DoC on technical support 
and care. In most cases, the comorbidity burden was mild, indicating a relatively compensated somatic status. 
The absence of a significant correlation between the level of consciousness and comorbidity burden suggests 
that, in cases of mild comorbidity, somatic disorders are not the determining factor masking conscious activity. 
These findings underscore the need for an interdisciplinary approach to the management of such patients and 
the mandatory quantitative assessment of structural brain damage, otherwise it is impossible to distinguish the 
contribution of primary brain injury from that of concomitant pathology into development of chronic DoC. 

Keywords: comorbidity; chronic disorders of consciousness; unresponsive wakefulness syndrome; vege-
tative state; minimally conscious state; comorbidity assessment scale for unresponsive patients; Comorbidi-
ties Coma Scale. 
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Introduction 
Group of patients with chronic disorders of 

consciousness (CDoC) includes patients with severe 
brain injury whose condition is characterized by 
the return of the sleep-wake cycle with complete 
or partial absence of consciousness. Depending on 
the presence or absence of signs of conscious 
activity, patients with CDoC can be divided into 
two major groups: patients in a vegetative state 
(VS), or unresponsive wakefulness syndrome (UWS), 
in whom there are no signs of goal-directed behavior, 
indicating the absence of consciousness; and patients 
in a minimally conscious state (MCS), who show 
inconsistent but clearly distinguishable signs of 
awareness of themselves or their environment [1–5]. 

At present, predicting recovery of consciousness 
in patients with CDoC is a challenging task due to 
the extreme variability of brain injury, compounded 
by the presence of concomitant somatic pathology 
and the diagnostic difficulty of identifying signs of 
conscious activity [6–10]. A patient’s comorbid con-
dition in CDoC may be caused both by the initial 
brain injury and by the subsequent development 
of the pathological process [11–13]. Somatic com-
plications and chronic comorbid diseases have a 
direct impact on survival, recovery of consciousness, 
and functional independence in patients with 
CDoC [7, 9, 14–18]. 

A correlation has been identified between a 
decline in the quality of detectable signs of conscious 
activity and the presence of clinical somatic com-
plications or severe comorbidities leading to reduced 
behavioral reactivity [6,8,9,19,20]. The most common 
pathologies involve the respiratory, urinary, and 
cardiovascular systems; however, the full range of 
somatic problems is much broader and, without 
exaggeration, encompasses nearly all body systems 
and organs [7, 16]. 

There are numerous tools for assessing co-
morbidity in various patient groups, mainly those 
with oncologic or age-related diseases. A quantitative, 
standardized assessment can provide insight into 
the impact of comorbid conditions on prognosis 
and outcomes (for example, the Kaplan-Feinstein 
scale, the ICED, the Charlson Comorbidity Index 
(CCI), and the Geriatric Index) [7, 21–23].  

However, the range of comorbid conditions 
seen in CDoC significantly sets these scales apart 
from those used for other complex disorders. Im-
portant aspects that affect the assessment of con-
sciousness in CDoC may be overlooked, while those 
that are common in other diseases may be absent 
or rare in patients with CDoC, making their evalua-
tion redundant and time-consuming [9]. Such co-
morbid conditions that occur more often in CDoC 
than in other diseases may include seizures, hy-
drocephalus, heterotopic ossification, and several 
others [7, 21, 24, 25]. 

Development of a standardized scale focused 
on clinical characteristics and needs of patients 
with CDoC, and capable of improving the manage-
ment of comorbid conditions, became necessary 
to clearly identify additional factors affecting the 
diagnosis, prognosis, and outcomes of CDoC. Such 
a scale was developed in 2019 at the University of 
L’Aquila (Italy) — the Comorbidity Coma Scale (Co-
CoS). Implementing this scale can improve not only 
the objectivity and reliability of results, but also the 
quality of care provided to patients with CDoC [26]. 

The validation group for international scales 
and questionnaires at the Research Center of Neu-
rology, a federal state budgetary scientific institution, 
decided to conduct a two-stage study on the lin-
guistic and cultural adaptation and validation of 
this scale. The first stage involved linguistic and 
cultural adaptation, after which the scale was given 
the Russian title «Comorbidity Assessment Scale 
for Unresponsive Patients». The second stage was 
validation of the scale, during which its psychometric 
properties were determined (inter-rater and test-
retest reliability), and its sensitivity and validity 
were established [27, 28]. 

The aim of this study was to assess the comorbid 
status of patients with CDoC using the CoCoS scale.  

Materials and Methods 
The study was conducted at the Research 

Center of Neurology as a retrospective cohort analysis 
of medical records of patients with CDoC (VS or 
MCS) who were treated between 2014 and 2021. 

Inclusion criteria: diagnosis of VS or MCS, 
and a traumatic or non-traumatic brain injury that 
occurred at least 4 weeks earlier. 

Exclusion criteria: incomplete medical records, 
inability to verify CoCoS categories, and absence of 
CRS-R/CoCoS data. 

The study included medical records from 52 pa-
tients (31 men, 21 women) with CDoC of traumatic 
(n = 18) and nontraumatic (n = 34) etiology. Non-
traumatic injuries included hypoxic-ischemic en-
cephalopathy and cerebrovascular disease.  

The median age in the overall group was 
32 (25–48) years; in the group with traumatic CNS 
injury, 25 (22–32) years; and in the group with non-
traumatic injury, 32 (25–48) years. The median time 
since injury was 32.5 (20.0–71.3) weeks in the overall 
sample; 25 (12.0–52.0) weeks for non-traumatic in-
jury; and 56 (32.8–98.8) weeks for traumatic injury. 

To verify the level of consciousness (LOC), the 
Coma Recovery Scale–Revised (CRS-R) was used 
(mean, 6.6 in the VS group and 15.4 in the MCS 
group). Because the study was retrospective, CRS-R 
scores were extracted from medical records, which 
contained the results of two examinations conducted 
by independent investigators as part of routine 
clinical practice. No quantitative neuroimaging as-
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sessment of the severity of brain injury (e.  g., the 
DAI scale or lesion volume) was performed, which 
is a limitation of the study.  

The comorbidity status was assessed retro-
spectively using the validated CoCoS scale, which 
includes 24 categories (Fig. 1).  

Two qualified neurologists who had completed 
specialized training independently filled out the 
CoCoS form based on the pooled data from the 
medical records: notes from specialist examinations, 
results of laboratory and instrumental tests (ECG, 
ultrasound, CT, etc.), as well as consultants’ reports. 
To assess inter-rater reliability, the first and second 
physicians completed the initial form (designated 
A1 and B1, respectively). To assess intra-rater stability, 
the first physician completed CoCoS again after 
24 hours (A2) and after 14 days (A3), each time re-
viewing the same source documents to eliminate 
the influence of memory and random factors. 

Thus, the study design incorporated a retro-
spective inter-rater and retrospective within-subject 
assessment of comorbidity. The repeated assessments 
on days 1 and 14 did not reflect changes in patients 
condition over time; rather, they were used to de-
termine the reliability of retrospective completion 
of the scale form. The initial data (CRS-R) were ex-
tracted only once, since they had already been 
recorded in the medical documentation: the initial 
examination was performed as soon as possible 
after hospital admission. 

Each CoCoS category was assessed for severity 
based on objective clinical examination, laboratory 
and instrumental methods (ECG, ultrasonography, 

CT, etc.), as well as the findings of relevant specialists. 
The total comorbidity burden was expressed as a 
score ranging from 0 to 72: mild, 1–24 scores; mo-
derate, 25–48; severe, 49–72.  

If more than two CoCoS categories could not 
be reliably assessed, the total score was not taken 
into account. 

Statistical analysis. Statistica 13 software (Stat-
Soft Inc., 2016) was used. The normality of the dis-
tribution of quantitative variables was assessed 
using the Shapiro–Wilk test. When the distribution 
deviated from normal and/or given the small size 
of the subgroups, nonparametric methods were 
applied. Quantitative variables were described as 
the median and interquartile range (Me  [IQR]). 
Spearman’s rank correlation coefficient was used 
for correlation analysis. Quantitative measures in 
two independent groups (by etiology: traumatic vs. 
nontraumatic; by diagnosis: VS vs. MCS) were com-
pared using the Mann–Whitney U test. Pearson’s 
chi-square test was used to compare the frequencies 
of binary categorical variables (presence/absence 
of each comorbid condition) between etiological 
groups; when the expected frequency in any cell of 
the contingency table was less than 5, Fisher’s exact 
test was used. All statistical tests were two-sided, 
and differences were considered statistically sig-
nificant at p � 0.05 

Results 
The study included medical data from 33 pa-

tients in VS (mCRS-R = 6.6) and 19 patients in MCS 
(mCRS-R = 15.4). 

Fig. 1. Scale for assessing comorbid conditions in nonreactive patients [24, 25].
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According to the 24 CoCoS categories, the 
most common comorbid conditions were associated 
with the presence of life-sustaining devices (tra-
cheostomy, gastrostomy, suprapubic cystostomy) 
in 100% of patients, with following after them joint 
disorders (stiffness, contractures) found in 51 patients 
(98%). The prevalence of the other conditions, in 
descending order, was as follows: urinary tract in-
fections (71.15%), kidney disease (57.69%), pressure 
ulcers (53.85%), respiratory infections (46.15%), 
malnutrition (38.46%), anemia (30.77%), fractures 
of the skeletal bones and skull (28.85%), hydro-
cephalus (13.46%), paroxysmal autonomic nervous 
system activity (13.25%), and others (Fig. 2, a). A 
malignant neoplasm was recorded in only one case 
(1.96%), and no patient was found to have brachio-
cephalic artery pathology. 

Severity stratification by CoCoS showed that 
only one patient (1.96%) had comorbid burden of 
moderate severity; all others exhibited mild comorbid 
burden (Fig. 2, b). 

A comparison of the level of conscious activity 
(CRS-R score) and the severity of comorbid condi-
tions (CoCoS score) in the overall sample showed a 
statistically insignificant correlation (p = 0.051, 
R = 0.227). When analyzed separately by etiology, 
no correlation was found in the traumatic group 
(p = 0.43, R = 0.19) or in the nontraumatic group 
(p = 0.28, R = 0.21). The median CoCoS score did not 
differ between the VS and MCS groups (p = 0.34). 

The prevalence of comorbid conditions at 
different sites, according to the total CoCoS score, 
correlated with nontraumatic (hypoxic) etiology 
only in certain patient groups (for example, respi-
ratory tract infections were more common in non-
traumatic cases, p = 0.04); however, the overall CoCoS 
score did not differ between etiological groups 
(p = 0.19). 

Discussion 
During a retrospective analysis of comorbid 

conditions and diseases in CDoC patients, numerous 

Fig. 2. Prevalence of comorbidities (a, %) and distribution of patients with CDoC by severity of comorbid pathology (b, CoCoS). 
Note. b — blue — mild severity (1–24 scores, 98.1%, n = 51); red — moderate severity (25–48 scores, 1.9%, n = 1). Severe (49–72 scores) 
was not identified. 
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components of VS and MCS patients’ somatic status 
were identified and described in detail.  

Attention to comorbid conditions in CDoC is 
driven by the fact that their destabilization directly 
affects the level of consciousness and wakefulness. 
A comprehensive, detailed analysis of concomitant 
conditions can facilitate the difficult diagnosis of 
signs of conscious activity [9]. Despite the abundance 
of scales capable of assessing comorbid status in 
various neurological disorders, none reflects the 
multidimensional complexity required to evaluate 
a patient with CDoC. 

The results of our validation study [27] provide 
evidence-based support for the use of CoCoS in 
scientific research and everyday practice. 

In the present study, no significant correlation 
was found between the LOC (CRS-R) and the co-
morbid conditions burden, assessed by CoCoS. This 
may suggest a relatively stable somatic status in 
patients with CDoC in the studied sample and ab-
sence of comorbidity substantial impact on assessed 
parameters of consciousness in patients with mild 
comorbidity burden. However, we acknowledge 
that the main factor determining the LOC is the 
severity and nature of the primary brain injury, 
which was not quantitatively assessed in this study 
(a standardized neuroimaging scale, such as a DAI 
scale for diffuse axonal injury or a volumetric lesion 
assessment, was not used). This was an important 
limitation of the study. 

The diagnosed mild comorbidity burden did 
not indicate absence of concurrent conditions, but 
rather the extent to which they were compensated. 
A higher level of conscious activity did not correlate 
with the total number of comorbid conditions. Ne-
vertheless, proper diagnosis and management of 
comorbid conditions may help reveal signs of co-
nsciousness and avoid diagnostic errors. 

Most patients with CDoC required medical 
devices to sustain vital functions. High dependence 
on such devices is considered a predictor of a poor 
prognosis [15, 18]. High prevalence of tracheostomies, 
cystostomies, and other devices in the sample may 
explain the high rate of respiratory and urinary 
tract infections. 

High rates of contractures and pressure sores 
are a consequence of motor dysfunction and im-
mobility, but they may also indicate inadequate 
quality of care. The data obtained are consistent 
with findings reported in international studies [15, 
21, 22]. Hyperactivity of the autonomic nervous 
system, often observed in patients with CDoC, can 
affect the accuracy of consciousness assessment [25, 
29]: an increased heart and respiratory rates are 
often misinterpreted as an emotional response and 
false-positive signs of conscious activity. 

Examination and assessment of a patient with 
CDoC require an objective instrumental and labo-
ratory basis. The use of a standardized scale does 
not replace taking a medical history, but it does 
make it possible to establish the minimum set of 
factors needed to assess the patient’s condition, 
match it with CDoC, avoid false conclusions, and 
formulate an appropriate prognosis and manage-
ment plan [7, 30]. 

The practical use of the CoCoS scale in the 
day-to-day work of physicians caring for patients 
with CDoC can be implemented in several ways. 
First, a standardized assessment of comorbid con-
ditions makes it possible to objectify the severity of 
the somatic burden at admission and to monitor 
changes in the patient’s condition, which helps en-
sure timely treatment adjustments (for example, 
active decontamination of the tracheobronchial 
tree when a respiratory infection is identified, or 
meticulous skin care in the presence of pressure 
ulcers). Second, regular use of CoCoS as part of a 
comprehensive neuromonitoring protocol supports 
the differential diagnosis of changes in consciousness 
characteristics: a decline in behavioral responses 
caused by decompensation of the patient’s somatic 
status (for example, fever, hypoxia, pain syndrome) 
can be distinguished from a true decline in the 
level of consciousness, thereby preventing diagnostic 
errors. Third, the total CoCoS score may serve as an 
additional criterion for prognosis and for planning 
patient transition, especially when deciding whether 
to transfer the patient to palliative care or rehabili-
tation units. It is recommended that CoCoS be in-
cluded in the standard clinical assessment protocol 
for patients with CDoC alongside the CRS-R scale. 

Conclusion 
A review of medical data from 52 patients with 

CDoC and retrospective assessment using CoCoS 
scale showed that the most common comorbid con-
ditions were associated with the use of life-sustaining 
medical devices in addition to joint contractures, 
reflecting the patients’ high dependence on technical 
support and care. The vast majority of cases were 
classified as mild comorbid conditions, indicating 
relatively compensated somatic status. 

The absence of a significant correlation between 
the level of consciousness (CRS-R) and comorbid 
burden (CoCoS) suggests that, in cases of mild co-
morbidity burden, somatic status is not a determining 
factor masking signs of conscious activity. The key 
conclusion is the need for a separate quantitative 
assessment of the severity of the primary structural 
brain injury, otherwise it’s impossible to distinguish 
the contribution of the underlying cerebral pathology 
from that of concomitant conditions. 
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Summary 
Conventional respiratory indices have limited accuracy for predicting weaning outcomes in critically ill 

surgical patients. Diaphragmatic ultrasound has emerged as a promising bedside tool for evaluating respiratory 
muscle function during liberation from mechanical ventilation.  

Aim. To evaluate the predictive value of ultrasound-derived diaphragmatic function indices for weaning 
outcomes in surgical intensive care unit (ICU) patients and to compare their performance with conventional 
respiratory parameters. 

Methods. This prospective observational study included mechanically ventilated adult patients undergoing 
spontaneous breathing trials (SBT) in a surgical ICU. Diaphragmatic excursion (DE) and diaphragm thickening 
fraction (DTF) were assessed by bedside ultrasound immediately before SBT initiation. Diaphragmatic rapid 
shallow breathing indices based on DE (DE-RSBI) and DTF (DTF-RSBI) were also calculated. Conventional 
respiratory parameters, including respiratory rate (RR), rapid shallow breathing index (RSBI), and PaO₂/FiO₂ 
ratio (P/F), were recorded simultaneously. Predictive performance was evaluated using receiver operating 
characteristic (ROC) analysis and DeLong comparison tests. Multivariable logistic regression was performed 
to identify independent predictors of successful weaning. 

Results. DE demonstrated the highest predictive performance for successful weaning, with an AUC of 0.793, 
followed by DTF (0.740) and DTF-RSBI (0.711). In contrast, RR and conventional RSBI showed limited discrimi-
native ability, with AUC values close to 0.5. DeLong analysis demonstrated significantly greater AUC values for 
both DE and DTF compared with the P/F ratio and RSBI. The optimal cutoff values were � 1.26 cm for DE and 
� 16.3% for DTF. In multivariable analysis, lower APACHE II score, higher P/F ratio, and greater DE remained 
independently associated with successful weaning. Each 1 mm increase in DE was associated with a 66.6%  
increase in the odds of successful weaning (adjusted OR 1.67, 95% CI 1.31–2.12; p � 0.001). 

Conclusion. Ultrasound-derived diaphragmatic indices, particularly diaphragmatic excursion, demon-
strated superior predictive performance compared with conventional respiratory parameters and may provide 
valuable adjunctive information during weaning assessment in surgical ICU patients. 

Keywords: diaphragm; rapid shallow breathing index; surgical intensive care; ultrasound; ventilator 
weaning; predictive value  
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Introduction 

Weaning from mechanical ventilation is a critical 
step in the management of critically ill patients, par-
ticularly in the surgical intensive care unit (ICU). 
Successful extubation is associated with shorter ICU 
stay, fewer ventilator-related complications, and re-
duced healthcare costs, whereas weaning failure leads 
to prolonged mechanical ventilation, increased res-
piratory morbidity, and higher mortality [1–3]. Despite 

its importance, predicting weaning outcomes accu-
rately in daily clinical practice remains challenging.  

For decades, clinical and respiratory indices 
have been used to guide weaning decisions. The 
Rapid Shallow Breathing Index (RSBI), calculated 
as the respiratory rate divided by tidal volume 
(RR/VT), is the most widely applied parameter. 
However, its diagnostic performance is inconsistent. 
A systematic review by M. Karthika et al. [4] reported 
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that although RSBI demonstrates high sensitivity 
(0.80–0.97), its specificity ranges from 0.40 to 0.70, 
resulting in a significant number of false-positive 
results. These findings suggest that RSBI may be 
useful as a screening tool but has limited discrimi-
native ability when used alone. Similarly, the 
PaO₂/FiO₂ (P/F) ratio is frequently incorporated 
into readiness criteria for spontaneous breathing 
trials (SBT), with thresholds � 150–200 mmHg com-
monly considered acceptable under low PEEP con-
ditions  [5]. However, a meta-analysis by F. Torrini 
et al.  [6], showed that although lower P/F values 
were statistically associated with extubation failure, 
their independent predictive value was weak to 
moderate. Although widely used, the P/F ratio 
reflects gas exchange rather than the patient’s ability 
to sustain spontaneous breathing. Respiratory rate 
(RR) is another routinely monitored variable during 
SBT. Y. Okabe et al. [7] reported an AUC of approxi-
mately 0.82 for RR in predicting weaning outcomes, 
yet its predictive value remained inferior to param-
eters assessing respiratory mechanics more directly.  

Increasing evidence indicates that diaphragm 
dysfunction plays a central role in weaning failure. 
E. C. Goligher et al. [8] documented diaphragm dys-
function in 29–64% of mechanically ventilated pa-
tients and demonstrated its association with pro-
longed ventilation and weaning failure. Importantly, 
patients may exhibit acceptable RSBI or RR values 
while still failing extubation due to impaired di-
aphragmatic contractility.  

The increasing use of point-of-care ultrasound 
has enabled direct bedside assessment of diaphrag-
matic function. Among ultrasound-derived param-
eters, diaphragmatic excursion (DE) and diaphragm 
thickening fraction (DTF) are the most extensively 
investigated. In a meta-analysis by A. Le Neindre et 
al. [9], DE demonstrated moderate predictive per-
formance for successful weaning, with a pooled 
sensitivity of 0.71, specificity of 0.80, and an AUC of 
approximately 0.82. DTF has shown even stronger 
diagnostic accuracy. A large meta-analysis by 
H. M. Parada-Gereda et al.  [10] reported a pooled 
AUC around 0.87 for DTF, supporting its superiority 
over conventional respiratory indices such as RSBI. 
Combined parameters integrating respiratory pattern 
and diaphragmatic function, such as the diaphrag-
matic rapid shallow breathing index (D-RSBI: RR/DE 
or RR/DTF), have also been proposed. Preliminary 
data indicated improved discriminative performance, 
with reported AUC values of 0.813–0.859 compared 
with 0.639 for conventional RSBI [11]. 

Despite these promising findings, most avai-
lable evidence derives from heterogeneous ICU 
populations, and dedicated studies in surgical ICU 
patients remain limited. Postoperative factors such 
as residual anesthesia, pain, and transient diaphrag-
matic dysfunction may alter the mechanisms un-

derlying weaning failure in this population  [12]. 
Moreover, few studies have simultaneously compared 
DE, DTF, combined indices, and conventional res-
piratory parameters within the same cohort. There-
fore, further investigation is needed to clarify the 
predictive value of diaphragmatic ultrasound indices 
in surgical ICU patients and to determine whether 
these parameters provide incremental benefit over 
traditional weaning criteria. This study aimed to 
evaluate the predictive value of diaphragmatic ul-
trasound indices for weaning outcomes in surgical 
ICU patients and to compare their performance 
with conventional respiratory parameters (RSBI, 
RR, and PaO₂/FiO₂ ratio). 

Materials and Methods 
This study was carried out in accordance with 

the principles outlined in the Declaration of Helsinki. 
The study protocol was reviewed and approved by 
the Hanoi Medical University Institutional Ethical 
Review Board (Approval No. 1276/GCN-HMUIRB, 
April 22, 2024) and was registered at ClinicalTrials.gov 
(Identifier: NCT06321848). The requirement for 
direct participant consent was waived due to the 
fact that all patients were under mechanical venti-
lation at the time of enrollment; however, written 
informed consent was obtained from the partici-
pants’ legally authorized representatives. 

Study design and setting. This prospective 
observational study was conducted in the Center 
of Anesthesiology, Critical Care and Pain Manage-
ment at Hanoi Medical University Hospital. Patient 
enrollment and data collection were performed be-
tween May 2024 and April 2026. Adult postoperative 
patients admitted to the surgical intensive care unit 
who required invasive mechanical ventilation were 
screened for eligibility. The inclusion criteria were 
age � 18 years, postoperative patients undergoing 
mechanical ventilation via endotracheal tube, du-
ration of invasive mechanical ventilation � 48 hours, 
patients considered ready for weaning from me-
chanical ventilation. Patients were excluded if they 
had progressive neuromuscular diseases, chronic 
respiratory or cardiac diseases requiring long-term 
ventilatory support at home (e. g., severe chronic 
obstructive pulmonary disease or severe asthma), 
known diaphragmatic injury or prior diaphragmatic 
surgery, failure of a previous SBT, tracheostomy, re-
fusal to participate by the patient or their legal rep-
resentative. 

The sample size was estimated based on the 
area under the receiver operating characteristic 
(AUC) curve using the method proposed by J. A. Han-
ley and B. J. McNeil  [13]. The expected AUC value 
for diaphragm thickening fraction (DTF) was as-
sumed to be 0.85 based on previous literature, with 
an estimated weaning failure rate of 25% [14]. With 
a type I error of 5% and study power of 80%, the 

Clinical  Studies



14 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 6 ,  2 2 ;  4

Clinical  Studies

minimum required sample size was calculated to 
be 135 patients. To account for potential data loss, 
we planned to enroll at least 150 patients. 

Weaning readiness assessment. Patients were 
evaluated daily for readiness to wean according to 
established guidelines for ventilator weaning  [5]. 
Criteria included: 

• Resolution or control of the underlying 
cause of respiratory failure. 

• Body temperature � 38°C and hemoglobin 
� 8 g/dL. 

• Absence of significant electrolyte imba-
lance. 

• Neurological status with Glasgow Coma 
Scale � 9 and improvement after cessation of seda-
tion. 

• Hemodynamic stability with heart rate 
60–100 beats/min and systolic blood pressure 
90–160 mmHg without or with minimal vasopressor 
support. 

• Adequate oxygenation with PaO₂/FiO₂ � 
250 mmHg, FiO₂ � 0.4, and PEEP � cm H₂O. 

Eligible patients underwent a spontaneous 
breathing trial using pressure support ventilation 
with PS = 7 cmH₂O, PEEP = 5 cmH₂O, and FiO₂ = 0.40 
for 60 minutes.  

If no signs of intolerance were observed, the 
SBT was considered successful and the patient was 
evaluated for extubation. In cases of intolerance, 
mechanical ventilation was resumed and the SBT 
was repeated after 24 hours if the patient again met 
weaning readiness criteria. After a successful SBT, 
extubation was performed when the patient demon-
strated adequate airway protection, including effec-
tive cough and the ability to clear airway secretions. 
Airway patency was further assessed using the cuff 
leak test. Following extubation, patients received 
oxygen therapy via face mask at a flow rate of 
5 L/min. Patients were monitored for 48 hours to 
determine extubation outcomes. Successful weaning 
was defined as the ability to maintain spontaneous 
breathing without ventilatory support for at least 
48 hours after extubation. Weaning failure was de-
fined as any of the following within 48 hours: failure 
of the spontaneous breathing trial; re-intubation 
or requirement for non-invasive ventilation due to 
intolerance signs. 

Intolerance signs were defined by the occur-
rence of any of the following: respiratory distress 
(respiratory rate � 35 breaths/min, oxygen saturation 
� 90%, or increased work of breathing), cardiovascular 
instability (heart rate � 140 beats/min, arrhythmia, 
or systolic blood pressure � 90 or � 180 mmHg), or 
neurological deterioration such as agitation or de-
creased level of consciousness. 

Diaphragm ultrasound assessment. All di-
aphragm ultrasound examinations were performed 
by a single trained investigator with certification in 
critical care ultrasound to ensure measurement 

consistency. Diaphragmatic ultrasound measure-
ments were not used to guide clinical weaning deci-
sions and clinicians responsible for weaning manage-
ment were blinded to ultrasound-derived indices. 
Patients were placed in a semi-recumbent position 
with the head elevated at 30°. Diaphragmatic excursion 
(DE) was measured using a convex probe in the sub-
costal view along the mid-clavicular line to visualize 
the right hemidiaphragm. M-mode ultrasound was 
used to record diaphragmatic motion across at least 
three respiratory cycles, and the maximal displacement 
from baseline was recorded [15, 16]. 

Diaphragm thickness was measured using a 
linear probe placed in the zone of apposition between 
the ninth and tenth intercostal spaces along the 
mid-axillary line. Diaphragm thickness during in-
spiration (DTi) and expiration (DTe) was measured 
over at least three respiratory cycles. Diaphragm 
thickening fraction (DTF) was calculated as: 

DTF = (DTi − DTe) / DTe × 100 
The diaphragmatic rapid shallow breathing 

index based on diaphragmatic excursion (DE-RSBI) 
was calculated as the ratio of respiratory rate (RR) 
to diaphragmatic excursion (DE) measured by  
M-mode ultrasound (RR/DE, breaths/min/mm). 
In addition, a modified diaphragmatic rapid shallow 
breathing index based on diaphragm thickening 
fraction (DTF-RSBI) was calculated as RR divided 
by diaphragm thickening fraction (RR/DTF) [11].  

Study variables and outcomes. Baseline de-
mographic and clinical characteristics, including 
age, sex, Acute Physiology and Chronic Health Evalu-
ation (APACHE) II score, length of hospital stay,  
duration of stay in the surgical ICU, and duration of 
mechanical ventilation, were collected. The APACHE 
II score was calculated at the time of ICU admission. 

Respiratory parameters, including tidal volume, 
respiratory rate, and the rapid shallow breathing 
index (RSBI), were recorded during the first three 
minutes of the spontaneous breathing trial (SBT). 
Arterial blood gas analysis was obtained immediately 
before initiation of the SBT, and the PaO₂/FiO₂ ratio 
was subsequently calculated. 

Diaphragmatic ultrasound measurements were 
performed at the beginning of the SBT. Diaphrag-
matic excursion (DE) and diaphragm thickening 
fraction (DTF) were measured, and derived indices 
including DE-RSBI and DTF-RSBI were calculated 
accordingly.  

The primary outcome was overall weaning 
outcome, defined as successful maintenance of 
spontaneous breathing without ventilatory support 
for at least 48 hours after extubation. Secondary 
outcomes included: diagnostic accuracy of DE, DTF, 
DE-RSBI, and DTF-RSBI; independent predictors 
of successful weaning identified by multivariable 
logistic regression. 

Statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 26.0 (IBM Corp., 
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Armonk, NY, USA) and MedCalc, version 23.2 (MedCalc 
Software Ltd, Ostend, Belgium). Continuous variables 
were tested for normality using the Shapiro–Wilk 
test. Normally distributed variables were expressed 
as mean ± standard deviation and compared using 
the student t-test, whereas non-normally distributed 
variables were presented as median (interquartile 
range) and compared using the Mann–Whitney 
U test. Categorical variables were expressed as fre-
quencies and percentages and compared using the 
chi-square test or Fisher’s exact test when appropriate. 

The predictive performance of diaphragmatic 
ultrasound indices and conventional respiratory 
parameters was evaluated using receiver operating 
characteristic (ROC) curve analysis. The area under 
the curve (AUC) was calculated with 95% confidence 
intervals. For variables in which lower values were 
associated with a higher probability of weaning 
success (e.g., RSBI), reverse coding was applied to 
ensure consistent directionality before ROC analysis. 
Optimal cut-off values were determined using 
Youden’s index, and corresponding sensitivity, speci-
ficity, positive predictive value, and negative pre-
dictive value were calculated. Comparisons between 
AUCs were performed using the DeLong test. 

Univariable logistic regression analysis was ini-
tially conducted to identify factors associated with 
weaning outcomes. Before multivariable model con-
struction, correlations among age, APACHE II score, 
and SOFA score were assessed using Spearman’s cor-
relation analysis. Variables considered clinically rele-
vant or showing potential association were entered 
into a multivariable logistic regression model to 
identify independent predictors of weaning failure. 
Results were reported as odds ratios (ORs) with 95% 
confidence intervals. A two-sided p value � 0.05 was 
considered statistically significant. 

Results 
A total of 160 patients were included in the 

study. Of these, 134 patients (83.8%) successfully 
completed the first SBT, whereas 26 patients (16.3%) 
failed the initial SBT. Among the 134 patients who 
successfully completed the first SBT, 21 (15.7%) 
subsequently developed extubation failure after 
initial ventilator liberation. Overall, successful wean-
ing was ultimately achieved in 113 patients (70.6%), 
while 47 patients (29.4%) met the criteria for weaning 
failure (Fig. 1). 

Baseline demographic and clinical character-
istics were summarized in Table 1. Patients in the 
weaning failure group were older and had signifi-
cantly higher APACHE II and SOFA scores compared 
with those in the weaning success group. Chronic 
obstructive pulmonary disease, diabetes mellitus, 
and chronic kidney disease were more common in 
the weaning failure group. 

Hypertension was the most common comor-
bidity in the overall cohort. Emergency surgery ac-

counted for the majority of cases, and gastrointestinal 
surgery was the most frequently represented surgical 
category. No significant differences were identified 
in sex distribution, body mass index, operative 
characteristics, or duration of mechanical ventilation 
before the first spontaneous breathing trial between 
the two groups. However, patients with weaning 
failure had significantly longer SICU and hospital 
stays (p � 0.001). 

Among the 53 elective surgical patients, pro-
longed postoperative mechanical ventilation was 
mainly associated with neurological impairment, 
hemodynamic instability, respiratory insufficiency, 
sepsis, and the need for continued postoperative 
monitoring. Detailed information is provided in 
Supplementary Table S1. 

Respiratory and diaphragmatic ultrasound in-
dices according to weaning outcome are presented 
in Table 2. Patients with weaning failure had sig-
nificantly lower PaO₂/FiO₂ ratios immediately before 
SBT, lower diaphragmatic excursion and diaphragm 
thickening fraction values, and higher DE-RSBI and 
DTF-RSBI values compared with the weaning success 
group. In contrast, no significant difference in con-
ventional RSBI and respiratory rate were observed 
between groups. 

ROC curve analysis demonstrated moderate 
discriminative performance of diaphragmatic ul-
trasound-derived indices for predicting weaning 
outcomes (Fig. 2). DE showed the highest predictive 
accuracy (AUC 0.793), followed by DTF (AUC 0.740) 
and DTF-RSBI (AUC 0.711). In contrast, conventional 
respiratory parameters, including the PaO₂/FiO₂ 
ratio, respiratory rate, and RSBI, showed lower pre-
dictive performance, with AUC values of 0.598, 
0.543, and 0.532, respectively. 

Fig. 1. Flowchart of patient enrollment and weaning outcomes.



16 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 6 ,  2 2 ;  4

Clinical  Studies

Based on the results presented in Table 3, the 
optimal cutoff values for predicting successful wea-
ning were � 1.26 cm for DE, � 16.3% for DTF, � 17.0 
for DE-RSBI, and � 124.7 for DTF-RSBI. DE demon-
strated the most balanced overall diagnostic per-
formance, with a sensitivity of 83.2%, specificity of 
61.7%, PPV of 83.9%, NPV of 60.4%, and the highest 
positive likelihood ratio (LR+ = 2.17) among the ul-
trasound-derived parameters. In contrast, DTF and 
DTF-RSBI showed higher sensitivity and lower nega-
tive likelihood ratios (LR− = 0.19 and 0.20, respec-
tively), suggesting greater ability to identify patients 
likely to achieve successful weaning, although with 
lower specificity. Combined diaphragmatic indices 
demonstrated intermediate diagnostic performance 
between conventional respiratory parameters and 
isolated diaphragmatic ultrasound measurements. 

DeLong analysis demonstrated that both DE 
and DTF demonstrated significantly higher dis-

criminative performance than both the PaO₂/FiO₂ 
ratio and RSBI. Combined diaphragmatic indices 
(DE-RSBI and DTF-RSBI) significantly outperformed 
RSBI alone but showed no significant difference 
compared with the PaO₂/FiO₂ ratio. 

Correlation analysis demonstrated a strong 
correlation between APACHE II and SOFA scores 
(Spearman’s ρ = 0.745, p � 0.001), while age showed 
moderate correlations with APACHE II (ρ = 0.424, 
p � 0.001) and SOFA score (ρ = 0.338, p � 0.001). In 
multivariable logistic regression analysis (Table 5), 
lower APACHE II score, higher PaO₂/FiO₂ ratio, and 
greater diaphragmatic excursion were independently 
associated with successful weaning. Each 1 mm in-
crease in DE was associated with a 66.6% increase 
in the odds of successful weaning (adjusted 
OR 1.67, 95% CI 1.31–2.12; p � 0.001). A sensitivity 
analysis was subsequently performed by additionally 
adjusting for COPD, diabetes mellitus, and chronic 

Table 1. Baseline demographic and clinical characteristics according to weaning outcome. 
Parameters                                                                                                                         Parameters value in groups                                             P-value 
                                                                                                                                Total,                           Weaning                       Weaning  
                                                                                                                              n = 160                  success, n = 113          failure, n = 47                             

Demographic and clinical characteristics 
Age, years                                                                                          64.0 [56.0–74.0]         63.0 [54.0–70.5]        71.0 [62.0–77.0]                  0.004b 
Male sex                                                                                                  100 (62.5)                      70 (61.9)                      30 (63.8)                         0.823a 
APACHE II score                                                                              10.0 [8.0–12.0]             9.0 [7.0–10.0]           13.0 [11.0–15.0]                � 0.001b 
SOFA score                                                                                           2.0 [1.0–4.0]                2.0 [1.0–3.0]               3.0 [2.0–6.0]                   � 0.001b 
Body mass index, kg/m²                                                              21.7 [19.5–23.4]         21.9 [19.9–23.4]        21.4 [17.9–23.6]                  0.140b 

Surgical urgency 
Elective surgery                                                                                     53 (33.1)                       37 (32.7)                      16 (34.0)                         0.874a 
Emergency surgery                                                                             107 (66.9)                      76 (67.3)                      31 (66.0)                                

Surgical categories 
Gastrointestinal surgery                                                                     62 (38.8)                       44 (38.9)                      18 (38.3)                         0.504c 
Neurosurgery                                                                                         49 (30.5)                       32 (28.4)                      17 (36.2)                                
Cardiovascular surgery                                                                       27 (16.9)                       18 (15.9)                       9 (19.2)                                 
Trauma surgery                                                                                        6 (3.8)                            5 (4.4)                           1 (2.1)                                  
Soft tissue and skin infection surgery                                           16 (10.0)                       14 (12.4)                        2 (4.2)                                  

Comorbidities 
Hypertension                                                                                         85 (53.1)                       55 (48.7)                      30 (63.8)                         0.080a 
COPD                                                                                                        23 (14.4)                       12 (10.6)                      11 (23.4)                         0.036a 
Diabetes mellitus                                                                                  46 (28.7)                       27 (23.9)                      19 (40.4)                         0.035a 
Chronic kidney disease                                                                      22 (13.8)                        11 (9.7)                       11 (23.4)                         0.022a 
Malignancy                                                                                             32 (20.0)                       19 (16.8)                      13 (27.7)                         0.118a 

ICU outcomes 
Length of SICU stay                                                                          5.0 [4.0–7.0]                5.0 [4.0–6.0]              8.0 [6.0–12.0]                  � 0.001b 
Length of hospital stay                                                                 17.0 [12.0–24.8]         15.0 [11.0–21.0]        24.0 [16.0–34.0]                � 0.001b 
Duration of mechanical ventilation before SBT                    4.0 [3.0–5.0]                3.0 [3.0–4.0]               4.0 [4.0–5.0]                      0.715b 
Note. Values are presented as number (%) or median [interquartile range]. For tables 1, 5: APACHE II — Acute Physiology and 
Chronic Health Evaluation. BMI — body mass index; COPD — Chronic Obstructive Pulmonary Disease; SICU — surgical intensive 
care unit; SOFA — Sequential Organ Failure Assessment. a — Chi-square test; b — Mann–Whitney U-test; c — Fisher exact test.

Table 2. Comparison of respiratory and diaphragmatic ultrasound indices according to weaning outcome. 
Indices                                                                                                               Indices value in groups                                                                  P-valuea 
                                                                                           Weaning success, n = 113                Weaning failure, n = 47                                           
PaO₂/FiO₂ ratio before SBT                                     352.0 [315.3–442.8]                           340 [281.3–376.8]                                        0.041 
Respiratory rate, min–1                                                       20 [16–24]                                           21 [18–24]                                               0.433 
RSBI, breaths/min/L                                                     47.5 [37.8–56.1]                                 47.4 [35.6–62.2]                                          0.461 
DE, cm                                                                                    1.5 [1.3–1.7]                                        1.2 [1.0–1.4]                                           � 0.001 
DTF, %                                                                                 31.2 [24.2–50.2]                                  20.2 [9.8–33.3]                                         � 0.001 
DE-RSBI, breaths/min/cm                                         13.3 [11.3–16.1]                                 16.2 [12.7–21.6]                                        � 0.001 
DTF-RSBI, breaths/min/%                                         59.8 [41.0–89.1]                              112.7 [56.8–212.6]                                     � 0.001 
Note. Values are presented as median [interquartile range]. a — Mann–Whitney U-test. For tables 2–5: DE — diaphragmatic excur-
sion; DTF — diaphragm thickening fraction; RSBI — rapid shallow breathing index.
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kidney disease. The results remained materially un-
changed, with diaphragmatic excursion remained 
independently associated with successful weaning 
(adjusted OR 1.66 per 1-mm increase, 95% CI 1.30–2.11; 
p � 0.001) (Supplementary Table S2). 

Discussion 
Among all evaluated parameters, DE demon-

strated the highest predictive performance for suc-
cessful weaning, with an AUC of 0.793, followed by 
DTF (AUC 0.740) and DTF-RSBI (AUC 0.711). In 
contrast, respiratory rate and conventional RSBI 
showed poor discriminative ability, with AUC values 
close to 0.5. Importantly, both DE and DTF signifi-
cantly outperformed conventional respiratory pa-
rameters, including the PaO₂/FiO₂ ratio and RSBI, 
on DeLong analysis. 

DE demonstrated the most balanced diag-
nostic performance in our study, with a sensitivity 
of 83.2% and specificity of 61.7% at a cutoff value 
of � 1.26 cm, whereas DTF showed higher sensitivity 
but lower specificity. Additional diagnostic accuracy 

Table 3. Diagnostic performance of respiratory and diaphragmatic ultrasound indices for predicting successful weaning. 
Variable                          AUC,           Optimal    Sensitivity,         Specificity,      PPV, %           NPV, %             LR+                 LR–            P-value 
                                          95% CI           cutoff                 %                             %                                                   
PaO₂/FiO₂ ratio,         0.598            � 412.5            30.0                       89.4                87.2                34.7               2.83               0.78              0.042 
mm Hg                   (0.518–0.675)            
Respiratory rate,         0.543               � 20               43.4                       72.3                79.0                34.7               1.57               0.78              0.312 
breaths/min         (0.463–0.622)            
RSBI,                               0.532             � 55.4              41.6                       72.3                78.3                34.0               1.50               0.81              0.437 
breaths/min/L    (0.452–0.612)            
DE, cm                           0.793             � 1.26             83.2                       61.7                83.9                60.4               2.17               0.27            � 0.001 
                                 (0.722–0.853)            
DTF, %                            0.740             � 16.3              91.2                       46.8                80.5                68.9               1.71               0.19            � 0.001 
                                 (0.665–0.806)            
DE-RSBI                        0.674             � 17.0              82.3                       48.9                79.5                53.5               1.61               0.36            � 0.001 
                                 (0.595–0.746)            
DTF-RSBI                      0.711            � 124.7            90.3                       48.9                80.9                67.7               1.77               0.20            � 0.001 
                                 (0.634–0.780)            
Note. Optimal cutoff values were determined using the Youden index. P-values represent comparisons of ROC areas against the re-
ference value of 0.5. For tables 3, 4: AUC — area under the receiver operating characteristic curve; CI — confidence interval. LR+ — 
positive likelihood ratio; LR− — negative likelihood ratio; NPV — negative predictive value; PPV — positive predictive value. 

Fig. 2. ROC curve analysis of ultrasound-derived diaphragmatic 
indices for predicting successful weaning.

Table 4. Comparison of areas under the ROC curves. 
Comparison                                                                       Difference in AUC                                        95% CI                                                   P-value 
DE vs DTF                                                                                    0.053                                            –0.0583–0.164                                           0.350 
DE vs PaO₂/FiO₂ ratio                                                             0.195                                             0.0760–0.313                                            0.001 
DTF vs PaO₂/FiO₂ ratio                                                           0.142                                             0.0153–0.267                                            0.028 
DE-RSBI vs PaO₂/FiO₂ ratio                                                  0.076                                            –0.0571–0.207                                           0.266 
DTF-RSBI vs PaO₂/FiO₂ ratio                                               0.113                                            –0.0188–0.244                                           0.093 
DE vs RSBI                                                                                   0.261                                              0.125–0.397                                           � 0.001 
DTF vs RSBI                                                                                0.208                                             0.0666–0.350                                            0.004 
DE-RSBI vs RSBI                                                                        0.142                                              0.013–0.271                                             0.001 
DTF-RSBI vs RSBI                                                                     0.180                                             0.0567–0.303                                            0.004 
Note. DeLong test was used to compare correlated ROC curves.  

Table 5. Logistic regression analysis of factors associated with successful weaning. 
Variable                                       Univariable OR (95% CI)               P-value              Multivariable OR (95% CI)              P value 
APACHE II                                          0.55 (0.45–0.67)                        � 0.001                         0.53 (0.42–0.68)                         � 0.001 
PaO₂/FiO₂ ratio                                1.01 (1.00–1.01)                          0.023                           1.01 (1.00–1.02)                            0.03 
DE (per 1mm increase)                 1.56 (1.31–1.86)                        � 0.001                         1.67 (1.31–2.12)                         � 0.001 
DTF (per 1% increase)                   1.06 (1.03–1.09)                        � 0.001                                      —                                           — 
DE-RSBI                                              0.86 (0.79–0.93)                        � 0.001                                      —                                           — 
DTF-RSBI                                           0.99 (0.98–0.99)                        � 0.001                                      —                                           — 
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metrics further supported these findings. Diaphrag-
matic excursion demonstrated the highest positive 
likelihood ratio among the evaluated ultrasound-
derived parameters, suggesting greater usefulness 
for identifying patients likely to achieve successful 
weaning. In contrast, diaphragm thickening fraction 
yielded the lowest negative likelihood ratio, indi-
cating a potentially greater ability to exclude suc-
cessful weaning when values were below the optimal 
threshold. Nevertheless, all likelihood ratios re-
mained within a moderate range, supporting the 
use of diaphragmatic ultrasound as an adjunct 
rather than a standalone decision-making tool 
during weaning assessment. These findings are 
comparable to previous studies and meta-analyses 
reporting good predictive accuracy of diaphragmatic 
ultrasound during weaning assessment [9]. Com-
bined diaphragmatic indices also showed better 
performance than conventional RSBI alone, con-
sistent with findings reported by S. Spadaro et al. 
and subsequent studies evaluating D-RSBI during 
spontaneous breathing trials [17]. Similar findings 
were subsequently reported by S. M. S. Mowafy et 
al.  [18] and A. Abbas et al.  [19], both of whom 
demonstrated superior diagnostic performance of 
D-RSBI compared with traditional RSBI in mechan-
ically ventilated patients. However, in the present 
study, isolated diaphragmatic ultrasound measure-
ments remained numerically superior to combined 
indices, suggesting that direct assessment of di-
aphragmatic mechanics may provide more robust 
physiologic information than composite respiratory 
parameters incorporating respiratory rate.  

Importantly, diaphragmatic excursion remained 
independently associated with successful weaning 
after adjustment for APACHE II score and PaO₂/FiO₂ 
ratio. Each 1 mm increase in DE was associated 
with a 66.6% increase in the odds of successful 
weaning, supporting the role of diaphragmatic ul-
trasound as an independent physiologic marker 
beyond conventional indices of disease severity 
and oxygenation. Similar findings have been reported 
in previous studies evaluating diaphragmatic ul-
trasound during weaning. G. Ferrari et al. demon-
strated that reduced diaphragmatic excursion was 
independently associated with weaning failure in 
mechanically ventilated patients, highlighting the 
physiologic importance of diaphragmatic mobility 
during spontaneous breathing trials [20]. Likewise, 
E. DiNino et al. reported that diaphragmatic excursion 
assessed by bedside ultrasound was independently 
predictive of extubation success and provided in-
cremental value beyond conventional respiratory 
indices [21].  

The diagnostic performance of DE observed 
in our study is comparable to previous investigations 
evaluating diaphragmatic ultrasound during weaning 
assessment. Prior studies have reported AUC values 

ranging from approximately 0.75 to 0.85 for DE and 
DTF, supporting the reproducibility of diaphragmatic 
ultrasound as a predictor of weaning outcomes 
across different ICU populations. The diagnostic 
performance of diaphragmatic ultrasound observed 
in the present study is consistent with previous in-
vestigations evaluating diaphragmatic function du-
ring weaning assessment. E. DiNino et al. [21] reported 
an AUC of approximately 0.79 for diaphragm thick-
ening fraction in predicting extubation success, 
while M. J. Alam et al. [22] demonstrated AUC values 
of 0.83 for diaphragmatic excursion and 0.69 for di-
aphragm thickening fraction. These findings support 
the reproducibility of diaphragmatic ultrasound as 
a predictor of weaning outcomes across different 
ICU populations. Although the study included 
several surgical categories, all patients shared a 
common clinical context of prolonged postoperative 
mechanical ventilation. Patients were enrolled only 
after stabilization of the underlying condition, ful-
fillment of predefined readiness-to-wean criteria, 
and initiation of a standardized weaning protocol 
including spontaneous breathing trial and extubation 
assessment. In surgical ICU patients, postoperative 
pain, abdominal distension, residual sedation, and 
impaired chest wall mechanics may substantially 
affect diaphragmatic performance during sponta-
neous breathing [23, 24].  

Although approximately one-third of the cohort 
underwent elective surgery, these patients were not 
representative of routine fast-track surgical popu-
lations. Most required prolonged postoperative me-
chanical ventilation because of ongoing neurological 
dysfunction, hemodynamic instability, respiratory 
complications, severe infection, or the need for in-
tensive postoperative monitoring. Therefore, pro-
longed ventilation reflected the severity of postop-
erative critical illness rather than deviations from 
contemporary perioperative care pathways. Unlike 
conventional respiratory indices, diaphragmatic ul-
trasound provides direct assessment of inspiratory 
muscle function and respiratory mechanical re-
serve  [25]. Because weaning failure is frequently 
related to respiratory muscle dysfunction rather 
than isolated impairment of oxygenation, diaphrag-
matic ultrasound-derived parameters may better 
reflect physiologic readiness for liberation from 
mechanical ventilation. Furthermore, prolonged 
mechanical ventilation itself may induce diaphrag-
matic weakness through ventilator-induced di-
aphragmatic dysfunction, further supporting the 
physiologic relevance of diaphragmatic ultrasound 
during weaning assessment. 

An important finding of the present study is 
that preserved diaphragmatic excursion or thickening 
did not invariably translate into successful weaning. 
Although diaphragmatic ultrasound provides valu-
able information regarding diaphragmatic contrac-
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tility, successful weaning depends on the integrated 
function of multiple organ systems. Some patients 
with favorable diaphragmatic ultrasound parameters 
nevertheless failed weaning because of non-di-
aphragmatic factors, including cardiovascular dys-
function, residual pulmonary abnormalities, im-
paired airway protection, excessive airway secretions, 
or neurological impairment. These conditions may 
increase respiratory workload or compromise the 
ability to maintain spontaneous breathing despite 
adequate diaphragmatic function. This observation 
highlights an important limitation of diaphragmatic 
ultrasound when used in isolation and supports its 
interpretation within a comprehensive clinical as-
sessment. The predictive performance of diaphrag-
matic ultrasound is therefore likely to be greatest 
in patients whose weaning outcome is primarily 
determined by respiratory muscle function, whereas 
its accuracy may be reduced when weaning failure 
is driven predominantly by cardiac, pulmonary, 
neurological, or upper-airway factors. Because the 
present study was not powered for subgroup analy-
ses, we were unable to identify specific surgical 
populations in which diaphragmatic ultrasound 
performs optimally. Further studies in more ho-
mogeneous surgical cohorts are warranted to better 
define the clinical settings in which diaphragmatic 
ultrasound provides the greatest predictive value. 

An important consideration in interpreting 
our findings of this study is that structural pul-
monary abnormalities were not systematically 
assessed as study variables. Conditions such as 
atelectasis, pleural effusion, pneumonia, or pul-

monary embolism may contribute to weaning 
failure independently of diaphragmatic dysfunc-
tion by increasing respiratory workload and im-
pairing gas exchange. Therefore, diaphragmatic 
ultrasound indices should be interpreted within 
the broader clinical context and in conjunction 
with respiratory, hemodynamic, and radiological 
assessment. Future studies incorporating multi-
modal lung and diaphragm ultrasound assessment 
may provide a more comprehensive evaluation 
of weaning readiness. 

There are many limitations in this research. 
First, this was a single-center study conducted ex-
clusively in surgical ICU patients, which may limit 
generalizability to other ICU populations. Second, 
diaphragmatic ultrasound measurements were ob-
tained at a single time point before spontaneous 
breathing trial initiation, and serial changes during 
the weaning process were not evaluated. Third, al-
though ultrasound examinations were performed 
by experienced operators, diaphragmatic ultrasound 
remains operator dependent. Finally, the sample 
size was moderate, and larger multicenter studies 
are warranted to further validate these findings. 

Conclusion 
Diaphragmatic ultrasound-derived indices, 

particularly diaphragmatic excursion, demonstrated 
superior predictive performance compared with 
conventional respiratory parameters and may pro-
vide valuable adjunctive information during weaning 
assessment in surgical ICU patients.

Supplements 
Table S1. Primary clinical reasons for prolonged postoperative mechanical ventilation among elective surgical 
patients (n = 53). 
Primary reason for prolonged mechanical ventilation                                                                              n (%) 
Neurological impairment                                                                                                                                  18 (34.0) 
Hemodynamic instability                                                                                                                                 14 (26.4) 
Respiratory insufficiency                                                                                                                                   10 (18.9) 
Sepsis / septic shock                                                                                                                                              1 (1.8) 
Ongoing sedation / postoperative monitoring                                                                                         10 (18.9) 

Table S2. Sensitivity analysis of factors associated with successful weaning. 
Variable                                                                                                       Adjusted OR                             95% CI                                  P-value 
APACHE II score                                                                                         0.54                                 0.41–0.71                               � 0.001 
PaO₂/FiO₂ ratio                                                                                          1.008                              1.001–1.015                              0.032 
Diaphragmatic excursion (per 1-mm increase)                              1.66                                 1.30–2.11                               � 0.001 
COPD                                                                                                              2.20                                 0.51–9.54                                 0.292 
Chronic kidney disease                                                                            1.46                                 0.41–5.21                                 0.556 
Diabetes mellitus                                                                                       0.93                                 0.28–3.12                                 0.904 
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Summary 
Aspiration-related complications remain one of the most significant causes of early postoperative pneu-

monia, and microaspiration often occurs without symptoms and is not recognized at an early stage. The sen-
sitivity of chest X-ray and CT (computed tomography) for the earliest changes is limited, creating a diagnostic 
«gap» in which lung ultrasound (LUS) may play a key role. 

Patient case presentation. A 62-year-old patient with class III obesity (body mass index [BMI] 46.5 kg/m²), 
ASA class III, and a significant oncologic history experienced a prolonged (8-hour) neurosurgical procedure 
in the prone position. In the early postoperative period, after reintubation, she developed severe hypoxemia 
in the absence of specific changes on chest radiography or chest CT, while laboratory inflammatory markers 
were consistent with a nonspecific postoperative response. Lung ultrasound revealed a pattern atypical for 
atelectasis: multiple small (up to 1.5 cm²) subpleural consolidations scattered predominantly in the right lung, 
including nondependent areas, in the environment of preserved aeration of the surrounding tissue and a low 
lung ultrasound score. 

Diagnostic assessment and interventions. The initial impression of atelectasis was revised in favor of early 
aspiration pneumonia, despite a «negative» CT scan. On serial ultrasound, there was a rapid increase in the 
number and size of subpleural consolidations, a rise in the total ultrasound score from 7 to 17, and the ap-
pearance of a right-sided pleural effusion, which prompted repeat CT and escalation of respiratory and an-
tibiotic therapy. The repeat CT confirmed multiple areas of consolidation and hydrothorax; aspiration pneu-
monia was ultimately confirmed by bronchoscopy and bronchoalveolar lavage culture, which grew 
polymicrobial oral flora. 

Conclusion. In the presented case, the specific lung ultrasound pattern and its progression preceded radio-
graphic changes and made it possible to promptly suspect postoperative microaspiration as the cause of severe 
respiratory failure. Routine use of standardized lung ultrasound screening in high-risk patients may become a 
promising tool for the very early diagnosis of microaspiration, expediting the initiation of antimicrobial therapy. 
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Introduction 
Aspiration of contents from the oropharynx, 

stomach, or esophagus remains a significant com-
plication of general anesthesia and the perioperative 
period [1], leading to a range of consequences from 
transient gas exchange disturbances to severe pneu-
monia and acute respiratory failure [2, 3]. In recent 
years, the phenomenon of microaspiration has at-
tracted particular attention  [4–6], as it can occur 
without marked regurgitation and may not manifest 
clinically until a day or more later presenting as early 
postoperative pneumonia [7]. Conventional imaging 
modalities (X-ray, computed tomography (CT)) have 
limited sensitivity in the earliest stages of aspiration 
injury  [8–10] and may remain insufficiently infor-
mative during the first 24–48 hours [11, 12]. Under 
these conditions, lung ultrasound plays an increasingly 
important role, as it is highly sensitive to even minimal 

increases in interstitial fluid and early emergence of 
subpleural foci of infiltration [13–15]. We present a 
clinical case of a patient at high anesthetic risk in 
whom specific ultrasound findings in the lungs al-
lowed us to rule out the initial diagnosis of atelectasis 
and suspect early aspiration pneumonia at the «gray 
zone» stage of imaging and laboratory markers. 

Informed consent. We obtained the patient’s 
written informed consent to publish de-identified 
clinical case report and clinical and diagnostic data. 

Case Report 
Patient Information. Patient T., 62 years old, 

was admitted for urgent surgery due to a solitary 
metastasis in the left cerebellar hemisphere, with a 
history of stage IIIA left breast cancer. Height: 160 cm; 
weight: 127 kg; body mass index (BMI): 46.5 kg/m² 
(class 3 obesity); ASA III. Concomitant conditions: 
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hypertension (stage 3, risk 4), stage I congestive heart 
failure, functional class II, incompetence of lower 
esophageal sphincter with reflux esophagitis, varicose 
veins and Post-Tthrombotic Syndrome (PTS), and 
metabolic dysfunction-associated steatotic liver disease 
(MASLD. The patient was on azilsartan and chlorthali-
done maintenance therapy. On admission: blood 
pressure 150/90 mm Hg, HR 89 bpm, RR 16 breaths 
per minute, SpO₂ 92% on room air; neurologically — 
unsteady gait, general weakness, headache. 

Timeline. Admission to a hospital of a female 
patient with metastasis to the cerebellum.  

Day 0: Neurosurgical trepanation (8 hours) 
under general anesthesia with mechanical ventilation 
in pressure-controlled ventilation (PCV) mode; 
initial tracheal extubation without signs of aspiration. 
End of Day 0 (transfer to the intensive care unit): 
sudden deterioration—ventricular tachycardia, 
seizures, impaired consciousness, re-intubation.  

Night 0–1: Head CT scan showed no abnor-
malities; mechanical ventilation continued for 
12 hours. Day 1: Tracheal extubation was attempted 
again followed by marked hypoxemia (SpO₂ = 80%); 
chest X-ray showed no abnormalities; lung ultra-
sound—multiple subpleural consolidations, chest 
CT («fibrous bands/atelectasis»).  

Day 2: Worsening hypoxemia, repeat lung ul-
trasound (LUS) yields an increased score — LUS 
7�17, right-sided pleural effusion; repeat chest CT 
scan shows consolidations and hydrothorax. Bron-
choscopy with bronchoalveolar lavage and subse-
quent bacteriological examination yields multibac-
terial flora, therefore empirical antibiotic therapy 
initiated instantly.  

Days 3–20: prolonged mechanical ventilation 
(20 days totally).  

Day 26: completion of intensive care, stabi-
lization, discharge. 

Surgery and Anesthesia. Cranial trepanation 
and microsurgical removal of the metastasis in the 
left suboccipital region and autologous bone graft 
reconstruction lasted 8 hours on the patient in 
prone position. Anesthesia: induction — propofol, 
fentanyl, rocuronium; maintenance — desflurane 
combined with fentanyl and repeated administration 
of a muscle relaxant; tracheal intubation via the 
mouth using an 8.0-mm-diameter tube, with no 
technical complications. Mechanical ventilation 
was performed in PCV mode at FiO₂ of 0.6 and po-
sitive end-expiratory pressure (PEEP) of 7 cm H₂O, 
with a tidal volume of approximately 600 mL; the 
PaO₂/FiO₂ ratio during surgery was 371 mm Hg, 
and no critical episodes of desaturation were ob-
served. Upon completion of the procedure, the pa-
tient was awakened and extubated after muscle 
tone had been restored and adequate spontaneous 
breathing had been established; no immediate signs 
of regurgitation or aspiration were observed. 

Early postoperative period and deterioration. 
During transfer to the ICU, patient’s condition sud-
denly deteriorated: she experienced a brief episode 
of ventricular tachycardia and seizures, followed 
by alteration of consciousness up to stupor and 
worsening respiratory failure. Emergency re-intu-
bation was performed; laryngoscopy revealed no 
visible aspirated material in the airways. Brain CT 
scan was performed to rule out acute intracranial 
pathology; although no pathological changes were 
found. After 12 hours of mechanical ventilation the 
patient was extubated and instantaneously developed 
acute hypoxemia, SpO₂ dropped to 80% on room 
air requiring a continuous oxygen supply via a face 
mask at 10 L/min. Atelectasis of the basal lung 
fields was initially suggested with regard to residual 
respiratory depression, given the patient’s obesity 
and long-lasting surgery. A chest X-ray revealed no 
conclusive pathology; laboratory markers of in-
flammation (C-reactive protein (CRP) 66 mg/L, pro-
calcitonin 0.318 ng/mL) were considered nonspecific 
for the early postoperative period. 

Ultrasound examination of the lungs. To iden-
tify the cause of respiratory failure, a lung ultrasound 
(LUS) was performed using the standard positions 
of the 12-zone protocol, with the total score calculated 
(Fig. a). Contrary to the expected pattern of com-
pression atelectasis in the posterobasal, dependent 
regions, these areas remained aerated and did not 
contain marked consolidations. Instead, multiple 
small (up to 1.5 cm) subpleural consolidations were 
identified, spreading into continuous, confluent B-
lines extending deeper into the lung, predominantly 
in the right lung, including the anterior and lateral 
segments, in the environment of preserved airiness 
in the surrounding tissue with few B-lines. This ul-
trasound pattern did not correspond to the typical 
presentation of compression atelectasis, which looks 
like a dynamic homogeneous, «tissue-like» consoli-
dated mass floating within a pleural effusion in the 
dependent posterobasal segments. 

Chest CT. To verify the LUS findings, a chest 
CT scan was performed using the angiographic 
mode. On the first day, the CT scan revealed no 
clear signs of pneumonia (Fig. a): only nonspecific 
areas of opacity were noted, interpreted as fibrous 
bands or subsegmental atelectasis, without con-
vincing consolidation. No signs of pulmonary em-
bolism were detected. 

Thus, a contradictory situation arose: severe 
acute respiratory failure with a radiographically 
and CT-wise «clean» picture, where only specific 
ultrasound findings raised concerns regarding early 
aspiration. 

Changes in the LUS findings and a repeat CT 
scan. On the second day after surgery, despite on-
going respiratory support, the patient developed a 
dry cough and worsening hypoxemia (PaO₂ — 
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39 mm Hg, SpO₂ — 72% on room air), while labora-
tory markers of inflammation remained moderately 
elevated. A repeat LUS revealed a negative trend: 
an increase in the number and size of subpleural 
consolidations with a tendency to coalesce, the 
spread of the ultrasound infiltration pattern to new 
areas, and the appearance of a right-sided pleural 
effusion (Fig. b); the total ultrasound score rose 
from 7 to 17. Given the progressive deterioration in 
gas exchange and the negative trend in the ultrasound 
findings, a repeat chest CT scan was performed, 
which revealed a significant increase in areas of 
consolidation and densification of lung tissue, as 
well as a right-sided hydrothorax (Fig. b). 

Diagnosis, treatment, and outcome. Based 
on the compiled clinical data — clinical deterio-
ration, a characteristic ultrasound pattern and its 

progression, confirmed by a repeat CT scan — as-
piration pneumonia was diagnosed. Bronchoscopy 
performed on the second day revealed diffuse in-
flammation of the bronchial mucosa; culture of 
bronchoalveolar lavage fluid revealed polymicrobial 
flora typical of the oral cavity (Gemella haemolysans 
106 CFU/mL, Streptococcus mitis/oralis 105 CFU/mL, 
and others), which served as direct confirmation 
of the aspiration-related nature of the lung injury. 
An empirical antibiotic therapy (levofloxacin) was 
initiated, and was subsequently adjusted based 
on the results of microbiological testing, and in-
vasive mechanical ventilation was continued due 
to the progression of respiratory failure. The total 
duration of mechanical ventilation was 20 days, 
and that of intensive care was 26 days; by the 
time of discharge, the patient’s condition had sta-

Figure. Computed tomography and ultrasound images of the lungs on day 1 (a) and day 2 (b).  
Note. a — CT revealed only nonspecific changes; ultrasound showed scattered subpleural consolidations (indicated by the arrow) with 
well-defined borders, homogeneous hypoechoic content, and broad confluent B-lines behind the consolidation in the aerated lung 
and an unchanged pleural line. b — The CT scan revealed multiple areas of involvement with consolidations and pleural effusion 
(indicated by the arrow); the ultrasound showed large, confluent consolidations and pleural effusion (indicated by the arrow).
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bilized, and her respiratory function had returned 
to normal. 

The patient’s perspective. After completing a 
course of intensive care, the patient reported a sig-
nificant improvement in her well-being and the 
disappearance of shortness of breath. In her words, 
«It was hard to breathe the first few days after being 
discharged from the ICU, but I gradually recovered». 
The patient expressed her gratitude for the timely 
diagnosis and treatment. She continues to receive 
outpatient follow-up care from an oncologist and a 
pulmonologist. 

Discussion 
The presented case illustrates a typical diagnostic 

pitfall of the perioperative period: «silent» microaspi-
ration mimicking expected atelectasis in an obese 
patient following a prolonged procedure  [16–18]. 
The absence of obvious regurgitation during re-in-
tubation, as well as the initially «clear» findings on 
X-ray and CT, reinforced the erroneous hypothesis 
of atelectasis. It was unclear at what stage the aspi-
ration might have occurred [19–21]. Under these cir-
cumstances, lung ultrasound evolved from a routine 
imaging method into a key diagnostic tool, allowing 
us to propose an alternative hypothesis of aspiration 
pneumonia long before it was confirmed by CT and 
microbiological data. The most significant ultrasound 
findings indicating an atypical presentation were: 

• Multiple small subpleural consolidations 
(up to 1.5 cm) with multiple confluent B-lines 
behind them, scattered, predominantly in the right 
lung, including areas independent of gravity, in an 
environment of preserved airiness in the surrounding 
lung tissue. 

• Absence of the typical pattern of homoge-
neous compression atelectasis in the posterobasal, 
gravity-dependent regions [22]. 

• Rapid progression in the number and size 
of subpleural foci with a tendency to coalesce; an 
increase in the total LUS score from 7 to 17 over 
two days [22, 23]. 

• Development of a right-sided pleural effu-
sion alongside with progressive hypoxemia [24]. 

This pattern is more consistent with focal in-
flammatory damage associated with the local ex-
posure of aspirated oral contents than with the 
passive collapse of lung tissue characteristic of ate-
lectasis [14]. This case highlights the limitations of 
CT as the «gold standard» for imaging in the very 
early stages following aspiration: the initial CT scan 
did not reveal convincing infiltrative changes, despite 
marked hypoxemia. This is consistent with the lite-
rature, which indicates that CT is more sensitive to 
established dense consolidation, whereas the early 
stages of interstitial edema and partial alveolar fluid 
filling may not be visualized [15]. Lung ultrasound, 
on the other hand, detects precisely these early 

functional and morphological changes in the form 
of B-lines and subpleural consolidations, making it 
a valuable tool for dynamic bedside monitoring [15, 
25]. In anesthesiology and critical care practice, 
such «silent» microaspiration events in high-risk 
patients (obesity, prolonged surgeries, neuro-
surgery, repeated tracheal intubation) may repre-
sent an underestimated cause of early postoperative 
pneumonia [2, 26]. Incorporation of standardized 
ultrasound screening for lung injuries (using an 
ultrasound scoring system and assessment of sub-
pleural patterns) into routine monitoring protocol 
for such patients can: 

• Reduce the likelihood of missing early signs 
of aspiration injury. 

• Justify the need for early escalation of res-
piratory support and antibiotic therapy. 

• Reduce the time lag between clinical man-
ifestations and radiological confirmation of pneu-
monia. 

Limitations and future research directions. 
This report is limited to a single clinical case, which 
does not allow for the extrapolation of findings to the 
entire patient population. The patient’s specific clinical 
profile (severe obesity, neurosurgical intervention, 
and repeated tracheal intubation) may have influenced 
both the risk of aspiration and the characteristics of 
the ultrasound and CT findings. Nevertheless, this 
case report provides a clear hypothesis for prospective 
studies: assessing the specificity of the pattern of 
multiple subpleural consolidations for the early di-
agnosis of aspiration, standardizing the protocol for 
pulmonary ultrasound in the perioperative period, 
and determining whether the implementation of ul-
trasound screening can reduce the incidence of severe 
aspiration pneumonia and improve outcomes. 

Conclusion 
In a high-risk patient following a prolonged 

neurosurgical procedure, the development of severe 
acute respiratory failure was initially attributed to 
pulmonary atelectasis, while chest X-rays, CT scans, 
and laboratory markers did not provide conclusive 
evidence of pneumonia. Only the specific LUS find-
ings (multiple scattered subpleural consolidations 
with preserved air in the tissue and their rapid pro-
gression as the ultrasound score increased) suggested 
early aspiration pneumonia long before it became 
evident on CT and microbiological tests. This un-
derscores the potential of LUS markers as a tool for 
the early diagnosis of postoperative microaspiration 
and, consequently, as a predictor of high risk for 
the development of aspiration pneumonia in at-
risk patients. Standardizing ultrasound protocols 
and validating the identified patterns in larger 
studies appear to be a promising approach for re-
ducing the incidence of severe respiratory compli-
cations in anesthesiology and critical care.
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Summary 
Maintaining oral hygiene in patients receiving respiratory support is critically important for preventing 

healthcare-associated infections. 
The aim of the study was to evaluate the clinical effect of octenidine dihydrochloride mouthwash added 

to local oral hygiene care protocol for patients receiving respiratory support. 
Materials and Methods. This prospective cohort study included 299 patients receiving respiratory support 

in the ICU setting during 2023–2026 years; after propensity score matching (PSM), 208 (104 pairs) patients 
were included in the final analysis. Oral hygiene protocol included twice-daily tooth brushing and oral rinsing 
at a frequency determined by the Intensive Care Oral Care Frequency Assessment Scale (ICOCFAS). Octenidine 
dihydrochloride 0.1% solution was used as the rinse in the study group, and distilled water — in the control 
group. A dentist assessed oral health using the Challacombe Scale of Clinical Oral Dryness (CSCOD), Plaque 
Index (PI), and Modified Gingival Index (MGI) at predefined time points. 

Results. During days 1–3, the study group showed a decrease in the median MGI and PI values compared 
with the control group (p � 0.001). By day 7, the favorable changes in the MGI and PI in the study group had 
boosted, and between-group differences remained significant (p � 0.001). The effect of the intervention did 
not depend on the clinical outcome: the «group × outcome» interaction was not statistically significant for 
�MGI1–3 and �MGI1–7 (p = 0.269 and p = 0.141, respectively). Changes in xerostomia (CSCOD) did not differ 
significantly between the groups (p = 0.119). 

Conclusion. The use of 0.1% octenidine dihydrochloride mouthwash as a part of the oral hygiene protocol 
in patients receiving respiratory support results in rapid resolution of gingival inflammation (MGI) and effective 
removal of dental plaque (PI). However, the persisting rigidness of xerostomia (CSCOD) regardless of the hy-
giene care protocol warrants searching for additional correction strategies. 

Keywords: octenidine dihydrochloride; gingival inflammation; dental plaque; xerostomia; modified gin-
gival index; oral hygiene; respiratory support 
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Introduction 
Oral hygiene is a cornerstone of the prevention 

of healthcare-associated infections [1–3]. In critically 
ill patients receiving respiratory support, the risk of 
developing and progressing plaque-induced gingivitis 
increases substantially because of reduced salivary 
flow, insufficient scope of hygiene measures, and 
the prolonged persistence of opportunistic microflora 
within the biofilm. Each type of respiratory support 
adds its own risk factors. For example, with me-
chanical ventilation (MV), additional threats include 
traumatic injury to the mucosa from the endotracheal 

tube and nasogastric tube [4, 5], as well as increased 
accumulation of plaque on the chewing surfaces of 
the molars. In noninvasive ventilation (NIV), mask 
design interferes with thorough oral cavity care [5]. 
In contrast, high-flow oxygen therapy (HFOT) has a 
dual effect: in nasal breathing adequate humidifi-
cation and warming of the gas provide protection 
of the mucosa, whereas high flow in mouth breathing 
promotes xerostomia and damage to the epithelial 
barrier. In addition, in all patients receiving respiratory 
support, regardless of the modality, prosthodontic 
appliances (fixed and removable dentures) play an 
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important role by creating additional retention sites 
for microbial colonization [6]. 

Mechanical removal of dental plaque and irri-
gation (rinsing) are well established basic methods 
of maintaining oral hygiene  [7]. Various solutions 
are used for oral irrigation in the ICU: povidone-io-
dine, sodium bicarbonate, tap water, chlorhexidine, 
herbal extracts, and antibiotics in toothpaste for-
mulations [8–10]. According to Amrita et al., octeni-
dine dihydrochloride is superior to 0.2% chlorhex-
idine solution in antimicrobial activity, effectiveness 
in reducing periodontal inflammation, and plaque 
control [11]. In a study by Sabantseva et al., it was 
shown that a seven-day course of a mouth rinsing 
with 0.1% octenidine dihydrochloride solution as-
sociated not only with a reduction in pathogenic 
and atypical oral microorganisms, but also with a 
lower incidence or less severity of oral dysbiosis [12].  

In clinical practice, there remains considerable 
variability in approaches to oral assessment and 
heterogeneity in the protocols used, which is asso-
ciated with the lack of consensus among professional 
organizations  [13, 14]. Scales used in ICU oral 
hygiene protocols, such as the Beck Oral Assessment 
Score (BOAS) and the Intensive Care Oral Care Fre-
quency Assessment Scale (ICOCFAS), regulate the 
frequency of oral care  [15, 16]. To quantitatively 
assess the effectiveness of hygiene interventions in 
clinical practice, validated dental indices are used: 
Lobene or Modified Gingival Index (MGI), Gingival 
Bleeding Index (GBI), Papillary Bleeding Index 
(PIBI/Mazza PIBI), Plaque Index (PI), Mucosal-
Plaque Score (MPS), Turesky Quigley-Hein plaque 
index (TQHPI), as well as the Challacombe Scale of 
Clinical Oral Dryness (CSCOD) [17–20].  

Thus, to date, there are no data on the clinical 
efficacy of including a 0.1% octenidine dihydrochlo-
ride solution in a local oral hygiene care protocol 
for patients receiving respiratory support. In addition, 
the available literature does not describe any ob-
jective assessment of the outcomes of such inter-
ventions using validated dental indices.  

Study objective: to evaluate the clinical effect 
of adding octenidine dihydrochloride solution to 
the local oral hygiene care protocol in patients re-
ceiving respiratory support.  

Materials and Methods 
A single-center prospective cohort study with 

propensity score matching (PSM) for the control group 
was conducted in the therapeutic intensive care unit 
(ICU) of the I. I. Mechnikov North-Western State Medical 
University (NWSMU) from October 5, 2023, to May 20, 
2026. Approval was obtained from the local ethics 
committee of NWSMU (Protocol No. 2, dated Febru-
ary 12, 2020). Upon admission to the hospital, all pa-
tients signed informed consent for medical intervention 
and processing of personal data. All study participants 

signed informed consent, disclosing that they may 
receive the investigational drug.  

The inclusion criteria for the study were as 
follows: age 18 to 95 years inclusive; presence of 
hypoxemia (SpO₂ � 90% or PaO₂ � 60 mm Hg) while 
on low-flow oxygen therapy, requiring escalation 
to respiratory support (high-flow oxygen therapy, 
noninvasive ventilation, or invasive ventilation); 
presence of dental plaque (PI � 1.0) and gingival 
inflammation (MGI � 1.0); and periodontal pocket 
depth � 5 mm.  

The exclusion criteria were as follows: refusal 
to participate in the study; impaired consciousness 
that prevented the patient from signing the informed 
consent form; the presence of a hospital-acquired 
infection at the time of study enrollment (lower 
respiratory tract infection, catheter-associated uri-
nary tract infection, catheter-associated bloodstream 
infection); a history of allergic reactions to octenidine 
dihydrochloride; the presence of severe periodontitis 
(periodontal pockets � 6 mm) or acute ulceronecrotic 
gingival lesions; and the presence of severe xeros-
tomic syndrome (CSCOD � 7 scores) at screening. 

The study primary endpoint was change from 
baseline in the modified gingival index (MGI). Sec-
ondary endpoints included changes in the plaque 
index (PI) and in the xerostomia score assessed by 
CSCOD, as well as the incidence of lower respiratory 
tract infection (LRTI).  

The sample size was planned based on the 
primary endpoint (change in MGI between days 1 
and 3 of follow-up). According to the pilot analysis, 
the expected between-group difference in �MGI1–3 
was approximately 0.3 scores, with a standard de-
viation of about 0.4 scores. With a two-sided sig-
nificance level of α = 0.05, 80% power, and a 1:1 
group allocation ratio, the minimum required sample 
size was 29 patients per group. Taking into account 
the nonrandomized study design, the need for sub-
sequent PSM, and possible missing data, an ex-
panded initial sample was assembled. The final 
dataset included 299 patients, 63 of whom had an 
adverse outcome (death).  

The following baseline covariates, recorded 
on day 1, were included in the PSM model: age, 
scores on the ICOCFAS, MGI, PI, and CSCOD scales, 
the Charlson Comorbidity Index (CCI), and the 
presence of orthodontic appliances (prostheses). 
The patient flow and covariate balance are shown 
in the Appendix (Tables 1 and 2). 

 The probability of group assignment was esti-
mated using logistic regression. Patients were matched 
using nearest-neighbor matching at a 1:1 ratio without 
replacement of control-group patients. To limit the 
allowable distance between matched patients, a 
caliper equal to 0.30 of the standard deviation of the 
logit of the estimated probability was used. The 
actual caliper value was 0.155. Matching quality was 
assessed using standardized mean differences (SMDs). 

For Practioner
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An SMD of � 0.10 was considered optimal balance. 
The SOFA (Sequential Organ Failure Assessment) 
score was not included in the main matching model 
because of the large number of missing values; after 
matching, balance for SOFA was additionally assessed 
among patients with available data (SMD 0.008). To 
compare changes in the overall matched sample, 
the Wilcoxon signed-rank test for paired samples 
was used, since after PSM patients were paired. After 
matching, 104 patient pairs were enrolled in the in-
tervention and control groups. In the intervention 
group (n = 104), patients received standard care, in-
cluding supervised tooth brushing with toothpaste 
twice daily for 2 minutes, and a mouth rinse with 15 
mL of 0.1% octenidine dihydrochloride solution for 
30 seconds. In the control group (n = 104), patients 
received the same standard care and mouth rinse 
with 15 mL of distilled water for 30 seconds.  

The study scheme is presented in Fig. 1.  
The frequency of oral rinsing was determined 

using the ICOCFAS scale, which takes into account 
the condition of the oral mucosa, age, and the type 
of respiratory and nutritional support [16]. For all 
patients, oral hygiene procedures were performed 
using an oral care kit containing a foam swab, 
suction tube, toothbrush, and vacuum connector. 
The introduction of the local oral hygiene protocol 
into routine clinical practice was accompanied by 
quarterly training workshops held jointly with epi-
demiologists under the supervision of a dentist. 

A dentist assessed the condition of the oral 
cavity and monitored the effectiveness of oral 
hygiene measures on days 1, 3, and 7 of intensive 
care using the following indices and scales: the 
plaque index (PI), the gingivitis index (MGI), and 
the clinical xerostomia assessment scale (CSCOD). 

The severity of gingivitis was evaluated using the 
modified gingivitis index (MGI, Lobene, 1986). An 
abbreviated examination protocol was used, as-
sessing the condition of the gingiva in the area of 
all present molars, incisors, and canines in the 
upper and lower jaws (excluding premolars). The 
index was calculated as the arithmetic mean of the 
scores obtained for each patient. 

Analyzed parameters: age (years), gender, pri-
mary and concomitant diseases, CCI (scores), du-
ration of respiratory support (days), presence of 
dental prostheses (yes/no), ICU length of stay (days), 
ICOCFAS (score), MGI (score), PI (score), and CSCOD 
(score) (Appendix, Table 3). 

 The data were statistically processed using 
Jamovi 2.6.26, as well as the Python programming 
language for additional analysis and visualization. 

Quantitative variables were presented as the 
median (Me) and interquartile range (Q₁–Q₃). Ca-
tegorical variables were described using absolute 
frequencies and percentages — n (%). Quantitative 
measures in two independent groups were compared 
using the nonparametric Mann–Whitney U test. 
Pearson’s chi-square test was used to analyze con-
tingency tables; when the expected frequency in 
any cell was less than 5, Fisher’s exact test was ap-
plied. To assess whether the magnitude of the in-
tervention effect depended on the clinical outcome, 
an interaction analysis of «group × outcome» was 
performed (reference category: unfavorable out-
come). The coefficient for the «group» variable re-
flects the difference in the change in MGI between 
the intervention and control groups in patients 
with an unfavorable outcome, whereas the interac-
tion coefficient indicates whether this effect changes 
in patients with a favorable outcome 

Fig. 1. Study scheme.



31w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 6 ,  2 2 ;  4

For Practioner

Pairwise correlations between the ICOCFAS 
scale and dental indices (MGI, PI, CSCOD) over 
time (on days 1, 3, and 7) were assessed using re-
peated-measures correlation (rmcorr). This approach 
made it possible to analyze within-subject associa-
tions over time while excluding the effect of be-
tween-subject variability. Results were presented 
as the repeated-measures correlation coefficient 
(r_rm) and the two-tailed significance level (p). The 
strength of the correlation was interpreted as follows: 
r_rm � 0.10 — essentially no association; 0.10–0.29 — 
weak; 0.30–0.49 — moderate; 0.50–0.69 — noticeable; 
0.70–0.89 — high; � 0.90 — very high. The direction 
of the association was determined by the sign of 
the coefficient. Differences and correlations were 
considered statistically significant at p � 0.05.  

Results 

After PSM, the intervention and control groups 
were well balanced in terms of baseline clinical 
and dental characteristics: all key standardized 
mean differences were � 0.10. In addition, between-
group differences in the analyzed parameters did 
not reach statistical significance (Table 1).  

An analysis of changes in the indicators over 
the interval from day 1 to day 3 (�1–3) demonstrated 
statistically significant between-group differences 
(Table 2). In the intervention group, a more pro-
nounced reduction in the MGI and PI indices was 
observed (by 0.25 scores and 0.3 scores, respectively) 

compared with the control group (p � 0.001). No 
statistically significant between-group differences 
were found in CSCOD dynamics over the �1–3 in-
terval. The median value in both groups remained 
at zero: 0 [0; 0] score in the intervention group and 
0  [–1; 0] score in the control group (p = 0.094). By 
day 7 (�1–7), the positive changes in the MGI and 
PI indices in the intervention group became more 
evident, and the differences between the compared 
groups remained highly significant (p � 0.001). Over 
the �1–7 interval, changes in the CSCOD scale 
were relatively modest: the decrease of 1 score was 
documented in the intervention group versus 0.5 
scores in the control group; however, no statistically 
significant between-group differences were observed 
(p = 0.119).  

Fig. 2 shows the dynamics of the MGI index in 
the compared groups. 

To assess whether the intervention effect de-
pended on clinical outcome, we conducted an in-
teraction analysis of «group × outcome», with un-
favorable outcome serving as the reference category. 
In this model, the coefficient for the «group» variable 
characterizes the difference in MGI dynamics be-
tween groups specifically among patients with an 
unfavorable outcome. The interaction coefficient, 
in turn, shows how much this effect is amplified or 
attenuated in the case of a favorable outcome.  

For the �MGI1–3 measure, the group effect 
was statistically significant (β = –0.204; p = 0.005), 

Table 1. General characteristics of the groups after PSM. 
Parameters                                                                                         Parameter values in the groups                                                      p 
                                                                                            Intervention, n = 104                           Control, n = 104                                       
Age, years, Me (Q1; Q3)                                                 71 (60.75; 80)                                 72 (63.75; 80.25)                                0.813 
Gender, f n (%)                                                                     60 (57.7)                                             56 (53.8)                                        0.577 
SOFA, score, Me (Q1; Q3)                                                   8 (6; 10)                                               8 (6; 12)                                         0.969 
CCI, score, Me (Q1; Q3)                                                       7 (6; 8)                                              7 (5.75; 8)                                       0.788 
ADHF, n (%)                                                                           89 (85.6)                                             85 (81.7)                                        0.453 
DM, n (%)                                                                               38 (36.5)                                             42 (40.4)                                        0.569 
ECLD, n (%)                                                                           20 (19.2)                                             20 (19.2)                                          1.0 
SCAP, n (%)                                                                             30 (28.8)                                               27 (26)                                          0.641 
GCS, n (%)                                                                              22 (21.2)                                               26 (25)                                           0.51 
ABT, n (%)                                                                                78 (75)                                               76 (73.1)                                        0.752 
Anemia, n (%)                                                                       58 (55.8)                                             60 (57.7)                                         0.78 
Dentures, n (%)                                                                      53 (51)                                               55 (52.9)                                        0.781 
ICOCFAS, балл, Me (Q1; Q3)                                         30 (26; 32)                                       30 (27.75; 32)                                   0.862 
MGI, Me (Q1; Q3)                                                             2.1 (1.8; 2.5)                                     2.1 (1.8; 2.42)                                   0.824 
PI, Me (Q1; Q3)                                                                   2 (1.8; 2.12)                                        2 (1.68; 2.2)                                     0.888 
CSCOD, Me (Q1; Q3)                                                             6 (6; 7)                                                 6 (6; 7)                                          0.998 
Note. SOFA — the Sequential Organ Failure Assessment score; CCI — Charlson Comorbidity Index; ADHF — acute decompensated 
heart failure; ECLD — exacerbation of chronic lung disease; SCAP — severe community-acquired pneumonia; DM — decompen-
sated diabetes mellitus; GCS — glucocorticosteroids; ABT — antibacterial therapy. For Tables 1 and 4: ICOCFAS — Intensive Care 
Oral Care Frequency Assessment Scale. For Tables 1, 2, 4, and 5: MGI — Modified Gingival Index, Lobene; PI — Plaque Index; 
CSCOD — The Challacombe Scale of Clinical Oral Dryness.  

Table 2. Comparison of index changes across the study groups. 
Parameters            Parameter values in the groups                      p �1–3                     Parameter values in the groups                       p�1–7 
                               Intervention �1–3         Control �1–3                                                   Intervention �1–7        Control �1–7                            
MGI                      –0.25 (–0.4; –0.2)              0 (–0.1; 0)                       � 0.001                –0.4 (–0.75; –0.3)        –0.1 (–0.1; 0.1)                   � 0.001 
PI                            –0.3 (–0.5; –0.1)            –0.1 (–0.1; 0)                    � 0.001                 –0.5 (–0.8; –0.3)           –0.1 (–0.2; 0)                     � 0.001 
CSCOD                        0 (–1; 0)                        0 (–1; 0)                          0.094                         –1 (–2; 0)                   –0.5 (–1; 0)                        0.119 
Note. For Tables 2 and 3: �1–3 and �1–7 —  indicate the change in the parameter between days in the ICU. 
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which by day 3 was reflected in a more substantial 
reduction in the MGI index in the intervention 
group compared with the control group (Fig. 2). 
For the �MGI1–7 measure, the group effect also per-
sisted (β = –0.313; p = 0.012). No statistically significant 
«group × clinical outcome» interaction was identified, 
indicating that the intervention effect did not depend 
on the clinical outcome (Table 3).  

All pairwise correlations between the MGI and 
PI indices and the ICOCFAS and CSCOD scales 
were statistically significant (p � 0.001). The strongest 
association was found between MGI and PI 
(r_rm = 0.806), while the remaining correlations 
were noticeable (r_rm ranging from 0.515 to 0.613) 
(Table 4).  

No statistically significant inter-group diffe-
rences were found for any of the analyzed compli-
cations or outcomes (Table 5). Severe xerostomia 

syndrome (CSCOD � 6 points) as a complication 
was recorded in 35% of patients. The incidence of 
LRTI was 1.9% in the intervention group and 5.8% 
in the control group (p = 0.279).  

All patients in the intervention group showed 
good tolerability of the 0.1% octenidine dihydrochlo-
ride solution; no allergic reactions or mucosal irri-
tation were reported with the use of the mouthwash. 
No adverse events, such as burning, itching, or 
altered taste, were also observed. 

Discussion 
The patient group under study lends particular 

importance to this issue: in elderly patients, age-
related changes, comorbidity, and polypharmacy 
create a unique background for dental complications. 
The median age in the study groups was 72 (62; 80) 
years, and the median Charlson Comorbidity Index 

Fig. 2. Changes in the modified gingival index (MGI) in the study groups. 

Table 3. Analysis of the interaction «group × vital outcome». 
End point                                            n                                β                              p                                β of interaction                                                  p  
                                                                                        of the group      of the group    «group × favorable outcome»                     of interaction  
�MGI1–3                                         208                      –0.204                   0.005                                   –0.090                                                    0.269 
�MGI1–7                                          97                       –0.313                   0.012                                   –0.221                                                    0.141 

Table 4. Assessment of correlation between indices and scales.  
Relationship                         r_rm            95% CI                p                     df      Observations, n             Patients, n               Interpretation 
between metrics  
ICOCFAS ~ MGI                  0.613      0.537–0.678     � 0.001            304                 513                                208                          Noticeable 
ICOCFAS ~ PI                       0.593      0.514–0.661     � 0.001            304                 513                                208                          Noticeable 
ICOCFAS ~ CSCOD            0.548      0.464–0.622     � 0.001            303                 511                                207                          Noticeable 
MGI ~ PI                                 0.806      0.763–0.842     � 0.001            304                 513                                208                                High 
MGI ~ CSCOD                      0.530      0.444–0.606     � 0.001            303                 511                                207                          Noticeable 
PI ~ CSCOD                          0.515      0.427–0.593     � 0.001            303                 511                                207                          Noticeable 
Note. r_rm — is the repeated-measures correlation coefficient; df — is the number of degrees of freedom.
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was 7 (6; 8) scores. Acute decompensation of chronic 
heart failure (ADCHF), which required the prescrip-
tion of xerogenic medications (angiotensin-con-
verting enzyme inhibitors/ARBs, diuretics, etc.), 
was identified in 174 (83.6%) patients; diabetes 
mellitus was present in 80 (38.4%). In this patient 
cohort, the use of xerogenic medications and glu-
cocorticosteroids, poor oral hygiene, and the pres-
ence of prosthetic appliances all contribute to mi-
crobial colonization [21, 22].  

According to a recent study conducted in 
Flanders, poor level of hygiene for removable den-
tures was documented in 68.5% of older adults 
living in nursing homes, with xerostomia being 
the leading complaint (32.8%) [23]. In the present 
study, prosthodontic dental appliances were present 
in 108 patients (51.9%), of whom 23 (21.2%) used 
removable appliances.  

Xerostomia and immunosuppression further 
increase susceptibility to bacterial and fungal infec-
tions [21]. Microtrauma to the mucosal lining, triggered 
by changes in ventilation settings and alterations in 
the flow of the respiratory gas mixture, facilitates 
bacterial adhesion [24]. As a result, oral hygiene is 
difficult to maintain in critically ill elderly patients, 
which is accompanied by reduced microbial alpha 
diversity and an increase in pathogenic bacteria [25]. 

In a study by A. Gómez et al., among ICU pa-
tients, gingivitis was found in 54.5% of cases, ulcer-
ative lesions in 45.4%, and xerostomia, caries, and 
periodontitis were observed in equal proportions 
(36.4%) [7]. In another study conducted among re-
sidents of nursing homes older than 80 years, the 
mean MGI score was 1.8 ± 1.2, with the score reaching 
2.1 in 41% of cases [23].  

Teeth brushing and the use of mouth rinses are 
basic hygiene procedures for patients receiving res-
piratory support [26]. In a study by Yao et al., twice-
daily tooth brushing helped reduce the PI score [27], 
while in a study by Marino et al., a similar procedure 
was associated with lower GI and PI values [28]. At 
the same time, tooth brushing leads to a significant 
increase in the number of bacteria in saliva, so 
rinsing the oral cavity afterwards is mandatory [29].  

The choice of a 0.1% octenidine dihydrochloride 
solution as a rinse was driven by its broad biocidal 

activity, high clinical efficacy [11, 12], and favorable 
safety profile [30, 31]. The presence of multiple co-
morbidities in patients receiving respiratory support 
places stringent safety requirements on antiseptics. 
All patients reported good tolerance of the 0.1% 
octenidine dihydrochloride solution; no allergic re-
actions or signs of mucosal irritation (itching, bur-
ning, swelling) were observed, which is consistent 
with data from earlier studies [30, 31]. 

The frequency of oral mucosa irrigation was 
calculated according to the ICOCFAS scale  [16]. 
The correlation analysis performed showed (Table 4) 
that the severity of the overall condition and the 
frequency of irrigations according to the ICOCFAS 
scale significantly correlated with the severity of 
gingivitis (MGI: r_rm = 0.613), dental plaque (PI: 
r_rm = 0.593), and xerostomia (CSCOD: r_rm = 0.548). 
As expected, the strongest association was found 
between dental plaque and gingival inflammation 
(r_rm = 0.806), which confirms the pathogenetic 
role of biofilm in the development of gingivitis, 
supports the use of octenidine, due to its strong 
anti-plaque effect, and is consistent with studies 
demonstrating its advantages over other antiseptics 
in reducing dental plaque and gingival inflamma-
tion  [11, 30, 31]. In the present study, we showed 
that a 0.1% octenidine dihydrochloride solution 
provides a statistically significant reduction in the 
MGI and PI scores as early as on day 3 (Table 2), 
with a further increase in effect by day 7 (p � 0.001). 
At the same time, the effect of octenidine (Table 3) 
on MGI did not depend on the clinical outcome 
(p = 0.269 for �MGI1–3 and p = 0.141 for �MGI1–7).  

The reduction in the MGI and PI scores in 
the intervention group compared with the control 
group  (Fig. 2) confirmed the advantage of the 
local protocol using a 0.1% octenidine dihydrochlo-
ride solution for eliminating hospital-acquired 
biofilm. These changes are critically important 
for preventing nosocomial infections, including 
lower respiratory tract infections, in patients on 
ventilatory support, because a compromised epi-
thelial barrier serves as a potential portal of entry 
for microorganisms [32].  

On day 7, plaque-induced gingivitis (MGI � 2.1 
scores) was identified in 40% of patients receiving 

Table 5. Complications and clinical outcomes in patients with plaque-induced gingivitis. 
Parameters                                                                                             Parameter values in the group                                                         p 
                                                                                              Intervention, n = 104                            Control, n = 104                                        

Complications   
Oral candidosis, n (%)                                                         13 (12.5)                                              16 (15.4)                                         0.548 
Severe xerostomia syndrome                                           36 (34.6)                                              34 (32.7)                                         0.769 
(CSCOD I 6), n (%) 
LRTI, n (%)                                                                                 2 (1.9)                                                   6 (5.8)                                           0.279 

Outcomes  
Days on RS, Me (Q1; Q3)                                                       5 (3; 7)                                                  3 (3; 6)                                           0.114 
BD in ICU, Me (Q1; Q3)                                                         6 (4; 8)                                                 6 (4; 11)                                           0.13 
Lethal outcome, n (%)                                                         24 (23.1)                                              22 (21.2)                                         0.738 
Note. LRTI — lower respiratory tract infection; RS — respiratory support; BD — bed-day. 
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respiratory support (40.4% in the intervention group 
versus 41.3% in the control group; p = 0.88). This 
finding does not contradict the statistically significant 
reduction in �MGI1–7 observed in the intervention 
group described above, since it reflects not the dy-
namics of the process but the absolute prevalence 
of residual inflammatory signs.  

At the same time, no statistically significant 
differences in the incidence of LRTI were found be-
tween the groups (Table 5): 1.9% in the intervention 
group vs. 5.8% in the control group (p = 0.279). The 
observed threefold trend toward a reduction in LRTI 
underscores the need for further multicenter studies 
with sample size calculations based on infectious 
outcomes. 

The development of severe xerostomia syndrome 
in patients receiving respiratory support is due to a 
combination of factors: the use of pressurized oxy-
gen-air mixtures, administration of xerogenic medi-
cations, and reduced salivary secretion in the setting 
of endotoxemia. Analysis of the data obtained showed 
that irrigation of the oral mucosa with a 0.1% octeni-
dine dihydrochloride solution had no significant 
effect on the severity of xerostomia syndrome. Xe-
rostomia (CSCOD) showed a weaker correlation with 
the MGI and PI values (r_rm = 0.515–0.548), indicating 
the stochastic nature of its association with the local 
inflammatory process (Table 4). The median CSCOD 
score during the first three days remained zero 
(Table 2) in both groups (p = 0.094), and by day 7 the 
reduction was minimal (1 score in the intervention 
group vs. 0.5 scores in the control group; p = 0.119). 
The persistence of xerostomia despite treatment in 
patients receiving respiratory support confirms the 
hypothesis that systemic (organ-related or pharma-
cological) factors play the dominant role in hypos-
alivation. A promising approach to correcting xe-
rostomia may be the use of mucoadhesive moistur-
izing gels and/or moisturizing toothpaste that resist 
being washed away by saliva and provide prolonged 
protection of the epithelium [33]. 

Study limitations. This study has several 
methodological limitations. First, the single-center 
design limits external validity, although it did help 
ensure consistency of protocols. Second, no com-
parative analysis by type of respiratory support was 
performed because NIPPV and HFOT were used in 
combination, and the subgroups receiving monother-
apy were not sufficiently representative; any attempt 
at stratification would have created an unacceptable 
risk of false-negative results. Third, the limited 
sample size did not allow for a detailed assessment 
of infectious complications, and the short follow-
up period (7 days) may not have captured long-
term outcomes. Finally, despite the use of PSM, the 
prospective cohort design does not fully exclude 
residual confounding. Nevertheless, we believe that 
the internal validity of the study remains high, and 
the limitations listed above should be viewed as an 
impetus for larger multicenter studies. 

Conclusion 
The identified strong correlation between 

changes in the dental plaque index and gingival in-
flammation (r_rm = 0.806) confirms that, in elderly 
ICU patients, the main etiopathogenetic factor in 
gingivitis is the microbial biofilm. This provides a 
pathophysiological rationale for the routine clinical 
use of antiseptics with targeted anti-plaque activity. 

The use of a 0.1% octenidine dihydrochloride 
solution as part of an oral hygiene protocol in 
patients receiving respiratory support provides rapid 
reduction of gingival inflammation (decrease in 
MGI score) and effective removal of dental plaque 
(decrease in PI score) as early as day 3, with a 
greater effect by day 7. 

The severity of xerostomia in patients receiving 
respiratory support persists regardless of the oral 
hygiene protocol, which calls for additional methods 
to manage it, including the use of mucoadhesive 
moisturizing gels and moisturizing toothpaste.

Supplement  
Table 1. Patient flow.  
Stage                                                                                                                     Total                                  Main group                     Control group 
Initial analytical base                                                                               299                                          152                                       147 
Covariates available. PSM                                                                      276                                          137                                       139 
After PSM 1:1                                                                                               208                                          104                                       104 
Available �MGI1–3                                                                                    208                                          104                                       104 
Available �MGI1–7                                                                                     97                                            47                                         50 
 
Table 2. Covariate Balance. 
Variable                                                                                                 |SMD| before PSM                                              |SMD| after PSM 
ICOCFAS day 1                                                                                          0,168                                                                    0,035 
Age                                                                                                                 0,093                                                                    0,024 
CCI                                                                                                                 0,025                                                                    0,006 
MGI day 1                                                                                                    0,046                                                                    0,029 
PI day 1                                                                                                        0,047                                                                    0,003 
SOFA                                                                                                              0,069                                                                    0,008 
Dentures                                                                                                      0,367                                                                    0,038 
CSCOD day 1                                                                                             0,253                                                                    0,049 
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Summary 
Hypothermia has long been used in cardiac surgery for neuroprotection; however, its effectiveness is not 

clear-cut. 
Objective of the study: to investigate the neuroprotective potential of hypothermia under conditions of 

hypoxia and interleukin-6, which simulates systemic inflammation in vitro. 
Materials and methods. We established an in vitro model of a neurovascular unit (NVU) consisting of neu-

rons, astrocytes, and endothelial cells. The NVU was cultured under anoxic conditions with the addition of 
serum containing either the maximum or minimum concentration of interleukin-6 (IL-6). Serum samples were 
obtained from a collection of serum samples from 78 pediatric patients aged 1 month to 6.5 years (13 [9–23] 
months) with body weights ranging from 3.3 to 21.5 kg (8.7 [6.9–11.0] kg), who underwent surgical correction 
of congenital septal heart defects under cardiopulmonary bypass. An intact NVU model was used as the control 
group. Cells were incubated for 15 minutes at different temperatures (20, 24, 28, and 37°C), followed by im-
munocytochemical assessment of the following NVU damage markers expression: claudin-5, occludin-1, and 
receptors for interleukin-1 (IL-1) and IL-6. 

Results. We found that, during incubation under anoxic conditions, a decrease in the fluorescence inten-
sity of claudin-5 occurred at all temperature conditions, and hypothermia had no protective effect. For oc-
cludin-1, a temperature of 24°C counteracted the effect of anoxia only when exposed to serum with the min-
imum IL-6 concentration (p = 0.442). Exposure to serum with the maximum IL-6 concentration resulted in a 
significant decrease in the fluorescence intensity of this marker compared to the control group (p = 0.092). 
Hypothermia at 20°C did not restore the expression levels of IL-1 receptors to those of the control group; how-
ever, it had a protective effect on the expression of IL-6 receptors and neutralized the effects of anoxia 
(p = 0.044), but only in the absence of serum. 

Conclusion. Exposure to serum containing varying concentrations of IL-6 results in a more pronounced 
effect on the expression of NVU damage markers than hypoxia. Hypothermia within the temperature range 
studied generally did not provide the expected protective effect: the expression of claudin-5, IL-1 and IL-6 re-
ceptors was not comparable to that of the control group, even without the addition of serum. 

Keywords: hypothermia; cerebral injury; interleukin-6; anoxia; occludin-1; claudin-5; interleukin-1 re-
ceptors; neurovascular unit; NVU; septal congenital heart defects in children 
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Introduction 
The role of hypothermia in organ protection 

was first described by W.G. Bigelow et al. in 1950, 
following an experimental study in dogs: the authors 
induced cardiac arrest in the animals while cooling 
them to 20°C for 15 minutes, followed by the restora-
tion of vital functions  [1]. In cardiac surgery, hy-
pothermia was first used by F. J. Lewis to correct an 
atrial septal defect in a child [2]. Thus, hypothermia 
has been used for organ protection in cardiac surgery 
for many years, but to date, its efficacy and safety 

remain largely under-researched, especially with 
regard to its neuroprotective effects.  

The effects of hypothermia on the neurovas-
cular unit (NVU) — composed of neurons, astrocytes, 
and endothelial cells — are versatile and include 
the following: 

• Decreased cerebral metabolism: Brain meta-
bolic activity decreases by 5–7% for every 1°C drop 
in temperature. This leads to a reduction in oxygen 
and glucose consumption, the conservation of high-
energy phosphates (ATP, ADP), and the maintenance 
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of ion gradients, which allows for an extension of 
the period during which the brain can tolerate com-
plete ischemia without irreversible damage [3]. 

• Suppression of excitotoxicity: hypothermia 
directly inhibits the presynaptic release of excitatory 
neurotransmitters (glutamate, aspartate) and pre-
vents calcium ion overload in neurons via NMDA 
receptors — a key link in the ischemic cascade — 
while also modulating postsynaptic receptors, there-
by reducing the subsequent activation of lipases 
and endonucleases [4]. 

• Modulation of apoptosis: Hypothermia af-
fects intrinsic apoptotic pathways by inhibiting cas-
pase activation, the release of cytochrome C from 
mitochondria, and the expression of pro-apoptotic 
proteins, while simultaneously stimulating the syn-
thesis of anti-apoptotic factors [5]. 

• Suppression of the inflammatory response: 
Hypothermia inhibits microglial activation and the 
release of pro-inflammatory cytokines (TNF-α, IL-1β, 
IL-6) as well as chemokines, thereby limiting neu-
roinflammation and damage to the blood-brain 
barrier (BBB) [6]. 

• Reduction of reactive oxygen species (ROS) 
formation: massive ROS formation occurs during 
reperfusion. Hypothermia reduces ROS generation 
and modulates the activity of antioxidant enzymes, 
such as superoxide dismutase, thereby reducing 
oxidative stress [7]. 

• In astrocytes, hypothermia reduces the ac-
tivity of the astroglial glutamate transporter EAAT2, 
preventing its reverse transport and thereby 
inhibiting further glutamate release under excitotoxic 
conditions [8]. 

• Hypothermia stabilizes the BBB by reducing 
the expression of adhesion molecules on endothelial 
cells and inhibiting the activity of matrix metallo-
proteinases to limit leukocyte infiltration and cerebral 
edema [5]. 

Clinical and experimental studies on the effi-
cacy of hypothermia. Studies have shown that deep 
hypothermia (18°C) significantly preserves high-ener-
gy phosphates and intracellular pH, delaying the 
onset of ischemic damage to the cerebral cortex, 
basal ganglia, and hippocampus compared to nor-
mothermia  [9]. According to a systematic review 
with a meta-analysis, hypothermia not only preserves 
energy status but also significantly improves functional 
neurological outcomes and reduces the histopatho-
logical extent of brain damage following ischemia [10]. 

A separate issue is the effect of hypothermia on 
systemic inflammation. Given its significant role in 
cerebral injury, it is worth noting a clinical study in-
volving pediatric patients, which found that the use 
of hypothermia at 27°C initially reduced the con-
centration of L-selectin, but after 30 minutes, its 
concentration was comparable to that in the group 
of subjects undergoing hypothermia at 33°C [11]. 

In one of the largest and longest-running ran-
domized controlled trials, the Boston Circulatory 
Arrest Study, strategies involving deep hypothermia 
with circulatory arrest were compared with deep 
hypothermia with continuous cardiopulmonary by-
pass in children undergoing correction of transpo-
sition of the great arteries. The results showed that 
although the circulatory arrest strategy was techni-
cally much more convenient for the surgeon, it was 
associated with a higher risk of postoperative seizures 
and poorer long-term outcomes in terms of motor 
development and speech function compared with 
continuous low-volume perfusion [12]. This suggests 
that circulatory arrest itself, even under conditions 
of deep hypothermia, carries significant risks. 

Current clinical practices have shifted away 
from elective hypothermic cardiopulmonary bypass 
in favor of continuous cerebral perfusion under 
conditions of moderate (25–32°C) or deep hypother-
mia. This approach has been shown to be associated 
with better neurological outcomes, a reduced inci-
dence of postoperative seizures, and lower rates of 
postoperative cognitive dysfunction [13]. 

Some researchers even advocate abandoning 
hypothermia in favor of normothermia with con-
tinuous cerebral perfusion. For example, in a study 
by Caputo M. et al. [14], a comparison was conducted 
between two groups of children—one undergoing 
CPB under normothermic conditions and the other 
under hypothermia at 28°C — and it was found 
that the groups were comparable in terms of the 
severity of brain NVU injury, as well as the duration 
of their subsequent stay in the intensive care unit 

Another study with a similar design showed, 
however, that the hypothermia group had a signifi-
cantly higher need for transfusions, as well as longer 
durations of mechanical ventilation and ICU stay [15]. 

Researchers at Texas Children’s Hospital sug-
gested that moderate hypothermia may be just as 
effective for neuroprotection during certain types 
of surgery, and with fewer side effects associated 
with deep hypothermia [16]. It demonstrates that 
the optimal temperature range remains a subject 
of debate. 

The aim of this study was to investigate the 
neuroprotective potential of hypothermia under 
conditions of hypoxia and interleukin-6, which si-
mulates systemic inflammation in vitro. 

Materials and Methods 
The clinical part of the study and the collection 

of patient serum samples were conducted at the Re-
search Institute for Complex Problems of Cardio-
vascular Diseases (RI CPCD, Kemerovo, Russia) from 
2018 to 2023. The experimental part of the study 
was conducted at the Krasnoyarsk State Medical 
University named after Professor V. F. Voino-Yasenetsky, 
Ministry of Health of Russia (KrasSMU). The study 

Experimental  Studies
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was approved by the local ethics committee of the 
RI CPCD (Protocol No. 20 dated November 20, 2018). 
The study design is presented in Fig. 1. 

A cellular model of the neurovascular unit. A 
Transwell cellular model of the NVU was used, con-
taining a semipermeable membrane insert 10 µm 
thick. The insert forms two chambers: an outer 
upper (luminal) chamber and an inner lower (ablu-
minal) chamber, located between the insert and the 
bottom of the well. This design mimics the lumen 
of a blood vessel and allows for the study of the 
mechanisms of blood-brain barrier (BBB) perme-
ability  [17, 18]. The inner chamber contains cells 
that mimic brain tissue — astrocytes and neurons — 
which are located on the underside of the membrane 
and at the bottom of the well. A schematic repre-
sentation of the Transweel model is shown in Fig. 2. 

The establishment of the NVU cellular model 
involved four steps: 

1. Isolation of cerebral endothelial cells. 
2. Isolation and cultivation of neurospheres. 
3. Isolation of astrocytes and neurons from 

the obtained neurospheres via directed differenti-
ation into astrocytes and neurons. 

4. Forming of the NVU model. To do this, a 
mixture of endothelial cells and neurons was placed 
at the bottom of the wells of a culture plate, followed 
by the insertion of culture inserts (Corning-Costar, 
USA), onto which astrocytes were placed. The cell 
mixture was cultured a medium consisting of DMEM 
with FBS, glutamine, and a mixture of antibiotics 
at 37°C with 5% CO₂. 

Isolation of primary brain cell cultures. We 
used primary cultures of brain endothelial cells, 
astrocytes, and neurons isolated from Wistar rats. 
The animals were housed in cages with free access 

to food and water. The temperature was maintained 
at a constant 21±1°C. The light-dark cycle was 
12 hours light/12 hours dark. Animal experiments 
were conducted in accordance with the principles 
of animal welfare set forth in the European Union 
Directive (2010/63/EU)  [19]. The total number of 
animals was n = 10. 

At the Krasnoyarsk State Medical University 
laboratory, a model of brain injury during cardiac 
surgery was developed based on the NVU cell model; 
this model can be cultured under various conditions 
that mimic factors of the intraoperative period. 

Serum samples. The authors have a collection 
of serum samples from 78 pediatric patients — ran-
ging in age from 1 month to 6.5 years (13  [9–23] 
months) with body weights ranging from 3.3 to 
21.5 kg (8.7 [6.9–11.0] kg), who underwent surgical 
correction of congenital septal heart defects under 
cardiopulmonary bypass (CPB) at the RI CPCD. 

Fig. 1. Study scheme. 

Fig. 2. Cellular model of the neurovascular unit (figure by the 
authors).
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The inclusion criteria for patients in the study 
were as follows: elective surgery for correction of a 
congenital heart defect (atrial or ventricular septal 
defect) under CPB, the presence of informed consent 
for participation in the study signed by the child’s 
legal representative, and the child’s age ranging 
from 1 month to 7 years; body weight ranging from 
3 to 25 kg (the «Serum Samples» subsection provides 
actual data on the patients included in the study). 

Exclusion criteria: emergency and urgent sur-
gical procedures; the presence of clinically significant 
anemia, hypothermic CPB, or episodes of desatu-
ration during the perioperative period; the presence 
of congenital heart defects other than atrial or ven-
tricular septal defects, as well as combinations 
thereof; a history of central nervous system disorders; 
an implanted pacemaker; hemodynamic instability 
requiring preoperative pharmacological and/or me-
chanical support; any history of cerebrovascular 
events or such events in the perioperative period; 
the presence of severe comorbidities that impair 
mental and physical status; acute infection or ex-
acerbation of a chronic infection in the perioperative 
period; concomitant autoimmune diseases; presence 
of malignant neoplasms; and surgical complications 
in the postoperative period. 

The concentration of interleukin-6 (IL-6), 
one of the main markers of the systemic inflam-
matory response (SIR), was evaluated in each 
serum sample [20]. 

For the in vitro study, three serum samples 
each with the highest and lowest IL-6 concentrations 
were selected from the available collection, as they 
reflected the highest and lowest levels of SIR, re-
spectively. The frozen serum was transported to 
KrasSMU under controlled temperature conditions. 

Study groups. To determine the effects of IL-6 
on the cellular model of NVU, serum mixed from 
three samples with the lowest IL-6 concentration 
or mixed from three samples with the highest IL-6 
concentration was added to the culture medium. 

Groups were formed based on the concentra-
tion of IL-6 in the serum. 

1. «Control» group — intact NVU model. 
2. «Minimum» (Min) group — addition of a 

mixture of serum samples with the lowest IL-6 con-
tent to the culture. 

3. «Maximum» (Max) group — addition of a 
mixture of serum samples with the highest IL-6 
content to the culture. 

To determine the effects of hypothermia under 
anoxic conditions, the following subgroups were 
formed for each group: 

1. Normoxia 37°: standard culture conditions, 
N₂ 75%, O₂ 20%, CO₂ 5%, t 37°C. 

2. Anoxia 37°: N₂ 95%, O₂ 0%, CO₂ 5%, t = 37°C. 
3. Anoxia 28°: N₂ 95%, O₂ 0%, CO₂ 5%, t = 28°C. 
4. Anoxia 24°: N₂ 95%, O₂ 0%, CO₂ 5%, t = 24°C. 
5. Anoxia 20°: N₂ 95%, O₂ 0%, CO₂ 5%, t = 20°C. 

Anoxia and hypothermia conditions were es-
tablished in the HypoxyLab hypoxic chamber (Oxford 
Optronix, UK). Plates containing cell cultures were 
placed in the chamber, which had been preset to 
specific temperature and oxygen levels. The duration 
of exposure to anoxia and hypothermia was 15 mi-
nutes. Immediately after exposure, the cells were 
fixed with a 4% formaldehyde solution and subse-
quently analyzed by immunocytochemistry for 
marker molecules. The number of observations per 
group was 5 wells per group. At least 5 fields of view 
were analyzed in each well. 

Immunocytochemical studies. To detect target 
marker molecules, we used a double indirect im-
munocytochemical staining method in accordance 
with the antibody manufacturer’s protocol. Cells 
were fixed with 4% formaldehyde solution in PBS 
for 15 minutes. Permeabilization was performed 
with a 0.25% solution of Triton X-100 in PBS for 
5 minutes at room temperature. Blocking of non-
specific binding was performed in a 10% solution 
of BSA in PBS for 30 minutes at 37°C. Primary anti-
bodies used included those against GFAP (ab4648, 
Abcam), NeuN (ABN78, Merck Millipore), VWF 
(LS-B4034, LSBio), Claudin-5 (AF0130, Affinity Bio-
sciences), ZO1 (AF5145, Affinity Biosciences), In-
terleukin-1 Receptor Type I (PAA066Ra01, Cloud-
Clone Corp), Interleukin-6 Receptor (DF2530, Affinity 
Biosciences), TNF Receptor I (AF0282, Affinity Bio-
sciences), and TNF Receptor II (AF0364, Affinity 
Biosciences). The primary antibodies were used at 
a working dilution of 1:200. The incubation time 
with the primary antibodies was 18 hours at 4°C. 
FITC-labeled secondary antibodies (SAA544Rb58, 
Cloud-Clone Corp.) were used at a dilution of 1 : 400, 
with an incubation time of 2 hours at 37°C. 

Cell microscopy was performed using a ZOE 
fluorescence microscope (Bio-Rad, USA). The fluo-
rescence intensity of the markers under study was 
quantified using ImageJ software. 

Statistical analysis. Data were analyzed statis-
tically using BioStat Pro 5.9.8. Data in the text and 
tables are presented as the median (Me), lower (Q1), 
and upper (Q3) quartiles, since most of the data fol-
lowed a distribution other than normal (Shapiro–
Wilk test, p � 0.05). Quantitative variables were com-
pared using the two-sided Mann–Whitney U test. 
Differences were considered statistically significant 
at p � 0.05. The Kruskal–Wallis test was used to 
identify significant differences among multiple in-
dependent groups. The Bonferroni correction was 
applied when comparing multiple groups or sub-
groups. The effect of different IL-6 concentrations 
on NVU — in two groups with serum added and the 
first control group without serum added — showed 
a p-value of 0.017. The effect of NVU incubation 
temperature for each group was assessed in four 
subgroups with anoxia and one subgroup with nor-
moxia; the significance of the differences was 0.0125. 
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Results 

Claudin-5 expression (Table 1). In the Control 
and Min groups under anoxic conditions, there was 
a statistically significant decrease in claudin-5 ex-
pression in all subgroups compared to normoxia 
(p = 0.003). At temperatures below 37°C, a trend to-
ward stabilization and an increase in claudin-5 ex-
pression was observed in these groups. However, 
the values did not reach those observed under nor-
moxia (p = 0.011). 

In the Max group, temperature and oxygen 
concentration did not affect claudin-5 expression 
(p = 0.130). 

The decrease in claudin-5 expression compared 
to the control was more pronounced in the Max 
group than in the Min group, both under normoxia 
and anoxia (p = 0.011). Thus, under normoxic con-
ditions, the presence of serum in the culture medium 
led to a decrease in claudin-5 expression compared 
to the control: 2.5-fold in the Min group (p = 0.011) 
and 9.6-fold in the Max group (p = 0.011). 

Occludin-1 Expression (Table 2). The second 
protein under investigation, which plays a role in 
maintaining the functional activity of the blood-

brain barrier, was the tight junction protein oc-
cludin-1. In the control group and the Max group, 
following anoxia exposure at all temperature con-
ditions, no statistically significant change in oc-
cludin-1 expression was detected compared with 
normoxia (p �0.0125). Under normoxia, occludin-
1 expression in the Min group decreased by a factor 
of 2.05 (p = 0.011), and in the Max group by a factor 
of 6.6 (p = 0.011). However, in the Min group, starting 
with hypothermia at 24°C, no statistically significant 
difference was observed between the normoxia and 
anoxia conditions (p = 0.442). 

Expression of interleukin-1 receptors (IL-1R) 
(Table 3). It was found that, in the control group, 
incubating cells under anoxic conditions at 37°C 
led to a statistically significant increase in IL-1R 
fluorescence intensity from 9.85 to 21.20 RU 
(p = 0.011). As the temperature decreased, a trend 
toward a reduction in the negative effect of anoxia 
was observed. Starting at 24°C, this reduction was 
statistically significant (p = 0.011). 

Nevertheless, even at 20°C, the fluorescence 
intensity of IL-1R expression differed statistically 
significantly from that of the control group (p = 0.011). 

Table 1. Fluorescence intensity of claudin-5 expression. 
Groups                                                                Indicator values in subgroups                                                                                  p  
                                                         Normoxia                                                    Anoxia                                                                      Normoxia vs Anoxia  
                                                              37°С                  37°С                    28°С                 24°С                    20°С        vs 37°С     vs            vs             vs           vs 
                                                                                                                                                                                                     vs 28°С  37°С      28°С       24°С     20°С 
                                                                                                                                                                                                     vs 24°С 
                                                                                                                                                                                                     vs 20°С         
Control                                           34.25                  9.20                    9.20                 11.20                 17.55        0.003    0.011     0.011     0.011    0.011 
                                                   [30.90–36.88]       [8.23–9.80]           [8.43–9.75]      [10.28–11.93]      [16.75–18.23]        
Min                                                  13.50                  4.15                    4.95                  6.35                    7.40          0.003    0.011     0.011     0.011    0.011 
                                                                  [11.18–15.80]       [3.95–4.58]            [4.68–5.45]         [5.68–7.10]           [7.20–7.75]             
Max                                                   3.55                   2.30                    2.15                  2.25                    2.50          0.130        —           —           —          — 
                                                                     [3.28–3.83]          [2.18–2.33]            [2.08–2.53]         [1.98–2.78]           [2.25–2.80]             
Control vs Min vs Max              0.007                0.007                  0.007               0.007                 0.007 
Control vs Min                             0.011                0.011                  0.011               0.011                 0.011 
Control vs Max                            0.011                0.011                  0.011               0.011                 0.011 
Min vs Max                                   0.011                0.011                  0.011               0.011                 0.011 
Note. For Tables 1–4: All values are expressed in relative units (RU) of fluorescence; the significance level for differences within 
groups is 0.017; for the normoxia vs. anoxia subgroups, it is 0.0125.

Table 2. Fluorescence intensity of occludin-1 expression. 
Groups                                                                Indicator values in subgroups                                                                                  p  
                                                         Normoxia                                                    Anoxia                                                                      Normoxia vs Anoxia  
                                                              37°С                  37°С                    28°С                 24°С                    20°С        vs 37°С     vs            vs             vs           vs 
                                                                                                                                                                                                     vs 28°С  37°С      28°С       24°С     20°С 
                                                                                                                                                                                                     vs 24°С 
                                                                                                                                                                                                     vs 20°С         
Control                                           53.75                43.90                  43.35               57.40                   62.0          0.003    0.042     0.022     0.124    0.042 
                                                                  [51.60–56.85]    [40.98–48.38]      [42.98–45.05]   [56.70–58.38]      [59.28–64.48] 
Min                                                  26.25                16.65                  18.05               26.90                 29.15        0.007    0.011     0.011     0.442    0.193 
                                                                   [25.0–28.10]     [15.43–17.70]      [16.95–18.88]   [25.68–27.68]      [27.35–30.65] 
Max                                                   8.15                   8.40                    8.30                 10.05                   12.0          0.092        —           —           —          — 
                                                                     [7.83–8.58]          [7.98–8.83]           [8.13–8.78]       [9.28–10.83]       [11.68–12.58] 
Control vs Min vs Max              0.007                0.018                  0.018               0.018                 0.018 
Control vs Min                             0.011                0.011                  0.011               0.011                 0.011 
Control vs Max                            0.011                0.011                  0.011               0.011                 0.011 
Min vs Max                                   0.011                0.011                  0.011               0.011                 0.011 
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We also found that under normoxic conditions, the 
presence of blood serum in the culture medium 
led to a statistically significant increase in IL-1R ex-
pression (p = 0.011), regardless of the concentration 
of IL-6 in the serum. Under hypothermic conditions 
at 20°C in the Max group, the differences in IL-1R 
expression between normoxic and hypoxic condi-
tions were negated (p = 0.022). 

Expression of interleukin-6 receptors (IL-6R) 
(Table 4). It was found that in the Control group, 
under anoxic conditions at 37°C, 28°C, and 24°C, 
there was a significant increase in IL-6R expression 
compared with normoxia (p = 0.011). At the same 
time, a trend toward decreased expression was ob-
served as the temperature decreased. At 20°C, 
IL-6R expression did not differ from that under 
normoxia (p = 0.044). 

In the Min and Max groups under anoxic con-
ditions, IL-6R expression was higher than under 
normoxia in all subgroups (37°C, 28°C, 24°C, and 
20°C; p = 0.011). Lowering the temperature to 20°C 
in both groups did not restore IL-6R expression 
levels to those observed under normoxic conditions 
(p = 0.011). 

Under normoxic conditions, the Control, Min, 
and Max groups did not differ significantly in terms 
of IL-6R expression levels (p = 0.668). However, under 

anoxic conditions, a statistically significant increase 
in IL-6R expression was observed compared to the 
Control group: in the Min group — starting at 28°C 
(p = 0.011), and in the Max group — starting at 37°C 
(p = 0.011). Starting at 28°C and below, the increase 
in IL-6R expression compared to normoxia was 
more pronounced in the Min and Max groups than 
in the Control group (p � 0.010). 

Discussion 
The observed decrease in the expression of 

claudin-5 and occludin-1 under anoxic conditions 
is fully consistent with existing data indicating that 
ischemia/hypoxia is a potent destabilizing factor 
for BBB integrity. It has been shown that, within 
just a few minutes after middle cerebral artery oc-
clusion in rodents, there is a rapid decrease in the 
expression and redistribution of tight-junction pro-
teins, leading to increased BBB permeability [21,22]. 
Similar findings have been obtained in vitro: oxy-
gen-glucose deprivation in cultures of brain en-
dothelial cells leads to the dissociation of occludin-1 
and claudin-5 complexes from the cytoskeleton 
and their internalization [23]. Our results, demon-
strating a decrease in the expression of these proteins 
during anoxia in the serum-free group and in the 
group with low IL-6 levels, confirm this widely ac-

Table 3. Fluorescence intensity of interleukin-1 receptor expression. 
Groups                                                                Indicator values in subgroups                                                                                  p  
                                                         Normoxia                                                    Anoxia                                                                      Normoxia vs Anoxia  
                                                              37°С                  37°С                    28°С                 24°С                    20°С        vs 37°С     vs            vs             vs           vs 
                                                                                                                                                                                                     vs 28°С  37°С      28°С       24°С     20°С 
                                                                                                                                                                                                     vs 24°С 
                                                                                                                                                                                                     vs 20°С         
Control                                            9.85                  21.20                  18.25               15.70                 13.95        0.004    0.011     0.011     0.011    0.011 
                                                                   [9.78–10.05]     [19.98–22.58]      [16.05–21.00]   [14.55–16.68]      [13.30–14.90]          
Min                                                  22.65                43.25                  40.80               33.30                 31.25        0.003    0.011     0.011     0.011    0.011 
                                                                  [21.65–23.68]    [42.20–44.33]      [38.45–43.18]   [38.45–43.18]      [29.60–33.73]          
Max                                                  27.55                49.35                  44.25               40.70                 38.65        0.006    0.011     0.011     0.011    0.022 
                                                                  [49.35–50.25]    [48.15–50.25]      [41.80–47.50]   [39.45–42.48]      [35.25–40.60]          
Control vs Min vs Max              0.010                0.007                  0.017               0.018                 0.018 
Control vs Min                             0.011                0.011                  0.011               0.011                 0.011 
Control vs Max                            0.011                0.011                  0.011               0.011                 0.011 
Min vs Max                                   0.022                0.011                  0.095               0.011                 0.124 

Table 3. Fluorescence intensity of interleukin-1 receptor expression. 
Groups                                                                Indicator values in subgroups                                                                                  p  
                                                         Normoxia                                                    Anoxia                                                                      Normoxia vs Anoxia  
                                                              37°С                  37°С                    28°С                 24°С                    20°С        vs 37°С     vs            vs             vs           vs 
                                                                                                                                                                                                     vs 28°С  37°С      28°С       24°С     20°С 
                                                                                                                                                                                                     vs 24°С 
                                                                                                                                                                                                     vs 20°С         
Control                                            8.55                  22.90                  22.70               15.20                   8.35          0.003    0.011     0.011     0.011    0.044 
                                                                     [7.85–8.98]       [22.33–24.68]      [20.68–24.15]   [13.98–16.75]        [7.33–9.15]             
Min                                                   8.80                  30.85                  33.95               27.15                 20.85        0.003    0.011     0.011     0.011    0.011 
                                                                     [8.20–9.40]       [28.93–32.78]      [30.95–36.13]   [26.13–28.53]      [19.05–22.55]          
Max                                                   8.90                  49.45                  43.40               39.15                 34.25        0.005    0.011     0.011     0.011    0.011 
                                                                   [8.25–10.10]     [45.55–51.78]      [41.63–46.00]   [36.05–41.65]      [32.60–35.63]          
Control vs Min vs Max              0.668                0.013                  0.007               0.010                 0.007 
Control vs Min                                —                   0.042                  0.011               0.011                 0.011 
Control vs Max                               —                   0.011                  0.011               0.011                 0.011 
Min vs Max                                      —                   0.011                  0.011               0.022                 0.011 



44 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 6 ,  2 2 ;  4

Experimental  Studies

cepted pathophysiological concept. It appears that, 
even despite the possible protective effects of hy-
pothermia on stabilizing the BBB, these effects are 
insufficient to preserve it. However, this requires 
further study in more complex NVU models that 
simulate blood flow. 

Of particular interest are the findings regarding 
the effect of patient serum on the NVU model. It 
was found that even serum with minimal IL-6 con-
centrations significantly reduced the expression of 
claudin-5 and occludin-1, while serum with high 
IL-6 levels had the most damaging effect, virtually 
eliminating the difference between the effects of 
anoxia and normoxia. This indicates that systemic 
inflammation, mediated by humoral factors in the 
blood, is an independent and potent damaging 
agent for the blood-brain barrier. This conclusion 
is supported by studies demonstrating that pro-in-
flammatory cytokines, such as TNF-α, IL-1β, and 
IL-6, are capable of directly modulating the expres-
sion and organization of tight junction proteins. In 
particular, it has been shown that IL-6 can activate 
the JAK-STAT signaling pathway, leading to the sup-
pression of claudin-5 gene transcription [24]. 

As our data show, the neuroprotective effect 
of hypothermia depends to a large extent on con-
comitant factors, in particular, the presence of con-
comitant systemic inflammation. The most pro-
nounced protective effect of hypothermia in the 
experiment was observed in groups without added 
serum or with serum containing low levels of IL-6. 
An increase in claudin-5 expression was observed 
when the temperature was lowered to 20°C compared 
to anoxia at 37°C, but it was statistically significantly 
lower than the values in the control group; conse-
quently, the effects of hypothermia proved insuffi-
cient for neuroprotection. With regard to IL-1R, hy-
pothermia also demonstrated an insufficient pro-
tective effect, failing to reduce their anoxia-induced 
overexpression. Hypothermia significantly reduced 
IL-6R expression only at a temperature of 20°C. 

However, a key limitation to the effectiveness 
of hypothermia, identified within the temperature 
range studied, is its inability to fully counteract the 
damaging effects of high concentrations of pro-in-
flammatory factors in serum. In the Max group, 
based on IL-6 levels, hypothermia had no significant 
effect on either claudin-5 expression or IL-6R ex-
pression. This suggests that the signaling cascades 
triggered by high cytokine concentrations (e.  g., 
JAK-STAT, NF-κB) are highly resistant to the modu-
latory effects of temperature reduction. Overcoming 
this resistance may require deeper or longer-lasting 
hypothermia, or combination therapy that includes, 
in addition to hypothermia, pharmacological in-
hibitors of pro-inflammatory pathways. 

The limitations of the study are primarily re-
lated to the NVU model itself, which does not si-
mulate blood flow. In addition, the limited level of 
hypothermia (20°C) may not have been sufficient 
to produce protective effects. However, in cardiac 
surgery practice, it is rare to cool a patient to lower 
temperatures [25, 26]. Furthermore, it is important 
to note that to simulate the effects of SIR, the re-
searchers used not IL-6 itself, but blood serum from 
patients with known IL-6 levels. This may skew the 
results, as serum also contains many other factors 
that trigger systemic inflammation. 

Conclusion 
Exposure to serum containing various con-

centrations of IL-6 had a more pronounced effect 
on the expression of NVU damage markers than 
anoxia. 

Hypothermia within the temperature range 
studied did not provide the expected protective 
effect: the expression levels of claudin-5 and receptors 
for IL-1 and IL-6 were not comparable to that of 
the control group, even without the addition of 
serum.
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Summary 
Objective. To substantiate the concept of perioperative infectious risk by analyzing current approaches to 

classifying complications, methods for predicting them, and the key factors influencing surgical outcomes. 
Materials and Methods. We conducted an analytical review based on expert judgement and a systematic 

search of publications from the preceding 10 years in PubMed and Lens.org. The analysis included data on 
the epidemiology of infectious complications, classification systems (CDC, Clavien-Dindo, Accordion), pro-
gnostic scores (ASA, SOFA, ACS-NSQIP, SORT), laboratory markers (CRP, IL-6, procalcitonin, neutrophil-to-
lymphocyte ratio), and machine learning models (PERISCOPE AI, Random Forest, SVM, ensemble methods). 

Results. The risk of infectious complications was shown to be determined by the cumulative effect of mo-
difiable and nonmodifiable factors related to both the patient and the healthcare facility. Laboratory markers 
demonstrated high prognostic value: IL-6 levels above 432 pg/mL and CRP �150 mg/L on postoperative day 
3 were statistically significantly associated with adverse outcomes. Advanced prognostic tools provided high 
accuracy: the AUROC for ACS-NSQIP reached 0.80, and for PERISCOPE AI, 0.82–0.91. The use of scoring sy-
stems and machine learning made it possible to identify high-risk patients before clinical symptoms appeared.  

Conclusion. Risk of perioperative infections is multifactorial and requires an integrated approach to risk 
stratification, incorporating clinical data, risk assessment scales, laboratory markers, and AI models. The use 
of structured prognostic tools enables early identification of complications, optimize prevention, and reduce 
mortality. 
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prediction; abdominal surgery; risk factors. 
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Introduction 
Perioperative risk of infectious complications 

is the probability of developing an infection associated 
with surgical intervention during any phase of the 
perioperative period (preoperative, intraoperative, 
and postoperative periods) [1]. Infectious complica-
tions arising during abdominal surgery lead to a sig-
nificant prolongation of in-hospital treatment, po-
tential emergence of antibiotic resistance, significant 
increase in the cost of medical care. Moreover, these 
complications remain one of the leading causes of 

mortality in surgical hospitals. Their incidence ranges 
from 1% (urinary tract infections, UTIs) to 22.6% 
(sepsis), and the mortality rate from septic shock 
reaches 67.8%  [2–6]. Alternative methods are in-
creasingly being used to study and assess this problem, 
including various calculators based on machine 
learning, artificial intelligence, and other techniques 

Purpose of the review. To substantiate the 
concept of perioperative infection risk, systematize 
definitions, classifications, and risk factors for in-
fectious complications, and analyze prognostic 
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scales, laboratory markers, and machine learning 
methods. 

Materials and Methods 
The evidence reviewed in this study combines 

the author’s expert opinion with a comprehensive 
search of several English-language databases (which 
are also indexed by Russian-language sources) and 
a subsequent analysis of the relevant publications. 
The search in the PubMed database was supple-
mented by a search on Lens.org, which included 
articles not listed in PubMed, provided they had a 
DOI and at least one citation. The search covered a 
10-year period. Types of included studies: guidelines, 
meta-analyses, large cohort studies, and reviews. 
The following main keywords were used for the li-
terature search: infectious complications, intra-ab-
dominal infections, septic complications, and post-
operative infectious complications. The logical 
framework and structural approach of the narrative 
review by I. B. Zabolotskikh (2024), which proposes 
a systematic model for describing perioperative 
risk, served as the conceptual basis for this review 
and were used in shaping its structure [7]. 

Epidemiology of infectious and septic com-
plications. Postoperative infections rank second in 
prevalence in the Russian Federation, accounting 
for 23.6% of the 42% of all cases of healthcare-asso-
ciated infections (HAIs) in surgical hospitals [8]. In 
particular, the incidence of superficial wound in-
fections reaches 14.9% [9], while deeper infections 
(organ/space) occur less frequently (5.9%), and 
deep wound infections — even less frequently 
(0.9%) [10]. 

One of the most serious postoperative com-
plications is anastomotic failure. Its incidence ranges 
from 2.8% to 8.8% [3], but the mortality rate remains 
consistently high — about 16–18% [9, 11] — making 
this localized problem one of the most dangerous. 

As for mortality, there is a direct correlation 
with the severity and systemic nature of the infection. 
The lowest risk is associated with superficial wound 
infections (mortality rate of 0.3–3.6%)  [12, 13]. As 
the infection spreads to deeper levels, the risk in-
creases significantly: deep wound infection is as-
sociated with a mortality rate of 7.5%, while organ 
or space infection has a mortality rate of 21.7% [13]. 

Generalized systemic infections pose the grea-
test threat to a patient’s life. Sepsis with estimated 
in various studies incidence ranging from 1.84% to 
22.6% [14, 15], is characterized by a wide range of 
mortality rates— ranging from 4.4% to 27.8%  [2]. 
Its progression to septic shock is a critical condition 
with an extremely high mortality rate of 67.8% [2]. 
Similar mortality rates are reported for bacteremia 
(29.7%) [2] and infections with no clearly identified 
source (30–35%) [16], underscoring the importance 
of early diagnosis and control of infection spread. 

Respiratory infections (most commonly pneu-
monia), occurring at a rate of approximately 
3.8–5.4% [9], also pose a significant threat, and their 
outcome depends heavily on the type of surgery. 
The overall mortality rate from postoperative pneu-
monia is 19.5%, but in emergency procedures, this 
figure rises to 27.3%, which is more than three 
times higher than the mortality rate for elective 
surgeries (8.1%)  [17]. Despite their relatively low 
incidence (about 1%) [18], UTIs are characterized 
by an extremely wide range of mortality rates —
from 5% to 50% — which is likely related to the pa-
tient’s general condition and comorbidities [19, 20]. 

The distribution of each type of complication 
within the total number of all recorded postoperative 
infections is clearly illustrated in Figure. 

The data in Table 1 demonstrate the pattern, 
prevalence, and severity of major septic complica-
tions in abdominal surgery, with references to the 
sources of the information. 

Perioperative risks of infectious complications: 
key aspects and comments. For systemic inflam-
matory response syndrome (SIRS), two or more of 
the following signs are pathognomonic: a change 
in body temperature (either an increase to over 
38°C or a decrease to below 36°C), increased heart 
rate (more than 90 beats per minute) and respiratory 
rate (more than 20 breaths per minute), and changes 
in white blood cell count (less than 4×10⁹ or more 
than 12×10⁹ cells per liter of blood, or more than 
10% immature forms) [21, 22]. 

Infectious-septic complications are a progres-
sive pathological process initiated by an infectious 
agent, with underlying inadequate systemic inflam-
matory response by the body, characterized by the 
development of SIRS, sepsis, multiple organ dys-
function, and (in the most severe cases) septic 
shock [21, 22]. 

Fig. Incidence of infectious complications.
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The American or European classification sys-
tems are most commonly used to classify compli-
cations. 

The Clavien-Dindo classification (European) 
was developed in Switzerland (2004, with revisions 
in 2009) and, thanks to its simplicity and objectivity, 
has become the most widely used worldwide, in-
cluding in the United States and Europe. It ranks 
complications by severity based on the treatment 
required for correction of complications. 

The Accordion classification (American) was 
developed in the United States. It is less rigidly 
structured than the Clavien-Dindo classification. It 
utilizes the concept of «interventions» to grade 
severity. The Accordion classification is frequently 
employed in major American databases (e.  g., 
NSQIP  — National Surgical Quality Improvement 
Program). The essence of the classification is that 
complications are categorized by severity (from 
«Mild» to «Death») based on the resources expended 
on their treatment. 

Table 2 presents the most common classifica-
tions of postoperative complications. 

Infectious perioperative complications are de-
scribed in more detail below. 

Infectious perioperative complications, which 
represent a serious public health problem, occur 
either at the incision site (superficial or deep) or in 
any organ or body cavity. This problem is associated 

with prolonged hospital stays, high likelihood of 
readmission, and a low quality of life. 

Postoperative infectious complications included 
in the American and European classifications include: 
infection of unknown origin, urinary tract infection, 
postoperative infection (organ/space), postoperative 
wound infection (deep), postoperative wound in-
fection (superficial), respiratory infection, labora-
tory-confirmed bacteremia, sepsis/septic shock. 

 An infection of unknown origin is identified 
by the presence of clinical signs suggestive of in-
fection without confirmation of one of several clini-
cally suspected sources, provided that two or more 
of the following criteria are met (body temperature 
� 36°C or � 38°C; white blood cell count � 12 × 10⁹/L 
or � 4 × 10⁹/L; RR > 20/min or РаСО₂ � 35 mm Hg; 
HR � 90/min) [20]. 

Urinary tract infection. Criteria for a UTI: a 
positive urine culture — a titer of � 10⁵/mL for no 
more than two types of microorganisms — as well 
as the presence of other symptoms indicative of an 
inflammatory process [20]. 

 Postoperative infection (organ/space) is an 
infection that occurs in any anatomical area exposed 
or manipulated during surgery, excluding the incision 
(wound) itself [20]. 

Postoperative wound infection (superficial) 
is an infection that occurs within 30 days after 
surgery and affects only the skin and subcutaneous 

Table 1. Incidence and mortality rates of septic complications in abdominal surgery. 
Complication                                                                                                            Incidence, %                                                Mortality, % 
Respiratory infection                                                                                           5.4% [20]                                        Overall mortality rate 
                                                                                                                                      3.8% [9]                          for postoperative pneumonia: 19.5% 
                                                                                                                                                                                    For emergency surgeries: 27.3% 
                                                                                                                                                                                   For elective procedures: 8.1% [17] 
Anastomotic failure                                                                                               8.8% [3]                                                      18% [11] 
                                                                                                                                      2.8% [9]                                                     16.4% [9] 
Infection of unknown origin                                                                                    —                                                        30–35% [16] 
Laboratory-confirmed bacteremia                                                                       —                                                           29.7% [2] 
Postoperative wound infection (superficial)                                               14.9% [9]                                                 3.6% [12,13] 
                                                                                                                                    11.8% [12]                                                             
Postoperative wound infection (deep)                                                         0.9% [10]                                                    7.5% [13] 
Postoperative infection(organ/space)                                                          5.9% [10]                                                   21.7% [13] 
Urinary tract infections                                                                                        1% [18]                                                    5–50% [19] 
Sepsis                                                                                                                        1.84% [14]                                               4.4–27.8% [2] 
                                                                                                                                    22.6% [15]                                                             
Septic shock                                                                                                                   —                                                           67.8% [2] 

Table 2. Comparative characteristics of postoperative complications included in the American and European classi-
fications [7]. 
№            List of complications                                                                                                             ACS-NSQIP                                 ESA-ESICM 

Infectious complications 
1.             Infection                                                                                                                                          ×                                                       
2.             Infection of unknown origin                                                                                                                                                          × 
3.             Urinary tract infections                                                                                                                                                                   × 
4.             Postoperative infection (organ/space).                                                                                                                                      × 
5.             Postoperative wound infection (deep).                                                                                                                                      × 
6.             Postoperative wound infection (superficial)                                                                                                                            × 
7.             Respiratory infection                                                                                                                                                                         × 
8.             Laboratory-confirmed bacteremia .                                                                                                                                            × 
9.             Sepsis/septic shock                                                                                                                     ×                                                       
                 



fat in the incision area. Deeper tissues (fascia, mus-
cles) are not involved. The site of infection is located 
above the muscular fascia [20]. 

Postoperative wound infection (deep) is an 
infection that occurs within 30 days after surgery (or 
within 1 year if an implant was placed) and affects 
deep soft tissues: muscle fascia and muscles. The in-
fection is localized below the muscular fascia but 
does not spread to anatomical cavities or organs [19]. 

Laboratory-confirmed bacteremia is a con-
dition in which live bacteria are detected in human 
blood — which is normally sterile — as confirmed 
by microbiological methods (culture isolation) [20]. 

Sepsis, septic shock  [21, 22]. Sepsis is a life-
threatening organ dysfunction caused by a disregu-
lation of the host’s response to infection. Clinically, 
organ dysfunction manifests as an increase of 2 scores 
or more by the Sepsis-Associated Organ Failure (SOFA) 
scoring system, and is associated with an in-hospital 
mortality rate exceeding 10%. Septic shock is a subset 
of sepsis in which particularly severe disturbances in 
circulation, cellular processes, and metabolism are 
associated with a higher risk of death than in sepsis. 
Patients with septic shock can be clinically identified 
by their need for vasopressors to maintain a mean 
arterial pressure of 65 mmHg or higher and by a 
serum lactate concentration above 2 mmol/L, in the 
absence of hypovolemia. This combination is asso-
ciated with a mortality rate exceeding 40%. 

Respiratory complications  [23] are among 
the most common and dangerous consequences 
of abdominal surgery, significantly increasing mor-
tality and length of hospital stay. 

Infectious manifestations of respiratory com-
plications include purulent tracheobronchitis, as-
piration pneumonitis, including pneumonia, etc. 

Criteria: 
1. Clinical: fever � 38°C + new infiltrates on 

the X-ray 
2. Laboratory: leukocytosis � 10 × 10⁹/L or 

leukopenia � 4 × 10⁹/L 
3. Microbiological: � 10³ CFU/mL in bron-

choalveolar lavage (BAL) 
In addition to the criteria listed above, the 

CPIS (Clinical Pulmonary Infection Score) scale can 
also be used for diagnosis. It is used for the clinical 
assessment of pulmonary infections and was de-
veloped to diagnose nosocomial pneumonia (NP). 

The scale consists of a score-based assessment 
of 7 clinical, laboratory, and radiological parame-
ters [24]. Some indicators and their corresponding 
scores are as follows: 

1. Temperature: 0 scores — � 36.5°C or � 38.4°C, 
1 score — � 38.5°C or � 38.9°C, 2 scores — � 39.0°C 
or � 36.0°C. 

2. White blood cell count: 0 scores — � 4,000 
or � 11,000, 1 score — � 4,000 or � 11,000; 1 score is 
added if «immature» forms account for � 50%. 

3. Tracheal secretions: 0 scores — absent, 
1 score — nonpurulent secretions present, 2 scores — 
purulent secretions present. 

4. Oxygenation (PaO₂/FiO₂): 0 scores — 
� 240 mm Hg, 2 scores — � 240 mm Hg 

5. Chest X-ray: 0 scores — absence of infil-
trates, 1 score — diffuse infiltrates, 2 scores — focal 
infiltrate or progression of radiographic changes. 

Approaches to assessing perioperative infec-
tious complications. Risk factors during the peri-
operative period can be divided into the following 
groups [25, 26]: 

1. Modifiable/non-modifiable; 
2. Dependent on medical staff, the healthcare 

facility/patient-oriented. 
Table 3 presents the most common perioperative 

risks of infectious complications based on data from 
sources [27–43], which have been grouped according 
to modifiability — a factor important for assessing 
the consequences of surgical interventions. 

Table 4 lists the most common perioperative 
risks of infectious complications based on data 
from sources [9, 12, 21, 26–50], dividing them into 
two broad groups: those dependent on healthcare 
personnel and those patient-related. 

Analysis of the data in Tables 3 and 4 leads to 
the conclusion that risk factors are interrelated and 
intertwined at all stages of surgical intervention, 
forming stable cause-and-effect relationships, know-
ledge and understanding of which are critically im-
portant. 

Approaches to assessing perioperative infec-
tious complications: assessment scales. Periopera-
tive risk scales are widely used to predict compli-
cations and mortality; however, their predictive 
value regarding infectious outcomes varies. Some 
tools (ASA, ACS-NSQIP, SORT) assess overall surgical 
risk, while others (SIRS, qSOFA, SOFA, SOFA2) focus 
on sepsis and organ dysfunction. For a compre-
hensive assessment of infection risk, it is crucial to 
identify the components of these scales that directly 
correlate with infectious complications. It is im-
portant to emphasize that most currently used 
scales lack specialized parameters for predicting 
infections, which naturally reduces their predictive 
ability in this regard. 

The ASA scale assesses patient’s overall health, 
ranging from healthy (ASA I) to terminally ill, e. g., 
severe, life-threatening, fatal conditions (A IV–V; 
and AVI — are brain-dead organ donors) and is tra-
ditionally used for a general assessment of anesthetic 
and surgical risk. According to large cohort studies, 
a high ASA category is associated with an increased 
incidence of postoperative complications, including 
infections, and higher 30-day mortality. However, 
the subjective nature of the assessment and the 
lack of a direct focus on infectious factors limit its 
standalone role in predicting infectious complica-
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tions, which justifies the use of the ASA classification 
as part of integrated models rather than as a stand-
alone tool [51, 52]. 

Most recently, in 2020, the ASA published an 
updated version of the physical status assessment, 
which takes into account the physical status of 
adults, children, and pregnant women  [51]. The 
scale demonstrated good predictive value: for the 
occurrence of complications — AUROC = 0.714; for 
mortality — AUROC = 0.82 [52]. 

Main areas of application [53, 54]: 
• Preoperative risk assessment. 
• Surgical risk stratification. 
• Assessment of disease severity 
The SOFA scale is a scoring system that evaluates 

the function of six key organ systems (respiratory, 
cardiovascular, hepatic, renal, coagulation, and neu-
rological status) and is used for dynamic monitoring 
of the severity of organ dysfunction. Developed in 
1994 (Vincent et al.) as a modification of the MODS 
scale [55], the SOFA scale assesses six above mentioned 
organ systems, and an increase in its score is closely 
associated with in-hospital mortality. However, SOFA 
reflects the severity of organ dysfunction that has al-
ready developed and is poorly suited for preoperative 
prediction of infectious complications, which limits 
the scale’s role to that of a tool for the early detection 
of sepsis in the postoperative period. 

Main areas of application [56]: 
• Diagnosis of sepsis (SOFA � 2 scores + in-

fection). 
• Assessment of severity in septic shock, sepsis 

of any etiology, and multiple organ failure. 
• Mortality prognosis: 
• SOFA � 11 � mortality � 90%. 
• SOFA � 6 � survival rate � 80%. 
According to various sources, this scale is prog-

nostically reliable for predicting postoperative mor-
tality — AUROC 0.753, AUROC 0.74 [57, 58]. 

Despite the high prognostic significance of this 
scale, it has limitations when used in elective surgery. 
Based on data from numerous sources [55–58], it can 
be concluded that, unfortunately, SOFA describes the 
patient’s current, already existing condition. It answers 
the question: «How severe are the existing organ dys-
functions?» rather than «Will they develop in the 
future?» Consequently, a patient in stable condition 
undergoing elective surgery (for example, for gallstone 
disease or a hernia) will have normal SOFA scores (0). 
The scale cannot help differentiate this patient’s risk 
from that of a similar patient, even though their indi-
vidual characteristics (age, comorbidities, extent of 
surgery) may differ drastically [21, 55, 59]. 

SOFA-2 is an updated organ failure assessment 
scale developed by experts from the European 
Society of Intensive Care Medicine. 

Table 3. Perioperative risks of infectious complications: modifiable/non-modifiable. 
Perioperative risks of infectious complications 

                                       Modifiable                                                                                                           Non-modifiable 
Nutritional status: Severe malnutrition, obesity [26–28].                Age: Advanced age (decreased physiological reserves, 
                                                                                                                              immunosenescence) [29–32]. 
Smoking and alcohol abuse [11,29].                                                        Comorbidities [9, 29, 31]: 
                                                                                                                              • Diabetes mellitus (especially in the decompensated stage) 
                                                                                                                              • Chronic kidney disease (CKD) 
                                                                                                                              • Cirrhosis of the liver 
                                                                                                                              • Heart failure 
                                                                                                                              • COPD (Chronic Obstructive Pulmonary Disease) 
Decompensation of comorbid conditions [9, 30]:                             Immunosuppression [21]: 
• High levels of glycated hemoglobin (HbA1c)                                   • Congenital immunodeficiencies 
   in people with diabetes.                                                                            • Cancer (especially during chemotherapy) 
• Decompensation of cardiac, hepatic or renal failure                    • Autoimmune diseases (e.g., rheumatoid arthritis, IBD) 
Use of immunosuppressive drugs [26]:                                                  High risk of contamination [34–36, 44]: 
• Corticosteroids                                                                                             • Surgery for peritonitis 
• Biologicals (e.g., TNF inhibitors; adjust the dose                            • Perforation of a hollow organ 
   before elective surgery if possible)                                                       • Presence of an infected foreign body 
Intraoperative factors [29, 32, 34, 39]:                                                      Complexity and extent of the surgery [26, 31, 33, 36–38]: 
• Maintenance of normothermia (prevention                                    • Duration of surgery (� 3–4 hours) 
   of intraoperative hypothermia).                                                            • Extensive tissue trauma 
• Monitoring blood glucose levels during surgery.                            • Anastomosis 
• Adequate tissue oxygenation and perfusion.                                    • Reoperations on abdominal organs 
• Proper surgical technique (minimizing trauma,  
   hemostasis, choice of suture material). 
• Drainage (appropriate use and proper care) 
Postoperative care [32, 33, 40–43]:                                                           Wound classification according to Altemeier [44]: 
• Timely removal of urinary and vascular catheters.                         • Contaminated (Class III) and dirty (Class IV) wounds 
• Adequate pain management (allows for early mobilization  
   and breathing exercises). 
• Early mobilization and breathing exercises  
  (to prevent pneumonia). 
• Rational antibiotic therapy (avoiding unnecessary use)               



The redistribution of scores across key systems 
improves its content validity and enhances inter-
pretability in line with current clinical practice, 
addressing the two priorities underlying the SOFA 
update. 

The updated SOFA-2 scale, which incorporates 
modern methods of organ support therapy and 
new threshold values, describes organ dysfunction 
in a large, geographically and socioeconomically 
diverse population of critically ill adult patients 
and has good prognostic validity. The AUROC for 
predicting mortality is 0.79. 

 Prognostic calculator ACS-NSQIP is based 
on a large number of preoperative and intraoperative 
variables and allows for the assessment of the 30-
day mortality risk and a number of complications, 
including surgical infections. Studies have demon-
strated the model’s good discriminatory ability (an 
AUC of approximately 0.8 for adverse outcomes); 
however, the accuracy of predicting specific infec-
tious complications varies depending on the type 
of procedure, and the model itself requires local 
calibration [60–62]. 

The sensitivity of the ACS-NSQIP calculator 
for predicting the risk of a serious infection (including 

surgical site infections, pneumonia, and urinary 
tract infections) is approximately 65–85%, depending 
on the study population and the type of infection. 
For an isolated prediction, sensitivity typically ranges 
from 70–80% [63]. 

For the combined outcome of serious postope-
rative infectious complications, the AUC was 0.807. 
Specifically for a complication such as surgical site 
infections, the AUC was 0.802 [62]. 

Based on the information presented above, it 
can be concluded that this calculator is a reliable 
and clinically useful tool that effectively identifies 
a significant proportion of at-risk patients. 

SORT (Surgical Outcome Risk Tool) is a vali-
dated tool developed to predict 30-day mortality 
following elective non-cardiac surgery (Table 5). 
Its main advantages are ease of use and high accu-
racy. The assessment procedure takes little time, 
as it uses only 6 easily assessed factors [52, 63–69]. 
Although it directly predicts mortality, patients with 
a high SORT score are automatically classified as 
being at risk for all serious complications, including 
sepsis, pneumonia, and other infections. All variables 
in the SORT system are known predictors of an ad-
verse postoperative outcome. This scale has high 
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Table 4. Perioperative risks of infectious complications: those related to healthcare personnel and healthcare facilities, 
and those related to the patient. 

Risk factors 
                         Preoperative                                                           Intraoperative                                                                  Postoperative 

Related to healthcare personnel or the facility 
Emergency surgery                                         Infected/poorly prepared surgical site [43]          Drains for � 3 days [39] 
Prior radiation therapy [45]                         Intraoperative low SpO₂ [34]                                      Presence of an invasive device  
                                                                                                                                                                             (central venous, urethral catheter,  
                                                                                                                                                                             endotracheal tube, etc.) [32] 
Prolonged preoperative                                Surgery duration � 2 hours [31]                                Lack of adequate wound care [43] 
hospital stay [33, 35] 
Prophylactic antibiotics [32, 40–42]         Hypothermia [34]                                                           Prolonged course of antibiotics  
                                                                                                                                                                             without medical indication  
                                                                                                                                                                             (development of resistant flora) [33] 
Shortage of qualified personnel [46]        More than one surgical procedure                          Shortage of qualified personnel [47] 
                                                                               within a short period [36, 38] 
                                                                               Duration of anesthesia [47]                                        High rate of nosocomial infections [33] 
                                                                               Extent of surgical intervention [35]                          
                                                                               Wound contamination [34, 44]                                  
                                                                               Shortage of qualified personnel [46]                        

Patient-related  
Presence of systemic diseases (cardiovascular, endocrine, RenF, HepF, hemostatic disorders [9, 29, 31] 
Physiological and anthropometric factors (age, weight, general physical condition) [29-–32] 
Harmful habits (alcoholism, drug addiction, smoking) [12, 29] 
Dietary and nutritional status (malnutrition) [26] 
Vitamin deficiencies [27, 28] 
Autoimmune diseases [33] 
Geographic region [34] 
Immune status (GCS use, cancer, HIV, etc.) [26] 
Cognitive impairments (dementia, delirium) [29, 48] 
Immune status (GCS use, cancer, HIV, etc.) [28] 
Parenteral nutrition [49] 
Infection colonization at the time of surgery [26, 33, 45] 
Intraoperative hemodynamic instability [29] 
Volume of blood loss [50] 
Presence of a chronic site of infection [37] 
Quantity of blood components transfused intraoperatively [34, 50] 
Note. CVC — central venous catheter; CVD — cardiovascular disease; RenF — renal failure; HepF — hepatic failure; GCS — gluco-
corticosteroids; HIV — human immunodeficiency virus.
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accuracy in predicting outcomes, with an AUROC 
of 0.738 for the occurrence of complications and 
an AUROC of 0.823 for mortality. The extent of sur-
gical intervention significantly influences the risk 
of postoperative mortality [63,64,66–70]. 

Table 6 lists the advantages and disadvantages 
of the scales under consideration [71–74]. 

Approaches to assessing perioperative infec-
tious complications: laboratory parameters.In ad-
dition to assessment scales, the main diagnostic 
criteria are laboratory parameters, the levels of 
which largely depend on the severity of the septic 
process. Based on available lab parameters, it is 
possible to predict the outcome of an infectious 
complication and take timely action to resolve it. 

C-reactive protein (CRP) concentration typi-
cally rises during the acute phase; it is produced by 
the liver and other cells, such as alveolar 
macrophages. A bacterial infection is a strong stim-
ulus that causes a marked short-term increase in 
CRP; changes in its levels can aid in diagnosing in-
fection and predicting the outcome [75]. 

CRP levels also statistically significantly reflect 
the extent of surgical injury. Numerous systematic 
reviews of retrospective analyses in surgery have 
shown that high postoperative CRP is associated 

with increased mortality and the frequency of read-
missions [76–78] (Table 7). 

Interleukin-6 (IL-6) is an early mediator of 
the inflammatory response and following major 
abdominal surgery, it rises earlier than CRP. Studies 
in colorectal surgery have shown that high IL-6 
concentrations on the first day after surgery are as-
sociated with the subsequent development of severe 
complications, including anastomotic failure and 
sepsis. Proposed cutoff values vary considerably, 
but overall, IL-6 demonstrates higher sensitivity to 
early complications compared to CRP, making it a 
promising component of multifactorial models of 
infection risk (Table 8) [79–81]. 

Procalcitonin (PCT) is a precursor of calcitonin 
consisting of 116 amino acids. Its concentration 
rises in the first few hours after the onset of sepsis 
and peaks after 24–48 hours. PCT secretion is par-
ticularly enhanced in systemic bacterial infections, 
which allows for a minimal differentiation between 
bacterial and viral infections [82]. 

According to various sources, this marker is 
not equally informative for all organs and systems, 
nor for all clinical situations. For example, there is 
compelling evidence regarding the prediction of 
the severity of bacterial infections in the following 

Table 5. Interpretation of SORT scale results. 
SORT score                                                                                   Risk of 30-day mortality                                           Clinical risk category  
0–1                                                                                                            ~ 0.1– 0.2%                                                                   Very low 
2–3                                                                                                            ~ 0.3–0.7%                                                                        Low 
4–5                                                                                                            ~ 0.9–1.8%                                                               Intermediate 
6–8                                                                                                            ~ 2.7–5.4%                                                                       High 
� 9                                                                                                                          � 8,9%                                                                       Very high 
 

Table 6. Advantages and disadvantages of the scales reviewed. 
Scale/calculator                  Advantages                                                                                      Disadvantages 
ASA                                          Quick assessment (subjective).                                          No precise numerical criteria. 
SIRS/SOFA                            Optimal for sepsis                                                                   Does not account for surgical factors. 
ACS-NSQIP                           — Calculates a personalized prognosis                          — Issues with calibration: may inaccurately predict  
                                                 for a specific patient based on their age,                        risks for individual hospitals or patients with 
                                                 comorbidities, and type of surgery.                                  extremely high or low risk. 
                                                 — Versatility: Covers a wide range of surgical              — It takes time and data: to use it, you need to collect  
                                                 specialties and types of surgeries                                      and enter about 20 variables, which takes time 
SORT                                       — High accuracy for target outcome                               — Does not include key of infection: BMI, diabetes,  
                                                 — Simplicity and speed in use                                           smoking, wound class, duration of surgery 
                                                                                                                                                         — Not for emergency surgery:  
                                                                                                                                                         Originally was developed for elective non-cardiac  
                                                                                                                                                         surgery. Its use in emergency surgery, cardiac  
                                                                                                                                                         surgery, neurosurgery, and pediatrics has been less  
                                                                                                                                                         studied and may be inaccurate. 
Note. ASA — American Society of Anesthesiologists; SOFA — a scoring system for assessing organ function used for dynamic mon-
itoring of the severity of organ dysfunction; ACS-NSQIP — a calculator used to assess the risk of postoperative complications; 
SORT — Surgical Outcome Risk Scale.

Таблица 7. Влияние концентрации СРБ на послеоперационный исход.  
CRP concentration (mg/L)                                                           CRP � 85                 CRP � 85–140            CRP � 140–200          CRP � 200–587 

Key outcomes, % 
Disability up to 90 days or mortality                                           10.8                               13.2                                18.2                               25.6 

Secondary outcomes, % 
12-month mortality                                                                            4.4                                 5.2                                  7.7                                  9.0 
Unplanned admission to the ICU                                                 5.9                                 8.4                               11.1%                             16.0 
Rehospitalization within 12 months                                           36.9                               42.9                                46.3                               54.5 
 



conditions: meningitis, pneumonia, upper respira-
tory tract infections, sepsis, and septic shock. This 
marker is less reliable in cases of arthritis, endo-
carditis, neutropenia, etc. [83]. 

PCT is a reliable marker for the early diagnosis 
of infectious complications in the perioperative 
period, especially when used for dynamic monitoring. 
A positive correlation has been identified between 
PCT concentration and mortality: higher values are 
associated with an increased risk of death (Table 9). 

The results of this biomarker analysis also help 
the physician determine the appropriate duration 
and regimen of antibiotic therapy. Studies show 
that if the PCT concentration has decreased by 80% 
from its peak or has fallen below 0.5 ng/mL, antibi-
otics can be safely discontinued, thereby mitigating 
the risks associated with the overuse of antimicrobial 
agents [85, 86]. To improve decision-making accuracy, 
it is recommended to combine the interpretation 
of this indicator with clinical assessment and diag-
nostic tests. 

The neutrophil-to-lymphocyte ratio (NLR) 
is a simple indicator of the severity of the inflam-
matory response, calculated from a standard clinical 
blood test. Systematic reviews have shown that an 
elevated preoperative NLR is associated with an 
increased risk of postoperative infectious compli-
cations and adverse oncological outcomes, while 
a rise in the NLR in the early postoperative period 
may signal a developing infection. Although optimal 
NLR cutoff values vary across studies, this parameter 
is attractive as a low-cost and readily available 
marker that can be incorporated into combined 
scales and machine learning models for stratifying 
infection risk [87]. 

Reference ranges: normal values are most com-
monly in the range of 1.0–2.0. However, reference 
ranges may vary slightly depending on the laboratory, 
population, and patients’ age. A value � 3.0 is gen-
erally considered elevated. A value � 5.0–10.0 is 
often considered high/significant (especially in the 
context of prognosis for severe diseases). 

NLR has fairly good accuracy. The AUC for this 
indicator was 0.84, and the sensitivity was 0.77 [88]. 

Machine learning and artificial intelligence 
methods in the assessment of perioperative risk 
of infectious complications. A machine learning 
model is a mathematical or computational construct 
(algorithm) that, during the training process, adjusts 
its internal parameters to identify relationships be-
tween input and output data. Classical machine 
learning models are most commonly used for pre-
diction. These models require prior feature selection 
and perform well on structured data (e. g., data 
from electronic health records, EHRs). 

PERISCOPE AI is one of the most advanced 
models for predicting the risk of postoperative in-
fections. It uses gradient boosting algorithms (XG-
Boost) and is capable of predicting the risk of infectious 
complications on the 7th and 30th days after surgery 
with high accuracy by analyzing EHR data. The model 
has been validated at several centers, shows excellent 
ROC-AUC results, and demonstrates value for clinical 
practice. A key feature of this approach is the adap-
tation and recalibration of local models to specific 
clinics, which significantly enhances clinical appli-
cability. The AUROC for the hospitals included in 
the study ranged from 0.82 to 0.91 for 30-day predic-
tions on validation datasets (2022–2023) [89]. 

The Random Forest model is a machine lear-
ning algorithm used for classification and regression 
tasks. It is effective for analyzing multifactorial 
clinical data and allows for the modeling of complex 
nonlinear relationships. Random Forest is a pow-
erful and versatile algorithm that is often used as 
a «baseline» for comparison with more complex 
models. It is widely used to predict the occurrence 
of infectious complications in abdominal surgery 
and demonstrates good sensitivity, with an AUROC 
of 0.8–0.89 [89, 90]. 
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Table 8. Incidence of complications at different IL-6 concentrations on day 1.  
Complication                                                                              High Il-6                               Low IL-6                                                        p 
                                                                                                       (n = 52), n (%)                     (n = 80), n (%)                                                      
Sepsis                                                                                         11 (21.2)                                4 (5.0)                                                    0.004 
Reoperation                                                                              9 (17.3)                                  4 (5.0)                                                    0.020 
Anastomotic failure                                                               9 (17.3)                                  2 (2.5)                                                    0.007 
Atrial fibrillation                                                                      9 (17.3)                                  5 (6.3)                                                    0.216 
Respiratory failure                                                                  7 (13.5)                                  3 (3.8)                                                    0.006 
Pneumonia                                                                                 5 (9.6)                                   3 (3.8)                                                    0.263 
Wound infection                                                                     6 (11.5)                                  3 (3.8)                                                    0.154 
Heart failure                                                                              4 (7.7)                                   3 (3.8)                                                    0.433 
Myocardial infarction                                                                 0                                             0                                                            — 
Mortality                                                                                      3 (5.8)                                   0 (0.0)                                                    0.059 
Any complication                                                                  23 (44.2)                              13 (16.3)                                               � 0.001 
Note. IL-6 measurements on Day 1 were unavailable for 3 patients. One patient may have had more than one complication. High 
IL-6: � 432 pg/mL. Low IL-6: � 432 pg/mL. 

Table. № 9. Example of the relationship between mortality 
and PCT concentration [84].  
PCT concentration (ng/mL)                         Mortality (%) 
� 0,5                                                                                � 5% 
0,5–2                                                                            10–15% 
2–5                                                                                20–30% 
5–10                                                                              40–50% 
� 10                                                                                � 60% 
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The Support Vector Machine (SVM) is a pow-
erful machine learning algorithm used for classifi-
cation and regression tasks. Its key idea is to find 
the optimal separating hyperplane in feature space 
that maximizes the margin between classes. In the 
article by Yuan JH, Jin YM, Xiang JY, et al., 2025 [91], 
ROC curve analysis showed that the Support Vector 
Machine model, when applied to the training cohort, 
demonstrated an AUC of 0.985 (95% CI: 0.970–0.999) 
with a specificity of 0.944 and a perfect sensitivity 
of 1.000 when assessing the risk of postoperative 
mortality in patients who underwent abdominal 
surgery. 

Ensemble machine learning models are an 
approach in which several base models (e. g., random 
forests, linear regressions, or SVMs) are combined 
to improve the accuracy and robustness of predic-
tions. The main idea is to combine weak or diverse 
models to create a stronger and more reliable algo-
rithm. According to various studies, ensemble meth-
ods are the most accurate in predicting events, with 
a sensitivity of up to 85% six hours prior to clinical 
diagnosis [90]. 

Table 10, based on data from Chen KA et al. 
2023 [10], presents a comparison of the perform-
ance characteristics of various machine learning 
methods in predicting the onset of infection at 
the surgical site. 

The AISE (Artificial Intelligence Scoring En-
gine) system is a specific commercial system for 
predicting sepsis and other complications, developed 
by PeraHealth. It is one of the few AI tools to have 
been widely implemented in hospitals. 

The model is highly effective (AUROC 0.85) 
and can predict the onset of sepsis 4 hours before it 
develops, based on medical history, clinical, and 
laboratory data [92]. 

The microbiological aspect of perioperative 
infection risk and antibiotic resistance. The peri-
operative risk of infection is undoubtedly determined 
not only by patient-related risk factors and the type 
of surgery, but also by the likely spectrum of 
pathogens, as well as the local situation regarding 
antibiotic resistance in the ward and the hospital [34, 
93–96]. Staphylococcus aureus and coagulase-neg-
ative staphylococci are the most common pathogens 
for superficial and deep surgical site infections, 
whereas Escherichia coli and anaerobes, including 

Bacteroides spp., are more typical for infections of 
internal organs and abdominal surgery [34, 96]. In 
community-acquired intra-abdominal infections 
these are the Enterobacterales (E. coli, Klebsiella 
spp.), streptococci, and anaerobic flora; in postop-
erative peritonitis, the spectrum of pathogens often 
expands to include Enterococcus spp., multidrug-
resistant (MDR) Gram-negative bacteria, and, in 
some patients, fungal flora [96]. 

The choice of antimicrobial therapy should 
be based on the source of infection, the severity of 
the condition, the patient’s immune status, risk fac-
tors for antibiotic resistance, and local antibiotic 
susceptibility testing data [96–98]. High-risk factors 
for infection with resistant Gram-negative microor-
ganisms include recent hospitalization, prior therapy 
with broad-spectrum antibiotics, colonization with 
MDR pathogens, repeat surgeries, and prolonged 
hospital stays [96–98]. In patients in this group, it is 
necessary to collect specimens for microbiological 
testing, as the results of culture and susceptibility 
testing are important not only for tailoring treatment 
but also for understanding local microbiological 
epidemiology [96–98]. 

Current guidelines for perioperative antibiotic 
prophylaxis indicate the need to administer an 
antibiotic before the surgical incision: within 
120  minutes according to WHO recommenda-
tions  [95] and, as a rule, within 60 minutes ac-
cording to SHEA/IDSA/APIC and ASHP  [93, 94]; 
for vancomycin and fluoroquinolones, an interval 
of up to 120 minutes is permitted  [93, 94]. It 
should be noted that for prolonged procedures, 
repeat administration of the drug is required [93, 
94]. Extending prophylaxis beyond the end of sur-
gery — including in cases where drains are in 
place — is not recommended, as it does not reduce 
the incidence of surgical site infection and increases 
the risk of adverse effects, including the selection 
of resistant microorganisms  [34, 93–95, 99]. For 
elective colorectal surgery, the combination of 
oral and parenteral antibiotic prophylaxis has 
been shown to be effective [93, 94]. 

Conclusion 
Risk factors for infectious complications in 

the perioperative period can be divided into the 
following groups: modifiable/non-modifiable, 

Table 10. Accuracy and completeness metrics for models predicting infection in the surgical site. 
Model                                                                                                                              AUROC                                                                  AUPRC 
                                                                                                                        Mean                            95% CI                             Mean                            95% CI 
Logistic regression                                                                           0.677                      0.669–0.685                       0.194                      0.189–0.199 
Random forest                                                                                   0.764                      0.756–0.772                       0.484                      0.476–0.492 
Gradient boosting                                                                            0.766                      0.759–0.774                       0.483                      0.475–0.491 
Neural network                                                                                  0.770                      0.763–0.778                       0.488                      0.480– 0.496 
Note. Surgical site infection (SSI) is defined as a superficial, deep, or organ/cavity infection. AUROC — Area under the ROC curve 
(the «sensitivity-specificity» curve); AUPRC— Area under the Precision-Recall curve («precision-recall» curve).



healthcare personnel-related, healthcare facility-
related, or patient-related. 

This review helps to substantiate the concept 
of perioperative risk of infectious complications 
based on an analysis of current approaches to the 
definition, classification, and prediction of adverse 
outcomes. 

The information presented underscores the 
importance of a multidisciplinary approach to re-
ducing the risk of infection during the perioperative 
period. Optimizing the use of prognostic scales and 

laboratory markers can significantly improve out-
comes. 

Infectious complications following abdominal 
surgery remain one of the key causes of postoperative 
mortality, prolonged hospital stays, and financial 
costs. Their incidence ranges from 1% (surgical site 
infection) to 22.6% (sepsis), and the mortality rate 
for septic shock reaches 67.8%. 

Based on current knowledge, preventive meas-
ures must be implemented to reduce the incidence 
of perioperative infectious complications.
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Summary 
The aim of this review is to assess the impact of frailty on outcomes in critical illness among older and 

very old patients, and to summarize current approaches to their management in the intensive care unit (ICU). 
Materials and Methods. The review included 66 publications from PubMed, Google Scholar, the Cochrane 

Library, and eLIBRARY.RU. The search was conducted using the keywords «frailty», «older patient in intensive 
care», «treatment of elderly and senescent patients», «critical conditions in older age», «immunosenescence», 
«cognitive impairment», and «sarcopenia». 

Results. We reviewed the processes encompassed by the concept of frailty or «senile asthenia» (SA); tools for 
assessing SA severity; identified the factors of physiological aging that affect the course of the underlying disease 
in elderly and senile patients in the ICU; and highlighted the specific features of their treatment approach. 

Conclusion. A number of physiological aging factors significantly influence the management strategy for 
the studied ICU patient cohort, including changes in hormonal regulation, immunosenescence, sarcopenia, and 
altered cognitive function. Comorbidities, medication use patterns, and mobility status should also be taken into 
account. Frailty leads to higher mortality among older and very old ICU patients compared with patients without 
SA. For management of frail patients a unified approach is recommended combining a multidisciplinary team 
and family caregivers to maintain patient’s motivation and adherence to the prescribed treatment. 

Keywords: frailty; older and very old patients; senescence; intensive care; mortality; comorbidity; sarcope-
nia; cognitive deficit; immunosenescence 
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Introduction 
Mortality rate among elderly and very old 

patients in intensive care units (ICUs). At present, 
the average age of critically ill patients is approaching 
65 years in many countries, and the proportion of 
critically ill patients aged 80 years and older is ex-
pected to grow faster than any other group in the 
ICU [1]. The mortality rate of elderly and very old 
patients in the ICU. Currently, the average age of 
critically ill patients is approaching 65 years in 
many countries, and the proportion of critically ill 
patients aged 80 years and older will increase faster 
than any other group in the ICU [1].  

A meta-analysis of 129 studies examining out-
comes in patients over 75 years of age admitted to 
the ICU found that ICU mortality ranged from 1% 
to 51% across the studies, in-hospital mortality 
ranged from 10% to 76%, 6-month mortality ranged 
from 21% to 58%, and 1-year mortality ranged from 
33% to 72% [2].  

According to a multicenter prospective cohort 
study by R. Bruno et al., ICU mortality among pa-

tients over 80 years of age was 19.8%, while 30-day 
mortality reached 34% [3]. According to the study 
by Jung et al., among patients aged 70 years and 
older who had COVID-19, the 30-day mortality rate 
was as high as 59% [4]. The use of ICU resources for 
such patients places a substantial burden on health-
care systems [5, 6]. According to a Canadian study, 
the average cost of ICU stay for patients aged 80 
years and older was USD 31,679 [7].  

Undoubtedly, caring for elderly patients often 
presents ethical and practical challenges both before 
and during admission to the ICU. This growing 
trend requires a thorough understanding of the 
aging process and its impact on outcomes in critically 
ill patients [8]. Frailty in older adults may contribute 
to higher mortality rates in this age group, greater 
severity of illness, and increased healthcare costs. 

The purpose of this review is to assess the impact 
of frailty on outcomes in critically ill geriatric — 
elderly and very old — patients and to summarize 
current approaches to their management in the 
ICU. 
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Materials and Methods 
The literature search was conducted using in-

ternational and Russian scientific publication data-
bases, including PubMed, Google Scholar, the 
Cochrane Library, and eLIBRARY.RU. The search 
queries included combinations of the following 
keywords: «old and senile age,» «intensive care of 
old patient,» «mortality,» «frailty,» «comorbidity,» 
«sarcopenia,» «cognitive deficit,» and «immuno-
aging,» as well as additional terms reflecting age-
related changes in elderly and very old patients, in-
cluding «cardiovascular changes in old patient,» 
«pulmonary changes in old patient,» «renal changes 
in old patient,» and «age-specific syndromes».  

The inclusion criteria were as follows: clinical 
studies conducted on large patient cohorts; meta-
analyses; and topics focused on the study and 
specific assessment of frailty, the impact of physio-
logical aging processes on the course of critical ill-
nesses, and the evaluation of ICU admission rates 
among elderly and very old patients.  

Studies with weak evidence and low informa-
tional value were excluded.  

 The review involved 66 sources published be-
tween 2015 and 2025, including 12 review articles, 
6 systematic reviews and meta-analyses, data from 
the Cochrane Library database, 42 articles reporting 
the results of observational studies, 3 articles pre-
senting the results of interventional studies, and 2 
publications containing recommendations for pa-
tient management. The analyzed sources examined 
in particular patients older than 65 years, and the 
Clinical Frailty Scale (CFS) was used.  

Frailty in older adults and its contribution to 
outcomes in ICU patients. The concept of frailty 
has evolved considerably over the past 25 years. 
The impact of frailty on the body is mediated 
through age-related changes in the functional state 
of the endocrine system; the central nervous system, 
primarily cognitive function, as well as the muscular 
and immune systems [9–13]. Thus, frailty is under-
stood as an age-related condition characterized by 
the loss of physical and cognitive reserves, reduced 
compensatory mechanisms in response to stress, 
and increased susceptibility to a wide range of ad-
verse outcomes (death, ICU admission, risk of falls, 
and hospitalization).  

Frailty may or may not present obvious symp-
toms in everyday life, is not considered a diagnosis 
or classified as a separate clinical entity, yet it has 
its own pathophysiology and, consequently, affects 
treatment outcomes, especially in the ICU [14].  

In the multicenter cohort study by J. Hewitt et 
al., which included 2,279 patients, frailty upon ICU 
admission was identified in 9% of patients aged 
60–69 years, in 25% of those aged 70–79 years, and 
in 45% of patients older than 80 years. The 90-day 
mortality rate among patients with confirmed frailty 

was 19%, compared with 3.6% among patients 
without frailty. Similar findings were observed for 
30-day mortality, which was five times higher in 
the group of patients with confirmed frailty. Their 
average length of stay in the ICU increased from  
3 to 5 days [15].  

The VIP1 study evaluated 3,869 patients over 
the age of 80 who were admitted to the ICU with 
sepsis or other acute conditions over the course of 
one year. Clinical frailty, confirmed using the Clinical 
Frailty Scale, was present in 51.1% of patients with 
sepsis and in 46.4% of patients with other acute 
conditions. ICU mortality among frail patients with 
sepsis was 31.2%, while 30-day mortality reached 
44.6%. Among frail patients with other conditions, 
the corresponding rates were 27.2% and 40.2%, re-
spectively. The most significant independent pre-
dictors of 30-day mortality were age, the presence 
of clinical frailty, and a high SOFA score, rather than 
the type of condition that led to ICU admission [16].  

The prospective cohort study VIP2 included 
patients aged 80 years and older who were admitted 
to 242 intensive care units across 22 countries over 
a six-month period. Frailty and cognitive impairment 
were evaluated as potential prognostic factors for 
30-day survival. The average length of stay in the 
ICU was 3.88 days, while ICU survival and 30-day 
survival rates were 72.5% and 61.2%, respectively. 
The Clinical Frailty Scale (CFS) score was identified 
as an independent predictor of 30-day survival fol-
lowing ICU treatment [17].  

Table 1 presents data from the main studies 
evaluating mortality and survival rates among elderly 
and very old patients with frailty (senile asthenia, SA).  

The processes of physiological aging that sig-
nificantly affect the severity of conditions in elderly 
and very old patients. Concurrency of reduced 
bodily functions with the development of severe 
illness among elderly patients in the ICU is the 
most likely cause of increased short-term and long-
term mortality  [18]. Comorbidities significantly 
contribute to aging processes therefore significantly 
affecting the severity of conditions in geriatric pa-
tients include the influence of [19], changes in the 
endocrine system, alterations in the central nervous 
system, sarcopenia, and immunosenescence [20]. 
The main physiological aging processes that sig-
nificantly affect the severity of conditions in elderly 
patients include the influence of comorbidities [19], 
changes in the endocrine system, alterations in 
the central nervous system, sarcopenia, and im-
munosenescence [20]. 

The role of comorbidities. The proportion of 
patients with comorbidities and the number of co-
morbidities per patient increase with age. The av-
erage number of comorbidities per patient aged 
65–84 years is 2.6 ± 2.2, and for those aged 85 and 
older, it is 3.6 ± 2.3 [21]. The most common comor-
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bidities include arterial hypertension, diabetes 
mellitus, chronic obstructive pulmonary disease, 
heart failure, cancer, and cognitive disorders. Co-
morbidities are associated with increased mortality, 
loss of physical independence, and a higher fre-
quency of hospitalizations [22]. 

To predict mortality in critically ill patients, 
the Charlson Comorbidity Index (CCI) is used [23]. 
This index includes 19 disease entities, categorized 
according to their impact on prognosis. Each con-
dition is assigned a weighted score ranging from 1 
to 6 points (see Table 2). The higher the score, the 
greater is the likelihood of mortality for that patient. 
A score of 0 indicates a minimal risk and highest 10-
year survival (98%); 1–2 scores indicate a low risk 

(and 90–96% survival); 3–4 scores indicate a moderate 
risk (77–87% survival); and � 5 scores indicate a 
high risk (less than 53% survival). The CCI is utilized 
to forecast both short-term (30-day) and long-term 
(1-year) mortality following a critical illness. 

The study by N M Rehatta et al., which exa-
mined the impact of comorbidities in patients over 
60 years old upon admission to the ICU with a pri-
mary diagnosis of COVID-19, found that the 30-day 
mortality rate was 38.6%. The five most common 
comorbidities were hypertension (21.1%), diabetes 
(16.2%), moderate to severe kidney disease (10.6%), 
congestive heart failure (9.2%), and cerebrovascular 
diseases (9.1%). Among patients with a CCI greater 
than 5, the mortality rate was 66%. Patients with 

Table 1. Parameters studied in elderly and very old patients with senile asthenia. 
Sources                                                                                                Patients                            Frailty           Parameter values presented in the studies  
                                                                                                           n                   Age,              assessment       
                                                                                                                         years                     tool 
H. Vallet, et al., 2021, systematic review [2]               278                � 75                     CFS              Mortality: 
                                                                                                                                                                             ICU — from 1% to 51%,  
                                                                                                                                                                             hospital — from 10% to 76%  
                                                                                                                                                                             6-months — from 21% to 58%,  
                                                                                                                                                                             1-year — from 33% to 72% 
R. R. Bruno, et al., 2020                                                     415                � 80                     CFS              ICU mortality — 19.8%,  
multicenter prospective cohort study [3]                                                                                             30-day mortality — 34% 
C. Jung, et al., 2021, prospective                                  2625               � 70                     CFS              Mortality:  
observational study [4]                                                                                                                               30-day - 59% 
J. Hewitt, et. al., 2019,                                                      2279               � 65                     CFS              ICU rates of confirmed frailty/SA :  
multicenter cohort study [10]                                                                                                                   60–69 years — 9%  
                                                                                                                                                                             70–79 years — 25% 
                                                                                                                                                                             � 80 years — 45% 
                                                                                                                                                                             Mortality among patients  
                                                                                                                                                                             with SA vs without SA: 
                                                                                                                                                                             90-days — 19% vs 3.6% 
                                                                                                                                                                             30-days — 5 times higher in patients  
                                                                                                                                                                             with SA vs without SA 
                                                                                                                                                                             Average length of ICU stay, days:  
                                                                                                                                                                             5 with SA vs 3 without SA 
D. K. Singh, et. al., 2025,                                                   317                � 70                     CFS              Incidence of confirmed SA in ICU: 24.6%  
prospective one-center cohort study [11]                                                                                            ICU mortality, hospital mortality,  
                                                                                                                                                                             30-day mortality: with SA � without SA: 
                                                                                                                                                                             Vasopressor support: с СА � без СА 
                                                                                                                                                                             Nosocomial infections: 
                                                                                                                                                                             with SA � without SA 
                                                                                                                                                                             Duration of hospital stay:  
                                                                                                                                                                             with SA � without SA 
I. Margalit, et. al., 2024,                                                    563                � 75                     N/A              Mortality: 28-day — 50%  
multicenter cohort study [13]                                                                                                                   The age itself was not associated with death  
                                                                                                                                                                             of functionally independent patients. 
M. Ehrlington, et. al., 2024 [14]                                     1840               � 65                     CFS              Mortality: with SA � without SA: 
                                                                                                                                                                             7-day — 2.6% vs 0.2% 
                                                                                                                                                                             30 -day — 7.9% vs 0.9%  
                                                                                                                                                                             90 -day — 15.5% vs 2.4% 
M. Ibarz, et. al. 2020, cohort study [15]                     3869               � 80                     CSF              Confirmed SA incidence: 
                                                                                                                                                                             (1) in patients with sepsis — 51.1%  
                                                                                                                                                                             (2) in patients with other acute  
                                                                                                                                                                             conditions — 46.4%  
                                                                                                                                                                             Mortality (1) vs (2): 
                                                                                                                                                                             ICU — 31.2% vs 27.2% 
                                                                                                                                                                             30-day — 44.6% vs 40.2% 
B. Guidet, et. al, 2020,                                                      3920               � 80                     CSF              Average length of ICU stay: 3.88 days 
prospective cohort study [16]                                                                                                                   Survival: 
                                                                                                                                                                             In the ICU — 72.5% 
                                                                                                                                                                             30-day — 61.2%  
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comorbidities and COVID-19 had a shorter lifespan 
than those without these conditions. It was estab-
lished that the greater was the number of comor-
bidities in geriatric ICU patients, the higher was 
the likelihood of death within 30 days (p � 0.005, 
correlation coefficient R 0.22). Comorbidities such 
as COPD and heart failure in elderly patients with 
COVID-19 increase the length of hospital stay as 
well as in-hospital mortality. Saad Alsaad et al. em-
phasize the clinical significance of comorbidities 
among the geriatric population [25]. 

In an observational study of 523 patients with 
aortic aneurysm (AA), Yu-Fei Zhan et al. found that 
those readmitted to the ICU had a higher CCI. An 
independent nonlinear relationship was identified 
between the Charlson Index and the likelihood of 
readmission to the ICU. Age, renal failure, chronic 
pulmonary diseases, and dementia were important 
components of the CCI in predicting readmission 
to the ICU [26]. 

The role of age-related changes in organs 
using the heart and kidneys as examples. Changes 
in the cardiovascular system include, among other 
factors, degeneration of the cells in the pacemaker 
system and conduction pathways, leading to a slow-
ing of the heart rate in response to stress, which in-
creases the risk of arrhythmias. Cardiac valves be-
come stiff and calcified, thereby increasing afterload, 
turbulence of blood flow, and the risk of valve in-
sufficiency [21]. Both hypertrophy of myocytes and 
an increase in the fibrin matrix reduce the plasticity 
of the myocardium and, consequently, its response 
to stress. Changes of the cardiac shape, such as in 
septal hypertrophy and ventricular hypertrophy, 
can decrease the efficiency of cardiac output. Vascular 
changes primarily affect the intima and media, in-
creasing their thickness, which ultimately leads to 
decreased elasticity of the vascular wall [27].  

Aging of the kidneys is a complex and not fully 
understood process that involves changes in their 
structure, function, and metabolism. There is a 
gradual decrease in the size and number of nephrons, 
as well as changes in the tubules and thickening of 
the glomerular basement membrane with age. Ad-
ditionally, there is progressive glomerulosclerosis, 
often referred to as nephrosclerosis. Besides these 
macroscopic structural changes, there’s also an age-
related gradual decline in glomerular filtration rate. 
The decrease in glomerular filtration can range 
from 0.4 ml / 1.73 m² to nearly 4 ml / 1.73 m² [2, 24]. 
There is also a reduction in tubular function, which 
affects sodium reabsorption and potassium excretion, 
leading to a decreased concentrating ability of the 
kidneys. Age-related changes in the renal vessels 
are accompanied by an increase in intrarenal blood 
shunting. Renal blood flow (600 ml/min) remains 
virtually unchanged until the fourth decade of life 
and then decreases by about 10% per decade [28].  

The role of changes in the endocrine system. 
The hypothalamic-pituitary system plays a significant 
role in regulating the aging processes. A deficiency 
in the secretion of glucocorticoid hormones, in-
sulin-like growth factor (IGF) secretion, and androgen 
production is associated with both, SA and normal 
aging [29]. 

Changes in thyroid function during the aging 
process have a considerable impact on bodily func-
tions. Several population studies have shown that 
normal aging is accompanied by an increase in 
serum thyroid-stimulating hormone (TSH) levels, 
except in individuals with thyroid diseases and 
those with positive antithyroid antibodies. However, 
changes in TSH concentration also depend on the 
region of residence and may not always reflect the 
physiological aging process. The concentration of 
free thyroxine remains stable with increasing age, 

Table 2. Charlson Comorbidity Index scores. 
Comorbidities                                                                                       Parameters                                                                                                             Scores 
Diabetes mellitus                                                                            Not complicated                                                                                                  1  
                                                                                                               With damage to target organs.                                                                        2  
Age                                                                                                        50–59 years                                                                                                             1 
                                                                                                               60–69 years                                                                                                             2 
                                                                                                               70–79 years                                                                                                             3 
                                                                                                                       �80 years                                                                                                                4 
Liver diseases                                                                                   Mild                                                                                                                          1 
                                                                                                               Moderate/severe                                                                                                  3 
Malignant neoplasms                                                                   Any type of leukemia, solid tumor, lymphoma                                        2 
                                                                                                               Metastatic solid tumor                                                                                      6 
HIV infection                                                                                                                                                                                                                        6 
Kidney disease                                                                                 Mild, moderate, severe                                                                                      2 
Congestive heart failure                                                                                                                                                                                                   1 
Myocardial infarction                                                                                                                                                                                                        1 
Chronic lung diseases                                                                                                                                                                                                       1 
Peripheral vascular diseases                                                                                                                                                                                           1 
Cerebrovascular diseases                                                                                                                                                                                                1 
Dementia                                                                                                                                                                                                                              1 
Hemiplegia                                                                                                                                                                                                                           2 
Connective tissue diseases                                                                                                                                                                                             1 
Gastric ulcer                                                                                                                                                                                                                          1 
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while the concentration of free triiodothyronine (T3) 
generally decreases over the course of life [30, 31].  

The intensity and nature of changes in thyroid 
function during the aging process vary significantly 
among different individuals. For instance, some 
people experience increased le-vels of TSH and free 
T4, while others exhibit a rise in TSH alongside a 
decrease in free T4 levels [32]. Finally, the increased 
prevalence of autoimmune thyroid disease and au-
tonomous nodules with age may lead to changes 
in thyroid hormone concentrations.  

Glucocorticoids affect a number of metaboli-
cally active tissues that are important for the devel-
opment of particular asthenia phenotype, including 
skeletal muscles, bones, and the cardiovascular sys-
tem. Persistently high concentrations of cortisol 
are associated with increased catabolism overall 
and skeletal muscles in particular. This significantly 
contributes to the development of age-related sar-
copenia, as well as to the decline in muscle mass 
during various critical conditions [33]. 

A normal level of testosterone is crucial for 
the synthesis of skeletal muscle. The decline in 
testosterone levels that occurs with age contributes 
to the development of sarcopenia. The decrease in 
growth hormone secretion with age, often referred 
to as somatopause, leads to reduced synthesis of 
insulin-like growth factor 1 (IGF-1) in the liver. 
Recent findings have shown that IGF-1 is inde-
pendently associated with asthenia in older adults. 
Yang Wang et al. evaluated age-related changes in 
IGF-1 expression across various human organs. The 
most significant increase in IGF-1 levels with age 
was found in the skin [34, 35]. 

The role of changes in the central nervous 
system. With age, there is a continuous loss of neu-
rons in the brain, although they are preserved in 
most cortical areas. Changes often affect highly 
metabolically active neurons found in the hip-
pocampus. It has been found that the hippocampal 
region is responsible for the development of cognitive 
function and dementia. Additionally, the hippocam-
pus provides negative feedback to the hypothalamus, 
thereby indirectly contributing to the endocrine 
changes described above. Furthermore, it has been 
found that microglial cells (resident macrophage 
cells in the CNS) undergo structural and functional 
changes with aging [36, 37]. 

The maintenance of cognitive abilities and the 
development of SA are influenced by vitamin D 
levels. A study involving 509 adults aged 64 to 92 
with and without cognitive impairments (Alzheimer's 
disease and mixed dementia) found a significant 
association between vitamin D levels and the results 
of the Mini Mental State Examination. Patients with 
mild cognitive impairment had higher vitamin D 
levels compared to other groups. Those with 
Alzheimer's disease and moderate dementia ex-

hibited the lowest levels of vitamin D. Notably, the 
most significant deficiency was observed in patients 
with moderate dementia, those over 65 years old, 
and individuals with cognitive and functional im-
pairments [38]. 

Almost one third of patients admitted to the 
ICU develop delirium, and these patients are at an 
increased risk of death in the hospital, longer hospital 
stays, and cognitive impairments after discharge [39]. 

In a retrospective cohort study, Zheng and 
colleagues analyzed data from 11,740 patients aged 
� 65 years with sepsis admitted to the ICU. They 
assessed frailty (SA) using the Clinical Frailty Scale 
(CFS) and delirium using the Confusion Assessment 
Method for the ICU (CAM-ICU). Among the entire 
cohort, frail patients showed a trend towards longer 
ICU stays, higher severity scores, and potentially 
worse clinical outcomes. The study revealed a sig-
nificant positive association between the severity 
of frailty and the risk of developing delirium (confi-
dence interval, CI: 1.09–1.17, p < 0.001). Furthermore, 
frail patients had a higher risk of developing sep-
sis-associated delirium compared to those without 
frailty (CI: 1.20–1.43, p < 0.001). The CAM-ICU as-
sessment can be used for the early detection of 
delirium in adult patients hospitalized in the ICU, 
including those on mechanical ventilation, provided 
that the CAM-ICU test is conducted by properly 
trained healthcare staff. This test is most useful for 
ruling out delirium [41]. 

The role of immunosenescence. Immunose-
nescence is the gradual decline of immune system 
function caused by the natural aging process. It is 
primarily characterized by a higher secretion of 
pro-inflammatory cytokines compared to younger 
ages. As a result, there is a reduced ability to induce 
an effective immune response to antigens, which 
increases the risk and severity of infections [42]. 

The available data suggest that inflammation 
plays a significant role in the pathophysiology of 
SA, manifesting as an abnormal, subdued inflam-
matory response that persists for an extended 
period after the removal of the initial inflammatory 
stimulus. Macrophages exhibit a reduced ability to 
phagocytose and an increased production of cy-
tokines. There is a decrease in B cell production, 
but their lifespan is prolonged. As a consequence, 
there is a change in the antigen-recognizing pool 
of B cells and an increase in the production of pro-
inflammatory cytokines [9, 10]. 

The number of young CD8 and CD4 T cells 
decreases (due to thymic involution), while the 
number of «immunological memory» CD8 and CD4 
T cells increases. Additionally, the pool of T cell re-
ceptors, which determines antigenic diversity, is 
limited. The number of neutrophils does not change 
with age, but their functions do: chemotaxis, phago-
cytosis, and cellular production of free radicals de-
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cline. NK cells show reduced cytotoxicity and IL-2 
production [43]. 

In the study by J. Palmer et al., 100 elderly pa-
tients with injuries were included. The average age 
was 77.1 ± 9.8 years, with women making up 34% of 
the participants. Sarcopenia was recorded in 39% 
of the patients. Frail patients exhibited higher levels 
of TNF-α (p = 0.01), IL-1β (p = 0.01), and IL-6 (p = 0.01) 
compared to patients without frailty, but lower 
levels of growth hormone (p = 0.03) and insulin-
like growth factor-1 (p < 0.04). No differences in 
IL-2Rα levels were found (p = 0.25). Regression 
analysis revealed that sarcopenia positively correlates 
with the levels of pro-inflammatory biomarkers 
TNF-α, IL-1β, and IL-6, and negatively with en-
docrine biomarkers [44]. 

When analyzing the clinical manifestations, 
severity of the disease, and outcomes in groups of 
elderly patients with and without immunodeficiency 
hospitalized for community-acquired pneumonia, it 
was found that immunosuppression was significantly 
associated with a higher risk of 30-day mortality [45].  

The decrease in immune response is likely 
a factor explaining the well-known fact that sepsis 
occurs much more frequently in patients with 
SA than in younger individuals, causing higher 
mortality [46]. 

The Role of sarcopenia. Sarcopenia is a com-
plex syndrome associated with the loss of muscle 
mass either alone or in combination with an in-
crease in fat mass. The causes of sarcopenia are 
multifactorial and include: physical inactivity and 
changes in endocrine function, particularly a de-
crease in the synthesis of testosterone, insulin-
like growth factor, and alterations in corticosteroid 
secretion, as discussed above  [47]. Additionally, 
chronic diseases, inflammation, insulin resistance, 
and nutrient deficiencies also contribute to the 
development of sarcopenia. While cachexia may 
be a component of sarcopenia, these two conditions 
are not the same.  

In a retrospective observational study con-
ducted in the ICU of Australia, sarcopenia was iden-
tified in 68% of patients. It was associated with 
older age (68 vs 55 years, p < 0.001), lower body 
mass index (27 vs 32 kg/m², p < 0.001), and longer 
hospital stays (279 vs 223 hours, p = 0.043) [48].  

Assessment of sarcopenia among hospitalized 
patients in central India revealed that sarcopenia is 
more commonly associated with severe stages of SA, 
along with an increased demand for MV and increased 
mortality specifically in this group of patients [47]. 

In a study conducted in a surgical ICU, Yun Ji 
et al. analyzed data of 236 patients after emergency 
surgery who had sepsis caused by intra-abdominal 
infection. Sarcopenia, visceral obesity, and sarcopenic 
obesity were assessed using computed tomography. 
Multivariate analysis revealed that sarcopenic obesity 

was associated with an increased risk of 30-day 
mortality. Patients with sarcopenia were older than 
those without sarcopenia. The risk of 30-day mortality 
significantly increased in patients with sarcopenia, 
both those aged � 70 and those � 70 years old [49].  

Nutritional deficiency or malnutrition is one 
of the reasons for development of sarcopenia. In a 
study examining the impact of SA, malnutrition, 
and endocrine changes on outcomes after aortic 
valve replacement, the prevalence of SA varied 
from 6.4% to 65.7%, while the prevalence of mal-
nutrition syndrome ranged from 5.9% to 10.5%, 
depending on the assessment tool used. Both pa-
rameters were associated with higher concentrations 
of cortisol and parathyroid hormone, as well as 
lower levels of IGF-1, testosterone, and C-reactive 
protein. The 30-day mortality rate was increased 
in patients with SA and malnutrition [50].  

Insufficient nutrition in severely ill elderly pa-
tients with COVID-19 is associated with a 35% in-
creased risk of developing delirium and a longer 
duration of ICU compared to patients with adequate 
nutrition [51].  

Methods of assessing sarcopenia. One method 
of assessing sarcopenia is the Fried Criteria, which 
is based on evaluating gate speed and grip strength. 
Clinical diagnostic criteria for sarcopenia are pri-
marily assessed by gate speed test measured over a 
4-meter course. Patients with a usual walking speed 
of � 1.0 m/s should be considered for quantitative 
assessment of body composition using dual-energy 
X-ray absorptiometry (DXA). Muscle strength is 
measured using a hand dynamometer [52]. 

 The SARC-F scale is used to assess the severity 
of sarcopenia. This 5-item questionnaire assesses 
strength, assistance with walking, rising from a 
chair, climbing stairs, and falls.  

Using the SARC-CalF questionnaire, the risk 
of sarcopenia was assessed in 653 critically ill 
patients over the age of 60. The combined assessment 
of sarcopenia and frailty enhances the accuracy of 
predicting mortality in elderly patients in critical 
condition and may therefore be useful in the clinical 
decision-making process [53]. 

Ultrasound is a reliable and valid diagnostic 
method for quantitatively assessing limb muscle 
mass in sarcopenia among older adults. The thickness 
and cross-sectional area of the rectus femoris muscle 
(RF) or gluteus maximus muscle (GM) are considered 
suitable ultrasound parameters for predicting muscle 
mass in sarcopenia [54,55].  

C. R. Hernández-Socorro et al. [56] proposed 
a protocol for the ultrasonographic assessment of 
the quadriceps muscle (QM) in real-time using 
B-mode, color Doppler, and M-mode, as well as for 
evaluating the thickness of the central tendon of 
the QM, the cross-sectional area, and the muscle 
thickness in B-mode. It was shown that the area 
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and thickness of the muscle (QRF) significantly de-
creased (p � 0.001), while the thickness of the central 
tendon significantly increased (p = 0.047) in the ICU 
patient group compared to the control group of 
healthy volunteers. QRF muscle echogenicity and 
the angiogenic activity of fasciculations, subcuta-
neous edema, and intramuscular fluid also signifi-
cantly differed between the two groups (p < 0.001). 

However, a standardized procedure for assessing 
sarcopenia in patients with catabolic syndrome 
who are undergoing prolonged inpatient treatment 
has not been developed.  

Medications in elderly patients. The specifics 
of medication use also affect the course of the un-
derlying disease [19].  

The issue of medication adherence and bioavail-
ability in elderly patients has been extensively doc-
umented since 1980. Polypharmacy, including the 
inappropriate prescribing of medications to geriatric 
patients, arises in part due to treatment discoordi-
nation (the inconsistent prescribing of medications 
by different specialists); and after emergency hos-
pitalizations, when a patient after discharge con-
tinues on medications used to manage acute critical 
condition alongside with regular pharmacotherapy 
for chronic illnesses. 

For example, antipsychotics used to treat 
delirium are the most common group of medica-
tions, and their use often continues even after dis-
charge from the ICU and the hospital [57]. In the 
phase 3 study of MIND-USA, which was conducted 
across 16 hospitals in the United States, the impact 
of antipsychotic medications on cognitive functions, 
quality of life, and psychological and functional 
outcomes after delirium was examined in different 
age groups. The results indicated that antipsychotics 
should not be routinely used to treat delirium in 
critically ill adult patients. Often, the continuation 
of these medications is unjustified and does not 
lead to improvements in cognitive function or 
overall treatment outcomes  [58, 59]. A common 
complication of critical conditions is the exacer-
bation of psychological symptoms, sleep cycle dis-
turbances, delirium, and cognitive impairments, 
which is associated with an increased prescription 
of specific medications such as antipsychotics or 
benzodiazepines [60]. 

Overall assessment of baseline functional 
status of geriatric patients upon admission to the 
ICU. Several scales for assessing functional inde-
pendence are distinguished, such as the «Activities 
of Daily Living» scale and the «Instrumental Activities 
of Daily Living» (IADL) scale [61]. 

In clinical practice, a simplified version of the 
IADL scale is used. In 2008, a user-friendly scale for 
clinical assessment of frailty (CFS — Clinical Frailty 
Scale) was proposed, ranking patients into 9 groups 
from «very fit» to «terminally ill». This scale is 

included in National clinical guidelines and is 
applied in both inpatient and outpatient settings.  

The applicability of the Clinical Frailty Scale 
(CFS) was studied by D Javadzadeh et al. in a retro-
spective, single-center, observational study involving 
severely ill geriatric patients aged � 70 years  [62]. 
The CFS score was independently associated with 
overall short-term, medium-term, and long-term 
mortality. Frail patients exhibited nearly double the 
risk of death. This information is clinically significant, 
as the risk of death over various time frames should 
be considered in the individual treatment and care 
planning for geriatric patients.  

The CRS and the Frailty Index (FI) based on 
Comprehensive Geriatric Assessment (CGA) were 
used in the multicenter prospective cohort study 
FORECAST involving patients aged � 50 years who 
received life support for more than 24 hours [63]. 
Frailty severity was assessed over time: upon ad-
mission to the ICU, at hospital discharge, and six 
months post-discharge. A predetermined scoring 
range was established as an indicator of frailty 
severity: CFS � 5 or FI � 0.2. The use of the FI based 
on CGA may provide advantages in identifying 
deficits and potential intervention targets compared 
to clinical assessment of frailty using CFS.  

Principles of managing patients of elderly 
and very old age in intensive care settings. The 
heterogeneity of elderly and very old patients, along 
with the prevalence of complex geriatric syndromes, 
poses significant challenges in managing these pa-
tients in critical conditions. 

The European Society of Intensive Care Medicine 
(ESICM) initiated a Delphic study to transform the 
empirical knowledge of experts in the field into con-
sensus-based recommendations for clinical practice.  

A multinational group of experts in intensive 
care, emergency medicine, and geriatric medicine 
provided insights on management of geriatric pa-
tients in critical conditions. Resulting consensus 
includes 48 recommendations and 2 checklists. The 
recommendations were deve-loped based on the 
goals and key principles of treatment in the ICU, as 
well as the structure of post-discharge care  [64]. 
The main recommendations for managing geriatric 
patients in the ICU are presented in Table 3.  

The recommendations of the European Geri-
atric Society regulate the management of geriatric 
patients in the emergency department. The guide-
lines from the European Society of Intensive Care 
Medicine pertain to the emergency department 
and directly to the ICU. 

Based on this data, the following step-by step 
algorithm can be proposed for geriatric patients 
upon admission to emergency department or ICU 
(see figure). 

Although a comprehensive geriatric assessment 
(CGA) based on the recommendations of the Euro-
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pean Geriatric Medicine Society and the European 
Society of Intensive Care Medicine often cannot be 
fully implemented [64, 65], a synthesis of these re-
commendations makes it possible to identify the 
key factors that determine the specific approach to 
managing elderly and very old patients in the ICU. 
These include:  

• regular review of the treatment plan; 
• family involvement in determining the level 

of care, collecting medical history, and making de-
cisions about limiting life-sustaining treatment; 

• early ambulation of the patient in the ICU; 
• consideration of age-related characteristics 

and functional status when providing mechanical 

Table 3. Key recommendations for managing elderly and very old patients in intensive care, ranked by level of agree-
ment among research groups. 
Recommendations                                                                                                                                                                                      Delphic study  
                                                                                                                                                                                                                  Rounds,                Agreement 
                                                                                                                                                                                                                         n                      between ICS,  
                                                                                                                                                                                                                                                  EMS, and GS  
                                                                                                                                                                                                                                                      groups, % 

High level of evidentiary support for the recommendation 
The treatment plan and goals, as well as any potential intensification or reduction of therapy,                 1                                   99,0 
should be reviewed at regular intervals in the ICU 
It is recommended to involve the patient's family, if possible, to determine the level                                     1                                   97,5 
of care that is appropriate for the specific patient 
The early mobilization should begin in the ICU                                                                                                             1                                   97,5 
When taking a patient’s medical history from the patient or their relatives, it’s important                            2                                   95,7 
to find out whether there are any pre-existing vision or hearing problems and whether glasses  
or hearing aids can be provided                                                                                                                                              
Noninvasive ventilation or high-flow nasal oxygen therapy may be considered                                                1                                   95,6 
a minimally invasive treatment option for respiratory failure, depending  
on the patient’s baseline functional status                                                                                                                          
Decisions to limit life-sustaining treatment should be made when aggressive interventions                      1                                   95,5 
are unlikely to achieve an acceptable quality of life, as judged by the patient or their family                          
Patient’s age-related characteristics should be taken into account when MV is considered                          2                                   94,6 
Recommendations for preventing pressure ulcers and other skin conditions                                                    1                                   94,1 
need to be developed 
A separate guideline on the prevention, recognition, and treatment of delirium                                              1                                   93,5 
in the ICU is required 
When sedating geriatric patients, age-related aspects should be taken into account                                      1                                   89,7 

Low level of evidentiary support for the recommendation 
Cardiovascular support (restoring fluid balance, vasopressor/inotropic support,                                            2                                   93,8 
and optimizing cardiac output) in geriatric patients should account for age-related changes                       
 Medication reviews should be conducted by an appropriate healthcare professional,                                  2                                   90,1 
such as a clinical pharmacist, geriatrician, or another specialist experienced in caring  
for elderly and very old patients, in order to minimize preventable adverse drug reactions                           
When planning meals for very old patients, their age-related characteristics                                                    2                                   89,1 
should be taken into account 
Note. Research groups: ICS — Intensive Care Society; EMS — Emergency Medicine Society; GS — Geriatrics Society.

Figure. Management algorithm for geriatric patients in the intensive care unit. 
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ventilation, noninvasive ventilation, or high-flow 
nasal oxygen therapy, as well as during sedation; 

• prevention, identification, and treatment 
of delirium, pressure ulcers, and other skin conditions 
(Table 3). 

Recommendations regarding the above pa-
rameters are supported by a high level of evidence 
and a strong degree of consensus among research 
groups from intensive care, emergency medicine, 
and geriatric societies (99–89.7%; Table 3). 

As shown, these recommendations place special 
emphasis on involving the family in the treatment 
of elderly and very old patients. In addition, they 
highlight the need to take into account the patient’s 
own wishes regarding whether to receive or refuse 
treatment [64]. 

Comprehensive frailty (SA) assessment is also 
recommended in the emergency department. It 
can be used to triage patients according to the 
severity of frailty. Frailty and delirium independently 
increase the risk of in-hospital mortality and pro-
longed hospital stay [66]. 

Recommendations for cardiovascular and nu-
tritional support were supported by a low level of 
evidence, apparently due to the heterogeneity of 
the study groups.  

A recommendation to review medication the-
rapy in collaboration with a clinical pharmacist, 
geriatrician, or another specialist experienced in 
caring for elderly patients had a low level of evidence 
despite a high degree of consensus among the re-
search groups (90.1%). However, 91.4% of intensive 
care physicians subsequently agreed that medication 
therapy review should be conducted upon transfer 
from the ICU in order to achieve a more significant 
long-term impact on patient outcomes. Therefore, 
it is important to develop treatment strategies jointly 
with physicians from other specialties who will par-

ticipate in the care of elderly and very old patients, 
thereby ensuring a multidisciplinary approach.  

When assessing vital signs, it is recommended 
to consider blood pressure, body temperature, 
and heart rate, as these may be associated with 
mortality [65].  

Conclusion 
Factors associated with physiological aging — 

such as changes in hormonal regulation, immunose-
nescence, sarcopenia, and cognitive decline — have 
a significant impact on the management strategies 
for elderly and very old patients in the ICU. Co-
morbidities, medication use, and mobility status in 
this patient population should also be taken into 
account. 

Most of the studies analyzed showed that the 
presence of frailty is associated with higher mortality 
rates among elderly and very old ICU patients com-
pared with patients without frailty, as well as with 
younger patients. 

Assessing frailty syndrome upon admission of 
elderly and very old patients to the ICU is necessary 
to optimize treatment strategies for this age group. 
Age, the presence of frailty syndrome, and a high 
SOFA score were identified as the most significant 
independent predictors of 30-day mortality. An in-
dependent predictor of 30-day survival after ICU 
treatment was the score obtained using the Clinical 
Frailty Scale (CFS). Frailty syndrome and cognitive 
impairment were also evaluated as potential prog-
nostic factors for 30-day survival.  

When treating patients in the analyzed cohort, 
a multidisciplinary approach is recommended, with 
particular attention given to the role of the family 
in the treatment process, as well as to supporting 
the patient’s motivation and adherence to the pre-
scribed treatment.
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К юбилею 
доктора медицинских наук 

Ивана Федоровича Острейкова 

18 августа 2026 г. исполняется 85 лет доктору 
медицинских наук Ивану Федоровичу Острей-
кову. 

Иван Федорович Острейков родился 18 ав-
густа 1941 г. в деревне Серковка Смоленской 
области.  

В 1966 г. окончил лечебный факультет Смо-
ленского медицинского института. С 1966 по 
1968 гг. обучался в клинической ординатуре по 
анестезиологии и реаниматологии в Первом Мос-
ковском медицинский институте им. И. М. Сеченов 
(в наст. время Первый Московский государст-
венный медицинский университет им. И. М. Сече-
нова). С 1968 по 1986 гг. работал во 2-ом Москов-
ском ордена Ленина государственном медицин-
ском институте им. Н. И. Пирогова (в наст. время 
Российский национальный исследовательский 
медицинский университет им. Н. И. Пирогова) в 
должностях младшего, старшего научного со-
трудника, ассистента кафедры детской хирургии.  

В 1971 г. защитил диссертацию на соискание 
ученой степени кандидата медицинских наук 
на тему «Изменения дыхания в ближайшем 
послеоперационном периоде у детей младшего 
возраста», после чего продолжал интенсивно 
заниматься научно-исследовательской и пре-
подавательской работой.  

В 1984 г. защитил диссертацию на соискание 
ученой степени доктора медицинских наук по 
теме «Анестезиологическая защита организма 
ребенка и оценка ее эффективности». В ноябре 
1986 г. был избран на должность заведующего 
кафедрой анестезиологии и реаниматологии 
детского возраста.  

В 1990 г. Иван Федорович был избран пред-
седателем Общества анестезиологов и реани-
матологов г. Москвы и Московской области, в 
этой должности проработал 4 года. 

В 2011 г. был избран Главным детским ане-
стезиологом города Москвы. В данной долж-
ности проработал до 2021 г.  

Иван Федорович внес существенный вклад 
в развитие научно-образовательных аспектов 
детской анестезиологии-реаниматологии, яв-
ляясь одним из организаторов детской анесте-
зиолого-реанимационной помощи в Российской 
Федерации. Под его руководством защищено 
32 кандидатских и 5 докторских диссертаций. 
В соавторстве издано 5 монографий и более 
250 научных статей. 

Острейков И. Ф. — Почетный заведующий 
кафедрой анестезиологии, реаниматологии и 
токсикологии детского возраста Российской 
медицинской академии непрерывного профес-
сионального образования (РМАНПО) Минздрава 
России, награжден почетными грамотами Пра-
вительства Москвы и РМАНПО, премией Пра-
вительства Москвы, медалью «За заслуги перед 
отечественным здравоохранением», золотой 
медалью Вроцлавского Университета.  

 В настоящее время Иван Федорович про-
должает педагогическую, учебно-методическую 
и лечебную работу, занимается научными ис-
следованиями в области анестезиологии и реа-
ниматологии у детей.  



w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 6 ,  2 2 ;  4

 
 

К юбилею 
доктора медицинских наук 

Игоря Владимировича 
Молчанова 

27 июня 2026 г. исполнилось 80 лет Игорю 
Владимировичу Молчанову, главному научному 
сотруднику НИИ общей реаниматологии 
им. В. А. Неговского Федерального научно-кли-
нического центра реаниматологии и реабили-
тологии (ФНКЦ РР).  

И. В. Молчанов родился 27 июня 1946 г. в го-
роде Москве в семье служащего. В 1964 г. по-
ступил на дневное отделение лечебного фа-
культета Первого Московского медицинского 
института им. И. М. Сеченова (в наст. время Пер-
вый Московский государственный медицинский 
университет им. И. М. Сеченова). С 1967 г. учебу 
в институте совмещал с работой в отделении 
реанимации Городской клинической больницы 
им. С. П. Боткина в должности медицинского 
брата. В 1970 г., после окончания института, 
поступил в клиническую ординатуру по реа-
ниматологии в Лабораторию эксперименталь-
ной физиологии по оживлению организма АМН 
СССР академика В. А. Неговского. С 1975 г. ра-
ботал врачом-реаниматологом в реанимацион-
ном отделении гипербарической оксигенации 
Городской клинической больницы (ГКБ) 
им. С. П. Боткина (в наст. время Московский 
многопрофильный научно-клинический центр 
им. С. П. Боткина), а с 1978 г. был переведен на 
должность заведующего отделением нейрора-
нимации той же больницы. В 1979 г. поступил в 
очную аспирантуру на кафедру анестезиологии 
и реаниматологии Центрального института усо-
вершенствования врачей. В 1983 г. защитил 
диссертацию на соискание ученой степени кан-
дидата медицинских наук.  

В 1997 г. И. В. Молчанов назначен главным 
специалистом комитета здравоохранения Пра-
вительства г. Москвы по анестезиологии и реа-
ниматологии. С 1998 г. в ГКБ им. С. П. Боткина 
совмещал должность заместителя главного врача 
с руководителем анестезиолого-реанимацион-
ного центра. В 1998 г. защитил диссертацию на 
соискание ученой степени доктора медицинских 
наук, избран на должность заведующего кафед-
рой анестезиологии и реаниматологии Россий-
ской медицинской академии последипломного 
образования (РМАПО; в наст. время Российская 
медицинская академия непрерывного профес-

сионального образования, РМАНПО). С 1998 по 
2000 гг. был президентом Федерации анестезио-
логов и реаниматологов России. В 2000 г. избран 
в состав законодательной комиссии Всемирной 
федерации анестезиологов.  

В 2001 г. И. В. Молчанов назначен на долж-
ность главного специалиста Минздрава России 
по анестезиологии и реаниматологии. В этой 
должности И. В. Молчанов выступил в качестве 
одного из организаторов анестезиолого-реа-
ниматологической помощи в Российской Фе-
дерации и создателя профессионального стан-
дарта «врач — анестезиолог-реаниматолог». 

В 2017 по 2020 гг. руководил НИИ общей реа-
ниматологии им. В. А. Неговского ФНКЦ РР. В 
эти годы был создан уникальный Симуляцион-
ный центр ФНКЦ РР и лаборатория экспери-
ментальных исследований, оснащенные пере-
довым научным оборудованием. 

И. В. Молчанов исполнял обязанности вице-
президента ФАР, профессора и заведующего 
кафедрой анестезиологии и реаниматологии 
РМАНПО Минздрава России, был председателем 
подкомиссии по анестезиологии и реанимато-
логии Центральной аттестационной комиссии 
Минздрава России, председателем профильной 
комиссии по специальности «Анестезиология — 
реаниматология» Минздрава России, экспертом 
Росздравнадзора, главным редактором журнала 
«Анестезиология и реаниматология». И. В. Мол-
чановым опубликовано более 380 печатных ра-
бот, он является соавтором 9 патентов и изоб-
ретений, 6 монографий, под его руководством 
выполнено и успешно защищено 9 кандидатских 
диссертаций. 
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К юбилею 

доктора медицинских наук, 
профессора 

Геннадия Андреевича 
Бояринова

 25 августа 2026 г. исполняется 80 лет со дня 
рождения и 57 лет врачебной, научной и педа-
гогической деятельности Геннадия Андреевича 
Бояринова — заслуженного врача Российской 
Федерации, полковника медицинской службы, 
доктора медицинских наук, профессора, По-
четного члена ФАР, Нижегородского и Мордов-
ского научных обществ анестезиологов и реа-
ниматологов, Лауреата премии Нижнего Нов-
города в области медицины, действительного 
члена Российской академии медико-технических 
наук, почетного президента Азиатско-Европей-
ского союза озонотерапевтов и производителей 
медицинского оборудования. 

 Бояринов Геннадий Андреевич родился 25 ав-
густа г. 1946 г. в селе Ужово Починковского рай-
она Горьковской области. В 1969 г. окончил Горь-
ковский государственный медицинский инсти-
тут им. С. М. Кирова и начал трудовую деятель-
ность младшим научным сотрудником Горьков-
ского НИИ Травматологии и Ортопедии в отде-
ление термических поражений. В разные годы 
работал в Центральной Научно-исследователь-
ской Лаборатории Горьковского медицинского 
института, руководил кафедрами анестезиоло-
гии и реаниматологии в Нижегородской ГМА и 
Военно-медицинском институте. В настоящее 
время работает в должности профессора ка-
федры анестезиологии, реаниматологии и транс-
фузиологии Приволжского исследовательского 
медицинского университета (ПИМУ). Является 
почетным профессором ПИМУ. 

Геннадий Андреевич Бояринов — известный 
и уважаемый в России и за рубежом ученый и 
педагог в области патофизиологии, анестезио-

логии-реаниматологии и озонотерапии. Под 
его руководством выполнено 16 докторских и 
45 кандидатских диссертаций. Он автор и соавтор 
более 700 научных работ, 6 монографий, 40 изоб-
ретений и 65 рационализаторских предложений. 
Научные доклады профессора Бояринова были 
представлены на международных конгрессах 
(Германия, Польша, Англия, Франция, Япония, 
Куба, США, Украина, Грузия). 

Профессор А. Г. Бояринов — пионер россий-
ской озонотерапии. Его научные исследования 
внесли большой вклад в обоснование различных 
механизмов лечебного действия медицинского 
озона и расширили сферы его применения в 
различных областях медицины.  

Геннадий Андреевич Бояринов не только из-
вестный ученый, врач, педагог, но и отличный 
семьянин — любящий муж и заботливый отец. 
Геннадий Андреевич замечательный, отзывчи-
вый, честный и порядочный человек, которого 
любят и уважают не только в Нижнем Новго-
роде, но и далеко за его пределами.  

Друзья и товарищи, сотрудники, коллеги  
и редакция журнала «Общая реаниматология» 

сердечно поздравляют юбиляров, желают им доброго здоровья,  
активного долголетия, счастья, успехов и благополучия! 






