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COVID-19 is an infectious disease caused by 
severe acute respiratory syndrome coronavirus 
(SARS-CoV-2). The first outbreak of COVID-19 oc-
curred in late 2019, originating from Wuhan City, 
Hubei Province, People's Republic of China [1]. Ac-
cording to the World Health Organization (WHO), 
as of April 3, 2022, there have been more than 489 
million cases and more than 6 million deaths from 
COVID-19 worldwide [2]. According to the Russian 
Federal State Agency for Health and Consumer 
Rights, as of April 8, 2022, there were 17,955,120 
cases of COVID-19 in the Russian Federation [3]. 

SARS-CoV-2 virus enters the human body 
through the epithelium of the upper respiratory 
and gastrointestinal tracts, with the lungs being 
the target organ in most cases. Eighty-one percent 
of patients have mild COVID-19, 14% have severe 
COVID-19, and 5% have extremely severe (critical) 
COVID-19 [4].  

Due to the severity of the disease, approximately 
10.2% of those infected with SARS-CoV-2 coronavirus 

require intensive care unit (ICU) treatment [5]. Mor-
tality in COVID-19 depends on disease severity, co-
morbidities, and treatment, and is approximately 
49% in ICU patients [6]. 

The main reason for ICU admission is acute 
respiratory failure, which develops in 60–70% of 
ICU patients. The need for mechanical ventilation 
in different countries ranges from 29.3% (China) to 
59% (UK) and up to 89.9% (USA) [4]. 

The systemic inflammatory response con-
tributes significantly to the patient's deterioration. 
The SARS-CoV-2 enhanced immune response ap-
pears to play an important role in the pathogenesis 
and progression of COVID-19. The antiviral immune 
response is often exaggerated and characterized 
by massive release of pro- and anti-inflammatory 
cytokines [7], followed by lymphopenia and gran-
ulocyte and monocyte abnormalities [8]. Thus, the 
major pathogenetic events of the disease include 
infection, sepsis, and septic shock, leading to mul-
tiple organ failure. 
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Prognostic Value of Cystatin C as a Predictor of Adverse Outcome  
in Severe Pneumonia Associated with COVID-19 
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Summary 
Objective. To assess the cystatin C (CysC) prognostic value for probability of death in patients with severe 

and extremely severe pneumonia associated with COVID-19. 
Material and methods. A single-center prospective study included 72 patients with severe and extremely 

severe pneumonia associated with COVID-19 undergoing treatment in the ICU of multifunctional medical 
center from September 2020 to October 2021. Recovered survivors (N=55) were analyzed as a Group 1, non-
survivors (N=17) were considered as a Group 2.  

Results. The serum (s-CysC) and urine (u-CysC) CysC concentrations were significantly lower in Group 1 
patients vs Group 2, averaging 1.31 mg/l vs 1.695 mg/l (P=0.013550), and 0.25 mg/l vs 0.94 mg/l (P=0.026308), 
respectively. Significant differences were also revealed in the subgroups differed by age (P=0.0094), platelet 
count (P=0.001), serum fibrinogen concentration (P=0.016), as well as CURB (P=0.02334), CRB-65 (P=0.032564), 
and SOFA (P=0.042042) scores. Therefore, s-CysC and u-CysC were statistically significant predictors of death 
in patients with pneumonia associated with severe and extremely severe COVID-19: 16.273 (95% CI: 
2.503–105,814), P=0.003 and 1.281 (95% CI: 1.011–1.622), P=0.040, respectively. Urine and serum CysC were 
established as predictors of death in pneumonia associated with severe and extremely severe COVID-19, where 
u-CysC was defined as highly informative (ROC AUC 0.938 (95% CI: 0.867–1.000; P=0.000), with 90% sensitivity 
and specificity), and s-CysC — as informative (ROC AUC 0.863 (95%CI: 0.738–0.988; P=0.000) with 80% sensi-
tivity and 72% specificity) predictive markers. 

Conclusion. Levels of S-CysC and u-CysC are of high prognostic significance and may contribute to identi-
fying patients at a high risk of unfavorable outcome (death) due to pneumonia associated with severe and ex-
tremely severe COVID-19. Both S-CysC and u-CysC concentrations increasing up to �1.44 mg/l and �0.86 mg/l, 
respectively, were associated with high probability of death.  

Keywords: cystatin C, predictor; pneumonia; coronavirus infection; COVID-19; death; fatal outcome  
Conflict of interest. The authors declare no conflict of interest.
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The systemic inflammatory response is a uni-
versal component of critical illness, involving a cas-
cade of interactions between pro- and anti-inflam-
matory cytokines and their imbalance [9]. As the 
disease progresses, hypercytokinemia eventually 
leads to multiple organ failure and can be fatal [10]. 

Currently, when assessing the severity of the 
patient's condition and immune status, including 
the decision on further treatment, both Russian 
and international protocols recommend measuring 
the traditional well-established markers of systemic 
inflammatory response, such as procalcitonin, 
C-reactive protein, fibrinogen, ferritin, leukocyte 
count, neutrophil percentage, appearance of im-
mature leukocytes (left shift in the differential) 
and lymphocytes [11, 12]. 

Cystatin-C is a well-established marker of acute 
kidney injury (AKI) [13]. Meanwhile, AKI in COVID-19 
is one of the earliest manifestations of multiple 
organ failure [4], which determined our interest in 
assessing cystatin as a criterion for multiple organ 
failure. We did not find any publications on u-CysC 
in COVID-19 in the available literature. 

The intensity of the immune response is known 
to directly correlate with the severity of 
COVID-19  [11]. Therefore, it would be useful to 
have a readily available and reliable laboratory bio-
marker to objectively determine the prognosis of 
COVID-19 in a timely manner and to differentiate 
and/or predict clinical variants of the disease at an 
early stage, before the development of clinical man-
ifestations and organ damage, thus enabling the 
administration of the optimal treatment regimen. 

Real clinical practice shows that the organiza-
tion of medical care in COVID-19 pandemic, with 
the shortage of medical staff and beds, especially 
in the ICU, requires objective markers [1] that allow 
timely prediction of the need for ICU admission 
for intensive care and monitoring of vital functions. 

In this context, the level of CysC deserves at-
tention as a potential predictor of COVID-19 severity 
and as an indicator of the intensity of the immune 
response to coronavirus. 

The current literature shows that CysC is a re-
liable diagnostic and prognostic biomarker for 
acute kidney injury (AKI), and its level directly cor-
relates with the severity of renal damage. The more 
severe the kidney damage and the worse the 
nephron function, the higher the concentration of 
cystatin-C in blood (s-CysC) and urine (u-CysC) [14]. 
Currently, there is considerable evidence that s-
CysC levels are elevated in kidney disease and that 
s-CysC not only increases earlier than serum crea-
tinine (SCr) in AKI, but also decreases earlier than 
SCr (P�0.001) [15]. An international expert group 
(International Survey on the Management of Acute 
Kidney Injury and Continuous Renal Replacement 
Therapies) concluded in 2018 that novel biomarkers 

should be used to detect AKI in routine clinical 
practice. The most common new-generation routine 
diagnostic laboratory marker for AKI (19% of cases) 
was CysC [16]. 

The CysC polypeptide is produced at the same 
rate by all nucleated cells and 99% of it is metabolized 
by the kidneys, while the remaining CysC is excreted 
unchanged in the urine. Due to its low molecular 
weight, CysC is freely filtered through the renal 
glomerular filter with subsequent reabsorption and 
catabolism in the proximal convoluted tubule of 
the nephron without entering the systemic blood-
stream. Such kinetics allow CysC to be considered 
an almost ideal noninvasive biomarker for the as-
sessment of renal function [17]. 

Although the exact mechanisms are still un-
known, a considerable body of clinical and experi-
mental evidence has accumulated indicating the 
direct involvement of CysC in many immunological 
processes, including COVID-19. An increase in 
serum and urine CysC levels in the midst of complete 
renal «normality» has been observed [18, 19]. 

The production of CysC is regulated by different 
inflammatory processes in response to various en-
dogenous and exogenous antigens, while CysC 
affects the systemic inflammatory process by in-
ducing immune response [20]. 

We suggest that CysC is not only a reliable di-
agnostic and prognostic biomarker of AKI, but may 
also serve as a marker of the intensity of the immune 
response in COVID-19 and predict severe disease, 
allowing early adjustments in therapy, including 
early initiation of biologic therapy and steroid pulse 
treatment. 

In 1991, Collins A. R. et al. evaluated the in-
hibitory effect of recombinant human CysC on hu-
man OC43 and 229e coronaviruses in a laboratory 
experiment [21]. Both viruses were found to be 99% 
inhibited at a CysC concentration of 0.1 mM. The 
beneficial effects of CysC were attributed to its 
ability to inhibit papain-like proteases, which are 
part of the coronavirus polymerase complex. Human 
coronaviruses OC43 and 229e were also inhibited 
at moderate CysC concentrations of 1–2 µM (phys-
iological CysC levels in biological media are much 
lower, e.g. 0.5 µM in cerebrospinal fluid and 0.1 µM 
in blood serum). 

Similar results were shown by Collins A.R. et 
al. (1998), who investigated the effect of cystatin D 
(a salivary cysteine protease inhibitor) on the repli-
cation of human OC43 and 229e coronaviruses. 
After incubation of human OC43 and 229e coron-
aviruses and subsequent addition of recombinant 
cystatin D, a significant reduction in virus replication 
to IC50 of 0.8 pM (its reference range in human 
saliva is 0.12–1.9 pM) was observed for both virus 
strains. The authors concluded that cystatin D is a 
potent inhibitor of coronavirus replication [22]. 

Clinical  Studies
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There are also published studies showing an-
tiviral activity of CysC against other viruses [23], 
such as herpes simplex virus type 1 [24], human 
immunodeficiency virus [25], rotavirus [26].  

CysC has also been investigated as a promising 
antiviral drug to inhibit picornavirus replication [27]. 

Thus, CysC is a proven biochemical marker of 
AKI, but given the pathophysiological mechanisms 
of its elevation, it can be considered as a broader 
diagnostic and prognostic marker, especially in crit-
ical illness. 

Aim: To study the prognostic value of cystatin-C 
in assessing the probability of death in patients with 
severe and extremely severe pneumonia associated 
with novel coronavirus infection (COVID-19). 

Materials and Methods 
Patients with severe and extremely severe 

pneumonia associated with COVID-19, treated in 
the ICU of the Multidisciplinary Medical Center of 
the 1586 Military Clinical Hospital of the Ministry 
of Defense of Russia from September 2020 to October 
2021, were included in this single-center prospective 
study. 

Inclusion criteria: 
— age 18 to 80 years; 
— diagnosis of COVID-19 confirmed by de-

tection of specific nucleic acids in nasopharyngeal 
swabs by polymerase chain reaction and/or anti-
bodies in blood by enzyme-linked immunosorbent 
assay; as well as typical clinical and laboratory man-
ifestations, lung damage confirmed by computed 
tomography; 

— severe pneumonia evidenced by at least 
one of the following: dyspnea (respiratory rate 
�30/min), SpO₂�93%, oxygenation index �300 mm 
Hg, agitation, decreased consciousness, hemody-
namic instability (systolic blood pressure less than 
90 mm Hg and/or diastolic blood pressure less than 
60 mm Hg), oligo- or anuria, computed tomography 
pattern typical of severe lung injury (CT grade 3–4, 
i.e, �50% lung volume involvement according to 
the semiquantitative scale used in Russia), arterial 
lactate �2 mmol/l, 2 or more points on the qSOFA 
scale, acute respiratory distress syndrome, respiratory 
failure requiring respiratory support, including high-
flow oxygen therapy and noninvasive ventilation, 
septic shock, multiple organ failure. 

Exclusion criteria: 
— underlying renal and urinary tract diseases, 

other acute infectious and internal diseases, ma-
lignant neoplasms, including multiple myeloma, 
hyper- or hypothyroidism; 

— history of cardiac, aortic, or great vessel 
surgery. 

All patients received standard comprehensive 
intensive care according to the current provisional 
guidelines for the prevention, diagnosis and treat-

ment of novel coronavirus infections (COVID-19). 
Patients were divided into two groups based 

on clinical outcome:  
— group 1 (survivors), 55 patients; 
— group 2 (non-survivors), 17 patients. 
The clinical, laboratory, and instrumental char-

acteristics of the patients are shown in Table 1. 
The study was approved by the local ethics 

committee of the Haas Moscow Medical and Social 
Institute and was conducted in accordance with 
the current legislation of the Russian Federation 
and the ethical principles adopted by the World 
Medical Association (Declaration of Helsinki). 

Laboratory tests. All instrumental and labo-
ratory tests were performed at the 1586 Military 
Hospital according to existing standards and pro-
tocols, and the results were documented and eval-
uated retrospectively from the time of patient ad-
mission to the ICU until transfer to the infectious 
disease unit. Venous blood and urine samples 
were collected simultaneously on the first day of 
ICU admission and sent to the laboratory within 
10–20 minutes. 

The concentration of s-CysC and u-CysC was 
determined by the immunoturbidimetric method 
on an automated biochemical analyzer AU 480 from 
Beckman Coulter, Inc., USA, using reagents from 
DiaSys Diagnostic Systems GmbH, Germany. 

In planning the study, a sample size corre-
sponding to a power of 90% with an error of less 
than 0.05 was considered optimal [28]. The mini-
mum power for a significance level of �0.05 was 
44 subjects [29]. The calculation was performed 
to one of the endpoints, death/recovery. The sample 
size was 72 patients (17 died, 55 recovered), which, 
according to the results of the analysis using 
XLSTAT software, was characterized by a multi-
variate Cox regression power of 1.0 with an ac-
ceptable first-level error of less than 0.05. The size 
of the effect was calculated using Cohen's formula 
d=(X1–X2)��������������� [30]. The magnitude of 
effect for s-CysC was 0.589 (mean effect size) and 
for u-CysC was 0.761 (mean effect size). 

Statistical analysis of the material was per-
formed using Excel 2013 of Microsoft Office 2013 
(Microsoft, USA) and SPSS Statistics (IBM, USA) 
package. Statistical significance of differences be-
tween groups was determined using the non-
parametric Mann–Whitney U test. Multivariate 
Cox regression was used to determine the associ-
ation between s-CysC, u-CysC and adverse out-
come (death). The optimal threshold for predicting 
death with sensitivity and specificity was deter-
mined using the ROC curve. Quantitative data 
were presented as median (Me) and interquartile 
range (25%; 75%). Differences were considered 
significant at P�0.05. 

 

(SD12–SD22)�2
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Results 

SARS-CoV-2 virus was identified by polymerase 
chain reaction in 47 patients. The pattern of anti-
bodies to SARS-CoV-2 virus in blood serum was as 
follows: IgM positive in 34 patients, negative in 
11 patients; IgG positive in 23 patients, negative in 
19 patients. The mean time of admission after the 
onset of illness was 7.6±4.45 days, and the ICU stay 
was 9.46±4.2 days. Mortality was 23.6% (N=17), the 
main causes of death were acute respiratory failure 
(10), multiple organ failure (3), heart failure (1). 

A significant difference in CysC concentrations 
was observed between survivors and non-survivors. 

The s-CysC level was 1.31 (1.04;1.61) mg/mL 
in group 1 and 1.695 (1.3;2.02) mg/mL in group 2 

(P=0.013550). The u-CysC level was 0.25 (0.17; 
0.46) mg/L in group 1 and 0.94 (0.35; 7.21) mg/L in 
group 2 (P=0.026308). 

The mean age of the surviving patients was 
lower than that of the non-surviving patients 
(P=0.0094). Platelet count (P=0.001) and fibrinogen 
level (P=0.016) were also significantly different. 

There were intergroup differences in CURB 
(P=0.02334), CRB-65 (P=0.032564), and SOFA 
(P=0.042042) scores.  

According to the results of multivariate Cox 
regression analysis (Table 2), s-CysC 16.273  
(95% CI, 2.503–105.814, P=0.003) and u-CysC 1.281 
(95% CI, 1.011–1.622, P=0.040) were significant pre-
dictors of fatal outcome. 

№       Parameter                                                           Values of parameters in groups (Ме (Q1; Q3))                 Mann–Whitney                  P 
                                                                                       Total, N=72                 Group 1, N=55         Group 2, N=17                     U-test                               
1         Age, years                                                   48 (43; 55)                    47.5 (42; 51)                55 (52; 80)         U=90; Z=–2.59232595    0.009466 
2          Men/women, N                                               72                                  46/14                             6/6                                   —                              — 
3         Time of admission to the hospital      7 (5; 10)                          7 (5; 11)                        7 (5; 8)                U=130; Z=1.60968        0.107470 
           from the onset of the disease,   
           days                                                                         
4          Time of admission to the ICU             10 (7; 12)                         9 (7; 11)                     10 (8; 12)            U=192; Z=–0.06242        0.95022 
           from the onset of the disease, days               
5          Duration of treatment                             6 (4; 10)                          6 (4; 10)                      8 (6; 13)             U=159; Z=–0.88422        0.37658 
           in the ICU, days                                                  
6–14  Severity of disease according to scales, points 
6         NEWS                                                              7 (7; 8)                             7 (7; 8)                         7 (7; 8)              U=165; Z=–0.77392        0.43898 
7         CRB-65                                                           1 (0; 1)                             0 (0; 1)                         1 (1; 1)              U=116; Z=–2.13742      0.032564 
8          CURB                                                              1 (0; 1)                             1 (0; 1)                         1 (1; 2)             U=110.5; Z=–2.26781    0.023340 
9          SMRT-CO                                                       4 (3; 4)                             4 (3; 4)                         4 (4; 4)              U=155; Z=–1.18055        0.23778 
10       SMSRT-COP                                                  4 (3; 4)                             4 (3; 4)                         4 (4; 4)              U=151; Z=–1.27735        0.20147 
11       PORT(PSI)                                                   15 (0; 30)                        15 (0; 30)                     0 (0; 40)             U=89.5; Z=–0.35807      0.720280 
12       SOFA                                                                2 (2; 3)                           2 (1.5; 3)                       3 (2; 3)              U=117; Z=–2.03311      0.042042 
13       qSOFA                                                             1 (1; 1)                             1 (1; 1)                         1 (1; 1)              U=171.5; Z=1.20176       0.22946 
14       APACHE II                                                     5 (4; 7)                             5 (4; 7)                         5 (4; 6)             U=194.5; Z=0.012567      0.98997 
15       CT score of lung involvement               4 (3; 4)                             4 (3; 4)                         4 (3; 4)             U=142.5; Z=0.625257     0.531803 
           (semi-quantitative assessment)  
            on admission to the ICU                                   
16       Hemoglobin, g/l                                   140 (133; 149)               140 (133; 149)           140 (128; 154)    U=162.5; Z=–0.794389    0.426969 
17       Red blood cells, 1012/L                     4.81 (4.54; 5.05)           4.81 (4.50; 5.05)        4.6 (4.56; 5.05)       U=184; Z=–0.26050       0.794473 
18       White blood cells, 109/L                     9.1 (7.4; 13.6)                9.2 (7.8; 13.8)              8 (6; 10.15)          U=129.5; Z=1.61261       0.10683 
19       Lymphocytes, %                                         9 (5; 15)                         11 (4; 16)                      6 (5; 9)                U=145; Z=1.23033         0.21857 
20       Platelets, 109/L                                      226 (196; 296)             268 (207.8; 303)         181 (138; 202)        U=65.5; Z=3.20042        0.00137 
21       Total protein, g/L                                    65 (62; 71)                      66 (62; 72)                  64 (62; 66)        U=152; Z=1.05607483     0.29093 
22       Urea, mmol/L                                           6.3 (5; 7.5)                    5.8 (4.8; 7.5)              6.7 (6.4; 7.9)      U=147; Z=–1.17902195    0.23839 
23       Creatinine, µmol/L                                 89 (79; 97)                      88 (77; 96)                  94 (83; 99)        U=137.5; Z=–1.414835    0.157120 
24       Cystatin C in blood, mg/L              1.32 (1.08; 1.63)           1.31 (1.04; 1.61)       1.695 (1.3; 2.02)       U=95; Z=–2.46879       0.013550 
25       Cystatin C in urine, mg/L               0.28 (0.17; 0.51)           0.25 (0.17; 0.46)       0.94 (0.35; 7.21)      U=105; Z=–2.22164      0.026308 
26       CRP, mg/L                                            96.9 (30.8; 145.2)        101.6 (41.3; 146.6)    89.4 (13.3; 126.7)    U=156; Z=–0.95507       0.339544 
27       Fibrinogen, g/L                                     4.3 (3.4; 6.84)                  4.76 (3.5; 8)            3.79 (3.3; 4.08)       U=98.5; Z=2.39513       0.016615 
28       Ferritin, µg/L                                   684.5 (529.7; 712.7)      671 (422.5; 720.7)  681.7 (579.5; 689.2)   U=94; Z=0.387332        0.698510 
29       Procalcitonin, ng/mL                          0.5 (0.5; 0.5)                  0.5 (0.5; 0.5)              0.5 (0.5; 0.5)              U=162; Z=0.00           1.000000 
30       D-dimer, mg/L                                    0.46 (0.28; 0.83)           0.46 (0.28; 0.83)       0.43 (0.19; 0.95)       U=189; Z=0.13664         0.89130 

Table 1. Clinical, laboratory and instrumental characteristics of patients.

Note. Q — quartile; CRP — С-reactive protein.

Selected parameters                                     B                     SE              p-value          Exp (B)                                                    95% CI 
                                                                                                                                                                                              Lower limit                         Upper limit 
s-CysC, mg/l                                               2.789             0.955             0.003            16.273                            2.503                                  105.814 
u-CysC, mg/l                                               0.247             0.121             0.040              1.281                             1.011                                    1.622 

Table 2. Multivariate regression analysis (Cox) of predictors of death.

Note. Values measured during the first 24 hours after ICU admission. B — coefficient; SE — standard error; Exp (B) — odds ratio 
(the predicted change in odds for a unit increase in the predictor).
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Using ROC analysis, we identified u-CysC as 
the most significant predictor of death with 90% 
sensitivity and 90% specificity (P=0.000) (Table 3, 
Fig.), indicating excellent model quality. For s-CysC, 
the sensitivity was 80% and the specificity was 72% 
(P=0.000) (Table 3, Figure), corresponding to a good 
predictive ability for adverse outcomes. 

Discussion 
The search for promising and advanced labo-

ratory markers that can objectively assess the severity 
of COVID-19 patients and predict possible poor 
(fatal) outcomes is ongoing. In our opinion, both s-
CysC and u-CysC deserve attention as indicators of 
systemic inflammation and COVID severity, in ad-
dition to their well-established role as reliable bio-
markers of renal injury. 

The significant increase in s-CysC and u-CysC 
levels in the group of non-survivors is probably asso-
ciated with a more severe systemic inflammation and 
an increase in their production by nucleated cells. 

However, a partial or, in some cases, complete 
dysfunction of the tubular system that interferes 
with the tubular reabsorption of CysC in the kidneys 
cannot yet be excluded. 

The lack of intergroup differences in the levels 
of such a common marker of systemic inflammation 
as C-reactive protein (CRP) may be partially explained 
by the use of biological and steroid therapy prior to 
ICU admission in 57.14% (N=28) of cases. 

Similar results were reported by authors from 
China (Li Y. et al., Wuhan, China, 2020), citing data 
from a single-center retrospective study of the prog-
nostic value of s-CysC in patients with severe 
COVID-19 [31]. Adult patients without renal co-
morbidities (N=101) were evaluated and divided 
into two groups, including survivors (N=64) and 
non-survivors (N=37). The s-CysC was found to be 
an independent risk factor for death in severe 
COVID-19 patients (odds ratio=1.812, 95% CI: 
1.300–2.527; P�0.001). s-CysC had an area under 
the AUC curve of 0.755 for predicting death (sensi-
tivity 86.5%, specificity 56.2%). The authors con-
cluded that patients with s-CysC of 0.80 mg/L or 
higher had a greater risk of death. 

This is consistent with data from a meta-
analysis by Zinellu A. et al. (2021) that included  
13 studies (N=2.510) comparing s-CysC concentra-
tions in patients with COVID-19. The authors con-
cluded that the severity of COVID-19 and mortality 
increased with increasing s-CysC [32]. 

A retrospective cohort study by Chen D. et 
al. (2020) evaluated the relationship between 
s-CysC levels and the severity of COVID-19 in  
481 patients [33]. The highest s-CysC level was in-
dependently associated with the most severe man-
ifestations of systemic inflammation, multiple or-
gan failure and adverse outcome (P�0.05). Similarly, 
APACHE II and SOFA scores increased with in-
creasing s-CysC (P�0.05). Notably, high s-CysC 
levels correlated significantly with increased lactate, 
CRP, procalcitonin, high neutrophil/lymphocyte 
ratio, and leukocytosis (P�0.05) and decreased 
oxygenation index (P�0.05). In conclusion, the 
investigators recommended regular monitoring 
of s-CysC in patients with COVID-19 to predict 
the severity of COVID-19. 

The results of the study by Ouyang S.-M. et 
al. (2020) support the idea that increased s-CysC is 
associated with the risk of death and COVID-19 
progression (P�0.05) [34]. 

Similarly, Wang J. et al. (2020) showed that 
severe COVID-19 is associated with increased s-CysC 
and hemoglobin and decreased blood oxygen sat-
uration [35]. 

Similar results were reported by Chen S. et al. 
(2021), who showed that s-CysC increases earlier 

Selected parameters                                AUC of the   P-value                          95% CI                      Cut-off value  Sensitivity, %    Specificity, % 
                                                                            ROC-curve                          Lower limit     Upper limit 
s-CysC, mg/l                                                    0.863            0.000              0.738                  0.988                 1.44                        80                        72 
u-CysC, mg/l                                                   0.938            0.000              0.867                  1.000                 0.86                        90                        90 

Table 3. ROC analysis of the significance of predictors of death.

Note. Values measured during the first 24 h of admission to the ICU.

AUC ROC value of s-CysC and u-CysC to predict poor outcome 
(death).



9w 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 3 ,  1 9 ;  3

Clinical  Studies

than SCr in patients with impaired renal function 
in COVID-19 and is also more valuable in predicting 
disease severity [36]. 

Another recent study by Yang Z. et al. (2021) 
demonstrated that an increase in s-CysC may be as-
sociated with an increase in infiltration area on lung 
computed tomography within 6±1 to 24 hours [37]. 

Thus, the above studies suggest that an increase 
in s-CysC precedes the progression of pulmonary 
infiltration and the development of AKI. The level 
of s-CysC was also found to be significantly higher 
in the non-survivors than in the survivors. 

Conclusion 
The study of s-CysC and u-CysC level changes 

during COVID-19 is a promising trend that will 

allow to optimize the therapy of pneumonia asso-
ciated with severe and extremely severe COVID-19, 
while high levels of s-CysC (more than 1.44 mg/L) 
and u-CysC (more than 0.86 mg/L) are reliable pre-
dictors of death.  

An increase in s-CysC concentration to 
1.44 mg/L and more and u-CysC concentration to 
0.86 mg/L and more is associated with a high risk 
of death, therefore their increase in pneumonia as-
sociated with severe and extremely severe COVID-19 
should be considered life-threatening and requires 
early use of life-saving medicinal and other critical 
care options. 
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Introduction 
Diabetic ketoacidosis (DKA) is a serious com-

plication of uncontrolled diabetes mellitus (DM) 
that requires urgent medical intervention.  

The total number of patients with diabetes 
mellitus in the Russian Federation as of January 1, 
2019 was 4,584,575 (3.12% of the Russian popula-
tion), including 5.6% (256,200) of type 1 diabetes, 
92.4% (4.24 million) of type 2 diabetes, and 2% of 
other types of diabetes. Worldwide, 3–4% of the 
adult population has diabetes mellitus, 95% of 
them type 2 DM. It is predicted that its prevalence 
could reach 552 million people by 2030. The preva-

lence of DKA is 46 cases per year per 10,000 people 
with diabetes. The predominant age of onset is 
less than 30 years [1]. The differences in the risk of 
DKA in different types of diabetes can be seen in 
the prevalence of ketoacidotic coma in Russia, 
which is 1.25% in type 1 DM, while in type 2 
diabetes it is 0.05% [2].  

DKA is characterized by a clinical and laboratory 
triad of hyperglycemia, ketonemia, and metabolic 
acidosis with increased anion gap [3]. Ketones are 
formed from β-hydroxylated fatty acids during 
fasting or insulin deficiency. They include acetate, 
acetoacetic acid, and beta-hydroxybutyrate, which 
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Summary 
The most common agent used for infusion therapy in patients with diabetic ketoacidosis (DKA) is isotonic 

0.9% sodium chloride solution. However, infusion of required volumes can result in development of iatrogenic 
complications — i. e., worsening of metabolic hyperchloremic acidosis in DKA patients with already altered 
acid-base balance. Balanced crystalloid solutions can be used as alternative to saline. 

Objective. To evaluate the feasibility of using meglumine sodium succinate (MSS) balanced crystalloid so-
lution in DKA. 

Material and methods. We examined 2 groups of patients, 30 subjects each, with moderate and severe di-
abetic ketoacidosis admitted to anesthesiology and intensive care unit. Patients from both groups were ad-
ministered with insulin and an infusion therapy was employed according to current clinical guidelines for the 
management of patients with complications of diabetes mellitus. In the comparison group, infusion therapy 
included 0.9% sodium chloride, 4% potassium chloride, and 5% dextrose. In the study group MSS intravenous 
drip infusions 10 ml/kg/daily were added to the infusion protocol. Volumes and infusion rates were comparable 
in both groups. The following indicators were evaluated: time to resolution and DKA resolution rates during 
thorough monitoring (first 48 hours of therapy), the time (in hours) before discontinuation of insulin infusion; 
the time to complete consciousness recovery (15 items on the Glasgow Coma scale); the duration (in hours) of 
stay in the intensive care unit (ICU), dynamics of blood electrolytes; parameters of acid-base balance; levels 
of glycemia and lactatemia. 

Results. All patients improved and were transferred from ICU, the mortality rate was 0%. Infusion of MSS 
shortened the time to DKA resolution (30.0 h [24.0 h; 36.0 h] in the study group, vs 44.5 h [36.5 h; 51.5 h] in 
the comparison group (P=0.001)); DKA resolution rates during 48 hours from initiation of therapy achieved 
90.0% (27) in the study group, vs 66.7% (20) in the comparison group (P=0.060)); duration of intravenous 
insulin infusion was 32.0 h [24.5 h; 40.0 h] in the study group vs 48.0 h [40.0 h; 55.5 h] in the comparison 
group (P=0.001)); duration of ICU stay was 41.0 h [30.0 h; 48.0 h] in the study group, vs 56.0 h [50.0 h; 66.3 h] 
in the comparison group (P=0.001). 

Conclusion. Infusion of a balanced succinate-containing crystalloid solution improves the results of DKA 
treatment, as compared to traditional infusion of 0.9% sodium chloride. 

Keywords: meglumine sodium succinate; diabetic ketoacidosis; diabetes mellitus; infusion therapy; aci-
dosis; crystalloid solution; Reamberin 
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act as strong ions. In patients with DKA, acidosis is 
caused by increased ketones and lactate due to 
tissue hypoperfusion. Due to hyperglycemia-induced 
increased urine output, dehydration is common in 
DKA patients [4]. 

In this context, the primary therapeutic inter-
vention, which precedes the correction of insulin 
deficiency, is fluid therapy. Its strategy is still under 
discussion. The use of isotonic crystalloid solutions 
for the treatment of DKA is a generally accepted 
principle. Current recommendations for fluid therapy 
in DKA include isotonic 0.9% sodium chloride with 
possible addition of potassium chloride [1, 5–7]. 

However, the use of unbalanced solutions can 
lead to hyperchloremia and aggravate the pre-
existing acidosis, promoting disorders of coagulation, 
cardiac, immune and renal function (due to renal 
arteriolar narrowing), provoking oliguria and delayed 
control of acidosis [4, 7–9, 11]. Preference should 
be given to balanced polyionic solutions [12]. 

Since meglumine sodium succinate (Ream-
berin®) has an electrolyte composition close to 
plasma electrolyte composition and contains suc-
cinate as an alkaline reserve, the inclusion of Ream-
berin® in the treatment is thought to lead to a 
more rapid resolution of DKA due to the correction 
of hypoxia associated with most urgent conditions 
[7, 9, 13]. However, the use of balanced crystalloids 
in the treatment of DKA is associated with the risk 
of alkalosis and hyperkalemia, which requires a 
detailed study of this problem. 

The aim of our study was to provide a rationale 
for the use of a balanced crystalloid solution con-
taining meglumine sodium succinate (Reamberin®) 
in DKA. 

Materials and Methods 
A noninterventional prospective study was 

performed. A total of 60 patients (32 male, 28 
female), aged 18 to 75 years, admitted to the emer-
gency department of the Russian Railway Clinical 
Hospital (Barnaul, Russia) with DM complicated 
by DKA were enrolled. Diabetes mellitus type 1 was 
diagnosed in 34 patients and diabetes mellitus type 
2 in 26 patients. On admission, 32 patients had 
moderate DKA, while 28 patients were diagnosed 
with severe DKA according to the classification of 
Dedov et al. (2021) [5]. 

Depending on the type of fluid therapy, pa-
tients were divided into 2 groups of 30 patients 
each. Randomization was performed using the 
envelope method. Subdivision of patients into 
subgroups according to the type of DM was con-
sidered inappropriate because of the small number 
of patients. Patients in group 1 received fluid 
therapy according to the algorithm described in 
the clinical guidelines [5]. Sodium chloride 0.9% 
with potassium chloride added if necessary was 
used. In the second group, the basic fluid therapy 
was partially replaced by Reamberin® balanced 
solution 10 ml/kg per day until the ketoacidosis 
was resolved. When the plasma glucose concen-
tration reached 14 mmol/l (usually by the end of 
the second day), rehydration was continued with 
oral fluids and 150–200 ml of 5% dextrose, de-
pending on the actual need [1, 5, 6].  

The time of initiation of fluid therapy, its rate 
and daily volume were comparable in both groups 
(Table 1). 

Fluid therapy was started immediately after 
the patient was admitted to the ICU. After 2 hours, 
insulin was administered as follows: an initial dose 
of rapid-acting insulin 0.1 IU/kg real body weight 
by bolus injection through an infusion device after 
the initial infusion load. The rate of intravenous in-
sulin administration was adjusted according to the 
rate of reduction of hyperglycemia and averaged 3 
mmol/l/h (no more than 4 mmol/l/h) [1, 5]. 

Inclusion criteria were age 18 to 75 years in-
clusive; documented diabetes mellitus; diagnostic 
criteria for ketoacidosis such as plasma glucose 
level �13 mmol/L, hyperketonemia (�5 mmol/L), 
ketonuria (�++), metabolic acidosis (pH �7.3); clin-
ical, functional and laboratory signs of dehydration.  

Exclusion criteria were hypersensitivity to com-
ponents of Reamberin; conditions requiring ad-
ministration of sodium bicarbonate solution; absence 
of clinical and laboratory criteria for DKA; urgent 
diseases of other organs and systems requiring spe-
cific drug therapy or surgical intervention. 

The clinical assessment of the patient's status 
and the need for rehydration was based on the vol-
ume status according to the results of the PLR test. 
A 15% increase in the cardiac index (CI) when the 
patient's legs were elevated, registered by hemody-
namic monitoring, and its return to the baseline 
level when the legs were lowered, indicated «re-

Clinical  Studies

Stages                                                                      Total volume (composition) of infusion in groups. mL                                                          P 
                                                                                    Control                                                                                Reamberin                                                        
During the first 2 hours                         1413.78±179.18                                                                  1500.8±191.4                                             0.094 
                                                                   (KCl 4%; NaCl 0.9%)                                          (Reamberin; KCl 4%; NaCl 0.9%)                                
Day 1                                                             4523.7±313.64                                                                4802.56±321.31                                           0.056 
                                                                   (KCl 4%; NaCl 0.9%)                                          (Reamberin; KCl 4%; NaCl 0.9%)                                
Day 2                                                            2544.48±199.96                                                               2701.44±213.88                                           0.062  
                                                     (KCl 4%; NaCl 0.9%; Dextrose 5%)             (Reamberin; KCl 4%; NaCl 0.9%; Декстроза 5%)

Table 1. The characteristics of the fluid therapy (М±SE).
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sponder» status (all participants were found to have 
this), which provided a rationale for planned rehy-
dration therapy. 

To assess central hemodynamics, including 
the PLR test, tetrapolar rheovasography was per-
formed with the KM-AR-01 DIAMANT cardio-res-
piratory and tissue hydration monitor. The following 
parameters were measured: 

— heart rate (HR) 
— cardiac index (CI) 
— peripheral vascular resistance index (PVRI) 
— stroke index (SI) 
— extracellular fluid volume (EFV) 
— intracellular fluid volume (IFV). 
20 healthy subjects were studied as a control 

group while central hemodynamic parameters were 
assessed.  

Non-invasive blood pressure (NIBP), electro-
cardiogram, SpO₂, respiratory rate (RR), body tem-
perature, urine output rate were monitored in the 
intensive care unit, fluid balance was controlled by 
assessment of administered and excreted fluid. 

DKA severity, acid-base status, plasma ion 
levels, and laboratory criteria for organ and system 
function were determined at the following intervals  

Rapid glycemic test: hourly until plasma glucose 
(PG) dropped to 13 mmol/L, then, if stable, every 3 
hours. Material was capillary blood tested on Biosen 
C-Line Clinic/GP+.  

Urine or plasma analysis for ketone bodies: 
twice daily for the first 2 days, then once daily on 
the URILIT-150 device. 

Plasma Na+ and K+: baseline, then at least twice 
daily. Venous blood was tested on the EasyLite Cal-
cium Na/K/Ka/pH meter. 

Clinical chemistry (urea, creatinine, lactate): 
baseline, then once daily. Venous blood was tested 
on Thermo Scientific Indiko Plus. 

Blood gases and pH (venous blood): once every 
6 hours until resolution of DKA, then once or twice 
daily until ABB normalized. Mixed venous blood 
was collected from the central venous catheter near 
the right atrium and tested using the Abbott i-Stat 
CG4+Cartridge test system. 

The following efficacy endpoints were assessed: 
A. Primary efficacy endpoints included: 
1) Rate of resolution of DKA during follow-up 

(within the first 48 hours of therapy). 
2) Time (in hours) from initiation of therapy 

to resolution of DKA. DKA resolution criteria included 
plasma glucose �11.1 mmol/L and two of the fol-
lowing: plasma bicarbonate �18 mmol/L, venous 
blood pH�7.3, or strong ion gap �12 mmol/L. 

3) Time (in hours) to discontinuation of insulin 
infusion. 

4) Time to full recovery of consciousness  
(15 points on the GCS). 

5) Length of stay in the ICU (in hours). 
6) Mortality in the ICU. 

B. Secondary efficacy endpoints were: 
1) Changes in blood electrolytes 
2) Changes in acid-base parameters 
3) Changes in blood glucose and lactate. 
Various statistical methods were employed de-

pending on the distribution type of variables and 
the aim of the study [14, 15].  

We used skewness and kurtosis parameters, 
which characterized the shape of the distribution 
curve, to estimate the distribution type of variables. 
Continuous variables with normal distribution were 
reported as M±SE, where M is the sample mean 
and SE is the standard error of the mean. For 
variables with non-normal distribution, medians 
with first and third quartiles were reported. The 
qualitative variables were reported as observed fre-
quencies and percentages. 

In cases of normal distribution and equality 
of variance, Student's t-test was used to compare 
means. Equality of variance was assessed using 
Fisher's F criterion. In the case of non-normal dis-
tribution and inequality of dispersion, the 
Mann–Whitney non-parametric U-criterion was 
used. 

Pearson's χ2 criterion for four-way contingency 
tables was used to compare qualitative variables. 
For small frequencies (5 to 10), Yates' correction for 
continuity was used. For frequencies less than 5, 
Fisher's exact method for four-way contingency ta-
bles was used. 

Differences were considered significant at 
P�0.05, where p is the probability of first-order 
error in testing the null hypothesis. In all cases, 
two-tailed versions of the criteria were used.  

Data were processed and visualized using Sta-
tistica 12.0 (StatSoft) and Microsoft Office Excel 2017. 

Results 
The baseline characteristics of the patients in 

the study groups are shown in Table 2. 
The baseline status of the patients in the two 

groups was not comparable in several parameters 
(age, body mass index (BMI)), baseline glycated 
hemoglobin, glucose and urea levels, which was 
related to the variability of the clinical course of 
DM and a relatively small sample of patients. How-
ever, it is noteworthy that blood glucose, glycated 
hemoglobin, and urea levels were higher in patients 
in the Reamberin group than in the control group. 

Central hemodynamic and fluid compartment 
parameters were identical between participants 
and healthy controls. CBV and extracellular fluid 
compartment were significantly lower by 18.9% 
(P=0.001) in the patients than in the control group 
on admission. Intracellular fluid compartment was 
also lower by 1.9% (P=0.001) and SI was lower by 
40.5% (P=0.001). CI values in the patient and healthy 
control samples did not differ (Table 3), and their 
maintenance within normal limits in the presence 
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of reduced stroke volume was achieved by significant 
tachycardia. 

The above results (Table 4) demonstrate the 
reversal of hemodynamic disturbances caused by 
fluid therapy.  

The treatment efficiency outcomes are shown 
in Table 5. The data show that the duration of DKA, 
insulin infusion and ICU treatment was significantly 
shorter in the Reamberin group than in the control 
group (P=0.001). 

Parameter                                                                                                                                       Values in groups                                                        Р 
                                                                                                                                        Control, N=30                Reamberin, N=30                              
Age, years                                                                                                               36.67±3.29                          49.37±3.09                              0.007 
BMI, kg/m2                                                                                                            24.27±0.90                          28.30±1.25                              0.011 
Diabetes mellitus (percentage of type 1 DM)                                           70.0% (21)                           43.3% (13)                               0.068 
HbA1c, %                                                                                                         9.70 [8.27; 10.70]            11.18 [10.16; 12.24]                      0.025 
DM manifestation as the cause of DKA                                                         6.7% (2)                              10.0% (3)                                0.999 
Disease/surgery/trauma as the cause of DKA                                          43.3% (13)                           46.7% (14)                               0.795 
Patient non-compliance as the cause of DKA                                          50.0% (15)                           43.3% (13)                               0.605 
DKA severity                                                                                                                    

Glucose, mmol/L                                                                                21.74 [19.11; 26.90]          28.82 [21.36; 32.69]                      0.028 
рН                                                                                                                      7.21±0.02                            7.22±0.02                                0.755 
Bicarbonate, mmol/L                                                                                11.99±1.37                          12.88±1.19                              0.623 
Anion gap, mEq/L                                                                                       21.70±1.41                          21.84±1.33                              0.945 
Glasgow scale, points                                                                        15.00 [15.00; 15.00]          15.00 [13.25; 15.00]                      0.844 
Severe DKA (percentage)                                                                          53.3% (16)                           40.0% (12)                               0.301 

Other parameters prior to treatment initiation                                                  
Na, mmol/L                                                                                                  132.61±0.95                        132.56±1.36                             0.976 
Cl, mmol/L                                                                                                    98.96±0.92                          97.83±0.98                              0.406 
К, mmol/L                                                                                                      4.17±0.17                            3.98±0.22                                0.489 
Lactate, mmol/L                                                                                     2.86 [2.00; 3.94]                 3.01 [2.06; 4.56]                          0.291 
Urea, mmol/L                                                                                                9.93±0.89                           13.95±1.47                              0.024 
Creatinine, μmol/L                                                                              112.5 [95.4; 128.5]            116.7 [86.4; 138.3]                       0.247 

Table 2. Baseline patient characteristics (М±SE, Ме [Q1; Q3] or % (N)).

Parameter                                                                                                                                      Values in samples                                                      P 
                                                                                                                                       Patients, N=60         Healthy controls, N=20                        
Heart rate, bpm                                                                                                     113.9±1.9                               67±4.1                                   0.001 
Stroke index, mL/m2                                                                                            22.5±1.5                               37.8±3.3                                 0.001 
Cardiac index, L/min/m2                                                                                     2.6±0.2                                 2.5±0.3                                   0.07 
Systemic vascular resistance index, dyn×s×cm-5/m2                           2332.6±196.8                     3000.2±403.4                            0.001 
Urine output rate, mL/kg/h                                                                             0.32±0.09                            1.04±0.13                                 0.04 
Extracellular fluid, %                                                                                            81.1±2.6                              100.2±0.6                               0.001 
Intracellular fluid, %                                                                                            98.1±1.0                               100±0.1                                 0.001 
Circulating blood volume, %                                                                            81.1±2.6                              100.2±0.6                               0.001 

Table 3. Baseline hemodynamic parameters in the studied patients and healthy controls, M±SE.

Parameter                                                                                                                  Values during fluid therapy                                                    P 
                                                                                                                   Prior to initiation                    Two hours after initiation                     
Heart rate, bpm                                                                                     113.9±1.9                                             91.4±8.3                                0.001 
Stroke index, mL/m2                                                                             22.5±1.5                                               31.7±3.6                                0.001 
Cardiac index, L/min/m2                                                                     2.6±0.2                                                 2.8±0.3                                   0.22 
Systemic vascular resistance index, dyn×s×cm-5/m2           2332.6±196.8                                     2539.6±473.1                            0.491 
Urine output rate, mL/kg/h                                                              0.32±0.09                                            0.71±0.18                                0.05 

Table 4. Changes in central hemodynamic parameters in the general patient population during treatment (N=60, 
M±SE).

Parameters of severity and outcome                                                                               Values in groups                                                        P 
                                                                                                                                        Control, N=30                Reamberin, N=30                              
Duration of DKA, hours                                                                               44.5 [36.5; 51.5]                 30.0 [24.0; 36.0]                         0.001 
Resolution of DKA within 48 hours, percentage                                      66.7% (20)                           90.0% (27)                               0.060 
Duration of insulin infusion, h                                                                  48.0 [40.0; 55.5]                 32.0 [24.5; 40.0]                         0.001 
Time to complete recovery of consciousness, h                                     0.0 [0.0; 0.0]                        0.0 [0.0; 4.0]                             0.627 
ICU treatment time, h                                                                                  56.0 [50.0; 66.3]                 41.0 [30.0; 48.0]                         0.001 
Mortality rate in the ICU, %                                                                                      0                                             0                                           — 

Table 5. Treatment outcomes by study group (Me [Q1; Q3] or % (N)).
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The changes in blood acid-base status in the 
groups of patients studied are shown in Table 6. 

The addition of Reamberin to the infusion 
therapy protocol improved the basic parameters of 
acid-base balance intrinsic to ketoacidosis. 

The changes in plasma electrolytes in two 
groups of patients are summarized in Table 7. 

The urea level on day 1 and 2 was higher in 
the Reamberin group than in the controls. No sig-
nificant differences between the two groups of pa-
tients in plasma electrolytes were found. 

Discussion 
According to current critical care guidelines 

for diabetic acidosis, the primary goal is to correct 
water and electrolyte disturbances. Dehydration is 
controlled by increasing the volume of extracellular 
fluid through intravenous infusion of crystalloid 
solutions. CBV replenishment helps stabilize the 
cardiovascular system, increases tissue sensitivity 
to insulin by reducing plasma osmolality, improving 
tissue perfusion, as well as decreasing the production 
of insulin antagonists [6, 16], which explains the 
feasibility of administering crystalloid solutions 
first, followed by insulin. This is accompanied by a 
more manageable fall in a blood glucose level in 

response to insulin administration compared to its 
use in severe dehydration. 

CBV is replenished in patients who respond 
to infusion therapy, as determined by the PLR test. 
A good response, indicated by a 15% increase in 
cardiac index after leg elevation and its return to 
baseline after leg lowering, suggests dehydration 
and a likely positive response to fluid therapy. 

The fluid deficit in patients with diabetic ke-
toacidosis is 50–100 ml/kg real body weight and de-
pends on the severity of DKA. In this case, a large 
volume of fluid must be replenished within 24–48 
hours. The recommended solution for infusion ther-
apy is 0.9% sodium chloride or 0.45% sodium chloride 
for sodium levels above 145 mmol/L [5, 17]. 

Currently, more clinicians are inclined to a re-
strictive strategy of fluid therapy, including control 
of hemodynamic parameters and body fluid com-
partments. Restrictive fluid therapy in our study 
implied replenishment of circulating blood volume 
in case of actual hypovolemia, as well as its contin-
uation in volumes not involving dangerous excessive 
fluid infusion. 

The rate of replenishment of hypovolemia in 
the first 2 hours was about 10 ml/kg/h and did 
not depend on the type of fluid. The rate of further 

Parameter and time point                                                                Values in the groups                                                                                      P 
                                                                                  N                       Control                                         N                   Reamberin                                     
Venous blood pH                                            
Within the first 24 hours                              

1–6 h                                                          30                    7.21±0.02                                    30                   7.22±0.02                                 0.703 
7–12 h                                                       29                    7.27±0.02                                    30                   7.30±0.02                                 0.187 
13–18 h                                                     25                    7.30±0.01                                    30                   7.34±0.01                                 0.037 
19–24 h                                                     27                    7.33±0.01                                    30                   7.38±0.01                                 0.003 

25–48 hours later                                             
25–30 h                                                     15                    7.32±0.01                                    18                   7.38±0.01                                 0.003 
31–36 h                                                     25                    7.36±0.01                                    14                   7.40±0.01                                 0.029 
37–42 h                                                     11                    7.35±0.01                                     6                    7.42±0.01                                 0.010 
43–48 h                                                     20                    7.38±0.01                                     7                    7.43±0.01                                 0.010 

Bicarbonate, mmol/L 
Within the first 24 hours                              

1–6 h                                                          30                  11.99±1.37                                   30                  12.88±1.19                                0.623 
7–12 h                                                       29                  14.05±1.12                                   30                  16.88±0.90                                0.053 
13–18 h                                                     25                  16.83±1.23                                   30                  19.81±0.75                               0.045 
19–24 h                                                     27                  17.79±0.99                                   30                  22.38±0.62                              �0.001 

25–48 hours later                                             
25–30 h                                                     15                  17.60±1.34                                   18                  23.04±0.84                               0.001 
31–36 h                                                     25                  20.42±0.80                                   14                  24.05±0.71                               0.004 
37–42 h                                                     11                  19.39±1.07                                    6                   24.60±0.81                               0.005 
43–48 h                                                     20                  22.65±0.55                                    7                   24.61±0.91                                0.078 

Anion gap, mEq/L                                           
Within the first 24 hours                              

1–6 h                                                          30                  21.60±1.40                                   30                  21.67±1.36                                0.970 
7–12 h                                                       29                  21.06±1.18                                   30                  17.91±1.09                                0.054 
13–18 h                                                     25                  18.04±1.27                                   30                  15.37±0.94                                0.092 
19–24 h                                                     27          16.40 [13.00; 18.95]                          30          12.24 [10.43; 15.44]                       0.038 

25–48 hours later                                             
25–30 h                                                     15                  17.36±1.74                                   18                  13.24±0.94                               0.049 
31–36 h                                                     25           14.20 [9.90; 17.79]                            14           10.30 [9.53; 11.54]                         0.107 
37–42 h                                                     11                  15.32±1.26                                    6                   11.92±1.11                                0.093 
43–48 h                                                     20                  11.86±1.01                                    7                    9.65±1.26                                 0.250 

Table 6. Changes in acid-base status in the study groups (M±SE or Me [Q1; Q3]).

Note. N — number of measurements. 
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rehydration was determined by central hemody-
namic parameters and urine output rate. It aver-
aged 2–3 ml/kg/hour during the first day. With 
positive clinical trends, improved ABB, stabilization 
of glucose levels, the rate of fluid therapy did not 
exceed 1–3 ml/kg/hour during the second day. 
This approach helped to avoid iatrogenic compli-
cations such as cerebral or pulmonary edema. 

Despite the paramount importance of normal 
saline in DKA, recent clinical guidelines [1,5] em-
phasize the risk of hyperchloremic metabolic acidosis 
due to its high chloride content (154 mmol/L). In-
creasing the plasma chloride level decreases the 
bicarbonate concentration, while diluting the blood 
with a large volume of buffer-free fluid results in 
dilutional acidosis. Therefore, the use of normal 
saline in DKA may actually worsen its course [18].  

This, together with the antioxidant, antihypoxic, 
and energy-protective properties of sodium meg-
lumine succinate [19–21], suggests that its use may 
improve the outcome of intensive care in patients 
with diabetic ketoacidosis. 

In our study, the addition of Reamberin to 
fluid therapy protocol resulted in a more rapid res-
olution of ketoacidosis than the use of normal saline 
alone. Increased bicarbonate buffering capacity 
due to succinate metabolism resulted in earlier pH 
normalization. The anion gap in the Reamberin 
group decreased over time, in contrast to the control 
group. This explained the faster resolution of DKA, 
allowing patients to be switched to subcutaneous 
insulin administration.  

Conclusion 
The addition of Reamberin (sodium meglumine 

succinate), a balanced crystalloid solution containing 
succinate, to fluid therapy protocol for DKA resulted 
in faster resolution of ketoacidosis, discontinuation 
of intravenous insulin, and transfer from the intensive 
care unit. These effects were achieved by increasing 
blood buffering capacity and earlier normalization 
of blood pH. 

Parameter. mmol/L                                                                                  Values in groups                                                                                          P 
                                                                                  N                       Control                                         N                   Reamberin                                     
Na+                                                                        

12 h                                                            30                 134.73±0.97                                 30                 135.16±1.15                               0.777 
24 h                                                            30       135.60 [133.20; 138.13]                       30      136.00 [133.63; 138.65]                    0.761 
36 h                                                            27                 136.63±0.70                                 20                 137.83±1.04                               0.324 
48                                                                25                 137.43±0.69                                 14                 137.69±1.03                               0.829 

Cl– 
12 h                                                            30                  99.73±0.85                                   30                 100.17±0.76                               0.705 
24 h                                                            30                 102.17±0.79                                 30                 100.63±0.69                               0.147 
36 h                                                            27                 102.11±0.79                                 20                 102.15±0.71                               0.972 
48 h                                                            25       103.00 [102.00; 105.00]                       15       102.00 [99.00; 105.00]                     0.275 

К+                                                                           
12 h                                                            30                    3.92±0.12                                    30                   3.87±0.12                                 0.764 
24 h                                                            30                    3.91±0.10                                    30                   4.01±0.08                                 0.402 
36 h                                                            27                    3.90±0.11                                    20                   3.94±0.10                                 0.818 
48 h                                                            25                    3.87±0.11                                    15                   3.82±0.09                                 0.785 

Lactate   
24 h                                                            29              1.93 [1.21; 2.31]                              30             1.29 [0.86; 2.01]                           0.576 
48 h                                                            24                    1.28±0.12                                    14                   1.31±0.19                                 0.914 

Urea 
24 h                                                            30                    6.86±0.52                                    30                   9.82±1.00                                 0.012 
48 h                                                            25                    6.03±0.54                                    14                   9.56±1.35                                 0.026 

Creatinine                                                          
24 h                                                            30          86.57 [76.75; 95.79]                          30         86.87 [72.83; 105.26]                      0.186 
48 h                                                            25                  79.33±3.38                                   14                 91.42±10.37                               0.284

Table 7. Changes in electrolytes and clinical chemistry parameters in the study groups (M±SE, Me [Q1; Q3]).

Note. N — number of measurements. 
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Introduction 

Despite significant reductions in morbidity and 
mortality, COVID-19 remains a significant public 
health problem. Patients admitted to intensive care 
units are still at high risk of serious complications 
and death. The 2020–2021 COVID-19 pandemic has 
provided a wealth of information, the analysis of 
which will allow important conclusions to be drawn 
about risk factors in the management of coronavirus 
infection. A large number of risk factors have been 
described in the literature, and they vary considerably 
from country to country and from hospital to hospital. 
According to a meta-analysis of 40 studies by Y. Li et 
al., the most significant risk factors for mortality in 

COVID-19 are male sex (OR = 1.32, 95% CI = 1.18 to 
1.48, 20 studies), age (OR = 1.05 for each additional 
year, 95% CI = 1. 04 to 1.07, 10 studies), obesity  
(OR = 1.59, 95% CI = 1.02 to 2.48, 4 studies), diabetes 
mellitus (OR = 1.25, 95% CI = 1.11 to 1.40, 11 studies), 
and chronic kidney disease (OR = 1.57, 95% CI = 1.27 
to 1.93, 6 studies) [1].  

According to many studies, age is a risk factor 
independent of disease severity, hospital type, or 
department [2, 3]. Gender was found to be a sig-
nificant risk factor in most published studies, 
whereas data on smoking and comorbidities are 
less consistent [3–5]. Among comorbidities, diabetes 
mellitus, obesity, and cardiovascular disease are 
the most commonly reported risk factors [6, 7]. 
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Summary 
Objective: to study the risk factors for COVID-19 adverse outcomes in repurposed hospitals of various types. 
Material and methods. A retrospective study was conducted in the ICUs of three repurposed hospitals: a 

municipal hospital, a federal center and a private clinic. Data of 369 patients were analyzed for the period from 
April to December 2020. Gender, age, BMI, NEWS score, severity of lung damage based on CT quantification, 
blood gases and pH, patterns of antibiotic administration during hospital stay (all classes and number of an-
timicrobials, regardless the sequence of administration), patterns of main drugs administration (glucocorti-
costeroids, lopinavir/ritonavir, tocilizumab/ solilumab, hydroxychloroquine) were evaluated as risk factors. 
Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated by logistic regression. 

Results. Patients from repurposed hospitals of various types were distinguishable in terms of distribution 
by sex, severity of lung damage, administered therapy, blood gases, and the number of antimicrobials used. 
Mortality rates were 21.8% in the federal center, 41.4% in the private clinic, and 77.2% in the municipal hospital. 
The most significant risk factors were: the severity of lung damage based on CT quantification (OR=3.694, 95% 
CI: 1.014–13.455, P=0.048) — in the federal center, patient’s age (OR=1.385, 95% CI: 1.034–1.854, P=0.029) and 
arterial oxygen tension (OR=0.806, 95% CI: 0.652–0.996) — in the municipal hospital, and patients’ age 
(OR=2.158, 95% CI: 1.616–2.880, P�0.0001), number of antibiotics (OR=1.79, 95% CI: 1.332–2.406, P=0.0001), 
and blood pH (OR=0.381, 95% CI: 0.261–0.555, P�0.0001) — in the private clinic. 

Conclusion. Patient’s profiles in municipal, federal, and private ICU settings varied significantly in the first 
wave of the COVID-19 pandemic. Gender distribution and severity of the diseases were found as the most sig-
nificant differences among them. Clinical outcomes were also different, with the lowest mortality rate in the 
federal center and the highest in the municipal hospital. Arterial pO₂, blood pH, and the number of antimi-
crobials used in the course of treatment were the significant risk factors of fatal outcome (in some hospitals).  

Keywords: COVID-19; SARS-CoV-2; ICU; risk factors; logistic regression; hospital repurposing  
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A more accurate prognosis of outcome can be 
obtained from the results of laboratory tests. C-re-
active protein, lactate dehydrogenase (LDH), C3, 
increased CD14+CD16+ monocytes and Th17 cells 
have been studied as predictors of disease out-
come [8–10]. Not all of these markers are available 
for routine measurement. It is important to find an 
optimal set of predictors based on clinical and med-
ical history data and routine laboratory tests.  

During the 2020–2021 pandemic, coronavirus 
pneumonia was treated in a variety of hospitals. In 
addition to city hospitals, converted public and 
private hospitals were involved. Since the patient 
populations and treatment efficacy differed in many 
parameters, it is reasonable to consider patients 
from different types of hospitals as separate popu-
lations unless proven otherwise.  

Aim of the present study: to investigate risk 
factors for adverse COVID-19 outcomes in different 
types of converted hospitals. 

Materials and Methods 
A retrospective study of the outcomes of treat-

ment of coronavirus pneumonia in intensive care 
units of three hospitals involved in the provision of 
medical care in Moscow in 2020 was conducted. 
The types of hospitals were abbreviated as follows: 
city clinical hospital (CCH), converted federal cen-
ter (CFC), and converted private clinic (CPC). Treat-
ment outcomes for April–June 2020 were obtained 
from CFC and CCH, and for May–December 2020 
from CPC. Inclusion criteria were treatment in the 
ICU, COVID-19 as the reason for transfer to the 
ICU, absence of severe neoplastic and neurological 
disorders not related to infection.  

Patients with the minimum required informa-
tion were selected. For CFC, data were collected on 
sex, age, duration of ventilatory support, length of 
ICU stay, BMI, NEWS score, severity on lung CT 
scan (on admission, initiation of ventilation, last 
value during hospitalization and «maximum» value 
during hospitalization), pH, and lactate and glucose 
levels, arterial blood CO₂ and O₂ pressures before 
tracheal intubation, number of antibacterial drugs 
prescribed during treatment (different antibacterial 
drugs, regardless of the order in which they were 
prescribed), frequency of administration of major 
drugs (glucocorticosteroids, lopinavir/ritonavir, 
tocilizumab/solilumab, hydroxychloroquine).  

For CCH, data on sex, age, NEWS score, arterial 
blood CO₂ and O₂ pressures before tracheal intu-
bation, and number of antibacterial drugs admin-
istered during treatment were collected. 

For CPC, data were collected on sex, age, du-
ration of mechanical ventilation and ICU stay, pH 
and lactate levels, arterial blood CO₂ and O₂ pressures 
before tracheal intubation, number of antibacterial 
drugs prescribed during treatment, specific drugs 

prescribed (glucocorticosteroids, lopinavir/ritonavir, 
tocilizumab/sarilumab, hydroxychloroquine), and 
tracheotomy. 

Statistical analysis of the study results and 
plotting were performed using the common statistical 
libraries sklearn, statsmodels, and scipy of Python 3.  

Chi-squared test for categorical variables, 
ANOVA with post hoc comparison by Tukey's test 
for quantitative parameters (Tukey's HSD test, 
statsmodels library) were used to assess differences 
in clinical and laboratory parameters between in-
stitutions. Normality of distribution was assessed 
by the Shapiro–Wilk test (scipy library). Data were 
described as mean and standard deviation (SD), 
unless otherwise noted. 

Logistic regression model with l1 regularization 
(maximum likelihood estimator of statsmodels li-
brary, b. l1 alpha = 1) was used to estimate the 
studied parameters as risk factors. According to the 
recommendations for epidemiological data analysis, 
missing values were imputed by iterative imputation 
(IterativeImputer function of Ridge Regression in 
the sklearn library). To assess the accuracy of im-
putation, we compared the mean and standard de-
viation in the sample before and after imputation. 
Covariates whose values could exceed 10 were 
scaled to a range of 1–10, which was taken into ac-
count when interpreting the regression coefficients. 
Pseudo-R², log likelihood and log likelihood ratio 
P-value were evaluated as criteria for model ade-
quacy. A logistic regression model was calculated 
for all available covariates from individual hospital 
data. Covariates with a calculated P-value � 0.05 
were selected as significant predictors of mortality, 
and odds ratios (OR = expB), 95% confidence 
intervals (95% CI) were reported for each factor.  

Results и discussion 
Patient selection. Based on the inclusion and 

exclusion criteria, 540 patients were selected from 
4 450 ICU patients in the three clinical centers, of 
whom 369 patients had the required minimum in-
formation (sex, age, disease outcome, length of stay 
in the ICU, and duration of mechanical ventilation) 
and whose data were used for the study (Fig. 1). 

Comparison of different clinical facilities. 
There were differences in almost all parameters of 
the patient populations between the different types 
of clinical centers. The most important for further 
analysis were the differences in adverse outcome 
rate between the three institutions. It was 21.8% for 
CFC, 77.2% for CCH, and 41.4% for CPC (chi-squared 
differences �0.001 for CFC/CCH and CCH/CPC 
comparisons, P=0.006 for CFC/CCH, which is below 
the set threshold, even when multiple comparisons 
adjustments were applied).  

The sex ratio of patients differed significantly 
between some clinical centers (67.2%, 43.6%, 62.3% 
of male patients, P=0.003 in CFC, CCH, and CPC, 
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respectively, when compared by chi-squared test 
in the overall comparison). Pairwise comparisons 
using the chi-squared test were also significant with 
P=0.005 for CFC and CCH, P=0.49 for CFC/CPC, 
and P=0.003 for CCH/CPC. Thus, no gender differ-
ences were observed between patients in the ICU 
of the converted federal center and the private 
clinic, but significantly fewer males met the study 
inclusion criteria in the CCH sample.  

When comparing the severity of pneumonia 
on CT scan before tracheal intubation, CFC and 
CCH differed significantly (P=0.037 with more severe 
disease in CFC), whereas CT severity on admission 
did not differ significantly (P=0.10). Hydroxychloro-
quine (22.3% vs. 66.7%, P�0.001), tocilizumab/sar-
ilumab (10% vs. 39.4%, P=0.001) and steroids were 
prescribed significantly less often in CPC than in 
CFC (37.8% vs. 17%, P=0.018). The frequency of 
prescribing lopinavir/ritonavir was not significantly 
different (4.1% vs. 11.4%, P=0.11). 

The mean age of patients was not significantly 
different between the three centers (ANOVA P�0.1). 

The mean NEWS score was significantly higher in 
CCH than in CFC (6.4±3.1 vs. 4.3±3, p=0.001). Mean 
pH before tracheal intubation was significantly 
lower (7.36±0.11 vs. 7.47±0.06, P=0.001) and lactate 
level was significantly higher (2.09±1.22 mmol/L 
vs. 1.18±1.19 mmol/L, p=0.001) in CPC compared 
to CFC. Significant differences were found between 
patients of the three institutions in O₂ and CO₂ 
partial pressure before tracheal intubation (P�0.001 
and P�0.001, respectively), number of antibiotics 
administered (P�0.001). The pO₂ in CPC was sig-
nificantly higher than in CFC (93.7±31.9 mm Hg 
versus 48.7±11.7 mm Hg, P=0.001) and CCH 
(93.7±31.9 mm Hg versus 56±18.3 mm Hg, P=0.01), 
no difference was found between CFC and CCH 
(P=0.18). Mean pCO₂ was significantly lower in 
CFC compared to CCH (32.9±11.7 mm Hg vs 56±18.3 
mm Hg, P=0.001) and CPC (32.9±11.7 mm Hg vs 
42.6±14.1 mm Hg, P=0.001). There were no signifi-
cant differences between CCH and CPC (P=0.85). 
The number of antibiotics prescribed was signifi-
cantly different between CFC and CPC (2.1±1.4 vs. 

Fig. 1. Flowchart of the patient selection.

Fig. 2. Comparison of different clinical sites by frequency of categorical variables (%).  
Note. CCH — city clinical hospital; CFC — converted federal center; CPC — converted private clinic; CT in ICU — CT severity of 
pneumonia before intubation (0–4 points); Ster — administration of steroids; LopRit — administration of lopinavir/ritonavir; 
TocSar — administration of tocilizumab/sarilumab; HC — administration of hydroxychloroquine; D — death; M — male sex. For 
the administration of drugs, «1» means that the drug was prescribed. 
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2.9±1.7, P�0.001). The differences between CFC 
and CCH (P=0.38) and CPC and CCH (P=0.09) were 
not significant.  

Patients in the ICUs of the different types of 
converted hospitals studied differed significantly 
in their clinical characteristics. On the one hand, a 
higher score on the NEWS scale in CCH compared 
to CFC indicates greater severity of illness. On the 
other hand, patients in CFC had greater severity 
on CT scan before tracheal intubation, and the 
proportion of males was maximal among them. A 
pH shift towards acidosis in CPC patients compared 
to CFC patients could also be a sign of greater 
disease severity.  

The reasons for the discrepancy in the char-
acteristics of the samples could be different, since 

the treatment was performed in 2020, before the 
full standardization of the treatment of COVID-19 
patients. Importantly, the results of the risk factor 
study need to be interpreted in light of the specifics 
of the inpatient setting. The results of individual 
epidemiologic studies may not be applicable be-
cause of such differences, so it is better to be guided 
by the results of meta-analyses.  

Analysis of Significant Mortality Factors 
Imputation of missing values. Logistic regres-

sion methods cannot handle data with missing val-
ues, so we iteratively imputed missing values for 
each criterion used in the model (Table). Conformity 
of the new sample form to the original data was 
tested using means and standard deviations (SDs). 

Fig. 3. Comparison of different clinical institutions by mean values of quantitative variables (violin diagrams).  
Note. * — the average value is significantly (P�0.01) higher than in the CFC group. # — the average value is significantly (P�0.01) 
higher than in the CPC group.

Parameter                                           Institution       Missing                   Mean                 Mean          SD before          SD after                   SD  
                                                                                                   values                    before                 after         imputation     imputation       of imputed  
                                                                                                                                imputation    imputation                                                                    means 
рСО₂                                                          CFC                     1                          32.88                 32.94                4.82                    4.79                     4.78 
рО₂                                                             CFC                     1                           48.7                    48.7                11.73                 11.62                   11.62 
Last CT severity                                      CFC                     3                           2.73                   2.75                 1.03                    1.05                     1.00 
Lactate                                                      CFC                     6                           1.19                   1.14                 0.63                    0.65                     0.59 
Number of antibiotics                         CFC                   10                           2.1                     1.93                 1.42                    1.42                     1.28 
CT severity on admission                  CCH                   76                         3.17                   3.15                 0.71                    0.96                      0.3 
рН                                                               CPC                     5                           7.36                   7.36                 0.11                    0.11                     0.10 
рСО₂                                                          CPC                  120                        42.6                    43.2                 14.1                    15.0                      9.5 
рО₂                                                             CPC                  120                        93.7                    94.7                 31.9                    32.5                     21.5 
Lactate                                                      CPC                     5                            2.1                      2.1                  1.22                    1.22                      1.2 
Number of antibiotics                         CPC                   88                         2.94                   2.66                  1.7                      1.9                        1.3 

Missing values and imputation quality.
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The standard deviations of one of the basic 
methods for imputing missing values, the 
mean for the parameters (see table), were 
reported. The mean values for the param-
eters differed insignificantly, the standard 
deviations differed significantly less from 
the baseline values than the mean impu-
tation. A significant improvement was ob-
tained by imputing the parameters with a 
large number of missing values.  

Because of the small number of pa-
tients selected for CFC, a number of pa-
rameters were not included in the logistic 
regression model due to uneven class dis-
tribution. The following variables were in-
cluded in the model: age, NEWS score, 
pCO₂, pO₂, admission lung CT severity 
score, last available CT severity score, 
lactate level, and number of antimicrobials 
administered. For the model, the pseudo-
R² value was 0.73, LL = –7.88, LLR P�0.001. 
Severity according to the last CT scan was 
a significant risk factor (p=0.048). With a 
score of 1 to 4, each additional point in-
creased the risk of death by a factor of 
3.694 (OR = 3.694; 95% CI, 1.014–13.455). 
Most of the other parameters included in 
the model were not significant due to the 
wide confidence interval. Due to the prox-
imity of significant differences, the possible 
importance of pCO₂, pO₂, NEWS, and lac-
tate level should be considered in further 
studies (Fig. 4, a).  

Risk factors in CCH. Sex, age, lung 
CT severity at ICU transfer and pO₂ were 
included in the model predicting the odds 
of fatal outcome based on data from CCH. 
The adequacy of the model can be assessed 
by pseudo-R² = 0.11, LL = –44.27, LLR 
p-value of 0.010. For age, the OR was 1.385, 
i.e., each year in the model increased the 
odds of death by a factor of 1.385 (95% CI, 
1.034–1.854; P=0.029; 66.7±15.7 years). The 
other significant predictor was pO₂ 56±32 mm 
Hg, OR = 0.806 (95% CI, 0.652-0.996), indi-
cating that each additional 10 mm Hg of 
pO₂ in the blood reduced the odds of death 
by 1.24-fold (Fig. 4, b).  

Risk factors in CPC. From the CPC data, age, 
pH, pCO₂, pO₂, use of steroids, hydroxychloroquine, 
lactate level, tracheostomy, and number of antimi-
crobial agents used were included in the logistic 
regression model. For the model, the pseudo-R2 
value was 0.24, LL = –113.95, LLR P�0.001. Three 
risk factors were significant, including pH, age, and 
number of antibiotics prescribed. For age (63.9±14.4 
years), the OR was 2.158 (95% CI 1.616 to 2.880, 
P�0.0001), i.e. each year increased the odds of death 

by a factor of 2.158. For pH (7.36±0.11), the OR was 
0.381 (95% CI 0.261 to 0.555, P�0.0001), i.e. a 
decrease in pH by 1 increased the odds of death by 
2.62 times. For the number of antibiotics (2.9±1.7 
drugs), the OR was 1.79 (95% CI 1.332 to 2.406, 
P=0.0001), i.e., each additional antibacterial drug 
was associated with a 1.79-fold increase in the odds 
of death (Fig. 4, c).  

Analysis of blood acid-base balance and blood 
gases is an important method of assessing patient 

Fig. 4. Forest plot of risk factors for death in the ICU of the CFC (a), 
CCH (b), CPC (c).



25w 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 3 ,  1 9 ;  3

Clinical  Studies

status in the ICU. Several studies have confirmed 
that arterial pO₂ and pCO₂ may be predictors of 
mortality to some extent [11]. However, they, as 
well as pH, were not included in meta-analyses of 
significant predictors of COVID-19 outcome [12, 
13]. Significant variation in blood gas measurements 
between clinical centers may be explained by lack 
of strict adherence to blood collection protocols. 
Therefore, the use of such parameters as predictors 
requires strict standardization of techniques.  

There is no information in the literature on the 
relationship between the number of antibacterial 
agents administered and the risk of mortality in the 
ICU. A number of studies have shown that the ad-
ministration of antibacterial drugs itself may be an 
independent risk factor for adverse outcomes [14]. 
In ICU patients, a high number of antibiotics indicates 
the development of septic complications. Interestingly, 
more antibiotics were prescribed in a private clinic, 
which was also a significant risk factor for mortality.  

The drugs used to treat coronavirus pneumonia 
in 2020 had no significant effect on the odds of 
death, regardless of the type of hospitalization. Cur-
rently, the failure of most etiologic therapies has 
been demonstrated in numerous clinical trials. Moi-
seev S. et al. demonstrated a lack of effect of 
tocilizumab [15]. The meta-analysis by Amani B. et 
al. showed no effect of lopinavir/ritonavir [16]. 
Later, Axfors C. et al. showed a lack of efficacy for 
hydroxychloroquine in a meta-analysis [17]. The 
results obtained with the above drugs are consistent 
with the literature. However, we found no effect of 
steroids, contrary to the results of many other 
studies in severe patients [18, 19]. A relatively small 
number of patients received steroids (treatment 

was prescribed before the clinical guidelines were 
updated), which may explain the lack of significant 
differences.  

Ermokhina L. et al. analyzed risk factors in the 
ICU of Moscow City Hospital No. 68 during the first 
pandemic wave. With an average mortality of 44.9%, 
significant risk factors included age and length of 
stay in the ICU. Mortality did not differ between 
men and women and did not depend on BMI. None 
of the etiologic medications affected mortality. The 
results presented by the authors are similar to those 
we obtained from the CCH and CPC data [20].  

It should be noted that the results of our study 
were obtained in 2020, during the first wave of the 
COVID pandemic. Coronavirus strains and ap-
proaches to treatment management changed during 
the second wave and thereafter. For example, in 
the study by Bychinin M. V. et al., ICU mortality 
during the «second wave» increased from 50.5% to 
62.7% compared to the first wave, and the structure 
of comorbidity changed slightly [21].  

 

Conclusion 
During the first wave of COVID-19, ICUs of 

different types of hospitals (city, federal and private) 
received patients with significantly different clinical 
characteristics. Treatment outcomes were also sig-
nificantly different.  

Arterial blood pO₂ and pH before tracheal in-
tubation were significant predictors of mortality in 
patients with coronavirus pneumonia in the ICU. 

The number of antibiotics administered may 
be a significant predictor of mortality in some med-
ical centers.
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Introduction 
A recent large descriptive study of procedural 

pain in adult cancer patients reported that more 
than 50% of these patients experienced moderate 
to severe pain during procedures [1]. Implantation 
of an intravenous port system is a routine procedure 
in daily practice, usually performed by an anes-
thesiologist. Currently available literature, however, 
does not provide guidance on the perioperative 
anesthetic strategy for patients undergoing this 
procedure [2]. Local infiltration anesthesia (LIA) 
is a widely used technique for procedures such as 
drain placement, pacemaker or intravenous port 
system implantation [3, 4]. Cancer patients usually 
have previous experience with invasive procedures 

and often suffer from chronic pain syndrome di-
rectly related to the tumor and/or due to previous 
treatment. As a result, most of them experience 
anxiety and fear before the procedure [5].  

The pain experienced by cancer patients dur-
ing procedures can be excruciating for the patient, 
family, and caregivers. In addition, painful proce-
dures can cause pain breakthrough or worsening 
in patients receiving analgesic therapy [6]. 

Nociceptive stimulation associated with any 
type of invasive procedure in cancer patients 
cannot be completely blocked by local anesthesia 
alone [7]. According to Renzini et al. and Sansone 
et al. [8–10], the LIA technique is insufficient when 
a subcutaneous «pocket» is created. Taxbro K. et al. 
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Summary 
Ultrasound-guided regional anesthesia can be an effective way to achieve analgesia during implantation 

of permanent intravenous port systems. 
The aim of the study was to improve the quality of perioperative analgesia during placement of permanent 

intravenous port systems. 
Material and methods. The prospective randomized study included 93 patients with malignant neoplasms. 

Patients were randomized into 3 groups, 31 people each, who were implanted with a permanent intravenous 
port system in 2019–2022. Group 1 patients were implanted under local infiltration anesthesia (LIA). Ultra-
sound-guided pectoral nerves block (PECS1) in group 2 was supplemented by LIA. In group 3 ultrasound-
guided selective supraclavicular (SC) nerve block was supplemented with LIA. Pain intensity was assessed on 
a 100 mm visual analog scale (VAS) at rest and while moving at 8, 16, 32 and 72 hours after implantation. The 
inflammatory postoperative stress response was assessed by the dynamics of C-reactive protein (CRP), inter-
leukin 1-β (IL 1-β), interleukin-6 (IL-6). We also analyzed the correlation of proinflammatory cytokines levels 
with VAS-measured pain intensity at the stages of the study taking into account a potential relationship be-
tween IL-6 and IL-1β fluctuations and the severity of inflammatory and neuropathic pain. 

Results. In groups 2 (PECS1) and 3 (SC nerve block), pain intensity measured by VAS at rest and while con-
ducting daily activities was significantly lower than in group 1 (LIA). CRP levels were also significantly lower in 
group 2 and 3 patients as compared to group 1. The lowest IL-6 and IL-1β concentrations after port implanta-
tion were revealed in a group 3 in 24 hours after the procedure, persisting through day 3. There was a correlation 
between proinflammatory cytokines levels and pain intensity. 

Conclusion. Implantation of an intravenous port system under local infiltration anesthesia causes a sig-
nificant inflammatory response in cancer patients, which can be balanced by regional techniques. Selective 
supraclavicular nerve block in combination with a local anesthesia for intravenous port implantation demon-
strated the greatest analgesic potential and requires significantly reduced amounts of local anesthetic com-
pared to pectoral nerves block in combination with LIA, or only local infiltration anesthesia. 

Keywords: intravenous port system; oncology; pain; implantation; analgesia; PECS1; modified blockage; 
supraclavicular nerve; pectoralis nerves; ultrasound-guided; regional anesthesia 
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[11] believe that a quarter of patients experience 
severe pain and discomfort during implantation 
of an intravenous port system using only local 
anesthesia. Chang D. et al. point out that the com-
bination of local anesthesia and sedation may also 
be insufficient for patients with high levels of 
anxiety and distress, and the level of distress is 
often underestimated by the operator [12]. 

Mehmet et al. [13] report that patients com-
plain of pain after port system implantation within 
the next few days and most of them require addi-
tional analgesia [13]. However, according to 
Mehmet et al. [13], little attention has been paid 
to the importance of postoperative analgesia after 
portosystemic implantation. Byager et al. [14] re-
ported that infiltration of the surgical wound with 
local anesthetic does not provide analgesia in the 
early postoperative period.  

These facts warrant further research into the 
possibilities of improving the control of the pain 
associated with an invasive procedure in cancer 
patients. 

Currently, there are several regional anesthesia 
techniques that provide more effective perioperative 
analgesia compared to LIA [15–18]. One of the dis-
advantages of LIA is the need for relatively large 
doses of local anesthetics (up to 30–40 ml [8]), 
which increases the risk of systemic toxicity.  

In 2011, R. Blanco introduced a new type of 
fascial plane block, the neurofascial pectoralis 
nerve block, or PECS [19]. It is a block of the medial 
and lateral pectoral nerves, which, although con-
sidered motor, have both nociceptive and propri-
oceptive fibers [20, 21]. In addition, according to 
Munshey et al. and Sansone et al., this type of 
analgesia also blocks the intercostal nerves at the 
level of the Th3 to Th6 segments [9, 10]. It is worth 
mentioning that all thoracic motor nerves have 
postganglionic fibers from cervical and thoracic 
ganglia, which may be additional conductors of 
pain impulses and participate in the development 
of postoperative neuropathic pain [22]. The use of 
the PECS block provided a relatively simple and 
safe technique to achieve high quality postoperative 
anesthesia for breast surgery. Selective supraclav-
icular nerve (SSCN) block is another regional anes-
thesia technique that can be used for port system 
implantation. This ultrasound-guided technique 
was first described in 2011 by Maybin et al [23]. It 
was designed to avoid additional phrenic nerve 
block, which is particularly relevant in patients 
with comorbidities and in the outpatient setting. 
Traditionally, the supraclavicular nerve has been 
blocked by proximal spread of the solution during 
brachial plexus block via interscalene approach in 
shoulder and clavicle surgery [24, 25], but the tech-
nique of proximal compression failed to avoid the 
associated phrenic nerve block [26]. Selective block 

of the supraclavicular nerve and upper trunk of 
the brachial plexus (SCUT block) is known to allow 
clavicle surgery without additional anesthesia [27].  

There are no studies comparing wound infil-
tration by a surgeon with any selective cutaneous 
nerve block. However, many comparative studies 
between standard mixed nerve block and wound 
infiltration show superiority of the former [28–31].  

Given the extent of sensory anesthesia in se-
lective supraclavicular nerve block, it can be ef-
fectively used for perioperative pain control during 
implantation of intravenous port systems (Fig. 1).  

Response to a noxious stimulus, such as sur-
gery, involves changes in the hepatic production 
of acute-phase proteins, such as C-reactive protein 
(CRP), and various cytokines, which initiate and/or 
maintain an inflammatory response. High levels 
of proinflammatory cytokines (mainly IL-6) and 
lack of compensatory expression of anti-inflam-
matory cytokines can cause a systemic inflamma-
tory response in cancer patients [32, 33].  

Interleukin-1β and interleukin-6 are proin-
flammatory cytokines involved in autoimmune re-
actions, inflammation and pain processes, which 
also play an important role in evaluating the acute 
phase of postoperative stress response [34–38]. 
According to Ke Ren, Richard Torres and Zhou et 
al., interleukin-1β and interleukin-6 are critical in 
these processes [34, 35]. These cytokines also sig-
nificantly influence the induction and maintenance 
of pain as chronic pain develops. Blocking the 
synthesis of these interleukins may have an anal-
gesic effect [34–37]. Postoperative pain is associated 
with an inflammatory response, the reduction of 
which is an important determinant of both the 
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Fig. 1. Area of sensory anesthesia during supraclavicular nerve 
block.
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severity of acute pain and the persistence of pain 
after surgery [39].  

Inflammatory pain is a multifaceted cellular 
response involving the development of abnormal 
hyperalgesia in response to tissue damage and in-
flammation (e.g., postoperative pain, trauma, is-
chemia, metabolic dysfunction, or infection) [40]. 

The choice of regional anesthesia for intra-
venous port system implantation can be challenging 
because each of the currently used blocks, including 
local infiltration anesthesia, «covers» only one part 
of the surgical field, leaving the other unaffected. 
Janc J. et al. used a modified block in their study, 
combining a thoracic nerve block with local anes-
thesia, and showed the superiority of such a com-
bination [41]. 

We also used modified versions of the block 
combining local and regional anesthesia. The ra-
tionale behind the study was the assumption that 
regional anesthesia techniques ensure less response 

to surgical stress due to a more pronounced anal-
gesic potential and reduce the need for postoper-
ative analgesia.  

The aim of the study was to improve the 
quality of perioperative analgesia during placement 
of permanent intravenous port systems. 

Materials and Methods 
The prospective, randomized, single-blind 

study included 93 patients aged 31 to 73 years 
(mean age, 59.5 years) assessed according to ASA 
III–IV [42]. The study flow chart is shown in Fig. 2. 
Patients were implanted with the intravenous Power 
Port™ isp M.R.I.™ Implantable Port System. The 
Mindray DC-N6 with L12-4 (3–13 MHz) linear trans-
ducer was used for ultrasound guidance.  

The study was approved by the Ethics Com-
mittee of Northern State Medical University 
(Arkhangelsk) No. 04/10-19 dated October 30, 
2019. 

Fig. 2. The study flowchart.
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Inclusion criteria for the study were: 
1. Presence of indications for port system 

placement 
2. Absence of pain 
3. Absence of psychiatric disorders 
4. Age older than 18 years 
5. Absence of coagulopathy or systemic anti-

coagulant therapy 
6. Absence of tissue changes at the site of port 

system implantation (complications after radiation 
therapy such as radiation dermatitis, infection foci, 
anatomical malformations, etc.) 

7. Absence of allergy to local anesthetics. 
Exclusion criteria were: 
1. Refusal of the patient to participate in the 

study 

2. Presence of pain related to the underlying 
disease or treatment immediately prior to port 
system implantation and during the study 

3. Immunologic comorbidities requiring ad-
ministration of systemic immunomodulatory drugs 

4. Daily use of NSAIDs 
5. Failure to meet the inclusion criteria. 
Depending on the type of regional anesthesia, 

the participants were divided into three groups of  
31 patients each. In group 1 patients, the port system 
was placed under local infiltration anesthesia (LIA) 
using the «creeping infiltration» technique with 35±5 
mL of 0.5% ropivacaine. In group 2, local anesthesia 
was used in combination with pectoral block (PECS) 
under ultrasound guidance. The correct distribution 
of the local anesthetic between the fasciae was verified 
by visualizing the separation of the fascial layers be-
tween the pectoral muscles [19] (Fig. 3). The 0.5% 
ropivacaine 0.2 ml/kg and local anesthesia with 0.5% 
ropivacaine (20±5 ml) were used. In group 3, selective 
supraclavicular nerve block (SSNB) was performed 
under ultrasound guidance (2 mL of 0.5% ropivacaine) 
with additional local infiltration anesthesia along the 
dermatomes of the ventral branches of Th1–3 with 
0.5% ropivacaine (10±5 mL) [23] (Fig. 4).  

Postoperative analgesia in all groups was pro-
vided by ibuprofen 400 mg three times a day. 

The port system was placed under the skin in 
the subclavian region at the level of 2–3 ribs. For 
successful implantation of the venous port system, 
percutaneous catheterization of the superior vena 
cava was done, using the subclavian vein for catheter-
ization, which was performed under ultrasound 
guidance. After catheter insertion, a subcutaneous 
«pocket» was created and the catheter was connected 
to the port. The port was then inserted into the 
pocket with separate sutures, and the skin incision 
was sutured. 

Fig. 3. Thoracic nerve block.  
Note. Pma — pectoralis major muscle; TAA — thoracoacromial 
artery; Pmi — pectoralis minor muscle; C — costa (rib), dotted 
line indicates the direction of the needle movement. 

Fig. 4. Selective supraclavicular nerve block 
Note. ASM — anterior scalenus muscle; MSM — middle scalenus muscle; m.scn — medial supraclavicular nerve; l.scn — lateral 
supraclavicular nerve; C5–C7 — cervical nerve roots. 
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The intravenous port system was implanted 
in patients of both sexes, mean age 59.3 years, ASA 
III/IV, with different localization of neoplasms 
(Tables 1, 2). The main indication for implantation 
was chemotherapy. 

In the postoperative period, pain was assessed 
using a visual analog scale (VAS) at rest and during 
movement at 8, 16, 32, and 72 hours after port place-
ment. To assess the inflammatory response, the 
changes in the levels of CRP, interleukin-1β (IL-1β), 
interleukin-6 (IL-6) before the procedure and 24,  
72 hours after surgery were measured. A semi-auto-
mated ELISA Rideret «Anthos 2020»(Sweden) and 
reagent kits from Vector-Best (Russia) were used. 

The power of the study was assessed using 
G*Power 3.1.9.7 software, taking into account the 
number of patients (N=93) included in the study 
to compare the three groups. The effect size (ES) 
was 0.4, corresponding to a large effect according 
to Cohen's criteria, with α=0.05 and a sample size 
of 31 patients in each group. The a posteriori power 
(1-β) was 0.93. 

Statistical analysis of the data was performed 
using the IBM SPSS Statistics software package 
(version 26.0). Normality of the distribution of 
quantitative variables was determined using the 
Shapiro–Wilk criterion. Quantitative data were 
described using median (Me) and interquartile 
range. For normal distribution, one-way analysis 
of variance (ANOVA) with Bonferroni correction 
was used to compare groups. For non-normal dis-
tributions, the non-parametric analog, Kruskal–
Wallis test, and the Mann–Whitney test for pairwise 
a posteriori comparison were used. Parameters 
in groups 1 (LIA), 2 (PECS), and 3 (SSNB) were 
compared. When significance was reached, pairwise 
comparisons were made between groups 1 and 2, 
1 and 3, and 2 and 3. The relationship between 
variables was quantitatively assessed using Spear-
man's rank correlation coefficient. The critical 

significance level for rejecting the null hypotheses 
was 0.05. 

Results  
The local anesthetic dose (0.5% ropivacaine 

hydrochloride) in group 1 (LIA) was 150 mg, addi-
tional LIA Me (25; 75 percentiles) was 25 (18.7; 31.2) 
mg, in group 2 (PECS) 75 mg with additional LIA 
Me of 95 (90.5;105.5) mg, in group 3 (SSNB) 10 mg 
with additional LIA Me of 20 (15; 39.8) mg. 

In group 1 (LIA), the postoperative pain score 
on VAS at rest and during movement was significantly 
higher than in groups 2 (PECS) and 3 (SSNB) at all 
stages of the study, i. e. 8, 16, 36 and 72 hours after 
port system implantation (P�0.001). There were no 
significant differences in pain intensity at rest and 
during movement between groups 2 (PECS) and 3 
(SSNB) at the same time points (Fig. 5). 

According to the study design, all patients 
were prescribed ibuprofen 1200 mg/day after port 
system implantation, and the need for medication 
was then recorded in all groups. The ibuprofen re-
quirement (Me [25; 75 percentiles]) was 1200 mg 
(1200; 1200) for three days in the LIA group, 800 mg 
(400; 800) in the PECS group, and 400 mg (0; 400) 
for one day in the SSNB group. A greater need for 
ibuprofen in the LIA group (P=0.001) was associated 
with persistent pain greater than 30 VAS points 48 
hours after port system implantation. 

Baseline CRP levels did not differ between 
groups. 

In the LIA group, the increase in CRP 24 hours 
after port placement was significantly higher than 
in the PECS and SSNB groups (P�0.001) (Fig. 6a). 
On day 3, significant differences in CRP levels per-
sisted between these groups (P=0.004). Notably, 
the CRP level in the LIA group was significantly 
higher than the reference values (8.05±2.97 mg/L) 
on day 1 after surgery, in contrast to the PECS and 
SSNB groups (5.45±2.16 and 4.97±2.59, respectively). 
The increase in CRP 24 hours after surgery was not 
significant in the PECS and SSNB groups. In 8 pa-
tients of the LIA group, the CRP concentration ex-
ceeded 10 mg/L, indicating clinically significant 
inflammation [43]. 

No significant differences in CRP levels were 
found in the PECS and SSNB groups (P�0.05), indi-
cating a similar effect of these regional techniques 
on the inflammatory stress response (Table 4). 

At baseline, there were no significant differences 
in interleukin-1β levels between groups. 

Parameter                                                                                                           Values in the groups                                                                       P-value  
                                                                                       1 (LIA), N=31                    2 (PECS), N=31                  3 (SSNB), N=31 
Age, years*                                                               60 [53; 64]                           63 [57; 68]                           63 [54; 69]                                0.267 
ASA, points*                                                                3 [3; 4]                                  4 [3; 4]                                  3 [3; 4]                                    0.216 
Sex, number/% 

male                                                                       18/58                                  16/51.6                                 16/51.6 
female                                                                    13/42                                  15/48.4                                 15/48.4                                        

Table 1. Patient characteristics *Me [25; 75 percentile]. 

Localization                                                                              Number/% 
Gastrointestinal tract                                                              40/43 
Breast                                                                                          16/17.2 
Uterus                                                                                         12/12.9 
Lungs                                                                                          11/11.8 
ENT                                                                                                4/4.3 
Lymph nodes                                                                              3/3.2 
Skin                                                                                                3/3.2 
Prostate                                                                                         2/2.2 
Kidneys                                                                                        1/1.1 
Liver                                                                                               1/1.1 

Table 2. Localization of the neoplasms.
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On postoperative day 1, interleukin-1β levels 
were lower in groups 1 (LIA) and 2 (PECS) than in 
group 3 (SSNB), 2.1 (1.04; 5.8) and 1.9 (0.9; 4.02) vs. 
1.14 (0.51; 2.64), respectively (P�0.05) (Table 5). 
There were no differences in this parameter between 
groups at day 3 (Fig. 6, b).  

There were no significant differences in IL-1β 
between groups 1 (LIA) and 2 (PECS) at any time 
point (P�0.05). 

Baseline IL-6 levels in the study groups did 
not differ and were above reference values due to 
the concurrent severe malignancy. Significant differ-
ences in IL-6 levels were found in groups 1 (LIA) 
and 2 (PECS) on day 1 after surgery, 5.5 (4.25;6.5) 
vs. 3.2 (2.32; 5.3) pg/mL, respectively, and on day 3, 
4.54 (3.44; 6.1) vs. 2.2 (1.24; 4.1) pg/mL (P�0.05) 
(Fig. 6, c). The most significant differences in inter-

leukin-6 concentrations on days 1 and 3 after surgery 
were found between the LIA and SSNB groups, 5.5 
(4.25; 6.5) and 4.54 (3.44; 6.1) versus 3.2 (2.32; 5.3) 
and 2.2 (1.24; 4.1), respectively (Table 5). 

Fig. 5. Boxplot («whisker box») diagram of pain intensity ac-
cording to VAS at rest (a) and during movement (b). 
Note. Mann–Whitney test was used. 

Fig. 6. Intergroup comparison of CRP (a) and interleukin (b, c) 
levels during the study phases.  
Note. a — ANOVA test with Bonferroni correction; b, c — 
Kruskall–Wallis test. 
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There were no significant differences in this pa-
rameter between the PECS and SSNB groups. Inter-
estingly, in the supraclavicular nerve regional block 
group, IL-6 levels decreased 2-fold on day 3 after port 
system implantation compared to baseline (Table 5). 

A significant correlation was found between 
the severity of pain according to VAS and the level 
of proinflammatory cytokines at all stages of the 
study. We found the most significant positive cor-
relation between the difference in IL-6 concentrations 
in the first day after surgery and before surgery, as 
well as between IL-6 concentrations in the first day 
after surgery and pain severity according to VAS 
after 72 hours with rho=0.511 (P�0.001) and 
rho=0.542 (P�0.001), respectively (Fig. 7). 

Discussion 
When choosing the regional anesthesia tech-

nique for the implantation of intravenous port 
systems, we should consider the innervation of the 
anterior surface of the chest wall up to the third rib 
as the most common implantation site. This area is 
most often used for «pocketing» and direct insertion 
of the port receiving chamber [44]. 

The role of cutaneous nerve blocks in regional 
anesthesia is often underestimated. Such blocks are 
performed less frequently or in addition to conven-
tional nerve blocks. Cutaneous nerves are involved 
in the development of acute postoperative pain, but 
they are also the most common cause of chronic 
postoperative neuropathic pain [45]. 

Taking into account the results of pain assessment 
by VAS in the study groups, SSNB was found to possess 
the greatest analgesic efficacy during intravenous 
port system implantation compared to LIA and PECS. 
The advantages of PECS block over local anesthesia 
for intravenous port system implantation have been 

demonstrated in several studies [13, 41]. In our study, 
PECS block also had a rather strong analgesic potential, 
comparable to that of selective supraclavicular nerve 

Time point                                             Intergroup comparison of CRP levels (mg/l)                                         P1–2                P1–3                 P2–3  
                                                1 (LIA) — 2 (PECS)        1 (LIA) — 3 (SSNB)        2 (PECS) — 3 (SSNB)                                              
Before the procedure            0.77 (0.47)                         1.02 (0.47)                           0.25 (0.47)                         0.329            0.103              1.00 
On day 1                                      2.6 (0.66)                          3.08 (0.66)                           0.48 (0.66)                       0.0001           0.001              1.00 
On day 3                                    1.16 (0.59)                         2.03 (0.59)                           0.87 (0.59)                         0.152            0.003              0.43 

Table 3. Paired comparison of CRP levels, difference of means (standard error).

Note. A posteriori comparisons with Bonferoni correction were used (P�0.05). 

Time point                                                     Interleukin levels (pg/ml) in groups                                                  P1–2                P1–3                 P2–3  
                                                      1 (LIA), N=31                 2 (PECS), N=31                  3 (SSNB), N=31                                                    

IL-1β 
Before the procedure        1.3 [0.15;2.62[                  1,6 [0.36;3.09]                   1.15 [0.04;2.32]                    0.367            0.397             0.076 
On day 1                                  2.1 [1.04;5.8]                    1,9 [0.9;4.02]                    1.14 [0.51;2.64]                    0.573            0.011              0.03 
On day 3                                0.93 [0.09;2.33]                 1,57 [0.18;2.5]                   1.23 [0.12;1.88]                    0.345            0.866             0.172 

IL-6 
Before the procedure         4.3 [3.65;5.1]                    3.9 [3.5;4.45]                       3.98 [3.5;4.3]                      0.054            0.106             0.805 
On day 1                                  5.5 [4.25;6.5]                    3.4 [1.5;6.25]                       3.2 [2.32;5.3]                      0.019            0.002             0.751 
On day 3                                 4.54 [3.44;6.1]                   2.8 [1.0;5.21]                       2.2 [1.24;4.1]                        0.05              0.015             0.899 

Table 4. Changes in IL-1β and IL-6 levels, Me [25th; 75th percentile].

Note. Mann–Whitney test was used.

Fig. 7. Correlation of VAS pain severity with IL-6 levels during 
movement after 72 hours. 
Note. Correlation: a — with the change in IL-6 level between 
day 1 after surgery and baseline; b — with the IL-6 level on 
day 1 after surgery. 
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block (SSNB). However, it was the SSNB that signifi-
cantly reduced the local anesthetic dose and minimized 
the postoperative stress response. 

According to Thomas Dahl Nielsen of Aarhus 
University Hospital (Denmark), «…whether or not 
cutaneous nerve blocks should be of relevance to 
the regional anaesthetist in regard to acute postop-
erative pain, depends on the objective of the post-
operative pain treatment. If future improvements 
towards opioid-free, painless, fast track procedures 
are an ambition, then cutaneous nerves and knowl-
edge of cutaneous nerve blocks seem like an un-
avoidably part that equation» [45]. This study confirms 
the above statement and also shows that the use of 
regional anesthesia techniques reduces the need for 
postoperative anesthesia. This is in agreement with 
the results of other authors [41]. 

The use of regional anesthesia is known to 
reduce the inflammatory response induced during 
surgery in cancer patients [46, 47]. When local anes-
thesia was used for intravenous port system implan-
tation, a significant postoperative stress response 
was obtained on the first day after implantation. The 
levels of CRP and interleukin-6 significantly exceeded 
the reference values and did not decrease to the pre-
operative values even on the third day after surgery 
only in the local anesthesia group. The data obtained 
are consistent with the suggestion that CRP is an 
acute-phase protein induced primarily by the action 
of IL-6 on the gene responsible for CRP transcription 
in the acute phase of inflammation/infection [43]. 

CRP and IL-6 have been reported to have the 
strongest correlation with the severity of surgical 
injury, although CRP is probably the most clinically 
useful of them (Watt D. G. et al.) [48]. It can be con-
cluded that even minimally invasive procedures in 
cancer patients can induce a significant inflammatory 
response when only local anesthesia is used. 

One day after surgery under local anesthesia, 
an increase in interleukin-1β was observed com-
pared to the group using selective supraclavicular 
nerve block combined with local anesthesia. In-
terleukin-1β, a 17.5 kDa polypeptide, is thought to 
play an important role in modulating neuronal ex-
citability in the peripheral and central nervous systems. 
In addition to its immunoregulatory effects, IL-1β 
has a specific relevance to the development of persistent 
pain, including peripheral tissue injury (inflammatory 
pain) and nerve injury (neuropathic pain) [49]. 

In the acute immune response, tumor necrosis 
factor-alpha (TNF-α) and interleukin (IL)-1β are re-
leased first. They induce a secondary immune re-
sponse in which IL-6 is produced [50]. Given the as-
sociation of IL-1β and IL-6 with inflammatory and 
neuropathic pain, the findings reflect both the 
superior analgesic effect of cutaneous nerve block 
and the greatest nociceptive stimulation with local 
anesthesia alone. 

A correlation between pain intensity and the 
expression of proinflammatory cytokines and CRP 
has been demonstrated. The study by Amano K et 
al. also reported a direct correlation between CRP 
and pain scores on a digital rating scale. In addition, 
serum levels of CRP have been identified as a «sur-
rogate» for systemic inflammation in relation to sur-
vival, activities of daily living, and physical and psy-
chological signs and symptoms [51]. 

The use of regional anesthesia was found to re-
duce the inflammatory response; in the cutaneous 
nerve block group, IL-6 levels were reduced 2-fold 
on day 3 compared to baseline. Pérez-González O. 
et al. reported that regional anesthesia in breast 
cancer surgery was associated with lower levels of 
inflammation and better immune response compared 
with general anesthesia and opioid analgesia [52]. 

In a recent review of perioperative anesthesia 
strategies in oncology, the authors conclude that re-
gional anesthesia can be considered as a technique 
to potentially decrease the response to surgical stress, 
improve pain control, and reduce postoperative 
complications, providing significant benefit for cancer 
patients [53]. 

There is a growing interest in how perioperative 
strategies can alter cancer outcomes. Literature in 
recent years has suggested that regional anesthesia 
can increase recurrence-free survival in cancer pa-
tients, leading to the birth of a new specialty, on-
coanesthesiology [54]. Mary Thomas, professor of 
anesthesiology at the Regional Cancer Center of 
India, argues that «anesthetic strategy could have 
significant oncological sequel is a quantum leap for-
ward» [54]. Our study also underscores the importance 
of this point. 

Conclusion 
Implantation of an intravenous port system 

under local anesthesia induces a significant in-
flammatory stress response due to surgical trauma 
(CRP 8.05 mg/L, IL-6 5.5 pg/mL, IL-1β 2.1 pg/mL 
at 24 hours), while local anesthesia cannot provide 
sufficient analgesia after implantation in cancer 
patients. 

The use of regional anesthesia techniques 
under ultrasound guidance helps to achieve a sig-
nificant reduction in postoperative pain, the need 
for additional postoperative analgesia, and to 
counteract the inflammatory stress response after 
implantation of the intravenous port system. 

Selective supraclavicular nerve block during 
implantation of the intravenous port system has 
the greatest analgesic potential and requires sig-
nificantly less local anesthetic (additional 10 mg 
LIA median of 20 [5; 39.8] mg) compared to local 
infiltration anesthesia (additional 150 mg LIA me-
dian of 25 [18.7; 31.2] mg) and PECS block (addi-
tional 75 mg LIA median of 95 [90.5; 105.5] mg).



36 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 3 ,  1 9 ;  3

For Practit ioner

References 

1. Portnow J., Lim C., Grossman S.A. Assessment of 
pain caused by invasive procedures in cancer patients. 
J Natl Compr Canc Netw. 2003; 1 (3): 435-439. DOI: 
10.6004/jnccn.2003.0037. PMID: 19761075 

2. Seifert S., Taxbro1 K., Hammarskjold F. Patient-con-
trolled sedation in port implantation (PACSPI 1) — 
a feasibility trial. Elsevier. 2022; 3: 100026. DOI: 
10.1016/j.bjao.2022.100026 

3. Byager N., Hansen M.S., Mathiesen O., Dahl J.B. The 
analgesic effect of wound infiltration with local 
anaesthetics after breast surgery: a qualitative sys-
tematic review. Acta Anaesthesiol Scand. 2014; 58 
(4): 402–410. DOI: 10.1111/aas.12287. PMID: 24617619 

4. Kaya E., Südkamp H., Lortz J., Rassaf T., Jánosi R.A. 
Feasibility and safety of using local anaesthesia with 
conscious sedation during complex cardiac im-
plantable electronic device procedures. Sci Rep. 2018; 
8 (1): 7103. DOI: 10.1038/s41598-018-25457-x. PMID: 
29740019 

5. Akelma H. Salýk F., Býçak M., Erbatur M.E. Local anes-
thesia for port catheter placement in oncology patients: 
an alternative to landmark technique using ultra-
sound-guided superficial cervical plexus block — a 
prospective randomized study. J Oncol. 2019: 2585748. 
DOI: 10.1155/2019/2585748. PMID: 31467534 

6. Vellucci R., Mediati R.D., Gasperoni S., Mammucari 
M., Marinangeli F., Romualdi P. Assessment and 
treatment of breakthrough cancer pain: from theory 
to clinical practice. J Pain Res. 2017; 10: 2147–2155. 
DOI: 10.2147/JPR.S135807. PMID: 29066928 

7. Bozyel S., Yalnýz A., Aksu T., Guler T.E., Genez S. Ultra-
sound‐guided combined pectoral nerve block and 
axillary venipuncture for implantation of cardiac im-
plantable electronic devices. Pacing Clin Electrophysiol. 
2019; 42 (7): 1026–1031. DOI: 10.1111/pace.13725. 
PMID: 31106438 

8. Renzini M., Ripani U., Golia L., Nisi F., Gori F. Pec-
toralis (PecS) block 1 for port-a-cath removal and 
central venous catheter (CVC) replacement. Med 
Glas (Zenica). 2020; 17 (2): 352–355. DOI: 
10.17392/1158-20. PMID: 32253905 

9. Munshey F., Ramamurthi R.J., Tsui B. Early experience 
with PECS 1 block for Port-a-Cath insertion or 
removal in children at a single institution. J Clin 
Anesth. 2018; 49: 63–64. DOI: 10.1016/j.jclinane. 
2018.06.010. PMID: 29894919 

10. Sansone P., Pace M.C., Passavanti M.B., Pota V., 
Colella U., Aurilio C. Epidemiology and incidence 
of acute and chronic post-surgical pain. Ann Ital 
Chir. 2015; 86 (4): 285–292. PMID: 26343897 

11. Taxbro K., Hammarskjöld F., Thelin B., Lewin F., 
Hagman H., Hanberger H. et al. Clinical impact of 
peripherally inserted central catheters vs implanted 
port catheters in patients with cancer: an open-
label, randomised, two-centre trial. Br J Anaesth. 
2019; 122 (6): 734–741. DOI: 10.1016/j.bja.2019. 
01.038. PMID: 31005243 

12. Chang D.-H., Hiss S., Herich L., Becker I., Mammadov 
K., Franke M., Mpotsaris A. et al. Implantation of 
venous access devices under local anesthesia: patients’ 
satisfaction with oral lorazepam. Patient Prefer Ad-
herence. 2015; 9: 943–949. DOI: 10.2147/PPA.S80330. 
PMID: 26185424 

13. Ince M.E., Sir E., Eksert S., Ors N., Ozkan G. Analgesic 
effectiveness of ultrasound-guided Pecs II block in 
central venous port catheter implantation. J Pain 
Res. 2020; 13: 1185–1191. DOI: 10.2147/JPR. S258692. 
PMID: 32547181 

14. Byager N., Hansen M.S., Mathiesen O., Dahl J.B. The 
analgesic effect of wound infiltration with local 
anaesthetics after breast surgery: a qualitative sys-
tematic review. Acta Anaesthesiol Scand. 2014; 58 
(4): 402–410. DOI: 10.1111/aas.12287. PMID: 24617619 

15. Cassi L.C., Biffoli F., Francesconi D., Petrella G., Buonomo 
O. Anesthesia and analgesia in breast surgery: the ben-
efits of peripheral nerve block. Eur Rev Med Pharmacol 
Sci. 2017; 21 (6): 1341–1345. PMID: 28387892 

16. Woodworth G.E., Ivie R.M.J., Nelson S.M., Walker 
C.M., Maniker R.B. Perioperative breast analgesia: a 
qualitative review of anatomy and regional tech-
niques. Reg Anesth Pain Med. 2017; 42 (5): 609–631. 
DOI: 10.1097/AAP.0000000000000641. PMID: 
28820803 

17. Oksuz G., Bilgen F., Arslan M., Duman Y., Urfalýoglu 
A., Bilal B. Ultrasound-guided bilateral erector spinae 
block versus tumescent anesthesia for postoperative 
analgesia in patients undergoing reduction mam-
moplasty: a randomized controlled study. Aesthetic 
Plast Surg. 2019; 43 (2): 291–296. DOI: 10.1007/s00266-
018-1286-8. PMID: 30535555 

18. Sato M., Shirakami G., Fukuda K. Comparison of 
general anesthesia and monitored anesthesia care 
in patients undergoing breast cancer surgery using 
a combination of ultrasound-guided thoracic par-
avertebral block and local infiltration anesthesia: a 
retrospective study. J Anesth. 2016; 30 (2): 244–251. 
DOI: 10.1007/s00540-015-2111-z. PMID: 26661141 

19. Blanco R. The 'pecs block': A novel technique for 
providing analgesia after breast surgery. Anaesthesia. 
2011; 66 (9): 847-8. DOI: 10.1111/j.1365-2044.2011. 
06838.x. PMID: 21831090 

20. Mense S. Nociception from skeletal muscle in relation 
to clinical muscle pain. Pain. 1993; 54 (3): 241–289. 
DOI: 10.1016/0304-3959 (93)90027-M. PMID: 8233542 

21. Porzionato A., Macchi V., Stecco C., Loukas M., Tubbs 
R.S., De Caro R. Surgical anatomy of the pectoral 
nerves and the pectoral musculature. Clin Anat. 
2012; 25 (5) 559–575. DOI: 10.1002/ca.21301. PMID: 
22125052 

22. Wallace A.M., Wallace M.S. Postmastectomy and post-
thoracotomy pain. Anesthesiol Clin North Am. 1997; 
15: 353–370. DOI: 10.106/ S0889-8537 (05)70338-2 

23. Maybin J., Townsley P., Bedforth N., Allan A. Ultrasound 
guided supraclavicular nerve blockade: first technical 
description and the relevance for shoulder surgery 
under regional anaesthesia. Anaesthesia. 2011; 66 
(11): 1053–1055. DOI: 10.1111/j.1365-
2044.2011.06907.x PMID: 22004208 

24. Russon K., Pickworth T., Harrop-Griffiths W. Upper 
limb blocks. Anaesthesia. 2010; 65 Suppl. 1: 48–56. 
DOI: 10.1111/j.1365-2044.2010.06277.x. PMID: 
20377546 

25. Vester-Andersen T., Christiansen C., Hansen A., 
Sorensen M., Meisler C. Interscalene brachial plexus 
block: area of analgesia, complications and blood 
concentrations of local anesthetics. Acta Anaesthesiol 
Scand. 1981; 25 (2): 81–84. DOI: 10.1111/j.1399-
6576.1981.tb01612.x. PMID: 7324828 



37w 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 3 ,  1 9 ;  3

For Practit ioner

26. Urmey W.F., Grossi P., Sharrock N.E., Stanton J., 
Gloeggleer P.J. Digital pressure during interscalene 
block is clinically ineffective in preventing anesthetic 
spread to the cervical plexus. Anesth Analg. 1996; 83 
(2): 366–370. DOI: 10.1097/00000539-199608000-
00028. PMID: 8694320 

27. Sivashanmugam T., Areti A., Selvum E., Diwan S., 
Pandian A. Selective blockade of supraclavicular 
nerves and upper trunk of brachial plexus «The 
SCUT block» towards a site-specific regional anaes-
thesia strategy for clavicle surgeries — a descriptive 
study. Indian J Anaesth. 2021; 65 (9): 656–661. DOI: 
10.4103/ija.ija_255_21. PMID: 34764500 

28. Wang Q., Zhang G., Wei S., He Z., Sun L., Zheng H. 
Comparison of the effects of ultrasound-guided 
erector spinae plane block and wound infiltration 
on perioperative opioid consumption and post-
operative pain in thoracotomy. J Coll Physicians 
Surg Pak. 2019; 29 (12): 1138–1143. DOI: 
10.29271/jcpsp.2019.12.1138. PMID: 31839083 

29. Jeske H.C., Kralinger F., Wambacher M., Perwanger 
F., Schoepf R., Oberladstaetter J., Krappinger D. et al. 
A randomized study of the effectiveness of supras-
capular nerve block in patient satisfaction and out-
come after arthroscopic subacromial decompression. 
Arthroscopy. 2011; 27 (10): 1323–1328. DOI: 
10.1016/j.arthro. 2011.05.016. PMID: 21868190 

30. Hadzic A., Williams B.A., Karaca P.E., Hobeika P., 
Unis G., Dermksian G., Yufa M. et al. For outpatient 
rotator cuff surgery, nerve block anesthesia provides 
superior same-day recovery over general anesthesia. 
Anesthesiology. 2005; 102 (5): 1001–1007. DOI: 10.1097/ 
00000542-200505000-00020. PMID: 15851888 

31. Terkawi A.S., Mavridis D., Sessler D.I., Nunemaker 
M.S., Doais K.S., Terkawi R.S., Terkawi Y.S. et al. Pain 
management modalities after total knee arthroplasty: 
a network meta-analysis of 170 randomized controlled 
trials. Anesthesiology. 2017; 126 (5): 923–937.DOI: 
10.1097/ALN.0000000000001607. PMID: 28288050 

32. Novitsky Y.W., Litwin D.E., Callery M.P. The net im-
munologic advantage of laparoscopic surgery. Surg 
Endosc. 2004; 18 (10): 1411–1419. DOI: 
10.1007/s00464-003-8275-x 

33. Smajic J., Tupkovic L.R., Husic S., Avdagic S.S., Hodzic 
S., Imamovic S. Systemic inflammatory response 
syndrome in surgical patients. Med Arch. 2018; 72 
(2): 116–119. DOI: 10.5455/medarh.2018.72.116-119. 
PMID: 29736100 

34. Ren K., Torres R. Role of interleukin-1β during pain 
and inflammation. Brain Res Rev. 2009; 60 (1): 57–
64. DOI: 10.1016/j.brainresrev. 2008.12.020. PMID: 
19166877 

35. Zhou Y.Q., Liu Z., Liu Z.-H., Chen S.-P., Li M., Shahver-
anov A., Ye D-W. et al. Interleukin-6: an emerging 
regulator of pathological pain. J Neuroinflammation. 
2016; 13 (1): 141. DOI: 10.1186/s12974-016-0607-6. 
PMID: 27267059 

36. Dos Santos G.G., Delay L.,Yaksh T. L., Corr M. Neuraxial 
cytokines in pain states. Front Immunol. 2020; 10: 
3061. DOI: 10.3389/fimmu.2019.03061. PMID: 
32047493 

37. Zhang J.-M., An J. Cytokines, inflammation, and 
pain. Int Anesthesiol Clin. 2007; 45 (2): 27–37. DOI: 
10.1097/AIA.0b013e318034194e. PMID: 17426506 

38. Marsland A.L., Walsh C., Lockwood K., John-Henderson 
N.A. The effects of acute psychological stress on cir-
culating and stimulated inflammatory markers: a 
systematic review and meta-analysis. Brain Behav 
Immun. 2017: 64: 208–219. DOI: 10.1016/j.bbi. 
2017.01.011. PMID: 28089638 

39. Bugada D., Lavand'homme P., Ambrosoli A.L., Cap-
pelleri G., Saccani Jotti G.M., Meschi T., Fanelli G. et 
al. Effect of preoperative inflammatory status and 
comorbidities on pain resolution and persistent 
postsurgical pain after inguinal hernia repair. Medi-
ators Inflamm. 2016; 2016: 5830347. DOI: 
10.1155/2016/5830347. PMID: 27051077 

40. Guan Z., Hellman J., Schumacher M. Contemporary 
views on inflammatory pain mechanisms: TRPing 
over innate and microglial pathways. F1000Res. 2016; 
5: F1000 Faculty Rev-2425. DOI: 10.12688/f1000re-
search.8710.1. PMID: 27781082  

41. Janc J., Szamborski M., Milnerowicz A., Łysenko L., 
Leśnik P. Evaluation of the effectiveness of modified 
pectoral nerve blocks type II (PECS II) for vascular 
access port implantation using cephalic vein vene-
section. J Clin Med. 2021; 10 (24): 5759. DOI: 10.3390/ 
jcm10245759. PMID: 34945054 

42. ASA physical status classification system. 
https://www.asahq.org/standards-and-guidelines/asa-
physical-status-classification-system 

43. Nehring S.M., Goyal A., Patel B.C. C reactive protein. 
[updated 2022 Jul 18]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2022. 
Available from: https://www.ncbi.nlm.nih.gov/ 
books/NBK441843/ 

44. Zerati A.E., Wolosker N., de Luccia N., Puech-Leão P. 
Cateteres venosos totalmente implantáveis: histórico, 
técnica de implante e complicações [Portuguese]. J 
Vasc Bras. 2017; 16 (2): 128–139. DOI: 10.1590/1677-
5449.008216. PMID: 29930637 

45. Nielsen T.D. Relevance of cutaneous nerve blocks. 
Regional Anesthesia & Pain Medicine 2022; 47: A15-
A16. https://rapm.bmj.com/ content/rapm/47/Sup-
pl_1/A15.full.pdf 

46. Deegan C.A., Murray D., Doran P., Moriarty D.C., 
Sessler D.I., Mascha E., Kavanagh B.P. et al. Anesthetic 
technique and the cytokine and matrix metallopro-
teinase response to primary breast cancer surgery. 
Reg Anesth Pain Med. 2010; 35; (6): 490–495. DOI: 
10.1097/AAP. 0b013e3181ef4d05. PMID: 20975461 

47. Zhao J., Mo H. The impact of different anesthesia 
methods on stress reaction and immune function 
of the patients with gastric cancer during peri-op-
erative period. J Med Assoc Thai. 2015; 98 (6): 568–
573. PMID: 26219161 

48. Watt D.G., Horgan P.G., McMillan D.C. Routine 
clinical markers of the magnitude of the systemic 
inflammatory response after elective operation: a 
systematic review. Surgery. 2015; 157 (2): 362–380. 
DOI: 10.1016/j.surg.2014.09.009. PMID: 25616950 

49. Prossin A.R., Zalcman S.S., Heitzeg M.M., Koch A.E., 
Campbell O.L., Phan K.L., Stohler C.S. et al. Dynamic 
interactions between plasma IL-1 family cytokines 
and central endogenous opioid neurotransmitter 
function in humans. Neuropsychopharmacology. 
2015; 40  (3): 554–565. DOI: 10.1038/npp.2014.202. 
PMID: 25139063 



38 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 3 ,  1 9 ;  3

For Practit ioner

50. Guisasola M.C., Alonso B., Bravo B., Vaquero J., Chana 
F. An overview of cytokines and heat shock response 
in polytraumatized patients. Cell Stress Chaperones. 
2018; 23 (4): 483–489. DOI: 10.1007/s12192-017-
0859-9. PMID: 29101529 

51. Amano K., Ishiki H., Miura T., Maeda I., Hatano Y., 
Oyamada S., Yokomichi N. et al. C-reactive protein 
and its relationship with pain in patients with ad-
vanced cancer cachexia: secondary cross-sectional 
analysis of a multicenter prospective cohort study. 
Palliat Med Rep. 2021; 2 (1): 122–131. DOI: 
10.1089/pmr.2021.0004. PMID: 34223511 

52. Pérez-González O., Cuéllar-Guzmán L.F., Soliz J., 
Cata J.P. Impact of regional anesthesia on recurrence, 

metastasis, and immune response in breast cancer 
surgery: a systematic review of the literature. Reg 
Anesth Pain Med. 2017; 42 (6): 751–756. DOI: 
10.1097/AAP. 0000000000000662. PMID: 28953508 

53. Ballestín S.S., Bardaji A.L., Continente C.M., Bartolomé 
M.J.L. Antitumor anesthetic strategy in the periop-
eratory period of the oncological patient: a review. 
Front Med (Lausanne). 2022; 9: 799355. DOI: 
10.3389/fmed.2022.799355. PMID: 35252243 

54. Thomas M. Advances in oncoanaesthesia and cancer 
pain. Cancer Treat Res Commun. 2021: 29: 100491. 
DOI: 10.1016/j. ctarc. 2021.100491. PMID: 34837798 

Received 03.11.2022 
Accepted 30.05.2023



39w 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 3 ,  1 9 ;  3

For Practit ioner

https://doi.org/10.15360/1813-9779-2023-3-39-45

The Analgesic Efficacy of Prolonged Erector Spinae Fascial Plane Block 
in Patients with Multiple Rib Fractures 

Visolat H. Sharipova, Ivan V. Fokin* 

Republican Research Centre of Emergency Medicine, 
2 Farhad Str., Chilanzar district, 100115 Tashkent, Republic of Uzbekistan 

For citation: Visolat H. Sharipova, Ivan V. Fokin. The Analgesic Efficacy of Prolonged Erector Spinae Fascial Plane Block 
in Patients with Multiple Rib Fractures. Obshchaya Reanimatologiya = General Reanimatology. Общая реаниматология. 
2023; 19 (3): 39–45. https://doi.org/10.15360/1813-9779-2023-3-39-45 [In Russ. and Engl.] 

*Correspondence to: Ivan V. Fokin, vafanya3@yandex.ru 

Summary 
Objctive. To evaluate the analgesic efficacy of prolonged erector spinae fascial plane (ESFP) block in pa-

tients with multiple rib fractures. 
Material and methods. The study included 40 patients with multiple rib fractures. Based on anesthesia meth-

ods, patients were divided into 2 groups, where systemic analgesics were used for pain management in the control 
group (N=20), and additional supplementation with prolonged erector spinae fascial plane (ESFP) block in the 
main group (N=20). The study monitored the severity of pain measured by the numeric rating scale (NRS) at rest 
and during coughing, forced vital capacity (FVC), and the need for injectable narcotic analgesics. 

Results. The NRS measures at rest in the main group were statistically significantly superior to the control 
group results: at stage II — 1.5 points (IQR: 1.0–3.0) vs 3.0 points (IQR: 3.0–4.0); at stage III — 2.0 points (IQR: 
1.0–2.0) vs 4.0 points (IQR: 3.0–5.0); at stage IV — 1.5 points (IQR: 0.8–2.2) vs. 4.5 points (IQR: 4.0–5.0); at 
stage V — 1 point (IQR: 0–2,0) vs. 3.0 points (IQR: 2.8–4.0), respectively (P�0.001). Percentages of predicted 
FVC depending on patient’s gender, age, height and weight in the control group were as follows: at stage II — 
38± 8% (95%CI: 34–41); stage III — 44± 8% (95%CI: 40–47); stage IV — 41±10% (95%CI: 36–45) and stage V — 
49±10% (95%CI: 45–53). In the main group, the following FVC values were obtained: 49±15% at stage II (95%CI: 
42–56), 50±13% at stage III (95%CI: 44–57), 53±13% at stage IV (95%CI: 47–59), and 57±11% at stage V (95%CI: 
52–63). Therefore, statistically significant FVC reduction in the control group vs the main group came up to 
22%, 14%, 24% and 15% at stages II-V, respectively (P�0.05). The amounts of injected narcotic analgesics on 
day 1 and day 2 after initiation of the study were 5.0 mg (IQR: 5–10) and 5.0 mg (IQR: 0–5.0) in the main group 
vs 10.0 mg (IQR: 5.0–15.0) and 7.5 mg (IQR: 5.0–10.0) in the control group, respectively (P�0.05). 

Conclusion. The prolonged erector spinae fascial plane block improves the quality of analgesia and FVC 
values in patients with multiple rib fractures. 

Key words: long-term continuous block; erector spinae muscle; fascial plane; anesthesia; multiple frac-
tures; ribs 
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Introduction 
Rib fractures account for 10–12% of all trauma 

events and are generally a marker of serious in-
jury [1]. Fractures of three or more ribs are defined 
as multiple and account for up to 68% of all rib 
fractures [2]. Despite timely and state-of-the-art 
medical care, this condition is associated with var-
ious severe pleural and pulmonary complications 
in 33%, including pulmonary atelectasis, pneu-
monia, ARDS, hydro- and pneumothorax, and 
pleural empyema, significantly prolonging hospital 
stay [3]. Pain in multiple rib fractures is very 
intense, and simple physiological actions such as 
deep breathing, productive coughing, and changes 
in body position lead to an increase in pain intensity. 
As a result, chest stiffness and the likelihood of at-
electasis and pneumonia increase [4]. Accordingly, 
the selection and use of the optimal method of 
emergency pain management in patients with 
multiple rib fractures is an essential component 
of the comprehensive management of these pa-
tients  [5]. In our opinion, multimodal analgesia 

with systemic analgesics combined with regional 
analgesia, such as erector spinae plane block 
(ESPB), seems to be the best method to treat 
patients with multiple rib fractures. 

The erector spinae plane block was first de-
scribed by Forero M. et al. in 2016 as a new method 
of regional block of thoracic nerves for the treatment 
of neuropathic pain [6]. The target of the block when 
injecting local anesthetic (LA) is the «fascial plane», 
which is located along the spine, between the anterior 
surface of the erector spinae muscle and the posterior 
part of the transverse processes of the vertebrae. 
Thus, when LA spreads along the fascia, it affects 
the posterior branches of the spinal nerves, and 
when it spreads anteriorly into the paravertebral 
space, it also affects the anterior branches of the 
spinal nerves, providing analgesia to the posterior, 
lateral, and anterior chest wall [6–9]. Available pub-
lications report broad indications for the use of ESPB, 
including pain relief for multiple rib fractures [10–14].  

ESPB in a patient with multiple rib fractures 
was first described by Hamilton et al. who noted a 
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decrease in pain intensity scores on a numeric 
rating scale from 6 out of 10 at rest and 10 out of 10 
on cough (despite prior multimodal analgesia) to 0 
out of 10 at rest and 1 out of 10 on cough after only 
a few minutes of ESPB [15]. 

Other papers describing a series of clinical 
observations have also reported good pain relief 
after ESPB in patients with multiple rib fractures [16, 
17]. A retrospective cohort study without a control 
group demonstrated the efficacy of pain manage-
ment in 79 patients with multiple rib fractures after 
ESPB, as measured by reduced pain intensity, in-
creased inspiratory volume on incentive spirometry, 
and reduced use of narcotic analgesics [18]. The 
persistent problem of inadequate pain relief in pa-
tients with multiple rib fractures, the search for an 
optimal method of pain relief, and the need to over-
come the shortcomings of previous studies, such 
as the small number of patients and lack of a control 
group, provide a rationale for conducting our study.  

Aim of the study: To evaluate the efficacy of 
extended erector spinae plane block in patients 
with multiple rib fractures. 

Materials and Methods 
A prospective study was conducted at the Re-

publican Scientific Center for Emergency Medical 
Care in 2019 on 40 patients admitted for emergency 
indications with multiple rib fractures in the context 
of combined or isolated thoracic trauma.  

Inclusion criteria: age 18 years and older, two 
and more rib fractures, conservative therapy.  

Exclusion criteria: impaired consciousness 
(Glasgow Coma Score less than 14 points), Injury 
Severity Score greater than 25 points, need for me-
chanical ventilation or surgery under general anes-
thesia. All patients were divided into two groups 
according to the type of anesthesia. Patients in the 
control group (N=20) were prescribed with systemic 
analgesics such as Diclofenac 75 mg intramuscularly 

(i.m.) twice daily or Ketoprofen 100 mg i.m. or in-
travenously (i.v.) three times daily, Acetaminophen 
1 g, administered i.v., four times daily. In addition, 
a ketoprofen patch was applied to the injured rib 
area and changed once a day, while Promedol 20 
mg or Morphine 10 mg or Omnopon 20 mg i.m. or 
i.v. were administered for severe pain. Patients in 
the main group (N=20) received systemic analgesics 
in the same regimen as in the control group, sup-
plemented by prolonged ESPB on day 1 after ad-
mission.  

No differences were found between the groups 
in age, sex, frequency of injury causes, number of 
ribs injured, injury severity according to the Injury 
Severity Score (ISS), and injury characteristics 
(Table 1, P�0.05). 

Before performing the block, the patients were 
informed about the upcoming manipulation, and 
after obtaining the patient's consent, an extended 
ESPB was performed under aseptic and antiseptic 
conditions.  

Routine monitoring (BP, pulse, ECG, SpO₂) 
was performed during the first day after the pa-
tient's admission to the hospital. The patient's 
position during the block was chosen according 
to the patient's activity: lying on the side, opposite 
to the block, or sitting up. The level of the block 
was determined by the transverse process of the 
vertebra corresponding to the underlying injured 
ribs (Fig. 1). 

Ultrasound guidance was performed with a 
7–12 MHz linear transducer on a portable ultra-
sound device (Samsung Medison R3, South Korea). 
The appropriate transverse process was visualized 
2.5–3 cm lateral to the spinous processes in the 
longitudinal position of the transducer. After de-
termining the appropriate transverse process and 
marking the point of needle insertion, we performed 
aseptic preparation of the manipulation field and 
local infiltration anesthesia of the area of needle 
insertion with 4–5 mL of 1% lidocaine. A Tuohy 18G 

Parameter                                                                                                                                       Values in groups                                                         P 
                                                                                                                                        Control, N=20                      Study, N=20                                    
Age, years (M±SD; 95%CI)                                                                      47.3±14.9; 40.3–54.3       48.8±15.6; 41.4–56.1                      0.766 
Sex, N (%)                                                                                                                           

Female                                                                                                                5 (25.0)                                 5 (25.0)                                   1.000 
Male                                                                                                                    15 (75.0)                              15 (75.0)                                        

Number of damaged ribs (Me; IQR)                                                             4.0; 4.0–6.0                         4.5; 4.0–6.0                              0.707 
Type of trauma, N (%)                                                                                                   

Single                                                                                                                 10 (50.0)                                9 (45.0)                                   1.000 
Multiple                                                                                                            10 (50.0)                              11 (55.0)                                        

Injury Severity Scale (ISS), points (Me; IQR)                                         14.0; 11.0–14.8                  14.0; 11.0–17.0                           0.423 
Cause of trauma, N (%)                                                                                                 

Traffic accident                                                                                               12 (60.0)                              10 (50.0)                                  0.346 
High altitude trauma                                                                                     3 (15.0)                                 4 (20.0) 
Occupational injury                                                                                        1 (5.0)                                   0 (0.0)  
Domestic injury                                                                                              2 (10.0)                                 5 (25.0) 
Beating                                                                                                                 0 (0.0)                                   1 (5.0) 
Other                                                                                                                   2 (10.0)                                  0 (0.0) 

Table 1. The main demographic and clinical parameters in groups of patients.
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needle was inserted in the cranial direction cranially 
under ultrasound guidance until contact was made 
with the distal part of the transverse process. The 
correct position of the needle tip in the fascial 
plane was determined by injecting up to 5 mL of 
normal saline, visualizing the linear spread of the 
solution beyond the erector spinae muscle and its 
separation from the surface of the transverse 
process. A 20 G catheter from the epidural kit was 
then inserted 4–5 cm cranially through the Tuohy 
needle and secured to the skin with a plaster.  
A 20 mL bolus of 1% lidocaine with 4 mg dexam-
ethasone was injected through the catheter. For 
prolonged analgesia, an elastomeric pump was 
connected to the catheter immediately after the 
bolus administration, and a continuous infusion 
of 250 mL of 1% lidocaine was administered at a 
rate of 5 mL/h. Prolonged analgesia was maintained 
for three to seven days, depending on the patient's 
condition. 

Pain intensity was assessed by numerical pain 
rating scale (NPRS) at rest and during coughing, 
and forced vital capacity (FVC) was measured by a 
portable spirometer as a percentage of predicted 
value based on the patient's sex, age, height, and 
weight. These values were recorded in both groups 
at several stages of the study: stage 1 — before the 
study (in both groups primary analgesia with NSAIDs 
and narcotics was administered), stage 2 — 1 hour 
later (in the control group after multimodal analgesia, 
in the main group after multimodal analgesia and 
block), stage 3 — 6 hours later, stage 4 — 24 hours 
later, stage 5 — 48 hours after the start of the study. 
The need for parenteral narcotic analgesics, calcu-
lated as the total dose of narcotic analgesics in par-
enteral morphine equivalent between 0–24 hours 
and 24–48 hours after the start of the study, was 

also assessed in the groups. Narcotic anal-
gesic equivalence was calculated as follows: 
10 mg Morphine = 20 mg Omnopon = 40 mg 
Promedol.  

The results were analyzed using para-
metric and non-parametric methods. The 
collection, adjustment, organization of raw 
data and visualization of the obtained re-
sults were performed in Microsoft Office 
Excel 2020. Statistical analysis was per-
formed using StatTech v. 2.8.4 (StatTech 
LLC, Russia). The Shapiro–Wilk criterion 
was used to assess the normality of the 
distribution. In case of normal distribution, 
the data were pooled into variation series, 
in which the means (M) and standard de-
viations (SD) and the 95% confidence in-
terval (95%CI) were calculated. For non-
normal distribution, quantitative variables 
were reported as median (Me) and in-
terquartile range (IQR). The Mann–Whitney 
U test was used to compare independent 

populations when non-normal distribution was 
present. The nonparametric Friedman criterion 
with Holm-Bonferroni correction was used to com-
pare more than two dependent samples with dis-
tribution different from normal. When the number 
of expected observations in any cell of the four-
way table was less than 5, Fisher's exact test was 
used to estimate the significance of differences. 
When comparing means in samples of quantitative 
variables with normal distribution, Student's t-cri-
terion was calculated. The paired Student's t-test 
was used to compare means calculated for paired 
samples. 

Results 
Pain intensity at rest as assessed by the NPRS 

did not differ between groups at stage 1 of the study 
(Table 2, P=0.128), but significant differences were 
found at all subsequent stages. The NPRS score at 
stage 2 was 1.5 points (IQR, 1.0 to 3.0) in the main 
group vs. 3.0 points (IQR, 3.0 to 4.0) in the control 
group, at stage 3 it was 2.0 points (IQR, 1.0 to 2.0) 
versus 4.0 points (IQR, 3.0 to 5.0), at stage 4, 1.5 
points (IQR, 0.8 to 2.2) versus 4.5 points (IQR, 4.0 to 
5.0), at stage 5, 1.0 point (IQR, 0 to 2.0) versus 3.0 
points (IQR, 2.8 to 4.0), respectively (P�0.001). In 
the control group, there was a significant decrease 
in NPRS score only at stages 2 and 4 of the study 
(P�0.001). In the main group, the NPRS score de-
creased significantly by more than 50% at study 
stage 2 and remained significantly lower through 
and including study stage 5, when it reached its 
lowest point of 1.0 (IQR, 0 to 2.0) (P�0.001).  

The NPRS values on cough in stages 2, 3, 4, 
and 5 of the study in the main group were signifi-
cantly lower than those in the control group by 
more than 40% (Table 2, P�0.001). A significant de-

Fig. 1. Selection of injection site for catheter placement based on rib injury. 
Note. a — clinical case. The red circle indicates the injection point of the 
needle, the yellow rectangle indicates the location of the base of the linear 
transducer. b — author's scheme of mutual positioning of the catheter tip 
and bony structures of the thorax (Fig. Bony structures, http://instruktor-
fiz.org/wp-content/uploads/image/theory/clip_image023.jpg, Access date 
2023.05.03).  



crease in the NPRS on cough in the control group 
was observed only from stage 3 of the study and 
reached a minimum in stage 4 of the study (P�0.001). 
In the main group, the reduction in this parameter 
was more dramatic, starting as early as stage 2, 
when it decreased by 40% and remained significantly 
lower until the end of the study (P�0.001).  

From stage 2 of the study, FVC was significantly 
lower in the control group than in the main group 
(Table 2). While the FVC in the main group was 
49±15% (95%CI, 42 to 56) at stage 2, 50±13% (95%CI, 
44 to 57) at stage 3, 53±13% (95%CI, 47 to 
59) at stage 4, and 57±11% (95%CI, 52 to 
63) at stage 5, the FVC in the control group 
was 38±8% (95%CI, 34 to 41) at stage 2, 
44±8% (95%CI, 40 to 47) at stage 3, 41±10% 
(95%CI, 36 to 45) at stage 4, and 49±10% 
(95%CI, 45 to 53) at stage 5, which were 
22%, 14%, 24%, and 15% less than in the 
main group, respectively (P�0.05).  

Both groups showed an increase in 
FVC of 22% in the control group and 27% 
in the main group from stage 1 to stage 5 
of the study (P�0.05). 

Changes in narcotic analgesic con-
sumption in morphine equivalents are 
shown in Fig. 2. On day 1 after study initi-
ation, this value was 5.0 mg (IQR, 5–10) in 
the main group versus 10.0 mg (IQR, 5.0–
15.0) in the control group, which was sig-

nificantly lower by 50% (P�0.05). On day 2, it was 
5.0 mg (IQR, 0–5.0), also 33% lower than in the 
control group, where it was 7.5 mg (IQR, 5.0–10.0) 
(P�0.05). 

Discussion  
The lack of differences in the NPRS at rest and 

on cough between the groups during stage 1 of the 
study indicates their comparability. In the subsequent 
stages of the study, more effective pain relief was 
achieved with prolonged ESPB used in combination 
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Group                                                                                                  Values in groups at the study stages                                                    P  
                                                                                                    1                       2                      3                       4                      5                                          

NPRS at rest, points (Me; IQR) 
Control                                                                           4.0;                3.0;                4.0;                4.5;               3.0;                           �0.0012* 
                                                                                       3.0–5.0          3.0–4.0         3.0–5.0          4.0–5.0         2.8–4.0                                  
Study                                                                               5.0;                1.5;                2.0;                1.5;                 1;                             �0.0012* 
                                                                                       4.0–6.2          1.0–3.0         1.0–2.0          0.8–2.2           0–2.0                          �0.0013* 
                                                                                                                                                                                                                            �0.0014* 
                                                                                                                                                                                                                            �0.0015*  
P                                                                                       0.128           �0.001*        �0.001*        �0.001*       �0.001*                              — 

NPRS on coughing, points (Me; IQR) 
Control                                                                           9.0;                9.0;                8.0;                7.0;               8.0;                           �0.0013* 
                                                                                      9.0–10.0        8.0–10.0        8.0–9.0          6.0–8.0         8.0–8.2                        �0.0084* 
                                                                                                                                                                                                                             0.0015*  
Study                                                                              10.0;               6.0;                5.0;                5.0;               5.5;                           �0.0012* 
                                                                                      9.0–10.0         5.0–7.0         5.0–6.2          4.0–6.0         4.8–6.0                          0.0013* 
                                                                                                                                                                                                                            �0.0014* 
                                                                                                                                                                                                                            �0.0015* 
P                                                                                       0.390           �0.001*        �0.001*        �0.001*       �0.001*                              — 

FVC, % (M±SD; 95%CI) 
Control                                                                      38.1±8.3;      37.6±8.1;     43.5±7.7;      40.6±9.9;     49.0±9.5;                        0.0015* 
                                                                                     34.3–42.0     33.8–41.5    39.9–47.2     36.0–45.2    44.6–53.5 
Study                                                                         41.9±11.5;   48.5±14.9;   50.5±13.1;    53.1±13.4;  57.4±11.3;                     �0.0012* 
                                                                                     36.5–47.3      41.6–55.5    44.4–56.6     46.9–59.4     52.1–62.7                      �0.0013* 
                                                                                                                                                                                                                            �0.0014* 
                                                                                                                                                                                                                            �0.0015*  
P                                                                                       0.244            0.007*           0.048*            0.002*          0.016*                               —

Table 2. Changes in the main parameters.

Note. Significant differences, P�0.05: * — between groups; 2* — between stages 1 and 2; 3* — between stages 1 and 3; 4* — between 
stages 1 and 4; 5* — between stages 1 and 5. NPRS — numerical pain rating scale; FVC — forced vital capacity. 

Fig. 2. The use of narcotic analgesics in morphine equivalent on days 1 
and 2 after the start of the study.
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with the multimodal systemic analgesic therapy. 
Similar trends in pain severity and respiratory pa-
rameters before and after ESPB were found in a 
study by Adhikari et al. where the NPRS score de-
creased by 39% in the first 3 hours and inspiratory 
volume on incentive spirometry increased by a 
mean of 545 mL (95% CI, 319 to 770 mL) in the first 
24 hours after the block [18]. In another study with 
a smaller number of patients (N=10), NPRS at rest 
and on movement also decreased by 70% and 67%, 
respectively, within 96 hours [17]. 

Some authors argue that in fractures of two or 
less ribs and moderate pain, regional analgesia is 
not necessary and systemic analgesia alone is suffi-
cient because of the increased risk of various com-
plications associated with regional analgesia [19].  

There is no doubt that the individual choice 
of a specific regional analgesia technique is deter-
mined by its efficacy, safety and ease of performance. 
The risk of complications with epidural analgesia 
and paravertebral blocks is higher than with fascial 
blocks. Unstable hemodynamic parameters and 
prior anticoagulant therapy may limit the use of 

epidural and paravertebral analgesia, whereas equally 
effective prolonged ESPB may serve as an alterna-
tive [20–22]. No complications of prolonged ESPB 
were observed in our study.  

We used the method of dosed prolonged local 
anesthetic administration through a catheter con-
nected to a microinfusion pump, the use of which 
requires staff training, based on literature data sug-
gesting its advantages over fractional or single in-
jection [23–25]. The 1% lidocaine was administered 
because of a wider therapeutic window compared 
to bupivacaine or ropivacaine used for fractional 
or single block, and a lower risk of systemic and 
cardiac toxicity.  

The lack of a pre-specified sample size can be 
considered a limitation of our study.  

  

Conclusion 
Reduced pain perception scores, decreased 

narcotic analgesic consumption and increased FVC 
with prolonged erector spinae plane block suggest 
its efficacy in patients with multiple rib fractures. 
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Introduction 
Stroke is the second leading cause of morbidity 

and mortality worldwide. The incidence of stroke 
is increasing due to the prevalence of diabetes mel-
litus and obesity [1, 2]. The pathophysiology of is-
chemic brain injury involves the activation of several 
signaling cascades. Oxygen deprivation leads to the 
cessation of energy-dependent ion pumps and 
channels, resulting in the release of neurotransmitters 
and subsequent neuronal death. Evidence suggests 
that post-ischemic inflammation is the major cause 
of a secondary brain damage, which determines 
the severity of stroke outcome [3]. Therefore, the 
search for clinically effective neuroprotective agents 
is relevant. Many therapeutic agents are currently 
being evaluated in preclinical studies using ischemic 
injury models [3, 4]. 

Research with inert (noble) gases is a promising 
direction in the search for neuroprotective agents. 
Xenon has been approved for clinical use as a 
general anesthetic and its neuroprotective properties 
have been confirmed in numerous in vitro and in 
vivo studies [5–13]. Argon may be another promising 
neuroprotective agent. Over several decades, data 
on cardio-, neuro-, and nephroprotective properties 
of argon in various diseases have been obtained in 
experimental models in vivo and in vitro [14–20]. 

A literature review revealed conflicting data 
on the neuroprotective properties of argon in differ-
ent models [21–35]. 

In a study by Grüßer L. (2017), the cytoprotective 
effect was obtained after argon inhalation for 2 h in 
a model of traumatic brain injury [36]. In 2021,  
2 papers were published evaluating the neuropro-
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Summary 
Acute ischemic stroke is a serious problem for healthcare systems worldwide. Searching for the optimal 

neuroprotector is a contemporary challenge. Various studies have demonstrated neuroprotective properties 
of argon in ischemic brain damage models. However, the published data are inconsistent. 

The aim of the study was to evaluate the effect of 24-hour argon-oxygen mixture (Ar 70%/O₂ 30%) inhalation 
on the severity of neurological deficit and the extent of brain damage in rats after a photoinduced ischemic stroke. 

Material and methods. The experiments were carried out on male Wistar rats weighing 430–530 g (N=26). 
Focal ischemic stroke was modeled in the sensorimotor cortex of the rat brain using photochemically induced 
vascular thrombosis. The animals were randomly divided into 3 groups: sham procedure + N₂ 70%/O₂ 30% in-
halation (SP, N=6); stroke + N₂ 70%/O₂ 30% inhalation (Stroke, N=10); Stroke + Ar 70%/O₂ 30% inhalation 
(Stroke+iAr, N=10). The limb placement test (LPT) was used for neurological assessment during 14 days. Ad-
ditionally, on day 14 after the stroke, brain MRI with lesion size morphometry was performed. Summarized 
for days 3,7 and 14 LPT scores were lower in the Stroke and Stroke + iAr groups as compared to the SP group. 

Results. Statistically significant differences in LPT scores between SP, Stroke, and Stroke+iAr groups were 
revealed on day 3 post-stroke: (scores: 14 (13; 14), 6.5 (4; 8), and 5 (3; 8), respectively, P=0.027). However, there 
was no statistical difference between the Stroke and Stroke+iAr groups. 

Conclusion. 24-hour inhalation of argon-oxygen mixture (Ar 70%/O₂ 30%) after stroke does not reduce the 
extent of brain damage or the severity of neurological deficit. 

Keywords: argon; neuroprotection; photochemically induced ischemic stroke; organoprotection 
Conflict of interest. The authors declare no conflict of interest.
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tective properties of argon in a closed TBI model. 
In this study, argon inhalation was administered 
for 24 hours [8, 37]. However, another study [8] 
showed a significant improvement in neurological 
status, whereas the study by Creed J. (2021) showed 
no positive effects [37]. Despite the neuroprotective 
effect in predominantly ischemic injury, argon did 
not provide protection after TBI, emphasizing the 
importance of careful selection of the study model 
and the time of argon exposure. Studies using 
models of ischemic injury based on oxygen-glucose 
deprivation have shown positive results after argon 
inhalation with different exposure times. Recovery 
of neurological status and a decrease in the extent 
of brain injury were observed on histological ex-
amination [17–25, 27–50]. Notably, the majority of 
studies were conducted in vitro. Ma S. et al (2019) 
first performed an in vivo study in a model of is-
chemic injury by middle cerebral artery occlusion 
with/without reperfusion [48]. The study confirmed 
the neuroprotective properties of argon, but revealed 
a discrepancy between the improved neurological 
outcome and the total area of injury [48]. Given the 
equivocal results of studies in various models of is-
chemic injury, photochemically induced thrombosis 
appears to be one of the most promising experi-
mental models of stroke. Unlike other methods of 
thrombosis induction, photochemically induced 
thrombosis can be used in small animals, as this 
model is characterized by persistent sensorimotor 
deficits and low postoperative mortality [42]. 

Thus, based on the literature data, argon may 
be a promising tool for brain protection against is-
chemia. However, the lack of consistent results in-
dicates the need for a comprehensive study of this 
gas as a neuroprotective agent. 

The aim of our study was to evaluate the effect 
of 24 h inhalation of argon-oxygen mixture after 
photoinduced ischemic stroke on the severity of 
neurological deficit and the degree of brain injury 
in rats. 

Materials and Methods 
Experimental animals. Experiments were per-

formed on male Wistar rats weighing 430–530 g 
(N=26). The animals were deprived of food for 8 h 
before the experiment, but had free access to water. 
The study protocol was approved by the Local 
Ethical Committee of the Federal Research and 
Clinical Center of Intensive Care Medicine and Re-
habilitology, No. 3/22/3 of December 14, 2022. The 
experiments were performed in accordance with 
the requirements of Directive 2010/63/EU of the 
European Parliament and Council of the European 
Union on the protection of animals used for scientific 
purposes.  

Animals were randomly divided into 3 groups 
according to the interventions performed: 

— sham-operated animals under anesthesia 
and preparation without stroke + N₂ 70%/O₂ 30% 
inhalation (SO group), N=6;  

— control group with stroke + N₂ 70%/O₂ 30% 
inhalation (stroke group), N=10; 

— experimental group with stroke + Ar 70%/O₂ 
30% inhalation (stroke+iAr group), N=10. 

Photoinduced ischemic stroke simulation. 
Under general anesthesia with sevoflurane 7.0–8.0 
ml (2–4 vol%) using the SomnoSuite (Kent Scientific 
Corporation, USA) low-flow anesthesia system for 
small laboratory animals with oxygen flow of  
1 L/min, ischemic stroke with photochemically in-
duced cortical vascular thrombosis was simulated 
according to [45]. Photosensitive rose Bengal dye 
(3%, 40 mg/kg intravenously; Sigma-Aldrich,  
St. Louis, Missouri, USA) was injected into the 
jugular vein. The rat head was then fixed in a stereo-
tactic frame (Bregma stereotactic coordinates:  
0.5 mm distal and 2.5 mm lateral), and the skull 
was exposed through a midline incision free of pe-
riosteum. The cerebral hemisphere in the area of 
the sensorimotor cortex was then irradiated with 
green light at λ=550 nm for 15 min. After skin suture, 
the rats were placed in a cage under an infrared 
heating lamp until they recovered from anesthesia. 
Body temperature was maintained at 37±0.5°C 
throughout the experiment. The temperature was 
measured by installing a rectal body temperature 
sensor, and thermoregulation was maintained in 
automatic mode by connecting a heating module 
to a thermoregulator and setting limit values. The 
sham operation included a paratracheal incision 
with isolation of the internal jugular vein and ex-
posure of the skull through a midline incision [45]. 

Argon exposure. Fifteen minutes after the 
stroke simulation, the animal was placed in a 15 L 
transparent plastic chamber continuously supplied 
with a fresh gas mixture (N₂ 70%/O₂ 30% for SO 
and stroke groups; Ar 70%/O₂ 30% for the stroke+iAr 
group) at a flow rate of 0.5 L/min per animal. No 
more than 5 animals of the same group were in the 
chamber at the same time to avoid hypoxia and 
hypercapnia. 

The exposure time in the chamber was  
24 hours. Throughout the experiment, the O₂ and 
CO₂ levels in the animal chamber were continuously 
monitored using a closed atmosphere control device 
(INSOVT, St. Petersburg, Russia). At the end of the 
exposure period, the general condition of the animal 
(level of alertness, mobility) was assessed and anes-
thesia with paracetamol at a dose of 50 mg/kg, sub-
cutaneously, was administered. The animal was 
then placed in its cage with free access to water 
and food. 

Assessment of neurological status. The neu-
rological status of the animals was assessed one 
day before the experiment (D0), on day 3 (D3),  
day 7 (D7), and day 14 (D14) after stroke. 

Experimental  Studies
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We used a protocol based on the method de-
scribed by De Rieck et al. (1989) [43] and modified 
by Yolkkonen J. et al. (2000) [44]. Rats were hand-
trained for one week prior to testing. The test con-
sisted of seven tests assessing sensorimotor inte-
gration of the forelimbs and hindlimbs in response 
to tactile, proprioceptive and visual stimulation. 
Each test was scored as follows: normal performance, 
2 points; delayed (�2 s) and/or incomplete per-
formance, 1 point; no performance, 0 points. The 
scores were summed, and the results were presented 
as the sum of the test scores. 

On day 14 after stroke, animals underwent 
MRI examination on a 7 Tesla magnetic field in-
duction tomograph with a gradient system of 
105 mTl/m (BioSpec 70/30, Bruker, Germany). Anes-
thesia was performed with isoflurane (1.5–2%), after 
which the rat was placed in a positioning device 
with stereotaxis and thermoregulation system as 
described previously [45]. 

A standard protocol for rat brain examination 
was used, including the acquisition of T2-weighted 
images. A linear transmitter with an internal diameter 
of 72 mm was used for radiofrequency (RF) signal 
transmission, and a receiving coil on the rat brain 
surface was used for RF signal detection. The fol-
lowing pulse sequences (PS) were used: RARE, a 
spin echo-based PS with the following parameters: 
TR = 6000 ms, TE = 63.9 ms, 0.8 mm slice thickness 
in 0.8 mm increments, 256×384 matrix size, 
0.164×0.164 mm/pixel resolution. Total scanning 
time per animal was approximately 25 minutes. 
The extent of brain injury was assessed by graphical 
analysis of MRI images with calculation of brain le-
sion volume. For this purpose, one slide with the 
largest brain lesion area in a series of MR images 
was selected. The lesion area in mm2 was calculated 
using ImageJ software (National Institutes of Health 
image software, Bethesda, MD, USA). The brain 
lesion area was then similarly calculated on four 
additional slides (two cranial and two caudal). The 
volume of brain lesions was calculated using the 
formula: V = 	Sn × d, where d is the thickness of one 
section (0.8 mm),	Sn is the sum of the lesion areas 
on five slides (mm2) [45]. Mortality in the groups of 
animals was assessed at 24 h, 7 and 14 days after 
stroke. 

Statistical analysis of the data was performed 
using STATISTICA 7.0 (StatSoft. Inc., USA) and 
GraphPad Prizm. The distribution of variables was 
assessed using the Shapiro–Wilk criterion. All data 
were presented as median and interquartile range. 
Statistical differences between groups in data with 
at least one non-normal distribution were analyzed 
using the Mann–Whitney U test with Bonferroni 
correction for comparison of three or more groups, 
and the Kruskal–Wallis or Mann–Whitney U test 
for analysis of no more than two groups. The sig-
nificance level was set at P�0.05. 

Results 

No animals were withdrawn from the study 
for 14 days and no humane endpoint was reached. 
There were no lethal outcomes. 

Neurological evaluation. The limb-placing 
test (LPT). At each of the time points (D3, D7, and 
D14), the sum of LPT scores in animals from both 
experimental groups was lower than in the SO 
group. We obtained significant differences between 
the SO group and the stroke and stroke+iAr groups 
on day 3 (14 (13; 14), 6.5 (4; 8), 5 (3; 8), respectively, 
P=0.027). The stroke and stroke+iAr groups did 

Fig. 1. Results of the limb-placing test (LPT). 
Note. a — Results on day 3 after simulated stroke; P=0.027 
between SO and stroke* groups, SO and stroke+iAr** groups. 
b — Results on day 7 after simulated stroke. c — Results on 
day 14 after simulated stroke. Data are presented as median 
and interquartile range [25%; 75%]. Mann–Whitney U test 
with Bonferroni correction, Kruskel–Wallis test was used to 
compare three or more groups. 

* **
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not differ (day 3, P=0.57; day 7, P=0.70; day 14, 
P=0.71) (Fig. 1). 

Over time, the values of this parameter in the 
SO group of animals did not change from D3 to 
D14 (Fig. 2, a). The changes in LPT scores in the 
stroke and stroke+iAr groups were almost identical: 
the lowest values were at time point D1 (5.9 (3; 8) in 
the stroke group and 6.3 (7; 9.5) in the stroke+iAr 
group; P=0.73). At D7, there was a trend toward in-
creasing the score values in both groups (10.4 (10; 
10.8) in the stroke group and 8.8 (8; 10) in the 
stroke+iAr group, P=0.59). At D14, the total LPT 

score exhibited a trend to be higher in the stroke 
group (11.4 (10; 14)) (Fig. 2, b) and stroke+iAr (10.3 
(9; 11)) (Fig. 2, c) group compared to both D1 (P=0.56 
for the stroke group, P=0.63 for the stroke+iAr group) 
and D7 (P=0.68 for the stroke group, P=0.61 for the 
stroke+iAr group). However, the differences were 
not significant. 

Brain MRI. The mean lesion volumes in the 
stroke+iAr group and the stroke group were 9.68 
(7.42; 12.2) mm3 and 9.34 (8.74; 12.90) mm3, re-
spectively. No significant differences were found 
between the groups (P=0.500) (Fig. 3, 4 a, b, c). 

Discussion 
This study was designed to evaluate the neu-

roprotective effect of argon on important outcome 
parameters after ischemic stroke. According to the 
literature, the most pronounced neuroprotective 
effect of this gas has been demonstrated in models 
of ischemic neuronal injury in vitro. Thus, in an in 
vitro model of traumatic brain injury [50], 50-
percent argon showed a strong neuroprotective 
profile compared to 6-percent desflurane. Mean-
while, a small number of preclinical studies of the 
protective effects of argon in vivo have shown con-
flicting results. 

Our study of the neuroprotective effect of 24 h 
argon inhalation starting from the first hours of pho-
toinduced ischemic stroke in rats showed no signifi-
cant effect on the severity of neurological deficit 
during the 2-week postischemic period and on the 
lesion volume according to MRI data at day 14. 

The negative result of the study could be due 
to several factors. 

First, argon, unlike xenon, may not have clin-
ically significant neuroprotective effects in ischemic 
stroke, which is confirmed by negative results in 
other in vivo studies [24, 37]. Second, experimental 
modeling of stroke and other brain injury is almost 
always performed in anesthetized animals, so it is 

Fig. 2. Limb-placing test.  
Note. a — changes in LPT results in the SO group; b — changes 
in LPT results in the stroke+iAr group; c — changes in LPT 
results in the stroke group. Data are expressed as median and 
interquartile range. Mann–Whitney U test with Bonferroni cor-
rection and Kruskal–Wallis test were used to compare three or 
more groups. 

Fig. 3. Extent of brain injury in rats on day 14 of follow-up ac-
cording to MRI.  
Note. The data were presented as medians and quartiles. 
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imperative to consider the effects of the anesthetic 
used. According to the literature, comparative studies 
of sevoflurane, isoflurane, and argon in the ischemic 
injury model have not been performed. Both groups 
of stroke animals had high limb-placing test scores, 
which may be a manifestation of the neuroprotective 
effect of sevoflurane. Experimental and clinical 
studies confirm the strong neuroprotective properties 
of sevoflurane [51–53]. In this regard, the use of an-
other anesthetic without apparent organoprotective 
effects (e. g., chloral hydrate [54]) may reveal the 
neuroprotective effects of argon in a similar exper-
imental model. Another factor that could influence 
the results of the study is the duration and conditions 
of exposure. On the one hand, 24 h exposure should 
have been sufficient to obtain a positive result. 
However, a number of studies [55, 56] have suggested 
that argon, due to its specific heat capacity, which 
is twice lower than that of air, causes moderate hy-
perthermia, exacerbating ischemic brain injury. In 

the present study, the temperature of the animals 
in the postoperative period and the volume of fluid 
consumed by the animal were not evaluated. In 
this regard, a long duration of argon inhalation in a 
closed chamber may have influenced the results 
obtained. However, the lack of significant differences 
between the groups suggests that prolonged argon 
inhalation did not have a deleterious effect. 

Considering the data obtained and the review 
of the literature, we can conclude that further studies 
with a modified design that takes into account the 
above-mentioned limitations of this study are needed 
to evaluate the neuroprotective effect of argon. 

 Conclusion 
Inhalation of an argon-oxygen mixture  

(Ar 70%/O₂ 30%) for 24 hours after photochemically 
induced stroke does not reduce the extent of brain 
injury and the severity of neurological deficits.

Fig. 4. MRI examination of the rat brain.  
Note. a — T2-weighted coronal MR image of the animal from the SO group. b — T2-weighted coronal MR image of an animal from 
the stroke group. c — T2-weighted coronal MR image of an animal from the stroke+iAr group. 
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Introduction 

Stroke is a leading cause of death and disability 
worldwide [1]. Despite an enormous number of 
studies, the therapeutic options for stroke patients 
remain very limited. This prompts further research 
into the intricate pathophysiological mechanisms 
of stroke development in order to develop new 
effective ways to prevent and treat stroke.  

The pathogenesis of acute ischemic stroke is 
best mimicked by models of focal brain lesions, 
most commonly caused by occlusion of the middle 
cerebral artery (MCA) [2]. Arterial occlusion is 
usually achieved by the use of small-diameter syn-
thetic filaments, blood clots, or prothrombotic 
drugs [3]. One such experimental model is the pho-
tochemical thrombosis model. This model allows 
the simulation of the events triggered by the occlusion 
of cerebral arteries in human stroke as closely as 
possible to natural conditions [4]. 

Most studies simulate neocortical stroke by 
photothrombotic occlusion of microvessels. Although 

this method induces a thrombotic stroke, it does 
not have a direct clinical analogy because it mainly 
involves occlusion of small cortical vessels (less than 
40 µm) rather than a large artery or its branches [3, 
5]. Nevertheless, it is a relatively simple, noninvasive 
way to induce a local infarct in any preselected 
region of the neocortex in the rat or mouse, and is 
therefore actively used in experiments on modeling, 
diagnosis, and therapy of ischemic stroke [6]. 

The aim of this review is to consider the patho-
genesis and practical significance of photochemical 
thrombosis in ischemic stroke modeling. 

Materials and Methods 
Information was searched in PubMed and 

Google Scholar databases using the keywords «pho-
tothrombotic stroke» without language restrictions. 
From more than 600 sources for analysis, 74 were 
selected as most relevant to the objective of the re-
view. Of these, more than 50% were published 
within the last five years. Criteria for the exclusion 
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Summary 
Better understanding of ischemic brain injury mechanisms is important for the development and improve-

ment of diagnostic and therapeutic modalities for management of ischemic stroke. As experimental studies 
are on demand, there’s a need for relevant models of focal brain lesions. Photochemically induced thrombosis 
remains one of the most popular models of ischemic stroke. 

The purpose of the review is to consider the pathogenesis and applicational relevance of the photochem-
ical thrombosis in ischemic stroke modeling. 

Material and methods. The information was searched using PubMed and Google Scholar databases and 
keywords «photothrombotic stroke» without language restrictions. 74 papers out of more than 600 sources 
were found the most relevant for the purpose of this review and selected for the analysis. Of these, more than 
50% have been published in the last five years. The criterion for excluding a source was an inconsistency with 
the objectives of the review and low information content. 

Results. We outlined a variety of features in modeling photothrombotic stroke, analyzed the advantages 
and disadvantages of the model, presented data on current method’s modifications, as well as approaches to 
evaluation of brain lesions in ischemic stroke induced by photothrombosis, and summarized information 
about the mechanisms of brain damage induced in this model.  

Conclusion. Several advantages of the photothrombotic stroke model, such as low invasiveness, high re-
producibility, inherent control of brain infarction volume and low mortality, determine its active use in exper-
imental studies of ischemic stroke. Pathological processes in the brain modeled by photochemical thrombosis 
are similar to the processes occurring in acute ischemic cerebral circulation events. Therefore, this model pro-
vides insights into cellular and molecular mechanisms of ischemic brain damage, and can be used for devel-
oping novel therapeutic approaches for management of ischemic stroke.  

Keywords: focal ischemia; photothrombosis; photothrombotic stroke; mechanisms; brain damage  
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of sources were their inappropriateness to the aim 
of the review and their low informative value. 

Modeling photothrombotic stroke (PTS). To 
induce photothrombosis, a solution of a photosen-
sitive dye (most commonly rose Bengal dye) is in-
jected into the circulatory system (intravenously in 
rats or intraperitoneally in mice) [7]. It does not 
penetrate cells and remains in the cerebral vascu-
lature. The animal's head is fixed in a stereotactic 
unit, a longitudinal skin incision is made, and the 
periosteum is removed. In rats, it may be necessary 
to perform a craniotomy at the desired site using a 
special drill [8, 9]. The skull is irradiated with light 
from a laser placed at a certain distance with a 
wavelength of 520–560 nm for 10–30 min, after 
which the surgical wound is sutured. The photo-
sensitizer, when exposed to intense light, produces 
reactive oxygen species that damage the membranes 
of vascular endothelial cells, causing platelet adhe-
sion and aggregation and ultimately thrombus for-
mation in the irradiated area (Fig. 1).  

Stroke localization is determined by the site 
of laser irradiation, whereas its severity is related to 
the dosage of photosensitizer and light [10, 12].  

Advantages and limitations of the pho-
tothrombosis model. The pathophysiology of the 
PTS model is based on thrombosis due to disruption 
of endothelial integrity with rapidly progressing 
ischemic infarction and cell death in a relatively 
small cortical volume. In contrast, other stroke 
models require more invasive surgical techniques, 
such as middle cerebral artery (MCA) occlusion. 
In this case, the cortex and subcortical regions are 
damaged simultaneously, and the area of ischemic 
penumbra is well defined [5]. The PTS is a well-es-
tablished model for the study of focal ischemic 
brain lesions  [12]. The pathological processes in 
the brain simulated by photochemical thrombosis 
are similar to those occurring in acute cerebrovas-
cular accidents of ischemic type (atherothrombotic 
or cardioembolic stroke). This model is characterized 
by high reproducibility, the ability to control cerebral 
infarct size, and low mortality [10, 13–15]. It has 
been shown that the infarct volume depends on 
the intensity of the laser radiation [12, 16], as well 
as on the duration of light exposure: increasing 
the exposure time from 15 to 20 minutes leads to 
an increase in infarct volume without worsening 
functional deficits [17]. The PTS model allows the 
study of the changes in sensorimotor pathways 
without the influence of subcortical areas [18]. The 
use of this model makes it possible to obtain sta-
tistically reliable quantitative data on the degree 
of brain damage and changes in pathophysiology 
and regeneration, as well as to assess the neuro-
protective effect of pharmacological drugs [13]. 

Thus, the advantages of this model include 
minimal invasiveness, good reproducibility of cortical 

stroke in both rats and mice, low animal mortality, 
ability to select the area of exposure, accuracy of lo-
calization of ischemic site, and potential control of 
the size and depth of ischemic damage [15, 19, 20]. 

 The limitations of the model include its per-
manent occlusive nature, which does not allow 
using this model to study the mechanisms of is-
chemia-reperfusion cell damage, as well as reper-
fusion therapy [10]. Another problem is that pho-
tothrombosis causes both vascular and cytotoxic 
edema equally, whereas human ischemic stroke 
causes mainly cytotoxic edema, which does not 
immediately result in blood-brain barrier disruption, 
a major limitation that hinders extrapolation of 
data obtained with this model [5, 10, 21]. The rapid 
and intense development of tissue edema and 
necrosis results in a relatively small penumbra zone. 
This is one of the limitations of the photothrombotic 
model that should be considered when evaluating 
reperfusion efficacy [5, 22]. The ischemic penumbra 
was first defined by Astrup and colleagues [23] 
based on electrophysiological findings as the area 
where the reduction in cerebral blood flow causes 
electrical dysfunction but not membrane insuffi-
ciency. The penumbra is a spatially dynamic region 
of the brain with limited viability, characterized by 
sophisticated pathophysiological changes affecting 
neuronal and glial functions [24]. Today, the penum-
bra is defined more broadly as an area of ischemic 
tissue that is functionally damaged and at risk of 
infarction, but potentially viable [20].  

Another drawback of the photothrombosis 
model is that experimental animals usually do not 
have neurological deficits or have deficits that are 
difficult to diagnose [18].  

To address these and other problems, modifi-
cations of the PTS model and new modern methods 
of lesion diagnosis are being developed. In early 
versions of the model, photothrombosis caused a 
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Fig. 1. Schematic illustration of the mechanism of blood vessel 
occlusion in photo-induced thrombosis.
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severe stroke with a rapidly growing ischemic zone 
and no penumbra zone, but later modifications of 
the model using different laser parameters made it 
possible to obtain a wider penumbra zone [11]. For 
example, a less intense but longer photodynamic 
exposure of the rat cerebral cortex (diode laser; 
532  nm, 60 mW/cm2, 30 min) resulted in a 1.5–
2 mm wide penumbra around a 3 mm diameter in-
farct core, which was confirmed by histological and 
ultrastructural examination [11]. Tuor et al. (2016) 
showed that irradiation of the rat cerebral cortex 
with light at 555 nm and an intensity of approximately 
40 mW/cm2 for 5 min after administration of 
10 mg/kg rose bengal induced a small infarct with 
moderate to diffuse penumbra [25]. Clark et al. (2019) 
proposed a modification of the photothrombosis 
model in mice using a digital micromirror device [20]. 
Occlusion of multiple branches of the MCA was 
performed on the surface of the motor cortex, while 
limiting collateral cerebral blood flow and blocking 
the branches of the anterior cerebral artery. This 
technique made it possible to expand the penumbra 
zone and delay spontaneous reperfusion of the 
target arteries, similar to what happens in humans. 
This was different from the traditional photothrom-
botic model, which usually results in permanent 
arterial occlusion and relatively limited collateral 
blood flow. In this context, the proposed modification 
may serve as a potential model of cerebral ischemia-
reperfusion [20]. 

The resistance of the PTS model to fibrinolytic 
therapy is thought to be related to the formation of 
a platelet-rich but fibrin-poor clot as a result of the 
photochemical reaction. Recently, a model of murine 
photothrombosis was proposed in which a combi-
nation of rose bengal dye (50 mg/kg) and a sub-
thrombotic dose of thrombin (80 U/kg) was used 
to induce thrombosis in the proximal branch of the 
MCA and produce a fibrin-rich and tPA-sensitive 
clot. Meanwhile, infarct size and localization were 
constant, and intravenous injection of tPA (Alteplase, 
10 mg/kg) for 2 h after photoactivation significantly 
reduced infarct size. Thus, the thrombin-enhanced 
PTS model may be useful for testing thrombolytic 
therapies [26]. 

Kim et al. (2021) developed a system of pho-
tochemical induction of thrombosis that can re-
produce the damage of a specific brain region in 
the rabbit. The main advantage of this system is 
the ability to locally induce ischemic stroke in the 
brain region responsible for specific functions [27]. 
This model has shown that the volume of damage 
increases 24–48 hours after induction of pho-
tothrombosis and tends to decrease 72 hours after 
induction.  

Qian et al. (2016) developed a modification of 
the murine PTS model in which both the cortex 
and basal ganglia were damaged [9]. The model is 

based on occlusion of the proximal MCA using a 
convenient laser system with an optical fiber. Other 
advantages of this technique include high repro-
ducibility of results, significant penumbra, and low 
animal mortality. In another study, optical fibers 
stereotactically implanted into the surgically isolated 
proximal MCA were used to create infarcts in sub-
cortical regions of the brain in rats [28]. In this model, 
magnetic resonance imaging (MRI) demonstrated 
signs of penumbra as well as the feasibility of throm-
bolysis with tissue plasminogen activator rt-PA [28].  

More recently, Hosseinic et al. (2018) proposed 
a method to induce selective unilateral hippocampal 
ischemia in rats using a modified photothrombotic 
model [29]. Twenty-four hours after exposure, his-
tological examination of the hippocampus revealed 
shrunken nuclei and pyknotic neurons in the is-
chemic zone. The average infarct volume was 6.5%, 
and its size did not differ significantly between ex-
perimental animals. 

A disadvantage of the photothrombosis model 
is that a procedure of skull thinning with a special 
drill is used to gain access to the cortical vessels 
of the rat. This procedure may cause changes in 
intracranial pressure and may also result in bleeding 
during surgery or inflammation postoperatively. 
The use of optical tissue imaging techniques can 
help to avoid these problems [12]. One such tech-
nique is optical tissue clearing. Optical clearing 
refers to the temporary reduction of light scattering 
in biological tissues, and is one of the simplest 
and most effective methods for increasing the 
depth and quality of images of deep tissue struc-
tures, as well as improving the accuracy of spec-
troscopic information from deep layers of tissue 
and blood. Optical immersion clearing is based 
on the impregnation (immersion) of tissue with a 
biocompatible chemical agent (an optical clearing 
agent) that has a sufficiently high refractive index 
so that it can match the refractive indices of the 
scatterers and their surroundings by penetrating 
into the tissue fluid. In particular, glycerol, propy-
lene glycol, ethanol, thiazone, etc. are used as 
tissue permeability enhancers for optical clearing 
of skull bone [30]. 

Recently, a technique of optical skull clearing 
in mice without craniotomy has been proposed, in 
which an «optical window» is created through which 
a light beam can pass [31]. Based on this technique, 
a controlled model of ischemic stroke was created 
by combining an in vivo optical skull clearing tech-
nique with a photothrombosis procedure. In this 
case, the degree of thrombotic occlusion and in-
farction severity can be effectively controlled by 
changing the light dose. The optical window can 
also be used for continuous blood analysis and 
flow mapping. This model represents a valuable 
asset for ischemic stroke studies [12]. 
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Methods of Brain Research in Stroke 
Modeling with Photothrombosis 

Imaging techniques to determine the size 
and volume of the lesion. Various MRI techniques 
are currently used to determine the volume of is-
chemic injury and to identify the penumbra area in 
both clinical and experimental settings [9, 21, 27, 
32, 33]. The volume of the lesion is most commonly 
determined using T2-weighted MRI images [9, 18]. 
It is an effective non-invasive method to assess 
infarct size during the first 2 weeks after the onset 
of ischemia. Whole-brain volumetric microscopy 
techniques, such as serial two-photon tomography 
(STPT), can provide detailed information about 
damage and regeneration in the brain after 
stroke [34]. Automated mapping, connectivity, and 
histologic analysis using atlases are also used to 
compare the size and location of the lesion area [35, 
36]. In contrast to other stroke models, in PTS the 
vasogenic edema, which corresponds to a strong 
hyperintense signal on T2WI, resolves within the 
first 2 weeks after stroke and transforms into a hy-
pointense cavity [37].  

Remodeling of the vessels surrounding the 
infarcted area of the brain is known to occur 
after stroke. A method was developed to monitor 
changes in vascular structure and blood flow 
with high spatiotemporal accuracy after pho-
tothrombotic infarction in the murine motor cor-
tex using longitudinal two-photon and multi-ex-
posure speckle imaging. Vascular remodeling in 
the peri-infarct cortex developed during the first 
2 weeks after stroke, with old vessels being re-
placed by new ones and selectively stabilized. 
This vascular structural plasticity coincided with 
temporal activation of transcriptional programs 
relevant to vascular remodeling, restoration of 
peri-infarct blood flow, and significant improve-
ments in motor activity. The results confirmed 
that vascular remodeling contributes to behavioral 
recovery after stroke by restoring blood flow to 
the peri-infarct cortex [39]. 

Electrophysiological methods to detect is-
chemic damage. Other methods for quantitative 
assessment of structural brain damage in the rat 
PTS model are being developed, particularly based 
on electroencephalography (EEG). Spectral analysis 
revealed a significant correlation of the relative 
power of alpha, theta, delta, delta/alpha ratio, 
(delta + theta)/(alpha + beta) ratio with stroke size. 
Analysis of auditory evoked potentials revealed a 
significant relationship of amplitude and latency 
with stroke size. These results demonstrate the 
usefulness of EEG in monitoring brain damage 
after stroke [16]. 

Histochemical and immunohistochemical tech-
niques to assess brain damage in photothrombotic 
stroke. 

Serial brain sections stained with triphenylte-
trazolium chloride (TTC) solution are also used to 
determine the volume of damage [7–9, 27, 39]. 

To analyze and confirm brain damage at the 
cellular level, classical histological methods, such 
as morphometry of fixed brain sections stained 
with toluidine blue or Nissl cresyl violet or hema-
toxylin and eosin, are used [8, 26, 40–42]. A corre-
lation has been demonstrated between the volume 
of the lesion detected by MRI and by histological 
methods [9, 18, 27]. 

For more detailed analysis, immunohistochem-
ical staining techniques can be used to identify neu-
rons and glial cells and their death or proliferation. 

For example, NeuN protein is a marker of ma-
ture neurons and is used to visualize and analyze 
the infarct zone and assess neuronal death [7, 17, 
40, 42]. Markers such as c-fos and heart shock 
protein 90 are used to detect the penumbra zone 
[9]. The astroglial marker, glial fibrillary acidic 
protein (GFAP), reveals the interface between is-
chemic and intact areas and is used to visualize ac-
tivated astrocytes surrounding the stroke core as a 
glial scar [18, 37, 41]. 

Impairment of blood-brain barrier (BBB) per-
meability is assessed using histochemical dyes, par-
ticularly Evans Blue [17, 40]. It is known that dyes 
bound to serum albumin can cross the BBB after 
ischemia. Evans Blue dye is commonly used to 
assess BBB damage due to its rapid binding to 
serum albumin. Indocyanine green (ICG), a clinically 
available dye that binds to serum proteins, can also 
be used. More recently, a new dye, the zwitterionic 
NIR fluorophore (ZW800-1), has been proposed. 
Its advantage is that it does not bind to serum, has 
an extremely low nonspecific tissue uptake and is 
rapidly eliminated from the body by renal filtration, 
while allowing successful visualization of ischemic 
lesions in brain tissue, as demonstrated in the PTS 
model [43].  

The response of microglia in PTS-induced 
brain injury can be assessed by immunohistochem-
ical staining. In particular, antibodies against CD68 
and Iba1, which are markers of macrophages and 
microglial cells, are used to assess the activation of 
microglia, which are resident macrophages of the 
brain [7, 17, 41, 44, 45].  

Molecular methods of investigation. After is-
chemic stroke, cellular damage extends from the 
infarct site to the surrounding tissue (penumbra). To 
identify the proteins involved in the mechanisms of 
neuronal alteration and neuroprotection in the penum-
bra, changes in protein expression are studied using 
antibody microarrays [46], NanoString technologies [44], 
etc. For example, changes in the expression of more 
than 200 neuronal proteins in the penumbra 4 or 
24 hours after focal photothrombotic infarction were 
studied using antibody microarrays. The largest changes 
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were detected 4 hours after injury [46] and were 
recorded in proteins of signal transduction pathways, 
proteins responsible for axonal growth and direction, 
vesicular transport, neurotransmitter biosynthesis, 
intercellular interactions, cytoskeletal proteins, and 
others. These proteins are known to be involved in 
both neuronal injury and neuroprotection.  

 Choi et al. (2019) examined changes in the 
expression of specific genes during the period from 
the acute to the chronic phase (up to 8 weeks) of 
stroke in a rat photothrombosis model. One week 
after stroke, there was a significant decrease in the 
expression of genes for neurotransmitter synaptic 
and signaling pathways, as well as genes for neu-
rotrophic factors, while an activation of apoptosis-
associated molecules was observed. In the first 4 
and 8 weeks after stroke, proliferation of cellular 
adhesion and inflammatory cells increased [47].  

A study of protein expression 3 days after 
photothrombotic MCA occlusion in mice using 
NanoString technologies revealed distinct regulatory 
proteomic profiles in the damaged hemisphere ac-
cording to regions of interest, including the ischemic 
core, peri-infarct tissue, and peri-infarct normal 
tissue. The core border profile showed apoptosis, 
autophagy, neuronal death and immunoreactivity 
for early degenerative proteins. Specifically, the 
core border showed decreased neuronal proteins 
Map2 and NeuN; increased autophagy proteins 
BAG3 and CTSD; increased microglial and peripheral 
immune invasion proteins Iba1, CD45, CD11b, and 
CD39; and increased neurodegenerative 
proteins  BACE1, APP, amyloid β 1-42, ApoE, and 
tau protein S-199. Increased apoptotic and altered 
proteomic profiles with increases in BAG3, GFAP, 
and hyperphosphorylated tau protein S-199 were 
detected in the peri-infarct area [44].  

X-ray fluorescence analysis allows the identifi-
cation of metabolically distinct areas of neuronal 
tissue, such as the infarct core and the intermediate 
area surrounding the infarct core, the so-called meta-
bolic penumbra in the early period or the peri-infarct 
zone in the later post-stroke period. Studies have 
shown that as early as 1 hour after PTS in mice, the 
levels of phosphorus, sulfur, and potassium were 
significantly reduced in the infarct focus, with the 
level of potassium remaining below normal for 1 
month after injury. At the same time, the concentration 
of chlorine and calcium increases and exceeds the 
physiological parameters throughout the period 
studied. Elemental concentrations in the penumbra 
or peri-infarct zone appear to be intermediate between 
those in the infarct core and in normal tissue. Re-
sponding glial cells alter the average elemental com-
position of the stroke focus, so that elemental levels 
1 week after stroke and beyond are a combination of 
elemental levels in these cells and in the surrounding 
tissue. The results of the study showed that the ther-

apeutic window for survival of a significant portion 
of the penumbra is within the first 24 hours, after 
which the penumbra expands to include previously 
unaffected tissue. The change in K+ and Ca2+ levels is 
an early sign of significant neuronal tissue dysfunction 
and irreversible damage. It has been found that the 
total area of tissue affected in the acute phase (in-
cluding infarct core and penumbra) reaches its max-
imum by the 2nd day after stroke. The method of 
tissue metabolic analysis is useful for monitoring 
stroke severity in the presence of stroke risk factors, 
as well as for quantifying the efficacy of stroke treat-
ment in animal models [48]. 

Morphologic Changes  
in the Brain after PTS   

Early morphological changes. Morphological 
studies of rat cerebral cortex showed that 4 h after 
PTS, neurons, glial cells, and capillaries in the infarct 
core were damaged, the neuropil was altered, and 
significant intracellular and vasogenic edema de-
veloped with cyst formation [11, 49]. In mice, one 
hour after proximal MCA photothrombosis (532 nm, 
35 mW, 2 min), karyolysis and pyknosis were observed 
in the injury zone [9]. In rats with photothrombosis 
of sensorimotor cortical vessels caused by prolonged 
laser irradiation (532 nm, 64 mW/cm2, 30 min), initial 
necrotic changes within the stroke core were observed, 
such as an increased proportion of hyperchromic 
neurons and the appearance of pyknotic neurons at 
1 hour. At 24 hours, morphologic changes intensified. 
Typical ischemic changes such as massive vacuoliza-
tion of neuropil, edema, and degeneration of neurons, 
glia, and blood vessels were observed. Microscopically, 
edema and destruction of mitochondria, endoplasmic 
reticulum and dictyosomes of the Golgi apparatus, 
degradation of synapses, disorganization of myelin, 
swelling of neurons and glial cells, edema and de-
struction of capillary components were evident. The 
morphological changes in the penumbra region were 
similar to those in the necrotic core, but gradually 
decreased toward the penumbra border [11].  

While necrosis is the underlying mechanism 
of cell damage in the stroke core, apoptosis plays a 
more important role in the penumbra [11]. In the 
areas of the penumbra adjacent to the infarct zone, 
the highest percentage of apoptotic cells was ob-
served 24 hours after PTS, and necrotic cells pre-
dominated 48 hours later [50]. Repair of damaged 
brain tissue begins at 72 hours and ends approxi-
mately 28 days after PTS [51].  

The decrease in neuronal density at the infarct 
border is accompanied by an early response of glial 
cells. Generalized microglial activation in the ipsi-
lateral cortex can be detected as early as 3 hours 
after occlusion. Astrocyte activation is observed in 
intact parts of the ischemic hemisphere 6 hours 
after occlusion [24]. 
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Activation of microglial cells is associated with 
changes in their morphology and number. Signs of 
microglial activation include an increase in cell num-
ber and soma area, a decrease in cell area and diam-
eter, a reduction in primary processes and their 
length, and an increase in cell density [41]. Thus, the 
immunohistochemistry studies in a rat photothrom-
bosis model revealed an increase in the circularity 
index of Iba1+ cells. This index peaked at 24 hours in 
peri-infarct tissue and remained elevated for 3 days 
[42]. The proportion of Iba1-positive material in the 
peri-infarct zone increased significantly by day 3 
and remained elevated until day 7, mainly due to an 
increase in the number of microglial cells [37, 42]. In 
a study of the PTS model in mice, microglial activation 
persisted up to 84 days after stroke [41]. 

Secondary damage. Local brain damage causes 
distant structural and functional abnormalities that 
contribute to behavioral deficits and impair func-
tional recovery of the brain. Secondary brain cell 
damage is one of the major mechanisms that initiates 
additional selective cell death in non-ischemic brain 
regions with synaptic connections to the site of 
primary damage and correlates with functional 
deficit and outcome [52–54]. Thus, a murine model 
of photothrombosis showed secondary neurode-
generation in ipsilateral brain regions, particularly 
in the sensorimotor area of the thalamus [187, 54]. 

Focal ischemic cortical lesions can also cause 
distant white matter damage, but this is limited to 

fibers associated with the area of the primary lesion. 
Thus, in a model of focal unilateral PTS of the rat 
sensorimotor cortex, severe axonal changes were 
observed in the ipsilateral external capsule as well 
as in remote regions, including the contralateral 
external capsule and the corpus callosum. Further 
analysis of fiber tractography showed that only 
fibers with direct axonal connections to the primary 
lesion area were significantly damaged. These fibers 
mostly represented perilesional, interhemispheric 
and subcortical axonal connections. The size of the 
primary lesion was found to be a determinant of 
motor deficit [32].  

In mice with photothrombotic cortical stroke, 
damage to hippocampal CA1 field neurons was 
also observed 28 days after exposure compared to 
sham-operated animals [40]. 

In addition, secondary death of midbrain 
dopaminergic neurons has been reported in a rat 
primary motor cortex model of PTS [55]. Secondary 
dopaminergic degeneration after stroke is associated 
with adverse outcomes such as a post-stroke de-
pression or parkinsonism [45]. 

Mechanisms of Photothrombotic  
Brain Injury 

The neural tissue damage in the PTS core is 
similar to that in other stroke models and in 
human stroke. However, there are some differences 
(Fig. 2). 

Fig. 2. Signal pathways of cell damage in photothrombotic stroke.  
Note. DAMPs — damage-associated molecular patterns; NMDA — N-methyl-D-aspartate; MMPs — matrix metalloproteinases; 
DNA — deoxyribonucleic acid.
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The PTS model is characterized by rapidly de-
veloping ischemic brain cell damage. However, in 
contrast to the MCA occlusion model, where platelet 
aggregation and coagulation abnormalities are the 
main pathogenic factors, neuronal damage in pho-
tothrombosis may have other causes [11]. Alterations 
in the PTS core include several interrelated events, 
such as direct photodynamic damage to cells, sig-
naling and metabolic pathways leading to cell death, 
similar to other types of ischemic stroke, and the 
sequelae of tissue edema. As in other types of stroke, 
vascular occlusion and decreased blood flow result 
in reduced and interrupted delivery of oxygen and 
glucose to the infarct core, inhibition of oxidative 
phosphorylation, and cessation of ATP produc-
tion  [56]. ATP deficiency leads to rapid failure of 
energy-dependent ion pumps and channels, loss 
of membrane potential and depolarization of neu-
rons and glia, and Ca2+ influx into cells [57]. As a 
result, the concentration of potentially toxic excitatory 
neurotransmitters in brain tissue increases. Massive 
release of glutamate and aspartate from damaged 
neurons causes overexcitation of cell receptors, 
leading to opening of calcium channels and influx 
of calcium and sodium ions into neurons. This 
causes passive water entry into the cells and their 
edema. Cell lysis occurs, especially in the ischemic 
core [5]. In addition, large amounts of Ca2+ ions ac-
tivate hydrolytic enzymes such as nucleases, lipases, 
and proteinases, promoting cell destruction in the 
stroke core [1]. This is known as excitotoxicity.  

The integrity of the BBB is very rapidly com-
promised in stroke due to oxidative stress, increased 
levels of matrix metalloproteinases, cytokines, dis-
ruption of dense contacts and proteins of integrins 
(transmembrane glycoprotein receptors). This leads 
to vasogenic edema and hemorrhagic transfor-
mation [58]. In the experiments of Kuroiwa et al. 
(2013), BBB disruption was observed in rat brain 
4 h after basal ganglia PTS. It peaked on day 1 and 
completely disappeared 6 days after PTS [28]. Four 
to six hours after stroke, there is an influx of serum 
proteins, which also leads to vasogenic edema [21]. 
It has been shown that in PTS, during the first 
hour after exposure to light, there is a massive 
leakage of blood plasma through the vascular walls 
into the brain tissue. This process almost stops 
after 4 hours, but persists in the penumbra up to 
24 hours after photothrombosis. Thus, both clot 
formation and blood plasma leakage through the 
damaged vascular walls play an important role in 
the pathogenesis of PTS [11, 59].  

Due to the disrupted BBB, photosensitizer 
molecules penetrate into glia and neurons, con-
tributing to direct photodynamic damage to brain 
cells [60]. 

Increased intracellular calcium leads to en-
hanced production of free oxygen radicals, causing 

lipid peroxidation, protein oxidation, and nucleic 
acid damage [61]. Calcium ions cause mitochondrial 
pore opening and release of pro-apoptotic proteins 
into the cytosol. Disruption of mitochondrial mem-
brane integrity and mitochondrial dysfunction leads 
to the production of reactive oxygen species and 
nitrogen [11]. Mitochondria play a central role in 
the development of oxidative stress, which leads to 
cellular and structural brain damage [62]. In general, 
intense oxidative stress in the infarct core leads to 
cell necrosis, whereas moderate stress in the penum-
bra mainly results in apoptosis [63].  

Neuronal death triggers several cascades of 
responses, including the release of damage-associ-
ated molecular patterns (DAMPs), which initiate 
the activation of microglial and astroglial cells and 
the production of bioactive substances, cytokines, 
chemokines and other factors that can affect sur-
rounding tissues [64, 65]. In the site of injury, cy-
tokines and chemokines cause recruitment of leuko-
cytes and lymphocytes, which permeate brain tissue 
through the disrupted BBB [66]. 

Microglial cells can become activated within 
minutes of ischemia and produce biologically active 
substances such as interleukin-1β (IL-1β) and tumor 
necrosis factor-alpha (TNF-α). In the murine PTS 
model, neurons at the core of the injury have been 
shown to die as early as 2 hours, accompanied by 
activation of microglia and astrocytes [67]. Peak 
microglial activity is observed two to three days 
after injury and persists for several weeks [21, 40].  

Ischemia also causes activation of astrocytes. 
After PTS in rats, the astroglial response is initiated  
4 h to 1 day later, peaks at 4 days, and persists for up 
to 28 days [15, 40, 68]. Cytokines released by neurons 
and glial cells after ischemia induce reactive hyper-
plasia of astrocytes. Activated astrocytes begin to 
produce monocytic chemotoxic protein-1, IL-1β, 
GFAP, vimentin, and nestin, resulting in reactive 
gliosis and glial scarring [69, 70]. In addition, astrocytes 
produce metalloproteinases (MMPs) that degrade 
basement membrane proteins and tight junctions 
of the BBB, increasing its permeability and leukocyte 
penetration into brain tissue [66]. However, astrocy-
tosis may play a positive role in healing. Recently, in 
a murine PTS model, reactive astrocytes were shown 
to be critical mediators of vascular remodeling, which 
is important for functional repair [48]. 

Leukocytes and lymphocytes produce neuro-
toxic proteins such as inducible nitric oxide synthase 
(iNOS) and MMPs, reactive oxygen species, and 
proinflammatory factors [71, 72], which causes sec-
ondary brain damage [66].  

The role of lymphocytes, as well as microglia 
and astroglia, in post-ischemic brain injury is far 
from clear and requires further study, which is im-
portant for the development of future immunomod-
ulatory therapeutic strategies [8, 72–74].  
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The progression of secondary brain damage 
is believed to be associated with the activation of 
glial cells, the production of biologically active sub-
stances, while the severity and outcome of stroke 
depend on its severity [75, 76]. A difference has 
been found in the nature of the changes that occur 
in the regions adjacent to the area of necrosis 
(cortex) and in the subcortical structures of the 
brain (hippocampus) [40]. Neuronal damage in the 
peri-infarct area develops earlier and subsides with 
time, which explains the recovery of motor functions. 
In the hippocampus, these processes last for a very 
long time (3 months), which explains the persistence 
of cognitive dysfunction [40]. 

Conclusion 

The advantages of the photothrombotic stroke 
model, such as low invasiveness, high reproducibility, 
ability to control the infarct volume, and low mor-
tality, allow its active use in experimental studies of 
ischemic stroke. Brain abnormalities simulated by 
photochemical thrombosis are similar to those seen 
in acute cerebrovascular disorders of ischemic type 
(atherothrombotic or cardioembolic stroke). Con-
sequently, this model helps to study the cellular 
and molecular mechanisms of ischemic brain injury 
and may be useful in the search for therapeutic op-
tions for stroke.
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Двадцать пятое апреля 2023 г. — черный 
день отечественной анестезиологии-реанима-
тологии. Умер последний из основателей этой 
специальности в нашей стране Анатолий Пет-
рович Зильбер. Писать об этом событии чрез-
вычайно тяжело, поскольку вся его жизнь была 
посвящена жизни, здоровью и трудам людей, 
посвятивших себя новому разделу медицины. 
Называя себя одним из российских динозавров 
анестезиологии-реаниматологии, он был вместе 
с тем основоположником медицины критиче-
ских состояний, считая ее краеугольным камнем 
науки о здоровье и жизни человека. Именно 
этому посвящены 627 его печатных трудов, пе-
речисленных в библиографическом указателе, 
опубликованном менее года назад научной биб-
лиотекой Петрозаводского государственного 
университета. 

Эти труды отражены в его титулах и зва-
ниях, которые он не любил выставлять напоказ: 
доктор медицинских наук (1971), профес-
сор  (1973), Заслуженный врач РСФСР, Заслу-
женный деятель науки РФ (1989), академик 
Российской Академии медико-технических 
наук (1997) и Академии проблем безопасности, 
обороны и правопорядка РФ (2007), Почетный 
работник высшего профессионального обра-
зования РФ (2000), Народный врач Республики 
Карелия (2001), Почетный гражданин города 
Петрозаводска и Карелии (2003), визитирую-
щий профессор Гарвардского и Южно-Кали-
форнийского университетов (США), почетный 
профессор Хорезмского университета (Узбе-
кистан). Почетный член Правления Федерации 
анестезиологов и реаниматологов РФ (2000), 

член Правления Ассоциации анестезиологов 
и реаниматологов Республики Карелия (2003), 
Почетный член Федерации анестезиологов и 
реаниматологов РФ (2014).  

Все награды, которых он удостоен — и го-
сударственные, и негосударственные — им за-
служены. А это Ордена Дружбы (1998) и Поче-
та  (2006), орден Пирогова (2022), высшая на-
града Республики Карелия орден «Сам-
по»  (2019), орден Гиппократа, медали «За вы-
дающиеся достижения в реаниматоло-
гии»  (2004), «За укрепление авторитета Рос-
сийской науки» (2007), «Золотая медаль А. Л. Чи-
жевского за профессионализм и деловую ре-
путацию» (2008), медаль Ломоносова (2012), 
золотой знак «Ibi Victoria ubi Concordia» («Там 
победа, где согласие») (2012), Памятная медаль 
им. академика РАМН В. А. Неговского (2013). 

Весь жизненный путь профессора 
А.  П.  Зильбера изложен в многочисленных 
статьях, посвященных его юбилеям, а также во 
вступительной статье к упомянутому библио-
графическому указателю. 

Все, за что брался Анатолий Петрович, 
было помечено знаком «первый». Первое в 
СССР отделение интенсивной терапии, анесте-
зии и реанимации — знаменитое ИТАР (1959), 
первый курс преподавания анестезиологии и 
реаниматологии студентам-медикам (1966), Пер-
вый Пленум Правления Всесоюзного научного 
общества анестезиологов-реаниматологов (1967) 

Светлой памяти 
Анатолия Петровича Зильбера 

(13.02.1931–25.04.2023) 
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Светлой памяти коллег

как акт признания роли карельской школы 
анестезиологии-реаниматологии, первое руко-
водство по клинической физиологии для ане-
стезиологов (1977), первое четырехтомное со-
брание «Этюдов критической медицины»... 
Каждый труд проходил тщательную доводку 
и буквально ювелирную отделку, чтобы не 
было повода для критики, для недопонимания 
проблемы. Первый в Европе ежегодный семи-
нар анестезиологов-реаниматологов, ставший 
впоследствии международной Школой Зиль-
бера, состоялся в Петрозаводске в 1964 г. по 
инициативе Анатолия Петровича и проходил 
в последние годы в формате международных 
конференций, проводимых совместно с Коми-
тетом по европейскому анестезиологическому 
образованию (СЕЕА) Европейского общества 
анестезиологии и интенсивной терапии (ESAIC). 
Международный день анестезиолога-реани-
матолога 16 октября — это тоже результат ра-
боты А. П. Зильбера. Первый за последние 
250 лет истории Европы кводлибет состоялся 
в Петрозаводском университете 23 апреля 
2015  г. В нем участвовали более 600 человек, 
велась Интернет-трансляция. Выступали сту-
денты, практические врачи Карелии, США, Ав-
стралии, преподаватели Петрозаводского уни-
верситета и медицинских вузов Санкт-Петер-
бурга и Армении. Кводлибетарием (т. е. веду-
щим) выступал, разумеется, профессор 
А. П. Зильбер. Эту форму образования подхва-
тили и в других университетах. В Ереване, на-
пример, кводлибет был проведен дважды. 

Занявшись изучением проблем дыхатель-
ной недостаточности, А. П. Зильбер выдвинул 
концепцию респираторной медицины в каче-
стве еще одного междисциплинарного раздела 
здравоохранения. В 1985 г. по инициативе про-
фессора А. П. Зильбера в Петрозаводске прошел 
объединенный пленум Правлений Всесоюзных 
обществ анестезиологов-реаниматологов и 
пульмонологов. В 1989 г. в Республиканской 
больнице Карелии создано отделение респи-
раторной терапии, превратившееся затем (2001) 
в Республиканский респираторный центр. На 
базе этого Центра и курса респираторной ме-
дицины Петрозаводского университета в 2006 г. 
был открыт Петрозаводский филиал Института 
пульмонологии РАМН — Федерального центра 
респираторной медицины и пульмонологии 
России. 

Еще один враг человечества, которому дав-
но объявил войну профессор, это Боль. Боль с 
большой буквы. Боль не как следствие каких-
то действий человека или развивающейся бо-
лезни, а как причина критического состояния, 
от которого человек может страдать годами, 
теряя работоспособность, возможность жить 
по-человечески. Фотография одной из скульптур 

Родена с названием «Боль» долгое время висела 
в кабинете Анатолия Петровича, напоминая о 
необходимости бороться с этим злом. Эта борьба 
привела к организации при кафедре курса ал-
гологии, признанного Всемирной федерацией 
обществ анестезиологов (WFSA). 

Основными направлениями научной ра-
боты профессора были не только создание кли-
нико-физиологического направления в меди-
цине критических состояний, но и разработка 
концепции гуманитарных основ образования 
и практики врачей, этических и юридических 
основ МКС. 

Будучи разносторонне образованным че-
ловеком, Анатолий Петрович не ограничивался 
только трудами по медицине. Его работы о вра-
чах-труэнтах, то есть специалистах, оставивших 
заметный след не только в медицине, но и в 
других разделах науки и практики человечества, 
считаются самыми полными и достоверными 
в современной литературе. 

Особое место в работе профессора зани-
мали книги об образовании, поскольку идею 
непрерывного медицинского образования он 
считал главным условием профессионального 
роста врачей любой специальности. Научно-
техническая революция со сверхзвуковым ро-
стом массива новой информации вообще и ме-
дицинской в частности требует соответствую-
щего, креативного подхода к методике образо-
вания. Трудность же современного образования 
заключается в том, что масса новой информации 
базируется на фундаменте уже имеющихся зна-
ний. Старые методики образования приведут 
к тому, что специалист получит высшее обра-
зование без среднего. Решению этой непростой 
задачи были посвящены работы профессора в 
последние годы его неспокойной жизни. 

С лекциями и выступлениями профессор 
объехал не только всю Россию — он побывал 
во многих странах ближнего и дальнего зару-
бежья, странах Старого и Нового Света, и 
везде его сообщения с восторгом восприни-
мались слушателями. В последние годы про-
фессор использовал для своих выступлений 
современные технологии (Skype, V-Point). Лек-
ции А. П. Зильбера для студентов и врачей — 
прекрасно организованные и интересные по 
форме — содержали новейшие данные по спе-
циальности и с удовольствием посещались 
студентами старших курсов и врачами разных 
специальностей. А. П. Зильбер — один из про-
фессоров университета, которые целенаправ-
ленно занимались гуманитарным воспитанием 
студентов и врачей. 

Главное достижение профессора — соз-
данная им Петрозаводская школа критиче-
ской и респираторной медицины — живет и 
работает. Подготовленные ею специалисты 
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высоко ценятся не только в России, но и за 
ее пределами. 

Прощаясь с Анатолием Петровичем, сотни 
его учеников и последователей, работающих в 

России, в странах ближнего и дальнего зару-
бежья, могут сказать: «Дорогой Учитель, мы 
всегда будем помнить Вас, Ваши труды и лекции 
и осуществлять Ваши идеи».  

Ректор Петрозаводского государственного университета,  
д. т. н., профессор А. В. Воронин 

 
Директор Медицинского института Петрозаводского государственного университета,  

д. м. н., профессор А. Т. Балашов 
 

Главный врач Республиканской больницы им. В. А. Баранова Т. Д. Карапетян 
 

Доцент Медицинского института Петрозаводского государственного университета, 
д. м. н.,  А. П. Спасова 

 
Доцент Медицинского института Петрозаводского государственного университета,  

к. м. н., В. В. Мальцев 
 
Правление и Президиум Общероссийской общественной организации «Федерация ане-

стезиологов и реаниматологов», многочисленные коллеги в разных концах нашей страны и 
за рубежом глубоко скорбят о кончине Анатолия Петровича Зильбера вместе с его учениками 
и друзьями, и от всей души присоединяются к словам Президента Союза медицинского со-
общества «Национальная медицинская палата» профессора Леонида Михайловича Рошаля: 

«Я считал, что Анатолий Петрович Зильбер будет жить вечно. Потрясающий человечище. 
Это глыба и законодатель, которыми Бог послал быть немногих. Мои соболезнования семье, со-
служивцам, ученикам и пациентам. Соболезнования всем нам…» 

 
Коллектив редакции журнала «Общая реаниматология» и Федерального научно-клинического 

центра реаниматологии и реабилитологии выражают соболезнования родным, близким и 
коллегам Анатолия Петровича и скорбят вместе с ними.








