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At
Prognostic Value of Cystatin C as a Predictor of Adverse Outcome
in Severe Pneumonia Associated with COVID-19

Daniil I. Korabelnikov'?, Magomedali O. Magomedaliev'?*, Sergey E. Khoroshilov®
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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/1 (P=0.013550), and 0.25 mg/l vs 0.94 mg/I (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
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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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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 (AKT) [13]. Meanwhile, AKT 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 areadily 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 CysCis 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 uM (phys-
iological CysC levels in biological media are much
lower, e.g. 0.5 uM in cerebrospinal fluid and 0.1 pM
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].
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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), Sp0,<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 34,
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 gSOFA
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)/v(SD12-SD2%)/2 [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.
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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.

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

Ne  Parameter Values of parameters in groups (Me (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; 7=-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; /=-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) 100;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; 7Z=-2.03311  0.042042
13 qSOFA 1(1;1) 1(1; 1) 1(1;1) U=171.5; Z=1.20176  0.22946
14 APACHEII 5(4;7) 54;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; 7=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, 10'2/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, 10°/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; 7=1.23033 0.21857
20  Platelets, 10°/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, pmol/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, ng/L 684.5 (529.7; 712.7) 671 (422.5; 720.7) 681.7 (579.5; 689.2) U=94; 7=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
Note. Q — quartile; CRP — C-reactive protein.
Table 2. Multivariate regression analysis (Cox) of predictors of death.
Selected parameters B SE p-value Exp (B) 95% CI
Lower limit Upper limit
s-CysC, mg/1 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

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

Selected parameters AUC of the P-value

95% CI Cut-off value Sensitivity, % Specificity, %

ROC-curve

Lower limit Upper limit

s-CysC, mg/1 0.863 0.000

0.738

0.988 1.44 80 72

u-CysC, mg/1 0.938 0.000

0.867

1.000 0.86 90 90

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

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% (IN=28) of cases.

Similar results were reported by authors from
China (LiY. 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 (IN=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].

ROC curves
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(death).

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 1II 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
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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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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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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 B-hydroxylated fatty acids during
fasting or insulin deficiency. They include acetate,
acetoacetic acid, and beta-hydroxybutyrate, which
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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].

Table 1. The characteristics of the fluid therapy (M+SE).

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-

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
(KC1 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; KCI 4%; NaCl 0.9%; [lekctpo3sa 5%)
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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, SpO,, 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 #-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 2 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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Table 2. Baseline patient characteristics (M+SE, Me [QI; Q3] or % (N)).

Parameter Values in groups p
Control, N=30 Reamberin, N=30
Age, years 36.67+3.29 49.37+£3.09 0.007
BMI, kg/m? 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
HbAlc, % 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
pH 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 21.70x1.41 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
K, 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, gmol/L 112.5[95.4; 128.5] 116.7 [86.4; 138.3] 0.247
Table 3. Baseline hemodynamic parameters in the studied patients and healthy controls, M+SE.
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/m? 22.5+1.5 37.8+3.3 0.001
Cardiac index, L/min/m? 2.6+0.2 2.5+0.3 0.07
Systemic vascular resistance index, dynxsxcm-/m? 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 4. Changes in central hemodynamic parameters in the general patient population during treatment (N=60,

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/m? 22.5+1.5 31.7+3.6 0.001

Cardiac index, L/min/m? 2.6+0.2 2.8+0.3 0.22

Systemic vascular resistance index, dynxsxcm-/m? 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 5. Treatment outcomes by study group (Me [QI; Q3] or % (N)).

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 —_

of reduced stroke volume was achieved by significant The treatment efficiency outcomes are shown
tachycardia. in Table 5. The data show that the duration of DKA,

The above results (Table 4) demonstrate the insulin infusion and ICU treatment was significantly
reversal of hemodynamic disturbances caused by shorter in the Reamberin group than in the control
fluid therapy. group (P=0.001).
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Table 6. Changes in acid-base status in the study groups (M+SEor Me [Q1; Q3]).

Parameter and time point Values in the groups P

N Control N Reamberin

Venous blood pH

Within the first 24 hours
1-6h 30 7.21£0.02 30 7.22%0.02 0.703
7-12h 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
19-24h 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
31-36h 25 7.3610.01 14 7.4010.01 0.029
37-42h 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
1-6h 30 11.99+1.37 30 12.88+1.19 0.623
7-12h 29 14.05+1.12 30 16.88+0.90 0.053
13-18h 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
25-30h 15 17.60+1.34 18 23.04+0.84 0.001
31-36h 25 20.42+0.80 14 24.05+0.71 0.004
37-42h 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
1-6h 30 21.60+£1.40 30 21.67+1.36 0.970
7-12h 29 21.06+1.18 30 17.91+1.09 0.054
13-18h 25 18.04+1.27 30 15.37+0.94 0.092
19-24h 27 16.40 [13.00; 18.95] 30 12.24 [10.43; 15.44] 0.038

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

Note. N— number of measurements.

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

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 3



Clinical Studies

||
Table 7. Changes in electrolytes and clinical chemistry parameters in the study groups (M+SE, Me [Q1; Q3]).
Parameter. mmol/L Values in groups p
N Control N Reamberin

Na*

12h 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

36h 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-

12h 30 99.73+0.85 30 100.17+0.76 0.705

24h 30 102.17+0.79 30 100.63+0.69 0.147

36h 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
K+

12h 30 3.92+0.12 30 3.87+0.12 0.764

24h 30 3.91+0.10 30 4.01+0.08 0.402

36h 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

24h 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

24h 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

24h 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

Note. N— number of measurements.

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.
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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 pO,, 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
Conflict of interest. The authors declare no conflict of interest.

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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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 CO, and O, 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 CO, and O, 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 CO. and O, 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 11 regularization
(maximum likelihood estimator of statsmodels li-
brary, b. 11 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
(Iterativelmputer 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-R?, 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 u 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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Fig. 1. Flowchart of the patient selection.
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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.

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 O, and CO.
partial pressure before tracheal intubation (P<0.001
and P<0.001, respectively), number of antibiotics
administered (P<0.001). The pO, 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 pCO, 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.
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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.

Missing values and imputation quality.

Parameter Institution  Missing Mean Mean SD before SD after SD
values before after imputation imputation of imputed
imputation imputation means
pCO: CFC 1 32.88 32.94 4.82 4.79 4.78
pO. CFC 1 48.7 48.7 11.73 11.62 11.62
Last CT severity CEC 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
pH CPC 5 7.36 7.36 0.11 0.11 0.10
pCO, CPC 120 42.6 43.2 14.1 15.0 9.5
pO. 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

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).
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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,
pCO,, pO,, 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 pCO,, pO,, 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 pO, 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-R? = 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% ClI,

CTon
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1.034-1.854; P=0.029; 66.7+15.7 years). The
other significant predictor was pO, 56+32 mm

Hg, OR = 0.806 (95% CI, 0.652-0.996), indi- Fig. 4. Forest plot of risk factors for death in the ICU of the CFC (a),

cating that each additional 10 mm Hg o
pO: 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, pCO,, pO,, 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
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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, ¢).

Analysis of blood acid-base balance and blood
gases is an important method of assessing patient
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status in the ICU. Several studies have confirmed
that arterial pO, and pCO, 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 pO» 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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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-B (IL 1-f), 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-1 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-1f 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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Introduction

Arecent 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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[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).

Fig. 1. Area of sensory anesthesia during supraclavicular nerve
block.

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-1$ 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-1 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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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-1V [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.

Assessed for eligibility for the study objectives, N=108

Excluded from the study, N=5

Occurrence of pain related
to the underlying disease, N=8

Declined to participate, N=2

A

y

Randomized, N=93

v

v

v

Included into group 1 (LIA),
N=31

Included into group 2 (PECS),
N=31

Included into group 3 (SSNB),
N=31

v

v

v

Received allocated
intervention, N=31

Received allocated
intervention, N=31

Received allocated
intervention, N=31

v

v

v

After implantation, N=31:
ibuprofen 400 mg 3 times per day
Assessment using VAS at rest
and on movement after 8,

16, 32, 72 hours
Levels of CRP (mg/L),

IL 1-B (pg/mL), IL 6 (pg/mL)

After implantation, N=31:
ibuprofen 400 mg 3 times per day
Assessment using VAS at rest
and on movement after 8,

16, 32, 72 hours
Levels of CRP (mg/L),

IL 1-B (pg/mL), IL 6 (pg/mL)

After implantation, N=31:
ibuprofen 400 mg 3 times per day
Assessment using VAS at rest
and on movement after 8,

16, 32, 72 hours
Levels of CRP (mg/L),

IL 1-B (pg/mL), IL 6 (pg/mL)

v

v

v

Lost to follow-up, N=0

Lost to follow-up, N=0

Lost to follow-up, N=0

v

v

v

Analyzed, N=31

Analyzed, N=31

Analyzed, N=31

Fig. 2. The study flowchart.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 3



For Practitioner

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.

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 355
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.

lateral

medial

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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Table 1. Patient characteristics *Me [25; 75 percentile].
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 2. Localization of the neoplasms.

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

The intravenous port system was implanted
in patients of both sexes, mean age 59.3 years, ASA
II1/1V, 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-1f (IL-1p),
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 @=0.05 and a sample size
of 31 patients in each group. The a posteriori power
(1-B) 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).

Atbaseline, there were no significant differences
in interleukin-1f levels between groups.
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Fig. 5. Boxplot («<whisker box») diagram of pain intensity ac-
cording to VAS at rest (@) and during movement (b).
Note. Mann-Whitney test was used.

On postoperative day 1, interleukin-1p 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-13
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, ¢). The most significant differences in inter-
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Fig. 6. Intergroup comparison of CRP (a) and interleukin (b, ¢)
levels during the study phases.

Note. a — ANOVA test with Bonferroni correction; b, ¢ —
Kruskall-Wallis test.

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).
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Table 3. Paired comparison of CRP levels, difference of means (standard error).
Time point Intergroup comparison of CRP levels (mg/l) P, P, 3 P, ;
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
Note. A posteriori comparisons with Bonferoni correction were used (P<0.05).
Table 4. Changes in IL-13 and IL-6 levels, Me [25%; 75 percentile].
Time point Interleukin levels (pg/ml) in groups p,, P, 3 P,
1 (LIA), N=31 2 (PECS), N=31 3 (SSNB), N=31
IL-1p
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
Note. Mann-Whitney test was used.
There were no significant differences in this pa- p
rameter between the PECS and SSNB groups. Inter- E—
estingly, in the supraclavicular nerve regional block 7.507 P<0.001
group, IL-6 levels decreased 2-fold on day 3 after port °
5.00-] °

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
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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.

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
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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-1p was observed com-
pared to the group using selective supraclavicular
nerve block combined with local anesthesia. In-
terleukin-1f, 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-13
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-«) and interleukin (IL)-1f are re-
leased first. They induce a secondary immune re-
sponse in which IL-6 is produced [50]. Given the as-
sociation of IL-1B 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-Gonzdlez 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 8.05mg/L, IL-6 5.5 pg/mL, IL-1f 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).
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Summary

Obijctive. 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 IT — 1.5 points (IQR: 1.0-3.0) vs 3.0 points (IQR: 3.0-4.0); at stage IIl — 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 I1 —
38+ 8% (95%CI: 34-41); stage 111 — 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%ClI:
42-56), 50+13% at stage II1 (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 aresult, 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 islocated 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 (IN=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, SpO,)
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

Table 1. The main demographic and clinical parameters in groups of patients.

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)
www.reanimatology.com GENERAL REANIMATOLOGY, 2023, 19; 3
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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

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).

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

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 #-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-
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Table 2. Changes in the main parameters.
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; <0.001%*
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; <0.001%*
4.0-6.2 1.0-3.0 1.0-2.0 0.8-2.2 0-2.0 <0.001%*
<0.001%*
<0.001%*
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; <0.001%*
9.0-10.0 8.0-10.0 8.0-9.0 6.0-8.0 8.0-8.2 <0.008**
0.0015*
Study 10.0; 6.0; 5.0; 5.0; 5.5; <0.001%*
9.0-10.0 5.0-7.0 5.0-6.2 4.0-6.0 4.8-6.0 0.0013%*
<0.001%*
<0.001%*
P 0.390 <0.001* <0.001* <0.001* <0.001* —
FVC, % (M+SD; 95%CI)
Control 38.1+8.3; 37.648.1; 43.5+7.7; 40.6+9.9; 49.049.5; 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; <0.001%*
36.5-47.3 41.6-55.5 44.4-56.6 46.9-59.4 52.1-62.7 <0.001%*
<0.001%*
<0.001%*
P 0.244 0.007* 0.048* 0.002* 0.016* —

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

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%ClI,
44 to 57) at stage 3, 53+13% (95%CI, 47 to

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

59) at stage 4, and 57+11% (95%ClI, 52 to

63) at stage 5, the FVC in the control group o

Control group B Study group

was 38+8% (95%CI, 34 to 41) at stage 2,

44+8% (95%ClI, 40 to 47) at stage 3, 41+10%

(95%ClI, 36 to 45) at stage 4, and 49+10% 15.0

(95%ClI, 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%

10.0

7.5

5.0

in the main group from stage 1 to stage 5 | 5.0
of the study (P<0.05).

Changes in narcotic analgesic con-
0.0

sumption in morphine equivalents are
shown in Fig. 2. On day 1 after study initi-

0-24h 24-48h

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-
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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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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%/0, 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 + N, 70%/0, 30% in-
halation (SP, N=6); stroke + N, 70%/0> 30% inhalation (Stroke, N=10); Stroke + Ar 70%/0, 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%/0. 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.

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 Griilfer L. (2017), the cytoprotective
effect was obtained after argon inhalation for 2 hin
a model of traumatic brain injury [36]. In 2021,
2 papers were published evaluating the neuropro-
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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 + N, 70%/0, 30%
inhalation (SO group), N=6;

— control group with stroke + N, 70%/0, 30%
inhalation (stroke group), N=10;

— experimental group with stroke + Ar 70%/0,
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 A=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 (N, 70%/0, 30% for SO
and stroke groups; Ar 70%/0, 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 O, and
CO, 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.
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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, 256x384 matrix size,
0.164x0.164 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 mm? was calculated
using Image] 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 x d, where d is the thickness of one
section (0.8 mm),):Sn is the sum of the lesion areas
on five slides (mm?) [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
atleast 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.
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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. ¢ — 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.

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
onday 3 (14 (13; 14), 6.5 (4; 8), 5 (3; 8), respectively,
P=0.027). The stroke and stroke+iAr groups did
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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
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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; ¢ — 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.

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, ¢) 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) mm?3, re-
spectively. No significant differences were found
between the groups (P=0.500) (Fig. 3,4 a, b, ¢).

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
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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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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.

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%/0, 30%) for 24 hours after photochemically
induced stroke does not reduce the extent of brain
injury and the severity of neurological deficits.
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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

Conflict of interest. The authors declare no conflict of interest.

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 pm) 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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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
oflaser 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

Rose bengal

Reactive
oxygen species

Damaged
endothelial cell

Coagulation factors

Thrombocyte Thrombus

Endothelial cells

Fig. 1. Schematic illustration of the mechanism of blood vessel
occlusion in photo-induced thrombosis.

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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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/cm?, 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/cm? 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
amethod 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 windown is created through which
alight 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 Ibal, 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 Ibal, CD45, CD11b, and
CD39; and increased neurodegenerative
proteins BACE1, APP, amyloid B 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 Ca?* 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 2" 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/cm?, 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 Ibal+ cells. This index peaked at 24 hours in
peri-infarct tissue and remained elevated for 3 days
[42]. The proportion of Ibal-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 CAl 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).
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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 Ca?* 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 Ca?* 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-1 (IL-1f) and tumor
necrosis factor-alpha (TNF-¢). 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-1f,
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
amurine 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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CgetJi0ii mamMATH
Anarosms [lerpoBuua 3uabdepa
(13.02.1931-25.04.2023)

IBannate msaToe ampess 2023 I. — YepHBII
JleHb 0Te4YeCTBEHHOU aHecTe3MOoJIOTUU-peaHuMa-
TOJIOTUU. YMep IOCIeJHUH U3 OCHOBaTeJsell aToi
CIlelMaJIbHOCTH B Hallleil cTpaHe AHaToJsuit [let-
poBud 3unsbep. [Tucars 06 aTOM COOBITUH Ypes-
BBIUAHO TAKEJI0, IOCKOJIbKY BCS €r0 KU3Hb Obly1a
MOCBsAIIleHa sKU3HH, 3J0POBbI0 U TPYy[aM JofeH,
MIOCBATUBIINX cebs HOBOMY pasjiesy MeJUIHBIL.
HaspIBast ce0s1 0JHUM U3 POCCUNCKUX JUHO3aBPOB
aHeCTe3N0JIOTUH-peaHNMaToJIOT | , OH ObLJI BMecTe
C TeM OCHOBOIIOJIO;KHUKOM MEJUIIUHBI KpUTHYE-
CKMX COCTOSIHUM, CUMTasA ee KpaeyroJbHbIM KaMHEM
HAyKU O 3JI0POBbE U KU3HU 4YejioBeKa. VIMeHHO
9TOMY IIOCBAIIEHBI 627 €ro rne4arHbiX TPYLOB, Ie-
pednc/IeHHbIX B OubarorpaduieckoM ykasaresie,
OITyOJTMKOBAHHOM MeHee T'ofia Ha3a | Hay4HoH 6u6-
JnoTekoil [1leTpo3aBOACKOro rocygapcTBeHHOTO
YHUBEPCUTETA.

OTU TPYAbI OTPAXKEHBI B €r0 TUTYJIaX U 3Ba-
HUSX, KOTOpbIe OH He JII0OWUJI BBICTaB/IAThH HAIIOKa3:
JOKTOp MeOUIMHCKUX HayK (1971), mpodec-
cop (1973), 3acaysxennsiii Bpau PCOCP, 3aciay-
SKeHHBIN HesaTe b Hayku PP (1989), akameMuk
Poccuiickoil AkageMUu MeJUKO-TeXHUYeCKUX
Hayk (1997) u Akagemun npobseM 6e30macHOCTH,
000poHbI 1 mpaBonopsiaka PP (2007), [ToueTHbIH
paboTHUK BbIcIIero mpodeccuoHaabHOro oopa-
3oBanus P® (2000), Hapongusrit Bpau Pecrry0simku
Kapenus (2001), TToueTHBIH rpaskgaHuH ropoja
Ilerposasoacka u Kapenuu (2003), BUSUTUPYIO-
il npogeccop lapsapackoro u OsuHo-Kanu-
¢opHuiickoro yausepcuteTos (CIIIA), moueTHBIH
npogeccop XopeaMmckoro yuuBepcurera (Y3soe-
kucran). [louernsiii uien [Ipasienus Peneparuu
aHeCTe3noJIOr0B U peaHnMaroJsioros P® (2000),

ujeH [IpaBieHus Accoiyanui aHeCTE3N0JIOTOB
u peanumaroJsioroB Pecniyosimku Kapesnus (2003),
IToueTHbIN uieH degepanu aHECTE3UOJOTOB U
peanumarosoros P® (2014).

Bce Harpaibl, KOTOPBIX OH yIOCTOEH — U I'0-
CyJlapCTBEHHbIe, U HErocyJapCTBeHHbIEe — UM 3a-
cayskeHbl. A aTo Opnena JIpysx6s1 (1998) u IToue-
Ta (2006), opueH IIuporosa (2022), BeIcLIas Ha-
rpaga Pecnybsnuku Kapesauss opaen «Cam-
no» (2019), opaen 'mnnokpara, Meranu «3a BbI-
Jammuecs JOCTUKEeHUsI B PeaHUMaTOJIO-
run» (2004), «3a ykpeneHnue aBropurera Poc-
culickol Hayku» (2007), «3os10Tast Megasb A. JI. Uu-
SKEBCKOT0 3a IMpodeccuoHalIn3M U JIeJI0BYIO pe-
nyranuio» (2008), menane JlomoHocosa (2012),
3oJioTout 3Hak «Ibi Victoria ubi Concordia» («Tam
nobema, roe comiacue») (2012), ITamsaTHas Meanab
M. akagemuka PAMH B. A. Herosckoro (2013).

Bech sKkuU3HEHHBIU TyTh Hpodeccopa
A. TI. 3usibbepa M3JI0KEH B MHOTOYMCJIEHHBIX
CTaTbsX, IOCBAIIEHHBIX €T0 I00MJIESIM, a TAKIKE BO
BCTYIIUTEJIBHON CTaThe K YIIOMSIHyTOMY OMOJIHO-
rpaguyeckoMy yKasareJiio.

Bce, 3a uTo 6pasics Anarosnuii [leTpoBuy,
OBLJI0O TIOMEUYEHO 3HAaKOM «IIepBbIi». IlepBoe B
CCCP otiejieHre MHTEHCUBHOU Tepamnuu, aHecTe-
3uM U peaHnManuu — 3Hamenuroe MTAP (1959),
MEePBBIN KypC MpenofaBaHusi aHECTe3UOJOTUU U
peaHnuMaroJIOTuu CTyieHTaM-Menukam (1966), Ilep-
BbIli [1nenym [TpaBsienust Bcecoro3HOTO HAyYHOTO
00I1IecTBa aHECTE3M0JIOTOB-PEaHNMATOJIOTOB (1967)
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CBeTJIOI MaMATHU KOJIJETr

KaK aKT IPU3HAHUS POJIM KapesabCKOU IIKOJIbI
AaHECTEe3UO0JIOTUH-PEeaHNuMaToJIOTNH, IIEPBOe PYKO-
BOJICTBO I10 KJIMHUYECKOU (hMU3UO0JIOTUY [IJ151 aHe-
CTEe3u0JI0roB (1977), mepBoe 4eTbIpeXTOMHOE CO-
OpaHme «JTIOJOB KPUTHUUYECKOH MEIUIVUHED»...
Kasxkaplii TpyJ NpoXogus TIIATEJbHYIO JOBOIKY
1 OYKBaJbHO IOBEJUPHYIO OTIEJKY, YTOOBI HE
OBI7I0 TOBO/IA [IJIST KPUTHUKY, A/ HEJOTIOHUMAaHM
npo6Jiemsl. [TepBoIii B EBpome eskeroqHbIii ceMu-
Hap aHeCTe3U0JIOTOB-PeaHNMaTOJI0IOB, CTaBIINN
BIIOCJIEJCTBUYU MeskayHapoaHou [[Ikomnoi 3nib-
bepa, cocrosiics B IlerposaBojacke B 1964 1. mo
nHunuaruse Anaronus llerpoBrya u IpoxXonuiI
B IOCJIeIHUE okl B hopMare MesKAyHapOaHbIX
KOH(epeHIUl, TPOBOJUMBIX COBMeCTHO ¢ Komu-
TETOM I10 eBpONENCKOMY aHEeCTE3U0I0TUIECKOMY
obpasoBanuio (CEEA) EBpormefickoro o0IiecTBa
aHecTe3n0JI0TUN U MHTeHCHBHOU Tepanuu (ESAIC).
MeskayHapOJHBIA IeHb aHeCTe3UO0JIoTra-peaHu-
MaroJiora 16 oKTAOPs — 3TO TOKe pe3yabTaT pa-
6otel A. I1. 3unbbepa. [lepBBIi 3a MoOC/IeTHNE
250 jieT ucTopuu EBpOITbI KBOIJINOET COCTOSIJICS
B IleTpo3aBOoACKOM yHUBepcUTeTe 23 amnpesis
2015 r. B Hem y4actBoBasu 6osiee 600 YeJiOBEK,
BeJsiach MIHTepHeT-TpaHcaAnusa. BeicTynanu cry-
IeHTBI, IpakTudeckue spauu Kapesmn, CIIIA, AB-
cTpaJ/unuy, npenongasaresnu [lerpo3aBonckoro yHu-
BepcuTeTa U MeJUIMHCKUX By30B CanKT-Ilerep-
oypra u Apmennnu. KBomymmmberapuem (T. e. Beay-
IMM) BBICTYHAJ, pa3yMmeeTcs, Impodeccop
A.TI. 3unbbep. ATy hopmMy 00pa3oBaHUs IOIXBA-
TWJIX U B IPYrux yHuBepcurerax. B EpeBane, Ha-
puMep, KBOTNOET OBL MPOBEIEH JBASKIBI.

3aHABIINCH U3yYeHNEM ITPOOJIEM JbIXaTehb-
HOU HeymocTaTouHOCTH, A. I1. 3uab0ep BHIABUHYI
KOHIIENIUI0 PeCIUpaTOpHON MeqUIIMHBI B Kaue-
CTBe ellle OMHOTO MEeKIUCIUIIJIMHAPHOTO pa3aesa
3apaBooxpaHeHnusd. B 1985 . mo nHunuaruse 1po-
deccopa A. T1. 3uns6epa B [TeTpo3aBojCKe MPOIIIesT
06 beuHeHHBIN NsTeHyM [IpaBseHnii Bcecoro3HbIx
00IIIeCTB aHEeCTe3NO0J0T0OB-PEaHNMATOJIOTOB 1
MyJIbMOHOJIOr0B. B 1989 1. B Pecrrybmmkanckoi
bonpaUIe Kapesnyu cos3maHo OTAe/IeHre PecIiu-
paTtopHoli Tepanum, IpeBparuBieecs 3arem (2001)
B PecniyOsimKaHCKHUI pecnvpaTopHBIN eHTp. Ha
0ase aroro IleHTpa u Kypca pecrnupaTopHOi Me-
munuHel [lerposaBonckoro yHusepcurera B 2006 I.
0b171 oTKPBIT [leTpo3aBoackuii pumman MHCTUTYTa
nysibMoHosiorun PAMH — ®@enepanbHOro neHrpa
pecnupaTopHON MeJUIIMHBI U IIyJIbMOHOJIOTUH
Poccuun.

Emie onyun Bpar yeJsioBeuecTBa, KOTOPOMY JaB-
HO 00BABUJ BOWHY mpodeccop, ato bosk. boas ¢
OosbIIoi OyKBBI. BoJIb HE KaK CIeACTBHE KaKUX-
TO JIeVICTBHUH YesI0BEeKa UM pas3BUBaoIIeiics 60-
JIe3HH, a KaK IPAYMHA KPATUYECKOI0 COCTOSTHHUS,
OT KOTOPOI'O 4YeJIOBEK MOYKET CTpajarb IOJaMU,
Tepsisi pabOTOCIOCOOHOCTH, BOSMOYKHOCTh JKHUTH
no-ueJjioBedecku. dororpadust 0THOU U3 CKYJIBITYP

Ponena c HazBaHueM «boJib» 10JIrOE BpeMsi BUCeJI1a
B KabOuHete AHarosus [leTpoBuya, HaIIOMUHAS O
HeOoOXOIMMOCTH OOPOTHCSI C ITUM 3JI0M. ITa bopbda
IpuBeJia K OpraHu3anuu npu kadeape Kypca asi-
roJioruy, IpusHaHHoro BcemupHoil peneparueit
obmrects a”Hecte3anosioros (WFSA).

OCHOBHBIMM HaIlpaBJIeHUSIMU HAay4YHOH pa-
60TBI PO eccopa OB He TOJTHKO CO3/TaHNE KITH-
HUKO-(pHU3U0JIOTHYECKOT0 HallpaBJIEHUS B MeIU-
IMHE KPUTUYECKHUX COCTOSTHUMN, HO M pa3paboTka
KOHIIENIINY T'YMaHUTApPHBIX OCHOB 00pa30BaHUs
U IIPaKTUKH Bpadell, aSTUYEeCKUX U I0PUIUIECKUX
ocHoB MKC.

Bynyun pasHocTopoHHE 00pa30oBaHHBIM Ue-
JI0BeKOM, AHarosuii [leTpoBUY He OrpaHUYUBATICS
TOJILKO TPyJaMu 1o MeauiuHe. Ero paboTs! o Bpa-
Yax-TPYIHTAX, TO €CTh CIIeUAJINCTAX, OCTABUBIINX
3aMeTHBIN cJjef, He TOJIbKO B MeIUIlUHe, HO U B
JIPYTUX pasiesax HAyKU U IPaKTUKU YeJI0BEYEeCTBa,
CUMTAIOTCS CaMbIMU IIOJIHBIMU U JJOCTOBEPHBIMU
B COBpEeMEHHOMU iuTeparype.

Oco6oe mecTo B paboTte npodeccopa 3aHU-
MaJTi KHATA 00 00pasoBaHMM, TTOCKOJIBKY HAEI0
HETPEPHIBHOTO METUIIMHCKOTO 00pa3oBaHUs OH
CYMTAaJ [VIaBHBIM yCJIOBUEM PO eCCHOHATBHOTO
pocTa Bpadeil yoboi crnenuaabHOCTH. HayuHo-
TeXHUYeCKasi PeBOJIIOLMSI CO CBEPX3BYKOBBIM PO-
CTOM MacCHBa HOBOU WH(MOPMAIIUH BOOOIIE 1 Me-
JMUIIMHCKOHN B YaCTHOCTU TPEOyeT COOTBETCTBYIO-
II[eT0, KPeaTUBHOTO TTO/IX0/1a K METOANKE 00pa3o-
BaHUsA. TPyTHOCTH 5Ke COBPEMEHHOT0 00pa30BaHuUs
3aKJII0YAeTcsI B TOM, YTO Macca HOBOU nH(opmauu
6asupyeTcs Ha pyHIaMEeHTe y3Ke MMEIOITIXCS 3Ha-
Huii. CTapble METOOMKN 00pa30BaHUS IPUBEIYT
K TOMY, YTO CHEIUAIUCT IIOJIYIUT BBICIIEE 0Opa-
30BaHMeE 6e3 cpegHeTo. PereHnio aToi HeIpoCTON
3a7ayy OBLIM MTOCBAIIEHBI paboTHI Tpodeccopa B
NOCJIeJHUE OBl €r0 HeCIIOKOMHOMN YKU3HHU.

C JIeKIMsSIMU U BBICTYILJIEHUSIMU Tpodeccop
o6'bexaJt He TOJTbKO BCIO Poccuio — OH MTOOBIBA
BO MHOTHX CTpaHax O/IMKHETO U TaJbHero 3apy-
6e:xps1, crpanax Craporo u HoBoro CBeta, n
Be3Jle eT0 COOOIEeHNsI C BOCTOPTOM BOCIIPUHU-
MaJIuCh CaylIaTeJ sIMU. B mocsjenHue ronsl npo-
(heccop ucnonap3oBas AJs1 CBOUX BBICTYILJIEHUN
coBpeMeHHbIe TexHoJoruu (Skype, V-Point). Jlek-
nmu A. I1. 3uns6epa A5 CTYJeHTOB U Bpadel —
IIpEeKPacHO OpPraHN30BaHHbIE U UHTEPECHBIE I10
(popme — conepsxanu HOBeHIIIMe TaHHBIE 110 CIle-
IMAJBHOCTH U C YAOBOJBbCTBUEM IIOCEIATUCH
CTyJleHTaMHU CTaplINX KypCOB ¥ BpadyaMu pa3HbIX
crermmanbHOCTEN. A. I1. 3MsIb0€p — OJWH U3 TTPO-
(peccopoB yHUBEpcHUTeETa, KOTOPHIE lleJIeHAIPaB-
JIEHHO 3aHMMAaJIUCh F'YMaHUTAPHBIM BOCIUTaHEM
CTYIEHTOB U Bpaydeu.

[naBHOE gocTHU)KeHUe IIpodeccopa — CO3-
naHHas uM IleTposaBojckas IIKOJa KpUTHUYe-
CKOU U pecnupaTropHON MeIUIUHbl — SKUBET U
pabotaeTt. [ToATOTOBJIEHHBIE €10 CIIEIHATUCTHI
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BBICOKO IIEHATCS He TOJILKO B Poccun, HO n 3a Poccum, B cTpaHax OJIMKHETO W TAaIBHETO 3apy-
ee IpegeaMu. Oe)Xbsl, MOTYT CKasaTh: «J[0poroil YYuTesb, MbI

ITpomasick c AHatosiueM [leTpoBudeM, COTHH — Bcerna OyaeM moMHUTE Bac, Baru Tpyabl 1 JeKim
€ro YYeHHKOB U I10CJIeloBaTesell, paboTaOIMIX B ¥ OCYIIECTBJIATH Barm uien».

PexTop IleTpo3aBoCKOro rocyjapCTBeHHOr0 yHHBEpPCUTeTa,
1. T. H., mpodeccop A. B. Bopounn

Jupexrop MeauliMHCKOro HHCTUTYTAa [leTpo3aBoACKOro rocyfapCTBEHHOI0 YHUBEPCHUTETA,
I. M. H., mpo¢eccop A.T. bBasnamos

I'naBHbIN Bpa4y PeciyOsmnkaHcKkoi 00sibHULBI MM. B. A. Bapanosa T. /1. Kapanersx

JoueHnt MenumuHcKoro HHCTUTYTa [IeTpo3aBoACKOT0 rocy1apcTBEHHOI0 YHUBEPCUTETA,
I.M. H., A.II. CmacoBa

JoueHnT MeaunuHcKoro uHctuTyTa Ilerpo3aBocKoro rocyjapcTBeHHOIO YHUBEPCUTETA,
K. M. H., B. B. Maib1ieB

IIpaBnenue u Ilpeauauym Obmepoccuiickoil obmecTBeHHON opranusanuu «Penepanus aHe-
CTe3WO0JIOTOB ¥ PeaHNMaToJI0r0B», MHOTOYHCIEHHBIE KOJIJIETH B PA3HBIX KOHIAX HAIIEH CTpaHbl U
3a pyOeskoM IyOOKO CKOpOAT 0 KoHUMHe AHaTo1usA [leTpoBrua 3unbbepa BMecTe ¢ ero yueHUKaMUu
U APYy3bsAMU, U OT BCell IyIIN IpUCcCOeqUHAIOTCA K cjoBaM I[IpeaunenTta Coro3a MeIUIIMHCKOTO CO-
obmecTBa «HanmoHa abHast MeIUITUHCKASA Majiata» npodeccopa Jleounma Muxaisiosuda Porrass:

«f cuuman, umo Anamoauti [lemposuu 3unvbep ydem xcumo eeuro. [lompsacaowjuii ueroseuuuye.
dmo enviba u 3akonodamens, kKomopvimu boz nocaan 6bimos HemHozux. Mou cobone3Ho8aHUS ceMbe, CO-
cayxcusyam, yueHukam u nayuernmam. Cobone3H08aHUS 6CeM HAM...»

Koznnexkmus pedaryuu scyprana «Odwas peanumamonousi» u PedepanrbHozo HayuHo- KAUHUYUECK020
YeHmpa peasHumamonoull U peabuiumonoul eblpaicarom cob0e3Ho8anus poOHbIM, OAUSKUM U
Koanecam Anamoaus [lemposuua u ckopbsim emecme ¢ HUMU.
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depepanbHOE rocygapcTBeHHOe BloaXKeTHoe
Hay4Hoe yuypexaeHune «deagepanbHbIi
Hay4YHO-K/ITMHUYECKUIA LLeHTP peaHUMaTonormm
n peabunuronorun» (PHKL| PP)

CumynaumoHHbin HeHTp PHKL] PP

JlabopaTopus nepcnekKTmBHbIX
CUMYNALMOHHbIX TEXHOTOMMNA

CUMYNSALIMOHHBIE OBPA3SOBATE/IbHbBIE NPOrPAMMDI:

/ Mepeasa nomoLlb
/ MoarotoBka MHCTPYKTOPOB NepBOi
nomMoLyx
/ BasoBas cepaeYvHo-Nero4Has peaHuMauus
/ PacluMpeHHasi cepaeyHoO-fiero4Has
peaHuMauus
/ YNbTpasByKOBO# MOHUTOPUHI
M HaBUrauua B aHeCTE3UOMOrUK-
peaHuMaTonorum

/ TpyAHbIA AbIXaTeNbHbIA MyTb

Ten.: 8(495)650-96-77
www.fnkerr.ru/edu
edu@fnkcerr.ru

/ PecnnpaTtopHas nogaepxXka

/ Kputnyeckue coCTossHUS

B aHECTE3UONOrMN-PeaHuMaTonormm
/ MoaroToBKa K NEepBUYHOIA
cneuvanusMpoBaHHOM akKkpeauTaLum
/ O6y4eHune npenogasaTenen
CUMY/IALMOHHbIX LLEHTPOB

Bce ob6pasoBaresibHbie rMporpamMmb!
o6ecne4veHbl 6aniamm HMO
BO3MOXHO ¢chopMUPOBAHME
o6pazoBare/ibHbIX UAKNOB
o Tpe6oBaHMIO




PeambepuH®
HABCTPEYY XXU3HW

_Peam6epuH’

e Cb6anaHcupoBaHHbIN Q OkasbiBaeT
CyKUMHaTCcoAepKaLLum AE3UHTOKCUKaALMOHHOE,
KPUCTaNNIOUAHbBIN aHTMOKCUAAHTHOE U
pacTBop aHTUIMNoKCcUYeckKoe

pencrteus'

e CokpalyaeT cpoku e Hopmanusyert
rocnuTanmsaunm u KUCJIOTHO-OCHOBHOE

netanbHocTb’ cocTosiHue"®

NHpysmoHHaa Tepanus

Pexknama. ®opma BbinycKa: pactBop 4nA nHby3uii 1,5 %, B byTbi/IKax CTeKAAHHbIX 400 Mn,
B KOHTeHepax 13 MHOroC/1I01MHON NonnonepuHoBoM nNaeHKkM no 250 unm 500 M.
Per. Homep N2/IM(000801)-(Pr-RU) ot 19.05.22.

1 VIHCTpYKUMA Mo NpUMEHeHWIo NekapcTBeHHoro npenapata PEAMBEPVIH® pacteop AnA uHdy3ui 1,5% M3 PO
2 WaxmapgaHosa C.A., N'yneBckana O.H., coaBT., «[lpenapaTbl AHTapHOM 1 GyMapoBOI KUCIOT
KaK cpeacTBa NPOGUNAKTUKL 1 Tepanum pa3nnyHbix 3abonesaHniy, «HHypHan GyHaaMeHTanbHon

MeauUMHbI U Bruonorumy, 2016, N3
3 lepacvmos J1.B., MapyeHKoB 10.B., coaBT. «BO3MOXHOCTY KOPPEKLMN METABOIMYECKUX HApYLLEHWIA POIYSO“
C NCMoNb30BaHWeM peambeprHa B OCTPOM nepuode TpaBMbly, AHecTesnonorua u peaHumaronorua N2 6, 2015 [ )





