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Summary 

Aim. To evaluate the safety and efficacy of the adaptive phage therapy technique in patients with recurrent 
pneumonia in neurological critical care. 

Material and methods. The clinical study included 83 chronically critically ill patients with severe brain 
damage. The bacteriophage cocktail selected against specific hospital strains was administered by inhalation 
to 43 patients. The control group included 40 patients who received conventional antimicrobial therapy. The 
changes in clinical, laboratory and instrumental parameters, levels of biomarkers, microbiological and PCR 
tests of bronchoalveolar lavage fluid were assessed, including those in the «phage therapy with antibiotics» 
(n=29) and «phage therapy without antibiotics» (n=14) subgroups.  

Results. The groups were comparable in terms of basic parameters (age, sex, diagnosis, organ dysfunc-
tion according to APACHE II, use of vasoactive drugs) and the level of airway colonization with antibiotic-
resistant bacterial strains. Good tolerability and absence of clinically significant side effects were observed 
during inhalational administration of the bacteriophage cocktail. Computed tomography on day 21 showed 
a significant reduction in lung damage in patients who received bacteriophages. Patients treated with bac-
teriophages without antibiotics had significantly lower need for mechanical ventilation. The mortality rate 
on day 28 did not differ significantly and was 4.7% (2/43) in the bacteriophage-treated group vs 5% (2/40) 
in the control group.  
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Conclusion. The first experience of using the adaptive phage therapy technique in chronically critically ill 
patients in neurological intensive care demonstrated the safety of inhalational administration of the bacterio-
phage cocktail. The efficacy of the technique was confirmed by the treatment results obtained in the phage 
therapy group, which were not inferior to those in the group with conventional antibiotic therapy, while several 
clinical and laboratory parameters tended to improve even in patients who received bacteriophages and did 
not receive antibiotics. 
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Introduction 
Chronically critically ill patients remain in 

intensive care units (ICU) for a long time and 
require comprehensive treatment, including life 
support. This creates conditions for the develop-
ment of prolonged and recurrent pneumonia asso-
ciated with hospital-acquired multidrug-resistant 
bacterial strains.  

Currently, the antibiotic armamentarium for 
the treatment of patients in chronic critical illness 
has almost been exhausted. The treatment of infec-
tions caused by multidrug-resistant bacteria, 
including carbapenemase-producing pathogens, is 
extremely difficult due to the highly limited choice 
of effective drugs; their treatment is characterized 
by such negative sequelae as prolonged hospital 
stay, adverse treatment outcomes, and increased 
direct and indirect costs [1]. 

A potentially promising alternative to antibi-
otics could be the use of bacteriophages to treat 
and prevent nosocomial infections. Bacterio-
phages are intracellular obligate parasites of bac-
teria and play an important role in the natural reg-
ulation of bacterial populations. In the 1930s and 
1940s, bacteriophages were actively used in the 
Soviet Union in various areas of medicine. Howev-
er, the beginning of commercial production of 
penicillin and other antibiotics as well as the need 
for individual selection of bacteriophages for a 
particular infectious agent halted large-scale 
research and widespread use of bacteriophages 
for a long time. The development of molecular 
biological methods and genome sequencing tech-
nologies contributed to a more rational approach 
to the selection and use of therapeutic bacterio-
phages, which allowed scientific research in this 
area to continue [2, 3]. 

Accumulated clinical experience demon-
strates high efficacy and safety of therapeutic and 
prophylactic preparations with bacteriophages in 
the treatment of infections in otorhinolaryngology, 
surgery, urology [4–6]. 

A systematic literature review published in 
2019 summarizes the results of 13 studies con-
ducted in Russia, the United States, Western 
Europe, and Asia, in which bacteriophages have 
been used to treat and prevent infections in 

humans. Concluding the review, the authors 
acknowledge that the beneficial effect of phage 
therapy is undeniable [7]. 

Traditionally, bacteriophages are used to 
treat infections caused by so-called «wild» strains 
with innate antibiotic sensitivity. In recent years, 
an increasing number of researchers and devel-
opers of antimicrobial drugs report the possibility 
of using bacteriophages active against antibiotic-
resistant strains, in particular, a wide range of 
clinical isolates of Staphylococcus aureus. Experi-
mental studies on laboratory animals confirm the 
effectiveness of bacteriophages against antibiot-
ic-resistant strains of microorganisms causing 
pneumonia and sepsis [8–11]. In a clinical study 
by Australian researchers published in Nature 
Microbiology in 2020, the efficacy of a bacterio-
phage preparation was evaluated in 13 patients 
with severe staphylococcal infections, including 
endocarditis and septic shock [12]. The drug pro-
duced from three bacteriophages was adminis-
tered intravenously twice a day for 14 days under 
careful monitoring of hematological and bio-
chemical parameters; good tolerability, high safe-
ty, and no local and systemic adverse reactions 
were noted. However, the circulation of several 
«challenging» Gram-negative and Gram-positive 
strains simultaneously is characteristic of pres-
ent-day ICU. Moreover, the continuous use of the 
latest generations of antibiotics with unpre-
dictable frequency results in the selection of pan-
resistant pathogens, which may cause outbreaks 
of hospital infections. In these circumstances, 
there is a need for a complex drug that will con-
tain a set of bacteriophages active against the 
entire list of challenging pathogens in a particular 
ICU. In addition, periodic monitoring of this 
drug’s efficacy is necessary, and, in case of resist-
ant strain selection, new bacteriophages should 
be added to the preparation. In other words, the 
drug should be adapted to the changing microbial 
landscape. 

This challenging issue is being addressed by 
the collaborative efforts of the Federal Research 
and Clinical Center of Intensive Care Medicine 
and Rehabilitology and the «MicroMir» research 
and production center. Based on a hospital bacte-
ria collection of 66 antibiotic-resistant strains iso-

Clinical  Studies
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lated from 40 ICU patients of the Center of Inten-
sive Care Medicine and Rehabilitology, «cocktail» 
of bacteriophages for inhalation was developed 
and proposed as an adaptive phage therapy 
method. 

The preparation included about 50 bacterio-
phages active against bacterial respiratory 
pathogens, mainly hospital multidrug-resistant 
strains, such as Acinetobacter baumannii, Citrobac-
ter freundii, Enterobacter cloacae, Enterobacter 
kobei, Enterococcus faecium, Klebsiella pneumoniae 
subsp. ozaenae, Klebsiella pneumoniae, Cutibacteri-
um acnes, Pseudomonas aeruginosa, Staphylococcus 
aureus, Staphylococcus epidermidis, Staphylococcus 
haemolyticus, Stenotrophomonas maltophilia, 
Streptococcus pyogenes. The preparation contains 3 
to 4 virulent bacteriophages against each of the 
pathogens above. 

The aim of the study was to evaluate the safety 
and efficacy of adaptive phage therapy technique 
in the treatment of patients with recurrent pneu-
monia in neurological critical care. 

Material and Methods 
Type of clinical study: prospective, nonran-

domized, open-label parallel group study. 
The site of the study: intensive care units 

(ICU) of the Federal Research and Clinical Center 
of Intensive Care Medicine and Rehabilitology, 
where patients with severe brain damage after 
acute stroke, traumatic brain injury (TBI), brain 
tumor surgery, anoxia, etc., are treated. This study 
included chronically critically ill patients trans-
ferred from intensive care units of other medical in-
stitutions for further intensive treatment. 

The term «chronically critically ill» refers to 
those who have survived acute critical disease of 
any etiology, but remain long-term patients re-
quiring intensive monitoring and temporary life 
support [13]. 

The study protocol was reviewed and ap-
proved by the Local Ethics Committee of the Fed-
eral Research and Clinical Center of Intensive Care 
Medicine and Rehabilitology No. 4/20 dated Sep-
tember 22, 2020. 

Patient groups. According to the Protocol, 
adult patients admitted to the Federal Research and 
Clinical Center of Intensive Care Medicine and Re-
habilitology were prospectively included in the 
study if they met the following inclusion criteria: 

1. Patient age > 18 years. 
2. Chronic critical illness, ICU stay for more 

than 2 weeks, previous treatment with antibiotics. 
3. Previous pneumonia with the risk of recur-

rence, clinical indications for antimicrobial treat-
ment (CT evidence, etc.). 

4. Informed consent of the patients or their 
close relatives. 

Exclusion criteria: 
1. Low survival chance (SAPS II score > 65). 
2. Treatment with immune suppressive 

drugs, including steroids. 
3. Signs of acute infection/sepsis (according 

to the Sepsis-3 criteria). 
4. Procalcitonin level > 2 ng/ml. 
5. Candidemia. 
Patients were enrolled gradually. 
At the first stage of the study, consecutive en-

rollment of eligible patients was performed with-
out intervention in the treatment process, with 
recording of clinical, laboratory and microbiolog-
ical monitoring parameters at four time points 
(days 1, 7, 14, and 28 after admission). 

At the second stage, the patients included in 
the study were prescribed a bacteriophage cock-
tail in addition to conventional antimicrobial 
therapy (safety assessment). 

In the third stage, when the procalcitonin 
level was less than 0.5 ng/ml, only the bacterio-
phage cocktail without antibiotics was adminis-
tered to selected patients. 

Eighty-three patients were included in the 
study. 

The main Group 1 consisted of 43 patients 
who received the bacteriophage cocktail. This 
group was divided into 2 subgroups: «phage ther-
apy with antibiotics» (antibiotics + bacteriophage 
cocktail, Group 1A, n=29) and «phage therapy with-
out antibiotics» (bacteriophage cocktail only, 
Group 1B, n=14). 

Group 2 included patients who received con-
ventional antibiotic therapy, n=40. 

Patients received comprehensive treatment 
and rehabilitation including life support, drugs to 
improve consciousness level, nutritional and meta-
bolic therapy, symptomatic care, etc. Therapeutic 
and rehabilitation measures were performed by 
specialists who were not aware of the inclusion of 
patients in this study. 

The «Ground Glass» software for automatic 
assessment of the ground glass opacity lesions was 
used to analyze the chest CT scans. Segmentation 
of the right and left lungs along with trachea was 
performed with the threshold of -250 HU. The le-
sions with customized densities (from -785 HU to 
150 HU as a default) were outlined inside the lungs. 
The small vessels which could be mislabeled as «le-
sions» were excluded from assessment using the 
morphological closing operation.  

During the study, the patients were under con-
tinuous clinical and laboratory monitoring with as-
sessment of cardiovascular, neurological, respira-
tory parameters, liver and kidney function, as well 
as the organ dysfunction using the SOFA score. Se-
rial measurement of serum biomarkers (C-reactive 
protein, procalcitonin) was carried out. Levels of al-
bumin, urea, creatinine, and CRP were determined 
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on an automatic biochemical analyzer AU 480 
(Beckman Coulter; USA) using original reagents. 
The procalcitonin concentration was measured on 
a VIDAS immunoanalyzer (bioMerieux SA, France). 

Third-party laboratory physicians performed 
microbiological studies of bronchoalveolar lavage 
(BAL) fluid using culture and PCR methods. For mi-
crobiological examination a morning sputum sam-
ple was taken in sterile tubes in aseptic conditions. 
The time interval after the last administration of 
antibiotics and sputum collection was 8–12 hours. 
The native clinical specimens were immediately 
transported to the bacteriological laboratory. Mi-
croorganisms were identified and antibiotic sensi-
tivity was determined using a BD Phoenix-100 au-
tomated system (USA). 

To assess the taxonomic composition of 
BAL fluid a reagent kit for DNA isolation from 
clinical material «RIBO-prep» and reagent kits 
for the detection and quantification of 
Pseudomonas aeruginosa DNA, Enterobacteri-
aceae DNA, Staphylococci (Staphylococcus spp.) 
and Streptococci (Streptococcus spp.) were used. 
Qualitative assessment of antibiotic resistance 
genes was performed using reagent kits for the 
detection of acquired carbapenemase genes of 
KPC and OXA48-like groups (types OXA48 and 
OXA162), acquired carbapenemase genes VIM, 
IMP and NDM of MBL groups (Amplisens, Rus-
sia) by PCR with real-time hybridization-fluores-
cent detection of amplification products. Meas-
urements were performed on a CFX 96 plate 
amplifier (BioRad; USA). 

Statistical analysis was performed using Sta-
tistica 10.0 software. The generally accepted math-
ematical and statistical methods were used to cal-
culate the main characteristics of sample groups. 
The Shapiro–Wilk test was used to assess the nor-
mality of variable distribution in the groups. Mann–
Whitney test was used to analyze non-normally dis-
tributed variables. Wilcoxon test was used for 

comparative analysis of quantitative variables. 
Fisher's exact test was used to compare proportions 
(frequencies). To compare proportions at different 
time points, the McNimar test was used (Table 4). 
Data were presented as median ±25–75 percentiles 
(25–75 IQR). The critical level of significance was 
set at 0.05, and Bonferroni correction was used for 
multiple pairwise intergroup comparisons. 

Results 
The main characteristics of patients enrolled 

in the study are given in Table 1. 
The groups were comparable in terms of sex, 

age, etiology of brain injury, severity of condition 
according to scales, and ventilation requirement. 

The safety and efficacy of the bacteriophage 
cocktail were assessed using clinical and laboratory 
monitoring methods. 

Assessment of clinical parameters. Neurolog-
ical status of all chronically critically ill patients did 
not change over time. There were no differences 
between the groups in the severity of acute respira-
tory failure, also there were no significant changes 
in PaO2/FiO2 ratio in the groups. In Group 1A, there 
were significant positive changes in the severity of 
lung lesions according to CT (Table 2). No such 
improvement was observed in group 1B. 

During the observation period 1 patient 
(6.7%) was weaned from mechanical ventilation in 
group 1B and 1 patient (3.1%) was weaned in group 
1A. Organ dysfunction score according to the SOFA 
scale did not exceed 4–5 points in all groups during 
the study period. There were no significant differ-
ences between the groups in the frequency of 
vasoactive drug administration. The study did not 
reveal any clinically significant side effects of the 
bacteriophage cocktail administration. Mortality by 
day 28 was comparable in group 1 (2/43, 5%) and 
in group 2 (2/40, 5%) (P=1.0) with no fatal out-
comes in subgroup 1B. 

Parameter                                                                                                                                                      Values in groups                                                 P  
                                                                                                                                                                        1, n=43                                   2, n=40             1А+1B vs. 2  
                                                                                                                                              1А, n=29     1B, n=14         1А+1B 
Age, median                                                                                                           62 (39–71)   50 (32–74)   60 (38–72)   64 (54–72)                0.177 
Sex, male/female, n                                                                                                  20/9              10/4             30/13            21/19                    0.120 
Diagnosis, n (%) 
Post: 

stroke                                                                                                                  16 (55)           6 (43)           22 (51)          26 (65)                   0.267 
TBI                                                                                                                        9 (31)            4 (29)           13 (30)           7 (18)                    0.206 
brain surgery                                                                                                      1 (4)             2 (14)              3 (7)              4 (10)                    0.706 
anoxia                                                                                                                  3 (10)            2 (14)             5 (12)              3 (7)                      0.714 

APACHE II severity score, day 1, median                                                     12 (8–15)    11 (10–16)   12 (10–15)    10 (8–14)                 0.287 
Lung ventilation required, Day 1, n (%)                                                          14 (48)           5 (36)           19 (44)          24 (60)                    0.189 
Number of antibiotic-resistant bacteria in the initial                           46/29 (1.6)  25/14 (1.8)      71 (1.7)         72 (1.8)                      — 
BAL fluid sample, total (average per 1 patient)                                                    

Table 1. Main characteristics of patients.

Note. For tables 1–6, figures 1, 2: 1А — antibiotics + bacteriophage cocktail; 1B — bacteriophage cocktail alone; 2 — antibacterial 
therapy without bacteriophage cocktail.
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Table 3 shows that the need for lung ventila-
tion tended to increase in patients who received 
antibiotics (group 2 and subgroup 1A) and, con-
versely, decreased in subgroup 1B, where only bac-
teriophages were used. Monitoring of biochemical 
parameters in group 2 also revealed a significant 
decrease in albumin level on day 7. 

Table 4 compares the groups in terms of the 
number of cases of abnormal values of liver and 
kidney function parameters. 

In group 2 and subgroup 1A, where antibiotics 
were used for 2 weeks, the proportion of patients 
with elevated enzyme levels persisted or even 
increased compared to the baseline. At the same 
time, in subgroup 1B, where patients were treated 
with bacteriophages alone without antibiotics, this 
pattern was not observed; on the contrary, there 
was a tendency for reduced number of cases with 
elevated clinical chemistry parameters, such as ALT, 
AST, and creatinine. 

Changes in the levels of biomarkers. Procal-
citonin is one of the markers which provides ration-
ale for withholding antimicrobial therapy. 

Most chronically critically ill patients had pro-
calcitonin levels below the reference values 
(0.25–0.50 ng/ml) during the entire follow-up peri-
od, only less than a third of patients had minor ele-
vations (0.51–0.80 ng/ml). No significant differ-
ences between the subgroups were observed 
according to the laboratory monitoring data during 
two weeks after the study initiation (Table 5). 

The level of C-reactive protein was dozens of 
times higher than the reference value (5 mg/l) in 
all patients. The changes in CRP level were 
assessed by the percentage of reduction by thirty 
percent or more compared to the baseline values. 
In group 1, a decrease in CRP concentration on 
day 7 was observed in 40% of patients, while in 
group 2, this parameter was reduced only in 30% 
of cases (Fig. 1). 

Clinical and laboratory parameters                                                                     Values in the groups                                                                    P  
                                                                                                                                               1, n=43                                                    2, n=40             1А+1B vs. 2  
                                                                                                            1А, n=29              1B, n=14                  1А+1B 
On mechanical ventilation, day 1, n (%)                      14/29 (48)            5/14 (36)            19/43 (44)            24/40 (60)                0.189 
On mechanical ventilation, day 7, n (%)                      18/29 (62)            3/14 (21)            21/43 (49)            25/40 (63)                0.270 
On mechanical ventilation, day 14, n (%)                   15/27 (56)            2/14 (14)            17/41 (41)            25/39 (64)                0.048 
Albumin level, day 1, g/l                                                    30 (27–33)           31 (25–35)           30 (26–32)           28 (24–35)                0.549 
Albumin level, day 7, g/l                                                    30 (28–32)           29 (27–37)           29 (27–31)           26 (24–29)                0.001 
Albumin level, day 14, g/l                                                  29 (27–31)           31 (25–34)           29 (26–32)           26 (24–30)                0.071 

Table 3. Changes in clinical and laboratory parameters during the first two weeks of treatment in the study groups 

Patients with abnormal clinical                                                                                               Number of patients, n (%) 
chemistry parameters                                                                                     Group 1                                                                                      Group 2 
                                                                                                               1А                                                      1Б                       P*                Day 1          Day 14        P*  
                                                                                              Day 1            Day 14                    Day 1            Day 14                                   
Bilirubin                                                                        0/29              0/27                       0/14              0/14         —             1/40 (2)       1/39 (3)     0.900 
ALT                                                                              7/29 (24)     8/27 (30)              6/14 (43)     2/14 (14)  0.804       10/40 (25)  14/39 (36)  0.424 
AST                                                                             5/29 (17)     4/27 (15)              2/14 (14)          0/14      0.900         6/40 (15)    7/39 (18)    0.900 
Urea                                                                           11/29 (38)    5/27 (18)              4/14 (29)     4/14 (29)  0.021       12/40 (30)   9/39 (23)    0.791 
Creatinine                                                                5/29 (17)     5/27 (18)              2/14 (14)          0/14      0.625       12/40 (30)   8/39 (20)    0.424 

Table 4. Frequency of abnormal liver or renal function parameters by day 14 of treatment compared with the data 
on day 1 of follow-up.

Note. * — McNimar test. The proportions of patients with elevated laboratory values on day 1 and day 14 in the pooled group 1 
were compared (day 1 vs. day 14 over time); similarly, for group 2.

Parameter                                                                                           Day                                                    Values                                           P (1А vs.1B) 
                                                                                                                                                                       in subgroups                            Mann–Whitney test  
                                                                                                                                                     1А, n=22*                     1B, n=12*       for independent groups 
Lung volume, ml3                                                                          1                    3198 (2524–4221)     3125 (2580–3441)                 0.510 
                                                                                                            21                    3844 (2341–4503)     2983 (2336–3705)                 0.292 
P (day 1 vs day 21) pairwise comparison                                                                0,485                             0,530                                — 
using the Wilcoxon test                                                                 
Lung lesion volume, %                                                                1                            33 (16–40)                   30 (18–37)                        0.683 
                                                                                                            21                           22 (10–38)                    30 (4–56)                         0.736 
P (day 1 vs day 21) pairwise comparison                                                                0.027                             0.859                                — 
using the Wilcoxon test                                                                 

Table 2. Changes in lung lesion severity based on chest CT scans. 

Note. * — lung CT data are shown only for 34 of 43 (80%) patients due to failure of automatic calculation of lung lesion volume 
in some scans. 
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Results of microbiological monitoring. 
The growth of hospital-acquired Gram-nega-

tive microorganisms in BAL fluid samples was 
observed in patients of different groups with 
approximately equal frequency at the time of inclu-
sion in the study (Table 6). 

By the end of the first week after inclusion, in 
Group 2 patients persistence of antibiotic-resistant 
strains such as Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Acinetobacter spp., and 
Escherichia coli was observed. At the same time, in 
Group 1 patients who received the bacteriophage 
cocktail, a decrease in the main challenging Gram-
negative microorganisms, such as Acinetobacter 
spp., Escherichia coli and Klebsiella pneumoniae, 
was observed. Serratia spp. strains were less com-

mon, but were less amenable to elimination, and 
their count even increased in the antibiotic therapy 
group (Table 6). 

Molecular genetic typing by PCR was per-
formed for individual strains of the challenging 
hospital microorganisms. The results of DNA test-
ing for Pseudomonas aeruginosa and Enterobac-
teriaceae family (including Escherichia coli, Kleb-
siella spp., P. mirabilis) in BAL fluid were 
comparable with the obtained microbiological 
data and confirmed the lack of a significant 
increase in bacterial identification by day 14 after 
the start of therapy. An increase in DNA content 
of the Enterobacteriaceae family was noted by 
day 7, which probably reflected bacterial lysis on 
airway mucosa (Fig. 2). 

Day of study                                                                                                РСТ (ng/ml) in subgroups                                 P value for 1А vs. 1B 
                                                                                                                    1А                                                     1B                                                        
1                                                                                             0.08 (0.05–0.36)                        0.11 (0.05–0.35)                                  0.771 
7                                                                                             0.14 (0.08–0.56)                        0.14 (0.05–0.51)                                  0.866 
14                                                                                          0.12 (0.05–0.80)                         0.1 (0.05–0.43)                                   0.525

Table 5. Procalcitonin (PCT) concentration over time in subgroups 1A and 1B of patients treated with bacterio-
phages, median (interquartile range).

Fig. 1. Levels of C-reactive protein in the subgroups of patients treated with bacteriophages (median and interquartile range). 

Day of study                                                                                                            P-values (after Bonferroni correction)  
                                                                             1А vs Group 2                                                      1B vs Group 2                                                            1А vs 1B 
1                                                                              0.696                                                                    0.074                                                                    0.172 
7                                                                              0.455                                                                    0.049                                                                    0.201 
14                                                                            0.483                                                                    0.716                                                                    0.452

Note. 
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Staphylococcus spp. DNA content exceeding 
103 copies/ml was detected only in 2 patients on 
day 1 in group 1A, with subsequent reduction back 
to reference values by day 7. 

DNA of metallobetalactamase (VIM and NDM 
types) and carbapenemase (KPC and OXA48) genes 
was detected in 60% of patients in both subgroups 
at the time of inclusion in the study. The upward 
trend in antibiotic resistance persisted in both sub-
groups; by day 14, the KPC gene was detected in 
100% of patients in the 1A subgroup, while in 
patients who received only the bacteriophage com-
bination alone it was found in 90% of cases. A 
detailed analysis in subgroup 1A showed that in 
patients treated with carbapenems (n=10) there 
was a relative increase in the acquired carbapene-
mase genes of KPC and OXA48 groups by 10 and 
22%, respectively, by day 7. However, patients in the 
same group receiving other antibiotics (n=13) had 
a 22% decrease in the detection of OXA48 group 
acquired carbapenemase genes. 

Clinical case 1. Patient P., 38 years old, was 
injured in a traffic accident driving a motorcycle. 
He has sustained combined brain and abdominal 
trauma, the following surgeries were performed: 
laparotomy, splenectomy, adbdominal drainage. 
Later, multiple organ failure (respiratory, cardio-
vascular, hepatic, renal, nutritional) developed. 
On day 49 after the accident the patient was trans-
ferred to the Institute of Rehabilitation of the Fed-
eral Research and Clinical Center of Intensive Care 
Medicine and Rehabilitology for further rehabili-
tation. On admission, the patient’s general condi-
tion was extremely poor, he remained in a vegeta-
tive state. 

During the stay in the Federal Research and 
Clinical Center of Intensive Care Medicine and 
Rehabilitology, the patient had 3 episodes of noso-
comial pneumonia, the last one occurred on day 70 
after the accident, he received repeated courses of 

antimicrobial therapy, including the antibiotics of 
latest generations, and the main pathogen of severe 
infectious complications was the antibiotic resist-
ant strain of Klebsiella pneumoniae. 

On day 80, to prevent nosocomial pneumonia 
recurrence, the bacteriophage cocktail active 
against antibiotic-resistant bacteria and cus-
tomized for the Federal Research and Clinical Cen-
ter of Intensive Care Medicine and Rehabilitology 
based on the microbiological data of the biomate-
rial from the ICU patients was administered. Due 
to the severity of patients' condition and high risk 
of pneumonia recurrence, a long-term course of 
the bacteriophage cocktail inhalation for 4 weeks 
was prescribed. During this period no recurrent 
pneumonia episodes were observed. The procalci-
tonin level remained below the reference values 
(less than 0.25 ng/ml). In a series of bronchoalveo-
lar lavage examinations, Klebsiella pneumoniae 
titer decreased, furthermore, the initial antibiotic-
resistant strain was eliminated, and the strain iso-
lated after the treatment course was sensitive to a 
wide range of antibacterial agents. 

Clinical case 2.  An 82-year-old patient under-
went brain surgery to remove a tumor in the deep 
parts of the left frontal and parietal lobes. The post-
operative period was complicated by bilateral 
extensive pneumonia, sepsis, and septic shock. The 
patient received multiple courses of antibiotic ther-
apy. On day 84 the patient was transferred to the 
Institute of Rehabilitation of the Federal Research 
and Clinical Center of Intensive Care Medicine and 
Rehabilitology for further rehabilitation. On admis-
sion, the patient's general condition was extremely 
poor, with minimal level of consciousness. Based 
on clinical assessment and CT scan findings, the 
patient was diagnosed with recurrent bilateral 
extensive pneumonia. The patient was prescribed 
a combination of vancomycin and meropenem. 
However, despite antibiotic therapy, the patient’s 

Microorganism                                                                                                                                                 Group 
                                                                                                                           1, n=43                      2, n=40                              1, n=43                      2, n=40 
                                                                                                            1А, n=29      1B, n=14                                        1А, n=29      1B, n=14                 
                                                                                                                                         Day 1                                                                        Day 7 
Pseudomonas aeruginosa                                                          10                    4                    11                            4                     8                    13 
Klebsiella pneumoniae                                                               15                   10                   26                           16                    6                    25 
Acinetobacter baumannii/calcoaceticus                                8                      3                    13                            3                     2                    10 
Enterococcus faecalis                                                                   —                   —                    3                             1                    —                    1 
Staphylococcus aureus/haemolyticus                                    —                   —                    5                            —                   —                    4 
Escherichia coli                                                                               5                      1                      7                             3                    —                    5 
Serratia plymuthica/Serratia marcescens                             2                      3                      3                             5                     4                      6 
Stenotrophomonas maltophilia                                              —                    2                      2                             2                    —                    3 
Proteus mirabilis/vulgaris                                                          2                     —                    6                             5                     1                      9 
Providencia stuartii/alcalifaciens                                            2                     —                    4                             2                     2                      2 
Others:  

Chryseobacterium meningosepticum                           1                                            —                           —                   — 
Alcaligenes faecalis                                                                                     1                                                                                                    2 
Morganella morganii                                                                                  1

Table 6. Microorganisms isolated from BAL fluid samples in patients on days 1 and 7 from the start of treatment 
in the study groups. 
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condition deteriorated, respiratory failure pro-
gressed, and lung ventilation in BIPAP mode was 
initiated. Microbiological examination of BAL fluid 
revealed multiresistant strains of Acinetobacter 
baumannii and Klebsiella pneumoniae. On day 89, 
the bacteriophage cocktail active against antibiot-
ic-resistant bacteria (including phage lysates of 
Acinetobacter baumannii and Klebsiella pneumo-
niae among others), customized for the Federal 
Research and Clinical Center of Intensive Care 
Medicine and Rehabilitology based on the patient’s 
microbiological data was added. According to the 

results of microbiological tests on days 96 and 102 
(that is, 7 and 14 days after the start of bacterio-
phage administration), Klebsiella pneumoniae was 
not found in bronchoalveolar lavage, while the 
multiresistant Acinetobacter baumannii strain was 
still present. In view of clinical improvement, on 
day 10 of the treatment with bacteriophages, van-
comycin was discontinued, on day 14 meropenem 
was stopped. 

Thus, starting on day 104, the patient 
received only the bacteriophage cocktail. 
According to CT scan results, improvement was 

Fig. 2. The DNA content of Pseudomonas aeruginosa and Enterobacteriaceae in the group of patients receiving bacteriophages 
(subgroups 1A and 1B) (median, interquartile range). 

Day of study                                                                                                                       P-value, Mann–Whitney test 
                                                                                                             1А vs 1B (P. aeruginosa)                          1А vs 1B (Enterobacteriaceae) 
1                                                                                                                       0.122                                                                    0.118 
7                                                                                                                      0.542                                                                    0.309 
14                                                                                                                    0.837                                                                    0.595 

Notes. 
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found. From day 107 (19th day after the initiation 
of bacteriophage combination) the patient was 
weaned from mechanical ventilation. On auscul-
tation improvement was also found with reduc-
tion or disappearance of crackles. Fever sub-
sided; the level of inflammatory markers 
returned to normal values. The change of spu-
tum characteristics was registered: it became 
more mucous-like and its volume decreased. 
The procalcitonin level was normal (less than 
0.25 ng/ml), which indicated the absence of bac-
terial infection. On day 109 (21 days after the 
start of the bacteriophage combination), micro-
biological test of the BAL fluid showed no bacte-
rial growth, which confirmed the efficacy of the 
bacteriophage combination. 

Discussion 
In our study, a preparation for inhalation con-

taining dozens of bacteriophages was adminis-
tered, which had not been studied before. The data 
show that the bacteriophage cocktail is more effec-
tive than individual phages in broadening the lytic 
spectrum and significantly reducing the risk of 
phage-resistant forms generation [14]. During our 
study, careful clinical and laboratory monitoring 
revealed no adverse events when using the bacte-
riophage preparation for inhalation at a dose of 5 
ml, 2–3 times per day, for at least 14 days. 

There are few publications describing the use 
of inhaled [15] or intravenous [12] bacteriophages 
in patients with pneumonia, bronchitis, infectious 
endocarditis, etc. The authors also confirm safety 
and claim no adverse reactions when using bacte-
riophages for therapeutic purposes. 

Our study was the first to evaluate the safety 
of bacteriophage use in a group of patients with 
chronical critical illness. Along with a good tolera-
bility and an absence of local and general adverse 
events, an important aspect to note is that the 
adaptive phage therapy technique has demonstrat-
ed safety in terms of the risk of hospital bacterial 
strains selection. The main clinical outcomes in 
Group 1 using the bacteriophage cocktail were sim-
ilar to those of conventional antibiotic therapy. 
Moreover, in the group of combined use of antibi-
otics and bacteriophages (1A) reduced severity of 
lung damage according to CT scan was revealed, 
which suggests efficacy of this drug combination in 
the treatment of nosocomial pneumonia. Hyperin-
flammation, characterized by levels of CRP more 
than 10 times higher than the reference values, is 
characteristic of chronic critical illness [13, 16]. 
Reduced intensity of the inflammatory response 
associated with bacterial infection, i. e., a decrease 
in the CRP level, may be one of the effects of bacte-
riophage use [17]. And our study did reveal a trend 
toward decreasing the level of CRP in the group 
receiving the bacteriophage cocktail. 

The microbiological and molecular genetic 
monitoring showed that in some patients the use 
of the bacteriophage cocktail was associated with 
elimination of major multidrug-resistant Gram-
negative bacteria. However, the recurrent detection 
of Serratia spp., Acinetobacter baumanii, 
Stenotrophomonas maltophilia indicates the need 
for control and regular adaptation of bacteriophage 
composition in the preparation. 

Involvement of antibiotic-resistant bacteria 
significantly worsens the course of nosocomial 
infection and increases morbidity and mortality 
[18]. Currently, molecular methods are the «gold 
standard» for detecting carbapenemase produc-
ers [19]. Serine carbapenemases of molecular 
types OXA48 and KPC, as well as MBL of type 
NDM, are most prevalent in Enterobacteriaceae. P. 
aeruginosa is characterized by the production of 
MBL types VIM and, to a lesser extent, IMP [20]. 
Microbiological monitoring using PCR in our 
study showed that carbapenem resistance genes 
were detected in more than 60% of patients 
included in the study starting from the first day. 
This high prevalence of resistant strains can be 
explained by the severity of the patients’ condi-
tion, prolonged hospital stay, and massive antibi-
otic therapy including several classes of antibi-
otics. The results of the study showed that the use 
of the bacteriophage preparation did not associ-
ate with increased antibiotic resistance, accumu-
lation and proliferation of carbapenemase and 
metallobetalactamase genes. 

In the human body antibiotics are known to 
bind to proteins, undergo conjugation, be metab-
olized and actively eliminated by the organs, 
which requires energy costs and creates addition-
al burden on the body of a long-term sick person. 
When assessing the changes in blood clinical 
chemistry parameters we obtained interesting 
data: after antibiotic withdrawal in subgroup 1B 
there were no liver enzyme (ALT and AST) eleva-
tions over two weeks. An important advantage of 
bacteriophages over conventional antibiotic ther-
apy is that when they are used instead of antibi-
otics, the antimicrobial effect is achieved «pas-
sively»: without the participation of cells of the 
macroorganism, the organism «recovers» that is 
very important for chronically critically ill 
patients requiring rehabilitation [21]. 

We used the adaptive phage therapy tech-
nique, which implies strict matching of the bac-
teriophage set to the needs of a particular ICU. 
Avoiding the need for individual selection of anti-
bacterial agents based on microbiological testing 
of every specific patient, when implemented in 
practice, could reduce the decision time if treat-
ment must be started immediately, thereby 
increasing the effectiveness of treatment of criti-
cally ill patients. 
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Conclusion 
This clinical study presents the first experi-

ence in the use of adaptive phage therapy tech-
nique in the neurological critical care. Safety, 
absence of side effects and adverse events were 
demonstrated for the inhalational administration 
of the bacteriophage cocktail in the treatment of 
chronically critically ill patients with recurrent 
pneumonia. The effectiveness of the technique was 
confirmed by the treatment outcomes seen in the 
phage therapy group, which were not inferior to 
those in the group receiving conventional antibiot-
ic therapy. Several clinical and laboratory parame-
ters tended to improve even in cases of complete 
withdrawal of antibiotics in favor of bacterio-
phages. 

The microbiological and molecular genetic 
monitoring showed that the use of the bacterio-
phage cocktail was not associated with increased 
antibiotic resistance, accumulation and prolifera-
tion of carbapenemase and metallo-beta-lacta-
mase genes. In several patients using the bacterio-
phage preparation, elimination of the major 
multiresistant Gram-negative bacteria was 
observed, while at the same time persistent respi-
ratory tract colonization with some challenging 
microorganisms indicates the need for control and 
regular adjustment of bacteriophage composition. 
Despite the relatively small sample size, the results 
obtained in this study indicate the feasibility of fur-
ther study of the effects of adaptive phage therapy 
as a promising alternative to antibiotics in patients 
in neurological critical care.

References 
1. Rello J., Kalwaje Eshwara V., Conway-Morris A., 

Lagunes L., Alves J., Alp E., Zhang Z., Mer M., 
TOTEM Study Investigators. Perceived differ-
ences between intensivists and infectious dis-
eases consultants facing antimicrobial resist-
ance: a global cross-sectional survey. Eur J Clin 
Microbiol Infect Dis. 2019; 38: 1235–1240. DOI: 
10.1007/s10096-019-03530-1. PMID: 30900056 

2. Kutter E. Phage therapy: Bacteriophages as 
natural, self-replicating antimicrobials. Practi-
cal Handbook of Microbiology, Third Edition. 
CRC Press; 2015. pp. 883–908. 

3. Merabishvili M., Pirnay J-P., Verbeken G., Cha-
nishvili N., Tediashvili M., Lashkhi N., Glonti T., 
Krylov V., Mast J., Parys L.V., Lavigne R., Volck-
aert G., Mattheus W., Verween G., De Corte P., 
Rose T., Jennes S., Zizi M., De Vos D., Vanee-
choutte M. Quality-controlled small-scale pro-
duction of a well-defined bacteriophage cock-
tail for use in human clinical trials. PLoS One. 
2009; 4: e4944. DOI: 10.1371/journal.pone. 
0004944. PMID: 19300511 

4. Perepanova T.S., Merinov D.S., Kazachenko A.V., 
Khazan P.L., Malova Y.A. [Bacteriophage Ther-
apy of Urological Infections]. Urologiia. 2020; 
106–114. [In Russ.]. 

5. Ooi M.L., Drilling A.J., Morales S., Fong S., 
Moraitis S., Macias-Valle L., Vreugde S., Psaltis 
A.J., Wormald P.-J. Safety and Tolerability of 
Bacteriophage Therapy for Chronic Rhinosi-
nusitis Due to Staphylococcus aureus. JAMA 
Otolaryngol Head Neck Surg. 2019; 145: 723–
729. DOI: 10.1001/jamaoto.2019.1191. PMID: 
31219531 

6. Liu D., Van Belleghem J.D., de Vries C.R., Bur-
gener E., Chen Q., Manasherob R., Aronson J.R., 
Amanatullah D.F., Tamma P.D., Suh G.A. The 
Safety and Toxicity of Phage Therapy: A Review 
of Animal and Clinical Studies. Viruses. 2021; 
13. DOI: 10.3390/v13071268. PMID: 34209836 

7. Saperkin N.V., Kovalishena O.V., Kvashnina 
D.V., Ruizendaal E., Scholten R. Efficiency of 

phage therapy in humans: systematic review. J 
Infectology. 2019; 11: 19–30. 

8. Cheng M., Liang J., Zhang Y., Hu L., Gong P., Cai 
R., Zhang L., Zhang H., Ge J., Ji Y., Guo Z., Feng 
X., Sun Ch., Yang Y., Lei L., Han W., Gu J. The 
Bacteriophage EF-P29 Efficiently Protects 
against Lethal Vancomycin-Resistant Entero-
coccus faecalis and Alleviates Gut Microbiota 
Imbalance in a Murine Bacteremia Model. 
Frontiers in Microbiology. 2017. DOI: 
10.3389/fmicb.2017.00837. PMID: 2853657. 

9. Yang X., Haque A., Matsuzaki S., Matsumoto T., 
Nakamura S. The Efficacy of Phage Therapy in 
a Murine Model of Pseudomonas aeruginosa 
Pneumonia and Sepsis. Frontiers in Microbiol-
ogy. 2021. DOI: 10.3389/fmicb.2021.682255. 
PMID: 34290683 

10. Takemura-Uchiyama I., Uchiyama J., Osanai 
M., Morimoto N., Asagiri T., Ujihara T., Daibata 
M., Sugiura T., Matsuzaki S. Experimental 
phage therapy against lethal lung-derived sep-
ticemia caused by Staphylococcus aureus in 
mice. Microbes Infect. 2014; 16: 512–517. DOI: 
10.1016/j.micinf.2014.02.011. PMID: 24631574 

11. Anand T., Virmani N., Kumar S., Mohanty A.K., 
Pavulraj S., Bera B.C., Vaid R.K., Ahlawat U., 
Tripathi B.N. Phage therapy for treatment of 
virulent Klebsiella pneumoniae infection in a 
mouse model. J Glob Antimicrob Resist. 2020; 
21: 34–41. DOI: 10.1016/j.jgar.2019.09.018. 
PMID: 31604128 

12. Petrovic Fabijan A., Lin R.C.Y., Ho J., Maddocks 
S., Ben Zakour N.L., Iredell J.R., Westmead Bac-
teriophage Therapy Team. Safety of bacterio-
phage therapy in severe Staphylococcus aureus 
infection. Nat Microbiol. 2020; 5: 465–472. DOI: 
10.1038/s41564-019-0634-z. PMID: 32066959 

13. Parfenov A.L., Petrova M.V., Pichugina I.M., 
Luginina E.V. Comorbidity Development in Pa-
tients with Severe Brain Injury Resulting in 
Chronic Critical Condition (Review). Ob-
shchaya Reanimatologiya=General Reanima-
tology. 2020; 16 (4): 72-89. [In Russ.]. DOI: 
10.15360/1813-9779-2020-4-72-89 



14 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 1 ,  1 7 ;  6

https://doi.org/10.15360/1813-9779-2021-6-4-14
Clinical  Studies 

14. Zurabov F., Zhilenkov E. Characterization of 
four virulent Klebsiella pneumoniae bacterio-
phages, and evaluation of their potential use in 
complex phage preparation. Virol J. 2021; 18: 9. 
DOI: 10.1186/ s12985-020-01485-w. PMID: 
33407669 

15. Slopek S., Weber-Dabrowska B., Dabrowski M., 
Kucharewicz-Krukowska A. Results of bacterio-
phage treatment of suppurative bacterial in-
fections in the years 1981–1986. Arch Immunol 
Ther Exp. 1987; 35: 569–583. 

16. Chernevskaya E.A., Megley A.Yu., Buyakova I.V., 
Kovaleva N.Yu., Gorshkov K.M., Zakharchenko 
V.E., Beloborodova N.V. Taxonomic dysbiosis of 
microbiota and serum biomarkers as a reflec-
tion of the severity of central nervous system 
damage. Vestnik Rossijskogo gosudarstvennogo 
meditsinskogo universiteta. 2020; 5: 58–63 [In 
Russ.]. DOI:10.24075/vrgmu. 2020.053 

17. Miedzybrodzki R., Fortuna W., Weber-
Dabrowska B., Górski A. A retrospective analy-
sis of changes in inflammatory markers in pa-
tients treated with bacterial viruses. Clin Exp 
Med. 2009; 9: 303–312. DOI: 10.1007/s10238-
009-0044-2. PMID: 19350363 

18. van Hecke O., Wang K., Lee J.J., Roberts N.W., 
Butler C.C. Implications of Antibiotic Resist-
ance for Patients’ Recovery From Common In-
fections in the Community: A Systematic Re-
view and Meta-analysis. Clinical Infectious 
Diseases. Clin Infect Dis. 2017; 65 (3): 371–382. 
DOI: 10.1093/cid/cix233. PMID: 28369247 

19. Popov D.A., Bakulev A. N. National Medical Re-
search Center of Cardiovascular Surgery. Com-
parative review of the modern methods for car-
bapenemases detection. Clinical Microbiology 
and Antimicrobial Chemotherapy. 2019; 21 (2): 
125–133. DOI: 10.36488/cmac. 2019.2.125-133 

20. Meletis G. Carbapenem resistance: overview of 
the problem and future perspectives. Ther Adv 
Infect Dis. 2016; 3: 15–21. DOI: 10.1177/ 
2049936115621709. PMID: 26862399 

21. Górski A., Międzybrodzki R., Żaczek M., Bo-
rysowski J. Phages in the fight against COVID-
19? Future Microbiol. 2020; 15: 1095–1100. DOI: 
10.2217/fmb-2020-0082. PMID: 32845164. 

 

Received 19.09.21. 
Online first 02.11.21    



15w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 1 ,  1 7 ;  6

https://doi.org/10.15360/1813-9779-2021-6-15-19
Clinical  Studies

Effect of Intraoperative Propofol-Induced Sedation  
on the Neurotransmitter Levels (Pilot Study) 

Vyacheslav O. Churakov1*, Andrey Yu. Zaitsev1,2, Olga V. Dymova2,  
Kirill V. Dubrovin1,2, Svetlana G. Zhukova1,2, Nadezhda A. Matveeva2 

1 I. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia, 
8 Trubetskaya Str., Bldg. 2, 119991 Moscow, Russia 

2 B. V. Petrovsky Russian Research Center for Surgery 
2 Abrikosov Lane, 119435 Moscow, Russia 

Влияние интраоперационной седации пропофолом  
на концентрацию нейромедиаторов (пилотное исследование) 

В. О. Чураков1*, А. Ю. Зайцев1,2, О. В. Дымова2,  
К. В. Дубровин1,2, С. Г. Жукова1,2, Н. А. Матвеева2 

1 Первый Московский государственный медицинский университет им. И. М. Сеченова Минздрава России, 
Россия, 119991, г. Москва, ул. Трубецкая, д. 8, стр. 2  

2 Российский Научный Центр Хирургии им. акад. Б. В. Петровского 
Россия,119435, Москва, Абрикосовский пер., д. 2

For citation: Alexei A. Birkun. The «Absolute Futility» isn’t Absolute: Concerning the Necessity of Reconsideration of Ex-
isting Time-Based Criterion for Stopping Resuscitation Attempt (Editorial). Obshchaya Reanimatologiya = General Reani-
matology. 2021; 17 (6): 15–19. https://doi.org/10.15360/1813-9779-2021-6-15-19 [In Russ. and Engl.] 

Summary 

The aim of the study was to determine the changes in the levels of various neurotransmitters depending 
on the depth of propofol-induced sedation. 

Material and methods. Twenty-four patients were included in a prospective, simple blinded study. All pa-
tients underwent elective orthopedic intervention with subarachnoid anesthesia and moderate (group 1, n=12) 
or deep (group 2, n=12) propofol-induced sedation. Peripheral blood sampling for measurement of neurotrans-
mitter levels was performed before regional blockade (Stage 1), 35–40 min after the start of sedation (Stage 2), 
and 10–15 min after sedation was terminated and consciousness was recovered (Stage 3).  

Results. Deep propofol-induced sedation resulted in a decrease in norepinephrine level at stages 2 and 3. 
Under moderate sedation, its level decreased at Stage 2 and returned to baseline after restoration of conscious-
ness. The initial concentration of norepinephrine (Stage 1) was higher in Group 2. 

Conclusion. Propofol-induced sedation resulted in reduced level of the main stress hormone, which sug-
gests its stabilizing effect on autonomic nervous system. 
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Introduction 
Currently, the clinical effects of propofol are 

generally believed to be associated with a direct 
effect on GABA receptors in the brain, which 
accounts for their inhibitory effect on the central 
nervous system (CNS) with the development of 
drug-induced sleep [1–5]. At the same time, the lim-

bic system structures, particularly the ventrolateral 
preoptic region of the hypothalamus responsible for 
natural sleep, are among the main targets for propo-
fol [6, 7]. This area consists mostly of GABA neurons, 
70% of which are norepinephrine (NE)-inhibitory 
and 30% are NE-activating [8]. Propofol, having ago-
nist effect on GABA receptors, is perceived to inhibit 
NE-activating neurons, which activates NE-inhibit-
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ing neurons, reduces the NE level and, consequent-
ly, causes drug-induced sleep and anti-stress effect 
[9–12]. On the contrary, norepinephrine injection 
into hypothalamic area in animals accelerated 
recovery time from anesthesia [13]. 

Another target of propofol is the midbrain ven-
tral tegmental area (VTA), which serves as an origin 
site for the mesocortical and mesolimbic dopamine 
pathways involved in behavioral responses and the 
maintenance of wakefulness [14]. For example, in 
experiments, the VTA damage or the use of 
dopamine receptor antagonists led to prolonged 
recovery time after propofol administration [15, 16]. 

However, the effects of intraoperative sedation 
with propofol on the changes in other CNS neuro-
transmitter systems (acetylcholine, serotonin) 
remain largely unclear [17]. At the same time, most 
of these systems are also responsible for the devel-
opment of various human behavioral responses 
that accompany various psychotic conditions, such 
as anxiety and depression [18–21]. The origin of 
these conditions has not been sufficiently studied 
and may be directly related to the changes in brain 
neurotransmitter levels [22]. 

The aim of the study was to examine the 
changes in the level of various neurotransmitters 
depending on the depth of propofol-induced 
sedation. 

Material and Methods 
This study was approved by the Local Ethics 

Committee of the First Sechenov Moscow State Med-
ical University and registered in ClinicalTrials.gov 
#NCT04695509. 

A prospective simple blind pilot non-random-
ized clinical trial was performed in 24 patients who 
underwent surgery under spinal anesthesia. The 
laboratory specialist responsible for the measure-
ment of neurotransmitter levels was not aware of 
group assignment and sedation levels. 

Inclusion criteria for the study were patients 
aged 18 to 70 years, ASA (American Society of Anes-
thesiologists) class I–II, who underwent orthopedic 
interventions on the lower extremities under spinal 
anesthesia with intravenous sedation. 

Exclusion criteria were patient's refusal to 
participate in the study and regional block anes-
thesia, age under 18 and over 70, allergic reactions 
to propofol, lidocaine, bupivacaine, pregnancy, 
history of epilepsy, ASA class III or higher, emer-

gency surgery, ineffective spinal anesthesia, psy-
chiatric disorders, anticoagulant or psychotropic 
therapy. 

Patients were recruited at Moscow City Hospi-
tal No. 31 (affiliated with the First Sechenov 
Moscow State Medical University). The plasma lev-
els of neurotransmitters were measured in the clin-
ical laboratory of the B. V. Petrovsky Russian Sur-
gery Research Center. 

The patients were assigned to two groups de-
pending on the depth of sedation: moderate 
(Group 1, n=12) and deep (Group 2, n=12). As 
shown in Table 1, the groups were comparable in 
age, sex, and body measurements. 

Two intravenous peripheral 18 or 20 G 
catheters were inserted before regional anesthe-
sia in the operating room for infusion therapy and 
blood sampling. Before spinal anesthesia, an in-
fusion of Sterofundin® (isotonic balanced fluid) 
6–8 ml/kg was given. 

Aseptic lumbar puncture using a 27 G Pencil 
Point needle was performed under local anesthesia 
with lidocaine at the L2–L4 level. The cere-
brospinal fluid return was used as a criterion for 
the proper procedure performance. After aspira-
tion test, 10–15 mg of isobaric bupivacaine solu-
tion was injected. 

The touch sensitivity (pinprick) test was used 
to evaluate the sensory block, the motor block was 
evaluated using the Bromage scale. 

Intravenous infusion of propofol was per-
formed with Perfusor Space (B. Braun, Germany) 
using the target-controlled infusion technique. For 
patients with moderate sedation, the target con-
centration of propofol was 1.5 mcg/ml, with deep 
sedation — 2.5 mcg/ml. 

The Richmond Arousal and Sedation Scale 
(RASS) and bispectral index (BIS) (A-2000XP mon-
itor by Medlekprom, Russia) were used to assess the 
depth of sedation. The RASS scale values of «-2» to 
«-3» (brief eye opening less than 10 seconds or vol-
untary movements without eye contact in response 
to voice) and BIS values of 70–90 were considered 
as moderate sedation. Deep sedation was diag-
nosed when RASS score was «-4» (eye opening or 
voluntary movements in response to physical stim-
ulation) and BIS score was 60–70. 

To ensure patient safety, the routine standard 
monitoring was used including assessment of BP, 
HR, ECG, SpO2, and capnography (IntelliVue MP40 

Parameters                                                                                                                                      Values in groups 
                                                                                                              1, n=12                                           2, n=12                                          Р-value 
Male, n (%)                                                                                   6 (50)                                            3 (25)                                              0.4 
Female, n (%)                                                                              6 (50)                                            9 (75)                                                  
Age, years                                                                            51.5 [41.0; 60.5]                        55.5 [33.0; 50.0]                                   0.91 
Height, cm                                                                      169.0 [164.5; 182.5]                 172.0 [167.5; 175.0]                               0.73 
Weight, kg                                                                          83.5 [63.0; 100.0]                       72.5 [62.5; 81.5]                                   0.31 

Table 1. Demographic parameters and body measurements in the study groups, Ме [25, 75].
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monitor, Philips Medizin Systeme Boblingen 
GmbH, Germany). 

The levels of neurotransmitters were meas-
ured at the following stages of the study: stage 1 — 
before regional block, stage 2 — 35–40 minutes 
after the start of sedation, stage 3 — 10–15 minutes 
after the end of sedation and restoration of con-
sciousness (RASS «0», BIS  90-100). 

Blood samples were centrifuged in 367525 BD 
(Becton Dickinson) Vacutainer 10 ml tubes with K2 
ethylenediaminetetraacetate (EDTA) at 4000 rpm for 
8 min, and the separated plasma was aliquoted into 
363706 BD (Becton Dickinson) Microtainer 0.5 ml 
tubes with K2-EDTA and frozen at -20°C until analy-
sis. Subsequently, dopamine, serotonin, gamma-
aminobutyric acid (GABA), acetylcholine (ACh), and 
norepinephrine (NE) levels were measured by en-
zyme-linked immunosorbent assay (ELISA). 

Statistical analysis of the data was performed 
using MS Excel and Statistica 12. Quantitative vari-
ables were presented as medians (Me) and 25–75% 
percentiles [25; 75]. The Shapiro–Wilk's test was 
used to check the normality of data distribution. 

Analysis of categorical variables was performed 
using Fisher's exact test. Mann–Whitney U-test was 
used to compare quantitative variables between 
groups. A nonparametric Friedman test was used for 
comparisons between three stages of the study. Non-
parametric Wilcoxon's test for dependent samples 
with Bonferroni correction was used for multiple 
pairwise comparison of neurotransmitter concen-
trations at different stages of the study in each group. 
For pairwise comparisons, the differences were con-
sidered significant at P<0.017; for intergroup com-
parisons, at P<0.05. 

Results 
Data analysis showed that the changes in plas-

ma serotonin, ACh, dopamine, and GABA levels 
depending on propofol dose and associated anes-
thetic suppression of consciousness were not sig-
nificant (Table 2). 

However, the changes in dopamine levels at all 
stages were highly variable. Most likely, the study of 
larger samples of patients will lead to a clearer 
understanding of patterns of dopamine concentra-
tion changes and their possible causes. 

At the same time, in both groups a decrease in 
plasma NE concentration was noted when the 
sedative effect developed (stage 2). The decrease in 
NE level was not affected by the drug dose or the 
depth of sedation (no differences between the 
groups at stages 2 and 3). 

Upon awakening, patients' plasma NE levels 
rose and did not differ from baseline values in 
group 1 (P=0.62). In the group with deep sedation, 
when the dose of propofol was accordingly higher, 
the NE level on awakening was significantly lower 
than the baseline values (P<0.002). 

Interestingly, differences between the groups 
in the baseline NE levels were found (P=0.007). The 
differences were not related to body measure-
ments, age, or sex. 

Discussion 
Our data demonstrate the stabilizing effect of 

propofol on the autonomous nervous system regard-
less of the depth of medical sedation. Norepinephrine 
is a stress hormone produced mainly in the postgan-
glionic fibers of the sympathetic nervous system and, 
to a lesser degree, in the adrenal medulla [23-26]. 

The lack of changes in the levels of other brain-
derived neurotransmitters (ACh, etc.) may indicate 
that they cannot be studied in the blood plasma due 
to their low concentrations. However, this conclusion 
requires additional studies due to the fact that these 
mediators are almost not metabolized in the brain 
and can enter the circulation with delay. In general 
surgical practice, it is impossible to perform a study 
with microdialysis fluid sampling from human brain 
structures during sedation [27]. 

The findings indicating the lack of changes in 
plasma dopamine concentration during sedation in 
the groups contradict several animal studies, which, 

Neurotransmitters                                                                                                     Values in groups at study stages 
                                                                                                                      1, n=12                                                                                      2, n=12 
                                                                                    Stage 1                  Stage 2                  Stage 3                   Stage 1                  Stage 2                  Stage 3 
Norepinephrine, pg/ml                                  130.3                       3.3                        73.7                      189.9                      18.4                       77.4  
                                                                        [24.7; 151.0]##        [0.2; 17.6]*         [13.4; 142.2]     [143.3; 223.7] **     [1.0; 142.8]#          [8.5; 161.8] 
Acetylcholine, pg/ml                                        36.2                       49.2                       35.6                       53.6                       51.6                       47.1  
                                                                           [28.7; 49.4]          [33.5; 62.6]          [27.7; 61.1]           [42.9; 67.7]          [41.8; 74.3]          [37.0; 78.9] 
GABA, µmol/l                                                      0.02                       0.04                      0.035                     0.015                      0.04                      0.003  
                                                                        [0.005; 0.025]        [0.02; 0.06]          [0.02; 0.06]         [0.005; 0.04]       [0.025; 0.055]     [0.015; 0.045] 
Serotonin, ng/ml                                                 7.5                         6.2                         5.0                          5.0                         7.7                         8.3  
                                                                            [3.5; 12.5]              [5.1; 9.6]               [4.3; 7.6]               [4.3; 7.6]              [5.4; 11.5]              [6.1; 9.4] 
Dopamine, ng/ml                                               7.3                         1.7                          3.7                        0.81                        3.5                         1.0  
                                                                        [0.92; 1478.1]        [0.66; 98.4]           [0.4; 10.2]             [0.17; 4.0]             [1.5; 11.2]             [0.27; 3.9] 

Table 2. Plasma neurotransmitter levels in the study groups, Ме [25; 75].

Note. * — P=0.007 vs Stage 1 in group 1; ** — P<0.002 vs Stage 3 in Group 2; # — P<0.001 vs Stage 1 Group 2; ## — P=0.007 vs Stage 1 
in Group 2. 



on the contrary, describe its reduced level during 
propofol infusion [28]. At the same time, the authors 
note that after discontinuation of propofol infusion 
and awakening, dopamine level returned to the 
baseline values [29]. 

Surprisingly, the baseline plasma NE levels dif-
fered between the groups, which could be related to 
the predominance of women in the second group and 
probable more intense stress response [30]. Although 
the groups did not differ significantly in gender, this 
requires further and thorough research to identify 
possible gender differences in the development of 
preoperative stress. 

Different patterns of change of NE level on 
recovery from sedation among the groups are most 
likely related to the residual effect of propofol and a 

longer recovery of autonomic response to periopera-
tive stress in the group with deep sedation. 

This is a pilot study that cannot fully explain the 
patterns of neurotransmitter level changes following 
the use of anesthetics, which warrants randomized 
clinical trials. 

Conclusion 
Sedation with propofol reduces the blood level 

of norepinephrine, which indicates its stabilizing 
effect on the autonomic nervous system. 

This stabilizing effect is independent of the 
drug dose and the depth of sedation. 

The recovery rate of blood norepinephrine 
concentration depends on the dose of propofol. 
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Summary 

Aim of the study was to evaluate the feasibility of using a modified nomogram (the M nomogram) to predict 
the occurrence of new postoperative hemodynamically significant arrhythmias after elective cardiac surgery 
with cardiopulmonary bypass within 30 days post operation. 

Materials and methods. This was a retrospective cohort study. The prognostic value of the model using 
ROC-analysis of the modified nomogram was estimated based on the medical records of 144 patients who un-
derwent elective cardiac surgery with cardiopulmonary bypass.  

Results. The incidence of new postoperative hemodynamically significant arrhythmias was 13.9% (20 of 144 
patients). For the modified nomogram, the AUC was 0.777 [95% CI: 0.661–0.892] (P0.001); at a cutoff of 12 points, 
the sensitivity was 60.0% and specificity was 89.52%. The odds ratio was 10.26 (95% CI: 3.63–29.06) (P0.001). 

Conclusion. The modified nomogram has an acceptable prognostic value for the occurrence of new hemo-
dynamically significant arrhythmias after elective cardiac operations with cardiopulmonary bypass based on 
AUC 0.777 [0.661–0.892] (P0.001), and is currently the best model for predicting the outcome. 

  
Keywords: cardiac surgery; bypass; nomograms; arrhythmias; mortality. 
 
Conflict of interest. The authors declare no conflict of interest. 

 
DOI:10.15360/1813-9779-2021-6-20-26

Correspondence to: 
 
*Levan B. Berikashvili 
E-mail: levan.berikashvili@mail.ru

Адрес для корреспонденции: 
 
*Леван Бондоевич Берикашвили  
E-mail: levan.berikashvili@mail.ru

Introduction 
Currently, there are a lot of studies concerning 

new-onset postoperative rhythm disturbances, 

both in cardiac [1–7], and in noncardiac surgery [1, 
6, 8–11]. Atrial fibrillation (AF) occurs in 15–40% of 
patients after coronary artery bypass grafting, 
37–50% of patients after heart valve surgery and 
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60% of patients after combined valve and coronary 
surgery [12–14]. Hospital mortality in patients with 
sustained postoperative ventricular arrhythmias is 
50% [1] vs 3.4% in the general population of cardiac 
surgery patients [15]. 

There are several prognostic models and 
scales allowing to estimate the risk of AF in the 
postoperative period [16–20]. However, these scales 
do not always provide definitive information on the 
hemodynamic significance of predicted AF, which 
reduces their value for intensive care unit doctors. 
Moreover, these prognostic models rely only on 
preoperative risk factors, ignoring important intra-
operative predictors of AF such as myocardial 
ischemia, duration of bypass, hemodynamic sup-
port, etc. [21, 22]. The above disadvantages hamper 
targeted identification of patients at risk of new-
onset hemodynamically significant AF. 

Earlier we proposed a modified nomogram 
(the M nomogram) [23], which has demonstrated 
some advantages in predicting 30-day mortality, 
compared to the original version [24] and Euroscore 
2. This nomogram includes assessment of age, sex, 
body mass index, glomerular filtration rate, recent 
use of antiplatelet agents, low mobility, resting angi-
na, left ventricular ejection fraction, preoperative 
critical illness, vasoactive inotropic score (VIS) on 
admission to ICU after operating room. 

The aim of the study was to evaluate the feasi-
bility of using a modified nomogram (the M nomo-
gram) to predict the occurrence of new-onset post-
operative hemodynamically significant arrhythmias 
after elective cardiac surgery with cardiopulmonary 
bypass within 30 days after surgery. 

Материал и методы 
Design of the study. We performed a single-

center retrospective cohort study. 
We analyzed the medical records of the car-

diac surgery patients of M. F. Vladimirsky Moscow 
Region Research and Clinical Hospital, who under-
went cardiac surgery with cardiopulmonary bypass 
between June 2014 and September 2017. 

The inclusion criteria were age older than 18 
years and elective cardiac surgery with cardiopul-
monary bypass. The exclusion criteria were con-
genital heart defects and preoperative cardiac 
rhythm disturbances. 

The following data were summarized and an-
alyzed: age, sex, height, body weight, glomerular 
filtration rate, left ventricular ejection fraction, re-
cent use of antiplatelet agents [25], low mobility 
and severity of preoperative patients (according to 
E-CABG criteria [26] and Euroscore 2 [27]), pres-
ence of angina at rest, congestive heart failure, my-
ocardial infarction, peripheral artery disease, hy-
pertension, diabetes mellitus, stroke, transient 
ischemic attacks, chronic use of beta-blockers, cal-
cium channel blockers, angiotensin-converting 

enzyme (ACE) inhibitors, angiotensin receptor 
blockers, diuretics, nitrates, statins, antiplatelet 
agents and anticoagulants, proteinuria, and VIS on 
admission to ICU after operating room. 

The primary end point was new-onset post-
operative hemodynamically significant arrhythmia. 
This term included any rhythm disturbances re-
quiring either drug therapy, or cardioversion, or 
pacemaker implantation. 

Statistical analysis. 
For each patient, the values of the modified 

nomogram (Table 1), as well as POAF [17], 
CHA2DS2-VASc [18], ATRIA [20] and HATCH [16] 
scores were calculated. Then ROC analysis of the M 

nomogram and the above scales was performed to 
predict the occurrence of postoperative hemody-
namically significant arrhythmias. After that, we 
determined the cutoff point for the M nomogram, 
which was used to form two groups of patients. 
Group 1 included patients who scored less than the 

For Practit ioner

Parameter                                                                                        Points 
VIS on admission to ICU (points)                                              

8                                                                                               0  
8–15                                                                                           2  
15                                                                                             4  

Critical illness prior to surgery                                                4.5  
Left ventricular ejection fraction (%)                                       

50                                                                                             0  
31–50                                                                                         1  
21–30                                                                                         5  
20                                                                                           6.5  

Angina at rest                                                                                  2  
Low mobility                                                                                    3  
Recent administration of antiplatelet agents                      2  
eGFR MDRD (class)                                                                        

1                                                                                                  0 
2                                                                                                  0  
3a                                                                                                1  
3b                                                                                              4.5  
4                                                                                                  7  
5                                                                                                  8  

Body mass index (kg/m2)                                                              
15                                                                                                2  
20                                                                                              2.5  
25                                                                                                3  
30                                                                                                4  
35                                                                                              4.5  
40                                                                                                5  
50                                                                                              6.5  

Female                                                                                             0.5  
Age (years)                                                                                          

20                                                                                                2  
30                                                                                                3  
40                                                                                                4  
50                                                                                                5  
60                                                                                                6  
70                                                                                                7  
80                                                                                                8  

Table 1. The modified (M) nomogram.

Note. eGFR MDRD — glomerular filtration rate estimated using 
the MDRD equation; VIS — vasoactive inotropic score; ICU — 
intensive care unit.
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cutoff point value; Group 2 consisted of patients 
who scored more or equal to the cutoff point value. 

Normality of distribution was tested for the 
following parameters: age, body mass index, 
plasma creatinine before surgery, glomerular filtra-
tion rate, left ventricular ejection fraction, VIS value 
on admission to ICU after operating room, M 
nomogram, POAF, CHA2DS2-VASc, ATRIA and 
HATCH scores. Normally distributed data were pre-
sented as mean and standard deviation. Data with 
non-normal distributions were reported as median 
and quartiles. 

Statistical data analysis was performed using 
the IBM SPSS Statistics 25.0 and MedCalc Statistical 
Software version 20.008 (MedCalc Software bv, Os-
tend, Belgium) software packages. Normality of the 
distribution was assessed using the Shapiro–Wilk 
test. Critical P-value was considered as 0.05. To as-
sess the predictive ability of various parameters we 
used ROC-analysis with assessment of the AUC pa-
rameters (area under the ROC-curve and 95% con-
fidence interval). The threshold value was chosen 
based on the optimal sensitivity/specificity ratio in 

accordance with the results of ROC-analysis 
(Yuden's statistics). Sensitivity, specificity, accuracy, 
and odds ratio (OR) were calculated for predictors. 

Participants. In this study, 520 case records 
were studied. 158 patients met the inclusion crite-
ria. Among the patients not included in the study, 
169 were younger than 18 years, 193 patients un-
derwent surgery without cardiopulmonary bypass. 
Of the 158 patients who met the inclusion criteria, 
14 patients had exclusion criteria, i.e., preoperative 
cardiac rhythm disturbances. As a result, 144 pa-
tients were included in the analysis (Fig. 1). 

Descriptive statistics. The preoperative char-
acteristics of patients are shown in Table 2.  

The types of surgical interventions are shown 
in Table 3.  

The types of new-onset postoperative arrhyth-
mias are summarized in Table 4.  

Medications taken prior to surgery by patients 
with/without postoperative hemodynamically sig-
nificant rhythm disturbances are listed in Table 5. 

The median M nomogram score was 10.0 
points [IQR, 9.0–11.4]. 

Parameter                                                                                                                                                                                             Value 
Mean age, years                                                                                                                                                                   59.8 ± 8.1 
Men (%)                                                                                                                                                                                112 (77.8%)  
Mean body mass index, kg/m2                                                                                                                                       28.2 ± 3.9 
Blood creatinine, µmol/l                                                                                                                                           93.5 [85.3; 104.0] 
Glomerular filtration rate, ml/min                                                                                                                         82.9 [67.1; 96.1] 
Left ventricular ejection fraction (%)                                                                                                                     59.0 [52.0; 66.8] 
Vasoactive inotropic score on admission to ICU after the operating room, points                                   1.5 [0; 5.0] 
CHA2DS2-VASc, points                                                                                                                                                   3.0 [2.0; 3.8] 
POAF, points                                                                                                                                                                         1.0 [0; 1.0] 
ATRIA, points                                                                                                                                                                     2.0 [1.0; 4.0] 
HATCH, points                                                                                                                                                                  3.0 [1.0; 3.0] 

Table 2. Preoperative patients’ characteristics.

Note. ICU — intensive care unit; for table 2 and figure 2: CHA2DS2-VASc — risk assessment scale for stroke and systemic throm-
boembolism in patients with atrial fibrillation; POAF — risk assessment scale for postoperative atrial fibrillation; ATRIA — stroke 
risk assessment scale for patients with atrial fibrillation; HATCH — scale for assessing the likelihood of progression of atrial fib-
rillation from paroxysmal to permanent.

Type of surgery                                                                                                                                                                Number of patients (%) 
Coronary artery bypass grafting                                                                                                                                  118 (81.95) 
Cardiac valve surgery                                                                                                                                                         11 (7.63) 
Coronary artery bypass grafting and aneurysmectomy                                                                                         7 (4.85) 
Single valve surgery and aneurysmectomy                                                                                                                4 (2.77) 
Coronary artery bypass grafting and single valve surgery                                                                                      1 (0.7) 
Coronary artery bypass grafting, single valve surgery and aneurysmectomy                                                 1 (0.7) 
Double valve surgery and aneurysmectomy                                                                                                               2 (1.4)

Table 3. Types of surgery.

Type of arrhythmia                                                                                                                                                                                      Number of patients (%) 
New-onset postoperative atrial fibrillation                                                                                                                                              13 (9.0) 
New-onset postoperative atrial fibrillation with atrioventricular block                                                                                        1 (0.7) 
New-onset postoperative atrial fibrillation with ventricular extrasystole                                                                                     1 (0.7) 
Atrioventricular junction rhythm with the rate <60 beats per minute                                                                                            1 (0.7) 
Ventricular extrasystole                                                                                                                                                                                    2 (1.4) 
Ventricular tachycardia                                                                                                                                                                                    1 (0.7) 
Ventricular fibrillation                                                                                                                                                                                      1 (0.7) 

Table 4. Types of new-onset arrhythmias.
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Results 
The overall mortality in the study group was 

5.56%, the median ICU stay was 19.0 hours [17.1; 
40.0] ranging from 12.5 to 334.0 hours. 

The incidence of new-onset postoperative 
hemodynamically significant arrhythmias was 
13.9% (20 of 144 patients). The mortality in the 
group of patients who developed postoperative 
hemodynamically significant arrhythmias was 
35.0% (7 of 20 patients), whereas in the group of 
patients without postoperative hemodynamically 
significant arrhythmias it was 0.8% (1 of 124 
patients) (P<0.001). For the M nomogram, the 
AUC parameter was 0.777 [0.661; 0.892] (P<0.001) 
(Fig. 2). The cutoff point was 12 points (sensitivity, 
60.00% [95%CI, 36.05–80.90], specificity, 89.52% 
[95%CI, 82.74–94.30]). The accuracy of the prog-
nostic model was 85.42% [95%CI, 78.58–90.74%]. 
The positive and negative predictive values were 
48.0% [95%CI, 33.0–63.3] and 93.3% [95%CI, 
89.0–96.0], respectively. The absolute risk of 
developing postoperative hemodynamically sig-

nificant arrhythmias during hospital stay in group 
1 was 6.25% (7 of 112 patients) and 40.63% (13 of 
32 patients) in group 2. The odds ratio of group 2 
versus group 1 was 10.26 [95% CI, 3.63–29.06] 
(P<0.001). 

Of the «competitors», only ATRIA showed a 
significant result with AUC = 0.656 [0.539; 0.773] 
(P=0.026). 

When assessing the prognostic value of POAF, 
CHA2DS2-VASc, and HATCH scales regarding the 
development of new-onset hemodynamically sig-
nificant arrhythmias after cardiac surgery with car-
diopulmonary bypass, no significant predictors 
were found with P=0.091, P=0.092, and P=0.525, 
respectively. 

 Discussion 
Our data suggest that the M nomogram has an 

acceptable prognostic power regarding the new-
onset hemodynamically significant arrhythmias 
with AUC = 0.777 [0.661; 0.892] (P<0.001) and could 
also be the best available model for predicting this 
outcome. 

Drug class                                                                                                    Postoperative patients                                                               P-value 
                                                                              Without arrhythmia (n=124)                   With arrythmia (n=20)                                   
Beta-blockers                                                                84 (67.7%)                                                    16(80%)                                          0.310 
Calcium channel blockers                                        24 (19.4%)                                                     2 (10%)                                          0.530 
ACE inhibitors                                                               37 (29.8%)                                                     8 (40%)                                          0.437 
Angiotensin receptor blockers                                13 (10.5%)                                                      1 (5%)                                            0.693 
Diuretics                                                                           62 (50%)                                                      11(55%)                                          0.811 
Nitrates                                                                            19 (15.3%)                                                     2(10%)                                           0.738 
Statins                                                                              60 (48.4%)                                                    10 (50%)                                         0.999 
Antiplatelet agents                                                       44(35.5%)                                                     7 (35%)                                          0.999 
Anticoagulants                                                              50 (40.3%)                                                     9 (45%)                                          0.807 

Table 5. Medications taken preoperatively by study participants.

Fig. 1. Study flowchart.
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Importantly, the odds ratio of developing 
new hemodynamically significant arrhythmias in 
patients who scored 12 or more on the M nomo-
gram versus patients who scored less than 12 is 
10.26 [95% CI, 3.63–29.06] (P<0.001). Moreover, 
the lower limit of the 95% confidence interval of 
the odds ratio is 3.63, indicating truly significant 
differences in the odds of new hemodynamically 
significant arrhythmias after elective cardiac sur-
gery with cardiopulmonary bypass between these 
two groups. 

The presence of the lower limit of the 95% con-
fidence interval for sensitivity below 50%, as well as 
the positive prognostic value less than 50%, indi-
cates that only a one-sided interpretation of the 
results is possible based on the M nomogram. The 
M nomogram allows to identify with a high degree 
of probability a group of patients with a low risk of 
hemodynamically significant arrhythmias in the 
postoperative period (patients who scored less than 
12 points). At the same time, when the M nomogram 
score is 12 or more, one cannot be sure about the 
likelihood of hemodynamically significant arrhyth-

mias. Nevertheless, it allows identifying a group of 
patients who require more careful postoperative 
monitoring. 

Also, the rate of arrhythmias was 13.9%, while 
in the studies of other authors who validated the 
above-mentioned scales, it varies from 21.0% [16] to 
33.8% [19]. Probably, it is related to the prevalence of 
CABG in our study which is rather specific cardiac 
surgery. 

The mortality of patients with hemodynami-
cally significant arrhythmias was 35.0%, whereas 
in the studies of other authors it varies from 3.6% 
[20] to 9.0% [16]. This difference is probably due to 
the fact that close, but not identical phenomena 
were evaluated: in the present study the «new-
onset hemodynamically significant arrhythmias», 
in the cited publications the «new-onset atrial fib-
rillation» were in the spotlight. Thus, here we can 
speak only about a comparison «by analogy», and 
not about a comparison of the frequency of iden-
tical phenomena. 

In our comparison of the prognostic signifi-
cance of the M nomogram with the POAF, CHA2DS2-

Fig. 2. The validity of different predictive models for the new-onset postoperative hemodynamically significant arrhythmias.



25w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 1 ,  1 7 ;  6

https://doi.org/10.15360/1813-9779-2021-6-20-26
For Practit ioner

VASc, HATCH and ATRIA scales widely used for this 
purpose, all but the latter were not reliable.  

Earlier reports suggested a sufficient signifi-
cance of the discussed scales in predicting AF [16, 17, 
19, 20]. A possible explanation for the discrepancy 
between the results of this study and the literature 
has already been suggested above. The following 
considerations are also important. 

1. New hemodynamically significant arrhyth-
mias were evaluated, whereas in the cited papers atrial 
fibrillation was an inclusion criterion. Obviously, not 
all episodes of AF are hemodynamically significant. 

2. Hemodynamically significant ventricular 
rhythm disturbances were to be included in the 
present study and were not considered in the cited 
papers. 

3. We studied patients who underwent surgery 
with cardiopulmonary bypass. 

It is difficult to define what is more important 
to assess from the practical point of view, AF or 
hemodynamically significant arrhythmias. Given the 
higher risk of mortality, the broader concept should 
prevail. In terms of specificity of effect, AF should 
probably be preferred. In any case, the M nomogram 
appears to be a reliable tool for predicting adverse 
events after cardiac surgery performed with car-
diopulmonary bypass. 

External validity. We evaluated the medical 
records, not the experimental models, which indi-

cates a high external validity of the study. At the same 
time, limitation of the sample patients to those who 
underwent cardiopulmonary bypass, had no con-
genital heart defects and preoperative rhythm dis-
turbances actually reduces the external validity of 
this study by hampering extrapolation of its results 
to other groups of patients. 

Limitations. This single-center retrospective 
cohort study was probably less valid compared to 
prospective studies in the context of evidence-based 
medicine. The significance of this study could also 
be reduced by the fact that 81.95% of the patients 
underwent CABG which decreases the reliability of 
extrapolation of the results to other types of surgery. 
The unidirectional interpretation of the nomogram 
results reduces the prognostic potential of this 
model regarding the occurrence of hemodynamical-
ly significant arrhythmias. 

Conclusion 
The modified (M) nomogram has an accept-

able prognostic value for predicting new-onset 
hemodynamically significant arrhythmias after 
elective cardiac surgery with cardiopulmonary 
bypass with AUC = 0.777 [0.661; 0.892] (P<0.001). It 
could also be the best available model for predict-
ing this complication in the postoperative period.
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Summary 

Enteral nutrition in the early phase of predicted severe acute pancreatitis can be administered via a naso-
gastric or nasojejunal tube. Finding the most effective method in terms of daily balance, the volume of feeding 
and residual gastric volume in the early period of moderate and severe acute pancreatitis is a current challenge. 

The aim of the study was to estimate the efficacy of nasogastric and nasojejunal early enteral feeding during 
the early phase of predicted severe acute pancreatitis.  

Material and methods. The study was prospective, single-center, and randomized. The data were collected 
from November 2012 to October 2018. The study included 64 ICU patients in the early period of acute pancre-
atitis exhibiting predictors of severity. During randomization, the patients were assigned to either nasogastric 
(group 1) or nasojejunal (group 2) feeding for the next four days. The volume of enteral feeding on Day 1 was 
250 ml/day, and on each successive day it was increased by 250 ml/day. During group allocation, the disease 
severity and the way of nutrient administration were taken into account. Daily balance was calculated using 
the difference between enterally administered and residual gastric volume. Statistical analysis was performed 
using SPSS v.23 software package. The null hypothesis was rejected at P0.05. 

Results. The volume of enteral nutrition administered over 4 days did not differ between the study groups. 
Patients with severe acute pancreatitis had significantly better nutrient absorption over 4 days when the post-
pyloric route was used (1.63±0.98 l/d) vs the nasogastric one (0.55±0.29 l/d) (P=0.001). In moderate pancreatitis, 
the enteral nutrition absorption over 4 days did not differ (P=0.107) between the groups with nasogastric 
(2.06±0.87 l/day) and nasojejunal (2.6±0.45 l/day) feeding. 

Conclusion. Nasojejunal route is the preferred way to start enteral feeding in patients with severe acute 
pancreatitis. In moderate acute pancreatitis, feeding can be initiated via the gastric route and only in case of 
intolerance it should be switched to the nasojejunal one. 
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Introduction 
Acute pancreatitis (AP) can be associated with 

abnormal motility, secretion, digestion, and intes-
tinal barrier function, which are grouped under the 

term «acute gut injury». These changes can cause 
feeding intolerance (FI) syndrome, when adequate 
enteral nutrition is impossible due to some clinical 
reason (vomiting, high gastric residual volume 
(GRV), diarrhea, gastrointestinal bleeding, entero-
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cutaneous fistula, etc.) [1]. Currently, there is no 
single, clearly formulated set of signs and symp-
toms, as well as quantitative characteristics that 
can confirm the diagnosis of FI and its severity. 
Administration of enteral nutrition (EN) in severe 
acute pancreatitis (SAP) associates with a signifi-
cant reduction in mortality [2, 3]. Enteral feeding 
can be delivered via nasogastric (NG) or nasoejunal 
(NJ) tube. Several small prospective randomized 
studies have shown that NG feeding is not inferior 
to the NJ one in terms of infectious complications, 
changes in inflammatory marker levels, and fre-
quency of analgesic use [4, 5]. To date, there is no 
convincing evidence on the superiority, disadvan-
tages, or equivalence of nasogastric or nasojunal 
enteral tube feeding regimens in SAP [6], so both 
routes are acceptable. After the initiation of enteral 
feeding, the issue of gradual increase of its volume 
to achieve the target volumes becomes relevant. 
The main goal is a proper increase in EN volume, 
rather than strict adherence to the protocol with an 
inappropriate increase in volumē with no regard to 
its tolerability. In modern clinical practice, the GRV 
measurement remains the easiest and most acces-
sible way to assess the feasibility of enteral feeding, 
despite the fact that this test is not considered 
mandatory for making a decision to start or stop 
enteral feeding, especially if the residual volume is 
less than 500 ml [7]. Most studies on early enteral 
feeding in AP were done before a new type of AP, 
moderately severe acute pancreatitis (MSAP), was 
recognized in 2012 [8]. The lack of information on 
the absorption of early enteral nutrition in patients 
with predicted severe acute pancreatitis, depending 
on the type of disease and routes of nutrient deliv-
ery with a gradual «as-per-protocol» increase of 
nutrition volumes, makes our study relevant. 

The aim of the study was to evaluate the effi-
cacy of nasogastric and nasojejunal early enteral 
feeding in the early severe predicted phase of acute 
pancreatitis. 

Material and Methods 
We performed a randomized single-center 

study in the intensive care unit (ICU) of the 
«Neftyanik» medical unit in Tyumen during the 
period from November 2012 to October 2018. The 
inclusion criteria were diagnosed acute pancreati-
tis and at least one predictor of severe course. The 
exclusion criteria were age more than 80 years and 
terminal chronic diseases. The diagnosis of acute 
pancreatitis was made according to typical mani-
festations, confirmed by laboratory and instru-
mental tests [8]. C-reactive protein (CRP) > 150 
mg/l, Acute Physiology And Chronic Health Eval-
uation (APACHE) II score >8, and Sepsis-related 
Organ Failure (SOFA) score >2 were considered 
predictors associated with severe acute pancreati-
tis [9]. The patient assignment to 2 groups was 
done using the randomization envelope method. 
The first group consisted of 33 patients who re-
ceived early (first 12–24 h after admission) EN via 
the nasogastric tube. The second group included 
31 patients with early EN solely via a nasogastric 
tube placed endoscopically. Table 1 shows that the 
groups are comparable in terms of age, severity of 
multiple organ dysfunction (MOD), plasma CRP 
concentration on day 1 and 48 h after admission. 

Subsequently, the type of the disease accord-
ing to the classification adopted in 2012 was docu-
mented [8]. In the study groups, patients with SPAP 
were assigned the «S» letter, and those with MSAP 
— with the «M» letter (Table 1). Pairwise compari-
son of the study groups was performed. 

The standard isocaloric formula enriched with 
dietary fiber (BBraun Nutricomp Standard Fiber, 
country of origin Germany) was used for enteral 
feeding. The duration of study was four days. In the 
second group the nasojejunal route was supple-
mented with the nasogastric one. The nutrition for-
mula was administered into the tube as a continu-
ous drip. Gastric decompression was performed 

Parameter                                                                                                                               Values in groups 
                                                                 1, n=33         2, n=31        S, n=31         M, n=33       S1, n=16     M1, n=17        S2, n=15      M2, n=16        P 
Sex, male/female                            20/13            19/12           21/10             18/15             11/5               9/8                  10/5                9/7             — 
Age, years                                          43±11        46(34;58)    41(35;57)         42±12            42±13           42±10             47±13            45±15       0.667 
Shapiro–Wilk’s test                           0.86               0.04             0.032             0.062             0.094            0.264               0.122             0.132           — 
APACHE-II, points                        5.1±2.8         6(4;10)        7.3±4.0           4(2;5)           6.5±2.9         3.6±2.1           5.5±4.9         5.4±3.6      0.002 
Shapiro–Wilk’s test                         0.169             0.027            0.301             0.001             0.239            0.333               0.575              0.11            — 
SOFA, points                                     2(1;2)            2(1;3)           2(1;3)             2(1;2)            2(1;2)            2(1;2)              3(1;4)            1(1;2)       0.369 
Shapiro–Wilk’s test                           0.02               0.01             0.001             0.001             0.007            0.013               0.007             0.002           — 
CRP24, mg/l                                  80.1±58.5    89.7±57.8   87.6±51.8    78(23;136)    72.8±54.8    85.6±64.7     101.2±47.8   77.2±67.6   0.934 
Shapiro–Wilk’s test                         0.057             0.173            0.334             0.015             0.225            0.171               0.144             0.055           — 
СRP48, mg/l                                        183                181               181                 181          182.4±50.2         195                  175                 181            1.0 
                                                          (146; 203)    (155; 203)   (160; 200)     (141; 203)                           (130; 207)      (155; 203)    (152; 189)         
Shapiro–Wilk’s test                         0.001             0.003            0.011             0.001             0.434            0.002               0.043             0.033           — 

Table 1. Clinical and laboratory parameters of patients in the early period of predicted severe acute pancreatitis.

Note. For tables. 1–4, 1 — group 1, nasogastric tube feeding; 2 — group 2, nasojejunal tube feeding; S/M — number of patients 
with severe/moderately severe acute pancreatitis. Subscripts represent group numbers. APACHE — Acute Physiology And Chronic 
Health Evaluation; SOFA — Sepsis-related Organ Failure; CRP — C-reactive protein. CRP24 — CRP level 24 hours after admission, 
CRP48 — CRP level 48 hours after admission. P-values were derived from Kraskel–Wallis test.
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every 6 hours in nasogastric feeding. In the second 
group, gastric decompression was continuous. The 
initial rate of feeding was 15 ml/h, and then every 
subsequent day it was increased by 15 ml/h. The 
required volume of enteral nutrition for the first 
day was 250 ml/day, and every subsequent day it 
was increased by 250 ml/day depending on tol-
erance. If nausea, vomiting, increased pain or na-
sogastric tube discharge >500 ml/hour appeared, 
the rate was reduced by half, and if the above 
symptoms persisted, the feeding was discontin-
ued. Later, after symptoms of food intolerance 
subsided, the rate was gradually increased to the 
previous values. The daily volume of enteral nutri-
tion and GRV were used to calculate the balance of 
absorbed nutrition. 

Statistical analysis was performed using the 
SPSS-23 software package. After checking for distri-
bution normality using the Shapiro–Wilk's test, the 
results were presented as means with standard de-
viation M±σ or medians with quartiles Me, (Q25; 
Q75). Parametric and nonparametric criteria were 
used for group comparison. The null hypothesis 
was rejected at P<0.05. 

Results 
The results obtained during 4 days of treat-

ment in ICU are shown in Tables 2–4: Table 2 
describes the daily volume of enteral feeding, Table 
3 presents the daily GRV, and Table 4 displays the 
balance between the enteral nutrition adminis-
tered and the GRV. 

Discussion 

The volume of delivered nutrition did not dif-
fer significantly between patients fed via nasogastric 
(group 1) or nasojejunal (group 2) tubes (Table 2). 
Nasogastric tube spillage was significantly greater 
in the NG group than in NJ (Table 3). This was 
reflected in the 4-day absorbed nutrition balance, 
which was significantly greater in the group with 
the postpyloric nutrient delivery (Table 4). 

Thus, due to lower GRV, the volume of 
absorbed nutrition was greater with postpyloric 
feeding than with the NG route. Based on the 
results presented in Table 4, starting from day 3 
and altogether over the entire follow-up period, 
patients with MSAP absorbed significantly more 
nutrition than those with SAP. The volume of 
nasogastric nutrition did not differ between the 
SAP and MSAP groups (Table 2), but in the MSAP 
group, starting from day 3 and over the whole fol-
low-up period, the daily GRV was significantly 
lower (Table 3) resulting in a higher volume of 
nutrition absorbed by the MSAP patients (Table 4). 
Thus, with nasogastric feeding, patients with 
MSAP, starting from day 3, absorbed more nutri-
tion (Table 4) than patients with SAP due to lower Pa
ra
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GRV (Tables 3, 4). With NJ nutri-
tion in the group of patients with 
MSAP, on the contrary, starting 
from day 3, it was possible to deliv-
er more nutrition (Table 2), and 
GRV in postpyloric feeding did not 
differ significantly between the 
groups with MSAP and SAP (Table 
3). 

Thus, we can say that patients 
with MSAP absorbed a larger vol-
ume of nutrition in postpyloric 
delivery due to a better tolerance 
of its «per-protocol» volume 
increase. The main function of the 
stomach is known to be mixing 
and propelling food into the small 
intestine at a rate optimal for 
nutrient absorption through 
increasing contact time with the 
mucosa. The mechanisms leading 
to impaired gut motility in the crit-
ical illness are complex [10]. The 
activity of gastric smooth muscles 
is regulated by internal myogenic 
activity, signals from parasympa-
thetic and sympathetic enteric 
nervous system, and also by some 
hormones [11]. The main patho-
physiological mechanism leading 
to these disorders is primary gas-
tric motor dysfunction with 
impaired coordination between its 
proximal and distal parts [12, 13] as 
a result of imbalance of hormones 
secreted by gut, such as ghrelin [14], 
cholecystokinin, peptide YY [15], 
and motilin [16]. In critically ill 
patients, delayed gastric emptying 
increases as the severity of the dis-
ease progresses [17]. 

Thus, the reduced ability to 
absorb enteral nutrition in SAP is 
probably related to the severity of 
disease in this patient group in the 
first week of illness [18] due to a 
longer period of multiple organ 
failure [19]. The survival of a criti-
cally ill patient is affected by the 
amount of energy and protein he 
receives with food [20]. Therefore, 
it is very important to know 
whether a particular route of nutri-
ent delivery will be more beneficial 
in a specific type of disease. In the 
group with SAP, the balance of 
absorbed nutrition with its postpy-
loric delivery was significantly 
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(P=0.001) three times greater than with nasogas-
tric route. The results we obtained are consistent 
with the ones of earlier study proving that the 
more severe the condition, the more preferable is 
postpyloric route of feeding compared to naso-
gastric, due to the greater amount of digested 
nutrients [21]. In patients with MSAP, the balance 
of digested nutrition over four days did not differ 
significantly (P=0.107) between NJ (2.6±0.5 L/day) 
and NG (2.1±0.9 L/day) routes. 

Conclusion 
Enteral feeding in patients with severe acute 

pancreatitis should preferably be initiated via naso-
jejunal tube due to better absorption of nutrients 
compared to the nasogastric route. In moderately 
severe acute pancreatitis starting with the gastric 
route of feeding is appropriate; however, if intoler-
ant, the nutrient delivery should be switched to the 
nasojejunal route.
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Summary 

Objectives. Inspiratory, hemodynamic and metabolic changes occur in laparoscopic surgery depending 
on pneumoperitoneum and patient position. This study aims to evaluate the effects of intra-abdominal pres-
sure increase based on CO2 pneumoperitoneum in laparoscopic operations on hemodynamic parameters and 
respiratory dynamics and satisfaction of surgeon and operative view. 

Materials and Methods. A total of 116 consecutive, prospective, ASA class I–III cases aged 18–70 years un-
dergoing laparoscopic cholecystectomy were enrolled in this study. Data of 104 patients were analysed. Patients 
were divided into two groups as the group Low Pressure (12 mmHg) (Group LP) (n=53) and the group Stan-
dard Pressure (13 mmHg) (Group SP) (n=51). In this study administration of general anesthesia used total 
intravenous anaesthesia in both groups. All groups had standard and TOF monitorization applied. The anaes-
thesia methods used in both groups were recorded. Before, during and after peritoneal insufflation, the per-
operative ventilation parameters and hemodynamic parameters were recorded. The adequacy of pneumoperi-
toneum, gastric and the operative view were evaluated by the operating surgeon and recorded. 

Results. The peripheral oxygen saturation showed no significant difference between the low and standard 
pressure pneumoperitoneum in view of tidal volume, respiratory rate, end tidal CO2, mean and peak inspiratory 
pressure, and minute ventilation values. In terms of hemodynamics, when values just after intubation and before 
extubation were compared, it was observed that in the LP group systolic, diastolic and mean blood pressure 
values were higher. In terms of heart rate, no significant difference was observed in determined periods between 
groups. There was no significant difference between the groups in terms of surgical satisfaction and vision. 

Conclusion. Low pressure pneumoperitoneum provides effective respiratory mechanics and stable hemo-
dynamics for laparoscopic cholecystectomy. It also provides the surgeon with sufficient space for hand ma-
nipulations. Anaesthetic method, TIVA and neuromuscular blockage provided good surgery vision with low 
pressure pneumoperitoneum. 
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pressure; deep neuromuscular blockage 
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Introduction 
Cholelithiasis is a common disease of the 

digestive system treated with surgical methods. 
With the development of laparoscopy, laparoscopic 
cholecystectomy has become an accepted surgical 
intervention. Due to many advantages such as less 
pain in the postoperative period, small incisions, 
shorter hospital stay and more rapid return to daily 
life, it is accepted as the gold standard globally. This 
minimally invasive technique reduces mortality 
and morbidity and is a very reliable and effective 
method [1–3]. 

Of those with gallstones, each year 2–4% 
become symptomatic with biliary colic, acute 
cholecystitis, obstructive jaundice and gallstone 
pancreatitis [4, 5]. Each year in America more than 
1.5 millon cholecystectomies are performed [6]. 
The incidence of gallstones in the adult population 
in the West is about 10–15% [5–8]. 

The insufflation pressure for laparoscopic 
cholecystectomy is generally 12–15 mmHg. In a 
review of the Cochrane database. Grusamy et al. 
[7] defined standard pressure as varying between 
12 and 16 mmHg, with low pressure as less than 
12 mmHg and high pressure more than 17 
mmHg. Volume and pressure studies have been 
performed and it was found that pressures 
greater than 15 mmHg did not further expand the 
operation field [8]. Pneumoperitoneum ensures 
sufficient visualisation of the abdominal cavity 
and allows manipulation of the laparoscope. 
There is some evidence that low pressure pneu-
moperitoneum is associated with decreased pain 
for laparoscopic cholecystectomy; however, 
these results are still open to debate as varies of 
the clinical studies detailing the benefits were 
found to be at a high risk of bias and inadequate 
blinding [2]. 

Randomised clinical studies using low pres-
sure pneumoperitoneum have shown reduced car-
diac changes [9], shoulder pain complaints [10], 
pain severity and analgesic requirements [10, 11]. 
The important critical point is that low pressure 
pneumoperitoneum ensures sufficient surgical 
view and is safe. 

In this study, we have compared various fac-
tors like respiratory dynamics and hemodynamic 
parameters in patients undergoing laparoscopic 
cholecystectomy under standard pressure versus 
low pressure. In addition we have aimed to research 
and discuss the effects in terms of surgeon satisfac-
tion and vision quality. 

Materials and Methods 
This study was performed after receiving per-

mission from «Dokuz Eylül University, Faculty of 
Medicine, Non-interventional Research Ethics Com-
mittee» (date 29.05.2014, Protocol No. 1538-GOA, 

Decision No. 2014/21-07) and informed patient 
consent. The study included patients in ASA clas-
sification I–III, from 18–70 years, undergoing 
elective laparoscopic cholecystectomy surgery 
and was completed as a prospective observa-
tional study. 

The records of laparoscopic cholecystectomy 
patients in 3 months examined. According to these 
records, we found that low pneumoperitoneum 
pressure was applied to 53 patients and standard 
pneumoperitoneum pressure was applied to 51 pa-
tients. Then, we continued our evaluations under 2 
groups. The study was performed on 116 consecu-
tive patients and data from a total of 104 patients 
were analysed. Patients were divided into two 
group as low pressure (< 12 mmHg) (LP) (n=53) and 
standard pressure (> 13 mmHg) (SP) (n=51). Four 
patients in LP group and 8 patients in SP group un-
derwent open laparotomy and were excluded from 
the study. 

Exclusion Criteria: 
1. Acute cholecystitis 
2. Cases with low pulmonary compliance or 

high airway resistance (chronic pulmonary diseases) 
3. Morbidly obese patients (BMI > 35) 
4. Malignancy or chronic inflammatory disease 
5. Renal or liver disorders 
6. Endocrine or immune system disorders 
7. Patients receiving immunosuppressive 

treatment 
8. Cases with open laparotomy 
9. Any surgical intervention in addition to 

cholecystectomy 
10.Previous abdominal surgery 
The demographic characteristics of the pa-

tients are shown in Table 1. 
Patients in LP and SP groups had standard 

monitoring (non-invasive blood pressure, electrocar-
diogram, peripheral oxygen saturation measure-
ments) and neuromuscular junction monitoring 
with TOF Guard (TOF Guard (TOF-GUARD, Biome-
ter International A.S. DENMARK) applied before 
anaesthesia induction. 

In both groups, for anaesthesia induction 0.2–0.5 
mcg/kg/min remifentanil infusion was adminis-
tered over two minutes followed by intravenous (IV) 
1–2 mg/kg propofol and IV 0.5 mg/kg rocuronium. 
After induction patients had 6 L/min 100% oxygen 
administered with a face mask for ventilation. 

For the anaesthesia maintenance 50% O2/air 
mixture and 0.1–0.4 mcg/kg/min remifentanil and 
50–150 mcg/ kg/min (3–9 mg/kg/hr) propofol IV 
infusion was administered. During the surgical 
procedure when TOF>1 twitch response occurred 
0.1–0.15 mg/kg dose of the neuromuscular blocker 
agent rocuronium was administered. To reverse 
neuromuscular block, when post-tetanic count 
(PTC) reached 1–2, 4.0 mg/kg sugammadex IV was 
administered. 
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Positive pressure respiration was begun with 
2–4 L/min fresh gas flow and FiO2 0.5 volume con-
trol for 6–8 ml/kg tidal volume and 10–12 respira-
tions/min frequency. PEEP was not used and inspi-
ration:expiration (I:E) ratio was set at 1:2. 
Mechanical ventilation was performed with the 
anaesthesia machine (Dräger, Zeus Infinity Em-
powered; Dräger Medical AG&Co. KG, Germany).  

In the peroperative period the ventilation pa-
rameters (airway peak pressure, mean airway 
pressure, tidal end carbon dioxide, tidal volume, 
minute ventilation volume) and hemodynamic 
parameters (systolic, diastolic and mean arterial 
pressure, heart rate) were measured at 4 different 
times; 2 minutes after intubation (T1), 10 min 
after peritoneal insufflation (T2), before desuffla-
tion (T3) and before extubation (T4). 

Pneumoperitoneum pressure values were 
determined by the surgical team with values of 
12 mmHg and below in the low pressure group 
and 13 mmHg and above included in the standard 
pressure group [7]. Immediately after intra-ab-
dominal laparoscopic intervention and immedi-
ately before the end of peritoneal insufflation, gas-
tric distension was evaluated on a scale of 0–10 
(0=empty stomach, 10=distension obstructing 
the surgical field) by a surgeon blind to the air-
way device [12]. 

For surgical satisfaction, surgical view quality 
was evaluated. To evaluate surgical view quality, the 
surgeon provided a point value from 1 to 4 (1: bad, 
2: acceptable, 3: good, 4: perfect) [13]. All surgical 
procedures were performed by the same surgical 
team and view quality was evaluated with points by 
the same team. 

The anaesthesia duration, operation duration 
and hospital stay of the patients were recorded. In 
the postoperative period the time when patients re-
turned to physical activities or to work was learned 
by telephone and recorded. 

Statistical Analysis. The data obtained in the 
research was entered into a database in the SPSS 
(Statistical Package For Social Sciences) 15.0 pro-
gram and statistical analyses were performed with 
this program. Continuous variables and sub 
groups are presented as mean, standard deviation, 
median, values, while categorical variables are pre-
sented as frequency and percentage. Calculation 
of sample size has performed by «OpenEpi» pro-
gram. Margin of error was 5%, safety margin was 
95% and frequency was accepted as 50% what un-
known frequency of situation. Minimum 73 cases 
would have included to study: but we have in-
cluded 104 patients.  

The variables specified by the measurement 
was analyzed after the analysis of conformity to 
normal distribution for comparison. For compari-
son of independent groups the «Mann–Whitney U» 
test was used. Paired multiple groups were 
analysed with the «Friedman Test» method. Cate-
gorical variables are presented in diagonal tables as 
frequency and percentage, and distribution was 
compared with the chi-square method. Signifi-
cance value was at P<0.05. 

Results  
There was no significant difference between 

the groups in terms of surgical satisfaction and 
vision (Table 2). Results of surgical and insufflation 
data are showed in Table 2. Stomach distension val-

Parameters                                                                                                            Values in groups                                                                  P-value 
                                                                                                           LP, n=53                                                 SP, n=51                                                   
*Age, year                                                                       53.00 (38.50–61.00)                         50.00 (37.00–62.00)                               0.543 
Gender Female/Male, n                                                         40/13                                                    32/19                                            0.160 
*Body mass index, kg/m2                                        27.80 (25.50–30.55)                         26.90 (23.40–31.20)                               0.390 
ASA 1/2/3, n                                                                            14/29/10                                              19/28/4                                          0.191 
*Anaesthesia time, min                                           95.00 (80.00–117.50)                      100.00 (90.00–120.00)                             0.351 
*Insufflation time, min                                             60.00 (45.00–70.00)                         60.00 (45.00–80.00)                               0.181 

Table 1. Demographic data of patients.

Note. For Tables 1, 2: * — values are median (25–75 percentiles), mean (range) or number (proportion).

Parameters                                                                                                                                     Values in groups                                         P-value 
                                                                                                                                              LP, n=53                               SP, n=51                                  
Attempts to insert Veress needle (1/2/3), n                                                   52/0/3                                 50/1/0                            1.00 
*Initial intra-abdominal pressure, mmHg                                            12.0 (11.0–12.0)               14.0 (13.0–15.0)                   0.297 
*Volume of insufflation CO2, L                                                                      3.2 (2.5–5.1)                      3.6 (2.5–5.8)                     0.388 
Grade of quality of view 

1                                                                                                                                 1                                             0                                 0.781 
2                                                                                                                                 8                                             8                                       
3                                                                                                                                23                                          24                                      
4                                                                                                                                21                                          19                                      

Table 2. Surgical and insufflation data. 



ues medians (25–75 percentiles) are 3.00 (2.00–5.00) 
in LP Group and 3.00 (2.00–4.00) in SP Group for 10 
minutes after insufflation (T2). Stomach distension 
values medians (25–75 percentiles) are 3.00 
(2.00–4.00) in Group LP and 3.00 (2.00–4.00) in 
Group SP for before desufflation (T3). In both 
group, 10 minutes after insufflation (T2) (P=0.546) 
and before desufflation (T3) (P=0.855) there were 
no statistically significant difference in stomach 
distension identified. 

This study did not observe any significant dif-
ferences between patients undergoing laparoscop-
ic cholecystectomy with low and standard pressure 
pneumoperitoneum in terms of peripheral oxygen 
saturation , tidal volume, respiratory count, end 
tidal carbon dioxide, mean and peak airway pres-
sure and minute ventilation values. Comparison of 
ventilation parameters between groups are showed 
in Table 3. 

When hemodynamics are evaluated, when 
values immediately after intubation (T1) and 
before extubation (T4) are compared, the systolic, 
diastolic and mean blood pressure values in the 
low pressure group were observed to be higher. 
When these values are examined after insufflation 
and before desufflation, there was no significant 
difference between the two groups. There was no 
significant difference observed in terms of heart 
rate in the stated periods. Comparison of hemo-
dynamics parameters between groups are pre-
sented in figure. 

Hospital stay time are 1.51±0.80 days in Group 
LP and 1.47±1.00 days in Group SP. Beginning daily 
activities for patients are 3.13±1.09 days in Group 
LP and 3.25±1.07 in Group SP. Beginning work in 
the postoperative period for patients are 7.06±4.17 
days in Group LP and 6.19±1.67 days in Group SP. 
When patients are investigated in terms of hospital 
stay, beginning daily activities and beginning work 
in the postoperative period, there was no statisti-
cally significant difference identified between the 
low pressure and standard pressure groups 
(P=0.389, P=0.518, P=0.847, respectively).  

This study found no significant difference in 
respiratory dynamics between patients undergoing 
laparoscopic cholecystectomy with low and stan-
dard pressure pneumoperitoneum. However, in 
terms of hemodynamic parameters, in the low 
pressure group immediately after intubation and 
before extubation the SBP, DBP and MAP values 
were found to be higher. There was no significant 
difference between the groups in terms of surgeon 
satisfaction and vision quality. 

Discussion 

Grusamy et al. [7] in a review of the Cochrane 
database found a total of 15 clinical studies and 
presented the effects of low and standard pressure 
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Systolic blood pressure (a), diastolic blood pressure (b) and mean blood pressure (c) in groups.



pneumoperitoneum. This study defined standard 
pressure as between 12 and 16 mmHg, with low 
pressure below 12 mmHg and high pressure 17 
mmHg. There was no difference between the two 
groups in terms of postoperative complications, 
mortality, morbidity and changing to open chole-
cystectomy [7]. 

In situations where significant anatomic 
structures cannot be defined, if the intervention 
does not advance within a certain time, if there is 
uncontrolled hemorrhage and bile duct problems 
that cannot be resolved laparoscopically, the 
operation should be changed to open surgery. 
The rate of change from laparoscopic cholecys-
tectomy to open operations is 5% [13–15]. In our 
study the rate of change to open operations was 
found to be 10.34%. 

In the review by Grusamy et al. [7] the opera-
tion duration was found to be mean 2 minutes 
longer in the low pressure group. Different to this 
result, the study by Sarli et al. [10] found that low 
pressure pneumoperitoneum did not increase the 
operation duration and did not cause peroperative 
and postoperative complications. They deter-
mined that low pressure pneumoperitoneum 
technique was sufficient. However, these results 
may vary linked to surgeon experience. At the 
same time, they may be linked to patient factors 
like obesity and previous surgery. In a study 
researching the effects of low (7–8 mmHg) and 
standard (12–14 mmHg) pressure pneumoperi-
toneum by Singla et al. [16] they found the surgical 
durations were similar in both groups. They 
showed that this result indicated low pressure 
pneumoperitoneum did not negatively affect sur-
gical success, and that laparoscopic cholecystec-
tomy can be completed in the same duration. In 
our study, we excluded patient linked factors like 
obesity and previous surgery and did not observe 
a significant difference statistically between 
anaesthesia duration and insufflation duration; 
similar to the results of the previous study. In our 
study there was no statistically significant differ-
ence in terms of anaesthesia and insufflation 
durations between the low pressure and standard 
pressure groups. 

Grusamy et al. [7] reported no significant dif-
ference between the mean hospital stay and patient 
satisfaction between the low and standard pressure 
groups. In our study there was no significant differ-
ence observed between the groups in terms of hos-
pital stay. There is no clinical study reporting the 
duration to return to normal activity or work and 
surgeon satisfaction. In our study, the return to nor-
mal activity and work was investigated and there 
was no significant difference found between the 
two groups. 

When the literature is examined in terms of 
additional port requirements, it was reported 

that there was no requirement for an additional 
port during surgery in both groups, and that in 
the low pressure group the requirements for intra 
abdominal pressure increase was higher to 
ensure sufficient surgical view [17–19]. In our 
study in both groups there was no need for addi-
tional port in either group. However, in the LP 
group there was a need for intra abdominal pres-
sure increase. This situation is similar to previous 
studies [17–19]. In our study initially due to insuf-
ficient surgical view in those included in the LP 
group, a total of 7 patients required increased 
intra abdominal pressure. 

During pneumoperitoneum, reaching high 
intra abdominal pressures may negatively affect 
respiratory parameters [20–22]. Makinen et al. 
[23] stated that 12 mmHg CO2 pneumoperi-
toneum reduced respiratory compliance by 30%, 
while Luis et al. [24] reported a reduction of 40%. 
Kendal et al. [25] showed that 15 mmHg pneu-
moperitoneum reduced respiratory compliance 
by 49%. Another study by Makinen et al. [26] 
reported a reduction in pulmonary dynamic com-
pliance of 50% with increases in Ppeak and 
Pplateau. After pneumoperitoneum desufflation 
they identified a fall in basal values of pulmonary 
compliance and airway pressures. In our study, in 
both the low pressure and standard pressure 
groups, there was an increase observed in Ppeak 
and Pmean values in the insufflation period and 
after desufflation there was no significant differ-
ence between the basal values of both identified. 
When low pressure and standard pressue groups 
are compared, there was no statistically signifi-
cant difference observed between the groups in 
terms of Ppeak and Pmean. 

The potential benefit of low pressure pneu-
moperitoneum is a reduction in cardiopulmonary 
complications. When the literature is examined, 
many studies assessing the effects of different pres-
sure pneumoperitoneum have reported no car-
diopulmonary morbidity. It was observed that the 
patient population included in these studies were 
classified as ASA I and II [7, 17, 19]. In a case series 
comprising 400 patients, the cardiopulmonary 
complication rate was found to be 0.5% and they 
reported that 70% of patients were in the low risk 
group for anaesthesia [9]. The difference in our 
study is that we included patients in ASA III class. 
In our study when the groups are compared after 
intubation and before extubation, the SBP, DBP and 
MAP values were higher in the low pressure group. 
These results may be linked to our inclusion of ASA 
III patients. 

Rishimani et al. [27] in a study of laparoscopic 
cholecystectomy including 30 patients with low (6 
mmHg) and high (14 mmHg) intra abdominal pres-
sure values found that in the high pressure group 
10 patients had 8–20/min increase in heart rate, 7 
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patients had 6–12/min decrease and 13 patients 
had no change. They identified a 15–30% fall in car-
diac index. Mean arterial pressure increased by 
mean 41.15% after insufflation compared to before 
insufflation. After desufflation there was a 24.94% 
increase compared to before insufflation. There 
was no change in heart rate. In our study for hemo-
dynamic data only blood pressure and heart rate 
were recorded, cardiac index measurements were 
not performed. Joris et al. [28] reported a reduction 
in cardiac index of 20% corresponding to an 
increase of 35% in MAP. The same study found that 
SCR increased by 65% and pulmonary vascular 
resistance (PVR) increased by 90%, with no change 
in HR observed. Marshall et al. [29] reported that 
hemodynamics varied linked to intra abdominal 
pressure increase, with CO2 insufflation causing an 
increase in HR, MAP and total peripheral resist-
ance, a reduction in beat volume and sympathetic 
stimulation.  

Pneumoperitoneum may cause a variety of 
arrhythmia like A–V dissociation, nodal rhythm, 
sinus bradycardia and asystole. This response is a 
vagal cardiovascular reflex linked to peritonal 
strain. Hypercarbia may increase these types of 
effects. In our study when heart rates are compared, 
there was no difference between the groups. This 
result may be linked to CO2 insufflation rate being 
held constant for all patients. 

In our study there was no difference when the 
groups were compared in terms of surgeon satis-
faction. This result may be related to the lack of dif-
ference between the groups when stomach disten-
sion is assessed. Distended stomach negatively 
affects the surgical field of view and manipulation 
of the trochars. Stomach distension was assessed 
on a scale of 1–10 10 minutes after insufflation and 
before desufflation by a surgeon blind to the 
groups. There was no statistical difference between 
the groups. 

A study by Dubois et al. [30] researched the 
effects of deep neuromuscular blockage on surgi-
cal conditions for patients undergoing laparo-
scopic hysterectomy. With fixed pneumoperi-
toneum pressure (13 mmHg), surgical view quality 

was assessed by the surgeon and it was concluded 
that patients with deep neuromuscular block had 
better surgical view scores [31, 32]. Staehr-Rye et 
al. [33] in a study of laparoscopic cholecystectomy 
with low pressure pneumoperitoneum (8 mmHg) 
compared the effects of deep neuromuscular 
block and moderate neuromuscular block on sur-
gical view quality and concluded that deep neuro-
muscular block provided better surgical view con-
ditions. Martini et al. [31] in a study evaluating the 
effects of deep neuromuscular blockage on surgi-
cal conditions for laparoscopic surgeries found 
that the significance of the deep neuromuscular 
blockage effect was large and that it provided suf-
ficient working area in the surgical field and 
increased view quality. 

In our study in spite of low insufflation pres-
sure, the surgical duration, surgical field conditions 
and complication risks were not greater and this 
may be linked to standardisation of neuromuscular 
blockage with TOF monitoring during induction 
and maintenance.  

The study has some limitations; our defined 
low pressure value of 12 mmHg is higher than in pre-
vious studies [10, 16, 34, 35]. This value (12 mmHg) 
was determined linked to the experience of the clin-
ical surgery team at our hospital. Additionally inva-
sive cardiac monitoring with cardiac index, contin-
uous arterial pressure monitoring and blood gas 
monitoring were not performed. There was no 
comorbidities analysis for these patients.  

Conclusion 
In conclusion, during laparoscopic cholecys-

tectomy surgery, low pressure pneumoperitoneum 
ensures effective respiratory mechanics and stable 
hemodynamics. Additionally it provides sufficient 
surgical area for hand manipulations by the surgeon. 

When these results are considered, with TIVA 
anaesthesia method and deep neuromuscular 
blockage administration, we believe low pressure 
pneumperitoneum ensures better surgical view 
quality and surgeon satisfaction.
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Summary 

Delirium complicating regular use of psychoactive substances remains one of the major issues of critical 
care, toxicology, and psychiatry. However, the pathogenetic mechanisms of delirium development in patients 
with 1,4-butanediol poisoning have been poorly studied until now.  

The aim of the study was to reveal specific patterns of delirium in patients with 1,4-butanediol poisoning 
as well as to study the changes in systemic hemodynamic parameters, respiratory function, and body fluid 
compartments during the treatment. 

Material and methods. The study was prospective and treatment-randomized. Forty-eight male patients 
aged 20 to 45 years with delirium and acute 1,4-butanediol poisoning were enrolled. Of them, 24 patients were 
administered with succinate-containing drug 40 ml daily, 24 patients received standard treatment without an-
tihypoxic agents. We studied the evolution of delirium, changes in anaerobic metabolism parameters, systemic 
hemodynamics, respiratory function, and the volume of fluid compartments. Impedance measurement 
method adjusted for interference was used in the study. 

Results. At the «peak» of delirium (days 1–3), the hyperdynamic circulation, increased systemic arterial 
tone, stroke output, respiratory function parameters, and metabolic lactate acidosis were recorded. A decrease 
in total fluid volume and extracellular fluid volume was clearly observed during day 1 of intoxication delirium 
along with increased permeability of cell membranes. On day 3 of delirium, a decrease in intracellular fluid 
volume and increase in extracellular fluid volume were noted. After the cytoflavin administration, shorter delir-
ium duration (7.5 [6; 8] days), more rapid correction of lactate acidosis, stabilization of respiratory parameters 
and stabilization of cell membrane permeability by day 5 were found. In the control group, delirium persisted 
for up to 14 [11; 15] days (z=-5.9; P=0.00011) with more frequent development of complications such as noso-
comial pneumonia (χ2=8.4, P0.001).  

Conclusion. The severity of delirium in acute poisoning with 1,4-butanediol was associated with metabolic 
lactate acidosis, changes in systemic hemodynamics and pulmonary function. A positive effect of adjunctive 
antihypoxic therapy with succinate-containing agent on cardio-respiratory parameters, cell membrane per-
meability, water balance due to elimination of tissue hypoxia and prompt switching to tissue aerobic 
metabolism has been found.  
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Introduction 
Intoxication delirium is a severe complication 

of regular use of psychoactive substances and one 
of the main factors of mortality, which makes our 
research especially relevant [1–6].  

The studies have shown that intoxication 
delirium is primarily caused by neurotransmitter 
dysfunction, as indicated by the correlation 
between high blood dopamine levels and delirium 
severity [7–9]. In turn, researchers associate an 
excessive neurotransmitter release with tissue 
hypoxia, which determines the severity of the med-
ical condition [10, 11]. Despite the popularity of the 
neurotransmitter theory among most authors, 
there is no complete understanding of the mecha-
nisms of delirium development [12]. 

Currently, special emphasis in the study of 
intoxication delirium is placed on patients with 
chronic alcoholism, as evidenced by the literature 
data [13–16].  

The current reality, witnessing the appearance 
of new substances with narcotic effects and their 
precursors on the «illegal market», naturally indi-
cates an increase in acute poisonings with these 
substances [17–19]. At present, poisonings with 
precursors of gamma-hydroxybutyric acid (GHBA) 
(1,4-butanediol (1,4-BD), gamma-butyrolactone), 
available for purchase via Internet, prevail in met-
ropolitan areas [20, 21]. 

1,4-BD is an industrial alcohol [22]. Systematic 
use of 1,4-BD leads to a wide range of psychiatric 
and medical disorders resistant to standard therapy 
and psychotropic drugs [23–25]. 

In our opinion, to develop the effective 
treatment methods for patients with 1,4-BD poi-
soning complicated by delirium, changes in sys-
temic hemodynamics, respiratory function, and 
fluid compartments should be considered. 
Bioimpedance measurement test based on the 
assessment of electrical conductivity of various 
body tissues and blood flow impedance remains 
the most accessible and proven method of their 
diagnosis [26, 27]. However, there are no data on 
the use of this diagnostic method in patients with 
1,4-BD poisoning complicated by delirium 
receiving standard therapy, which highlights the 
novelty of our study.  

The aim of the study was to reveal the specific 
clinical patterns of delirium in patients with 1,4-
butanediol poisoning as well as to assess the 
changes in systemic hemodynamic parameters, 

respiratory function, body fluid compartments 
during the therapy. 

Material and Methods 
A prospective (treatment-randomized) study 

was performed. The study included male intensive 
care unit (ICU) patients aged 20 to 45 years (main 
group) (n=48) with acute 1,4-BD poisoning compli-
cated by delirium. 

Patients of the main group were further di-
vided into two groups based on a treatment strat-
egy. Group 1 (n=24) included patients whose inten-
sive therapy included cytoflavin (OOO NTFF 
POLYSAN, St. Petersburg) 20 ml twice a day in 10% 
glucose solution, intravenously administered with 
10-hours interval between injections. Group 2 
(n=24) included patients whose standard treatment 
regimen did not contain cytoflavin or other antihy-
poxic agents. The median ages of the group 1 and 
group 2 patients were similar (29.5 [26; 35] years 
and 31.5 [26; 37] years, respectively). 

The patients were studied days 1, 3, 5, and 7 
after delirium diagnosis, all investigations were 
made in the morning time. The instrumental meth-
ods included GHBA measurement in biological flu-
ids using gas chromatography on GCMS-QP2010 SE 
mass spectrometric detector (Shimadzu, Japan); 
systemic hemodynamic parameters assessment 
using stroke and cardiac indices (SI and CI), reserve 
ratio (RR) based on stroke volume of blood, sys-
temic arterial tone (SAT) index, respiratory effort 
index (REI), severity index based on cell membrane 
permeability (SICMP) measured by integral thoracic 
rheography method by Tishchenko (1973) and 
Sramek (1994); electrical equivalents of the total 
(TFV), extracellular (EFV) and intracellular (IFV) 
fluid volumes by integral dual frequency impedance 
measurement method using the computerized 
hardware and software complex «Diamant-
v.11.06.2018» (Diamant CJSC, St. Petersburg, Rus-
sia). The severity index was calculated based on ref-
erence impedance values at the applied frequencies 
as a percentage ratio of impedance at 28 KHz/115 
KHz (with its values of 83.3% and less considered as 
high, and that of 88.3% and higher taken as low). 
The following types of circulation were identified 
based on RR: normodynamic (90 to 110%), hyper-
dynamic (>110%) and hypodynamic (<90%). 

Laboratory tests included arterial blood gas 
and acid-base evaluation using COBAS B221 ana-
lyzer (Roche, Germany), lactate concentration in 
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capillary blood using Accutrend Plus portable bio-
chemical analyzer (Roche Diagnostics, Germany). 

The level of consciousness was assessed by the 
Glasgow Coma Scale (Teasdale G. M., Jennett B. J., 
1974), the severity of delirium using the DRS-R-98 
psychometric scale (Trzepacz et al., 1988). The di-
agnosis of delirium was made in accordance with 
the ICD-10 (WHO, 1992).  

The study was approved by the local Ethical 
Committee of the institute (protocol No.1 from 
07.02.2020). 

Statistical analysis. Statistical analysis of the 
data was performed using Statistica for Windows 
(version 10) software. The data were presented as 
medians (Me) and 25–75 percentiles [Q25; Q75]. To 
study the parameter changes within groups we 
used the nonparametric Wilcoxon criterion, to 
make intergroup comparisons we used nonpara-
metric Mann–Whitney U-criterion. Differences be-
tween the studied parameters were considered sig-
nificant at P<0.05. Nonparametric correlation 
analysis (ρ-Spearman) was used to compare quan-
titative parameters. Qualitative variables were com-
pared using Pearson Chi-square test (χ²) with ad-
justment for continuity. Odds ratio (OR) with upper 
and lower 95% confidence intervals (95%CI) were 
calculated to assess the association between spe-
cific outcomes and risk factors. 

Results and Discussion 
The severity of patients with acute 1,4-BD poi-

soning on admission was caused by toxic 
encephalopathy with depressed consciousness down 
to coma I level (7.7±0.48 points on Glasgow scale).  

Delirium was diagnosed 8 [6,3; 9,8] hours after 
admission. 

Tables 1, 2, and 3 show intra- and intergroup 
comparisons of the main studied laboratory and 
instrumental parameters. 

On day 1, the severity of patients was due to 
metabolic lactate acidosis, hyperdynamic circula-
tion, increase in CI up to 4.5 in group 1 and to 4.3 l/ 
min�m² in group 2, SI up to 50.6 in group 1 and to 
49.8 ml/m² in group 2, SAT up to 82.9 and 82.6 units 
in groups 1 and 2, respectively, and REI up to 44.2 and 
43.5 units in groups 1 and 2, respectively (Table 1). 
Clinical manifestations of acute delirium included 
allopsychic disorientation, confusion, restlessness, 
and intense anxiety with «horror» expression on the 
face. Hallucinations during the advanced psychotic 
period were characterized by «frightening images» 
of a «scene-like, violent nature». Anthropomorphic 
«teasing» visual true hallucinations predominated, 
«beckoning» or «closely approaching» the patient. 
The patients made repeated attempts to «shout 
out» the imaginary «interlocutors», made defensive 
actions, trying to shield themselves with their arms, 
or «to drive them away». 

On days 1–3 changes in the fluid compart-
ments were recorded. Extracellular dehydration 
dominated in both groups on day 1 (decrease of 
EFV by 3.8 and by 3.7% in groups 1 and 2, respec-
tively), along with the loss of TFV up to 4.9 and 4.6% 
(Table 2), respectively, plasma low osmolarity, low 
blood electrolyte level, and relative intracellular 
hyperhydration. However, clinically, dry skin, espe-
cially in axillary and inguinal areas, dry tongue, 
tachycardia up to 115.6 [105.3; 119.9] per minute, 

Parameter                   Group                                                                                      Value in groups on various days 
                                                                                                    1                                               3                                                5                                               7 
SI, ml/m2                           I                                50.6 [43.1; 51.6]                53.7 [45.5; 57.5]                44.8 [33.7; 47.1]                40.7 [38.1; 49.2] 
                                                                                                                                      P=0.02*                       P=0.001*; P=0.02#             P=0.001*; P=0.03# 
                                            II                                49.8 [43.3; 54.1]                56.9 [46.2; 51.3]                50.3 [42.6; 51.1]                44.4 [40.8; 50.1] 
                                                                                                                                    P=0.001*                               p=0.03*                               P=0.001* 
CI, l/min(m²                  I                                    4.5 [2.9; 6.1]                       4.8 [2.5; 6.5]                        3.9 [2.4; 4.3]                       3.4 [3.2; 3.9]  
                                                                                                                                                                             P=0.02*; P=0.03#                       P=0.02* 
                                            II                                   4.3 [3.2; 5.6]                       4.5 [3.2; 5.4]                        4.2 [2.3; 5.1]                        3.6 [3.7; 4.1]  
                                                                                                                                                                                                                                    P=0.03* 
RR, %                                  I                             119.1 [101.1; 123.1]         124.1 [117.5; 134.1]           105.6 [97.9; 106.3]           109.2 [98.2; 104.4]  
                                                                                                                                      P=0.04*                       P=0.03*; P=0.001#                      P=0.03* 
                                            II                            116.7 [111.1; 121.1]         129.4 [108.1; 136.7]           112.3 [95.4; 116.6]           110.7 [104.5; 117.7]  
                                                                                                                                      P=0.04*                                                                                P=0.04* 
SAT, units                          I                                82.9 [76.2; 83.3]                80.7 [80.2; 80.8]                75.6 [74.1; 78.4]                77.7 [76.1; 75.3]  
                                                                                                                             P=0.04*; P=0.03#              P=0.01*; P=0.001#              P=0.02*; P=0.04# 
                                            II                                82.6 [74.2; 83.2]              83.4 [82.1.4; 84.6]               81.8 [76.1; 82.7]                79.5 [76.6; 80.4]  
                                                                                                                                      P=0.04*                                                                                P=0.02* 
REI, units                          I                                44.2 [27.5; 54.8]                54.5 [29.7; 51.1]                28.8 [21.4; 29.6]               24.3* [24.1; 25.9] 
                                                                                                                            P=0.001*; P=0.04#          P=1.4(10–4*; P=0.04#       P=1.2(10–4*; P=0.03# 
                                            II                                43.5 [24.6; 53.9]                56.7 [34.6; 64.6]                30.8 [24.6; 31.9]                30.6 [24.1; 31.5]  
                                                                                                                                    P=0.002*                           P=1.4(10–4*                        P=1.4(10–4* 

Table 1. Effect of treatment on systemic hemodynamics and respiratory function in patients with acute 1,4-BD 
poisoning complicated by delirium, Me [Q25; Q75].

Note. SI — stroke index; CI — cardiac index; RR — reserve ratio; SAT — systemic arterial tone; REI — respiratory effort index; 
P* — significant intragroup differences; P# — significant differences between groups 1 and 2. 
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tachypnoea 23 [21; 24] breaths per minute, 
depressed peristalsis were noted. Intestinal paresis 
and, consequently, delayed passage of intestinal 
contents due to increased sympathetic tone were 
associated with imbalance of water compartments 
and body dehydration [28]. 

At the peak of severity of metabolic lactate aci-
dosis and psychotic manifestations (day 3 of follow-
up) with low plasma osmotic pressure, relatively 
stable levels of blood electrolytes, there was an 
increase in EFV by 3.9 and 4.1% in groups 1 and 2, 
respectively, and a decrease of TFV by 2.7 and 3.1% 

in groups 1 and 2, respectively. Clinically, psy-
chomotor agitation and severe vegetative disorders 
such as pyrexia up to 37.2 [37.1; 37.4] °C, tachypnea 
up to 25 [23; 26] breaths per minute, hyperhidrosis, 
which caused both the general dehydration and 
redistribution of cellular fluid into the extracellular 
compartment, as confirmed by data from Gon-
charov VN et al. (2019) [29] were observed.  

After the cytoflavin administration, normal-
ization of cardiac and circulatory function along 
with reduced blood flow rate were seen, indicating 
a positive effect of the drug on the vascular tone, 

Parameter                            Group                                                                            Value in groups on various days 
                                                                                                    1                                                3                                                 5                                                7 
IFV, %                                         I                       +2.1 [+1.1; +2.7]                –3.3 [–2.3; –3.9]                 +1.1 [–0.7; +1.9]                +0.8 [+0.1; +2.2] 
                                                     II                       +2.7 [+1.7; +2.9]                –3.5 [–2.2; –4.1]                 –3.9 [–2.3; –4.5]                + 0.2 [–0.8; +2.6] 
EFV, %                                        I                        –3.8 [–0.8; –4.9]                +3.9 [+4.8; +3.2]                +1.5 [+1.5; +1.8]                +1.3 [+0.8; +1.7] 
                                                     II                       –3.7 [–1.1; –4.5]                +4.1 [+4.5; +3.8]                 +0.2 [–5.1; +3.4]                +1.1 [+1.3; +1.7] 
TFV, %                                        I                       – 4.9 [–2.2; –5.1]                –2.7 [–2.1; –3.9]                 +1.2 [+1.1; +2.1]                +2.6 [+1.3; +3.1] 
                                                     II                       –4.6 [–1.5; –4.8]                 –3.1 [–2.7; –4.4]                 –0.7 [–4.3; +1.1]                +0.5 [+0.3; +3.1] 
Blood osmolarity,                   I                    278.5 [272.5; 281.2]         279.5 [273.5; 284.7]          279.4 [272.5; 282.3]         286.7 [279.5; 289.2] 
mOsm/l                                                                                                                                                                                                                    P=0.02* 
                                                     II                   275.5 [272.5; 281.2]         276.3 [269.1; 283.2]          275.2 [274.5; 284.5]        281.2* [270.1; 281.3] 
                                                                                                                                                                                                                                   P=0.002* 
Сl, mmol/l                                 I                      98.1 [95.1; 100.5]               94.3 [94.7; 97.7]                 98.9 [95.1; 99.1]                98.4 [95.7; 99.1] 
                                                                                                                                      P=0.04* 
                                                     II                       96.6 [94.1; 99.4]                95.3 [94.9; 96.6]                 97.2 [95.6; 97.4]                98.1 [96.4; 99.7] 
                                                                                                                                      P=0.04*                                P=0.03*                                P=0.03* 
К, mmol/l                                  I                           3.5 [3.2; 3.9]                       3.5 [3.1; 4.0]                        4.7 [3.6; 4.9]                       4.6 [4.2; 4.7]  
                                                                                                                                                                                    P=0.001*                              P=0.001* 
                                                     II                          3.7 [3.1; 3.5]                       3.9 [3.5; 4.4]                       4.3 [3.9; 4.4]                      4.4* [3.5; 4.5]  
                                                                                                                                      P=0.04*                                P=0.03*                                P=0.02* 
Na, mmol/l                               I                    139.2 [137.1; 141.6]         139.2 [139.1; 142.3]          138.1 [136.1; 140.2]        140.4* [136.8; 142.1] 
                                                                                                                                                                                                                                    P=0.03* 
                                                     II                   138.4 [135.9; 140.2]         136.8 [134.4; 141.5]          135.8 [135.2; 137.8]        141.2* [130.1; 143.9] 
                                                                                                                                                                                                                                    P=0.03* 

Table 2. Effect of treatment on water and electrolyte balance in patients with acute 1,4-BD poisoning complicated 
by delirium, Мe [Q25; Q75].

Note. For tables 1–3: Group 1 — studied group administered with cytoflavin; Group 2 — patients not on cytoflavin; IFV — 
electrical equivalent of intracellular fluid volume (% of reference); EFV — electrical equivalent of extracellular fluid volume 
(% of reference); TFV — electrical equivalent of total fluid volume (% of reference); Сl — chloride; К — potassium; Na —
sodium; * — P = significant intragroup differences.

Parameter                            Group                                                                            Value in groups on various days 
                                                                                                 1                                          3                                              5                                                  7 
Lactate, mmol/l                      I                         3.9 [3.4; 4.1]                  2.8 [3.4; 3.9]                      2.1 [1.9; 2.3]                        0.74 [1.1; 0.9] 
                                                                                                                    P=0.04*; P=0.002#       P=0.001*; P=1.1(10–4#   P=1.3*(10–4*; P=1.1(10–4# 
                                                     II                        3.8 [3.1; 4.2]                  4.3 [3.7; 4.9]                       4.23[7; 4.6]                           2.7 [1.8; 2.9] 
                                                                                                                              P=0.02*                              P=0.02*                                 P=0.001* 
pH, units                                    I                       7.27 [7.2; 7.3]               7.37 [7.2; 7.4]                   7.41 [7.3; 7.4]                       7.41 [7.4; 7.4] 
                                                                                                                              P=0.04*                              P=0.03*                                  P=0.03* 
                                                     II                       7.29 [7.2; 7.3]               7.29 [7.2; 7.3]                   7.37 [7.2; 7.4]                        7.4 [7.3; 7.4] 
                                                                                                                              P=0.02#                             P=0.001*                                P=0.001* 
DRS-R-98, points                    I                     22.5 [22.1; 24.1]           23.3 [22.1–24.2]               17.3 [14.1–19.4]                  12.1 [10.5–13.3] 
                                                                                                                     P=0.04*; P=0.02#            P=0.001*; P=0.01#          P=1.1(10–4*; P=0.001# 
                                                     II                    23.7 [18.6–23.9]           24.9 [19.1–24.1]               20.1 [19.1–21.1]                  18.8 [16.4–19.7] 
                                                                                                                              P=0.04*                              P=0.02*                                 P=0.001* 
Severity index, %                    I                     81.7 [79.8; 82.5]           82.3 [78.1; 82.6]               88.9 [86.3; 89.9]                   89.6 [86.8; 89.6] 
                                                                                                                                                                          P=0.001*                                P=0.001* 
                                                     II                    81.4 [78.9; 82.6]           79.8 [77.7; 80.1]               82.2 [81.7; 83.9]                   87.7 [86.9; 91.3] 
                                                                                                                    P=0.001*; P=0.04#                   P=0.001#                       P=0.001*; P=0.04#

Table 3. Effect of treatment on laboratory parameters, delirium severity and cellular membrane permeability in 
patients with acute 1,4-BD poisoning complicated by delirium, Мe [Q25; Q75].

Note. DRS-R-98 — delirium severity score; * — P significant intragroup differences; # — P significant intergroup differences. 
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including through sedation-mediated mechanism, 
as described by Deryugina A.V. and Gracheva E.A. 
(2020) [30]. We found a direct correlation of CI and 
SI with changes in delirium severity (R for CI = 0.32, 
P = 0.03; R for SI = 0.24, P = 0.04). Group 2 did not 
show similar results; a significant decrease in CI 
and SI was only diagnosed by day 7 of treatment.  

The respiratory effort index in group 1 
changed linearly with the severity of lactate acido-
sis (R = 0.41, P = 0.02). The blood lactate in this 
group dropped by 28.2%, 46.1%, and 81% on days 
3, 5, and 7 of treatment, respectively. In the control 
group, elevated blood lactate persisted until day 7 
(Table 3). Clinically, the patients in the main group 
showed reduced psychotic symptoms, a statistically 
significant decrease in the DRS-R-98 score by 23.1% 
on day 5 and by 46.2% on day 7 vs day 1. In group 
2, the severity of delirium was significantly more 
intense by days 5 and 7. 

Notably, as psychotic manifestations and lac-
tate acidosis decreased with cytoflavin use, the bal-
ance restoration in fluid compartments with equal 
replenishment of both IFV and EFV was observed. 
On day 5 an increase in TFV up to 1.2%, on day 7 — 
up to 2.6% was recorded. In group 2 no similar 
changes were noted on day 5. Together with hyper-
lactatemia, we observed TFV depletion and extra-
cellular dehydration down to 4.3% and 5.1% in 25% 
of cases, intracellular dehydration down to 4.5% in 
75% of cases. 

Statistical analysis failed to establish statisti-
cally significant intergroup differences among 
group I and II patients in plasma osmotic pressure 
and blood electrolyte content on the 5th and 7th days 
of observation. 

The study of severity index, reflecting the per-
meability of cell membranes, based on reference 
and measured values of impedance, revealed inter-
group differences. 

Starting from day 5 of treatment, in group 1 
there was an increase in median severity index val-
ues by 8.8%, and by 9.6% on day 7, indicating 

restoration of cellular membrane permeability. 
There was a high permeability in group 2 patients 
(χ²=5.8, P=0.008), inverse relationship between 
severity index and hyperlactatemia (R=-0.39, 
P=0.02). In the control group, cellular membrane 
permeability recovered only on day 7 of therapy. 
The results obtained are consistent with the 
research data indicating cell membrane changes 
and intracellular molecular disturbances under 
hypoxia [31]. 

The mean hospital stay of patients with delir-
ium in the main group was 7.5 [6; 8] days, in the 
control group 14 [11; 15] days (z=-5.9; P=0.00011). 

During the study delirium was complicated by 
nosocomial pneumonia in group 1 in 7.4% (2), in 
group 2 in 28.5% (9) cases (χ²=4.6, P=0.03). Thus, in 
patients with delirium not receiving cytoflavin the 
risk of complications such as nosocomial pneumo-
nia was 83.6% higher than in those on cytoflavin 
(OR for group 1=0.07 [95%CI, 0.02–0.29], P=0.04; OR 
for group 2=0.47 [95%CI, 0.26–0.85], P=0.04). 

Conclusion 
The peak of delirium severity in patients with 

1,4-BD poisoning occurred on days 1–3 and was 
characterized by predominantly complex mani-
festations. Prolonged delirium was associated 
with metabolic lactate acidosis, systemic hemody-
namic and respiratory function disorders. Meta-
bolic disorders in delirium were accompanied by 
hyperdynamic circulation, increased cardiac out-
put, respiratory effort and cellular membrane per-
meability, changes in fluid compartments 
(depending on intensity of psychotic manifesta-
tions and hyperlactatemia). 

Importantly, the use of an antihypoxic succi-
nate-containing agent (cytoflavin) 40 ml daily 
reduced the severity of delirium and the risk of 
complications by preventing tissue hypoxia and 
stabilizing systemic hemodynamic parameters, res-
piratory function, and cell membrane permeability. 
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Summary 

The study of the mechanisms of development and progression of fibrosis is one of the key directions 
of modern cardiology. Our work suggests that the urokinase‐type plasminogen activator receptor (uPAR) 
is involved in the regulation of mesothelial cell activity and epicardial fibrosis development, which, when 
interacting with specific ligands and intermediate proteins, can activate intracellular signaling, trigger 
the cascade of proteolytic reactions, including local plasmin formation and activation of matrix metallo-
proteinases, providing matrix remodeling. 

Objective: to perform a comparative study of fibrogenic activity of the epicardium in the hearts of uPAR-/- 
and wild-type animals and evaluate the effect of cardiac microenvironment factors on the migration activity of 
epicardial mesothelial cells. 

Material and methods. We used histological and immunofluorescent staining, microarray analysis of 
proinflammatory cytokine levels, and a method for assessing the migratory properties of epicardial cells. 

Results. Results. We found that compared to wild-type animals, uPAR-/- animals show significant thick-
ening of the epicardial area (2.46+0.77 (uPAR-/- mice) and 1.02+0.17 (Wt mice) relative units, P=0.033) accom-
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panied by accumulation of extracellular matrix proteins. Deficiency of uPAR gene leads to formation of proin-
flammatory microenvironment in the heart (increased levels of proinflammatory factors such as IL-1, IL-13, 
IL-17, RANTES and MIP1), increased migratory activity of epicardial mesothelial cells, accumulation of TCF21+ 
fibroblast/myofibroblast precursors (29.8+13.7 (uPAR-/- mouse) and 3.03+0.8 (Wt mouse) cells per visual field, 
P=0.02), as well as development of subepicardial fibrosis.  

Conclusion. These findings suggest that uPAR is a promising candidate for the developing targeted agents 
to prevent the development and progression of cardiac fibrosis. 

Highlight 

Deficiency of urokinase-type plasminogen activator receptor contributes to the formation of proinflam-
matory microenvironment and fibrogenic remodeling of epicardial area. 

  
Keywords: fibrosis; epicardial mesothelium; urokinase receptor 
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Introduction 
Extracellular matrix (ECM) proteins are an 

important regulators of the structural organization 
of human heart, coordinating the efficient electro-
mechanical coupling of myocardial cells, as well as 
forming a unique microenvironment to maintain 
the fundamental characteristics of cells and per-
form their reparative functions [1]. In a healthy 
heart, the balance of ECM components is main-
tained through their enzymatic degradation and de 
novo synthesis, which ensures the normal microen-
vironment homeostasis. However, when patholog-
ical conditions develop, this balance is disturbed, 
leading to excessive matrix deposition, known as 
cardiac fibrosis, which has a significant impact on 
cardiac function by increasing myocardial stiffness 
and impairing electrical conduction. Fibrosis of 
various organs is estimated to be directly or indi-
rectly responsible for almost 45% of deaths in 
developed countries, which is highly important 
from a social point of view and carries an enormous 
economic burden on society [2, 3]. To date, there 
are no effective ways to reverse the pathological 
reorganization of the cellular microenvironment 
and influence the activity of fibroplastic processes 
in the heart, which inevitably leads to the develop-
ment of severe heart failure and death. Therefore, 
the search for new biological targets and the study 
of the mechanisms of cardiac fibrosis development 
remains relevant. In this respect, attention has 
turned to the epicardium, the outer membrane-like 
layer of the heart, formed by a heterogeneous pop-
ulation of epicardial mesothelial cells and extracel-
lular matrix proteins. Studies of transgenic mouse 
lines using Cre-lox homologous recombination tar-
geting Wilms tumor genes 1 (Wt1) and Tcf21 
revealed a population of progenitor cells in the epi-
cardium that undergo epithelial-mesenchymal 
transition (EMT) during embryonic development 
and differentiate into a resident fibroblast line 
[4–8]. In the adult heart, when ischemia or pressure 

overload develop, the epicardial microenvironment 
remodeling occurs, leading to re-expression of fetal 
epicardial genes and fibroblast-like cell transfor-
mation [9–11]. 

This study suggested that urokinase‐type plas-
minogen activator receptor (uPAR) may act as a 
regulator of epicardial microenvironment remod-
eling [12, 13]. It is an integral part of the urokinase 
system, which also includes urokinase (uPA) and 
two inhibitors (PAI-1 and PAI-2). uPAR is anchored 
in the cell membrane via the GPI anchor, which 
ensures its mobility in the membrane bilayer and 
allows it to focus the proteolytic activity of urokinase 
locally in the direction of cell movement. The cas-
cade of proteolytic reactions triggered by urokinase, 
including local formation of plasmin and activation 
of matrix metalloproteinases, provides matrix 
remodeling. However, in addition to the activation 
of extracellular proteolysis, most cellular responses 
modulated by the urokinase system are enabled by 
transmembrane signaling, which is mediated by the 
interaction of components of this system with inter-
mediary proteins, such as integrins. 

Aim of the study: a comparative study of epi-
cardial fibrogenic activity in the heart of uPAR-/- 
and wild-type animals and investigation of the 
influence of cardiac microenvironmental factors on 
the migratory activity of epicardial mesothelial 
cells. 

Material and Methods 
Animals. Male C57BL/129 mice (wild-type; 

n=20) and C57BL/129 uPAR gene knockout mice 
(uPAR-/- mice; n=20) donated by the Faculty of 
Fundamental Medicine, Lomonosov Moscow State 
University, were used in the study. The experiments 
were approved by the ethical committee of Na-
tional Medical Research Center for Cardiology. 

Detection of collagen fibers in the epicardial 
area. Visualization of collagen in the epicardial 
zone was done by staining the cryosections with pi-
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crosirius red, according to the technique described 
in the literature [14]. 

Detection of TCF21+ fibroblast progenitor 
cells in the epicardial area. TCF21 cells were ana-
lyzed by immunohistochemical staining using a 
commercial ABC Elite Kit (Vector Lab, USA). 
Cryosections were thawed at room temperature (30 
min), washed in phosphate-salt buffer (5 min), and 
fixed in 3.7% parapharmaldehyde solution (10 
min). After fixation, the sections were washed with 
phosphate-buffered saline (PBS) (3 times for 5 min-
utes), permeabilized with 0.1% Triton X100 solution 
(5 minutes), endogenous peroxidase was blocked 
using the 3% H2O2 solution followed by washing 
with PBS. Next, the sections were blocked with a so-
lution containing 1% bovine serum albumin (BSA) 
and 10% of the second antibody donor serum in 
PBS (30 min). After that, cryosections were stained 
with antibodies to TCF 21 marker (Biolegend, USA) 
for 1 hour. Afterwards, the slides were washed with 
PBS (3 times for 5 min each) and secondary biotiny-
lated antibodies were applied to the sections for 30 
min. Next, the slides were washed with PBS and 
treated with ABC kit for 30 minutes. The slides were 
then washed with PBS and stained with the sub-
strate included in the DAB substrate kit. After stain-
ing, the slides were washed with distilled water, de-
hydrated, and mounted using xylene-based 
medium. 

Obtaining epicardial mesothelial cell cul-
ture. The cells were isolated according to the pro-
tocol described earlier [15]. 

Assembly of spheroids based on epicardial 
mesothelial cells. To assemble epicardial sphe-
roids, V-shaped cups with low-adhesion Gravity-
TRAPTM ULA Plate were used. To obtain spheroids, 
a cell suspension (5000 cells in 70 µl of culture 
medium) was plated into wells, precipitated by cen-
trifugation (200g, 2 min), and cultured for 72 hours 
(in IMDM medium supplemented with 1% fetal calf 
serum) under standard incubator conditions (37ᵒC, 
5% CO2). 

Evaluation of migratory properties of epicar-
dial spheroid cells exposed to conditioned 
medium Wt uPAR-/- cardiac explants. Formed 
spheroids were placed in 48-well culture dishes 
with conditioned medium from Wt and uPAR-\-
cardiac explants (⅟₂ of conditioned medium and 
⅟₂ of IMDM medium without serum or other ad-
ditives). Spheroids were cultured for 3 days with 
image recording every 24 hours. The migration 
area and migration pathway length were estimated 
using Image J software (NIH, USA) 

Microarray analysis of proinflammatory fac-
tors secretion by Wt and uPAR-\- cardiac explants 
cells. Hearts were extracted from the thoracic cav-
ity, large vessels were dissected out, and thoroughly 
washed in PBS. Next, the hearts were placed in ster-
ile Petri dishes and crushed with scissors to obtain 

1–2 mm slices. The obtained crushed heart samples 
were weighed and equalized by weight. Next, the 
crushed samples (explants) were planted in culture 
cups (uncoated) in IMDM medium (Gibco, USA) 
without additives and incubated at 37°C in a 5% 
CO2 atmosphere. After 48 h, the explants were re-
moved and the conditioned medium was cen-
trifuged in 2 steps (1000g, 20 min). The resulting su-
pernatant was aliquoted and stored at –70°C until 
proinflammatory cytokine studies and in vitro ex-
periments were performed. The levels of inflamma-
tory cytokines in conditioned media of cardiac ex-
plants of uPAR-/- mice and wild-type animals were 
studied using Mouse Inflammation Antibody Array 
(Abcam, USA) strictly according to the kit manufac-
turer's recommendations. 

Statistical analysis. The normality of distribu-
tion of variables was assessed using the Kol-
mogorov–Smirnov test. Differences between the 
groups were assessed using Mann–Whitney U-test 
considering significance at P<0.05. Statistical analy-
sis of the data was performed using Statistica 8.0 
software (StatSoft, Inc.). The data were presented as 
mean±standard deviation (M±SD). 

Results 
In the hearts of 1-year-old animals knockout 

for the uPAR gene (uPAR-/- mice), collagen fiber 
accumulation was observed, which was combined 
with 2.4x thickening of the epicardial region 
(2.46±0.77 (uPAR-/- mice) and 1.02±0.17 (Wt mice) 
relative units, P=0.033), which was not found in 
wild-type animals (Fig. 1, a, b, c). Considering the 
identified changes, we assessed the number of 
fibroblast precursor cells in this area of the cardiac 
wall. The transcription factor Tcf21 was used to 
identify fibroblast precursors. This marker occurs 
in epicardial mesothelial and proepicardial cell 
populations and is involved in the regulation of dif-
ferentiation toward fibroblast-like derivatives [7, 8]. 
We found that the number of TCF21+ cells was 9-
fold higher (Fig. 1, c, d, e) in the epicardium/subepi-
cardium of uPAR-/- mice compared with wild-type 
mice (29.8±13.7 and 3.03±0.8 cells per visual field, 
respectively; P=0.02). 

To identify the factors that can initiate epicar-
dial remodeling, we studied the levels of proinflam-
matory cytokines in conditioned cardiac explant 
media samples (Fig. 2, a), whose elevated levels are 
associated with the development of fibrosis. 
Increased levels of proinflammatory factors (IL-1, 
IL-13, IL-17, RANTES, and MIP1) were observed in 
uPAR-/- mice compared with control explant 
media (from wild-type mouse hearts). 

Since thickening of the epicardial layer of the 
heart is associated with the loss of intercellular con-
tacts and redistribution of mesothelial cells, we 
analyzed the influence of proinflammatory 
microenvironment factors on cell migration prop-



erties. To study cell motility we used a 3D model of 
the epicardial microenvironment built according to 
the spheroid type that provided spatial interaction 
of cells and formation of cadherin intercellular con-
tacts. Cell distribution area (day 3: 1069900±226137 
(Wt explant medium) and 3329643±312000 (uPAR-/- 
explant medium; P=0.04) relative units) and maxi-
mum migration path length (day 3: 526±86 (Wt 
explants medium) and 987±57 (uPAR-/- explants 
medium) relative units; P=0.01) of the epicardial 
cells were significantly higher with conditioned 
media from uPAR-/- cardiac explants, compared 
with control media (Fig. 2, b–d). 

Discussion 
The studies showed that the absence of uPAR 

gene is associated with the formation of proinflam-
matory microenvironment in the heart, the accumu-
lation of TCF21+ myofibroblast precursors, and the 
development of subepicardial fibrosis. Therefore, we 
hypothesize that uPAR is required to maintain the 
integrity of the cardiac epicardial layer and regulate 
the profibrogenic activity of mesothelial cells. uPAR 
is widely present in epithelium-like cells of different 
types; it is involved in tissue remodeling processes 
and participates in the regulation of the most impor-
tant biological processes, including epithelial-mes-
enchymal transition, angiogenesis, fibrinolysis, 
inflammation, tumor invasion and metastasis [12, 13, 
16]. In the absence of uPAR, urokinase system func-
tion is impaired, which is probably one of the reasons 
for the rearrangement of the epicardial/subepicardial 
microenvironment. Indeed, increased levels of 

proinflammatory factors were observed in the hearts 
of uPAR-/- mice, which may act as independent reg-
ulators of cellular function and underlie the devel-
opment of fibrosis. A study by Genua [17] showed 
that uPAR deficiency causes polarization of 
macrophages in the M1 direction and promotes 
increased secretion of proinflammatory cytokines, 
which may act as the basis for the formation of a 
proinflammatory microenvironment. In the intact 
heart, the mesothelium has a polygonal epithelial-
like morphology, but under the influence of inflam-
matory factors it may undergo transdifferentiation 
in the mesenchymal direction and acquires promi-
gratory, proinvasive, and fibroblast-like characteris-
tics. The transition from mesothelial to mesenchy-
mal (fibroblast-like) phenotype in uPAR-/- animals 
may be based on the complex effect of inflammatory 
factors and altered activity of Ras-ERK1,2 MAPK, 
Rac1 and PI3K-AKT intracellular signaling pathways 
(due to impaired mutual influence of uPAR integrins 
or other intermediaries) [18, 19], which lead to dis-
ruption of intercellular contacts, cell polarity loss 
and cytoskeleton reorganization. Probably, the trig-
gering of this irreversible reaction underlies the for-
mation of fibroblasts/myofibroflasts hyperproduc-
ing extracellular matrix proteins, which are formed 
under the control of uPAR. The absence of the recep-
tor leads to the inhibition of uPAR-dependent regu-
lation of integrin functions and increased cell adhe-
sion stimulating the transition of fibroblasts to 
myofibroblasts due to the formation of adhesion 
contacts and enhanced assembly/stabilization of 
smooth muscle alpha-actin fibers [20–22]. An addi-
tional unfavorable factor inducing the epicardial 
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Fig. 1. Urokinase receptor deficiency is associated with epicardial thickening and increased number of TCF+ fibroblast progen-
itor cells.  
Note. Representative staining of heart sections of wild-type (a) and uPAR-/- (b) mice with picrosirius red. c — quantification of epi-
cardial zone thickness in wild-type and uPAR-/- mice. Representative staining of heart sections from wild-type (d) and uPAR-/- (e) 
mice with antibodies to the fibroblast progenitor cell marker, TCF21. f — quantification of TCF21+ fibroblast progenitor cells in the 
heart of wild-type and uPAR-/- mice. Data are presented as mean±standard deviation (M±SD). * — P<0.05. 
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microenvironment rearrangement can be accumu-
lation of free (not related to uPAR) urokinase in the 
heart, which, through interaction with nucleolin, 
can be transported to nucleus to activate expression 

of EMT-associated and profibrotic genes [23, 24]. 
Another mechanism is possible that relates to the 
interaction of urokinase with alternative recep-
tors, such as N-cholinoreceptors regulating fibrob-

Fig. 2. Conditioned medium of uPAR-/- of cardiac explants is characterized by a high level of proinflammatory factors and has 
a stimulating effect on the migration properties of epicardial cells.  
Note. a — quantification of proinflammatory factors in the medium of cardiac explants of wild-type and uPAR-/- mice; b, c — rep-
resentative images of epicardial cell migration from spheroids under the influence of conditioned medium of cardiac explants of 
wild-type (b) and uPAR-/- mice (c); d, e — morphometric evaluation of cell distribution area and maximum migration pathway 
length when epicardial spheroids were cultured in conditioned medium of cardiac explants of wild-type and uPAR-/- mice. The 
data are presented as mean±standard deviation (M±SD). * — P<0.05. 



last function [25] and fibrosis development/progres-
sion. The results obtained when studying uPAR-/- 
animals with signs of inflammatory microenviron-
ment formation combined with cardiac fibrosis have 
common features with the clinical manifestations 
observed in patients with systemic scleroderma, a 
condition characterized by a loss of uPAR function 
due to its proteolytic cleavage by MMP12 [26]. Such 
patients have elevated levels of IL-1, IL-17, MCP-
1/CCL2, MIP-1α/CCL3, MIP-1β/CCL4 and IL-
8/CXCL8, accompanied by increased EMT activity, 
excessive fibroblast formation and fibrotic transfor-
mation of various tissues, including the heart [27, 28]. 

Conclusion 
Thus, uPAR can be considered as a multilevel 

regulator of epicardial microenvironment. Defi-
ciency of this gene leads to the formation of proin-
flammatory microenvironment in the heart, 
increased migratory activity of epicardial mesothe-
lial cells, accumulation of TCF21+ fibroblast/myofi-
broblast precursors and development of subepicar-
dial fibrosis. These data allow us to consider uPAR 
a promising candidate for the developing targeted 
agents to prevent the emergence and progression 
of cardiac fibrosis.
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Erratum

ERRATUM 

Obshchaya Reanimatologiya = General Reanimatology. 2021; 17 (5): 3 and 4–8 
 
Erratum report was submitted by a reader. The reader pointed out a misprint in the title 

[In Engl.] on p. 3 and 4. 
 
Correction to the article: «The 85th Anniversary of the V. A. Negovsky Research Institute 

of General Rehabilitology, Federal Research and Clinical Center of Intensive Care Medicine 
and Rehabilitology (Editorial)» 

 
Victor V. Moroz, Artem N. Kuzovlev, Elena V. Luginina, Andrey V. Grechko 
 
 DOI: 10.15360/1813-9779-2021-5-4-8. 
 
«... General Rehabilitology ...» should be replaced with «... General Reanimatology ...» 
 
The correct option [In Engl.] is: «The 85th Anniversary of the V. A. Negovsky Research Insti-

tute of General Reanimatology, Federal Research and Clinical Center of Intensive Care Medi-
cine and Rehabilitology (Editorial)»






