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Summary 
The majority of asphyxial circulatory arrest (CA) models have a number of disadvantages, such as the lack 

of uniform criteria for fixing CA and recovery of spontaneous circulation, short duration of CA episode and 
limited volume of post-resuscitation intensive care, poor similarity with resuscitation measures in current 
clinical anesthesiology/intensive care settings.  

The aim of the study: to improve the experimental model of asphyxial CA by standardizing experimental 
procedures and using a complex of resuscitation measures replicating current CA management in clinical 
anesthesiology-intensive care.  

Materials and methods. The experiments were conducted on 34 male Wistar rats, distributed into 2 groups: 
Group I included animals subjected to sham procedure (SP, N=12) and Group II — animals subjected to asphyx-
ial circulatory arrest (CA, N=22) and subsequent resuscitation. Asphyxia in anesthetized rats was induced by 
rocuronium bromide injection, followed by recording of electrocardiogram (ECG), parameters of invasive blood 
pressure (BP) measurement and laser Doppler flowmetry (LDF) to assess skin perfusion. CA episode was main-
tained for 2 min, followed by a series of resuscitation measures and intensive therapy for 2 h. Circulatory pa-
rameters (ECG, BP, LDF), gas composition and arterial blood acid-base state (ABS) dynamics were evaluated.  

Results. Monitored parameters were comparable in both groups at baseline after stabilization period. After 
exclusion criteria were applied 11 animals from SP group and 18 — from CA were included in the analysis. 
Tachycardia (heart rate, beats/min–1, SP vs CA) was documented in the CA group: 218 [205; 236] vs 286 [272; 
305], P⩽0.0001), as well as recovery of skin perfusion to subnormal parameters in the first minutes after suc-
cessful resuscitation. At minute 10 in the post-resuscitation period worsening of skin perfusion (M, perfusion 
units, SP vs CA): 14.7 [12.1; 16.5] vs 10.1 [7.0; 12.5], P=0.0014), and decompensated mixed acidosis (pH, SP vs 
CA): 7.42 [7.40; 7.43] vs 7.20 [7.13; 7.23], P⩽0.0001) were documented in the CA group, however BP values were 
comparable (BP, mmHg, SP vs CA): 60 [58; 72] vs 67 [62; 82], P=0.482). At minute 120 post-resuscitation and at 
the end of intensive care period, both groups demonstrated similar values of the monitored parameters. Three 
out of 18 animals in the CA group died after resuscitation.  

Conclusion. Electromechanical dissociation underlies CA in rats subjected to asphyxia. The use of LDF 
to assess peripheral blood flow makes it possible to standardize the severity of ischemic reperfusion injuries 
and improve reproducibility of the model. Series of resuscitation measures in experimental setting is justified 
from a bioethical point of view, and makes it possible to improve repeatability of preclinical research results 
in clinical practice. 
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Introduction 

Cardiac arrest (CA) is a critical condition in 
which there is no effective circulation. It is generally 
divided into out-of-hospital and in-hospital cardiac 
arrest. According to the European Resuscitation 
Council, the incidence of out-of-hospital CA in Eu-

rope is 67–170 cases per 100,000 population per 
year, and the survival rate of these cases (at hospital 
discharge) is approximately 8% [1]. The proportion 
of out-of-hospital CA in the total number of cardiac 
arrests is between 45% and 55% [2]. In-hospital 
cardiac arrest can occur in any hospitalized patient. 



56 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 4 ,  2 0 ;  2

Experimental  Studies

According to L. W. Andersen et al, the number of 
cases of in-hospital CA in the USA reaches 290,000 
per year. The most common causes of CA are cardiac 
(50–60%), while the incidence of CA due to respiratory 
failure varies from 15% to 40% [3].  

Currently, despite the development of new 
medical technologies, improvements in resuscitation 
protocols, and supportive therapy in the post-re-
suscitation period, the disability and mortality from 
sudden cardiac arrest remain dismal [4] and have 
not changed much over the past decade (10.4%) [5]. 
Thus, according to Patel et al, the outcome of in-
hospital CA is highly variable depending on the 
medical care provided, with in-hospital survival of 
CA ranging from 45% to 85% and one-year survival 
varying from 5% to 35% [6].  

Based on etiology, CA is classified as primary, 
which is due to cardiac causes, and secondary, 
which develops because of extracardiac factors [7]. 
In most cases, primary CA is caused by ventricular 
fibrillation (VF) or pulseless ventricular tachycar-
dia (VT), for which electrical cardiac defibrillation 
is effective [8]. 

Secondary CA is most commonly caused by 
progressive respiratory and circulatory hypoxia, se-
vere metabolic derangements (acidosis, hypo- and 
hyperkalemia), hypothermia, tension pneumothorax, 
cardiac tamponade, and intoxication, all of which 
are considered «irreversible» and require emergency 
treatment [9]. Asphyxial CA develops due to impaired 
gas exchange resulting in severe hypoxemia, hy-
percapnia, and tissue hypoxia. Respiratory acidosis 
and hypoxia damage the sinoatrial node and cardiac 
conduction system, resulting in bradyarrhythmias. 
If asphyxia persists and gas exchange is impaired, 
bradycardia progresses to electromechanical dis-
sociation (EMD) or asystole [10, 11].  

Experimental models of asphyxial CA in labo-
ratory animals more closely resemble the mecha-
nisms of CA in pediatric practice and in patients 
with acute respiratory failure of various etiologies [12]. 
Katz et al. developed one of the first such models in 
1995 [13]. Disconnection of a halothane anesthetized 
experimental animal from the ventilator under neu-
romuscular blockade induced asphyxial CA. CA was 
diagnosed when the blood pressure dropped below 
10 mmHg. Resuscitation procedures reflected current 
clinical approaches at the time. This model was 
later updated with different anesthetics, durations 
of asphyxia, and changes in the range of resuscitation 
procedures [14, 15].  

There are several common drawbacks to the 
experimental models of asphyxial CA described 
here. The lack of a standardized approach to anes-
thetic selection may have an indirect effect on 
macro- and microhemodynamic parameters, leading 
to biased data [16]. The duration of CA varies de-
pending on the individual characteristics of the ex-

perimental animal and this has a direct effect on 
the success of resuscitation. For example, if CA lasts 
7 minutes, the chance of restoring spontaneous 
circulation is less than 50% [17]. Other drawbacks 
include the lack of uniform and clear criteria for 
recording arrest and return of spontaneous circu-
lation, the short duration (30–120 minutes) and 
limited volume of intensive care after resuscitation, 
and the low consistency with actual resuscitation 
practice in current clinical anesthesiology and 
intensive care.  

The aim of this study was to improve the ex-
perimental model of asphyxial CA by standardizing 
the experimental procedures and applying a set of 
resuscitation measures similar to those used in pa-
tients with CA in current clinical anesthesiology 
and intensive care.  

Materials and Methods 
A prospective randomized controlled experi-

mental study (in vivo) was conducted at the V. A. Ne-
govsky Research Institute of General Reanimatology, 
Federal Research and Clinical Center of Intensive 
Care Medicine and Rehabilitology (FRCCICMR), 
Moscow, Russia, on 34 adult male Wistar rats weigh-
ing 250–350 g. The animals were divided into two 
groups: group 1, sham-operated animals (SO group, 
N=12); and group 2, animals with asphyxial CA and 
subsequent resuscitation (CA group, N=22). Animals 
were deprived of food but had free access to water 
for 12 h prior to the experiment.  

The study was conducted in accordance with 
accepted national and international bioethical 
standards (Directive 2010/63/EU). The study pro-
tocol was approved by the Local Ethics Committee 
of the FRCCICMR (Protocol No. 4/21/7, dated Sep-
tember 29, 2021).  

The following exclusion criteria were used: se-
rious complications or death during the experiment 
before induction of cardiac arrest (side effects of 
anesthesia, complications of the surgical manipu-
lations performed) and achievement of a humane 
endpoint of the study (severe trauma, pain and 
suffering of the animal that cannot be alleviated by 
the available means). 

Anesthesia and surgical manipulations. All 
animals included in the experiment were anes-
thetized with a combination of tiletamine/zolazepam 
(«Zoletil 100», Virbac) 20 mg/kg + xylazine («Xylanit», 
LLC «NITA-FARM», Russia) 5 mg/kg intraperitoneally 
with additional administration of Zoletil 10 mg/kg 
at the first signs of animal arousal. 

The left carotid artery and the left internal 
jugular vein were catheterized with a PE-50 poly-
ethylene catheter (OD 0.95 mm, ID 0.58 mm, SciCat, 
Russia) for the purpose of invasive blood 
pressure (BP) measurement and arterial blood sam-
pling, drug administration, and implementation of 
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the postresuscitation intensive care protocol, ac-
cording to the previously described method [18]. If 
necessary, the catheter was flushed with 0.1–0.2 ml 
of unfractionated heparin solution (20 U/mL) to 
maintain patency.  

Tracheal intubation and ventilation. To ensure 
adequate ventilation during preparation and resus-
citation, the trachea was intubated via direct laryn-
goscopy using a 16G venous catheter. After neuro-
muscular blockade by intravenous administration 
of rocuronium bromide 1.4 mg/kg body weight, 
ventilation was performed with the SAR-1000 (CWE 
Inc., USA) in CMV/VC mode. The tidal volume (Vt) 
was calculated according to the nomogram in the 
ventilator manual (approximately 0.7 ml per 100 g 
body weight), with an oxygen fraction (FiO₂) of 21%, 
a respiratory rate (f) of 60/min, and an inspiration/ex-
piration ratio (I:E) of 1:2. If spontaneous breathing 
persisted, a repeated dose of rocuronium bromide 
was administered.  

Preparatory measures. Rats were restrained 
in the supine position on a heated MouseMonitor S 
monitor platform (INDUS Instruments, USA) (Fig. 1). 
A rectal thermometer was used to measure and 
control central body temperature. The target central 
body temperature was 36.0–37.0°C. To prevent heat 
loss, the animal was covered with insulating material. 
The animals were allowed to stabilize for 15–20 
min before measurements were started. 

BP measurement. The arterial catheter was 
connected to a Deltran DPT-100 transducer (Utah 
Medical Products, USA) via a Y-piece and infusion 
line. The analog BP signal from the transducer and 
BP-100 device (CWE Inc., USA) was transmitted to 
a PowerLab16/35 device (ADInstruments, Australia) 
connected to a personal computer (PC). The digitized 
BP signal was recorded, stored in the PC's hard 
disk memory, and analyzed using LabChart Pro 8 
software. The mean arterial pressure (BPmean) for 
the measurement period (5 min) was calculated 
from the BP curve data. 

ECG registration. The analog ECG signal from 
the surface electrodes of the MouseMonitor S plat-
form (INDUS Instruments, USA) was transmitted 
to a PowerLab16/35 device (ADInstruments, Aus-
tralia) connected to a PC. The digitized ECG signal 
in three standard leads (I, II, III) was recorded, 
stored in the PC hard disk memory and analyzed 
using LabChart Pro 8 software. The average heart 
rate (HR) for the measurement period (5 min) was 
calculated from the ECG data.  

Arterial blood gas and acid-base balance (ABB). 
Arterial blood (0.2 ml) was withdrawn from the 
arterial catheter into an «insulin» syringe (1.0  ml) 
after prior aspiration of the residual flushing solution 
from the catheter. The syringe walls were pretreated 
with unfractionated heparin 5,000 U/mL (no more 
than 50 µL). Arterial blood gases and ABB (pH, 
pCO₂, pO₂, BE, HCO₃, SaO₂, and lactate levels) were 

analyzed using CG4+ reagent cartridges for the 
iSTAT 1 analyzer (Abbott Point of Care Inc., USA). 

Registration of skin perfusion by laser Doppler 
flowmetry (LDF). The right hind paw of the rat was 
wiped with a wet gauze cloth to clean the skin 
surface. The optical probe of the LAZMA MC-3 
device (LLC SPE «LAZMA», Russia) was placed per-
pendicular to the central part of the plantar surface 
of the animal's foot. To fix the probe tip to the skin 
surface, a strip of soft adhesive plaster was wrapped 
around the tip and the paw of the animal. LDF reg-
istration took 5 minutes. LDF software ver-
sion  3.2.0.475 (OOO NPP «LAZMA», Russia) was 
used to calculate the mean perfusion value (M) 
measured in conventional perfusion units (pfu). 

Model of asphyxial cardiac arrest and resus-
citation. After registration of baseline parameters 
(Fig. 2), we modeled CA according to a previously 
described method [19] with the author's modifica-
tions. The animal was reinjected with myorelaxant 
(rocuronium bromide 1.4 mg/kg) and the breathing 
circuit of the ventilator was disconnected (Fig. 3). 
ECG, BP, and LDF monitoring was continued to de-
termine the time of CA. When mean BP (BPmean) 
decreased to 20 mmHg in combination with marked 
bradycardia and skin perfusion decreased to the 

Fig. 1. Schematic of the asphyxial cardiac arrest modeling ex-
periment.  
Note. 1 — arterial catheter; 2 — venous catheter; 3 — intubation 
tube; 4 — MLV (mechanical lung ventilation) using ventilator 
for small laboratory animals; 5 — heated platform of the monitor 
of functional parameters of small laboratory animals; 6 — device 
for direct measurement of blood pressure; 7 — LDF (laser 
Doppler flowmetry) device; 8 — sample of arterial blood for as-
sessment of blood gases and acid-base status; 9 — graphic rep-
resentation of recorded physiological parameters (ECG, blood 
pressure, body temperature, LDF); 10 — syringe-doser for con-
tinuous intravenous infusion in the post-resuscitation period. 



level of LDF equal to «biological zero» (3–4 pfu), it 
was considered that there was no effective tissue 
perfusion, and the onset of cardiac arrest was record-
ed (Fig. 3). Resuscitation was initiated 2 minutes 
after CA (Fig. 3). Mechanical ventilation was resumed 
in CMV/VC mode with the following parameters: 
FiO₂=100%, f=80/min, I:E=1:2, and Vt according to 
the rat nomogram. Chest compressions were per-
formed in an anteroposterior direction in the supine 
position at a rate of 200/min, the depth of com-
pression was 1/3 of the anteroposterior size of the 
chest, followed by complete decompression of the 

chest. Adrenaline 0.005 mg/kg was then administered 
intravenously.  

After one minute of chest compressions, chest 
compressions were stopped and heart rate, mean 
blood pressure, and skin perfusion were assessed. 
If CA persisted, resuscitation was continued with 
cardiac rhythm assessment every minute. Repeated 
administration of 0.005 mg/kg epinephrine was 
performed every 5 minutes of resuscitation. ECG, 
BP, and LDF monitoring continued. If resuscitation 
was ineffective within 10 minutes, it was stopped. 
When spontaneous circulation was restored (increase 
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Fig. 2. Recorded blood pressure (BP), electrocardiogram (ECG), and laser Doppler flowmetry (LDF) signals in the anesthetized 
rat at baseline (before induction of asphyxia).

Fig. 3. Changes in ECG, BP and LDF parameters during induction of asphyxia, cardiac arrest and resuscitation.  
Note. a — induction of asphyxia; b — onset of cardiac arrest; c — onset of resuscitation; d — return of spontaneous circulation. In 
the above example, at the 2nd minute of asphyxia, a transient increase in blood pressure and skin perfusion was recorded in the 
anesthetized animal, preceded by a marked decrease (agonal period). 
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in BPmean above 50 mmHg, increase in skin perfusion 
above the «biological zero» of LDF (Fig. 3)), lung 
ventilation with oxygen was continued along with 
monitoring of BP, ECG, LDF, infusion of NaCl 0.9% 
solution 10 mL/kg/h.  

Blood gases and ABB were measured 5 minutes 
after resuscitation and the results were used to 
adjust the ventilatory parameters. In cases of severe 
metabolic acidosis (pH �7.2, BE �–10 mmol/L), in-
fusion of 4% NaHCO₃ 1 mmol/kg was performed. 
Two hours after resuscitation (after completion of 
measurements), a spontaneous breathing test was 
performed, the breathing circuit was disconnected 
from the endotracheal tube, and spontaneous 
breathing attempts were recorded for 2 minutes.  

Study time points. The parameters studied 
were recorded at baseline after the stabilization pe-
riod (time point 1), at 5–10 min (time point 2), and 
at 115–120 min (time point 3) after return of spon-
taneous circulation. Animals in the SO group un-
derwent the same measurements and procedures 
as those in the CA group, except for induction of 
asphyxia, CA, and resuscitation (chest compressions, 
administration of adrenaline, ventilation with FiO₂ 
of 100%).  

Data processing and statistical analysis. The 
parameters measured during the experiment were 
recorded in the experimental flow chart (body 
weight, body temperature, arterial blood ABS) and 
in the PC hard disk memory (ECG, BP, LDF) using 
the appropriate software. At the end of the experi-
ment, the primary data were analyzed and the stud-
ied parameters were calculated. The sample size 
was calculated in the StatMate 2.0 program (Graph-
Pad Software, USA) based on the previous series of 
experiments on rat skin microcirculation, taking 
into account the variability of skin perfusion indices 
(according to LDF data), the estimated mortality in 
the CA group of about 30%, and the power of the 
method of more than 0.9. The M value used in the 
sample calculation was 16.22 pfU, and the standard 
deviation was 2.22 pfU. The results were analyzed 
using the software packages Statistica 13.0 (StatSoft, 
USA) and Prism 8 (GraphPad Software, USA). Because 
most of the parameters studied had a non-normal 
distribution (based on the Shapiro–Wilk test), the 
Mann–Whitney U-test was used to assess the sig-
nificance of differences between groups, and the 
Friedman test was used to assess the change in the 
index within group (for pairwise comparisons, the 
Wilcoxon test with Bonferroni correction was used). 
Results are presented as median and interquartile 
range Me [25%; 75%]. Differences were considered 
significant when P�0.05. 

Results and Discussion 
According to the exclusion criteria, one animal 

was excluded from the SO group (N=12) and four 
from the CA group (N=22). Thus, 11 animals from 

the SO group and 18 from the CA group were used 
in the subsequent analysis. There were no deaths 
in the SO group, whereas in the CA group, 3 out of 
18 animals (16.7%) died after resuscitation.  

In the CA group, the time from induction of 
asphyxia to the moment when mean blood pressure 
fell below 20 mmHg in combination with marked 
bradycardia and reduction of skin perfusion to the 
level of LDF «biological zero» (3–4 pfU) was evaluated 
(CA documentation). The mean time from induction 
of asphyxia to CA documentation was 220 seconds 
[180; 255], and the total time from induction of as-
phyxia to return of spontaneous circulation was 
330 seconds [300; 375] in the CA group. After in-
duction of asphyxia, one third of the animals in the 
CA group showed a transient decrease in BP below 
20 mm Hg, a decrease in M according to LDF to the 
level of «biological zero» with a gradual return to 
subnormal values, and no pathological rhythms on 
the ECG. These episodes were considered the agonal 
period, and the time between the induction of as-
phyxia and the documentation of AC was prolonged.  

During the first minutes of return of sponta-
neous circulation in the CA group, the following 
changes in the studied functional parameters were 
observed: arterial hypertension up to 200/160 mmHg, 
increase in M to subnormal values, and sinus tachy-
cardia. At baseline, there was no difference between 
the groups in any of the parameters studied (Table). 
Ten minutes after resuscitation and 2 hours after 
return of spontaneous circulation, there was no 
statistical difference in BPmean between groups. Ten 
minutes after resuscitation, the CA group had a 
significantly higher HR values than the SO group 
(Table). The CA group had a lower mean skin per-
fusion (M) at the 10th minute of the postresuscitation 
period, but there was no difference between the 
groups at the 120th minute (Table).  

Animals in the CA group developed pronounced 
hypercapnia, hyperlactatemia, and an increase in 
base deficit as well as decompensated mixed acidosis 
by the 10th minute of the post-resuscitation period. 
Furthermore, hyperoxemia was detected in animals 
from the CA group compared to the SO group with 
the mechanical ventilation with 100% oxygen frac-
tion, while the oxygenation index (p/F) was reduced 
(Table). Two hours after return of spontaneous cir-
culation, there was no statistical difference in ABB 
or blood gases between the groups (except for 
higher blood oxygenation in the CA group), demon-
strating the efficacy of intensive therapy and me-
chanical ventilation in the CA group (Table). All 
surviving animals in the CA group showed sponta-
neous respiration 2 h after blood circulation was 
restored after cessation of mechanical ventilation, 
with underlying depressed consciousness. 

Experimental models of asphyxial CA in labo-
ratory animals better reproduce the mechanisms 



of cardiac arrest due to extracardiac causes in 
patients with different profiles and are increasingly 
used in modern experimental medicine [12].  

The literature search revealed a number of 
methodological solutions for modeling asphyxial car-
diac arrest, as well as the identification and evaluation 
of their advantages and disadvantages. Anesthetic 
agents include both inhalational (sevoflurane and 
isoflurane) [20, 21] and non-inhalational (pentobarbital 
and chloral hydrate) [15, 22]. When inhalational anes-
thetics are used, anesthesia is discontinued before 
asphyxia is induced. Methodologically, this reduces 
the effect of anesthesia on the pathogenesis of is-
chemia-reperfusion injury as a component of multi-
organ dysfunction [23], but it does not reflect the 
pathogenesis of CA in clinical anesthesiology.  

In this study, we used a combination of the 
NMDA receptor antagonist tiletamine/zolazepam 
and the central α2-adrenoreceptor agonist xylazine 
(veterinary analog of dexmedetomidine) to achieve 
minimal cardiorespiratory effects, sufficient depth 
of anesthesia, and myorelaxation for invasive ma-
nipulations [16].  

Despite the similarities in the methods used 
by different authors to model asphyxial CA, a review 
of literature sources reveals a significant hetero-
geneity of models, implying insufficient compara-
bility and reproducibility of the obtained experi-
mental data [24].  

In general, an evaluation of the methodological 
approaches used in existing models allows us to 

identify a number of common shortcomings. Most 
experimental models use specific BP values to cal-
culate the moment of CA, which vary widely between 
sources (from 10 mm Hg to 30 mm Hg) [15, 25]. At 
the same time, the authors do not assess organ and 
tissue perfusion, and the duration of CA is often 
determined by the total duration of asphyxia rather 
than CA itself, which reduces standardization of 
the severity of ischemia-reperfusion injury.  

To confirm the time of cardiac arrest and return 
of spontaneous circulation after resuscitation, we 
used the LDF method to assess skin perfusion in 
conjunction with ECG and blood pressure moni-
toring. The duration of cardiac arrest was measured 
from the moment of EMD using the following 
criteria: BPmean drop below 20 mmHg for at least 
10 seconds, marked bradycardia (less than 100/min 
in rats) or other agonal heart rhythm (idioventricular 
rhythm, blocks, etc.), and skin perfusion at the «bi-
ological zero» LDF level. 

In various studies, supportive therapy in the 
post-resuscitation period was limited in time and 
volume and did not correspond to modern resusci-
tation protocols (insufficient duration of ventilation, 
lack of clear protocols for the use of vasopressors 
and inotropes, lack of protocols for volemic support 
and ABB correction, etc.). These features limit the 
translational potential of preclinical study results 
for clinical anesthesiology and resuscitation [26–27]. 
When we performed supportive intensive therapy 
in the post-resuscitation period of the study, the 
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Table. Circulation parameters. blood gas and acid-base balance of rats at baseline and in the early post-resusci-
tation period; Me (LQ; UQ). 
Parameter                                                        Baseline                                            5–10 min of the post-                             115–120 min of the post- 
                                                                                                                                               resuscitation period                                  resuscitation period 
                                                SO group,        CA group,   P-value     SO group,       CA group,    P-value       SO group,        CA group,  P-value 
                                                     N=11                  N=18                                   N=11                  N=18                                     N=11                  N=15                
BPmean, mmHg                       70                       72              0.912               60                      67              0.482                 63                      63#            0.892 
                                                [65; 78]             [65; 77]                              [58; 72]            [62; 82]                                [57; 68]             [62; 67]              
HR, per minute                     222                     238            0.159              218                    286            0.0001              232                     247           0.055 
                                             [210; 231]         [217; 253]                          [205; 236]       [272; 305]                          [206; 257]         [236; 261]            
М, pfu                                      14.8                    15.9            0.610              14.7                  10.1#          0.0014              15.4                    14.9           0.443 
                                            [13.0; 16.5]      [13.4; 17.4]                       [12.1; 16.5]       [7.0; 12.5]                          [13.0; 17.4]      [13.2; 16.1]          
pH                                             7.41                    7.43            0.674              7.42                 7.20#         <0.0001             7.44                   7.47          0.437 
                                            [7.38; 7.43]      [7.40; 7.50]                       [7.40; 7.43]     [7.13; 7.23]                         [7.40; 7.46]      [7.33; 7.53]          
PaCO₂, mmHg                      37.8                    38.4            0.991              37.8                 51.3#          0.0001              34.7                   33.9#          0.861 
                                            [34.1; 41.3]      [34.7; 41.9]                       [32.7; 42.4]     [41.2; 60.9]                         [31.5; 39.7]      [30.3; 52.9]          
PaO₂, mmHg                           70                       69              0.851               78                    120#           0.0045                82                     291#          0.0001 
                                                [59; 86]             [63; 79]                              [64; 91]           [83; 139]                               [75; 91]           [194; 376]            
BE, mmol/L                              0                         1              0.554              –0.5                   –9#           <0.0001             –1.0                   –2.0          0.965 
                                                 [–1; 1]              [–1.5; 3]                           [–2.7; 1.7]         [–11; –8]                            [–2.0; 0.5]         [–4.0; 3.0]            
Lactate, mmol/L                  1.16                    1.16           0.782              1.13                 5.58#         <0.0001             1.21                   1.47          0.473 
                                            [1.02; 1.53]      [0.88; 1.65]                       [1.52; 5.42]      [4.65; 6.90]                        [0.95; 1.94]      [1.16; 2.57]          
SaO₂. %                                     93                       94              0.974               95                      98              0.087                 96                     100#          0.0001 
                                                [90; 97]             [92; 96]                              [93; 97]            [93; 99]                                [95; 97]            [99; 100]             
HCO₃, mmol/L                     24.2                    25.4            0.588              24.2                 18.4#          0.0002              23.3                  24.3#          0.650 
                                            [23.4; 25.4]      [23.1; 26.9]                       [17.1; 25.6]     [17.2; 20.8]                         [20.3; 24.6]      [21.0; 25.8]          
p/F                                            333                     337            0.991              337                   121#          <0.0001             390                    295#          0.0338 
                                             [297; 404]         [314; 385]                         [285; 390]         [93; 136]                            [358; 425]         [202; 359]            
Note. BPmean — mean blood pressure; HR — heart rate; M — mean perfusion value; PaCO₂ — partial pressure of CO₂ in the arterial 
blood; PaO₂ — partial pressure of O₂ in the arterial blood; BE — base excess; SaO₂ — oxygen saturation of arterial blood; HCO₂ — 
level of bicarbonate; p/F — oxygenation index. P — exact P-value for SO vs CA; # — P<0.05 vs baseline (with Bonferroni correction 
for multiple comparisons).
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BPmean values did not show statistical differences 
between the groups at either 10 or 120 minutes, 
and the mixed acidosis observed in the CA group 
was compensated by 120 minutes, indicating the 
effectiveness of intensive therapy.  

Thus, the results of the experiments showed 
that the use of prolonged non-inhalational combined 
anesthesia, documentation of CA onset and restora-
tion of spontaneous circulation using LDF, performing 
comprehensive intensive care in the post-resusci-
tation period for at least 2 hours, improved the 
quality of modeling of asphyxial CA by reducing the 
variability of functional parameters of animals, im-
proving the reproducibility of the model and its 
similarity to the post-resuscitation disease in humans 
in the clinical setting. This improvement was achieved 
using methodological techniques described in the 
literature. In particular, we considered the experience 
of modeling asphyxial CA with resuscitation to eval-
uate the neuroprotective effects of hypothermia and 
glibenclamide as described by Huang et al. [17].  

A limitation of this study is the use of non-in-
halational anesthetics to induce anesthesia. Despite 
several advantages over inhalational anesthetics 
(low severity of cardiorespiratory manifestations, 
sufficient depth of sedation and myorelaxation for 
surgical manipulations, and a sufficient degree of 
analgesia in the experimental animal), the use of 
combined anesthesia reduces the similarity of the 

model to out-of-hospital CA and may also contribute 
to the bias of experimental data from the perspective 
of drug property studies. It is also necessary to con-
sider the toxic effects of oxygen and to limit the du-
ration of high fractional oxygen ventilation [28]. 
Furthermore, the modeling of asphyxial CA in the 
current variant is a technically demanding process 
that requires both the use of specialized equipment 
and the development of appropriate investigator 
skills. The study of remote (3–7 days and longer) 
outcomes of post-resuscitation disease in experi-
mental animals with longer duration of CA (4–8 min) 
is of great clinical importance, but raises additional 
organizational (need for prolonged intensive care) 
and bioethical concerns.  

Conclusion 
Cardiac arrest in rats during asphyxia under 

general anesthesia occurs via electromechanical 
dissociation. Separate documentation of the time 
of respiratory and cardiac arrest and using LDF to 
assess peripheral blood flow allows standardization 
of the severity of ischemia-reperfusion injury and 
improves model reproducibility. The use of a set of 
resuscitation measures that fit modern standards 
of patient management in clinical anesthesiology 
and intensive care is bioethically sound and allows 
for better translation of preclinical study results 
into clinical medicine.
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