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ABSTRACT
Objective: In the mortality structure of Republic of Sakha (Yakutia), about 80% of all deaths occur in the out-of-hospital set-

ting. In these cases, treatment outcomes are directly affected by the quality of out-of-hospital resuscitation aid. The objective 
was to examine the treatment outcomes for patients who have survived clinical death at the prehospital stage and were taken to 
the hospital after their cardiac activity had been restored. 

Design: A retrospective analysis was done using a continuous method and method of mathematical analysis.
Materials and methods: Call records and medical histories of the patients from a specialized hospital for 2014-2016 were the 

data source.
Results: Data on the causes of death, quality of pre-hospital resuscitation aid and survival of patients who had a clinical 

death out of the hospital were obtained. Cardiac activity was restored in 23.4% (602 resuscitation procedures). The causes of 
death were as follows: sudden cardiac death (40%), accidents (32.0%) and acute cerebrovascular accident (9.6%). A low surviv-
al level was found at the hospital stage (17.6%). A direct dependence between the survival of patients and clinical death (resusci-
tation activities) duration was confirmed. 

Conclusion: A low survival level following pre-hospital sudden cardiac arrest was found during the study. Out of 602 
patients who underwent resuscitation activities, 22 (3.7%) of patients survived. The article can be useful in finding the short-
comings at the stages of resuscitation aid provision and developing organizational technologies to increase the effectiveness of 
resuscitation.
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INTRODUCTION

The regions of the Russian Federation are characterized by various 
natural and climatic, economic, social and ecological conditions, age 
composition and pronounced spatial features of the mortality rate1-3). The 
comprehensive analysis of the health status of the people of the 
Republic of Sakha (Yakutia), its dynamics during 1990-2016, examina-
tion of tendencies and prediction estimates of the future of the Republic 
allowed to identify the similarity of the occurring processes as com-
pared with other regions of the country (high mortality rate, morbidity, 
pathology chronization, disability, low expected oncoming life expec-
tancy) and certain regularities of the formation of the pathology in the 
Extreme North which are mostly associated with social, economic and 
climate and geographical living environment conditions4).

Within the studied period, circulatory diseases (47.3%), external 
reasons (18.1%), neoplasms (14.9%), diseases of the digestive system 
(4.3%) and respiratory diseases (3.2%) dominate in the structure of mor-
tality causes in Yakutia. The three leading mortality causes (diseases of 
the circulatory system, external causes and neoplasms) that occupied the 
same position in the ranking system within the studied period account 
for almost 77% of total mortality5).

The distinctive features of mortality in Yakutia were the second 
rank position occupied by the external causes and their high level 

among young people. This determines low expectancy of life. The prev-
alence of human losses due to injuries and poisoning has a leading posi-
tion in the structure of mortality for children and able-bodied persons. It 
accounts for 65% among those who are 1 to 14 years old, 91% among 
15-17-years-old and 37% among the able-bodied5,6).

When the general mortality from circulatory diseases, neoplasms 
and external causes for Yakutia are compared with the same for the 
Russian Federation, Yakutia looks better. However, when standardized 
indicators are analyzed, it shows the prevailing mortality from all three 
leading causes in Yakutia7) (Table 1).

According to the presented official data of standardized coefficients, 
mortality rate in Yakutia is higher than in the Russian Federation by 
1.7% for neoplasms, 4.2% for circulatory diseases and 29.4% for exter-
nal causes.

At the modern stage, the medical and demographic situation in 
Yakutia is characterized by a high level of birth and high level of mor-
tality among young people, young structure of the population, and low 
predicted life expectancy5,8-10). To improve the expected life duration, a 
primary objective is a decreased mortality from preventable causes. 

Emergency medical service is one of the most widely used and 
patient-oriented types of medical assistance. According to official statis-
tics, 50% of patients who have an acute coronary pathology with a high 
rate of mortality, meet mobile medical teams during the first hours of 
the disease. The outcome of treatment depends on the teams, effective-
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ness as a temporal factor is important for the successful use of modern 
highly effective technologies. The role of emergency medical service in 
saving the patient's lives is extremely high in injuries and poisonings 
which are often life-threatening. It can contribute to the decreased mor-
tality from external causes for 18%11).  

Analysis of emergency medical aid appealability rate in the city of 
Yakutsk by classes of diseases among adults within the last decade has 
shown that circulatory diseases rank first, accidents (traumas and poi-
sonings) hold the second position whereas diseases of the digestive sys-
tem occupy the third position. Medical aid is provided to patients and 
those injured at home (83.8-86.1%), in the street (4.7-5.6%), in public 
places (2.0-2.3%), and medical teams can arrive at the request of MPI 
(Medical and Preventive Institution) medical professionals (1.8-3.6%). 
The proportion of urgent care services is 56-52%12).

In the emergency medical setting of Yakutsk, the most frequent 
mortality causes at the prehospital stage in 1998-2007 were as follows:

1) sudden cardiac death (including death from acute myocardial 
infarction) accounting for 43.2%;

2) chronic diseases (including oncological diseases) amounting to 
27.0%;

3) Injuries incompatible to life -18.0%.

38% of those who died out of hospitals were patients of working 
age13). According to 2014-2016, sudden cardiac death accounts for 
40.6% of out-of-hospital fatal outcomes whereas injuries and poisoning 
amount to 32%.

Combating sudden cardiac death (SCD) is an extremely important 
issue for all national healthcare systems of the world including the 
Russian Federation. Epidemiological studies of the problem conducted 
in some western countries enable better understanding of SCD and find 
proper ways of its prevention. Summarized analysis of the studies has 
shown that 200,000-450,000 people in the USA die all of sudden (1 to 2 
cases per 1,000 of people)14).

According to European Resuscitation Council Guidelines for 
Resuscitation (2005), SCD-related effectiveness measures of resuscita-
tion activity of no less than 60% must be the global task for national 
healthcare systems.

Having CPR (cardiopulmonary resuscitation) done at the prehospi-
tal stage, sometimes managing the most non-routine situations, is spe-
cific in the practical activity of emergency medical teams. The require-
ments on proper handling of CPR by emergency teams in the Russian 
Federation are regulated by article 66 of the FL No. 323 'On the 
Fundamentals of Public Health Protection' as of 21.11.1115), RF 
Government Regulation No. 950 'On the approval of the Rules deter-
mining the moment of death of a person, including criteria and proce-
dures of assignment of cause of death, Rules of termination of resuscita-
tion activities and forms of assignment of cause of death protocol' as of 
20.09.201216), the Order of the Ministry of Health of the Russian 
Federation No 388H 'On the approval of order of rendering emergency 
aid including emergency specialized medical aid' as of 20 June 201317), 
standard of emergency medical care provided in sudden cardiac death 
approved by the Order of the Ministry of Health of the Russian 
Federation No. 454H as of 5 July 201618), Order of the Ministry of Health 
of the Russian Federation No. 73 'On approval of the Instruction on how 
to determine criteria and order of defining the moment of a person's 
death and termination of resuscitation activities' as of 04.03.200319).

Retrospective analysis of the emergency ward activity established 
that the level of successful cardiopulmonary resuscitation in the city of 
Yakutsk in 2017 was about 31%. This is unchallenged success of using 
new resuscitation standards. Considerable progress in the improved 
effectiveness of resuscitation was achieved due to the implementation of 
some organizational technologies such as installing the automated con-
trol system of mobile teams to cut the arrival time, training medical per-
sonnel regarding their behavior when facing clinical death according to 
ACLS international standards of resuscitation, creating a training center 
and its equipment with a manikin to practice the basics of cardiopulmo-
nary resuscitation, facilitating the airway patency and tracheal intuba-
tion, defibrillation, cardioversion and cardiostimulation with a rhythm 
stimulator, supply of teams with portable diagnostic and therapeutic 
equipment including Lifepak 500 defibrillators, implementation of CPR 
protocol, 100% expertise of call records. Continuous educating process 
of medical personnel, strict observance of cardiopulmonary resuscita-
tion standards, constant control and analysis of treatment results are 
positive when solving the set tasks. 

The confirmed fact is represented by the improved treatment prog-
nosis when basic life support including primary defibrillation is carried 
out by well-prepared witnesses before emergency medical teams 
arrive20,21). When the basic CPR performed by those present at the scene 
of the incident is lacking, the success of salvation almost completely 
depends on the time of the team arrival, beginning of CPR and profes-
sional competence of doctors and paramedics of the Emergency Call 
service. According to the specialists of the European Resuscitation 
Council, successful resuscitation of patients is warranted in 35% of 
cases if the survival chain is followed such as early identification and 
ambulance call, early beginning of cardiac and pulmonary resuscitation, 
early defibrillation and adequate postresuscitation treatment22).

A temporal factor such as time from cardiac arrest to the initiation 
of external cardiac massage and artificial pulmonary ventilation has a 
tremendous value for the success of resuscitation activities and subse-
quent course of the postresuscitation period. The time rate of team arriv-
al in cases of emergency within 20 minutes was set by Order of the 
Ministry of Health of the Russian Federation No. 388H 'On approval of 
the procedure of rendering emergency specialized medical aid including 
emergency specialized medical aid' as of 20 June 2013 regulating the 
activity of ECS (emergency call service) in the Russian Federation17).

But in case of death, 20-minute arrival actually means loss of time 
intended to solve people's life. It is necessary to examine the treatment 
outcomes of patients who had survived clinical death at the prehospital 
stage and were taken to the hospital by emergency medical teams of 
Yakutsk after the cardiac activity had been restored. 

MATERIALS  AND  METHODS

The following sources of data were used to perform a retrospective 
analysis of treatment outcomes in patients who have survived clinical 
death at the prehospital stage and were taken to the hospital: 1) statisti-
cal magazines and medical cards of an inpatient; 2) call records and sup-
plementary sheets of an emergency ward. Reasons for death of citizens 
in the out-of-hospital settings, duration and quality of CPR and treat-
ment outcomes were studied. The study group included 125 patients. 
Perfect diagnostic/therapeutic activity was the basic inclusion criterion. 

Table 1. Distribution of patients by gender and age groups
Gender

Men - 9 6 2 8 6 7 8 12 7 8 5 4 1 1 84
Women - 3 - 4 1 4 5 2 4 9 1 2 4 2 - 41

16
-2

0

20
-2

5

26
-3

0

31
-3

5

36
-4

0

41
-4

5

46
-5

0

51
-5

5

56
-6

0

61
-6

5

66
-7

0

71
-7

5

76
-8

0

81
-8

5

86
-9

0
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Table 2. The mortality rates in the Russian Federation and Republic of Sakha (Yakutia) from neoplasms, circulatory 
diseases and external causes in 2016 (per 100,000 of people)

 Territory General mortality rates Standardized mortality rates

  Neoplasms Circulatory diseases External causes Neoplasms Circulatory diseases External causes

 Russian Federation 201.6 616.4 114.2 163.2 464.1 103.6

 Sakha Republic (Yakutia) 133.0 368.7 135.4 165.9 483.5 134.1
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CPR of patients was carried out by specialized teams of the emergency 
ward following the uniform standards in the view of the recommenda-
tions of the European Resuscitation Council for 2010 and 201523). 
Intensive postresuscitation therapy was carried out at the department of 
anesthesiology, resuscitation and intensive therapy (DARIT) according 
to the recommendations of the European Resuscitation Council in 
201523). It included temperature (32-36 C0) and glycemic (≤ 10 mmol) 
control, respiratory (support of normoxia and normocapnia) and hemo-
dynamic (support of optimal SBP (systolic blood pressure) values, lac-
tate, ScvO2 (venous oxygen saturation), cardiac output/cardiac index, 
diuresis) therapy, and drug-induced sedation within 72 hours. A continu-
ous statistical method and method of mathematical analysis were 
applied in the study. 

An informed consent to medical intervention was obtained in 69% 
of cases. In 31% of cases, the consent was lacking, as the patient was 
unconscious. 

The material was approved by the Ethics Committee.
Statistical processing of material was done using SPSS 13 

(Statistical Package for the Social Sciences), version 19.0.

RESULTS

602 procedures of cardiopulmonary resuscitation were carried out 
by the emergency medical teams of Yakutsk in 2014-2016. The cardiac 
activity was restored in 141 cases (23.4%). All patients were taken to 
the DARIT of the Yakutsk Republican Hospital No. 2 --- Emergency 
Medical Center. The study included 125 cases when CPR was carried 
out completely in accordance with modern requirements. 2/3 of patients 
were represented by men (84 (67.2%)) and women (41 (32.8%)), 
respectively.

A half of patients who had an out-of-hospital cardiac arrest were 
represented by people of active working age (earlier retirement age① in 
Yakutia was taken into account). Able-bodied persons included 69% of 
men aged 16-55 (46 people) and 54% of women aged 16-50 (17 people) 
(table 1).

Analysis of death-causing reasons has shown that sudden cardiac 
death was observed in more than 40% of cases (46.9% in 2014; 40.7% 
in 2015, and 34.2% in 2016). The following ranking positions in the 
structure of death causes are occupied by accidents (injuries and poison-
ings, 32.0%), acute cerebrovascular accident (9.6%), respiratory diseas-
es (8.0%), others (8%) (table 2).

It should be noted that 30.0% of cases in the structure of external 
causes (12 out of 40 cases) accounted for suicide, and mechanical 
asphyxia due to hanging, in particular. In 37.5% of cases (15 out of 40 
cases) the death was caused by poisoning including poisoning with alco-
hol substitutes in 7 cases (46.7% of all poisonings). Respiratory diseases 
that led to the lethal outcome at the prehospital stage were mainly repre-
sented by community-acquired pneumonia in asocial people who 

requested the assistance late. Severe alcohol intoxication occupies the 
leading position among other causes of death (24.8%).

At the hospital stage, 103 (82.4%) of 125 admitted patients died at 
the DARIT, 22 (17.6%) obtained after-treatment at specialized depart-
ments. 

Examining the primary medical documentation at the emergency 
ward enabled to reveal the duration of successful CPR performed by 
emergency medical teams (table 2). According to the presented data, the 
most favorable resuscitation outcome consisting in the restoration of 
cardiac activity within 5 minutes was observed in 12.8% only. In half of 
cases the CPR lasted over 11 minutes (62 of 125 cases).

It must be noted that the arrival time of emergency medical teams at 
the accident site was 7 to 16 minutes with the average value of 12.8 
minutes.

The retrospective analysis of case histories allowed to examine the 
values of hospital lethality among patients who have survived clinical 
death at the pre-hospital stage. 

Within the 3-year-observation period the lethal outcome for almost 
half of patients occurred within the first days of hospitalization: 40.6% 
in 2014, -44.4% in 2015, 52.5% in 2016, and 46.3% during 2014-2016 
(table 3). The percentage of patients sent for after-treatment to special-
ized departments was 17.6% (22 out of 125 admitted patients). Hospital 
lethality of patients remains high and accounts for 82.4%.

Our data confirm a low survival level in Yakutsk after pre-hospital 
cardiac arrest: out of 602 patients, who had resuscitation activities, only 
22 (3.7%) patients survived. 

DISCUSSION

The study included 88.7% of cases out of those subject to study. 
Lack of significant information for 16 patients fails to provide a com-
plete view of the examined question but allows to determine general 
tendencies. It is difficult to overestimate the role of ECS in reducing the 
mortality rate of people from preventable reasons. Evolution of the 
resuscitation system at the prehospital stage must be taken as a strategic 
task. Successful out-of-hospital resuscitation results from favorable con-
junction of several factors such as timely seeking emergency medical 
assistance, urgent team arrival at the accident site, high professionalism 
of emergency medical team, complete equipment of mobile teams, lack 
of aggravating factors, etc.

Of them, time of emergency medical team prompt arrival, and high 
level of the team preparedness for advanced life support relate to the 
factors that are regulated by the healthcare system and that can produce 
a direct effect on treatment outcome in case of clinical death.  The 
importance of people (accident witnesses) readiness for the provision of 
first aid, including basic CRP, is also unquestionable. This circumstance 
shows that it is necessary to develop the system of continuous education 
both of the emergency medical personnel and population dealing with 
the issues of first aid provision. Thus, modern educational methods must 
be actively implemented and different levels of practical training under 
simulated conditions must be widely applied in the educational pro-
cess23).

CONCLUSION

Improved effectiveness and quality of emergency medical assis-
tance at the prehospital stage are being actively discussed and belong to 
the subject of many researches. 

Table 3. Duration of successful SPR performed by the 
DARIT teams 

 Years < 5 min 6-10 min 11-20 min 21 -30 min Total

 2014 7 (15.9%) 17 (38.6%) 16 (36,4%) 4 (9,1%) 44

 2015 6 (15.0%) 14 (35.0%) 11 (27,5%) 9 (22,5%) 40

 2016 3 (7.3%) 16 (39.0%) 16 (39,0%) 6 (14,7%) 41

 Total 16 (12.8%) 47 (37.6%) 42 (33,6%) 20 (16,0%) 125

Table 4. Treatment outcomes at the hospital stage
Time of death 2014 2015 2016 Total

Within 24 hours 18 (29.0%) 21 (33.9%) 23 (37.1%) 62 (49.6%)

Within 7 days   9 (29.0%)   9 (29.0%) 13 (41.9%) 31 (24.8%)

Within 8-14 days   1 (25.0%)   2 (50.0%)   1 (25.0%)   4 (3.2%)

Over 14 days   2 (33.3%)   2 (33.3%)   2 (33.3%)   6 (4.8%)

Transition to a   11 (50.0%)   5 (22.7%)   6 (27.3%) 22 (17.6%)
specialized
departmentTable 5. The rate of survival given the CPR duration

 CRP duration Number of cases  Number of patients  Proportion of 
  where normal heart  survived patients survived
  rhythm was restored  (%)

 Up to 5 min 24 9 37.5

 6-10 min 56 8 14.3

 11-20 min 31 3 9.7

 21-30 min 14 2 14.3

 Total 125 22 17.6

① Active working age for men is 16-55 years old, active working age for women is 16-50 years old.
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It is widely accepted now that treatment outcomes of many acute 
diseases and syndromes depend on timely and adequate medical aid at 
the prehospital stage. First and foremost, this refers to pathologies and 
emergencies with the leading lethality during many years (cardiovascu-
lar diseases and traumas). Emergency medical service deals with 19% of 
avoidable losses that depend on the level of healthcare organization. 
This displays its significant role in the decreased premature and avoid-
able mortality. In this aspect, the value of ECS development is extreme-
ly high as it is an important constituent of the primary healthcare.

VALUE  FOR  CLINICAL  PRACTICE

The article can be helpful in finding shortcomings in the system of 
resuscitation aid and developing measures needed to improve survival 
of those patients who survived clinical death in the out-of-hospital set-
ting.
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