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Current trends in the management of out of hospital cardiac arrest (OHCA)

Michal Plodr?, Eva Chalusova'

Sudden cardiac arrest remains a relevant problem with a significant number of deaths worldwide. Although survival
rates have more than tripled over the last 20 years (4% in 2001 vs. 14% in 2020), survival rates with good neurological
outcomes remain persistently low, representing a major socioeconomic problem. Every minute of delay from patient
collapse to start cardiopulmonary resuscitation (CPR) and early defibrillation reduces the chance of survival by approxi-
mately 10-12%. Therefore, the time to treatment is a crucial factor in the prognosis of patients with out-of-hospital
cardiac arrest (OHCA). Research teams working in the pre-hospital setting are therefore looking for ways to improve
the transmission of information from the site of an emergency event and to make it easier for emergency medical dis-
patch centres (EMDC) to recognise life-threatening conditions with minimal deviation. For emergency unit procedures
already at the scene of the event, methods are being sought to efficiently and temporarily replace a non-functioning
cardiopulmonary system. In the case of traumatic cardiac arrest (TCA), the focus is mainly on effective affecting non-
compressible haemorrhage.
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INTRODUCTION possibility of applying up-to date knowledge and technol-
ogy. A whole range of different resuscitation techniques
It has been more than 60 years since the development  and methods were explored in an effort to improve the
of the modern conception of resuscitation principles, as  results after OHCA and, at the same time, make the indi-
we know them today. Research teams expended consider-  vidual steps of the decision-making process easier. Some
able efforts to increase the number of survivors primar-  of them are relatively easy and they are aimed at a change
ily with good neurological outcome over these years. in thinking or perception of the circumstances of cardiac
However, there has been only a little change on the prog-  arrest and the consequences. The aim is to increase the
nosis of the OHCA patients even after this time. Sudden  awareness of cardiac arrest symptoms - CA recognition
cardiac arrest is the third most often cause of death in  and early initiation of quality basic life support and early
Europe. Annual OHCA incidence in Europe impacts be-  defibrillation by lay responders. CPR guidelines from
tween 67 to 170/100000 inhabitants, the percentage of 2021 present the Top 5 messages in the Systems Saving
survivals until discharging from hospital is 8% on aver-  Lives chapter, where among others it calls on educational
age (varying from 0% to 18%) (ref.!). Aspects influencing  events and awareness campaigns for both adults and the
the prognosis of patients are multifactorial and include children (kids save lives programme) (ref.>3).
especially early recognition of cardiac arrest by EMDC, One of the key moments in CA patients is the imple-
application of the telephone-assisted cardiopulmonary  mentation of early defibrillation. Although there is con-
resuscitation (TA-CPR), early defibrillation by lay re- tinuous spreading of the automated external defibrillators
sponders, until appropriate transport of a patient to a  (AED) network, the device may not always be available
cardiac arrest centre besides others. Over time consider-  at the scene. An option for timely delivery is the use of a
able effort to improve individual aspects of resuscitation, drone as an AED carrier. Although the usage of this fly-
a part of chain of survival has been made. Success of  ing technology with remote control itself is burdened by a
implementation shows a large variability though - i.e., number of limitations, simulation studies show promising
TA-CPR is applied in the range of 3.2-87.8%, bystanders  results and the publication about first real usage is avail-
or lay responders CPR varies from 13 to 82.6% (ref.!).  able. The progress in the field of artificial intelligence
It can be seen from the above mentioned that the differ-  is unstoppable and there is noticeable penetration into
ences in the care of patients are given among others also  the environment of emergency services as well. A com-
by demographic and socio-economic conditions affecting  munication machine learning model (MLM) platform
the organisational structure of pre-hospital care and the can be a suitable instrument for dispatchers. Correctly
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“trained“ machines are able to help during the recogni-
tion of OHCA identifiers during the call and to draw at-
tention to this risk to the dispatcher. The possibility of
making a video of the situation from the point of injury
can be another support for correct decision making re-
garding the urgency of the condition and its nature and
of the resources sent. Currently, applications which en-
able the transfer of a situational video with the help of
smartphones after activation of the caller are available. So
far, possible consequences connected with GDPR or ar-
chiving such a record have not been completely resolved.
Another procedure currently of interest to research teams
in both the pre-hospital and early hospital phases and al-
lowing temporary bridging of nonfunctioning circulation
is extracorporeal cardiopulmonary resuscitation (ECPR).
This procedure for indicated patients uses transport into
a cardiac arrest centre under continuous resuscitation
where connection to extracorporeal membrane oxygen-
ation (ECMO) follows. Trauma patients are at risk of
the consequences of especially non-compressible bleeding
in the cavities or retroperitoneum. The solution for such
conditions may be the use of resuscitative endovascular
balloon occlusion of the aorta (REBOA) or pre-hospital
administration of blood transfusions.

It is necessary to be aware the fact that none of the
above-mentioned sophisticated procedures is a “one size
fits all” method. However, for the indicated groups of pa-
tients, they can undoubtedly improve the prognosis and
increase survival rates, especially with good neurological
outcome.

Drones and AED

One of the most important factors influencing the
prognosis of the patient is shortening the time from the
collapse to early defibrillation. Prognosis of the survival
drops with every minute of delay of the defibrillation
by 10-12% (ref.'*). One of the tempting ideas of how to
bring AED to the afflicted concerns the possibility of us-
ing drones or unmanned aerial vehicles (UAV) as AED
carriers. A student of Delft University of Technology,
Netherlands, Alec Momont, showed the first possible re-
alization in 2014. It was a project with an ambitious goal
to increase the survival rate from 8 to 80% (ref.). A range
of research teams which started simulation studies of fea-
sibility while using “flying“ AED in particular were inter-
ested in this idea. Considerations about drone usage were
first aimed at remote areas, with a low density of popu-
lation and scarce network of stationary AED locations.
Simulation studies also in suburban areas at a distance of
5to10 km from the AED base were performed over time.
The results were promising and research teams showed
the feasibility of drone usage also in these conditions®®.
One of the few prospective studies on this theme was led
by colleagues from Karolinska Institute. The results were
published in 2022 and drone usability with AED for urban
areas was assessed. 53 potentially suitable OHCA activa-
tions with the drone used as an AED carrier were listed
in the studies. The drone took off 12 times in reality, AED
was brought to the point of injury 11 times and 7 times
before the Emergency medical service (EMS) arrival. 74%
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of potentially suitable flights were not realized especially
due to unfavourable meteorological conditions (wind,
rain), sunset, impossibility of drone usage at the point
of injury (no-flight zones) or great distance (ref.’). The
median of the interval of reaching the place before the
EMS crew arrival was 1:52 min’®. The University Medicine
of Greifswald team presented the latest simulation study.
To evaluate the feasibility of AED transport to already in-
tervening first responders (FR) was the aim. Each action
was started by a simulated emergency call, on the basis of
which both local FR and a drone with AED were activat-
ed. The time from accepting the call to the defibrillation
with the help of AED taken by a drone varied between 6
and 16 min which was shorter than the average defibril-
lation time of the emergency services which is 19:48 min
in the given rural region. All drone landings including
the AED reception were conducted safely. Organization
during the drone landing and AED delivery were evalu-
ated as satisfactory and did not influence the quality of
resuscitation. The authors conclude that simulated opera-
tions confirmed the feasibility of the suggested model in
low population density areas with poor accessibility of
emergency services in particular. On the other hand, they
draw attention to the amount of legislation and logistical
questions, including the necessity of educating the popula-
tion in the area of the assumed deployment!’.

The conclusions of simulation studies presented are
promising at first sight and it would appear there is noth-
ing to stop drone introduction to pre-hospital practice.
However, a rarely discussed area is the cost-benefit ratio.
One of the paper looking at this question comes from
North Carolina. The authors calculate the costs of build-
ing the networks of docking stations for the drones with
AED on the territory of North Carolina with the pre-
sumption of reaching a patient within 5 min. Calculations
of optimum coverage model (96.5%) of areas are covered
within 5 min, a drone lifetime is 4 years) mean build-
ing 1015 docking stations at an estimated cost of 26.5
millions USD (based on calculations from 2019) (ref.).
Regarding the calculated costs and a wide range of limit-
ing logistic questions (drone traffic control and limita-
tions arising from that, specialised personnel, running
and audit costs) a legitimate question comes up if this
trend can be expected in the near future and if it is not
more suitable to invest in the building of a network of
first responders equipped with a standard AED deyvice.
Nevertheless, using a drone with AED can be a solution
for the most inaccessible areas which are not possible to
cover by FR with AED. Also, it can work for low subur-
ban development where manoeuvring among tall building
and consequent risks are not involved. Given the assumed
costs not only for the operation activation but also for
maintenance, a drone with AED usage will be the privi-
lege of rich states in particular. Only 8 years after the
first reference concerning the possibility of using a drone
as an AED carrier, the first real action was published in
The New England Journal of Medicine (NEJM). It was
a 71-year-old man with OHCA for whom also a drone
with AED and EMS was sent. It reached the scene - in
an area of low suburban development - after 670 metres
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of flight 3:19 min after its activation and 1:19 min before
a ground-based ambulance arrived. A defibrillation on
scene was performed and the patient survived with a good
neurological outcome'.

Artificial intelligence and machine learning models
Artificial intelligence (Al) is a summary term which
includes all the technologies where a computer or a sys-
tem appears to be intelligent. This could be anything from
recognizing a picture up to an aircraft autopilot system.
Machine learning model (MLM) is a subset of artificial
intelligence and is focussed on the ability of the device
to obtain the information from data. A chain of words or
links related to a certain activity or a condition can form
this data. The work of a modern “call-centre” is an inspira-
tion where devices working as a filter can identify from a
call which service is required and they can redirect a call
to a particular service provider prospectively. Computers
during answering and evaluating emergency calls could
behave in a similar way. Such systems estimate the prob-
ability of defined conditions based on formulas of voiced
words which a dispatcher could potentially mishear.
However, it is necessary to mention that an emergency
call has a whole range of specifics: the callers are often
under stress, they are not specialists in medical terminol-
ogy and do not use standard communication. The dis-
patcher must examine the broader context of the whole
call to evaluate medical difficulties of the caller correctly.
To teach a computer to recognize for example OHCA
with acceptable reliability requires relatively great effort.
Moreover, patients with OHCA can have gasping or
hypoxic spasms which make final correct decision dif-
ficult. The median correct recognition of OHCA based
on an emergency call is 74% (range 14 to 97%) (ref.!¥16).
Dispatch centres with correctly set methodology of con-
ducting emergency calls have a higher level of correct
recognition, however there is still some room for improve-
ment'*'®, The first reports on the topic of AI or MLM as
a tool for emergency calls are no older than 2 years. In
2021 a research team from Denmark published the first
randomized clinical study. More than 100 000 emergency
calls were analysed in the first phase of the study, where
there were about 2 000 calls concerning cardiac arrest
among them. False positive calls were eliminated from the
file and, on the other hand, false negative calls were added.
This file of calls was analysed by a computer based on a
machine learning model (MLM). All the links and chains
relating to a correct recognition of OHCA were selected.
MLM evaluated a group of 169 049 calls in a following
phase. Calls evaluated as suspicious of the presence of
OHCA (n=5.242) were randomized into two groups - an
experimental one where MLM support was available, and
a control group, without support. The aim was to compare
correct identification of OHCA in both the groups. In
the experimental group - with MLM support - OHCA
was correctly identified in 93.1%, MLM without support
in 90.5%. MLM raised the success rate of recognition by
2.6%, however, without statistical significance. The time
until OHCA was recognized was practically the same in
both groups (1.72 min, resp. 1.70 min). When data from
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all OHCA were evaluated, MLM showed better results -
OHCA was recognised with a sensitivity of 85%, while
a dispatcher reached a value of 77.5%. This success rate
was though burdened by a worse positive predictive value
(PPV), which reached only 18% in MLM in comparison
with 56% in dispatchers (ref.'7). MLM recognised a few
more cardiac arrests, however, at the cost that it identi-
fied many calls as arrests when there were no OHCA).
In 2023 the team of Stig Blomberg published another
study on this theme, this time with the aim to identify key
points when there is MLM failure in terms of false nega-
tive or false positive evaluation of the call in the OHCA
identification context. Machine learning model (MLM)
identified correct OHCA incidence with a sensitivity of
84.5% (95% CI: 82.2; 86.6) and specificity 97.1% (95%
CI: 97.1; 97.2) from the group of analysed calls. MLM
did not recognize OHCA in 15.5% cases, it identified false
positivity in 2.4% (ref.'®). A large group of callers from the
unrecognized OHCA group were callers with a language
barrier, therefore one of the conclusions of the authors
of the study is to widen the pool of language patterns for
MLM (ref.’®). That MLM is able to analyse in advance
learnt patterns sufficiently quickly was also confirmed
by the study of authors from Sweden. Both MLM and
dispatcher success rate in OHCA recognition (without
limiting the length of the call) was nearly the same (86
resp. 84%), however, MLM was 28 seconds faster on av-
erage, time median of call processing 72 seconds (IQR,
40-132 s), resp. 94 seconds (IQR, 51-174 s) for dispatch-
ers (ref."). The results of MLM usage are promising and
it would appear machines will replace human resources
soon. However, the reality is more complicated and a well-
educated dispatcher will not have to worry about losing
their job for a long time. It is also worth mentioning in the
context of further MLM usage that the above-mentioned
studies come from very well-set systems and the level of
OHCA recognition is around 90%. Although not in all
the regions (median sensitivity 73.9%; range: 14.1-96.9%)
(ref.?).

It was proved that MLM can work adequately quickly
and is able to recognize a high proportion of cardiac ar-
rest at the same time. On the other hand, it still shows a
significant tendency to overtriage with the border level of
false positive indications. It appears suboptimal at the mo-
ment because the reaction of the system to the activation
during OHCA is massive and there is a risk of limiting
or exhausting resources due to a non-acceptable value of
false positive activations. However, MLM could be a suit-
able instrument for those dispatch centres where the level
of OHCA recognition is lower, furthermore, for starting
dispatch centres and for dispatch centres where answering
emergency calls is processed by dispatchers who are not
medical specialists.

Videocalls - visuals from the point of injury

One of the biggest challenges which the witnesses
of the collapse face, is cardiac arrest recognition. After
receiving an emergency call with symptoms of cardiac
arrest, the dispatcher specifically asks about the state of
vital signs - consciousness and breathing. If the fact that
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it is or could be OHCA arises from the call, they initiate
instructions on the phone (TA-CPR). The structure of
these instructions is defined by an international guidelines
framework?. The entire information transfer from the
scene and also to scene is conducted by voice. Although
the dispatchers are educated how to use the communi-
cation channel correctly, OHCA recognition based on a
phone call varies over a wide range?. Absence of visual
cognitive perception of the current situation led research
teams to the idea of a video sent from the place of injury.
A dispatcher can verify current conditions thanks to a di-
rect on scene visual check. He can correct the performed
activity and increase the quality of the methods used for
the resuscitation thanks to a visual check and he is also
a psychological support for the lay responders. It is pos-
sible to use visual situational awareness also during other
events besides OHCA, i.e., during a traffic accident. This
way a dispatcher can also coordinate accessible human
resources on the basis of a direct picture broadcast. The
broadcast of the video by phone requires sufficient ca-
pacity of the networks and these were carried out by the
introduction of 3G technology. One of the first studies
with video was conducted in Norway during an OHCA
simulation?'. University students were divided into groups
based on the fact whether CPR was conducted on the
basis of standard TA-CPR or video-assisted CPR (VA-
CPR). A statistically significant difference in favour of
VA-CPR was shown in hands-off time, i.e., the time until
the first compression was performed. A statistically signif-
icant difference was not shown in other values. However,
it is necessary to mention probands in both the groups
had 70-73% training in CPR basics (ref.?'). The above-
mentioned understanding and perceiving the instructions
both by lay bystanders and an easier way of explaining
instructions by dispatchers was an additional finding also
in other studies. Later the VA-CPR issue was the focus of
attention of mainly Asian authors. They were interested
in the analysis of simulation models solely in the context
of instructions connected with OHCA and comparison of
efficiency of TA-CPR and VA-CPR. In their meta-analysis
of simulation studies Lin et al. showed a better VA-CPR
effect in terms of maintaining the demanded frequency
of compressions (105 vs. 81) and keeping correct hand
position on the chest - odds-ratio for correct position was
0.8 (95% CI: 0.53-1.30) in comparison with TA-CPR.
Delaying VA-CPR (median 31.5 s; 95% CI: 10.94-52.09)
was a secondary result?’. A South Korean team led by H.
S. Lee published results of retrospective clinical studies led
in Seoul. 2109 calls in total were included (TA-CPR 1722,
resp. 387 for VA-CPR). A statistically significant differ-
ence in the parameter of survival to hospital discharge was
shown (12.3% vs. 27.1%; P<0.0001). Significance in the
parameter of a satisfactory neurological condition (CPC
1,2) in favour of VA-CPR (6.8% vs. 19.4%; P<0.0001) was
shown at the same time. The fact that VA-CPR forms
up to 13% of all calls with OHCA is interesting (ref.?).
A simulated study by the team of authors Linderoth et
al. comes from Europe. 3 groups of probands were cre-
ated who accepted instructions in the following forms:
TA-CPR; VA-CPR and resuscitation without dispatcher
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support. The VA-CPR group showed a tendency towards
better results in the following parameters: the depth of
compressions, maintaining the frequency and correct
hand positioning, however without statistical significance.
This was shown in the parameter of total ratio of correctly
performed compressions in favour of VA-CPR in compari-
son with TA-CPR and a group without support (82.6% vs.
75.4%, resp. 77.3%). Similarly, significant improvement
in the following parameters: hand positioning, frequency
of compressions, depth of compressions and the level of
arms stretched during compressions in favour of VA-CPR
were shown by the team from Copenhagen (ref.?*). As has
already been mentioned, the support of the callers by vid-
eocall does not have to be only in the cases with OHCA.
The team of authors from the Czech Republic published
results of the study, where results of video consultations
in the conditions with low priority were evaluated. Such
events were attended by a non-medical crew and some
patients could be left at home after consultation with a
doctor. Usage of videocalls in practice did not lead to
a significantly higher number of patients kept at home
(failure rate indicator was a repeated departure to the
patient within 48 h). However, the consequent investiga-
tion of all the participants proved subjectively a better
perception of both the process of passing on information
of medical staff, and satisfaction with the course of ac-
tions and treatment of the patients®*. An amalgamation
of two innovative methods were introduced by colleagues
from a university from Korean Jecheon. In their simula-
tion study they combined AED transport by a drone to
the point of injury and a video call with the VA-CPR ap-
plication was activated at the same time. The reality that
the parameter of frequency of the compressions, depth
of the compression and hands-off time had significantly
better results was confirmed. Qualitative evaluation of
work with a drone, AED take over and perception of both
the methods of instructions (VA-CPR and TA-CPR) was
conducted at the same time. Experience was mostly posi-
tive and the VA-CPR group perceived better support in
the form of visual contact. A matter of interest was the
discovery of a certain amount of concern caused by the
landing of the drone to the bystanders providing CPR,
which made them aim their attention to their own safety
more than to the correct CPR (ref.?®).

Transmission of video is becoming an easier matter
with technological development and expanding capacity
of mobile networks (4G, 5G). Video implementation from
smart phones into the software of the dispatch centre
requires some measures. The videocall implementation
itself must not delay the primary function of the dispatch
centre - to accept an emergency call, localize an event and
set priorities based on input information. Only after that
is it possible to be interested in the activation of the vid-
eocall. Activation is carried out by sending a link from the
dispatch centre to the mobile phone of the lay bystander,
he will confirm it and thus he activates the camera of
the mobile phone. It is clear from the above-described
process of activation that a video call will play its role in
cases where there are more lay bystanders at the scene.
This reality was confirmed also in the studies mentioned
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where the highest frequency of the VA-CPR activation was
in a public space with a higher presence of people. The
age of the lay bystander will also play its role, as will lay
bystander compliance connected with stress or panic at
the point of injury. There can be obstacles from the side
of the dispatcher (for example incomplete knowledge of
the process of VA-CPR activation or other obstacles dur-
ing directions accompanied by the video - an unpleasant
view of the OHCA victim) to a lesser extent. Questions
concerning the necessity of archiving videocalls as a part
of medical documentation will be the subject of national
legislative measures and recommendations.

Extracorporeal cardiopulmonary resuscitation (ECPR)

The idea of a heart-lung machine was realized by
John Gibbon as a means for blood oxygenation dur-
ing long term cardio-surgical operations in the 50’s of
the 20th century. The principle of the process desig-
nated as Extracorporeal Life Support (ECLS), later as
Extracorporeal Membrane Oxygenation (ECMO), lies
in blood transfer to a membrane oxygenator, where oxy-
genation occurs and is later transported back into the
blood circulation. Thus, replacing the function of heart
and lungs. In the 80’s of the last century a certain stagna-
tion occurred in the use on adult patients and ECMO was
used mainly for child patients and only a small number
of highly specialized centres focused on ECMO for adult
patients for the next 30 years. On the basis of the de-
scribed principle of ECMO it was only a question of time
before research teams concentrated on using the method
on patients with cardiac arrest. ECPR uses ECMO con-
nection for patients with cardiac arrest when conventional
CPR (CCPR) is ineffective. ECMO provides adequate
profusion in vital organs (heart, lungs, brain) and for a
selected group of patients enables the low flow time to
be bridged until potentially reversible causes of cardiac
arrest are solved. The cause of cardiac arrest in adult pa-
tients is coronary artery disease in 75-80% cases, with the
possibility of percutaneous coronary intervention (PCI)
(ref.?"?%). ECMO connection is performed mostly after
admission into the cardiac arrest centre; however, stud-
ies on the use of ECMO in the pre-hospital sector are
already available. This kind of news started to occur in
2000 in observational studies or in case reports, and the
conclusions were promising?”*. A massive development
of ECPR indications has been recorded in the last decade.
For example, from 2007 until 2014 there was a 30 times
growth of ECMO activation in Germany>’.

A key question remains whether ECPR has benefits
over CCPR performed in the standard way for confirming
the efficiency of the method. Although ECPR might seem
to be a groundbreaking method in care of OHCA patients,
the conclusions of the research are not definite. For exam-
ple, a randomized, single centre ARREST study showed
the benefit of an early initiated ECPR at OHCA with
refractory ventricular fibrillation (14 patients in ECPR
group, 15 patients in CCPR group; survival to hospital dis-
charge ECPR group 6; CCPR group 1; survival to 3 and
6 months: ECPR group 6; CCPR group 0; P:0.0063)3'.
On the other hand, in 2022 colleagues from Prague con-
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ducted a Prague OHCA trial sub-analysis and compared
the value of statistical significance between ECPR and
CCPR in patients with defibrillated rhythm at admis-
sion, i.e., one of the main criteria during consideration
of ECPR activation. 256 patients in total (124 in ECPR
group, 132 in CCPR group, low-flow time 61 min; IQR
55-70) was listed in the study. Regressive analysis proved
that initial defibrillated rhythm is an independent pre-
dictor of successful survival, regardless of using ECPR
or CCPR (49% vs. 33%). A 16% difference is noticeable
in favour of ECPR, however without a proven statistical
significance’?. Analyses of the performed studies proved
unambiguously that the value of survival drops with ex-
tended low-flow interval. In patients with defibrillated
rhythm at admission in the ECPR group the percentage
of survival drops from 37.2% in 15 min low-flow interval
down to 19.1% in 60 min (in CCPR group, which is 36.8%
in the 15" minute and 0.3% in the 60" minute) (ref.3?).
Recent meta-analysis from 2023 conducted by Holmberg
et al. evaluated conclusions of research conducted on the
ECPR issue. Results of 27 observation studies and par-
ticularly conclusions of three randomized studies were
included?®3*%, The result of the conclusion is that ECPR
showed a potential benefit, however the certainty of the
evidence remains low. A similar result was found by one
of the last multicentric randomized studies from the
Netherlands where the authors came to the conclusion
that in patients with refractory OHCA, ECPR and CCPR
had a similar influence on survival with a favourable neu-
rological outcome®®. In that case it is obvious this method
requires a strict selection of patients who will have the
highest chance to profit from ECPR activation. One of
the suggested indication criteria can be a “Rhythm check
three - A2BCDE3“ acronym: Rhythm check three - three
defibrillation charges at maximum - if still unsuccessful,
think of ECPR!); A2: 1 Age < 70 years, 2 Activity (signs
of life, cardiac motion in ultrasound); B: Bystander wit-
nessed arrest; C: CPR started within 5 min after arrest;
D: Defibrillation (max 3x); E3: 1 Endstage disease ex-
cluded (applies also to “do not resuscitate” orders, major
comorbidities), 2 Endtidal CO2 10 mmHg (1.3 kPA), 3
Estimated time to ECPR (e.g., <60 min) (ref.’).

In view of the crucial importance of the length of low-
flow interval a tempting idea arises whether or not to
decrease this interval by ECMO procedure “transferring®
into pre-hospital phase, as close as possible to the patient
with collapse. Nevertheless, the conclusions of reviews
involved in this method did not show a clear benefit.
Low-flow time during the implementation of pre-hospital
ECMO was 61 min (95% CI: 45-77) which practically is
the same time as during connection to ECMO after ar-
rival at the centre (Yannopoulos: 59+28 min, Belohlavek:
61 min; IQR 55-70). There is a lack of reliable evidence
at the present time whether use of ECMO in the pre-
hospital setting can be recommended?®. Broad accessibil-
ity of ECMO, the lack of information concerning input
criteria for selection of patients and false expectations
could lead to non-selective indications, ineffective treat-
ment with the wasting of precious resources and risk of
closing a promising way for patients who could profit
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from this method. The device for ECMO itself is not the
most expensive item. The costs lie in keeping the whole
system of expert workers on stand-by. A strict selection
of patients following the above-mentioned criteria will be
necessary for reliable confirmation of the efficiency of
the method. Results of randomized studies initiated in
the Netherlands (ON-SCENE: NCT04620070) are ex-
pected in 2026 where the results of pre-hospital ECPR
and CCPR after Helicopter emergency medical ser-
vice (HEMS) on arrival at the scene will be compared.
Unambiguous indication for ECPR initiation is currently
in hypothermic patients with risk factors facing heart ar-
rest (i.e., core temperature <30 °C, ventricular arrhythmia,
blood pressure <90 mmHg) (ref.*").

TRAUMATIC CARDIAC ARREST (TCA)

Traumatic cardiac arrest makes up approximately 4%
of all OHCA, the value of survival varies between 0-5%.
Accidents are the most common cause of death in the
age group up to 45 years old. 55-70% patients die before
reaching definite care. Continuous bleeding (40-60%)
is the most often cause of TCA and of these up to 90%
patients die as the results of non-compressible haemor-
rhage into cavities as a result of injury of the thoracic and
abdominal organs, bleeding into retroperitoneum and as
the results of pelvic injury or injury of large blood vessels.
If patients survive, 1/3 arrive at hospital with a coagula-
tion disorder (ref.***?). Simultaneous treatment of revers-
ible causes - hypovolemia, hypoxia, tension pneumotorax,
tamponade is a priority in the care of TCA patients (“do
not pump an empty heart”) (ref.4%-42)_ 1t is necessary to
admit that analyses of injuries from war conflicts bring
certain progress or change of view of methodology of pa-
tients’ trauma. Usage of tourniquet and its role in extrem-
ity massive bleeding is a good example. The Royal Army
Medical Corps Journal published a statement in 1916:
“We are inclined to think that tourniquets are an invention
of the Evil One”. Later, experience with tourniquet usage
practically have not been discussed any deeper in special-
ist press since 1940, and as for indication, the formerly
expressed opinion originating especially from the fear of
possible complications (acute compartment syndrome,
irreversible nerve injury, ischemic damage) persisted*’.
Analyses from the conflict in Vietnam showed that 9%
of deaths were due to insufficiently treated extremity
bleeding and the opinion of tourniquet usage started to
change. However, analyses of injuries from the conflicts
in Iraq and Afghanistan still showed an unnecessarily high
number of deaths of preventable bleeding and the rate of
extremity bleeding was at 7.8% consistently until 2005
(ref.**). In the Tactical Combat Casualty Care (TCCC)
programme a massive promotion for using tourniquets
in extremity trauma occurred based on this experience
and positive results followed. The number of deaths from
bleeding from extremity traumas dropped by 67% from
2006 to June 2011 (ref.*¢). Tourniquet usage, together
with local compression or with haemostatic bandages, are
recommended for extremity compressible bleeding also
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in civilian life based on this experience*’. Possibilities of
affecting non-compressible haemorrhage in pre-hospital
care were zero or at best very limited until recently and
such patients were transported as fast as possible (load
and go). The organisation of rapid transport is still a key
factor, however, methods are available to enable the initia-
tion of advanced trauma resuscitation in the pre-hospital
sector. Resuscitative endovascular balloon occlusion of
the aorta (REBOA) and pre-hospital blood transfusion
(PHBT) are the methods currently receiving the most at-
tention.

Resuscitative endovascular balloon occlusion of the aorta
(REBOA)

The method was described for the first time during
the Korean war in the 50’s and it remained without gain-
ing a greater interest for a relatively long time despite its
promising results due to the high number of undesirable
complications. However, with progression of technologi-
cal development in the area of production of catheters,
REBOA expanded gradually into a wide range of clinical
conditions connected with bleeding, for example ruptured
abdominal aortic aneurysm, post-partum haemorrhage
and gastrointestinal tract bleeding and also in patients
with bleeding as a result of trauma*->* Temporary occlu-
sion of the aorta retrogradely with an inserted balloon
from the common femoral artery is the principle of this
method. Aortic occlusion causes increase of diastolic
heart filling, improvement of perfusion of myocardium
and stopping bleeding distally from occlusion. The
course of aorta is divided into 3 zones for the purposes
of REBOA. Zone I: from the origin of left subclavian
artery to the origin of celiac artery, a section which is
approximately 20 cm long. It corresponds externally to
the distance from ligamentum inguinale to Xiphoid; Zone
II: from celiac artery to the origin of more distally re-
nal artery, of the length of about 3 cm; Zone III: from
the origin of renal arteries to the aortic bifurcation of
the length of approximately 10 cm, externally from liga-
mentum inguinale to umbilicus. Indication for REBOA
usage in zone I is a haemorrhagic shock as a result of
non-compressible abdominal-pelvic haemorrhage and in
Zone III pelvic injury or non-compressible haemorrhage
from junctional zones (groin) in particular. Zone Il is a
no-occlusion zone for REBOA implementation’2, It is
important to realize that REBOA is not a definitive solu-
tion but only an instrument for bridging and gaining time
until surgical treatment is performed. Given the mecha-
nism of functioning - obturation of aortic lumen - the
method is burdened by a relatively high level of mortal-
ity. Amputation of a leg (3.6-5.3%), acute kidney injury
(10.7-22.8%), balloon-related thromboembolic events
(3.5-4.3%) and acute compartment syndrome (0.7-3.5%)
are the most common complications (ref.>**). Input re-
sults were very promising and a significantly higher level
of survival (16.7% non-REBOA group vs. 62.5% REBOA;
P<0.001) was shown (ref.>). The first systemic review and
meta-analysis were available with an increasing number of
observation studies in particular. However, expectations in
terms of definite confirmation of REBOA importance was
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not shown and as for quality evidence concerning REBOA
efficacy on the level of mortality or survival, these are
still missing and current conclusions are contradictory.
Population studies in particular using national trauma
registers make up the current evidence base. The study
of Nori and his colleagues, using a Japanese trauma data
bank, showed a threefold higher level of mortality in pa-
tients with REBOA in comparison to a control group®®.
Another study used the national file of the American
College of Surgeons Trauma Quality Improvement
Program (ACS-TQIP) data. Adequate REBOA (n=140)
and non-REBOA groups (n=280) were compared. There
was a higher level of mortality in REBOA group in com-
parison with non-REBOA group (50 [35.7%] vs. 53
[18.9%]; P=0.01). The patients in the REBOA group had
also a higher incidence of complications - acute kidney
injury (15 [10.7%] vs. 9 [3.2%]; P=0.02) and also, they
underwent an amputation of a extremity more often, too
(5[3.6%] vs. 2[0.7%]; P=0.04) (ref.5"). On the other hand,
the team from the University of Maryland compared fol-
lowed parameters in REBOA group and a control one,
contemporary, and showed a significant difference only
in in-hospital mortality and the length of stay in hospital
(19.3% vs. 35.1%; P=0.024). The other followed param-
eters (24-hour mortality, 30-day mortality, acute kidney
injury) showed better tendency in the favour of REBOA
group, though without proven significance (ref.’*). The
aim of currently the most extensive systemic review with
meta-analysis of 11 included observation studies from
2021 under the leadership of Greta Castellini was to
identify whether REBOA is an effective method in large
blood loss management as a result of trauma. The conclu-
sion is as follows: with low quality of evidence, adjusted
overall estimates found a difference in favour of REBOA
when compared to resuscitative thoracotomy (RT) (aOR
0.38; 95% CI: 0.20-0.74). With very low quality of evi-
dence, REBOA when compared to no-REBOA (aOR 1.40;
95% CI: 0.79-2.46) did not show a significant difference
in outcomes (ref.’'). The authors call for a need for a
randomized controlled trial (RCT) in a comprehensive
conclusion, where a group of patients who underwent
REBOA and a group where REBOA was not performed
would be clearly compared. It could be argued that per-
formance of such an RCT would be contested in cases of
life-threatening conditions.

The greatest enemy for patients after trauma with con-
tinuous bleeding is time and the first peak of death was
identified within 30 minutes after the trauma’. Options
have been explored to reduce this peak as much as pos-
sible. One promising way is to transfer the methods for
management of bleeding directly to the pre-hospital
sector. The first case of pre-hospital REBOA usage was
performed by London Air Ambulance (LAA) in 2016.
REBOA was implemented on a 32-year-old man after a fall
from height with a pelvic injury and a subsequent good
prognosis®’. Other outcomes have not been convincing yet
despite the first success of pre-hospital REBOA. A team
of authors from Birmingham published outcomes of a
current systemic review concerning pre-hospital REBOA
usage both in civilian and military sectors. Regarding the
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inconsistencies of input and consequently followed param-
eters only 6 studies, 3 military and 3 civilian ones, were
included - with the number of patients ranging from 1 to
21, with a total number of 48. Non-compressible haemor-
rhage, blunt or penetrating injury and shock (defined as
SBP<90 mmHg) were input criteria. The authors state
in the conclusion that due to substantial heterogenicity
across included studies and the missing data, the true ef-
fect of pre-hospital REBOA is still unclear. The causality
between REBOA and its effectiveness was not illustrated
and conclusions cannot be generalized. 30-day survival
was evaluated only by 2 studies (non-REBOA group 38%
vs. REBOA group 67%). However, a high level of thrombo-
embolic complications demanding thrombectomy (77%)
was recorded. Predominant performance of occlusion in
Zone | was in military studies (85%). Occlusion in Zone
III (93%) prevailed in civilian studies. The time of occlu-
sion varied 21-36 min in Zone I, 9-18 min in Zone III
(ref.%%). The HEMS team from German Halle published
an interesting consideration. In retrospective analysis,
trauma of the patients who were treated by 29 HEMS
teams I total, only 1.3% patients were identified as eli-
gible for REBOA performance (ref.*!). The attention is
drawn to disunity in indication criteria. SBP<90 mmHg is
used as one of the main input values by one of the teams.
The values of the circulation might change dynamically
in time though. A range of quickly evaluable symptoms
and data generating a complex view confirming a current
condition and a possible development of dynamics: pal-
lor, clammy skin, “air-hunger,” venous collapse, hypoten-
sion (low volume or absent peripheral pulses), low/falling
EtCO2, tachy- or bradycardia, and altered mental status
are used by LAA as indication criteria, point-of-care ultra-
sonography (POCUS) usage could be suitable as well. The
possible requirement of national guidelines which will be
adjusted to particular individual systems are highlighted
by the authors. The necessary need of continuous REBOA
simulators training is emphasized as well®!.

The latest news are reports on the use of REBOA in
patients with non-traumatic OHCA. Occlusion of the aor-
ta at the level of Zone I will, cause an increased redistribu-
tion of blood above the occlusion balloon and perfusion
of the heart, lungs, and brain will be improved. Aortic
pressure, cerebral perfusion pressure, and cerebral blood
flow will increase with a simultaneous provision of heart
compressions and better neurological status after CPR, if
ROSC is applied returns, can be assumed. The method is
an equivalent of ECPR and similarly, it represents a bridg-
ing therapeutic method with the main goal to shorten
low-flow time. So far published conclusions are more or
less the experience of the authors and they cannot be as-
sumed as recommendations for practice®?. Conclusions
of the first observational study on pre-hospital REBOA
usage with OHCA patients were published in 2019 by
colleagues from Trondheim, Norway. The HEMS team
used REBOA with 10 OHCA patients where CPR was
initiated within 10 minutes after the onset of heart arrest.
The first rhythm was asystole in 60%, 6 patients were
transported to hospital with ROSC and one patient (10%)
had a 30-day survival. Confirmation of REBOA feasibil-
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ity in the pre-hospital area was the main conclusion, not
affecting the survival level®. A retrospective analysis of
OHCA patients with the aim of predicting the ratio of
patients suitable for pre-hospital REBOA comes from
the same medical centre. Age of 18-75, low comorbid-
ity, witnessed collapse or response time (time interval
between first call received at dispatch centre to the time
when the first EMS was on scene) within 15 min and the
duration of CPR>30 min were the input criteria. 8.6%
patients were selected based on these criteria (ref.%*). The
team under the leadership of Jostein R. Brede profiled in
REBOA with OHCA very intensively. He has prepared
a prospective randomized REBOARREST study which
will last for 3 years. Comparing results of a control group
of patients (standard CPR) and an intervention group
(standard CPR and REBOA as an adjunctive treatment)
will be the primary goal. To follow the percentage of pa-
tients who will reach ROSC lasting at least 20 min, and
to measure the percentage of patients who will survive
up to 30 days with a good neurological outcome will be
a secondary aim. Describing hemodynamic physiology
of aortal occlusion during the procedure and monitoring
all adverse effects will be other goals. Significant conclu-
sions for further implementation, especially an indication
criteria can be expected considering the plan to involve
200 patients®.

Pre-hospital blood transfusion (PHBT)

As has already been mentioned, war conflicts might
be a source of precious experience and a lesson learned.
It is no different regarding a PHBT project. This concept
is based on experience from the Vietnam war and has
been optimized during further conflicts. The decrease
in long-term mortality has been confirmed compared
to patients who did not receive PHBT or received a late
transfusion®. There are still controversies concerning the
issue of whether early initiated administration of blood
products means initiation as early as in a pre-hospital set-
ting and whether this method is effective due to input
limitations (logistic background, storage conditions and
equipment, limited accurate diagnostic possibilities at
the location of the incident with a risk of unnecessar-
ily administered blood products). Although it is possible
to assume intuitively PHBT improves survival, published
data on this theme have not shown enough evidence
so far. Observational studies which show promising re-
sults are available. Improved patient outcome including
decreased blood product use, reduced early in-hospital
mortality, more efficient intravascular volume expansion
and reduced risk of early trauma induced coagulopathy
have been proven. PHBT is an appropriate and safe in-
tervention based on these findings®”*. Two randomized
studies from 2018 comparing the effect of pre-hospital
administration of blood products and a standard fluid
resuscitation (0.9% chloride saline) showed contradic-
tory results. Moore et al. did not prove that pre-hospital
plasma administration was connected with better survival
(ref.’®). On the other hand, conclusions of Sperry et al.
proved in injured patients with a risk of haemorrhagic
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shock that pre-hospital plasma administration was safe
and it was connected with a lower 30-day mortality and
decreasing prothrombin time ratio in comparison with a
standard fluid resuscitation’’!. The latest randomized
RePHILL trial compared a pre-hospital use of PRBC and
lyophilised plasma (LyoPlas) group to a 0.9% chloride
saline group. The trial did not show, that pre-hospital
PRBC-LyoPlas was superior to 0.9% sodium chloride for
adult patients with trauma-related haemorrhagic shock.
This study is often quoted as a PHBT concept inconclu-
siveness. However, the authors applied to each group
422, resp. 437 mL 0.9% saline chloride on average at the
scene initially before the decision about randomization
to groups (PRBc and lyophylised plasma group vs. 0.9%
sodium chloride group). Early administration of blood
products is understood as administration of products as
soon as possible without previous haemodilution by crys-
talloids. In addition, separated blood components (packed
red blood cells - PRBc and plasma) were compared, not
whole blood (Low Titre O-type Whole Blood - LTOWB)
use of which has been on the rise in recent years (ref.”?).
Whole blood usage has been experiencing a renaissance
in recent years and it is possible to say, again, this is a
classic case of experience transfer from war conflicts.
Whole blood was used as early as during the first world
war and later during the Korean war. At the beginning of
the early 60’s a gradual development of technologies for
blood separation into individual components with the pos-
sibility of storage it for a long time continued. Using these
components found its unique place in haematology and
in other internal specializations in particular while whole
blood usage was diminishing. It became clear during the
wars in Afghanistan and Iraq, that supplying individual
blood components bring logistic difficulties, in particular
the lifespan of blood platelets whose shelf life is shorter
than with other components. Storage and manipulation
with three units of blood components (PRBc, plasma and
platelets) was more difficult than manipulation with one
unit of whole blood. Therefore, those responsible returned
to the idea of using whole blood and so-called walking
blood banks were created. Besides that, there was a pro-
gression in processing and in particular keeping whole
blood which is possible to keep up until 21 days without
influence of function of the platelets or coagulation fac-
tors™. With more than 8 thousand administered trans-
fusion units of whole blood, data indicates equivalent,
if not better results for combat injuries in comparison
with separate components™’, LTOWB thanks to a low
non-therapeutic fluid (i. e., preservative solution) content
and a low haemodilution effect can improve relevance
of shock condition, post traumatic coagulopathy and
decrease post traumatic mortality in comparison with
the usage of separate blood components. Although the
significance of usage of whole blood was proved under
military conditions, the level of knowledge in the civilian
pre-hospital sector has not brought the necessary level
of evidence yet. However, the first observational studies
provide promising results. Scandinavian countries are tra-
ditional leaders in following progress in pre-hospital care.
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Conclusions of their experience with whole blood admin-
istration was published by a team from Bergen, Norway in
2022. LTOWB was applied to 15 patients with non-trauma
bleeding and 37 with trauma bleeding. Their experience
indicated that whole blood usage is feasible and safe de-
spite more demanding management. The same experience
was previously published by colleagues from Israel on a
cohort of 27 patients’””. Pleasing news is, also the Czech
Republic via HEMS of the Hradec Kralove region, Czech
Republic (author’s experience) joined these countries in
2021 as one of the first central European countries. The
decision to start the transfusion is a key moment. The
EMS/HEMS teams have only limited amount of input
information concerning the severity of bleeding at the
scene. Not all the teams are in the possession of on-site
laboratory testing or sonography, whose final interpre-
tation can be burdened by the professional experience
of the user. A unified algorithm with indication criteria
would be optimal. However, vital parameters show dynam-
ics and variability and are dependent on many factors
(age, comorbidity). The question is whether it is possible
to create such an algorithm at all. Nowadays PHBT in-
dication criteria differ between countries. Based on the
survey conducted among European countries, the main
identifier for PHBT is major trauma, shock, and pro-
longed entrapment in unstable patients®®. According to
the review, which involved 22 PHBT studies by Shand et
al., the physiological criterion most frequently assessed
is systolic blood pressure (SBP) (varied between < 70
and < 90 mmHg), tachycardia (varied between > 108 and
> 130/min) or no radial pulse. The mechanism of injury
(penetrating injury or amputation above the knee/elbow)
was included in 5 studies as an indication criterion. In
4 studies, the criteria for PHBT were not identified and
in six studies, the criteria for PHBT were not quantified®'.
Usage of score systems using basic vital functions easily
detectable and countable at the point of injury, i.e., shock
index (SI) or pulse pressure (PP) could be assisting and
specifying indication criteria. These indexes showed opti-
mal ratio of sensitivity and specificity: ST AUC 0.88; 95%
CI (0.82-0.93), cut-off 0.85; PP AUC 0.85 with 95% CI
(0.79-0.91), cut-off 40 in retrospective analysis of PHBT
patients (n=76) (ref.®?).

DISCUSSION

Despite continuous progress in the area of emergency
conditions, including those affected by OHCA, still a low
level of patients who survive the event with a good neu-
rological outcome remains. Despite continuous progress
in the emergency area, there is still a low level of patients
who survive cardiac arrest with a good neurological out-
come. Authorities responsible for producing guidelines
pay attention to the broadest awareness in the field of
OHCA, particularly to recognize cardiac arrest symptoms
and start quality basic life support. Therefore, an appeal
to a wide range of specialists is addressed to spread their
knowledge as much as possible in a comprehensive form
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among lay public. Children are an important part of the
chain of survival in the level of quality performed in basic
life support. It is possible to make them excited using
attractive education methods and they can spread this
excitement to their families where there is the most com-
mon incidence of OHCA. Awareness about AED usage
can be listed among basic technical skills as well. Local
EMDC are urged to create a clear network of AED loca-
tion, both stationary and mobile ones. There is also a
demand for training the maximum possible number of
first responders who are educated in basic resuscitation
skills. A network of these first responders is a part of op-
erational dispatch centre control programmes and when
in need they can be dispatched to the point of injury if
a longer-range EMS time is estimated?®. Also technical,
invasive methods are going through a boom besides these
non-technical methods. Present level of knowledge has not
reached statistically significant values in most of them,
howeyver, conducted studies show promising results in re-
lation to the level of mortality and survival. Regardless, it
is necessary to realize these techniques, even though they
can give rise to the impression of a revolutionary method,
are designated in pre-hospital sector in particular for gain-
ing time until definitive care in specialized centres. Only a
certain group of patients who follow more or less defined
input criteria before the decision itself can profit from
their activation in the long term?3236386062 " A decision-
making process shortly after reaching the scene is a cru-
cial moment for activation of the consequent procedure.
EMS/HEMS teams only have a limited amount of infor-
mation about the current condition of vital functions and
severity of bleeding at their disposal. Indication criteria
for activation of some procedures are more or less defined
(ECPR, REBOA) (ref.37532), Input criteria of other pro-
cedures can vary based on local providers’ definition and
a clinical gestalt (PHBT) also plays a role in the decision-
making process®*®. As they are not only technically but
also financially demanding methods, they will apparently
remain in the area of interest and development of finan-
cially stable states and regions. Financial demands are
placed not only on getting own technical equipment for a
particular method but especially by the sustainability of
the functioning of the whole system. High-tech operators
require costs on personnel sources, training of personnel
and keeping functionality of the whole system in 24/7
mode. Therefore, it is necessary to look for an accept-
able cost-benefit compromise. Whether there are condi-
tions for valid confirmation of effectiveness of invasive
methods in well set up systems with a dense structure of
pre-hospital EMS/HEMS networks and availability of spe-
cialized centres (cardiac arrest centres, trauma centres)
is arguable. Transport time with the performance itself
should not exceed 60 minutes while considering activa-
tion of this procedure’’*¢!. This is all pre-hospital time
(the interval from the incident to admission at emergency
department) in quality set up systems, which undoubtedly
the EU countries or north America countries are. Patients
are given to emergency departments of specialized cen-
tres (trauma centres, cardiac arrest centres) in this inter-



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Jun; 168(2):105-116.

val and the invasive method itself can be performed still
within an acceptable time window, in a more comfortable
environment, with usage of supporting lab and imaging
methods and possibility of early intervention during pos-
sible complications, which invasive methods are burdened
with. Of course, this consideration is not intended for
remote areas, where it will probably be more difficult to
get sufficiently big cohorts of patients in comparison to
city and suburban areas.

CONCLUSION

Newly introduced non-invasive and invasive methods
for patients with out of hospital cardiac arrest have the
potential to improve rates of survival with a good neuro-
logical outcome. For evidence confirmation it is necessary
to continue in conducting prospective randomized trials
on sufficiently large cohorts of patients. Continued scien-
tific efforts with the submission of evidence and definitive
recommendations can be expected, especially in high- and
middle-income countries due to the financial demands of
high-tech technologies.

Search strategy and selection criteria

Our search strategy aimed to evaluate studies on current
trends in the management of OHCA - traumatic and
non-traumatic aetiology. Scientific articles were retrieved
using the PubMed and Web of Science databases. All
searches were up to January 2023, papers relating to cur-
rent knowledge on individual methods not older than 5
years. Search terms corresponding to the text chapters
“drones and AEDs”, “video emergency call”, “machine
learning models”, “ECPR”, “REBOA” and “pre-hospital
blood transfusion” were used. Only the full texts of the
articles in English were reviewed or the papers were re-
quested through personal communication with the cor-
responding authors.
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