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Abstract

Background: Current resuscitation guidelines endorse placing the unconscious and normally breathing victims in the recovery position (RP), but this
technique might hinder breathing evaluation.

Aim: To compare breathing evaluation and cardiac arrest detection: placing the victim in RP and checking breathing regularly, placing the victim in RP
while re-evaluating breathing every minute, and placing the victim on his back, maintaining an open airway with the head-tilt-chin-lift technique and
continuously checking breathing.

Methods: Schoolchildren aged 10-12 with no previous cardiopulmonary resuscitation (CPR) training, from three different primary schools were
randomly allocated into groups to receive a CPR course involving one of the three strategies. Then a human simulation took place.

Result: 192 schoolchildren (64 per group) were randomly selected and received one of the courses. 182 participants who correctly assessed the victim
were compared: 16 (26.2%) out of the 59 participants using RP and checking breathing regularly detected cardiac arrest before the end of the simulation,
compared to 41 (67.20%) out of 61 using RP re-evaluating breathing every minute, and 56 (90.3%) out of 62 using head-tilt-chin-lift. Statistically
significant differences were found between the RP groups (p < 0.001; OR=5.766) as well as between the Head-tilt-chin-lift and both RP groups
(p<0.001; OR=21.094), (p=0.002; OR=4.553).

Conclusion: The strategy involving head-tilt-chin-lift significantly increased the likelihood of detecting cardiac arrest. Re-evaluating every minute when
the RP was used significantly increased the likelihood of detecting cardiac arrest.
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Abbreviations: CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; BLS, basic life support; HTCL, head tilt and chin lift
technique; RP, recovery position; HTCL group, head tilt and chin lift group; RP regularly, recovery position, checking the victim regularly group; RP minute,
recovery position, breathing re-evaluation every minute group; EMS, emergency medical services; ERC, European resuscitation guidelines.

* Corresponding author.

E-mail addresses: ruben.navarro.paton@usc.es (R. Navarro-Patén), miguel.freire.tellado @sergas.es (M. Freire-Tellado),
noel.fernandez @rai.usc.es (N. Fernandez-Gonzalez), s.basanta@usc.es (S. Basanta-Camifio), javier.mateos @scsalud.es (J. Mateos-Lorenzo),
joaquin.lago@usc.es (J. Lago-Ballesteros).
https://doi.org/10.1016/j.resuscitation.2018.10.030
Received 26 May 2018; Received in revised form 11 October 2018; Accepted 29 October 2018
0300-9572/© 2018 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2018.10.030&domain=pdf
mailto:ruben.navarro.paton@usc.es
mailto:miguel.freire.tellado@sergas.es
mailto:noel.fern&aacute;ndez@rai.usc.es
mailto:s.basanta@usc.es
mailto:javier.mateos@scsalud.es
mailto:joaquin.lago@usc.es
https://doi.org/10.1016/j.resuscitation.2018.10.030
https://doi.org/10.1016/j.resuscitation.2018.10.030
http://www.sciencedirect.com/science/journal/03009572
www.elsevier.com/locate/resuscitation

RESUSCITATION 134 (2019) 104-109

105

Introduction

Out-of-hospital cardiac arrest (OHCA) is one of the most prevalent
causes of death and morbidity worldwide*. Immediate recognition of
the situation is essential for a prompt initiation of bystander
cardiopulmonary resuscitation (CPR) and early defibrillation®® in
order to improve the victim’s outcome®.

Breathing assessment is a key step for early OHCA recognition,
but in the first minutes of witnessed primary OHCA, breathing
assessment can be challenging”®. According to animal®'® and
human'™"* studies, continuous spontaneous ventilatory activity
similar to normal breathing can be present during the first minute
after the beginning of a ventricular fibrillation (VF).

To prevent an erroneous evaluation- current guidelines recom-
mend starting CPR if the victim is not breathing normally®, but if the
bystander makes a wrong first evaluation of an unconscious and
normally breathing victim, a re-evaluation of the victim becomes even
more necessary. According to a real victims study'' 45% of lay
bystanders did not detect the cardiac arrest. This situation could be
more difficult to interpret because with the diffusion and use of high
quality CPR the victim could show signs of breathing when in fact it is
caused by cardiac compressions'®.

2015 CPR® resuscitation guidelines endorsed placing unrespon-
sive and normally breathing victims in the recovery position and
checking breathing regularly. Several studies'®'”, have been
published warning that the recovery position could hinder a victim’s
breathing evaluation and cardiac arrest detection, thus delaying CPR.
A statement'® (never formally ratified by the European Resuscitation
Council (ERC)) was emitted in the “ERC newsletter”, proposing, until
more evidence is produced, the use of RP but re-evaluating the victims
every minute. Will this modification improve a victims re-evaluation
and cardiac arrest detection?

The aim of the study is to know whether children aged 10-12
are able to correctly assess an unconscious victim and to compare
victims’ breathing assessment and cardiac arrest detection:
placing the victim in RP and checking breathing regularly, placing
the victim in RP and re-evaluating the victim every minute, and
leaving the victim placed on his back maintaining an open airway
with the head-tilt-chin-lift (HTCL) technique and continuously
checking breathing.

Methods
Design, sample and setting

Sample

192 students aged 10-12 years old from three primary school centres from
Galicia (Spain), without any previous CPR knowledge or training, make up
the sample of this study. The sample size was determined from data of the
Ministry of Culture, Education and University Planning for academic year
2015-16 from Galicia (Spain). They were given the opportunity to receive a
programmed CPR course in their physical education class.

Their participation in the study was voluntary. Their parents or the
legal guardian of each participant signed an informed consent,
authorising the children to participate and the transfer of their data for
the study. The research project was approved by the ethical
committee of the University of Santiago de Compostela, respecting
the ethical principles of the Helsinki Convention.

Study design

The 192 schoolchildren (organised by gender, year of birth and class
position number), without physical or mental disability, were assigned
through simple random distribution into three clusters controlled by the
corresponding author. They were given a basic life support (BLS) training
course according to current CPR guidelines® with one difference : when
the assessment concluded in an unresponsive and normally breathing
victim, the students in the first group (RPregularly) were taught to place the
victim in the recovery position and then to check breathing regularly
according to 2015 guidelines'. The students in the second group
(RPminute) were taught to use the recovery position and re-evaluate
breathing every minute according to a 2017 ERC newsletter (*not formally
ratified by the ERC)'®. And finally, the students in the third group (HTCL
group) received the same training but they were taught to leave the
unconscious and normally breathing victim lying on their back with the
student at the victims side maintaining an open airway with the HTLC
technique, continuously monitoring victims breathing'”. All of the three
courses highlighted the importance of starting CPR if they were not certain
if the victim was breathing normally. They were also informed of the
difficulties involved in assessing breathing” and a detailed description of
the main characteristics of abnormal breathing was given®. The
participants in each group did not know the strategy taught to the other
groups.

Immediately after the BLS course, an evaluation was carried out in
anisolated room at the school. The participants were informed that the
purpose of the study was to evaluate cardiac arrest situations in a
simulation carried out by a real actor who played the victim. They were
provided with a smartphone, and then came into the room where the
simulation was going to take place one by one. The actor, a simulation-
trained scuba diver then simulated an episode of severe chest pain
followed by a sharp fall to the ground and unconsciousness. The actor
was breathing normally at the time of the fall® and during the first
minute, but his breathing pattern became progressively slower and
deteriorated over the following minute (agonal breathing) and
concluded in breathing arrest at the beginning of the third minute
and then the actor remained in apnoea for another two minutes® '2.
The simulation ended 3 min after the starting time or at the time the
participants attempted to deliver CPR (chest compressions). Because
current basic life support guidelines® endorsed that "patients who are
unresponsive and not breathing normally should be presumed to be in
cardiac arrest", we assume that if the actor was able to reproduce the
mentioned respiratory diagnostic signs, then we can assume the
situation to be cardiac arrest.

An observer in charge of assessing the participants’ actions and
recording times, and a third person, who was responsible for the actors
safety, were also inside the room during the whole process. The
observer had to be aware of the technique being applied, and so the
study design was a simple blinding. The data was collected on
individual pre-designed paper sheets and then introduced into excel
software.

The primary aim of the study was to assess the association
between the victims’ position (RPregularly, RPminute and HTCL
groups) and the percentage of participants who recognized cardiac
arrest (abnormal breathing or breathing arrest). The participant was
only included in the data analysis of the study if their first assessment
had concluded with a correct evaluation (an unresponsive and
normally breathing victim). The secondary aim was to discover if the
children were able to correctly assess a simulated victim, and
determining that the victim was unconscious and normally breathing
was considered to be the right evaluation.
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Data analysis

Pearson's Chi-squared test and odds ratio (OR) were used to evaluate
the differences between groups regarding researcher observations.
The ANOVA test was used to investigate differences between mean
times and the Bonferroni test was used to check the statistical
significance of results between different groups. Significance of
difference was set at the p <.05 level with the corresponding 95%
confidence interval (95%Cl).

All the data was processed using the SPSS version 20 statistical
package for MS Windows (SPSS Inc., IBM, USA).

Results

192 student volunteers aged 10-12 (M=10.94; SD =0.74), 50% male
and 50% female) (see Fig. 1) were randomised and received the CPR

courses. At the end of initial assessment, only 86 (47.25%)
participants were male and 96 (52.75%) female. The whole process
was completed between April and May 2017 as planned. All the
evaluations took place immediately after finishing the course.

After the victims initial assessment (secondary outcome), 182
(94.79%) participants evaluated the victim’s state as unresponsive
but normally breathing, which was considered the right evaluation
(see Fig. 1), two children (initially allocated to the RPregularly
group) evaluated the victim as unconscious and abnormally
breathing and they started cardiac compressions (wrong evalua-
tion) and 8 participants were unable to assess the victim. These
last 10 children were excluded from the analysis of the primary
outcome.

First assessment results are shown in Table 1.

The mean time required by the 184 participants to complete the
first assessment was 37.95s (SD=9.17) in the RPregularly group,
43.16 s (SD =1178) in the RPminute group and 40.70s (SD = 15.33) in

Allocation

Follow up

Analysis

Assessed for eligibility
(N=192)

Intervention-Randomized (N=192)

!

CRP course Recovery
Position (RP) and checking
breathing regularly in
unconscious and normally
breath victims.
n=64
(32 females and 32 males)

CRP course Recovery
Position and re-evaluating
the victim every 1 minute
(RP1) in unconscious and

normally breath victims.
n=64
(32 females and 32 males)

CPR course keeping HTLC
and continuously checking
breath in unconscious and

normally breath victims
n=64

(32 females and 32 males)

Interrupted intervention (n=5):
- Wrong evaluation (n=3)
- Unable to evaluated (n=2)

Interrupted intervention (n=3):
- Unable to evaluated (n=2)

Interrupted intervention (n=2):
- Unable to evaluated (n=2)

RP right evaluation n=59 |

| RP1 right evaluation n=61 |

| HTCL right evaluation n=62

Detected Cardiac Arrest
(CA) before the end of
simulation n=16.
Mean time of detection =
87.57 seconds

Detected Cardiac Arrest
(CA) before the end of
simulation n=41.
Mean time of detection =
86.53 seconds

Detected Cardiac Arrest
(CA) before the end of
simulation n=56.
Mean time of detection =
24.76 seconds

Fig. 1 - Flow Chart.
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Table 1 - Results for the descriptive analysis of the variables analyzed. Researcher observations.

Group
RP (n=61) RP1 (n=61) HTCL (n=62)

Consciousness evaluation No 2 (3.28 %) 5 (8.20 %) 1(1.60 %)

Yes 59 (96.72 %) 56 (91.80 %) 61 (98.40 %)
Ask for help No 6 (9.84 %) 3 (4.90 %) 3 (4.83 %)

Yes 55 (90.16 %) 58 (95.10 %) 59 (95.16 %)
Breathing evaluation Incorrect 13 (21.31 %) 3(4.90 %) 2 (3.20 %)

Correct 48 (78.69 %) 58 (95.10 %) 60 (96.80 %)
Call emergency telephone number No 12 (19.67 %) 13 (21.30 %) 3 (4.80 %)

Yes 49 (80.33 %) 48 (78.70 %) 59 (95.20 %)

RP = Recovery Position; RP1 = Recovery Position re-evaluating after 1 min; HTCL = Head tilt and chin lift technique; n: Number of subjects.

the HTCL group. No statistically significant differences were found: F
(2, 182)=.898, p=0.410.

182 children (86 males (47.25%) and 96 females (52.75%) were
evaluated for the primary outcome (59 in the RPregularly group, 61 in
RPminute group and 62 in the HTCL group). All of the 182 participants
completed the intervention with the technique they had been
allocated.

113 participants detected cardiac arrest before the end of the
simulation: 16 (26.2%) out of the 59 participants in the RPregularly
group, 41 (67.20%) out of 61 in the RPminute group, and 56 (90.3%) out
of 62inthe HTCL group (See Fig. 1). Statistically significant differences
were found between RPregularly and RPminute groups (p < 0.001;
OR=5.766, Cl 2.63-12.60), RPregularly and HTCL groups (p < 0.001;
OR=21.094, C17.57-58.80) and between RPminute and HTCL groups
(p=0.002; OR=4.553, Cl 1.679-12.943).

When cardiac arrest was detected by the participants, the average
time required for identification was 87.57 (SD = 19.06) seconds (range
from 54 to 110s) in the RPregularly group, 86.53 (SD=17.52) (40-
114 s) in the RPminute group and 24.76 s (SD =22.81) (6-105.69s) in
the HTCL group. The differences were statistically significant: F (2,
111)=124,892, p < 0.001, 2=.70.

With regard to the re-evaluation in the RPminute group, only two
children waited the whole minute to re-evaluate the breathing.

Discussion

The present study shows that placing the unconscious and spontane-
ously breathing victim on his/her back maintaining an open airway with
the head-tilt-chin-lift manoeuvre and continuously checking breathing
significantly improved breathing assessment, cardiac arrest detection
and the start of CPR, as compared to the strategies using the recovery
position technique. A simple modification in the re-evaluationtime inthe
RP groups from “check breathing regularly” to “re-evaluate the victim
every minute” significantly improved cardiac arrest detection (success
rate increased from 26% to 67%).

The study also demonstrates that schoolchildren aged 10-12 were
able to correctly assess a victim and to detect cardiac arrest in a
human simulation.

The knowledge and scientific evidence for the different positions to
evaluate and to place the unconsciously and normally breathing
victims are mostly based on studies reporting indirect outcome
measures (not by comparing mortality or morbidity). The main issues
of the use of these manoeuvres according a recent editorial®® are as
follows:

Re-evaluation and ability to detect cardiac arrest: Similar to
previous breathing assessment studies'”%?, the present simulation
study highlights the idea of the advantages of continuously monitoring
breathing to detect cardiac arrest; but is based on simulation studies
and there is only one clinical letter'® reporting a small number of cases
warning that the RP could hinder CA detection. Interestingly, the
present study shows that a simple change, “re-evaluating the victim
placed in the RP every minute”, significantly improved CA detection.
The authors do not know if a different time period would have achieved
better results, but the fact that the children did not wait for the whole
minute to re-evaluate the victim and the difficulties for the children to
roll the victim every minute might make using a shorter time period
unadvisable. Interestingly, these results could suggest the importance
of establishing a concrete period of time in the recommendations.
Continuously monitoring the victim with HTCL might even comple-
ment the initial victims breathing evaluation given that the guidelines
recommended time (less than ten seconds) only allows the
assessment of one or two breaths in the case of a 12 breath per
minute victim, and the extended time might facilitate the evaluation of
the breathing quality (normal vs abnormal).

Airway patency

Both RP and HTCL techniques are widely used and consolidated in
CPR guidelines despite the lack of studies reporting direct outcomes
(morbidity and mortality). A clinical study?® associating the position to
a specified clinical outcome related to airway patency (suspected
aspiration pneumonia in poisoned comatose patients) showed that
victims placed in a prone position (and semi-recumbent) had a lower
incidence of suspected aspiration pneumonia when compared to the
use of the lateral and supine positions. We were not be able to identify
any studies comparing HTCL and RP reporting direct outcome
measures (mortality or morbidity)>*. The evidence for RP and HTCL is
based on indirect outcome measures®*, (oxygen desaturation, stridor
score, upper airway resistance . . . ) mostly with anesthetised or
obstructive sleep apnoea patients. Using HTCL is endorsed to open
the airway, and to give mouth to mouth ventilation because itincreases
tidal volume by improving airway patency®. There is some evidence
favourable to RP vs supine in studies reporting apnoea/hypopnoea
index®*. A study in anesthetised children®® showed similar airway
dimensions and stridor scores using lateral position and chin lift.
Moreover, both parameters improved with the combined use of HTCL
and RP. A recent study shows clinical benefit using RP, reducing the
hospital admission rate of children®” mostly with febrile seizures®®,
non-febrile seizures and vasovagal syncope. However, the authors
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explain that future prospective studies recording clinical complica-
tions, and laboratory or radiological tests after admission are needed
to explore the potential mechanism of the outcome. The study does
notcompare RP to a specific position because an array of manoeuvres
(shaking, water on face, chest compressions...) were also
reported.

Vomiting

The rationale of the gravitational effect, lateral positions using RP,
logrolling techniques or simply putting the victim on his/her side should
be used if vomiting is detected. Maintaining HTCL when the victim is
placed on his/her®® side might be useful in improving airway diameter
and continuously monitoring the victims breathing.

If foreign body airway obstruction is suspected, chest compres-
sions should be delivered immediately in all unresponsive victims®®.

Traumatised victims: when spinal cord injury may have occurred.
We were unable to identify any studies comparing HTCL and RP
reporting clinical®® outcomes measures (mortality or morbidity): In a
clinical study in 18 patients with thoracic or lumbar spinal fractures,
the log-rolling manoeuvre did not result in any neurological
deterioration®" HTCL is endorsed to open the airway in the victim’s
first assessment. Maintaining HTCL will probably not cause
additional damage and might also cause less damage than RP
(which involves the use of an additional technique) if it is used on
unconscious spontaneously breathing traumatic victims. Despite
the fact that some studies associate the use of the RP with spinal
cord movement in healthy volunteers and in cadavers with injured
cervical spine, no studies were found®® reporting mortality or
neurological deterioration.

Leaving the victim alone

The head-tilt chin-lift position requires the constant presence of the
rescuer to maintain airway patency and to improve cardiac arrest
detection, whereas RP is endorsed to allow leaving the victim alone
in spite of the fact that abandoning the victim could be associated
with a bad prognosis in the case of cardiac arrest and with an
impairment®? of arterial inflow in the dependent forearm. This could
be an advantage when there are no phones or in situations of
multiple casualties.

Teaching and learning

Both techniques are included and consolidated in the current
guidelines. HTCL is used as a part of the initial unconscious victims’
evaluation and also to deliver mouth to mouth ventilation and is
associated with ease of use, even with children®®. Learing RP
probably takes longer (a study in Germany>* reports an average
teaching time of 51 min for CPR, 44 min for RP) and performance
varies greatly (ranging from 8 to 87%)°°°°. In the present study the
performance of these techniques was not compared because of the
unsolved question of how many steps®” would be required to consider
RP being carried out correctly.

Use of the strategies in dispatcher-assisted guidance: HTCL is
explained by the dispatcher in the first assessment of the victim. Some
Emergency Medical services endorse RP but in fact use an
abbreviated “place the victim on his/her side”® in the telephone-
guided steps because of the supposedly higher complexity of the
recovery position®”.

The present study highlights the importance of re-evaluating the
victims. In the twenty-first century, with the development of global
mobile telephones®® and mature emergency medical systems (EMS),
the need to abandon the victim is limited and probably associated with
a bad prognosis. Re-evaluating the victims placed in RP every minute
improved cardiac arrest detection and could be applied to clinical
practice. Using HTCL and continuously monitoring the victim, placing
him/her on his/her side if vomiting is detected and starting chest
compressions if a foreign body obstruction or cardiac arrest is
detected could improve the percentage of witnesses starting CPR
before EMS arrival. This would limit the use of RP to situations of
abandoning the victim or of multiple victims. In addition, the EMS
dispatcher could hold the line in all cases of unresponsive and
normally breathing victims, guiding easy re-evaluations to improve
cardiac arrest detection. HTCL-based strategy might be a reasonable
real option, but clinical studies specifically designed to compare the
use of both strategies are needed.

Limitations

Although the simulation model was dynamic (changing throughout
different breathing patterns) and the differences in the results were
significant, the study was just a simulation and it only reproduces the
first 4min of witnessed OHCA and one model of breathing
deterioration. The evaluation was made immediately after the
CPR courses with the objective of trying to mitigate the effect of the
skills decay that might be greater in the most complicated technique,
the RP?°,

Conclusions

School children aged 10-12 were able to correctly assess a victim and
to detect cardiac arrest in a human simulation.

The strategy involving head-tilt-chin-lift significantly increased the
likelihood of detecting cardiac arrest.

Changing the recommendation of re-evaluating the victim from
"regularly" to "every minute" when the recovery position was used
significantly increased the likelihood of detecting cardiac arrest.
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