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Quality of chest compressions in cardiopulmonary resuscitation

performed in extreme ambient temperature conditions
Calidad de las compresiones toracicas en resucitacion cardiopulmonar practicada en
condiciones extremas de temperatura ambiental
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ABSTRACT:

Under the care of a team of health professionals in an out-of-hospital cardiorespiratory arrest (PCREH),
they can be found in conditions in extreme conditions of ambient temperature, depending on the area
where they are located, the time of the year, and even the time of day.

Objective: The objective of this study was to verify whether the efficacy of Cardiopulmonary
Resuscitation (CPR) was affected by extreme heat (40°C) and cold (0°C) temperature environments,
compared to a CPR in ambient temperature (22°C).

Method: 2 minutes of uninterrupted external chest compressions (ECC) were performed under ambient
temperature conditions of 40°C, 0°C and 22°C, in a realistic mannequin Resusci Anne QCPR with
SIMPAD.

Results: 30 participants, both people with prior training in CPR (86.7%) and without it (13.3%), were
part of the sample, 26 women (86.7%) and 4 men (13.3%), with a mean age of 27.37 + 8.88 years. No
statistically significant differences were found in the efficacy of CPR; but there were differences between
the total number of CT (p = 0.042), the average depth of the ECC (p = 0.015) and the average
frequency (p = 0.034). The Borg scale of perceived exertion (RPE) showed an average of 4.4 + 1.303 at
22° C,4.97 + 1.402 at 40° C and 4.87 + 2.08 at 0° C (p> 0.05). There were no significant differences in
hair lactate.

Conclusions: It is concluded that there are no significant differences between the three conditions,
although it seems that the cold and room temperatures resemble results and that the heat temperature
offers a slight disadvantage of the others.

Key words: cardiopulmonary resuscitation, resuscitator, fatigue, chest compressions, ambient
temperature, simulation.

RESUMEN:

En la atencién del equipo de profesionales de la salud en una parada cardiorrespiratoria
extrahospitalaria (PCREH), se pueden encontrar en condiciones extremas de temperatura ambiental,
segun la zona donde se encuentren, la época del afio, e incluso la franja horaria.
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Objetivo: El objetivo de este trabajo fue comprobar si la eficacia de la Reanimacién Cardiopulmonar
(RCP) se veia afectada en ambientes de temperatura calor (40°C) y frio (0°C) extremos, en
comparacion con una RCP en temperatura ambiental (22°C).

Método: Se realizaron 2 minutos de compresiones toracicas (CT) ininterrumpidas en las condiciones
de temperatura de 40°C, 0°C y 22°C, en un maniqui realista Resusci Anne QCPR con SIMPAD.
Resultados: 30 participantes, tanto personas con formacion previa en RCP (86,7%) o sin ella (13,3%),
formaron parte de la muestra, 26 mujeres (86,7%) y 4 hombres (13,3%), con una media de edad de
27,37+8,88 afos. No se encontraron diferencias estadisticamente significativas en la eficacia de la
RCP; pero si que hubo diferencias entre el nimero total de CT (p=0,042), la profundidad media de las
CT (p=0,015) y en la frecuencia media (p=0,034). La escala de Borg de esfuerzo percibido (RPE)
mostré una media de 4,4+1,303 a 22°C, 4,97+1,402 a 40°C y 4,87+2,08 a 0°C (p>0,05). No hubo
diferencias significativas en el lactato capilar.

Conclusiones: Se concluye que no existen diferencias significativas entre las tres condiciones, aunque
parece que la temperatura ambiental y la fria se asemejan en los resultados y la temperatura calor
ofrece una ligera desventaja al respecto.

Palabras clave: Reanimacién cardiopulmonar, reanimador, fatiga, compresiones toracicas,
temperatura ambiental, simulacién.

INTRODUCTION

Basic cardiopulmonary resuscitation (CPR) is comprised of quality chest or cardiac
compressions and assisted ventilations, including the use of the defibrillator. There are
5 components of high-quality CPR such as chest compression fraction (CCF), ECC
frequency, ECC depth, chest expansion, or residual compression and ventilation ().
Specifically, the depth will be approximately 5-6 cm in the adult and the frequency>
100 cpm, as well as allowing the chest to re-expand after each compression ),

If we understand chest compressions as a physical activity for the rescuer, we can
define it as intense and of a short duration because, from 1% to 2 minutes, the
rescuer's fatigue increases, and the quality of the compressions begins to decrease
significantly -7,

The systems that participate in the production of energy in the body are determined by
intensity, so, being an intense and short-lived activity, the predominance of the ATP
replacement pathway would be the anaerobic glycolytic pathway ©.

In out-of-hospital PCR, healthcare professionals are exposed to any climatic context.
In reference to ambient temperature, extreme hot and cold conditions affect the body
in different ways. Metabolically, in a hot context, muscular glycogenolysis, glycolysis
and the degradation of high energy phosphate during exercise are increased ©. In
repeated and intense activities, when the hyperthermic state is reached, the physical
performance is diminished; it is suggested that this reduction is related to an increase
in core temperature and not to known fatigue metabolic agents (1%11) as well as to the
availability of carbohydrates. In contrast, in cold environments an increase in
resistance has been observed, probably related to a reduction in glycogenolytic
velocity (12),

Physical performance in cold environments is impaired by decreased mechanical,
biochemical, and neural functions of the muscle due to a decrease in muscle
temperature. On the other hand, it has been observed that in hot environments the
performance increases when carrying out an intense activity of short duration. If this
activity is repeated, the positive relationship decreases and performance
deteriorates('3).
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The objective of our study was to determine if there are differences in the quality of
chest compressions in cardiopulmonary resuscitation depending on the ambient
temperature where the CPR is performed.

METHOD

Analytical comparative study of the quality of chest compressions in simulated
cardiopulmonary resuscitation performed on a specific mannequin for CPR under
different conditions of ambient temperature performed in the laboratory at the facilities
of the Universidad Catolica San Antonio de Murcia (UCAM).

Three different tests were performed consisting of performing quality chest
compressions uninterruptedly for 2 minutes on a dummy in the ground in each of the
tests. The room / laboratory ambient temperature conditions for each of the three tests
were 22°, 40° and 0° C respectively. In each of the conditions, an acclimatization of
the participant to the ambient temperature of 5 minutes was carried out. During the
test, the subjects had no information about the quality of the test or the time elapsed.
At the end of the two minutes, they were asked about the degree of perceived effort of
the test, according to the Borg scale, and were then measured the lactate in capillary
blood by puncturing the index finger. If the two temperature tests were performed in
the same session, the participants remained at rest outside the laboratory rooms for
fifteen minutes between tests in order to achieve their baseline status again.

The three tests of the study were carried out during the months of April, May, June and
July 2019.

The sample size was 30 participants with convenience sampling, who appeared in the
absence of acute phase disease and/or not controlled, of legal age who had
expressed their willingness to participate in the study. Exclusion criteria were people
with acute phase disease, with musculoskeletal injuries of the upper extremities,
people who had not reached the age of majority and people who had not signed the
informed consent. Participants who were absent one or more days of the tests and
those who voluntarily withdrew their consent to participate in the study were
withdrawn.

Chest compressions were performed on a Resusci Anne QCPR® Simulation
Mannequin with SimPad® control operating device from Laerdal Medical AS; The
Roche Diagnostics Accutrend Plus device with BM-Lactate test strips was used to
measure blood lactate; and for the subjective assessment of test hardness, the
validated modified Borg CR-10 perceived effort scale (RPE) was used.

The data obtained in the SimPad® together with the rest of the data from the tests and
from the participants were tabulated and exported to the statistical treatment program
for analysis.

Statistical analysis was performed with the Statistical Package for the Social Sciences
(SPSS) program. The description of the variables was made by counting the
frequencies and their percentages and by their means and standard deviations (SD);
as well as its median and interquatillic amplitude, depending on its normality. The
Shapiro-Wilk test was performed to determine normality in the quantitative variables.
The differences between the variables were established by the "chi-square" or by the
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"F" of Fisher, as well as "t" of Student or "U" of Mann Whitney; if more than two groups
were compared, the ANOVA or Kruskal-Wallis test was used. In the search for
association within related samples, the Student's t-test or the Wilcoxon test were used;
if there were more than two, the statistic used was the Friedman test.

Pearson or Spearman was used for bivariate correlations. The level of significance
was that of p <0.05.

RESULTS

The sample consisted of 30 participants, of which 26 were women (86.7%) and 4 men
(13.3%). Tables 1 and 2 define the characteristics of the individuals in the sample.

Table 1. Characteristics of the individuals in the sample - Categorical variables.

Variable
Gender Female Male Total
26 (86,7%) 4 (13,3%) 30 (100%)
BMI Classification Underweight Normal weight Overweight Obesity
3 (10,9%) 20 (66,7%) 5(16,7%) 2 (6,7%)
Previous academic Advanced Basic Without
training
20 (66,7%) 6 (20%) 4 (13,3%)

BMI = Body Mass Index

Table 2. Characteristics of the individuals in the sample - Quantitative variables.

Mean Median SD 1A Min. - Max.
Age 27,37 25 +8,880 7 19-58
Height 167,43 167 +9,565 9 154-196
Weight 63,160 62,4 +10,9583 12,4 47,9-92,7
BMI 22,712 22,1 +3,2677 4 18,3-32,1

SD = Standard derivation; IA = interquatillic amplitude.

Significant differences were found in the total number of external chest compressions
performed during the test (p = 0.042), in the mean depth (p = 0.015), and in their mean
frequency (p = 0.034) (Table 3). In all conditions, the variables behaved normally,
except for the % of CPR in room temperature and cold temperature.
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Table 3. Test results from the SIMPAD dummy - Quantitative variables.

Ambiental temperature Heat temperature Cold temperature
Variable Mean Median Min. - Mean Median Min. - Mean Median Min. - p
*SD (1A) Max. *SD (1A) Max. *SD (1A) Max. value
83,22 89 75,27 - 81,91+
% CPR £17.509 (63) 37 -100 20,843 75 (67) 100 18285 90 (54) 45-99 0,262
N° ECC 221,37 220 169 - 229,07 222,50 175 - 231+ 221,50 191 - 0.042
+20,508 (24) 274 22,706 (25) 278 28,928 (45) 294 ’
Moot 5053 %050 3563 4813 47(30) 3363  ATITE 50(27) 35-62 0,015
E(?C +6.694 (12) 8,332 6,919 ’
Average 110,93 109 115,17 88 - 116,3333% 112 96 -
FrecCT  #10544  (53) 297188  4qq350  112(52) 440 14,40626 (23,5) 148 0,034

% CPR = Correct Cardiopulmonary Resuscitation Percentage; N° ECC = Total number of external chest
compressions performed; Depth. med ECC = Average depth of external chest compressions; Frec. med
ECC = Average frequency of external chest compressions; SD= Standard derivation; IA = interquatillic
amplitude; Min. = Minimum; Max. = Minimum.

The mean scores obtained from the RPE by the participants in each of the three
temperature tests were as follows: 4.4 + 1.303 at room temperature, 4.97 £ 1.402 in
heat and 4.87 + 2.08 in cold ( p> 0.05). In hot and cold temperature, it was treated as a
normal variable and in an environment as nonparametric.

Statistically significant differences (p<0.05) were found, regarding the variables
obtained from the SIMPAD dummy, between the "average depth of chest
compressions" in room temperature and heat temperature (50.53 mm vs 48.13 mm; p
= 0.046), as well as at room temperature and cold temperature (50.53 mm vs 47.17
mm; p = 0.030) (Figure 1).

Figure 1. Average depth of chest compressions at different temperatures (22°, 40°
and 0°) (p <0.05).

Figure 1
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Also in relation to the “average frequency of external chest compressions” in ambient
temperature and heat (110 cpm vs. 115 cpm; p = 0.025) and ambient temperature and
cold (110 cpm vs. 116 cpm; p = 0.028) (Figure 2).
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Figure 2. Average frequency of external chest compressions at different temperatures
(22°, 40° and 0°) (p <0.05).

Figure 2
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Differences in the “number of total compressions” between ambient temperature and
heat (221 ecc vs. 229 ecc; p = 0.032); and ambient temperature and cold (221 ecc vs
231ecc; p = 0.046), was statistically significant (Figure 3).

Figure 3. Number of total external chest compressions at different temperatures (22°,
40° and 0°) (p <0.05).

Figure 3
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DISCUSSION

For the discussion of the results, studies in the field of Physical Activity Sciences have
been used, due to the difficulties in comparing it with other studies of the same
approach. Thus, the authors want to highlight the difficulty of the discussion, so more
studies would be necessary in this regard.

As a resolution of the main objective, in Table 3, it can be seen that in the variable "%
CPR" there were no significant differences between the different conditions; however,
if we look at the variables on which the CPR is based, frequency, depth and number of
compressions, these significant differences did exist. In fact, among the parameters
that include CPR, it is observed that, with respect to room temperature, the number of
compressions increased both in hot and cold temperatures at the same time that the
average depth decreased and these differences were significantly reflected. This can
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be explained by cardiac output, in which the increase in the former would compensate
for the decrease in the latter, thus not being affected and maintaining the effectiveness
of CPR (1),

In the same way, the sample in the conditions of ambient temperature and cold,
performed advanced CPR, while the rest decreased the quality in the heat
temperature. It could be explained by thermoregulating the body; in the hot condition,
the body would need more time than the duration of the test to carry out the sweating
and thus cool the body and maintain performance; while, in the cold condition,
continuous muscle contraction would favor an increase in body temperature, and as
observed in the results section, there is a direct correlation between the effectiveness
of CPR and the increase in body temperature during test (1),

The perceived effort scale (RPE) offers us a subjective assessment of the rescuer on
physical effort. In this study('®), in which 2 minutes of CPR were performed, the mean
value of the RPE was 3+2; therefore, it was lower than our results, however, the
participants were a heterogeneous sample of health professionals trained in CPR.
Likewise, significant differences were found regarding the increase of the intensity of
the effort in heat temperature. As expressed in the article, in a fixed intensity activity
performance is impaired, as exercise-induced hyperthermia is associated with central
fatigue('”). It is possible that under the recommendations of the European
Resuscitation Council (ERC) to exchange the resuscitator every 2 minutes, in heat
temperature this change could be carried out earlier, to guarantee the effectiveness of
CPR(18),

We consider that it would be necessary to carry out a comparative study that included
a greater number of "n" and with a longer duration design, in which the resuscitators
approached extreme fatigue and monitored the relevant variables over time, in order to
obtain a more detailed evolutionary information.

Study limitations

Despite efforts to recreate the design of study, there were different technical limitations
that could influence the research and have some impact on the results.

First, the tests were performed in a laboratory, not in a real setting, so it is not known if
all aspects of a real resuscitation could be reproduced; there are variables in which the
context can affect the rescuer; Motivation, environment, team, decision making can
inherently affect the quality of a process. A second limitation could be found in the
location of the test in cold temperature, since the space for performing the test was
very limited, so the body dimensions of some participants might have affected the
performance of external chest compressions.

CONCLUSIONS

In conclusion, the overall quality of external chest compressions has not shown
statistically significant differences when performed in extreme heat or cold ambient
temperatures. Similarly, the median representing the percentage of chest
compressions performed correctly in extreme heat was lower than that found in cold
and ambient temperature. This shows a trend of worsening quality in that temperature
condition compared to the other two despite not having found statistical significance.
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As for the RPE, it was similar in the three tests carried out; however, the extreme heat
temperature seems to be the worst condition for performing chest compressions,
qualitatively speaking, taking the ambient temperature at 22°C as a reference.

Finally, statistically significant differences have been found in the parameters involved
in chest compressions, the mean depth, the number of total compressions, and the
mean frequency of chest compressions among the three temperature tests; however,
they do not appear to have affected the overall quality result.
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