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Objective: To evaluate leg-heel chest compression without previous training as an alternative for medical profes-
sionals and its effects on distance to potential aerosol spread during chest compression.
Methods: 20 medical professionals performed standard manual chest compression followed by leg-heel chest
compression after a brief instruction on a manikin. We compared percentage of correct chest compression posi-
tion, percentage of full chest recoil, percentage of correct compression depth, average compression depth, per-
centage of correct compression rate and average compression rate between both methods. In a second
approach, potential aerosol spread during chest compression was visualized.
Results: Our data indicate no credible difference between manual and leg-heel compression. The distance to po-
tential aerosol spread could have been increased by leg-heel method.
Conclusion: Under special circumstances like COVID-19-pandemic, leg-heel chest compression may be an effec-
tive alternative without previous training compared to manual chest compression while markedly increasing
the distance to the patient.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

SARS-CoV-2 is a highly contagious virus and causes COVID-19 [1]. Its
particles are mainly transmitted via droplets and aerosols [2]. Distance
is an important risk factor for virus transmission since the concentration
of SARS-CoV-2 has been shown to diminishwith increasing distance from
a patient [2-4]. In some circumstances like bystander CPR, increased dis-
tance is the only adequate form of readily available protection against
virus transmission. Therefore, we considered an alternative method for
chest compression by leg-heel method for resuscitation. Using the foot
for chest compression during cardiopulmonary resuscitationwasfirst de-
scribed 1978 by Bilfield and Regula [5].The method has undergone fur-
ther research such as different compression techniques, compression
depth and rescuer's detoriation for lay rescuers, professionals and school
children [6-11]. As mentioned in ILCOR guidelines for resuscitation
[12,13], manikin studies showed similar results for leg-foot compression
compared with standard manual chest compression [5,7,11]. From a
different point of view, we investigated whether medical professionals
.

are able to provide adequate leg-heel chest compression on manikins
with no more than very brief oral instructions. Secondly, we visualized
potential aerosol spread towards the rescuer during leg-heel versus
conventional manual chest compression with regard to patient-rescuer
distance.

2. Methods

Medical professionals from either the emergency department or in-
tensive care unit of Klinikum Stuttgart, Germany performed chest com-
pression on amanikin (Resusci Anne Simulator, Laerdal Medical GmbH,
Puchheim, Germany). Initially, they were told to perform standard con-
tinuous chest compression for 2 min to the best of their knowledge
without any further instruction. After at least 5 min of recovery, the
study coordinator gave each participant a one-minute lasting instruc-
tion on leg-heel chest compression by showing figures and reading
out the original section from Bilfield and Regulas publication: Partici-
pants were told to remove the shoes,find the xiphoid process of the vic-
timwith the great toe and thenmoving the heel of the foot to a position
5 cmcranial to the xiphoid. Theywere told to standdirectly over the vic-
tim with the length of the foot parallel to the sternum and with the
weight-bearing foot planted at the side of the victim [5]. Without any
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previous training phase, they immediately performed 2 min leg-heel
chest compression on the samemanikin. Participants did neither get vi-
sual nor oral feedback on compression quality. Data was collected by
SimPad PLUS (LLEAP Version 7.1.0.94, Laerdal Medical GmbH,
Puchheim, Germany) and processed on a computer using Microsoft®
Excel (Version 16.46, Microsoft Corporation, Redmond, WA, USA). The
software recorded percentage of correct chest compression position,
percentage of full chest recoil, percentage of correct compression
depth (50-60 mm), average compression depth in mm, percentage of
correct compression rate and average compression rate. To analyze if
our data were normal distributed, we used the Shapiro- Wilk-Test
with a p-value of 0,05. Parameters with normal distribution were de-
scribed with mean and standard deviation, parameters that were not
normal distributed were described with median and interquartile
range. Due to the small sample size (n = 20) we analyzed our data
using a Bayesian approach. To make a decision on the differences re-
garding the performance between the two groups we applied the
method of using the high-density interval (HDI) and region of practical
equivalence (ROPE) as described by Kruschke [14,15]. We used data
from previous studies on CPR performance to determine the ROPE.
Past research revealed general high variability and poor performance
in guideline compliant CPR and a performance of 90% correct compres-
sions is generally considered good CPR [16,17]. Regarding the quality in-
dicators measured in percent, we therefore considered a deviation of 5
percentage points to be negligible from a practical point of view. We
therefore set a ROPE with a width of 10 percentage points for these pa-
rameters. Since the current guidelines offer a corridor of 10 mm for
Fig. 1. Average compression depth during hand and leg-heel compression.
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correct compression depth (50-60 mm) and 20/min for correct rate
(100–120/min)we considered a difference of 5mmand 10/min respec-
tively to be negligible, resulting in a ROPE with a width of 10 mm for
compression depth and 20/min for the frequency [18]. We ed. used
Prism 9 for macOS (Version 9.0.2, GraphPad Software, San Diego, CA,
USA) for data interpretation.

To visualize potential aerosol spread during manual and leg-heel
chest compression we used our simulation model as described previ-
ously [19]:The model was built by a difficult airway trainer connected
to two identical paediatric self-inflating bags (Ambu® SPUR® II, Ambu
GmbH, BadNauheim,Germany) simulating the lung in a chest compres-
sion trainer. These bags were connected to a nebulizer for inhalation
(Cirrus™ 2, Intersurgical GmbH, Sank Augustin, Germany) driven by
8 l/min of airflow. To visualize aerosol-spreadwe nebulized disinfection
detergent detectable by ultraviolet light (Ecolab® magic blue, Ecolab
Deutschland GmbH, Monheim am Rhein, Germany). Photos were
taken by Nikon Df digital camera with a Sigma DG HSM Nikon Art
24.0 mm f/1.4 lens.
3. Results

We recruited 20 trained nurses or physicians at the age of 29,3 ±
6,5 years. Mean body height was 1,74± 0,1m,mean bodyweight aver-
aged 70,75 ± 15,2 kg. Calculated body mass index showed 23,17 ±
3,8 kg xm−2. Every participant completed both 2-min cycleswith no in-
terruptions.

The average compression depth and compression rate were normal
distributed, percent of correct position, depth, rate and recoil were not
normal distributed.

The 95% HDI for the difference of means included zero for all param-
eters. We therefore could not show a credible difference between the
groups. Despite the liberal settings for the ROPE value our results do
not provide confidence about non inferiority of the leg heel method in
comparison with the standard CPR, since the 95% HDI for the difference
of means exceeds the ROPE values for all parameters except for the per-
centage of correct position (Figs. 1-6) (Table 1 and 2).
Fig. 2. Average compression rate during hand and leg-heel compression.



Fig. 3. Percentage of full chest recoil during hand and leg-heel compression.

Fig. 4. Percentage of correct compression depth during hand and leg-heel compression.

Fig. 5. Percentage of correct compression position during hand and leg-heel compression.
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Figs. 7 and 8 showcase the 2-min course of manual and leg-heel
compression for two study participants. Chest compression rate and
depth is illustrated in either yellow or green over time. Yellow areas sig-
nify compression rates<100 />120 xmin−1, compression depths<50 /
>60mmor incomplete chestwall recoil. Green areas vice versa indicate
adequate values.

Fig. 9 illustrates the results of the secondpart of our study. Visualized
potential aerosol spread duringmanual chest compression on panel A is
closer to the participants face than during leg-heel compression as illus-
trated on panel B.

4. Discussion

There is still no universal consensuswhich patient-related procedures
carry an additional risk to generate aerosols [2]. Even a recently published
review could not answer this question but states that aerosol generation
is plausible during CPR [20]. However, many sources list cardiopulmo-
nary resuscitation including chest compression as an AGP [1,2,20-23].
Latest research on a swine cardiac arrest model also found significant
aerosol generation during chest compression following defibrillation
[24]. Potential effect on aerosol generation by ventilation during resusci-
tation stays unclear. However, in the face of a global pandemic with a
highly contagious virus, ongoing shortages in personal protection equip-
ment (PPE) and, in Europe, an increasing number of out of hospital car-
diac arrest during the pandemic, prevention of infection risk for health-
care professionals during CPR is of paramount importance [1].

Our data indicate no credible difference between manual chest
compression and leg-heel chest compression regarding average compres-
sion depth, average compression rate, percentage of full chest recoil and
percentage of correct compression depth but the sample size is too



Fig. 6. Percentage of correct compression rate during hand and leg-heel compression.
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small for decision on non-inferiority. Previous manikin studies also
showed no difference in depth and rate of chest compression when
using the foot [5,7,11]. Although we did not measure agent force to the
chest wall, we assume same risk of complications e.g. rib fractures be-
cause of similar compression depths compared to standard compression
technique. In contrast to our findings there are previous data indicating
incomplete chest wall recoil during chest compression using the foot
[5-7]. This may lead to worse quality of CPR because complete chest
wall recoil is important for hemodynamics during resuscitation and im-
pacts patient outcome [25-28]. However, ourfindings trend tomore com-
plete chest recoil using leg-heel compression but comparing these
findings with abovementioned studies is problematic because of differ-
ences in compression frequency, foot position and compression
Table 1
Results for compression depth and compression rate.

Normal distribution Hand mean (SD) L

Compression depth (mm) Yes 49,6 (8,8) 4
Compression rate (compressions/min) Yes 122 (16,4) 1

Table 2
Results for percent full recoil, percent correct depth, percent correct position and percent corre

Normal distribution Hand median (IQR) Le

Percent full recoil No 71,5 (17,5−99,75) 84
Precent correct depth (50-60 mm) No 45,5 (7,0−98,3) 51
Precent correct position No 100 (100−100) 10
Percent correct rate (100–120/min) No 11,5 (0,8−87,0) 21
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technique. Besides chest wall recoil, compression depth is also crucial
for high quality chest compression [8,9,12,26,29]. Previous studies de-
scribe better results for compression depth when using foot compression
especially for smaller, lighter or fatigued rescuers [5,7,8]. Our study cohort
was too small for such subgroup analysis. Kherbeche et al. did notfind ad-
vantage of foot compared to hand compression regarding compression
depth for children and adolescents irrespective of body weight [6].

In contrast to published studies we only performed a 1-min intro-
duction to the method without intensive training. Interestingly, our
results imply that this approach was not considerably worse than fre-
quently trained manual chest compression and suggest that leg-heel
compression may be a practical alternative for professionals under
special circumstances. Besides clinical settings, leg-heel compression
may also be an alternative for lay rescuers and bystanders not having
PPE to their hands. Using leg-heel compression, they would be able to
use their phone to call for help and furthermore. Likewise, Trenkamp
and Perez described an increased ability to provide effective and
uninterrupted compressions until arrival of help [8]. Considering the
comparable outcomes after just a 1-min introduction to the leg-heel
compression method, further studies comparing outcomes after longer
training of leg-heel compression are warranted. Leg-heel compression
may also be an adequate alternative for fatigued rescuers.

The second part of our study revealed distinctlymore distance to po-
tential aerosol spread during chest compressions using the leg-heel
compression method. Distance of rescuers to patient's airway as a
source of aerosols is a potential modifiable risk factor. In consequence
of that, research ofmethods to increase this distance is urgently needed.
Thismay also affect thewillingness of bystanders to perform chest com-
pression since preexisting fear of performing CPR may rise in times of
COVID-19 [30]. Our findings taken together suggest that leg-heel com-
pression may be a practical alternative for CPR by emergency medical
service during COVID-19 pandemic. Although infection risk during
CPR still has unresolved issues, we think any form of prevention is still
crucial until the COVID19-pandemic is over.

Limitations of our study are the limited number of participants and
the limited comparability to previous studies due to different methods
of foot compression.Hence,we feel the results of our study are primarily
hypothesis generating andwarranting further research on larger collec-
tives. Another limitationmay be that for safety precautions it is not fea-
sible to put off shoes to apply chest compression, especially in out of
hospital settings. However, we observed comparable results applying
leg-heel compression with shoes on. Furthermore, overall chest com-
pression quality in bothmethodswasmore or less surprisingly bad. Un-
like other studies, we did not provide any kind of feedback to the
participants which may partly explain our results. Manual chest com-
pressions are basic skills for any medical professional and essential for
patient outcome [12,23,26]. Once again, these findings underline the
all-important role of regularly CPR trainings to lay rescuers as well as
to medical professionals.
eg heel mean (SD) Difference of means (95% HDI) ROPE width Decision

6,8 (9,3) 2,6 (−3,6; 8,6) 10 mm Undecided
12,9 (19,7) 9,4 (−3,3; 21,5) 20/min Undecided

ct rate.

g heel median (IQR) Difference of means (95% HDI) ROPE width Decision

,0 (28,0−97,0) −9,2 (−34,6, 16,5) 10% Undecided
,0 (1,0−81,5) 4,7 (−23,6; 33,2) 10% Undecided
0 (73,3−100) 0,04 (−0,1; 0,3) 10% Equivalent
,5 (4,0−95,8) −5,9 (−34,2; 23,3) 10% Undecided



Fig. 7. Participant A. Female, 1,67 m body height, 52 kg body weight, BMI 18,6 kg x m−2.

Fig. 8. Participant B. Male, 1,88 m body height, 81 kg body weight, BMI 22,9 kg x m−2.
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Fig. 9. Visualized potential aerosol spread during manual chest compression (panel A) and leg-heel compression (panel B).
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5. Conclusion

Increased distance to patient's airway is a readily available and well
recognized form of protection from virus transmission, both for lay res-
cuers as well as medical professionals. Our results indicate that leg-heel
chest compression may provide similar CPR quality compared to man-
ual chest compressionwhilemarkedly increasing the distance to the pa-
tients (potentially contagious) airway. In the light of the ongoing
COVID-19-pandemic further evaluation of this alternative method of
CPR appears promising.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2021.09.007.
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