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 Background: The aim of this study was to assess the quality of in-hospital cardiopulmonary resuscitation components per-
formed by nurses under simulated conditions, with the use of selected telemedicine tools.

 Material/Methods: This prospective observational pilot simulation study was carried out with a group of 48 nurses working in 
hospital wards specializing in conservative treatment (HOS/C=22; mean age of 30.27 years; SD 9.30) or inter-
ventional therapy (HOS/I=26 nurses; mean age of 30.35 years; SD 9.77). Each nurse performed CPR for two 
minutes (a sequence of 30 compressions: 2 breaths) on a Laerdal Resusci-Anne manikin that was positioned 
on an examination couch using a self-inflating bag and face mask in accordance with their knowledge of and 
skills related to in-hospital resuscitation. The study was conducted in two stages, separated with an interven-
tion (refresh online training by using Polycom RealPresence Group Devices). Analyses of selected chest com-
pression and relaxation parameters were performed with the use of the TrueCPR Coaching Device.

 Results: The finding showed improved compression depth (HOS/C: 46.68 mm vs. 51.50 mm; HOS/I: 46.92 mm vs. 
50.57 mm), improved full recoil (HOS/C: 81.68% vs. 94.67%; HOS/I: 75.92% vs. 82.13%), and sustained stan-
dard compression rate (HOS/C: 115.23/min vs. 105.11/min; HOS/I: 113.65/min vs. 111.04/min) in the study 
group, 2 months after the intervention. A significant difference between the groups was observed in the rate 
of chest compressions with complete recoil (HOS/C: 94.67% vs. HOS/I: 82.13%; p<0.042).

 Conclusions: The use of selected telemedicine tools leads to improved chest compression  and relaxation parameters during 
in-hospital sudden cardiac arrest.
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 Abbreviations: BLS – basic life support; CPR – cardiopulmonary resuscitation; ERC – European Resuscitation Council; 
HOS/C – nurses working in wards specializing in conservative treatment; HOS/I – nurses working in 
wards specializing in interventional therapies; SCA – sudden cardiac arrest; SD – standard deviation
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Background

Sudden cardiac arrest (SCA), both out-of-hospital and in-hos-
pital, is a leading cause of death. Consequently, hospital per-
sonnel are required to ensure an adequate quality of cardio-
pulmonary resuscitation (CPR), which is a component of basic 
life support (BLS), as defined in the guidelines of the European 
Resuscitation Council (ERC) [1]. Because hospital nurses pres-
ent with a variety of cardiopulmonary resuscitation skills [2,3], 
researchers continue looking for methods or tools to enable 
this professional group to retain its competences for as long 
as possible and to improve related practical skills [4–6].

Nurses exercise professional and comprehensive care of the 
patient. In the event of threat to the patient’s life, it is mainly 
nursing staff that recognizes SCA and initiates CPR. In addition, 
a larger number of nursing staff is associated with a lower rate 
of failure during CPR and a reduction in the frequency of car-
diac arrest, pneumonia, shock, and death [1].

In-hospital cardiac arrest occurs in 1–5 patients out of 1000 
admissions, with a predicted 15–20% survival rate to hospital 
discharge [7,8]. Frequently, one of the first links in the chain of 
survival is the nursing personnel directly in charge of patients 
experiencing serious health- or life-threatening incidents [9–11]. 
Hospital guidelines continue to emphasize that good-quality 
chest compression and relaxation is a priority [12]. The quality 
of chest compressions and relaxation parameters are affected 
by a number of factors, which are still being investigated. In ad-
dition to the obvious technical aspects, anthropometric param-
eters are also important, as they may facilitate or impede the 
effectiveness of resuscitation [13,14].

Quality of CPR is inseparably linked with regularly-held training 
and the instruction method provided to medical personnel. In 
addition to the conventional manikin-based practical training 
supervised by instructors, alternative approaches, which are 
more and more frequently being investigated by researchers, 
make use of feedback devices [5,15,16], BLS video self-instruc-
tion systems [17–22], e-learning [6,23], and real-time audio-
visual feedback systems [24,25]; these methods carry a prom-
ise for accessible, affordable, and time-effective training in 
resuscitation [26].

Medical staff working in various general hospital departments 
or intensive care units should be taught to recognize SCA and 
quickly perform CPR. Low quality of chest compressions is com-
mon and results both from the wrong depth and intervals during 
chest compressions. These factors reduce the effectiveness of 
CPR and decrease the survival rate [27]. Therefore, it seems 
reasonable to conduct regular training in BLS (basic life sup-
port) to repeat and improve acquired skills in the field of re-
suscitation. In addition, periodic trainings have a real impact 

on the willingness to undertake CPR and lead to greater con-
fidence during CPR [28].

This study was designed to assess the quality of in-hospital 
cardiopulmonary resuscitation components (chest compres-
sion) in simulated conditions, with the use of selected tele-
medicine tools. The present study is the first attempt made in 
Poland to compile selected telemedicine tools to be applied in 
monitoring the quality of in-hospital BLS-level cardiopulmo-
nary resuscitation.

Material and Methods

Study design

This prospective observational pilot simulation study was car-
ried out with a group of nurses working in hospital wards spe-
cializing in conservative treatment or interventional therapy.

Ethical considerations

The study was conducted from April to December, 2016, and 
all the nurses provided their consent to participate. The de-
sign of the study was approved by the University Bioethics 
Commission (no. 11/10/2016).

Settings and participants

The study involved a group of 48 nurses, active in their profes-
sion and certified to perform the job of nursing, working in the 
selected hospital wards and attending a full-time master’s pro-
gram in nursing. We divided the nurses into 2 groups: HOS/C 
nurses working in wards specializing in conservative treatment 
and HOS/I nurses working in wards specializing in interven-
tional therapies. The HOS/I group consisted of nurses from in-
ternal medicine, surgery, cardiology, neurology, neurosurgery, 
anesthesia and intensive care, orthopedics, gastroenterology, 
pediatrics, hospital emergency department, and interventional 
cardiology. The HOS/C group consisted of nurses from the re-
habilitation ward, hospice, sanatorium, psychiatry, allergology, 
GP clinics, and care and treatment facility for the elderly.

Exclusion criteria were: lack of consent to participate in the 
study, lack of authorization to perform the job of a nurse, 
everyday workplace not a ward specializing in conservative 
treatment or interventional therapy, and existing disease or 
dysfunction making it impossible for the person to perform 
full CPR. Demographic data and professional characteristics 
are presented in Table 1.
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Data collection

We divided the 48 nurses into 2 groups: the HOS/C group 
(N=22; mean age 30.27 years; SD 9.30) of nurses working in 
hospital wards specializing in conservative treatment, with av-
erage employment duration of 7.13 years (SD 9.79) and the 
HOS/I group (N=26; mean age 30.35; SD 9.77) of nurses working 
in hospital wards specializing in interventional therapy, with 
average employment duration of 7.56 years (SD 10.33). Each 
nurse (N=48) performed CPR for 2 min (a sequence of 30 com-
pressions: 2 breaths) on a BLS manikin (Laerdal Resusci-Anne®, 
50 kg, Laerdal, Norway) that was positioned on an examination 
couch (51 cm above the floor surface), using a self-inflating 
bag (Laerdal Silicone Resuscitator for Adults >25 kg, volume 
1600 ml) and face mask (Adult 4-5 with Multi-Function, Mask 
Cover, Laerdal, Norway), in accordance with their knowledge of 

and skills related to in-hospital resuscitation. The parameters 
of compression and relaxation were recorded with a TrueCPR™ 
device (TrueCPR – Physio Control, Malaysia, 2013) positioned 
directly on the manikin’s chest (with the metronome off, and a 
cover concealing the display of the current real-time compres-
sion parameters). The allocation process is shown in Figure 1.

Immediately after the end of the first stage of the study, 
the research team introduced a corrective action by con-
ducting a telemedical panel session focusing on the accu-
racy of CPR performed in accordance with ERC 2015 guide-
lines. The training was conducted online in 3 seminar rooms 
connected via a wireless network and designed for telecon-
ferences (Polycom RealPresence Group 300 EagleEye Acoustic 
and Polycom RPG 500 EagleEye IV/2x, Polycom, Thailand). The 
applied tool, Resusci-Anne Wireless SkillReporter™ Software 

Subject characteristics
HOS/C (n=22) HOS/I (n=26)

p Value
Mean SD Mean SD

Age [years] 30.27 9.30 30.35 9.77 .663

Experience [years] 7.13 9.79 7.56 10.33 .933

Specialization(s) [n%]
Yes 2 9.1 5 19.2

.561
No 20 90.9 21 80.8

CPR training in 
preceding 5 years

Yes 5 22.7 8 30.8
.532

No 17 77.3 18 69.2

Weight [kg] 61.09 12.11 61.50 8.26 .449

Height [cm] 161.50 5.63 162.62 6.48 .900

Table 1. Study group characteristics.

HOS/C – nurses working in wards specializing in conservative treatment; HOS/I – nurses working in wards specializing in interventional 
therapies. * Significantly different between stage I and stage II group, P<0.05.

Study group (n=48)Enrollment

Allocation

Follow-up

Allocated to intervention HOS/C (n=22) Allocated to intervention HOS/I (n=26)

Excluded (n=0)
• Not meeting inclusion criteria (n=0)
• Declined to participate (n=0)
• Other reasons (n=0)

Lost to follow-up (did not arrive) (n=44) Lost to follow-up (did not arrive) (n=3)

Analysis

Taken into account in the analyses (n=18) Taken into account in the analyses (n=23)

Figure 1. Study sample.
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(Laerdal, Norway, 2015), allowed participants to see all the com-
pression parameters simultaneously in real time. The training 
process is shown in Figure 2. Two months after the first stage, 
the nurses were divided into 2 groups based on the same cri-
teria and again were asked to perform CPR for 2 min.

The results were recorded in a specially designed scientific re-
search report. The specific CPR results were transferred from 
the recording device (TrueCPR – Physio Control, Malaysia, 
2013) to the dedicated computer program, TrueCPR™ Report 
Generator – Physio Control 2014, to be entered into the tem-
plate and printed.

Definition of variables

The study focused exclusively on the parameters of chest com-
pression and relaxation. The adopted CPR-related standards 
were based on ERC 2015 guidelines [Perkins 2015], and the 
selected normative parameters were defined as follows: chest 
compression depth 50–60 mm, relaxation with full recoil, com-
pression rate 100–120/min.

Statistical analysis

Statistical analysis of the data was performed using SPSS soft-
ware (SPSS Statistics 20 package, version 12, IBM Corporation, 
USA). Continuous data are presented as mean and SD (stan-
dard deviation). Differences between 2 groups were analyzed 
using an unpaired two-tailed t test after checking normality 

of distribution by Shapiro-Wilk test and after performing con-
stant variance testing. In case of normality and/or constant 
variance test failure, the Mann-Whitney rank sum test was 
performed. The categorical data are presented as numbers 
and they were compared using the chi-square test. P values 
of <0.05 were considered statistically significant.

Results

First stage (before telemedicine intervention)

During the first stage of the study, the mean compression 
depth in both groups was similar (HOS/C: 46.68 mm vs. HOS/I: 
46.92 mm), and was slightly lower than the recommended value 
of 50–60 mm. Chest compression rate met the ERC 2015 crite-
ria in both groups, without statistically significant differences. 
In the case of the nurses working in wards specializing in con-
servative treatment, every second compression was too shal-
low, and every tenth compression was too deep. Similar values 
were recorded in the group of nurses working in wards spe-
cializing in interventional therapies (too shallow: HOS/C mean 
64.68; SD 36.67 vs. HOS/I mean 63.73; SD 43.48; too deep: 
HOS/C mean 6.09; SD 11.91 vs. HOS/I mean 12.04 SD 30.62). 
The percentage of compressions with full recoil was higher in 
the group of nurses from wards specializing in conservative 
treatment (HOS/C: 81.68% vs. HOS/I: 75.92%; p<0.05). The 
data are listed in Table 2.

Figure 2. Training process.
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Second stage (after telemedicine intervention)

Two months after the first stage trials and the telemedical 
training, both depth and rate of chest compressions met the 
criteria recommended by ERC guidelines, with no statistically 
significant differences between the groups. A significant dif-
ference between the groups was observed in the rate of chest 
compressions with complete recoil (HOS/C: 94.67% vs. HOS/I: 
82.13%; p<0.042). The relevant data are shown in Table 2.

Comparison of the 2 stages

Comparative analysis of HOS/C group scores in Stage I and 
Stage II showed a statistically significant increase in the 
parameters of chest compression depth (46.48 mm vs. 
51.50 mm; p<0.039) and relaxation (81.68% vs. 94.67%; 
p<0.025), as well as a retained appropriate compres-
sion rate. Analysis of the results scored by HOS/I group 
showed improvement in the specific parameters of CPR per-
formance, but the change was statistically insignificant.  
The relevant data are presented in Table 3. Both before and 
after the training, the nurses performed chest compressions 
at the rate recommended by ERC 2015 guidelines.

Discussion

The present study demonstrates the effectiveness of a tele-
medical panel session for improving accuracy of CPR, in accor-
dance with ERC 2015 guidelines. The findings also show that 
the tool effectively enables retention of the acquired practi-
cal skills over a longer period of time (2 months). The study 
also indirectly shows a high initial quality of CPR, regardless of 
the speciality of the hospital ward represented by the partici-
pants of the study, confirming that the nurses are adequately 
prepared for performing in-hospital CPR.

CPR trainings are a valuable source of knowledge and at the 
same time enable nurses to acquire practical skills that have 
real impact on patient survival after SCA. Basic life support re-
minders should take place every 12–24 months, and in some 
circumstances this time should be adjusted and analyzed 
based on the probability of cardiac arrest in a particular place. 
Scientific evidence suggests that the fading away of acquired 
skills occurs within 3–12 months after training [1]. Therefore, 
it is necessary to periodically train medical staff using various 
forms of training, from the traditional ones where the on-site 
training is conducted by the instructor, through the use of 

Stage I (n=48)
HOS/C (n=22) HOS/I (n=26)

p Value
Mean SD Mean SD

Compression depth [mm] 46.68 7.92 46.92 11.35 .967

Too shallow [%] 64.68 36.67 63.73 43.48 .917

Too deep [%] 6.09 11.91 12.04 30.62 .786

% full recoil [%] 81.68 31.48 75.92 31.51 .516

Compression rate [min] 115.23 15.78 113.65 14.66 .474

Too slow [%] 11.05 25.20 14.42 27.93 .178

Too fast [%] 26.55 28.60 26.81 37.35 .571

Stage II (n=41)
HOS/C (n=18 HOS/I (n=23)

p Value
Mean SD Mean SD

Compression depth [mm] 51.50 7.76 50.57 5.92 .445

Too shallow [%] 37.56 37.87 45.22 37.64 .485

Too deep [%] 9.28 19.95 4.74 15.77 .293

% full recoil [%] 94.67 16.03 82.13 28.47 .042*

Compression rate [min] 105.11 13.18 111.04 11.13 .120

Too slow [%] 34.61 39.61 15.65 29.34 .056

Too fast [%] 10.44 23.35 16.52 26.51 .277

Table 2.  Initial qualitative parameters of chest compression and relaxation (Stage I) and qualitative parameters of chest compression 
and relaxation 2 months after the telemedical training (Stage II).

HOS/C – nurses working in wards specializing in conservative treatment; HOS/I – nurses working in wards specializing in interventional 
therapies. * Significantly different between stage I and stage II group, P<0.05
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telemedicine tools, up to modern forms of training using med-
ical simulation, including high-fidelity simulators.

On the other hand, numerous studies worldwide focus on as-
sessing the feasibility of selected CPR teaching methods. For 
instance, Nielsen et al. investigated the effectiveness of video-
based self-instruction (VSI) with a 24-min DVD, and reported an 
increase in compression and ventilation parameters, important 
from the perspective of patient survival, which were observed 
nearly 4 months after the intervention [22]. A randomized sim-
ulated study involving first-year medical students compared 
the effectiveness of 2 video-recording-based methods of self-
instruction in BLS, as well as a traditional method (HeartCode 
BLS System vs. BLS Anytime vs. Traditional training), and no 
statistically significant differences were identified in the qual-
ity of compression and ventilation [29]. Similar results in com-
pression rates were reported by researchers from the United 
States who compared the effectiveness of a BLS e-learning 
course (HeartCode BLS) and a traditional instructor-assisted 
training in a population of 604 nursing students. Furthermore, 
the e-learning method produced better results in chest com-
pression depth and in the volume of ventilation [30]. A study 
by Vestergard et al. assessed the effectiveness of an e-learning 
course versus a traditional instructor-led pediatric BLS course 

administered to a group of nurses, and reported no statisti-
cally significant differences in the results produced by the 2 
methods [23].

These previous findings suggest that further research is needed 
to assess the effectiveness of teaching and monitoring resus-
citation operations using equipment designed for online tele-
transmission of data in view of the low costs, short duration, 
and accessibility of the methods described here.

Limitations

Our study has some limitations. Although the study indicates 
the ability of nurses working in different departments (inter-
ventional or conservative) to carry out effective CPR, no dif-
ferences were found in the CPR-related skills among nurses. 
In addition, despite the slight differences between the initial 
CPR assessment and the CPR parameters immediately after 
the training and at 2 months, these differences were at the 
level of statistical significance, despite the small size of the 
groups. Currently, we are planning research with more groups, 
not only among nursing staff, but also among doctors, fire-
fighters, and policemen.

HOS/C
Stage I Stage II

p Value
Mean SD Mean SD

Compression depth [mm] 46.68 7.92 51.50 7.76 .039*

Too shallow [%] 64.68 36.67 37.56 37.87 .023*

Too deep [%] 6.09 11.91 9.28 19.95 .599

% full recoil [%] 81.68 31.48 94.67 16.03 .025*

Compression rate [min] 115.23 15.78 105.11 13.18 .014*

Too slow [%] 11.05 25.20 34.61 39.61 .031*

Too fast [%] 26.55 28.60 10.44 23.35 .022*

HOS/I
HOS/C (n=18 HOS/I (n=23)

p Value
Mean SD Mean SD

Compression depth (mm) 46.92 11.35 50.57 5.92 .163

Too shallow [%] 63.73 43.48 45.22 37.64 .165

Too deep [%] 12.04 30.62 4.74 15.77 1.000

% full recoil [%] 75.92 31.51 82.13 28.47 .433

Compression rate/(min) 113.65 14.66 111.04 11.13 .673

Too slow [%] 14.42 27.93 15.65 29.34 .356

Too fast [%] 26.81 37.35 16.52 26.51 .399

Table 3. Comparison of chest compression and relaxation parameters at both stages in HOS/C group and HOS/I group.

HOS/C – nurses working in wards specializing in conservative treatment; HOS/I – nurses working inwards specializing in interventional 
therapies. * Significantly different between stage I and stage II group, P<0.05.
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It should be also mentioned that the mannequin does not ac-
curately reflect the conditions of a real patient, but is an im-
portant and proven tool for teaching, improving knowledge 
and skills in the diagnosis of SCA and CPR. It should be empha-
sized that even a slight improvement in the depth, frequency, 
and relaxation of CPR can realistically increase patient survival.

References:

 1. Perkins, GD, Travers AH, Berg RA et al: Basic life support chapter collabo-
rators. Part 3: Adult basic life support and automated external defibrilla-
tion: 2015 international consensus on cardiopulmonary resuscitation and 
emergency cardiovascular care science with treatment recommendations. 
Resuscitation, 2015; 95: e43–69

 2. Lee K, Kim MJ, Park J et al: The effect of distraction by dual work on a CPR 
practitioner’s efficiency in chest compression: A randomized controlled sim-
ulation study. Medicine, 2017; 96: e8268

 3. Zimmerman E, Cohen N, Maniaci V et al: Use of a metronome in cardiopul-
monary resuscitation: A simulation study. Pediatrics, 2015; 136: 905–11

 4. Lin CC, Kuo CW, Ng CJ et al: Rescuer factors predict high-quality CPR – a 
manikin-based study of health care providers. Am J Emerg Med, 2016; 34: 
20–44

 5. Truszewski Z, Szarpak L, Kurowski A et al: Randomized trial of the chest 
compressions effectiveness comparing 3 feedback CPR devices and stan-
dard basic life support by nurses. Am J Emerg Med, 2016; 34: 381–85

 6. Wilson-Sands C, Brahn P, Graves K: The effect of instructional method on 
cardiopulmonary resuscitation skill performance: a comparison between 
instructor-led basic life support and computer-based basic life support with 
voice-activated manikin. J Nurses Prof Dev, 2015; 31: E1–7

 7. Nadkarni VM, Larkin GL, Peberdy MA et al: First documented rhythm and 
clinical outcomes from in-hospital cardiac arrest among children and adults. 
JAMA, 2016; 295: 50–57

 8. Sandroni C, Nolan J, Cavallaro F, Antonelli M: In-hospital cardiac arrest: 
Incidence, prognosis and possible measures to improve survival. Intensive 
Care Med, 2007; 33: 237–45

 9. Alves CA, Barbosa CSS, Faria HTG: Cardiorespiratory arrest and nursing: The 
knowledge on Basic Life Support. Cogitare Enfermagem, 2013; 18: 296–301

 10. Gombotz H, Weh B, Mittendorfer W, Rehak P: In-hospital cardiac resusci-
tation outside the ICU by nursing staff equipped with automated external 
defibrillators: the first 500 cases. Resuscitation, 2006; 70: 416–22

 11. Hunziker S, Tschan F, Semmer NK et al: Human factors in resuscitation: 
Lessons learned from simulator studies. J Emerg Trauma Shock, 2010; 3: 
389–94

 12. Link MS, Berkow LC, Kudenchuk PJ et al: Part 7: Adult advanced cardio-
vascular life support: 2015 American Heart Association guidelines update 
for cardiopulmonary resuscitation and emergency cardiovascular care. 
Circulation, 2015; 132: 444–64

 13. Contri E, Cornara S, Somaschini A et al: Complete chest recoil during lay-
persons’ CPR: Is it a matter of weight? Am J Emerg Med, 2017; 35: 1266–68

 14. Lin HL, Lin MH, Ho CC et al: Psychometric properties of the Chinese ver-
sion of the attitudes towards cardiopulmonary resuscitation with defibril-
lation (ACPRD-C) among female hospital nurses in Taiwan. Int Emerg Nurs, 
2017; 33: 7–13

 15. Buléon C, Delaunay J, Parienti JJ et al: Impact of a feedback device on chest 
compression quality during extended manikin CPR: A randomized cross-
over study. Am J Emerg Med, 2016; 34: 1754–60

Conclusions

The effectiveness of CPR conducted by nursing staff can be im-
proved by using selected telemedicine tools, which was con-
firmed in the obtained initial and final parameters of com-
pression and relaxation of the chest during in-hospital SCA.

Conflict of interest

None.

 16. Zapletal B, Greif R, Stumpf D et al: Comparing three CPR feedback devic-
es and standard BLS in a single rescuer scenario: A randomised simulation 
study. Resuscitation, 2014; 85: 560–66

 17. Batcheller AM, Brennan RT, Braslow A et al: Cardiopulmonary resuscita-
tion performance of subjects over forty is better following half-hour vid-
eo self-instruction compared to traditional four-hour classroom training. 
Resuscitation, 2000; 43: 101–10

 18. Braslow A, Brennan RT, Newman MM et al: CPR training without an instruc-
tor: Development and evaluation of a video self-instructional system for ef-
fective performance of cardiopulmonary resuscitation. Resuscitation, 1997; 
34: 207–20

 19. Einspruch EL, Lynch B, Aufderheide TP et al: Retention of CPR skills learned 
in a traditional AHA Heartsaver course versus 30-min video self-training: A 
controlled randomized study. Resuscitation, 2007; 74: 476–86

 20. Isbye DL, Rasmussen LS, Lippert FK et al: Laypersons may learn basic life 
support in 24 min using a personal resuscitation manikin. Resuscitation, 
2006; 69: 435–42

 21. Lynch B, Einspruch EL, Nichol G et al: Effectiveness of a 30-min CPR self-
instruction program for lay responders: A controlled randomized study. 
Resuscitation, 2005; 67: 31–43

 22. Nielsen AM, Henriksen MJ, Isbye DL et al: Acquisition and retention of ba-
sic life support skills in an untrained population using a personal resus-
citation manikin and video self-instruction (VSI). Resuscitation, 2010; 81: 
1156–60

 23. Vestergaard LD, Løfgren B, Jessen CL et al: A comparison of pediatric basic 
life support self-led and instructor-led training among nurses. Eur J Emerg 
Med, 2017; 24: 60–66

 24. Abella BS, Edelson DP, Kim S et al: CPR quality improvement during in-
hospital cardiac arrest using a real-time audiovisual feedback system. 
Resuscitation, 2017; 73: 54–61

 25. You KM, Lee C, Kwon WY et al: Real-time tidal volume feedback guides op-
timal ventilation during simulated CPR. Am J Emerg Med, 2017; 35: 292–98

 26. Potts J, Lynch B: The American Heart Association CPR anytime program: 
The potential impact of highly accessible training in cardiopulmonary re-
suscitation. J Cardiopul Rehabil, 2006; 26: 346–54

 27. Stiell IG, Brown SP, Christenson J et al: What is a role of chest compression 
depth during out-of-hospital cardiac arrest resuscitation? Crit Care Med, 
2012; 40: 1192–98

 28. Lynch B, Einspruch EL, Nichol G et al: Effectiveness of a 30-min CPR self-
instruction program for lay responders: A controlled randomized study. 
Resuscitation, 2005; 67: 31–43

 29. Roppolo LP, Heymann R, Pepe P et al: A randomized controlled trial com-
paring traditional training in cardiopulmonary resuscitation (CPR) to self-
directed CPR learning in first year medical students: The two-person CPR 
study. Resuscitation, 2011; 82: 319–25

 30. Kardong-Edgren SE, Oermann MH, Odom-Maryon T, Ha Y: Comparison 
of two instructional modalities for nursing student CPR skill acquisition. 
Resuscitation, 2010; 81: 1019–24

2526
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Więch P. et al.: 
Use of telemedicine tools in monitoring quality of CPR

© Med Sci Monit, 2019; 25: 2520-2526
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


