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Abstract
Background  Survival of in-hospital-cardiac-arrests is lower when they occur at night and at weekends than when 
they occur during the day. Despite numerous studies, there is little evidence regarding the cardiopulmonary 
resuscitation quality at night and the influence of a feedback device depending on time of day. The present study 
investigates the differences between chest compressions at night and during the day, with and without the use of a 
feedback device.

Methods  The study was approved by the local Ethics Committee and registered in the German Clinical Trials Register 
on 22nd of February 2022 (DRKS00027309) prior to inclusion of the first participant. 158 medical professionals were 
randomized into one of two groups: “no feedback” and “feedback”-group. In both groups, participants carried out 
three two-minute intervals of cardiopulmonary resuscitation on a manikin at day and at night. Members of the 
“feedback”-group received guidance by a feedback device. Primary endpoint was the mean compression depth at 
two time-intervals at the beginning (t1 = 30–60 s) and the end (t2 = 480–540 s) of the experience at night. Secondary 
endpoints included mean compression depth, adequate compression depth (%), compression rate and effective 
compressions (%).

Results  At night, mean compression depth was significantly higher in the “feedback”-group at t1 (47.7 ± 7.9 mm, 
95% CI [45.6–49.8] vs 42.9 ± 11.0 mm, 95% CI [40.8–45.0]) and t2 (46.2 ± 7.9 mm, 95% CI [44.0–48.4] vs 39.6 ± 11.6 mm, 
95% CI [37.3–41.8]). There was no significant difference in mean compression depth between day and night in the 
“no feedback”-group (41.4 ± 10.8 mm, 95% CI [39.3–43.5] vs 42.2 ± 10.8 mm, 95% CI [40.1–44.3]) nor in the “feedback-
group” (47.4 ± 7.6 mm, 95% CI [45.3–49.4] vs 47.4 ± 7.5 mm; 95% CI [45.4–49.5]).

Conclusion  The use of a real-time audiovisual feedback significantly improved compression depth during the day 
and night in a manikin-based simulation study with medical professionals.
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Background
Approximately 290.000 events of in-hospital cardiac 
arrest (IHCA) occur in the United States every year. 
Approximately 25% of the patients survive until discharge 
[1]. In Europe, the incidence for IHCA varies between 
1.5 and 2.8 per 1.000 hospital admissions [2]. Therefore, 
survival to hospital discharge and 30-day-survival differs 
from 14.8 to 34.0%, depending on initial cardiac rhythm, 
witness status, place of IHCA, duration of resuscitation, 
age, and sex [3, 6]. Recent studies suggest that survival 
from IHCA is lower when cardiac arrest occurs during 
off-hours compared to occurrence during on-hours [7, 8]. 
Off-hours are mostly defined as weekdays between 11pm 
to 6:59am and all day on weekends [8]. Therefore, about 
half of all IHCA occur during off-hours [8]. Although 
the underlying reasons for this difference in patients’ 
survival rates are unknown, different factors might be of 
importance, e.g. presence of fewer and less qualified hos-
pital staff or an increased number of patients-per-nurse 
ratio [9, 10]. Previous studies imply that the staff’s physi-
cal fitness level might be decreased at night and could 
potentially influence quality of chest compressions while 
resuscitating [11, 12]. Since high quality chest compres-
sions are a key factor for an effective CPR and for patient 
survival [13], nocturnal fatigue could contribute to worse 
outcomes of IHCA at night. During the daytime, audio-
visual feedback devices improve CPR quality [14, 18]. 
While a previous study found no significant differences 
in chest compression depth before and after a night shift 
[19], evidence regarding overall chest compression qual-
ity during nighttime hours - and the potential impact of 
feedback devices used at night - remains limited.

In this study, we hypothesized that nocturnal fatigue 
of hospital staff influences the quality of chest compres-
sions. Specifically, we examine the influence of a feedback 
device on nocturnal fatigue while performing CPR. To 
this end, we analyzed differences in mean compression 
depth between participants performing CPR at night 
with and without feedback. Furthermore, we assessed 
whether chest compression quality varies between day-
time and nighttime CPR, and between performances 
with and without the use of a feedback device.

Methods
Study design and setting
The study was approved by the local Medical Faculty Eth-
ics Committee of the RWTH University Aachen, Ger-
many (9th of February 2022, EK 480/21) and registered 
in the German Clinical Trials Register on 22nd of Febru-
ary 2022 (DRKS00027309) [20] prior to inclusion of the 
first participant. During this two-armed randomized 
controlled simulation study, 158 participants performed 

two repetitive single rescuer basic life support (BLS) sce-
narios with a simulation manikin (AmbuMan® Advanced, 
Ambu A/S, Ballerup, Denmark), one during the day and 
one at night. Depending on the study group, participants 
performed BLS with or without a feedback device (Zoll 
X-Series, Zoll, Massachusetts, USA), providing audiovi-
sual real-time feedback. A bar located within the screen 
provided a visual indication of the current compression 
depth by moving up and down in synchrony with the 
chest compressions being performed. Additionally, chest 
recoil was indicated. The verbal feedback provided to the 
rescuer included prompts such as “push harder”. A con-
stant metronome beat was set at a rate of 110 beats per 
minute. Reporting was carried out in accordance with the 
CONSORT reporting guidelines [21].

Selection of participants
We randomly recruited medical professionals through 
face-to-face interactions on the campus of the University 
Hospital RWTH University, Aachen, Germany. Partici-
pants had to be physicians, nursing or emergency medi-
cal service (EMS) staff members with a minimum age 
of 18 and a maximum age of 65 years. Exclusion criteria 
were pregnancy and refusal. To prevent the Hawthorne 
effect, participants initially received pseudo-subject edu-
cation indicating that the study focused on evaluating 
technical aspects of the resuscitation manikin and feed-
back sensor - specifically, the detection of varying chest 
stiffness levels and the accuracy of feedback - in order 
to divert their attention from their own performance to 
technical issues. Based on this framing, written informed 
consent was obtained prior to inclusion, after which 
participants were randomized into one of the two study 
groups: “no feedback” or “feedback”. A randomization 
list was generated by MS Excel 2016 (Microsoft Cor-
poration, Washington, USA) using the randomization 
function (RAND) with subsequent preparation of enve-
lopes, which contained the randomization number for 
each participant. Participants were enrolled by a differ-
ent member of the team to avoid selection bias. Half of 
each study group started their first performance at night, 
followed by performance during day and vice versa. The 
assignment of participants was, in turn, based on a Excel-
generated randomization list. A minimum time of 8  h 
between performances was ensured. After finishing both 
performances, the participants were informed about the 
real aim of the study and gave second informed written 
consent for data processing and analysis. Data privacy for 
all participants was maintained and pseudonymized data 
was used for further analyses. Personal data was obtained 
using a standardized questionnaire (see supplements). 
The experiments were carried out in a protected area at 
Aachen University Hospital.
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Interventions
Data was gathered between September 2022 and May 
2023. The experiment consisted of two CPR sessions, 
one at night (between 0 am and 6 am) and one during 
the day (between 6 am and 8 pm). As a scenario, partici-
pants would find themselves in a simulated single rescuer 
emergency situation of in-hospital cardiac arrest. Besides 
chest compressions, ventilation was performed with a 
prefixed endotracheal tube and an enclosed ventilation 
bag during Basic Life Support. Depending on the study 
group, participants performed two sessions of BLS with 
or without the feedback device. The manikin was placed 
on the floor. While participants in the “no feedback”-
group did not get any feedback during the experiment, 
members of the “feedback”-group also received an intro-
duction to the feedback device and were instructed to 
pay attention to the audiovisual feedback. For partici-
pants in the “feedback”-group, the feedback sensor was 
taped on the manikin’s chest prior to beginning compres-
sions. Audiovisual feedback provided information about 
the compression depth, compression frequency and the 
correct chest recoil. Except for instructions about the 
time left in each cycle, participants performed chest 
compressions without additional support during the 
experiment. During each session, subjects of both study 
groups performed ten minutes of single rescuer BLS. We 
divided the 10-minute test period into five intervals of 
two minutes. During the first period, participants per-
formed chest compressions. After two minutes, partici-
pants continued with a two-minute period of ventilation, 
serving as a repose from physical activity to achieve a 
guideline compliant level of physical strain. Participants 
alternated between two minutes of chest compression 
and two minutes of ventilation until three cycles of CPR 
were achieved and ten minutes had passed. Prior to 
physical performance, participants filled out a question-
naire asking about parameters possibly influencing CPR 
quality, such as gender, age, professional experience as 
well as their profession and body mass index (BMI) (see 
supplements). For each session of simulated CPR, par-
ticipants rated their subjective physical fitness level on a 
scale ranging from minimum 1 (very poor) to maximum 
10 (very good).

Outcomes
Chest compression depth in millimeters was continu-
ously recorded by the simulation manikin with a rate of 
40 Hz (i.e. one data point every 25 milliseconds). As a pri-
mary outcome parameter, we compared the mean com-
pression depth with and without feedback at night at two 
time intervals: t1 was set at the beginning of the experi-
ment from second 30 to 90 over a period of 60  s. The 
second interval (t2) was set at the end of the experiment, 
from second 480 to 540. To prevent data loss towards the 

end of the experiment resulting from premature termi-
nation due to physical exhaustion, the t2-interval was set 
at the beginning of the third CPR cycle (see Figure_s_1 
in the supplements). Definitions of chest compression 
parameters are provided in the supplements. As a sec-
ondary outcome, we investigated the influence of time of 
day on the quality of chest compressions. We therefore 
analyzed the following parameters during the three two-
minute cycles of chest compressions during the day and 
at night respectively: mean compression depth, num-
ber of chest compressions, compressions with adequate, 
non-sufficient and too deep compression depth, chest 
compressions with correct chest recoil of the chest, chest 
compressions with correct positioning of the hand on 
the thorax, mean compression frequency, effective chest 
compressions and no-flow time. Effective chest compres-
sions are defined as compressions that meet al.l three cri-
teria: correct compression depth, correct hand position, 
and complete chest recoil of the thorax. The exact defi-
nition of parameters can be found in the supplements. 
The recorded parameters were also analyzed over time 
throughout the first, second and third chest compression 
cycle. The data set and software are available in an online 
repository [22]. Finally, we included the information from 
a questionnaire on age, gender, body mass index (BMI), 
profession and subjective physical fitness to investigate 
their correlation with the compression parameters (see 
supplements).

Statistical analysis
Based on a power level of 80% and an adjusted signifi-
cance level of 5% for compression depth and frequency, a 
minimum difference of 5 mm in chest compression depth 
and 5.7 compressions per minute in compression rate 
between the two study groups was assumed, according to 
findings from previous studies [23, 24]. By using the Sat-
terthwaite two-tailed t-test, the required sample size was 
at 81 per group for chest compressions and 78 for com-
pression rate respectively (SAS 9.3, Cary, North Carolina, 
USA). The participants’ questionnaire responses about 
possible parameters influencing CPR quality were ana-
lyzed descriptively. Thereby, normally distributed data is 
presented as mean ± standard deviation (SD). Quantita-
tive data not following a normal distribution is presented 
as median and interquartile range (IQR). We tested dif-
ferences in variability between study groups using Lev-
ene’s test for quality of variances. For the analysis of the 
primary endpoint, we performed a two-factorial ANOVA 
(analysis of variance) with one repeated measures factor 
(time points) and a grouping factor (feedback/no feed-
back). The intraclass correlation (ICC, two random fac-
tors, absolute agreement) between the two time-points 
was also analyzed separately for the two groups “feed-
back” and “no feedback” to obtain information on the 
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stability of compression depth. A three-factorial ANOVA 
with two repeated measurement factors (time points day, 
night; compression cycles, 1–3) and the grouping factor 
feedback and median BMI was performed to analyze sec-
ondary endpoints. Post-hoc analysis was carried out with 
Bonferroni-correction. A p-value < 0.05 was considered 
to indicate a significant deviation from the respective null 
hypothesis. The secondary endpoint was selected for the 
linear regression analysis, as not all subject characteris-
tics were applicable where the primary endpoint was con-
cerned. First, a simple linear regression was performed 
for each parameter, followed by a multiple linear regres-
sion analysis. All data were gathered in anonymous form 
and SPSS (version 29) was used for statistical analyses.

Results
Characteristics of study participants
In total, 163 participants were recruited. Participant 
characteristics can be found in Table 1. Due to an unex-
pected job change, one participant did not take part in 
the study despite written consent and randomization 
and was replaced. Three participants did not appear for 
the second CPR session due to scheduling difficulties. 
Because of a lack of written consent after unblinding, 
these data sets were excluded from statistical analysis. 
The results of another participant were excluded due to 
continued insufficient chest compression depth below 
20 mm throughout an extended period. Finally, 158 data 
sets were included and analyzed, 78 in the “no feedback”-
group and 80 in the “feedback”-group [Fig. 1].

Primary endpoint
There was a significant difference in compression depth 
between participants performing with feedback and 
without feedback at t1 (47.7 ± 7.9  mm, 95% CI [45.6–
49.8] vs. 42.9 ± 11.0  mm, 95% CI [40.8–45.0]) and t2 
(46.2 ± 7.9  mm, 95% CI [44.0–48.4] vs. 39.6 ± 11.6  mm, 
95% CI [37.3–41.8]) (Fig. 2). Mean compression depth in 
the “no feedback”-group at night decreased significantly 
between t1 and t2 (3.4 ± 0.5 mm, 95% CI [2.3–4.4]). In the 
“feedback”-group, a significant decrease was observed 
between t1 and t2 (1.5  mm ± 0.5  mm [0.5–2.5]) (Fig.  2). 
The intraclass correlation coefficient (ICC) was 0.879 in 
the “no feedback”-group (95% CI 0.816–0.921) and 0.902 
in the “feedback”-group (95% CI 0.851–0.936) (see sup-
plements primary endpoint).

Secondary endpoints
Mean compression depth over time
Over the three cycles during the day, mean compres-
sion depth in the “feedback”-group differed significantly 
from the “no feedback”-group (47.4 ± 7.6  mm, 95% CI 
[45.3–49.4] vs. 41.4 ± 10.8 mm, 95% CI [39.3–43.5]) (see 
supplements secondary endpoint). At night, a significant 
difference between the two study groups was also evident 
(47.4 ± 7.5  mm, 95% CI [45.4–49.5] vs. 42.2 ± 10.8  mm, 
95% CI [40.1–44.3]). Comparing compression depths of 
the “no feedback”-group, there was no significant dif-
ference between day and night (41.4 ± 10.8  mm, 95% 
CI [39.3–43.5] vs. 42.2 ± 10.8  mm 95% CI [40.1–44.3]). 
Also, within the “feedback”-group, no significant differ-
ence in mean compression depth was found between 
day and night (47.4 ± 7.6  mm 95% CI [45.3–49.4] vs. 
47.4 ± 7.5  mm, 95% CI [45.4–49.5]). The “feedback”-
group showed a significantly higher mean compression 
depth in each of the three cycles compared to the “no 
feedback”-group. This applies to daytime and nighttime 
(Fig. 3). Further details can be found in the supplements. 
Participants’ BMI had a significant influence on compres-
sion depth, showing a higher mean compression depth 
if it was greater than 23.8 (41.5 ± 9.0 mm, 95% CI [39.6–
43.3] vs. 47.7 ± 8.3 mm, 95% CI [45.9–49.6]).

Chest compressions with adequate compression depth 
over time
There was a significant difference in mean chest com-
pressions with adequate compression depth in relation 
to the numbers of performed compressions between the 
“feedback” and “no feedback”-group (63.3 ± 64.4, 95% CI 
[50.2–76.5] (28.2%) vs 42.9 ± 54.0, 95% CI [29.5–56.2] 
(18.8%)). In the “no feedback”-group, no significant dif-
ference was found between day and night (42.8 ± 59.0, 
95% CI [28.1–57.6] (18.7%) vs 42.9 ± 65.5, 95% CI [27.9–
57.9] (19.0%)). No such difference was found in the 
“feedback”-group either (62.3 ± 71.9, 95% CI [47.7–76.8] 

Table 1  Descriptive overview
Characteristic No feedback (n = 78) Feed-

back 
(n = 80)

Age (years) 29.0 (26.0–32.0) 29.0 
(24.0–34.0)

Gender – n (%)
  Female
  Male

34 (44)
44 (56)

33 (41)
47 (59)

Profession – n (%) 1

  Nursing staff
  Physicians
  EMS staff

38 (49)
25 (32)
15 (19)

43 (54)
21 (26)
16 (20)

Professional experience (years) 4.0 (2.0–7.3) 5.0 
(2.0–8.4)

  BMI (kg/m*) 23.8 (21.2–26.0) 23.8 
(21.5–27.8)

Physical Fitness 2

  Day
  Night

7.0 (6.0–8.0)
6.0 (5.0–7.0)

8.0 
(6.0–8.0)

6.0 
(5.0–7.0)

If not otherwise specified data is shown as median (IQR; 25th – 75th percentile) 
[1] Percentages may not add up 100% due to rounding 2 1 = subjective minimal 
fitness, 10 = subjective maximal fitness
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(27.6%) vs. 64.4 ± 68.6, 95% CI [49.5–79.2](28.8%)) [Fig. 
4].

Compression rate
Over the three cycles of chest compressions, there was 
no significant difference in compression rate between 
“feedback” and “no feedback”-group (110.7 ± 11.2, 95% 
CI [107.0–114.4] vs. 109.1 ± 21.1, 95% CI [105.4–112.9]). 

Mean compression frequency in both study groups was 
within the recommended range of 100 to 120 per minute 
[Fig. 5].

Effective compressions
A significant difference in effective compressions was 
found between the “feedback” and “no feedback”-group 

Fig. 2  Primary endpoint (mean compression depth at night at t1 and t2). (ninof_t1 = night no feedback first time interval, ninof_t2 = night no feedback 
second time interval, niwf_t1 = night with feedback first time interval, niwf_t2 = night with feedback second time, s = significant)

 

Fig. 1  Study diagram
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Fig. 5  Compression rate. (dnof_1: day without feedback cycle one, ninof_1: night without feedback cycle one, dwf_1: day with feedback cycle one, 
niwf_1: night with feedback cycle one, dnof_2: day without feedback cycle two, ninof_2: night without feedback cycle two, dwf_2: day with feedback 
cycle two, niwf_2: night with feedback cycle two, dnof_3: day without feedback cycle three, ninof_3: night without feedback cycle three, dwf_3: day with 
feedback cycle three, niwf_3: night with feedback cycle)

 

Fig. 4  Chest compressions with adequate compression depth over time (%). (dnof_1: day without feedback cycle one, ninof_1: night without feedback 
cycle one, dwf_1: day with feedback cycle one, niwf_1: night with feedback cycle one, dnof_2: day without feedback cycle two, ninof_2: night without 
feedback cycle two, dwf_2: day with feedback cycle two, niwf_2: night with feedback cycle two, dnof_3: day without feedback cycle three, ninof_3: night 
without feedback cycle three, dwf_3: day with feedback cycle three, niwf_3: night with feedback cycle)

 

Fig. 3  Mean compression depth over time. (dnof_1: day without feedback cycle one, ninof_1: night without feedback cycle one, dwf_1: day with feed-
back cycle one, niwf_1: night with feedback cycle one, dnof_2: day without feedback cycle two, ninof_2: night without feedback cycle two, dwf_2: day 
with feedback cycle two, niwf_2: night with feedback cycle two, dnof_3: day without feedback cycle three, ninof_3: night without feedback cycle three, 
dwf_3: day with feedback cycle three, niwf_3: night with feedback cycle. Grey background indicates CPR at night, ns = not significant, s = significant)
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(62.9 ± 64.4, 95% CI [50.0–75 − 8] (24.3%) vs. 36.9 ± 51.2, 
95% CI [23.8–49.9] (9.9%)) [Fig. 6].

Ancillary analyses
We did not find significant differences between the 
“feedback” and “no feedback”-group regarding number 
of compressions with non-sufficient compression depth 
(141.1 ± 80.3, 95% CI [123.6–158.6] vs. 160.0 ± 77.8, 95% 
CI [142-3–177.6]), number of compressions with too 
deep compression depth (16.9 ± 44.4, 95% CI [7.0–26.9] 
vs. 15.4 ± 45.5, 95% CI [5.4–25.5]) and number of com-
pressions with correct chest recoil (220.2 ± 22.5, 95% CI 
[212.6–227.8] vs. 215.9 ± 43.5[208.2–223.6]). Significant 
differences were found regarding the number of chest 
compressions with correct hand position (220.6 ± 22.1, 
95% CI [210.4–230.8] vs. 196.1 ± 61.9, 95% CI [185.8–
206.5]) and cumulative “no-flow”-time (2.6 ± 9.1, 95% 
CI [0.014 -5.3] vs. 6.9 ± 14.2, 95% CI [4.3–9.6]). After 
conducting a linear regression analysis, we found a sig-
nificant influence of median BMI (> 23.8), gender and 
subjective physical fitness on mean compression depth 
during the day and night. The influence of BMI and gen-
der remained significant after performing a multiple lin-
ear regression analysis. Further details can be found in 
the supplements.

Discussion
The results of the present study show that the use of a 
feedback device at night significantly increased the mean 
compression depth at the beginning (t1) and towards the 
end of the ten-minute experiment (t2) in comparison 
with the “no feedback”-group. A significant decrease in 
the mean compression depth between t1 and t2 was found 
within the “feedback” and the “no feedback” group. Over 
the three cycles, chest compression depth was signifi-
cantly higher in all three cycles in the “feedback”-group 

during the day and at night compared to the “no 
feedback”-group. No significant differences in mean 
compression depth were found between day and night.

We found signs of physical exhaustion while perform-
ing CPR at night with and without the use of a feedback 
device. However, the decrease in mean compression 
depth in the “no feedback”-group was twice the decrease 
in the “feedback”-group (3.4  mm vs. 1.5  mm). Similar 
results were found in a simulation study with health care 
professionals performing CPR on a manikin: while par-
ticipants performing with a feedback device did not show 
significant differences between minute 1 and 10, partici-
pants performing without the feedback device showed a 
decreased quality of chest compression depth over time 
[14]. It should be noted that the isolated use of a feedback 
device is not recommended and should be combined 
with other measures, such as quality improvement pro-
grams [25].

Surprisingly, mean compression depth, with or without 
the use of a feedback device, did not reach the recom-
mended minimum of 50 mm by the ERC [13]. Naturally, 
not reaching the recommended compression depth 
raises a concern about the quality of chest compres-
sions provided by healthcare professionals and should 
be addressed with team training and simulation and 
simulation practice. But our trial design may also pro-
vide an explanation for this phenomenon. To emphasize 
the effect of physical exhaustion and to show the maxi-
mum effect of fatigue and feedback effect respectively, 
the resistance of the manikin’s chest was set to maximum 
rigidity. However, this level of resistance can be found in 
real patients, e.g. young, muscular or obese patients.

Surprisingly, the mean compression depth - regard-
less of whether a feedback device was used - did not 
reach the minimum of 50 mm recommended by the ERC 
guidelines [13]. This shortfall raises legitimate concerns 

Fig. 6  Effective compressions. ((%) as composite value of compressions with correct depth of pressure, correct hand position and subsequent correct 
chest recoil of the chest, dnof_1: day without feedback cycle one, ninof_1: night without feedback cycle one, dwf_1: day with feedback cycle one, niwf_1: 
night with feedback cycle one, dnof_2: day without feedback cycle two, ninof_2: night without feedback cycle two, dwf_2: day with feedback cycle two, 
niwf_2: night with feedback cycle two, dnof_3: day without feedback cycle three, ninof_3: night without feedback cycle three, dwf_3: day with feedback 
cycle three, niwf_3: night with feedback cycle)
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regarding the quality of chest compressions delivered by 
healthcare professionals and underscores the need for 
targeted team training and simulation-based practice. 
However, our study design may partially account for this 
finding. In order to emphasize the impact of physical 
exhaustion and to isolate the effects of fatigue and real-
time feedback, the manikin’s chest stiffness was set to its 
maximum resistance. Notably, such resistance levels are 
not purely theoretical but may be encountered in clini-
cal practice, particularly in young, muscular, or obese 
patients. An additional noteworthy observation concern-
ing the interaction between the feedback sensor and the 
simulation manikin emerged prior to the commencement 
of the experiment. Thereby, we found remarkable differ-
ences between the compression depth that was indicated 
by the feedback monitor and the feedback surface of the 
manikin on a laptop. This difference was smallest and tol-
erable, when the highest level of resistance was chosen 
for the manikin’s chest. A possible explanation could be 
found in the accelerometer of the feedback sensor and its 
fundamental algorithms, which are adjusted to human 
chest characteristics. Hence, false compression levels 
might be found due to the interaction of the feedback 
sensor and the artificial chest of the simulator. Therefore, 
we must conclude that our results of mean compres-
sion depth are systematically lower. The question can be 
raised if other authors might have had the same challenge 
but did not detect the issue.

We did not observe significant differences in CPR per-
formance between day and night sessions. Our findings 
do not support the hypothesis that reduced CPR quality 
during nighttime hours is caused by nocturnal fatigue. 
However, it is important to emphasize that CPR quality 
represents only one of multiple factors influencing sur-
vival after IHCA. Moreover, as this was a simulation-
based study, our findings cannot be directly extrapolated 
to patient outcomes such as survival or neurological 
recovery. Rather, they provide controlled experimental 
evidence regarding isolated aspects of resuscitation per-
formance under standardized conditions. Recent 
exploration found possible causes in delayed calls of 
emergency teams at night [26] and increased number of 
patients-per-nurse at night [9, 10]. For this study, mean 
compression depth was selected as the primary outcome 
parameter. It may be argued, however, that composite 
parameters such as “effective compressions” or “chest 
compression fraction,” which encompass multiple dimen-
sions of CPR quality, could better reflect clinical rel-
evance. In future studies, such parameters may provide 
a more meaningful assessment of resuscitation perfor-
mance than isolated metric values alone.

Limitations
The calculated sample size for assessing chest compres-
sion depth was not fully achieved. Nevertheless, we 
observed a statistically significant effect of the feedback 
device. While this represents a limitation, it may be rea-
sonably argued that the inclusion of four additional par-
ticipants would be unlikely to meaningfully alter the 
observed effect or change the overall conclusions of the 
study. Measurements took place in a laboratory setting 
and thus do not represent real-life conditions. Due to the 
study design, participants were not surprised by an emer-
gency. Thus, potential confounders like preparedness 
and lower individual stress level may have influenced the 
results. Possibly, participants did not find themselves at 
their physiological low point regarding physical perfor-
mance because most of the participants performed noc-
turnal CPR between 0am and 2am.

Conclusion
In summary, the use of a real-time feedback device in a 
simulation manikin study increases chest compression 
depth during the day and at night.
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