


coefficient, r. Our hypothesis was that there would be a 
strong linear relationship between 𝑅𝑅𝑅𝑅 and the ratio 𝑑𝑑𝑝𝑝 𝑇𝑇𝑑𝑑⁄ ,. 
A similar analysis was conducted with compression 
velocity, 𝐶𝐶𝐶𝐶 and the ratio 𝑑𝑑𝑝𝑝 𝑇𝑇𝑐𝑐⁄ .  

We also classified chest compressions individually as 
high-quality or low-quality chest compressions to analyze 
the power of 𝑅𝑅𝑅𝑅 as a reliable quality parameter. For this 
analysis, we classified as high-quality chest compressions 
those with depth between 50 and 60 mm and compression 
rate between 100 and 120 cpm. 

 
3. Results 

We visually inspected all the episodes after the 
automated annotation. We discarded 315 compressions 
that did not exceeded the 10 mm threshold. A total of 
31451 chest compressions were annotated in 132 episodes, 
with a mean 238 (47) compressions per episode.  

The threshold 𝑑𝑑th for determining the effective start and 
end of the compression cycle was fixed at 5 mm.  

Figure 3 shows the distributions of some of the analyzed 
metrics. For the whole population, median (P25-P75) 𝑑𝑑𝑝𝑝 
was 48.7 (43.1-53.7) mm; 𝐷𝐷𝐷𝐷 was 50.9 (48.7-52.8) %; 𝑅𝑅𝑅𝑅 
was 485.0 (423.4-541.4) mm/s and 𝐶𝐶𝐶𝐶 was 470.0 (406.5-
542.5) mm/s. 

 
Figure 3. Histograms of some of the computed 
compression metrics. 

 
3.1. Compression metrics in relation to 
stiffness and compression rate 

Table 1 shows the variation of the computed 
compression metrics with increasing stiffness. Results 
were statistically different for all the metrics.  

Figure 4 shows the variation of metrics as a function of 
compression rate. Continuous line represents the median 
value, while dashed lines represents P25 and P75. There 
were significant differences depending on target 
compression rate for all the metrics. 

 

 
Table 1. Compression metrics for different grades of 
stiffness. 𝑑𝑑𝑝𝑝 in mm; DC in %; RV and CV in mm/s. Values 
are expressed as integers for clarity 
 

Metric1 Stiffness 
Soft Standard Hard 

𝑑𝑑𝑝𝑝 54   (48-57) 49   (44-53) 45   (40-49) 
DC 51   (49-52) 52   (50-53) 50   (48-53) 
RV 502 (455-550) 466 (406-527) 478 (414-549) 
CV 448 (417-540) 447 (392-524) 489 (413-578) 

 
 

 
Figure 4. Variation of compression metrics as a function of 
compression rate. 

 
3.2. Relationship between compression 
depth and chest velocity 

Release velocity 𝑅𝑅𝑅𝑅 showed a high linear relationship 
with the ratio 𝑑𝑑𝑝𝑝 𝑇𝑇𝑑𝑑⁄  when all chest compressions were 
considered. The correlation coefficient was 0.97. 
Compression velocity 𝐶𝐶𝐶𝐶 showed also a high linear 
relationship with the ratio 𝑑𝑑𝑝𝑝 𝑇𝑇𝑐𝑐⁄ , with a correlation 
coefficient of 0.94.  

Figure 5 shows the scatter plot and the models fitted to 
all values jointly. According to this, a good approximation 
to the actual release velocity as a function of the ratio 
depth-decompression time would be: 

𝑅𝑅𝑅𝑅 = 1.32 ∙
𝑑𝑑𝑝𝑝
𝑇𝑇𝑑𝑑

 

A similar approximation could explain the relation 
between 𝐶𝐶𝐶𝐶 and the ratio 𝑑𝑑𝑝𝑝 𝑇𝑇𝑐𝑐⁄ : 

𝐶𝐶𝐶𝐶 = 1.33 ∙
𝑑𝑑𝑝𝑝
𝑇𝑇𝑐𝑐
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Figure 5. Linear relationship between RV and 𝑑𝑑𝑝𝑝 𝑇𝑇𝑑𝑑⁄  (top) 
and between CV and 𝑑𝑑𝑝𝑝 𝑇𝑇𝑐𝑐⁄  (bottom). 
 

Finally, Figure 6 shows the distribution of RV for high-
quality and low quality chest compressions. 

 
Figure 6. Histograms of RV for high-quality (dark) and 
low-quality (light) chest compressions. 

 
4. Discussion and conclusions 

Extensive analysis of chest compression parameters 
could contribute to a better understanding of CPR 
dynamics and the relationship between current and novel 
quality metrics. Our study provided automated tools for 
this characterization that could be useful for the analysis of 
human CPR data.  

Our results confirmed that the minimum recommended 
50 mm compression depth is difficult to achieve, at least in 
a manikin model, and that depth decreases with rate and 
with stiffness. Chest velocities during compression and 
decompression also depended on stiffness and rate. We 
also found a linear correlation between velocity and depth, 
but results did not confirm the potential value of RV as a 
reliable metric to differentiate between good and poor 
quality chest compressions. In any case, it should be 
considered an additional compression metric, 
complementary to rate and depth. 

Availability of compression depth signal in human 
OHCA data requires the use of commercial CPR feedback 
devices, mostly based on accelerometers [6]. Deriving 

depth from acceleration is not straightforward and requires 
measuring chest force to account for chest release [6]. 
Nevertheless, the experimental setup presented here allows 
the reliable assessment of the relationship among different 
compression metrics, avoiding the uncertainty associated 
to the estimate of compression depth signal.  

 
6.  Conclusions 

This study provided a reliable framework for the 
characterization of chest compressions during manual 
CPR. Assessing the relationship among chest compression 
metrics could lead to a better understanding of the optimal 
chest compression procedure.  
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