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ABSTRACT 40 

Objectives: To describe chest compression(CC) quality by individual providers in two pediatric 41 
emergency departments (EDs) using video review and compression monitor output during 42 
pediatric cardiac arrests. 43 

 44 
Methods: Prospective observational study.  Patients <18 yo receiving CC for > 1 minute were 45 
eligible.  Data was collected from video review and CC monitor device in a synchronized fashion 46 
and reported in ‘segments’ by individual providers.  Univariate comparison by age (<1 yo, 1-8 47 
yo, >8 yo) was performed by chi-square testing for dichotomous variables (‘high-quality’ CPR) 48 

and nonparametric testing for continuous variables (CC rate and depth).  Univariate comparison 49 
of ventilation rate (V) was made between segments with an advanced airway versus without. 50 
 51 

Results: 524 segments had data available; 42/524 (8%) met criteria for ‘high-quality CC’.  52 
Patients >8 yo had more segments meeting criteria (18% vs. 2% and 0.5%; p<0.001).  Segments 53 
compliant for rate were less frequent in <1 yo (17% vs. 24% vs. 27%; p=0.03).  Segments 54 
compliant for depth were less frequent in <1 year olds and 1-8 year olds (5% and 9% vs. 20%, 55 
p<0.001.)  Mean V for segments with an advanced airway was higher than with a natural airway 56 

(24 + 18 vs. 14 + 10 bpm, p < 0.001).  Hyperventilation was more prevalent in CPR segments 57 
with an advanced airway (66% vs. 32%, p < 0.001). 58 

 59 

Conclusions: CC depth is rarely guideline compliant in infants.  Hyperventilation is more 60 

prevalent during CPR periods with an advanced airway in place.  Measuring individual provider 61 
CPR quality is feasible, allowing future studies to evaluate the impact of CPR training. 62 
 63 

 64 
 65 

 66 

 67 

 68 

 69 

 70 

 71 
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 72 

 73 

 74 

BACKGROUND 75 

More than 16000 children suffer cardiac arrest each year in the United States.  High 76 

quality cardiopulmonary resuscitation (CPR) remains the cornerstone of therapy for cardiac 77 

arrest, and maintaining competency in CPR is a requirement for most pediatric healthcare 78 

personnel.  Despite long-standing recommendations from the American Heart Association 79 

(AHA) on CPR quality, studies continue to show that CPR is frequently performed in a manner 80 

inconsistent with guidelines.1,2  In pediatrics, the low incidence of cardiac arrest events raises a 81 

particular challenge for skill maintenance; studies have shown that the average provider in an 82 

emergency department (ED) performs chest compressions on children for only a few minutes per 83 

year.3  There continues to be a need to optimize training in CPR to achieve durable skill 84 

acquisition and maintenance even in experienced pediatric healthcare providers.   85 

Studies assessing pediatric CPR quality during actual patient events have been published 86 

using differing methods. Devices applied to a patient in cardiac arrest using pressure sensor, 87 

accelerometer, and transthoracic impedance can analyze individual chest compressions for depth, 88 

rate, and release. Multiple published studies in pediatric CPR have reported data from these 89 

devices to summarize quality across entire CPR events.2,4,5  The use of video review has been 90 

shown to be a useful adjunct in assessing performance during CPR, albeit with limitations in 91 

accurately assessing chest compression depth.1,6  Video review in conjunction with CPR monitor 92 

devices can allow comprehensive assessment of CPR performance by individual providers.   93 
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Members of our group recently reported on the simultaneous use of video review and 94 

pressure/accelerometer devices to measure chest compression quality at the level of individual 95 

providers in a case series examining hand position during infant CPR.7  For the present study, we 96 

sought to report CPR performance quality data at the level of individual providers across a 97 

collaborative of pediatric EDs using video recording in their resuscitation areas.  We 98 

hypothesized that measuring CPR performance by individual providers using a combination of 99 

video review and chest compression quality device measurement would be feasible, and that 100 

CPR would be provided to children in the ED with similar inconsistencies with published 101 

guidelines as has been demonstrated in other studies. 102 

 103 

METHODS 104 

Design and Setting 105 

The Videography In Pediatric Emergency Resuscitation (VIPER) Collaborative is a 106 

multihospital research group of pediatric hospitals where video recording is used for quality 107 

assurance in the ED resuscitation area.  This was an observational study conducted in two 108 

VIPER sites from September 2016 to March 2019. At each site, resuscitative care in the ED is 109 

video recorded as part of a intradivisional continuous quality assurance program.  Patient/parent 110 

consent is obtained at the time of consent for treatment. Videorecording is done using multiple 111 

synchronized camera views plus a view of the patient monitor. Videos are reviewed and de-112 

identified data is collected on common resuscitative procedures, including CPR.  Following data 113 

collection, videos are deleted and are not part of the patient medical record.  Figure 1 shows the 114 

configuration of the video systems used by the study centers (LiveCapture, BLine Medical, 115 
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Washington, DC, USA; Ocularis OnSSI, Qognify Inc., Pearl River, NY)  The study was 116 

approved by the Institutional Review Board of the Children’s Hospital of Philadelphia. 117 

The creation and testing of the VIPER database has been reported elsewhere.8  Briefly, 118 

the database was created by the investigators through an iterative process using video recorded 119 

simulations as a source of test data.  Duplicate review of CPR events by multiple investigators 120 

yielded very high interrater agreement with k > 0.8 for all dichotomous data fields and ICC 121 

>0.96 for continuous (time-based) data fields. 122 

 123 

Subjects  124 

All events where a patient received chest compressions (CCs) for > 1 minute were 125 

eligible for inclusion. Events where a CC monitor device was not used, or where videorecording 126 

did not occur, were excluded.  Data collected on patients included age, initial rhythm, out-of-127 

hospital versus in-hospital cardiac arrest, event duration, and outcomes according to Utstein 128 

definitions that could be determined from video, i.e., return of spontaneous circulation (ROSC) 129 

and survival to hospital admission. Event duration was defined as the time from the first CC was 130 

performed by an ED provider to when ROSC was achieved, when the patient was cannulated for 131 

ECMO (or transferred out of the ED to the operating room for ECMO cannulation), or when the 132 

resuscitation was terminated and the patient was declared dead. 133 

 134 

Data collection: Video review 135 
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CCs were analyzed by ‘compressor segment’, defined as the period of time where a 136 

single provider performed CC (with or without interruptions) until another provider replaced 137 

them.  CC rate was expressed as compressions per minute (cpm).  Start and stop times for each 138 

compression segment were measured to the nearest second.  Individuals performing CCs were 139 

categorized based on their training background (nurse, paramedic, physician, etc.). 140 

Ventilations were measured during video review by direct observation of the provider 141 

who was using the bag valve mask device.  A ventilation was counted if the video reviewer could 142 

determine that the bag-valve mask device was squeezed in order to deliver a tidal volume to the 143 

patient (either through a mask, endotracheal tube, or supraglottic device).  Ventilations were 144 

counted separately and expressed as breaths per minute (bpm). 145 

 146 

Data collection: Monitor device 147 

CC rate and depth were measured by the CC monitor device (R-series®, ZOLL Medical, 148 

Chelmsford, MA, USA) with dual sensor electrode pads in anterior-posterior position.  Code 149 

ReviewTM software (ZOLL Medical, Chelmsford, MA, USA) was used to extract and analyze 150 

CC data; using start and stop time points for each compressor segment, the software allows for 151 

the selection of identical time periods and summarization of CC parameters for those time 152 

periods (i.e. CPR performance by individual providers).  153 

The monitor devices are equipped with graphic readouts that provide real time feedback 154 

to CPR providers for depth and rate.  However, these feedback graphic capabilities are only 155 

calibrated to guidelines for adult patients and are not available during CPR of smaller children (< 156 

10 kg).  Additionally, the configuration of the resuscitation areas of the two enrolling centers 157 
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does not permit a line-of-sight view of the feedback interface during active CPR; thus, the data 158 

collected on rate and depth in this study was not influenced by real-time feedback.  159 

 160 

Outcomes and Measures 161 

The main outcome was performance of high quality CPR per compressor segment (unit 162 

of analysis).  Current AHA recommendations for CPR parameters for infants and children are 163 

summarized in Table 1.9  Compression segments were classified as ‘high-quality CPR’ if the 164 

following criteria were met: 1) average compression rate 100-120 per minute, 2) average 165 

compression depth 1.5 – 2 inches in infants aged less than 1 year and 2 – 2.5 inches in children > 166 

or = to 1 year of age, and 3) average ventilation rate between  8 and 12 breaths per minute.  167 

Compression segments were classified as ‘high-quality chest compressions’ if the 168 

aforementioned parameters for depth and rate were met (ignoring ventilation rate). AHA 169 

recommendations for compression depth are dichotomized into infants less than 1 year and 170 

children 1 year or older.9  For the purposes of the current study, we stratified patient age into 171 

three categories: less than 1 year, greater than 1 to less than 8 years, and greater than or equal to 172 

8 years.  This age stratification has been previously published in a multisite pediatric ICU study 173 

of outcomes from in-hospital cardiac arrest.5  174 

 175 

Analysis 176 

 All data was summarized descriptively.  For CC parameters, unadjusted univariate 177 

analysis was performed between age strata using chi-square analysis for categorical variables and 178 

nonparametric methods (Kruskal-Wallis) for continuous variables.  For ventilation rates, 179 
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unadjusted univariate analysis was performed between CPR segments with a natural airway and 180 

segments with an advanced airway using chi-square analysis.  All statistics were performed using 181 

STATA version 12 (College Station, TX). 182 

 183 

RESULTS 184 

93 CPR events occurred across both sites during the study period; a total of 938 chest 185 

compression segments were analyzed. Data on CPR quality was available for 77/93 (83%) of 186 

patient events. 187 

Seventeen of 93 (18%) events were traumatic cardiac arrests; the remainder were 188 

medical.  Thirty-four events occurred in infants (< 1 year of age), 20 in children aged 1-8 years, 189 

and 23 in children aged > 8 years. 56/77 (73%) of events were out-of-hospital cardiac arrests 190 

with CPR continued on arrival to the ED.  Utstein outcomes (up to survival to admission) for all 191 

events and stratified by age and location are shown in Figure 2.  192 

The median CPR event duration was 837 sec (IQR 496 – 1391 sec).  The median CPR 193 

event duration was not significantly different across age strata (<1 year: 825 sec; 1-8 year: 905 194 

sec; >8 year: 823 sec), between medical vs. traumatic arrests (938 sec vs 1198 sec), or arrest 195 

location (IHCA 696 sec vs. OHCA 837 sec). 196 

Among the 524/923 segments with CC quality data available, 42/524 (8%) met criteria 197 

for ‘high-quality CC’.  Patients aged >8 years had a significantly higher proportion of 198 

compression segments meeting these criteria (18% vs. 2% in <1 years and 0.5% in 1-8 years; 199 

p<0.001).  Data on chest compression and ventilation quality was simultaneously available for 200 

300/938 segments.  Within this subset of segments, 20/300 (7%) met all criteria for ‘high-quality 201 
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CPR’ (CC plus ventilations).  Patients >8 years of age had a significantly higher proportion of 202 

CPR segments meeting these criteria (13% vs. 4% in <1 year and 1% in 1-8 years; p<0.001).   203 

CC rate and depth stratified by age are shown in Figure 3.  CC rate was not significantly 204 

different between the three age strata.  The proportion of compression segments that were 205 

guideline compliant for rate was significantly lower in the <1 year age category compared with 206 

1-8 year olds and >8 year olds (17% vs. 24% vs. 27% respectively; p=0.03).  The proportion of 207 

compression segments that were compliant with age-specific guidelines for depth were 208 

significantly lower in both <1 year olds and 1-8 year olds compared with >8 year olds (5% vs. 209 

9% vs. 20% respectively, p<0.001.   Scatterplots of CC quality (rate and depth measured by 210 

compressor segments) stratified by age category are shown in Figure 4.  211 

Median segment duration across all events was significantly shorter in >8 year old 212 

patients compared with <1 year and 1-8 years (59 sec vs. 70 sec vs. 73 sec respectively; 213 

p=0.006).  The proportion of compressor segments that exceeded the recommended 120 second 214 

duration was higher in the <1 year old group than 1-8 years and >8 years (30% vs. 21% vs. 25%; 215 

p=0.03). 216 

Across all events, 6% of compression segments were performed by attending or fellow 217 

physicians; 23% by resident physicians; 23% by nurses; 34% by EMTs or paramedics; and 14% 218 

by other provider categories (respiratory therapists, patient care associates, or unclassified 219 

personnel).  Provider category stratified by site is shown in Figure 5.   There were no significant 220 

differences in proportions of compression segments meeting criteria for either ‘high-quality chest 221 

compressions’ or ‘high-quality CPR’ among provider groups. 222 
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Figure 6 displays ventilation rates stratified by patients with an advanced airway 223 

(endotracheal tube, tracheostomy, or supraglottic device) and those ventilated without an 224 

advanced airway (natural airway with bag valve mask device).  The mean respiratory rate for 225 

CPR segments with an advanced airway was significantly higher than for segments with a 226 

natural airway (24 + 18 bpm vs. 14 + 10 bpm, p < 0.001).  Hyperventilation outside of AHA 227 

guidelines (8-12 breaths per minute) was present in 32% of CPR segments with a natural airway 228 

compared with 66% of CPR segments with an advanced airway (p < 0.001). 229 

 230 

Discussion 231 

In the present study, we demonstrated that CPR quality in children in two academic EDs 232 

was suboptimal in the majority of patients; CPR quality in infants was suboptimal in nearly all 233 

patients.  These findings are consistent with past studies of CPR performance across a variety of 234 

settings.1,2,5  Using a novel approach to CPR analysis, where video review was combined with 235 

CC device measurement, we were able to report CPR performance metrics in actual patient care 236 

at the individual provider level.  To our knowledge, this is the first multicenter study reporting 237 

individual provider-level performance of CPR during actual pediatric cardiac arrests. 238 

The recommendations for CC rate and depth in pediatric BLS guidelines continue to 239 

suffer from a lack of published data and are largely extrapolated from adult guidelines. Niles et 240 

al recently published a descriptive summary of pediatric CC quality during IHCA across an 241 

international consortium of pediatric ICUs.5  They found that only 10% of 60-second epochs of 242 

CPR met guidelines for depth, rate, and compression fraction; compliance with depth was 243 

particularly poor in younger children.  Our data supports these findings, in particular that shallow 244 
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compressions are much more prevalent in infants than in older children in our data set.  Sutton et 245 

al recently published data from a multi-PICU consortium of pediatric IHCA events, finding that 246 

slower average compression rates (average of < 100 cpm), while observed in only 5% of CPR 247 

events, were associated with improved survival.10  Our data shows average compression rates 248 

similar to the Sutton study, with slow compressions being infrequent and compressions that are 249 

‘too fast’ being common, especially in infants. The association between specific CC parameters 250 

and survival in children is not yet well understood.   251 

In our study, hyperventilation occurred more frequently during CPR with an advanced 252 

airway in place compared to CPR with a bag-valve mask device.  Hyperventilation is common 253 

during pediatric IHCA4; members of our group have previously reported on a significant 254 

prevalence of hyperventilation during CPR in the PED.1  Hyperventilation during CPR is 255 

theorized to be deleterious because of the reduction in central venous return caused by increased 256 

intrathoracic pressure.11  Although physiology supports that hyperventilation should be avoided, 257 

studies in both animal and clinical models have not consistently shown an association between 258 

hyperventilation and patient outcomes.12-14  Our data suggest not only that hyperventilation is 259 

very common, but that the presence of an advanced airway may facilitate hyperventilation during 260 

pediatric CPR, although we cannot draw any association with its influence on outcomes. 261 

81% of compressor segments in our study were shorter than two minutes in duration, as 262 

recommended by current AHA PBLS guidelines.  This recommendation is based on the 263 

observation that chest compression quality has been shown to deteriorate within minutes for 264 

individual providers in mannequin and human studies.15,16  28% of compressor segments were 265 

shorter than 60 seconds.   Switching compressors more often than necessary may theoretically 266 

cause longer and/or more frequent interruptions in CPR and a decreased chest compression 267 
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fraction.  Frequent pauses in CPR have also been shown to impact chest compression quality; 268 

Sutton et al found that early chest compressions following a provider switch were shallower in 269 

depth and had greater leaning force.17  This finding may represent an opportunity for 270 

improvement in team dynamics during CPR in the PED. 271 

  There were significant differences in the proportion of CCs done by different categories 272 

of providers between the two sites.   77% of all CCs at site 1 were done by nurses, paramedics, 273 

and emergency medical technicians; by contrast, 42% of all CCs at site 2 were done by 274 

physicians.  The overall quality of CCs did not vary significantly between sites despite these 275 

differences.  However, the variation in who performs CCs in the PED has implications for 276 

determining optimal methods of CPR training.  Members of our group published a descriptive 277 

study over a one year period where all CPR events were video recorded; the absolute amount of 278 

time that any individual throughout the entire ED provider pool was performing CCs was 279 

calculated over the course of the year.3  Only 30% of all ED providers did CCs at any time 280 

throughout the year.  The median amount of time for an individual ED provider to perform CCs 281 

in one year was 3 minutes; the maximum time observed for any one provider was 20 minutes in 282 

one year.  This scant experience with CC performance, even at tertiary centers, makes skill 283 

maintenance from routine clinical duties alone impossible.  As novel educational strategies such 284 

as high-frequency low-dose CPR skills training become more common 18,19, it will be important 285 

to tailor those strategies to the appropriate groups of providers, which may vary from one 286 

institution to another.18,19 287 

Our study adds to the growing literature on the use of video review as a tool for 288 

measuring care quality during resuscitation.  In pediatric emergency medicine, studies have been 289 

published in the past decade examining the use of video review for assessing care provision 290 



Page 13 of 29

Jo
ur

na
l P

re
-p

ro
of

during CPR, tracheal intubation, and the performance of the primary survey in trauma      291 

patients. 1,7,20-26 1,7,19-25 1,7,19-25 1,7,19-25 1,7,19-25 1,7,19-25 1,7,23-29 1,7,21-27  Video review has been shown to 292 

be a more robust data source for specific elements related to tracheal intubation when compared 293 

with standard written resuscitation records;27  we believe our data on CPR represents another 294 

area where video review provides information (e.g. provider identity, duration of compression by 295 

individuals) that is seldom reliably available from written records.  Some of these preliminary 296 

studies have also led to publication of quality improvement reports demonstrating measurable 297 

improvement in care using video-based data as a needs assessment.  For example, Kerrey et al 298 

demonstrated a 50% reduction in oxyhemoglobin desaturation during tracheal intubation 299 

following the implementation of a peri-procedural checklist based on initial findings from video 300 

review.28    301 

We believe that our data collection methodology holds promise for longitudinally 302 

measuring the impact of education and quality improvement work on CPR performance in 303 

children, providing a direct link between training and performance at the level of individual 304 

providers.  Next steps for this research will include the use of individual feedback and quality 305 

review to providers, correlating performance in real events with performance during training, and 306 

the eventual development of CPR skill training that can be adapted and contextualized to 307 

individual providers’ needs.  Additionally, we hope that video review will serve as a useful 308 

method for examining team-level logistics during cardiac arrest management, allowing focus on 309 

leadership, communication, choreography of actions, and systematic continuous quality 310 

improvement.29 311 

 312 

Limitations 313 



Page 14 of 29

Jo
ur

na
l P

re
-p

ro
of

Our data was collected at two tertiary pediatric hospitals.  The majority of pediatric CPR 314 

events in hospital EDs occur at non-tertiary centers.  While the epidemiology of pediatric cardiac 315 

arrest is likely to be very similar between these two sites and other hospitals in the US, it remains 316 

possible that the generalizability of our findings to other centers is limited. 317 

One of our most important findings was the high prevalence of hyperventilation during 318 

pediatric CPR, along with its association with the presence of an advanced airway.  As 319 

previously described, counting ventilations from video consists of observing a provider 320 

squeezing the bag of a bag-valve-mask device and counting the frequency.  We do not have the 321 

capability to measure airflow, tidal volume, or inflating pressure to determine whether visualized 322 

artificial breaths are in fact effective or not.  Because a substantial amount of the CPR we 323 

analyzed was done with a natural airway, we did not have interpretable capnographic waveforms 324 

as a source of data on ventilation rate as has been reported in other studies.30  Nonetheless, we 325 

believe that the rate of attempted assisted ventilations is a meaningful outcome in terms of 326 

whether a given provider is following guidelines or not. 327 

Our study examined the performance of CPR in pediatric EDs. The overall survival of the 328 

cohort was poor, in keeping with most published studies of pediatric CPR in the ED.  Most of 329 

our patients were OHCA patients, representing an epidemiologic group among cardiac arrest 330 

patients for whom outcomes have remained poor and improved negligibly over several decades.  331 

There are multiple examples of surrogate outcomes in literature on CPR quality such as ROSC 332 

and first defibrillation success; these studies provide evidence that optimized CPR performance 333 

has the potential to influence clinical outcomes, and that measuring CPR performance 334 

objectively is desirable. We believe video review is a feasible methodology for quantifying CPR 335 

performance and may yield a measureable process that can be studied prospectively as a metric 336 
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of care delivery independent of clinical outcomes, with the eventual goal of improving pediatric 337 

CPR training on a large scale to improve survival from pediatric cardiac arrest. 338 

 339 

Conclusions 340 

Across a collaborative of PEDs using videorecording during resuscitative care, CPR in 341 

children was infrequently compliant with published guidelines.  CCs were most commonly too 342 

shallow in infants with cardiac arrest.  Hyperventilation was very common and significantly 343 

more frequent during CPR with an advanced airway in place.  The simultaneous use of 344 

videorecording and CPR monitor devices allows the measurement of CPR quality at the level of 345 

individual providers, and future research should use similar methodology to evaluate the impact 346 

of novel methods of CPR skills training on individuals’ chest compression quality during 347 

pediatric cardiac arrest. 348 
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FIGURE LEGENDS 373 

Figure 1: Screenshots from video review systems (circle in red corresponds to one view of 374 

bag valve mask device where ventilation rate could be determined) 375 

Figure 2: Utstein outcomes 376 

Figure 3: Chest compression rate and depth by age category 377 
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Figure 4: Scatterplots of chest compression rates and depth by age category 378 

Figure 5: CPR provider categories at both sites 379 

Figure 6: Ventilation rates (by airway category) 380 
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 487 

Table 1:  AHA guidelines 488 

 489 

Chest Compressions Ventilation 

• Rate:    100-120 per minute 

• Depth: 

o Infants: 1.5 – 2.0 inches 

o Children: 2.0 – 2.5 inches 

• Change compressor every 2 minutes 

• Compression ventilaton ratio 15:2 

• Intubated patients 10 bpm 

 490 

 491 
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77 patients received CPR in 
PED under videorecorded 

conditions 

56 patients with out-of-
hospital cardiac arrest 

< 1 year: 29 
1-8 years: 16 
> 8 years: 11 

 

 

 

21 patients with in-hospital 
cardiac arrest in the ED 

< 1 year: 5 
1-8 years: 4 
> 8 years: 12 

 

 

 ROSC 

< 1 year: 1/29 (3%) 
1-8 years: 2/16 (12%) 
> 8 years: 3/11 (33%) 

 

 

 Survival to hospital 
admission 

< 1 year: 0/29 
1-8 years: 1/16 (6%) 
> 8 years: 2/11 (22%) 

 

 

 

ROSC 

< 1 year: 4/5 (80%) 
1-8 years: 2/4 (50%) 
> 8 years: 7/12 (58%) 

 

 

 21 patients with in-hospital 
cardiac arrest in the ED 

< 1 year: 4/5 (80%) 
1-8 years: 2/4 (50%) 
> 8 years: 6/12 (50%) 
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