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Introduction: American Heart Association guidelines recommend the use of feedback devices for CPR provider resuscitation training. There is paucity of published literature regarding the utility of these devices especially in neonates and infants. We sought to evaluate if simulation-based education and debriefing using a CPR feedback device would improve CPR performance on an infant manikin in a cohort of NICU nurses as evaluated by CPR feedback device.

Methods: We conducted a prospective, observational simulation study to assess the quality of chest compressions by NICU nurses before and after debriefing using CPR quality data captured by an accelerometer-based device. Chest compression (CC) depth, rate, recoil, CC fraction and nursing confidence level related to performing a high-quality CPR were compared before and after debriefing using paired t-test and Wilcoxon rank sum test.

Results: A total of 62 NICU nurses participated in the study and all of them were Neonatal Resuscitation Program (NRP) certified. There was a significant improvement in CC depth and CC fraction [mean + SD values = 0.79 in + 0.17 (pre-debrief), 0.86 in + 0.21 (post-debrief) (p = 0.034) and 56.8% + 17.7 (pre-debrief), 70.8% + 18.4 (post-debrief) (0.0014), respectively]. There was no difference in CC rate (p = 0.36) and recoil (p = 0.25) between pre and post structured debriefing. The confidence level of nurses in all CPR dynamics (appropriate CC rate, CC depth, team communication, minimizing interruption in CC and coordinating CC with ventilation) was significantly higher after simulation and structured debriefing. All the nurses used 3:1 compression: ventilation ratio of NRP despite the patient being a 4 month old premature baby in the NICU.

Conclusions: Simulation training and debriefing of NICU nurses using CPR feedback device improved their chest compression quality on an infant mannequin and their confidence level for performing high-quality CPR. NICU providers tend to use NRP protocol of 3:1 compression: ventilation ratio during CPR in the NICU irrespective of age of the infant.
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INTRODUCTION

The incidence of in-hospital cardiac arrest in infants and children is estimated to be more than 15,000 per year in the United States (1). This major public health burden has been increasing in adults as well as in children (1). Although the rate of survival in pediatric in-hospital cardiac arrest is better than out-of-hospital cardiac arrest (OHCA) (41.1% vs. 11.4%) (2), there is a significant room for improvement, especially for long-term neurologic outcome. High-quality cardiopulmonary resuscitation (CPR) is the foundation of resuscitation (3, 4) and is vital for patient survival and good neurologic recovery (5). Providing adequate chest compression (CC) rate and depth, minimizing CPR interruptions, allowing full chest recoil between compressions, and avoiding excessive ventilations are key components of high-quality CPR (3). High-quality CPR has been shown to improve patient outcomes (6), but CPR quality frequently does not meet standards as recommended by current guidelines, even when performed by well-trained hospital staff (7).

Cardiac arrest in newborns is not as common as in adults. The incidence of cardiopulmonary compromise needing intensive respiratory resuscitative measures and/or CCs to restore cardiopulmonary function is estimated to be <1% of newborns (8). The incidence of cardiac arrest in quaternary neonatal intensive care units (NICUs) has been reported to be ~1–3% of all admissions (9–13). In general, real-life experience of NICU providers with CPR, especially CCs during cardiac arrest events within the NICU, is scarce. To maintain provider competency in high-quality CPR, simulation-based education and debriefing have been used to train healthcare personnel. Simulation can be an effective tool to facilitate the acquisition and maintenance of the cognitive, technical, and behavioral skills (14) and allows for the consolidation of theoretical knowledge and practical skills in a risk-free environment (15).

In addition to simulation-based education and debriefing, CPR feedback devices have been developed to improve the consistency and quality of CCs (16). The first in-hospital randomized controlled trial of CPR feedback device (Cardio First Angel) in cardiac arrest was conducted by Vahedian-Azimi et al. (5). The authors found that the use of the device improved adherence to published CPR guidelines and CPR quality, and it was associated with increased rates of return of spontaneous circulation (ROSC) (5). The American Heart Association (AHA) guidelines recommend the use of feedback devices for CPR provider resuscitation training (17). Several feedback devices are commercially available to assist CPR providers; however, there is paucity of published literature regarding the utility of these devices especially in neonates and infants. In a simulation study using adolescent and infant mannequins, Wagner et al. found that CC quality improved significantly with both visual and verbal feedback compared with instructor-led feedback. They concluded that feedback devices should be implemented during pediatric resuscitation training to improve resuscitation performance (18). To the best of our knowledge, there are no published studies evaluating the utility of CPR feedback devices in neonatal resuscitation. Our study was designed to evaluate if simulation-based education and debriefing using a CPR feedback device would improve CPR performance on an infant mannequin in a cohort of NICU nurses as evaluated by CPR feedback device. We hypothesized that providing simulation-based feedback and debriefing using the data captured on the CPR feedback device would improve the quality of CPR in the study cohort.



METHODS


Study Design

This single-center, prospective observational simulation study was conducted at The Children's Hospital of San Antonio in August 2019. The study was approved by Baylor College of Medicine Institutional Review Board and Feasibility Committee of Voelcker Clinical Research Center of The Children's Hospital of San Antonio.



The Primary Outcome Measure

The primary outcome measure was quality of CCs, specifically CC rate, depth, recoil, and CC fraction (CCF). CCF was defined as fraction of total cardiac arrest time when providers were on the chest delivering CCs. As per the AHA guidelines, CCs that were (a) at a rate of 100 to 120 per minute, (b) at a depth equivalent to at least one-third diameter of the chest, (c) with full recoil, and (d) with minimum interruptions (CCF ≥85%) were categorized as high-quality CCs (3).



Secondary Outcome Measures

Participants' perspective/confidence about delivering high-quality CCs before and after simulation-based training and debriefing and whether any participant-related factor was associated with poor-quality CCs at baseline prior to debriefing were the secondary outcome measures.



Study Population

The nurses working in our NICU were recruited for the study. A written informed consent was obtained from each study subject. In order to minimize selection bias, we recruited NICU nurses who work either day or night shifts. As there are differences in culture of each NICU, similarly there might be differences in culture of NICU nurses working during different shifts. Thus, to remove any bias, nurses from each shift were recruited. We recruited all the subjects during annual nurse competency sessions organized over a short span of 15 days in August 2019 and asked each subject to sign a confidentiality agreement while signing the consent form. Our annual nurse competency sessions were simulation-based, hands-on training sessions aimed at teaching new skills and/or improving skills related to pediatric acute care management. Being conducted for all our nurses over a relatively short span of time each year, these sessions allowed recruitment of nurses for simulation-based studies and minimized sources of bias related to change in practice over time. Each scenario was sufficiently long to allow team members to perform CCs both before and after debrief, and therefore, the possibility of provider-related bias was minimized. All the simulation conditions including the mannequin used and position of defibrillator pad over the mannequin sternum were uniform for the mock codes, especially before and after debrief.



Baseline Characteristic Survey

Prior to simulation session, each study participant was asked to fill out demographic data on training level, years in practice, primary location of work, basic and advanced life support certification details, and information on their experience with the actual and mock resuscitation.




EQUIPMENT AND ENVIRONMENT

The code scenario was conducted at the simulation laboratory at our institution. A preprogrammed infant simulator mannequin (SimBaby™; Laerdal Medical, USA) with an anterior–posterior chest diameter of 3 inches was used in our study for all the simulation sessions. The mannequin was placed on a firm surface of the neonatal warmer at the same height for all the scenarios. The entire setup, including the positioning and placement of the neonatal mannequin on the neonatal warmer, was uniform during each scenario. A step stool was provided to the participants upon request. Full simulator functions, including vital sign monitoring, audiovisual feedback, breath sounds, chest rise, heart sounds, and palpable pulses, were activated to achieve a high level of realistic stimulation. Accelerometer-based CPR feedback device (R Series; ZOLL Medical, Chelmsford, MA, USA) was used to capture the quality of the CPR during the simulation codes. Pediatric-type pads were used for data collection. The data collected from the device included CC rate, depth, recoil, and CCF. The ZOLL RescueNet Code Review software (ZOLL Medical) was used to analyze the CC data and conduct data-driven code debriefing (Figure 1).


[image: Figure 1]
FIGURE 1. Display of RescueNet CPR quality data for debriefing.



Simulated Pulseless Electrical Activity Cardiac Arrest Scenario and Debrief

As one of the objectives of the study was to assess if the NICU nurses would use the Neonatal Resuscitation Program (NRP) vs. the Pediatric Advanced Life Support (PALS) guidelines for cardiac arrest in an infant managed in the NICU, we chose a scenario of respiratory arrest progressing into a cardiac arrest in a 4-month-old, ex 34-week premature baby in the NICU. During prebrief, all the study participants were informed that each participant was required to perform CCs during each scenario before and after debriefing. The participants were described the case scenario1 and asked to deliver CCs on top of the ZOLL pads applied over the sternum of the mannequin. The participants were blinded to CC quality during the resuscitation. In each scenario, there were enough team players for supporting cardiopulmonary function, including ventilation and CCs. As the team players rotated the roles, each nurse performed CC during the scenario. A structured, 30-min-long debrief was conducted soon after the session focusing on CPR, teamwork, and communication. During debriefing, we used RescueNet data on the quality of compressions to acknowledge gaps in performance related to compressions and then demonstrated CCs on the mannequin. In order to avoid any bias, the same instructor (U.B.), who had an extensive training, experience, and expertise with a structured debrief, conducted the debriefing for all the simulation sessions. Using the CC quality report generated by the ZOLL RescueNet Code Review software, the participants were debriefed specifically about the CC quality. Soon after debrief, all the participants were asked to perform CCs again with the ZOLL pads over the sternum. During the postdebrief simulation session, the participants remained blinded to just-in-time feedback on the quality of CCs. The participants' hands-on CC skills before and after debriefing were assessed and compared using the ZOLL RescueNet Code Review software. To evaluate the confidence of the participants in various complex CPR dynamics, we conducted a survey among study participants before and after simulation debriefing. We used a standard, validated Likert scale to obtain objective information about their confidence level related to CPR quality and teamwork.



Data Abstraction

Each scenario was captured on a video, and video files were transferred to and stored in a secured, password-protected, institutional file-sharing tool called Baylor College of Medicine Box (Box, Inc., Redwood City, CA, USA). Two independent reviewers (H.O. and L.S.) evaluated each video file, and the moderator (U.B.) resolved any disagreement on the findings of the two reviewers. During video evaluation of each scenario, the reviewers assessed for the ventilation–compression ratio to determine if the providers followed the NRP or PALS guidelines for resuscitation. Data were entered into a Microsoft Excel® database and analyzed using GraphPad Prism (GraphPad Software, Inc., San Diego, CA, USA).



Statistical Analysis

All statistical analyses were done in GraphPad Prism (GraphPad Software, Inc.). Analyses were conducted for baseline characteristics and outcome variables. For categorical variables, proportions were compared using the χ2 test. The variables not normally distributed were reported in median with interquartile range (IQR). Median and IQR were determined for CC rate, depth, recoil, and CCF for each group of participants. Paired t-test was used for comparative study of the predebriefing and postdebriefing CC rate, depth, recoil, and CCF. Wilcoxon rank sum test was used to compare the presimulation and postsimulation nursing survey. In all analyses, p < 0.05 was considered significant.




RESULTS

A total of 62 NICU nurses participated in the study. Of the study participants, 100% were NRP certified, 77.6% of nurses were Basic Life Support (BLS) certified, and 8.6% of nurses were PALS certified. The participants also varied in their neonatal nursing experience: 16% of nurses had more than 20 years of experience, 31% with 10–20 years of experience, 27% with 5–10 years of experience, and 26% of nurses had <5 years of experience.

There were 11 scenarios each before and after debriefing. In each scenario, there were average six participants. Each scenario was sufficiently long to allow team members to perform CCs both before and after debrief. The CC rate, depth, CC recoil velocity (CCRV), and fraction (mean ± SD values) for predebriefing and postdebriefing were 69.5 ± 26.3/min, 76.6 ± 23.6/min, 0.79 ± 0.17 in, 0.86 ± 0.21 in, 107.9 ± 15.12 mm/s, 112.5 ± 12 mm/s, and 56.8 ± 17.7%, and 70.85 ± 18.4%, respectively (Table 1). There was a significant improvement in CC depth (p = 0.034) and CCF (0.0014) after structured debriefing. There was no difference in CC rate (p = 0.36) and recoil (p = 0.25) between pre- and post-structured debriefing (Figure 2).


Table 1. Comparison of quality parameters of chest compression between predebriefing and postdebriefing during neonatal CPR simulation.
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FIGURE 2. Quality parameters of chest compression between predebriefing and postdebriefing during NICU CPR.


Our survey found that the confidence level of nurses in all CPR dynamics (appropriate CC rate, CC depth, team communication, minimizing interruption in CC, and coordinating CC with ventilation) was significantly higher after simulation and structured debriefing (Figure 3). This difference was most profound in participants with no real-life CPR experience, whereas there was no significant difference in experienced participants with previous real-life CPR exposure. Similar to delivery room resuscitation, all the nurses used 3:1 compression-to-ventilation ratio of NRP despite the patient being a 4-month-old premature baby in the NICU.
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FIGURE 3. Comparison of presimulation and postsimulation nursing survey.




DISCUSSION

Simulation is defined as a technique used to replace or amplify real experiences with guided experiences that evoke or replace substantial aspects of the real world in a fully interactive manner (19). Resuscitation training programs routinely use simulation and debriefing for training modality for their CPR providers. Studies have shown that debriefing following simulation-based education can improve the quality of CPR and are associated with increased ROSC (20, 21). Our study evaluated if simulation-based education and debriefing using an accelerometer-based CPR feedback device resulted in improvement in CPR quality metrics among NICU nurses. The study demonstrated a significant improvement in CC depth and fraction after simulation-based training. The study also demonstrated a significant improvement in the confidence level of NICU nurses in delivering high-quality CCs. We found that following simulation-based education and debriefing, there was a significant improvement in CC depth (p = 0.019) and CCF (p = 0.00293), but there was no significant improvement in CC rate/recoil.

Several CPR adjunct devices have been developed and are commercially available to assist in delivering high-quality CPR (22). Previously published studies have reported improved CPR quality, specifically CC rate and depth using CPR feedback devices (23–27). Most of these studies used technology to provide real-time feedback or prompts related to quality of CPR to evaluate the CPR performance (26), and only one study, that by Dine et al., reported their findings of improved CPR performance following real-time feedback and/or debriefing (27). Our study focused on CC performance in an infant mannequin following debriefing using objective data on CPR performance. In our study, we used ZOLL® R Series®, a monitor/defibrillator that provides real-time audio and visual feedback on CPR quality measures. It provides numeric displays of CC depth and rate and visual indicators of compression release. The device uses accelerometer detection technology with detection limits for CC depth between 0.75 in (1.9 cm) and 3.0 in (7.6 cm), with an accuracy of ±0.25 inches (0.6 cm) and for CC rate between 50 and 150 compressions per minute.

Current neonatal resuscitation guidelines published in 2020 recommend initiating CPR when the heart rate is <60 beats/min with a ratio of three compressions before and after each ventilation (3:1 for 120 total events per minute)(28), whereas the recommended compression: ventilation ratio for infants is 15:2 when two providers are available or 30:2 when only one provider is available (3). All participants in our study followed the 3:1 compression-to-ventilation ratio for the NICU CPR scenario in an infant who was past the neonatal period and beyond cardiopulmonary physiologic transitions of postneonatal period. This is probably secondary to their training and working in the neonatal unit where NRP guidelines are followed. These findings corroborate with the results of the survey of NICU providers related to resuscitation practices for infants in the NICU (29). Animal studies have shown similar times to ROSC and mortality rates with alternative compression-to-ventilation ratios (30). The two-thumb technique for CCs has been demonstrated to be superior to the two-finger technique in achieving greater depth and less intercompression variability (31). All our study participants uniformly used the two-thumb technique during CPR in our sessions.

A lower CC rate will result in lower perfusion pressure, whereas a faster rate causes compressor fatigue resulting in eventual CC quality deterioration. Similarly, CC performed at an inappropriate depth and incomplete chest relaxation result in reduction of perfusion pressure, leading to lower changes of recovery from cardiac arrest (32). Abella et al., in their in-hospital observational study using a feedback device, found that CC rates were below published resuscitation recommendations, and suboptimal compression rates in their study correlated with poor ROSC (33). CC rate in our study was lower than recommended in the predebriefing group (69.5 ± 26.3/min). Although the number improved after debriefing (76.6 ± 23.6/min), it was statistically not significant (p = 0.36) and still below the recommended target rate. We believe that the low CC rate observed in our study could be related to multiple factors such as a lack of use of metronome or feedback system to achieve recommended CC rate and stiff chest wall of mannequin causing provider fatigue and potentially related to interruptions in CC to allow airway management, endotracheal intubation, and switching of the team roles. Further education, continuing simulation sessions, and simultaneous use of audiovisual feedback devices during CPR may help in achieving the target CC rate in CPR providers.

Complete and fast chest recoil during CPR ensures coronary perfusion pressure and myocardial blood flow (33). In a study conducted on 981 OHCAs in adult patients, fast CCRV ≥400 mm/s was associated with increased survival and improved favorable neurologic outcome compared with slower CCRV (34). In addition, the authors found that there was a 5.2% increase in the adjusted odds of survival for each 10-mm/s increase in CCRV. In our study, the CCRV was similar in both groups (107.9 ± 15.12 mm/s in the predebriefing group, whereas it was 112.5 ± 12 mm/s in the postdebriefing group, p = 0.25). This was expected not to change as we did not use a feedback device displaying CCRV during CPR to help the participants improve this metric. We only used the data captured on the feedback device during the debriefing after the code. CCRV in our study was lower than the previously published fast CCRV associated with better outcomes (33). It is difficult to compare the CCRV in mannequin simulations to the CCRV in real patients, as the physical characteristics of chest wall and recoil are different. Moreover, optimal CCRV may be different in children and neonates compared with adults because of the difference in body habitus and elasticity of the chest wall. Further studies in elucidating the ideal CCRV in mannequins would help in strengthening the feedback to CPR providers during simulation and increase the quality of eventual CPR delivered.

Pediatric BLS recommends a compression depth of approximately one-third of the anterior–posterior diameter of the chest in infants and neonates (35). For most infants, this is 1.5 inches (4 cm). AHA recommends an upper limit for compression depth of not more than 2.4 inches; however, there are no recommendations for the upper limit of compression depth in children. In our cohort, we found a compression depth of 0.79 in ±0.17; following debriefing, there was a statistically significant improvement to 0.86 in ±0.21. Although we saw a significant improvement in CC depth following debriefing, overall, an increase in CC depth of only 9.2% may or may not be clinically relevant in a neonate/infant and therefore needs further evaluation in clinical studies. There are inherent limitations of mannequins especially in relation to chest wall shape, compliance, and other characteristics as compared with human chest. It is particularly pertinent in case of neonates and infants—the chest wall in a human neonate is much more compliant than the chest wall in a neonate/infant mannequin. It is likely that the low CC depth achieved by providers in our study which used an infant mannequin was related to stiff chest wall of the mannequin. It is important to understand if simulation-based training could improve performance at the bedside and eventually improve clinical outcome. The primary aim of our study was to assess provider performance and confidence in simulated scenario, and future studies are needed to assess the effects on clinical outcome.

Another metric, CCF, has been used to evaluate the quality of CPR. This metric is designed to study the interruptions in CCs. The CCF is defined as the proportion of resuscitation time without spontaneous circulation during which CCs were administered. A study in OHCA patients with ventricular fibrillation found that an increased CCF is independently predictive of better survival in patients who experience a prehospital ventricular fibrillation/tachycardia cardiac arrest (36). An international resuscitation collaborative in their study of 112 events of in-hospital pediatric cardiac arrest found a median CCF of 0.94 (0.79–1.00). In our study, we found a CCF of 56.8% ± 17.7% before debriefing, which increased to 70.85 ± 18.4% following debriefing. Although the previous guidelines were to achieve a CCF of 80% (37), AHA CPR guidelines 2020 suggest that it is reasonable to target a CCF of at least 60% (38). Our predebriefing CCF was below the recommended value, which improved to reach the AHA recommended target levels after debriefing.

To evaluate the confidence of the participants in various complex CPR dynamics, we conducted a survey among study participants before and after simulation debriefing. Our findings showed that simulation debriefing significantly improved the confidence of participants not only in CPR metrics but also in complex CPR dynamics such as team communication. Although we did not assess the effects of human factors such as team practice and training, stress, cognitive workload, communication, and so on, on CPR performance, we plan to use video recordings of the scenario to assess human factors and CPR performance.



LIMITATIONS

There were some limitations to our study. First, our study included a small group of participants from a single medical center. The participants did not receive just-in-time visual feedback from the device during CPR; however, the study was not designed to evaluate the effect of device feedback on CPR parameters. We plan to conduct further studies in this regard in the future. The use of an accelerometer prevents the assessment of the correct placement of the thumbs over the chest. This could have potentially influenced CC quality. As the simulation conditions, including the use of an accelerometer, did not differ between simulation sessions before and after the debriefing, the CCs before and after debriefing were comparable. As the study was conducted using mock codes in a team setting during the annual nursing competency, the study could not compare CC skills of individual NICU providers before and after debriefing. It is possible that the results could have been different if we compared individual performance vs. the performance by providers in team setting, and it is possible that there was provider-related bias affecting our results. We believe that each mock scenario was sufficiently long to allow team members to perform CCs both before and after debriefing, and therefore, possibility of provider-related bias was minimized. Another source of bias is the Hawthorne effect, based on which the rescuer can change its way of performing the technique by being observed or evaluated. However, this effect was present both during predebriefing and postdebriefing simulation, and therefore, it is appropriate to compare the predebriefing and postdebriefing performance. Although we did not follow up with the providers to assess retention of performance at or beyond 3 months, we plan to study the skills retention at 3 month follow-up in the future. Overall, the goal of simulation is to positively impact the skill performed, to improve skills during routine clinical practice. Lastly, as the NICU nurses are not generally experienced with delivering CCs on top of the defibrillator pad placed over the sternum, it is possible that it contributed to their CC performance. As all the simulation conditions including the mannequin used and position of defibrillator pad over the mannequin sternum were uniform for the mock codes, especially before and after debriefing, we believe that mannequin- and defibrillator pad–related issues did not affect the study results. Our study was not designed to compare debriefing vs. CC quality record as two separate interventions, and therefore, we were unable to discern which intervention influenced the CPR performance the most. It would be important to test them separately in the future.



CONCLUSION

CPR simulation training and debriefing of participants using a CPR feedback device improved CC quality for simulated NICU CPR scenario in a cohort of NICU nurses in our study. The improvement following debriefing was primarily in CC depth and CCF. In addition, simulation debriefing using CPR feedback device significantly increased the confidence of study participants in delivering high-quality CPR. Our study also showed that the NICU providers tend to use NRP protocol of 3:1 compression-to-ventilation ratio during CPR in the NICU irrespective of age of the infant. Further studies are needed to evaluate the utility of CPR feedback devices in providing just-in-time audiovisual feedback to improve CPR quality as well as to study the optimal CCRV in different-sized mannequins. Future studies are needed to assess if simulation-based training of high-quality CPR among NICU providers could improve outcomes of CPR in neonates and infants.
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FOOTNOTES

1NICU pulseless electrical activity case scenario: A 4-month-old, ex 34-week premature baby with trisomy 21, intrauterine growth retardation, pulmonary hypertension, chronic lung disease, oxygen dependency, and nasogastric feeding tube dependency due to gastroesophageal reflux disease, currently feeding and growing in NICU. A few minutes after his bolus nasogastric tube feed, he develops sudden-onset respiratory distress with progressively worsening desaturation, cyanosis, and bradycardia. The mother at the bedside has called for help and pushed code button at the bedside. You and your team of NICU nurses are now at the bedside to assess his condition and initiate his stabilization. The patient's weight is 4 kg. The patient has bradycardia with heart rate <60 beats per minute, absent peripheral pulses, apnea and unresponsiveness when you arrive at the bedside.



REFERENCES

 1. Holmberg MJ, Ross CE, Fitzmaurice GM, Chan PS, Duval-Arnould J, Grossestreuer AV, et al. Annual Incidence of Adult and Pediatric In-Hospital Cardiac Arrest in the United States. Circ Cardiovasc Qual Outcomes. (2019) 12:e005580. doi: 10.1161/CIRCOUTCOMES.119.005580

 2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. Heart disease and stroke statistics-2020 update: a report from the American Heart Association. Circulation. (2020) 141:e139–596. doi: 10.1161/CIR.0000000000000757

 3. Topjian AA, Raymond TT, Atkins D, Chan M, Duff JP, Joyner BL, et al. Part 4: Pediatric basic and advanced life support: 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2020) 142:S469–523. doi: 10.1161/CIR.0000000000000901

 4. van Vonderen JJ, van Zanten HA, Schilleman K, Hooper SB, Kitchen MJ, Witlox RSGM. and te Pas AB. Cardiorespiratory monitoring during neonatal resuscitation for direct feedback and audit. Front Pediatr. (2016) 4:38. doi: 10.3389/fped.2016.00038

 5. Vahedian-Azimi A, Hajiesmaeili M, Amirsavadkouhi A, Jamaati H, Izadi M, Madani SJ, et al. Effect of the Cardio First Angel™ device on CPR indices: a randomized controlled clinical trial. Crit Care. (2016) 20:147. doi: 10.1186/s13054-016-1296-3

 6. Sutton RM, French B, Niles DE, Donoghue A, Topjian AA, Nishisaki A, et al. 2010 American Heart Association recommended compression depths during pediatric in-hospital resuscitations are associated with survival. Resuscitation. (2014) 85:1179–84. doi: 10.1016/j.resuscitation.2014.05.007

 7. Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O'Hearn N, et al. Quality of cardiopulmonary resuscitation during in-hospital cardiac arrest. JAMA. (2005) 293:305–10. doi: 10.1001/jama.293.3.305

 8. Perlman JM, Risser R. Cardiopulmonary resuscitation in the delivery room. Associated clinical events. Arch Pediatr Adolesc Med. (1995) 149:20–5. doi: 10.1001/archpedi.1995.02170130022005

 9. Foglia EE, Langeveld R, Heimall L, Deveney A, Ades A, Jensen EA, et al. Incidence, characteristics, and survival following cardiopulmonary resuscitation in the quaternary neonatal intensive care unit. Resuscitation. (2017) 110:32–6.

 10. Barr P, Courtman SP. Cardiopulmonary resuscitation in the newborn intensive care unit. J Paediatr Child Health. (1998) 34:503–7. doi: 10.1046/j.1440-1754.1998.00294.x

 11. Ahmad KA, Velasquez SG, Kohlleppel KL, Henderson CL, Stine CN, LeVan JM, et al. The characteristics and outcomes of cardiopulmonary resuscitation within the neonatal intensive care unit based on gestational age and unit level of care. Am J Perinatol. (2020 D) 37:1455–61.

 12. Ahmad KA, Henderson CL, Velasquez SG, LeVan JM, Kohlleppel KL, Stine CN, et al. Endotracheal tube manipulation during cardiopulmonary resuscitation in the neonatal intensive care unit. J Perinatol. (2021) 41:1566–70. doi: 10.1038/s41372-021-00953-7

 13. Ali N, Lam T, Gray MM, Clausen D, Riley M, Grover TR, et al. Cardiopulmonary resuscitation in quaternary neonatal intensive care units: a multicenter study. Resuscitation. (2021 F) 159:77–84.

 14. Halamek LP. Simulation and debriefing in neonatology 2016: Mission incomplete. Semin Perinatol. (2016) 40:489–93. doi: 10.1053/j.semperi.2016.08.010

 15. Garvey AA, Dempsey EM. Simulation in neonatal resuscitation. Front Pediatr. (2020) 8:59. doi: 10.3389/fped.2020.00059

 16. Yeung J, Meeks R, Edelson D, Gao F, Soar J, Perkins GD. The use of CPR feedback/prompt devices during training and CPR performance: A systematic review. Resuscitation. (2009) 80:743–51. doi: 10.1016/j.resuscitation.2009.04.012

 17. Bhanji F, Donoghue AJ, Wolff MS, Flores GE, Halamek LP, Berman JM, et al. Part 14: Education: 2015 American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2015) 132:S561–73. doi: 10.1161/CIR.0000000000000268

 18. Wagner M, Bibl K, Hrdliczka E, Steinbauer P, Stiller M, Gropel P, et al. Effects of feedback on chest compression quality: a randomized simulation study. Pediatrics. (2019) 143:e20182441. doi: 10.1542/peds.2018-2441

 19. Levett-Jones T, Lapkin S. A systematic review of the effectiveness of simulation debriefing in health professional education. Nurse Educ Today. (2014) 34:e58–63. doi: 10.1016/j.nedt.2013.09.020

 20. Edelson DP, Litzinger B, Arora V, Walsh D, Kim S, Lauderdale DS, et al. Improving in-hospital cardiac arrest process and outcomes with performance debriefing. Arch Intern Med. (2008) 168:1063–9. doi: 10.1001/archinte.168.10.1063

 21. Savoldelli GL, Naik VN, Park J, Joo HS, Chow R, Hamstra SJ. Value of debriefing during simulated crisis management: oral versus video-assisted oral feedback. Anesthesiology. (2006) 105:279–85. doi: 10.1097/00000542-200608000-00010

 22. Gruber J SD, Zapletal B, Neuhold S, Fischer H. Real-time feedback systems in CPR. Trends Anaesth Crit Care. (2012) 2:287–94. doi: 10.1016/j.tacc.2012.09.004 

 23. Buleon C, Parienti JJ, Halbout L, Arrot X, De Facq Regent H, Chelarescu D, et al. Improvement in chest compression quality using a feedback device (CPRmeter): a simulation randomized crossover study. Am J Emerg Med. (2013) 31:1457–61. doi: 10.1016/j.ajem.2013.07.029

 24. Noordergraaf GJ, Drinkwaard BW, van Berkom PF, van Hemert HP, Venema A, Scheffer GJ, et al. The quality of chest compressions by trained personnel: the effect of feedback, via the CPREzy, in a randomized controlled trial using a manikin model. Resuscitation. (2006) 69:241–52. doi: 10.1016/j.resuscitation.2005.08.008

 25. Peberdy MA, Silver A, Ornato JP. Effect of caregiver gender, age, and feedback prompts on chest compression rate and depth. Resuscitation. (2009) 80:1169–74. doi: 10.1016/j.resuscitation.2009.07.003

 26. Yeung J, Meeks R, Edelson D, Gao F, Soar J, Perkins GD. The use of CPR feedback/prompt devices during training and CPR performance: a systematic review. Resuscitation. (2009 J) 80:743–51.

 27. Dine CJ, Gersh RE, Leary M, Riegel BJ, Bellini LM, Abella BS. Improving cardiopulmonary resuscitation quality and resuscitation training by combining audiovisual feedback and debriefing. Crit Care Med. (2008) 36:2817–22. doi: 10.1097/CCM.0b013e318186fe37

 28. Aziz K, Lee HC, Escobedo MB, Hoover AV, Kamath-Rayne BD, Kapadia VS, et al. Part 5: Neonatal Resuscitation: 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2020) 142:S524–S50. doi: 10.1161/CIR.0000000000000902

 29. Ali N, Sawyer T, Barry J, Grover T, Ades A. Resuscitation practices for infants in the NICU, PICU and CICU: results of a national survey. J Perinatol. (2017) 37:172–6. doi: 10.1038/jp.2016.193

 30. Solevåg AL. and Schmölzer GM. Optimal Chest Compression Rate and Compression to Ventilation Ratio in Delivery Room Resuscitation: Evidence from Newborn Piglets and Neonatal Manikins. Front Pediatr. (2017) 5:3. doi: 10.3389/fped.2017.00003

 31. Christman C, Hemway RJ, Wyckoff MH, Perlman JM. The two-thumb is superior to the two-finger method for administering chest compressions in a manikin model of neonatal resuscitation. Arch Dis Child Fetal Neonatal Ed. (2011) 96:F99–F101. doi: 10.1136/adc.2009.180406

 32. Abella BS, Sandbo N, Vassilatos P, Alvarado JP, O'Hearn N, Wigder HN, et al. Chest compression rates during cardiopulmonary resuscitation are suboptimal: a prospective study during in-hospital cardiac arrest. Circulation. (2005) 111:428–34. doi: 10.1161/01.CIR.0000153811.84257.59

 33. Zuercher M, Hilwig RW, Ranger-Moore J, Nysaether J, Nadkarni VM, Berg MD, et al. Leaning during chest compressions impairs cardiac output and left ventricular myocardial blood flow in piglet cardiac arrest. Crit Care Med. (2010) 38:1141–6. doi: 10.1097/CCM.0b013e3181ce1fe2

 34. Kovacs A, Vadeboncoeur TF, Stolz U, Spaite DW, Irisawa T, Silver A, et al. Chest compression release velocity: association with survival and favorable neurologic outcome after out-of-hospital cardiac arrest. Resuscitation. (2015) 92:107–14. doi: 10.1016/j.resuscitation.2015.04.026

 35. Wyckoff MH, Aziz K, Escobedo MB, Kapadia VS, Kattwinkel J, Perlman JM, et al. Part 13: Neonatal Resuscitation: 2015 American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2015) 132:S543–60. doi: 10.1161/CIR.0000000000000267

 36. Christenson J, Andrusiek D, Everson-Stewart S, Kudenchuk P, Hostler D, Powell J, et al. Chest compression fraction determines survival in patients with out-of-hospital ventricular fibrillation. Circulation. (2009) 120:1241–7. doi: 10.1161/CIRCULATIONAHA.109.852202

 37. Meaney PA, Bobrow BJ, Mancini ME, Christenson J, de Caen AR, Bhanji F, et al. Cardiopulmonary resuscitation quality: [corrected] improving cardiac resuscitation outcomes both inside and outside the hospital: a consensus statement from the American Heart Association. Circulation. (2013) 128:417–35. doi: 10.1161/CIR.0b013e31829d8654

 38. Panchal AR, Bartos JA, Cabanas JG, Donnino MW, Drennan IR, Hirsch KG, et al. Part 3: Adult Basic and Advanced Life Support: 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2020) 142:S366–468. doi: 10.1161/CIR.0000000000000916

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Parikh, Samraj, Ogbeifun, Sumbel, Brimager, Alhendy, McElroy, Whitt, Henderson and Bhalala. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-808992-g003.gif
Pre & Post Simulation Nursing Survey

- =
—

[V —— —TL.
—

| —— S
H —

5 ONSORS— —_—t.
’ L —

Cotn ket T

P — L —
—

O OPot T 1T 3

]
1=loast confidont, § = most confidont





OPS/images/fped-10-808992-t001.jpg
Quality parameters

Compression rate
(compressions per
minute)
Compression depth
(inches)
Compression recoil
(mmvs)

Compression fraction
(%)

*p < 0.05.

Predebriefing
(n=62)

69.6 +26.3

079 £0.17

107.9 + 15.12

568+ 17.7

Postdebriefing
(n=62)

76.6 £23.6

0.86 +0.21

1125+ 12

7085+ 18.4

p-value

0.36

0.034*

0.25

0.0014*





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Simulation-Based Training in High-Quality Cardiopulmonary Resuscitation Among Neonatal Intensive Care Unit Providers



		Introduction



		Methods



		Study Design



		The Primary Outcome Measure



		Secondary Outcome Measures



		Study Population



		Baseline Characteristic Survey







		Equipment and Environment



		Simulated Pulseless Electrical Activity Cardiac Arrest Scenario and Debrief



		Data Abstraction



		Statistical Analysis







		Results



		Discussion



		Limitations



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Footnotes



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Simulation-Based Training in
High-Quality Cardiopulmonary
Resuscitation Among Neonatal
Intensive Care Unit Providers





OPS/images/fped-10-808992-g001.gif
Soocksummny

.:. : W*MM\U jLuM W

P Prgetorz
by Roscosot Cose Randow™, Er





OPS/images/fped-10-808992-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





