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Objective: To investigate the epidemiology and the effectiveness of resuscitation from cardiopulmonary arrest (CPA) among critically ill children and adolescents during pediatric intensive care unit (PICU) stay across China.

Methods: A prospective multicenter study was conducted in 11 PICUs in tertiary hospitals. Consecutively hospitalized critically ill children, from 29-day old to 18-year old, who had suffered from CPA and required cardiopulmonary resuscitation (CPR) in the PICU were enrolled (December 2017–October 2018). Data were collected and analyzed using the “in-hospital Utstein style.” Neurological outcome was assessed with the Pediatric Cerebral Performance Category (PCPC) scale among children who had survived. Factors associated with the return of spontaneous circulation (ROSC) and survival at discharge were evaluated using multivariate logistic regression.

Results: Among 11,599 admissions to PICU, 372 children (3.2%) had CPA during their stay; 281 (75.5%) received CPR, and 91 (24.5%) did not (due to an order of “Do Not Resuscitate” requested by their guardians). Cardiopulmonary disease was the most common reason for CPA (28.1% respiratory and 19.6% circulatory). The most frequent initial dysrhythmia was bradycardia (79%). In total, 170 (60.3%) of the total children had an ROSC, 91 had (37.4%) survived till hospital discharge, 28 (11.5%) had survived 6 months, and 19 (7.8%) had survived for 1 year after discharge. Among the 91 children who were viable at discharge, 47.2% (43/91) received a good PCPC score (1–3). The regression analysis results revealed that the duration of CPR and the dose of epinephrine were significantly associated with ROSC, while the duration of CPR, number of CPR attempts, ventricular tachycardia/ventricular fibrillation (VT/VF), and the dose of epinephrine were significantly associated with survival at discharge.

Conclusion: The prevalence of CPA in critically ill children and adolescents is relatively high in China. The duration of CPR and the dose of epinephrine are associated with ROSC. The long-term prognosis of children who had survived after CPR needs further improvement.

Keywords: cardiopulmonary arrest, cardiopulmonary resuscitation, critical ill children, multicenter study, China


INTRODUCTION

Cardiopulmonary arrest (CPA) is a sudden life-threatening event that could cause mortality, and cardiopulmonary resuscitation (CPR) is its only first aid. CPA is a critical condition in children and primarily occurs in the pediatric intensive care unit (PICU). The in-hospital mortality of children under CPA in the PICU after receiving CPR is between 38 and 69.6% (1, 2), which is considerably higher than the mortality of PICU admissions (2–3%) in a 4-year follow-up study (3). A standard CPR has been introduced across the world, and this standard has improved the effectiveness and prognosis post-CPR. However, the major indexes, such as returning of spontaneous circulation (ROSC) and survival rate, vary among different studies.

The Utstein style is a uniformly defined pattern of data collection and reporting. This type of reporting has been regarded as a convenient tool for comparing results of resuscitation among different studies but has been less frequently used in pediatric research. The first observational multicenter survey of pediatric in-hospital CPA in mainland China by Utstein style was conducted in 2013. The results revealed that, among the PICU admissions, the incidence of CPA was 5.5%, and the rates of ROSC and survival to hospital discharge were 60.3 and 25.5%, respectively (4). In the past two decades, training programs on basic life support (BLS) and pediatric advanced life support (PALS) have been conducted across China. The government investment in medical resources has increased, but the knowledge of CPA and CPR in China urgently needs to be updated. Therefore, we conducted this multicenter study using the Utstein style to analyze the epidemiologic characteristics of CPA and to determine the factors associated with improved outcomes after CPR in the PICU.



METHODS


Multicenter Settings

The Beijing Children's Hospital was the organizing center and was responsible for this study. All 11 participating PICUs were in tertiary children's hospitals or general hospitals in north, central, east, southwest, and northwest China. These hospitals have well-established code teams and life support equipment.

All medical staff involved in this study were well trained in bedside CPR and were familiar with BLS, PALS, and Utstein style. A staff was designated in each center to check and collect data by using the Utstein chart. All accurate and qualified data were sent to the Beijing Children's Hospital to establish the central database and for analysis.



Study Design

This study is a prospective observational multicenter study. Upon PICU admission, the guardians of critically ill children were required to sign a written medical directive in case of CPA to enable the medical staff to initiate CPR immediately. When CPA occurred, children whose guardians requested “Do Not Resuscitate (DNR)” most likely only received epinephrine or electric defibrillation with or without tracheal intubation for ventilation but without chest compression.

The inclusion criteria were children aged between 29-day old and ≤18-year old who were admitted to the PICU from 1 December 2017 to 31 October 2018 and who underwent CPA and CPR. Children whose CPA occurred outside the PICU, who were assigned DNR on the first CPA after PICU admission (including children with insufficient medical therapy when CPA occurred), or who were hospitalized in cardiac intensive care units for perioperative monitoring were excluded.

The standard process of CPR was referred to in the American Heart Association (AHA) guidelines of BLS and PALS (5), such as chest compression, open airway and ventilation support, and other interventions, including endotracheal intubation, vasoactive drugs, and defibrillation. The number of CPR attempts referred to how many rounds of CPR were performed. One round of CPR was a period from initiation to the end, which includes ROSC or death.

When CPA occurred repeatedly, only the first CPA after PICU admission was recorded and analyzed. All children were included as long as they received CPR. No specific duration for CPR was required.

Cardiopulmonary resuscitation is the only medical treatment for CPA, and no absolute contraindication of such a process has been identified. However, if thoracic deformities, open thoracic injuries, pericardial tamponade, and blood pneumothorax exist, parents should be fully informed in advance of the pros and cons of CPR under such circumstances. The final decision of whether to implement CPR was made by guardians.

This study had been approved by the Ethics Committee of the Beijing Children's Hospital.



Data Collection

Data collected included age, gender, body weight, measures before resuscitation (e.g., endotracheal intubation, cardiac pacemaker, and electrocardiogram [ECG] monitoring), primary diagnosis, initial heart rhythm, time of CPR start-up, duration of CPR, number of CPR attempts, the dose of epinephrine, and use of sodium bicarbonate (e.g., the total number of doses and delivery method).

The prognosis of the neurological system of the children was evaluated using the Pediatric Cerebral Performance Category (PCPC) score, which has six categories: normal in neurodevelopmental and intelligence of children of the same age; mild disability; moderate disability; severe disability; coma/vegetative state; and death.



Follow-Up Visit and Major Index

The children's guardians were informed in detail that the children would be followed up after discharge. The person-in-charge of the Beijing Children's Hospital team collected the phone number of every surviving child's guardian every month and followed them up by phone on the first 6 months and 1 year after discharge to inquire about the child's condition.

The main indexes used to assess the effect of CPR included ROSC (i.e., heartbeat recovery, palpable pulse, and spontaneous recovery ≥20 min), survival rate (24 h after CPR, on hospital discharge day, and first 6 months and 1 year after hospital discharge), and PCPC score.



Statistical Methods

SPSS version 22.0 was used for the statistical analysis. Pearson's chi-square test was used to analyze differences between categorical data groups. If the value was <5 or the sum was <20, Fisher's exact test analysis was performed.

Measurement data were described by mean ± standard deviation (SD; x ± s). Median was used for data with skewed distribution, and the homogeneity test of variance was used for normal distribution. A t-test was used to analyze the variance between two independent sample groups, and a variance analysis was performed for significant tests among multigroups. Logistic regression was used to analyze the risk factors of ROSC and survival to discharge. Regression parameters included age (year), duration of CPR, presence of endotracheal tube before CPA, initial heart rhythm (VT/VF), number of CPR attempts, the dose of epinephrine (contained three categories: 1 ≤ 3 times, 3–5 times, >5 times), and sodium bicarbonate. p < 0.05 was considered statistically significant. In this study, the Box-Tidwell method was used to test whether they were linear among the conversion values of continuous independent variables and dependent variables logit. All continuous independent variables should have a linear relationship with the logit transformation value of the dependent variable. If no linear relationship existed between one or more continuous independent variables and the logit transformation value of the dependent variable, the variable was converted into an ordered classification variable. A total of 11 items (i.e., 7 independent variables, 3 interaction items, and 1 intercept item) were included in the linear test model, and the significance level corrected by Bonferroni was 0.0045. p < 0.05 was considered statistically significant.




RESULTS

A total of 11,599 cases from 11 PICUs were investigated, and the overall incidence of CPA was 3.2% (372/11,599) with variance ranging from 1.1 to 6.18% among the different centers. Among the 372 children, 281 (75.5%, 281/372) had received CPR (that includes 1 ECPR), and the percentage in each center ranged from 33.3 to 96.5%. In addition, 24.5% of the subjects were requested for DNR (91/372), the ratio in the different centers ranged from 0 to 66.7%. A total of 170 of the 281 children (60.1%) had ROSC, in which the survival in 24 h, survival to hospital discharge, and survival to 6 months and 1 year after discharge were 47.3, 37.4, 11.5, and 7.8%, respectively (Figure 1 and Tables 1, 2). According to previous epidemiological reports from China, the incidence of CPA in the PICU decreased from 5.5 to 2.2% with an increase in CPR ratio from 17.1 to 84.4% (Table 3).


[image: Figure 1]
FIGURE 1. The procedure of inclusion and basic information.



Table 1. Distribution and basic information of pediatric intensive care units (PICUs) in current data.

[image: Table 1]


Table 2. Major parameters of epidemiology.
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Table 3. Epidemiology information of PICUs in previous reports.
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Nearly 90% of the children who had CPR were under 8-year old, among whom, 49.5% were <1-year old. In the primary diagnosis, respiratory disease accounted for 28.1%, circulatory for 19.6%, hematologic/neoplastic for 11%, sepsis for 7.8%, poisoning/renal disease for 4.9%, and trauma for 4.3%. Bradycardia was the most common dysrhythmia (79%) when CPA occurred, followed by electrical asystole (11.4%), ventricular tachycardia (VT, 2.5%), and ventricular fibrillation (VF, 3.9%). Then, 67.6% of the children had endotracheal intubation before CPA, and 44.8% had CPR duration of <10 min. In addition, 44.1% of the children were given epinephrine 1–3 times, 43.8% had more than 3 times, and 12.1% were not administered with epinephrine. Moreover, 41.3% of the children were administered sodium bicarbonate during resuscitation (Table 4).


Table 4. Basic information of CPA children (N = 281).
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Table 5 shows the ROSC ratios in the children with respiratory and circulatory diseases as 70.5 and 63.6%, respectively, and in trauma as 50%, whereas the corresponding ROSC ratios in hematologic/neoplastic diseases and poisoning/renal failure were 35.5 and 37.5%. Compared with those who had been endotracheal intubated, children without endotracheal intubation had higher ROSC (70.2% vs. 54.7%, p = 0.018), and 87.4% of children with CPR ≤15 min had ROSC while the percentage was only 15.5% in children with CPR >30 min (p = 0.000). Differences in epinephrine administration corresponded to different ROSC incidences, such as 1 ≤ 3 times, 3–5 times, and >5 times corresponding to 89.5, 50, and 15.3%, respectively (p = 0.000). Children obtained a higher ROSC rate when they received no sodium bicarbonate when compared with those who received such compound (68.5% vs. 49.1%, p = 0.001) during resuscitation (Table 5).


Table 5. Clinical data of children who achieved the return of spontaneous circulation (ROSC) and survival to discharge.
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Table 5 also shows the factors associated with survival after hospital discharge. Children aged 1–8 years had the highest survival to hospital discharge (45.7%), those under 1 year had 34.1%, and those older than 8 years had 20% (p = 0.039). The rates of survival to discharge in children with respiratory and circulatory diseases were 45.7 and 33.8%, respectively. Children with bradycardia, electrical asystole, VT, and VF had survival to discharge rates of 42.8, 20.8, 0, and 10%, respectively, which were lower than their corresponding ROSC rates of 63.5, 53.1, 28.6, and 54.5%. This result implied that the survival of children with CPA in the PICU was not only correlated with CPR but also with the severity of the original diseases. The ROSC of children with trauma was 50%, but only 16.7% of them were alive to discharge. Furthermore, children who had only one CPR, with CPR for 0–15 min, epinephrine used for 1–3 times, and received no sodium bicarbonate were prone to obtain a higher survival rate (p < 0.05). Although not being intubated prior to CPR was beneficial for children to ROSC, it did not correlate with survival to hospital discharge (p = 0.09).

The prognosis of the neurological status at the discharge of the 72 surviving children was assessed by PCPC, which was divided into 3 grades: 1–3, 4, and 5 scores. The results showed that the neurological prognosis was good (1–3 scores) in 47.2% but poor (5 scores) in 51.4%.

A multivariate logistic regression analysis of ROSC revealed that the duration of CPR and the dose of epinephrine were correlated with ROSC, and the duration of CPR, primary diagnosis, number of CPR attempts, and the dose of epinephrine were correlated with survival to hospital discharge. Although the age and presence of endotracheal tube before CPA were evidently relevant to ROSC and survival, they were not dependent on influencing factors (Tables 6, 7).


Table 6. Influence factors on the ROSC by multivariate logistic regression analysis.
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Table 7. Influence factors on survival to discharge by a multivariate logistic regression analysis.
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DISCUSSION


Main Findings

From the multicenter study, we found that the incidence of CPA in PICU in China is 3.2%, the implementation rate of CPR is 75.5%, the ROSC rate is 60.3%, the discharge survival rate is 37.4%, and the percentage of discharged survivors with a PCPC score of 1–3 is 47.2%.



Interpretation and Comparison With Previous Literature

This study is the only multicenter survey of CPA and CPR in PICU based on the Utstein style across China in the past 10 years. Reports in the recent 5 years have declared that the incidence of CPA in critically ill children in the hospital has decreased from 2 to 6% (8, 9) to 2.2–5.5% (1, 3, 4, 7, 10). In this study, the incidence of CPA in PICU was 3.2%, similar to that observed in the previous studies (7, 11) but was lower than the 5.5% in Zeng's report (9), another multicenter survey in Beijing in 2013. However, a possible decrease in the incidence of CPA in the PICU was difficult to determine because of the evident difference in the study population between the two studies. A variance in incidence existed among different centers ranging from 1.1 to 6.8% probably because of the different primary diagnosis spectrum, severity, and ability of early recognition. In addition, compared with Zeng's report, the current rate of ROSC was slightly lower, while the rate of survival in 24 h post-CPR and survival to discharge were apparently higher (47.3 and 37.4% vs. 35.06 and 28.2%, respectively), implying that the subsequent therapy contributed to the improvement of prognosis. In recently published international reports, the ROSC ratio varied widely from 64.5 to 78% (2, 3, 11), and the survival to discharge rate ranged from 45 to 63% (1, 4, 7), which were better than the results in this study. Thus, more studies on repeated high-quality CPR training, primary disease therapy, and effective advanced life support should be performed to narrow the gap.

In this study, 75.5% of the CPA patients had received CPR. The residual 24.5% of the children were requested to receive DNR, with an obvious variance from 0 to 66.7% among the different centers. DNR was common in critically ill patients, which was dependent on several factors, such as disease, social, and economic reasons. Hon (6) found that 44% of deaths in the ICU in Hong Kong were called for DNR, when CPA had occurred. Although the termination of resuscitation has been discussed frequently, limited literature (12) on pediatric critical illness, except for trauma out-of-hospital, is available. Thus, when and why DNR should be conducted was uncertain. Hence, since DNR is wise and reasonable in some cases, the medical staff should still make the guardians fully understand the benefits and value of CPR to increase the survival rate.

Respiratory, circulatory, hematologic, or oncologic status and infection are common causes for critical diseases (13) and CPA (1, 3, 11) in PICU, because they could induce severe hypoxemia, hypovolemia, acid-base disturbance, and multiple organ disease syndrome. Similar to previous studies (1, 3, 9, 14), our results showed that respiratory and circulatory diseases were the major contributors to CPA. Trauma was rarely mentioned in previous reports on the characteristics of CPA. This study indicated that 4.3% of CPA was associated with trauma. Head injury is the most common site of trauma in children (15). The condition is always aggravated by secondary life-threatening complications, such as increased intracranial pressure, electrolyte imbalance, metabolism disturbance in the myocardium, and inhibition of the respiratory center. Our results showed that the ROSC of trauma was 50%, but only 16.7% had survived to discharge. We made no further analysis about the exact cause of death in trauma, but trauma-associated respiratory (16) and renal injury (14) were attributed to increased mortality.

Epinephrine is the most common medication used during resuscitation. Our results revealed that the survival rate to discharge was poor in children with a dose of epinephrine of more than 5. This finding was similar to Meert's report, in which an inverse correlation between the dose of epinephrine and 12-month survival was reported (17). Prior studies have proved that mortality increased as the CPA and CPR persisted (3, 9, 18). In our opinion, the poor outcomes were actually due to severe illnesses, which caused prolonged CPA and CPR, and clinicians had to administer epinephrine repeatedly.

Sodium bicarbonate is a common treatment for acidosis induced by CPA. However, recent CPR studies in adults and children did not prove the benefit of sodium bicarbonate in improving prognosis, and AHA Guidelines recommend its use only for hyperkalemia, tricyclic antidepressants, or barbiturate poisoning (10, 19). Similar to epinephrine, this study showed that sodium bicarbonate during CPR was negatively related to the survival rate to discharge, and the use of sodium bicarbonate was also due to the severity of the disease and prolonged CPR.

The neurologic outcome after CPR was good (20), and 40–64.3% of the children in the PICU had obtained PCPC scores of 1–3 (2–4). The longer the duration of CPR, the poorer the neurological prognosis. Our results showed that 47.2% of the children scored 1–3, which was different from previous reports abroad. Better cerebral perfusion has been correlated with neurologic outcomes. Therefore, we should increase the quality of CPR by improving training to restore heart function and maintain circulatory stability.

With the pediatric life support program by the AHA launched in China in 2001 and the improvements in critical care, the quality of CPR and prognosis had gradually improved.




LIMITATIONS

This study provides updated and reliable evidence-based data about the epidemiology characteristics of CPA and CPR in the PICU in mainland China. The data are important for Chinese pediatricians and for the world despite the following limitations. First, we did not analyze the PCPC score at 6 months and 1 year after discharge due to limited follow-up information. Given that we lacked baseline PCPC scores (before CPA occurred), we were unable to determine if CPR contributed to a change in the cerebral function. Second, a recall bias may exist despite members promptly recordingall data. Third, post-resuscitation treatment measures were not controlled, which may have affected outcomes.



CONCLUSION

The prospective multicenter study described the present situation of CPA and CPR in the PICU of China. The incidences of CPA and CPR were relatively high, but there were significant differences among different centers, which were mainly due to the severity of the disease and the rescue willingness of children's parents. In general, the short-term prognosis of CPR is not satisfactory and needs to be further improved. Duration of CPR and the dose of epinephrine were associated with the difficulty of resuscitation and thus with eventual resuscitation outcome.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

This study had been approved by the Ethics Committee of each hospital. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



REFERENCES

 1. Mustafa K, Buckley H, Feltbower R, Kumar R, Scholefield BR. Epidemiology of cardiopulmonary resuscitation in critically ill children admitted to pediatric intensive care units across England: a multicenter retrospective cohort study. J Am Heart Assoc. (2021) 10:e018177. doi: 10.1161/JAHA.120.018177

 2. Gupta P, Tang X, Gall CM, Lauer C, Rice TB, Wetzel RC. Epidemiology and outcomes of in-hospital cardiac arrest in critically ill children across hospitals of varied center volume: a multi-center analysis. Resuscitation. (2014) 85:1473–9. doi: 10.1016/j.resuscitation.2014.07.016

 3. Kalzén H, Larsson B, Eksborg S, Lindberg L, Edberg KE, Frostell C. Survival after PICU admission: the impact of multiple admissions and complex chronic conditions. PLoS ONE. (2018) 13:e0193294. doi: 10.1371/journal.pone.0193294

 4. Zeng J, Qian S, Zheng M, Wang Y, Zhou G, Wang H. The epidemiology and resuscitation effects of cardiopulmonary arrest among hospitalized children and adolescents in Beijing: an observational study. Resuscitation. (2013) 84:1685–90. doi: 10.1016/j.resuscitation.2013.08.007

 5. Topjian AA, Raymond TT, Atkins D, Chan M, Duff JP, Joyner BL, et al. Pediatric basic and advanced life support collaborators. Part 4: pediatric basic and advanced life support: 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. (2020) 142:S469–S523. doi: 10.1542/peds.2020-038505D

 6. Hon KL, Poon TC, Wong W, Law KK, Mok HW, Tam KW, et al. Prolonged non-survival in PICU: does a do-not-attempt-resuscitation order matter. BMC Anesthesiol. (2013) 13:43. doi: 10.1186/1471-2253-13-43

 7. Ray CM, Pizzuto M, Reyes-Alvarado E, Jackson K, Turner DA, Kamath S. Cardiac arrest in the paediatric intensive care unit: defining the problem and developing solutions. BMJ Open Qual. (2020) 9:e000930. doi: 10.1136/bmjoq-2020-000930

 8. Moler FW, Meert K, Donaldson AE, Nadkarni V, Brilli RJ, Dalton HJ, et al. Pediatric Emergency Care Applied Research Network. In-hospital versus out-of-hospital pediatric cardiac arrest: a multicenter cohort study. Crit Care Med. (2009) 37:2259–67. doi: 10.1097/CCM.0b013e3181a00a6a

 9. Reis AG, Nadkarni V, Perondi MB, Grisi S, Berg RA. A prospective investigation into the epidemiology of in-hospital pediatric cardiopulmonary resuscitation using the international Utstein reporting style. Pediatrics. (2002) 109:200–9. doi: 10.1542/peds.109.2.200

 10. Alten JA, Klugman D, Raymond TT, Cooper DS, Donohue JE, Zhang W, et al. Epidemiology and outcomes of cardiac arrest in pediatric cardiac ICUs. Pediatr Crit Care Med. (2017) 18:935–43. doi: 10.1097/PCC.0000000000001273

 11. Tibballs J, Kinney S. A prospective study of outcome of in-patient pediatric cardiopulmonary arrest. Resuscitation. (2006) 71:310–8. doi: 10.1016/j.resuscitation.2006.05.009

 12. American American College of Surgeons Committee on Trauma American American College of Emergency Physicians Pediatric Emergency Medicine Committee National National Association of EMS Physicians American American Academy of Pediatrics Committee on Pediatric Emergency Medicine, Fallat ME. Withholding or termination of resuscitation in pediatric out-of-hospital traumatic cardiopulmonary arrest. Ann Emerg Med. (2014) 63:504–15. doi: 10.1542/peds.2014-0176

 13. Irie H, Okamoto H, Uchino S, Endo H, Uchida M, Kawasaki T, et al. JIPAD Working Group in the Japanese Society of Intensive Care Medicine. The Japanese Intensive care PAtient Database (JIPAD): A national intensive care unit registry in Japan. J Crit Care. (2020) 55:86–94. doi: 10.1016/j.jcrc.2019.09.004

 14. Bjornstad EC, Muronya W, Smith ZH, Gibson K, Mottl AK, Charles A, et al. Incidence and epidemiology of acute kidney injury in a pediatric Malawian trauma cohort: a prospective observational study. BMC Nephrol. (2020) 21:98. doi: 10.1186/s12882-020-01755-3

 15. Schneier AJ, Shields BJ, Hostetler SG, Xiang H, Smith GA. Incidence of pediatric traumatic brain injury and associated hospital resource utilization in the United States. Pediatrics. (2006) 118:483–92. doi: 10.1542/peds.2005-2588

 16. de Roulet A, Burke RV, Lim J, Papillon S, Bliss DW, Ford HR, et al. Pediatric trauma-associated acute respiratory distress syndrome: Incidence, risk factors, and outcomes. J Pediatr Surg. (2019) 54:1405–10. doi: 10.1016/j.jpedsurg.2018.07.005

 17. Meert K, Telford R, Holubkov R, Slomine BS, Christensen JR, Berger J, et al. Paediatric in-hospital cardiac arrest: Factors associated with survival and neurobehavioural outcome one year later. Resuscitation. (2018) 124:96–105. doi: 10.1016/j.resuscitation.2018.01.013

 18. Kourek C, Greif R, Georgiopoulos G, Castrén M, Böttiger B, Mongardon N, et al. Healthcare professionals' knowledge on cardiopulmonary resuscitation correlated with return of spontaneous circulation rates after in-hospital cardiac arrests: a multicentric study between university hospitals in 12 European countries. Eur J Cardiovasc Nurs. (2020) 19:401–10. doi: 10.1177/1474515119900075

 19. Loomba RS, Ahmed M, Abdulkarim M, Villarreal EG. Flores S. Use of sodium bicarbonate during pediatric cardiac admissions with cardiac arrest: who gets it and what does it do? Children (Basel). (2019) 6:136. doi: 10.3390/children6120136

 20. Bembea MM, Ng DK, Rizkalla N, Rycus P, Lasa JJ, Dalton H, et al. American Heart Association's Get With The Guidelines-Resuscitation Investigators. Outcomes after extracorporeal cardiopulmonary resuscitation of pediatric in-hospital cardiac arrest: a report from the get with the guidelines-resuscitation and the extracorporeal life support organization registries. Crit Care Med. (2019) 47:e278–85. doi: 10.1097/CCM.0000000000003622

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 Ding, Liu, Qian, Zeng, Wang, Chu, Chen, Chen, Duan, Jin, Huang, Lu, Guo, Shi, Huo, Su, Cheng, Yin, Xin, Sun, Zhao, Miao, Lou, Li, Jiang and Dong. 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-10-811819-t004.jpg
item Number/total (%)

Age
29 days—1 year 139 (49.5)
>1-8 years 115 (40.9)
>8-18 years 27(9.6)
Gender

Male 144 (51.2)
Primary diagnosis

Respiratory 79(28.1)
Circulatory 55(19.6)
Neurological 24(85)
Liver/gastrointestinal 10(3.6)
Inherited metabolic: 18 (6.4)
Hematologic/oncologic 31(11.0
Systemic infection/shock 22(7.8)
poisoning and renal failure 14.(4.9)
trauma 12(4.3)
Other 16(6.7)
Initial heart rhythm

Bradycardia 222(79)
Electrical asystole 32(11.4)
Ventricular tachycardia, VT 7@5)
Ventricular fibrillation, VF 1139)
Pulseless electrical activity 9(82)
Endotracheal intubation before CPA

Yes 190 (67.6)
Duration of CPR

0-15 min 159 (56.6)
15-30 min 33(135)
30 min 84(299
Epinephrine

Yes 247 (87.8)
No 34(12.1)
Dose of epinephrine

12~8 times 124 (44.1)
>3~ times 34(12.1)
>5 times 89(31.7)
Sodium bicarbonate

Yes 116(41.3)
No 165 (68.7)
Time of CPR start

08:00-15:59 am 113 (40.2)
16:00-23:59 pm 98349

00:00-07:59 am 70(24.9)
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Initial heart rhythm

Endotracheal intubation before CPA

Duration of CPR

Epinephrine

Sodium bicarbonate

Number of CPR attempts

time of CPR start

29 days—1 year

>1-8 years

>8-18 years

Male

Female

Respiratory

Circulatory
Neurological
Liver/gastrointestinal
Inherited metabolic
Hematologic/oncologic
Systemic infection/shock
Poisoning/renal failure
trauma

Other

Bradycardia

Electrical asystole
Ventricular tachycardia
Ventricular fibrillation
Pulseless electrical activity
Yes

No

0-15min

>15-80min

>30min

Yes

No

1=~3times
3~5times

6 times.

Yes
No

1 time

>1 time
08:00-15:59 am
16:00-23:59 pm
00:00-07:59 am

ROSC* N = 170 number/total (%)

79/139 (56.8)
77/115 (66.9)
14/27 (51.8)
87/144 (60.4)
83/137 (60.6)
55/78 (70.5)
35/56 (62.5)
15/24 (62.5)
6/10 (60)
1118 (61.1)
11/31 (35.5)
12/22 (54.5)
5/14.(37.5)
6/12 (50)
14/16 (87.5)
141/222 (63.5)
17/32 (63.1)
2/7(28.6)
6/11 (54.5)
4/9 (44.4)
104/190 (54.7)
66/94 (70.2)
139/159 (87.4%)
18/38 (47.4)
13/84 (15.5%)
1407247 (66.7)
30/34 (88.2)
111/124(89.5)
17/34 (50.0)
12/89 (13.5)
N = 170, total = 281
57/116 (49.1)
113/165 (68.5)

72/113 (63.7)
57/98 (68.2)
41770 (58.6)

P

0.076

0.977

0.012

0.223

0.018

0.000

0.000

0.001

0.663

Survival to discharge’ N = 91
number/total (%)

48/126 (34.1)
42/92 (45.7)
6/25 (24)
52/126 (41.3)
39/117 (33.8)
37/67 (55.2)
19/49 (38.8)
6/18(33.3)
2/8(25)
5/14 (35.7)
6/30 (20)
5/21 (23.8)
5/13(38.5)
2/12 (16.7)
411 (36.4)
83/194 (42.8)
5/24(20.8)
07 (0.0)
1/10(10)
2/8 (25)
57/168 (33.9)
34/75 (45.9)
77/125 (61.6)
10/36 (27.8)
4/82 (4.9)
75/217 (34.6)
16/26 (61.5)
607101 (59.4)
10/30 (33.3)
5/86(5.8)

N =91, total = 243
28/102 (27.5)
63/141 (44.7)
77/186 (41.4)
14/57 (24.6)

0.039

0.202

0.035

0.000

0.09

0.000

0.000

0.006

0.022

“Total of 281 cases had ROSC documents.

#Total of 243 cases had survival to discharge document.

= Records missing.
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