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In the pediatric intensive care unit (PICU), cardiac arrest (CA) is rare but results in high rates of morbidity and mortality. A retrospective chart review of 223 patients who suffered from in-PICU CA was analyzed from January 2017 to December 2020. Outcomes at discharge were evaluated using pediatric cerebral performance category (PCPC). Return of spontaneous circulation was attained by 167 (74.8%) patients. In total, only 58 (25%) patients survived to hospital discharge, and 49 (21.9%) of the cohort had good neurologic outcomes. Based on multivariate logistic regression analysis, vasoactive–inotropic drug usage before CA, previous PCPC scale >2, underlying hemato-oncologic disease, and total time of CPR were risk factors associated with poor outcomes. Furthermore, we determined the cutoff value of duration of CPR in predicting poor neurologic outcomes and in-hospital mortality in patients caused by in-PICU CA as 17 and 23.5 min respectively.
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INTRODUCTION

Cardiac arrest (CA) is uncommon in children, and the epidemiology of pediatric CA is different from adults. CA is a critical cause of death in children in the hospital especially in the pediatric intensive care unit (PICU). CA is reported in 2–6% of children in the PICU, which is much higher than out-of-hospital arrest (about 8 to 20 annual cases per 100,000 pediatric population) (1–3). Previous studies reported that return of spontaneous circulation (ROSC) after cardiopulmonary resuscitation (CPR) for in-hospital CA (IHCA) is about half of these patients, and ~30% survived to hospital discharge (1, 4, 5).

Previous studies had analyzed the cause and prognostic factors associated with outcomes after IHCA, which included the initial rhythm, duration of CA and CPR, the underlying disease, and where the event attacked (6). Patients in PICU are more likely to develop CA because they are more critically ill. Information on factors associated with prognosis of in-PICU CA can promote improvement in PICU care, which means improving survival with good neurologic outcomes. Analyzing the epidemiological variables and risk/prognostic factors of in-PICU CA is of great importance in developing the better therapeutic strategy and deciding appropriate preventive measures. The aim of the study was to analyze the clinical characteristics and prognostic factors associated with mortality and neurologic outcomes of in-PICU CA.



MATERIALS AND METHODS


Patient Population

The study was conducted in the PICU of Chang Gung Hospital in Taiwan. Chang Gung Hospital is a tertiary medical center that received patients transferred from regional hospitals. These data were retrospectively analyzed from January 2017 to December 2020. All records of children aged from 1 month to 18 years who suffered in-PICU CA were included. As defined by the American Heart Association and the American College of Cardiology, CA is the sudden cessation of cardiac activity with clinical presentation, such as unresponsiveness to stimuli, apnea, or bradycardia with heart rate <60 bpm with poor perfusion that required external cardiac compressions and ventilation. The need for informed consent was waived by the Chang Gung Medical Foundation Institutional Review Board. This study was approved by the Ethics Committee of Chang Gung Memorial Hospital (approval no. 202000797B0).

Clinical data include age, birth weight, sex, previous history of CA and neurologic status based on the pediatric cerebral performance category (PCPC), underlying diseases, previous treatment, initial ECG rhythm, time to initiation of CPR, and total time of CPR.

Outcomes including return of spontaneous circulation (ROSC) and PCPC score were collected and analyzed. ROSC was defined as restoration of perfusion and heart rhythm in the absence of external chest compressions for over 20 min. The PCPC scores, ranging from 1 (normal) to 6 (brain dead), were validated to quantify a child's cognitive function after a critical illness or an injury. The investigators judged the PCPC score by reviewing the discharge summaries and outpatient records with the consensus of the pediatric neurologist. Categories 1 to 2 were viewed as good neurological outcomes.

The main outcomes for this study were mortality and neurologic outcomes at hospital discharge.



Statistical Analysis

Univariate analyses were performed using the chi-square test, Fisher's exact test, or Mann–Whitney U-test, as appropriate. Multivariate logistic regression analysis with stepwise selection was conducted to identify independent predictors of main outcomes (mortality and neurologic outcomes). Finally, receiver operating characteristic (ROC) curve analysis was used to define the optimal cutoff values for the clinical parameters that may contribute to the main outcomes. A p-value < 0.05 was considered to be statistically significant. The IBM SPSS Statistics software (version 20.0; SPSS Statistics for Windows, Armonk, NY, USA) was used for all statistical calculations.




RESULTS


Patient Demographics

In this retrospective observational cohort study, we enrolled patients aged from 1 month to 18 years who suffered in-PICU CA between January 2017 and December 2020. Our PICU is a tertiary intensive care unit with 29 beds for patients aged from 1 month to 18 years. During the study period, there were 2,540 patients admitted in our PICU and a total of 223 (8.7%) in-PICU CA cases were retrieved. The return of spontaneous circulation was attained by 167 (74.8%) patients. In total, only 58 (25%) patients survived to hospital discharge, and 49 (84.4%) of the survivors had a good neurologic outcomes (Figure 1).
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FIGURE 1. Algorithm of in-PICU CA. ROSC, return of spontaneous circulation; PCPC, pediatric cerebral performance category.




Clinical State Before Cardiac Arrest and Characteristics of Arrest and Resuscitation

Table 1 reports the patients' neurologic outcomes and mortality rate of different characteristics. Most patients are aged from 1 to 12 months old (65.5% of the cohort). In all, 79.8% of these patients had an underlying disease. Patients with hemato-oncology disease had higher mortality, and patients with respiratory and neurological disease presented lower mortality.


Table 1. Clinical characteristics and risk factors associated with prognosis of in-PICU CA.
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One hundred ninety-three patients (86.5%) have good neurologic status (PCPC score of 1 or 2) prior to CA. After the CA event, 74.6% of the 193 patients developed to poor neurologic outcomes.

As for previous treatment, the patients who received vasoactive–inotropic and bicarbonate had significantly higher mortality rate than those who did not receive such drugs.

The two main etiology of CA were respiratory and cardiac disease. The rate of poor outcome was significantly higher in patients caused by sepsis.

In 90.5% of the cohort, CPR was initiated within 1 min after CA developed. Bradycardia (69%) was the most common cardiac rhythm, and only 13 patients (5.8%) presented with shockable rhythm.

CPR < 5 min accounted for the most proportion, and the longer CPR duration is associated with higher mortality.



Association Between Clinical Risk Factors and Poor Outcomes

Multivariate logistic regression analysis was performed to investigate the impact of multiple risk factors in predicting poor neurologic outcome at discharge and in-hospital mortality. In the final model, only vasoactive–inotropic drug usage before CA, total time of CPR, and previous PCPC scale >2 remained as the independent predictors of poor neurologic outcome at discharge (Table 2). As for the risk factors of in-hospital mortality, only vasoactive–inotropic drug usage before CA, total time of CPR, and underlying hemato-oncologic disease remained as the independent predictors (Table 2).


Table 2. Multivariate logistic regression analysis for poor neurologic outcomes and in-hospital mortality.
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Figures 2A,B show the area under the ROC curve (AUC) of total time of CPR (min) for predicting poor neurologic outcome and in-hospital mortality. The AUC of total time of CPR (min) was 0.702 (95% CI, 0.627–0.778, p < 0.001) for poor neurologic outcome, and 0.738 (95% CI, 0.669–0.807, p < 0.001) for in-hospital mortality. The best cutoff values of total time of CPR (min) in predicting poor neurologic outcomes and in-hospital mortality are shown in Table 3. We identified total time of CPR (min) of 17 min for predicting poor neurologic outcome and 23.5 min for in-hospital mortality. Furthermore, the specificity was 99% for poor neurologic outcome after CPR for 29.5 min and was 99% for in-hospital mortality after CPR for 30.5 min.


[image: Figure 2]
FIGURE 2. Receiving operating characteristic curve of total time of cardiopulmonary resuscitation (min) for predicting poor neurologic outcome (A) and in-hospital mortality (B).



Table 3. Best predictive power of the total time of CPR (min) for outcomes at discharge.
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DISCUSSION

The occurrence of pediatric CA is rare even in the relatively predictable settings, such as PICU. Previous studies have demonstrated the different rates of ROSC, in-hospital mortality, and neurologic outcome at discharge (Table 4) (7–9). The current study identified that in-PICU CA is associated with high mortality rate (73.9%), which is comparable with a previous study (1, 5, 7, 10). The purpose of the current study was to identify the independent risk factors associated with outcomes after in-PICU CA.


Table 4. Comparison different studies about in-PCIU CA.
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Sustained ROSC attained by 74.8% of patients and 26% of survivors were discharged with 21.9% of patients with good neurologic outcomes. The outcomes of in-PICU CA were better than the CA attacked in other areas, such as CA in the emergency department (6). Our previous study reported that only 4.6% of CA in the ED had a good neurologic outcome at discharge (11). Patients in the PICU received more intensive vital sign monitoring and readiness to recognize CA, then can immediately respond. ED has relative insufficient ability to monitor and stabilize patients competently. Training the medical team and improving the facility to identify and rescue CA quickly outside the PICU can improve the outcome (12, 13).

Previous studies had reported that several underlying diseases of patients before CA had impact on the outcome (7, 14, 15). The current study reported that respiratory patients have better neurologic outcome than those suffering from other disease. Most of the respiratory patients who suffered from CA were caused by obstruction of the airway, usually caused by sputum impaction of the airway or smaller size of the tracheal tube. Therefore, intensive care of the respiratory tract is very important for critically ill patients. Furthermore, patients with hemato-oncology disease had a significantly higher rate of poor neurologic outcome and in-hospital mortality, which was comparable with previous study (14). As for the etiology of CA, respiratory and cardiac diseases were most common, but the etiology of sepsis was the main cause of CA with increased poor neurologic outcome and higher in-hospital mortality in the current study. Sepsis is one of the main causes of admitting in PICU, so, it is important to build protocol for the early detection and resuscitation of sepsis.

Patients who received mechanical ventilation before CA did not suffer from higher morbidity and mortality. It may be because those in-PICU CA patients progress rapidly and did not need further respiratory exercise during CPR. Additionally, vasoactive–inotropic drug usage before CA was the independent risk factor associated with poor neurologic outcome and in-hospital mortality (16–19). Patients who need vasoactive–inotropic drugs indicating critical illness and hemodynamic disturbances, despite receiving intensive care, still had significantly higher morbidity and mortality.

Longer CPR duration after CA was a well-established risk factor associated with poor outcome, and previous studies identified CPR for more than 10 min as a prognostic risk factor (14, 15, 17, 18). Despite CPR for more than 10 min indicating poor prognosis, discontinuing resuscitation after CPR for 10 min seems to be too short. Deciding on the adequate duration of CPR before stopping resuscitation efforts in-PICU CA is a difficult subject, which needs the balancing of capability of the medical team, the family members' feelings, especially the probability of yielding extra morbidity. Therefore, we determined the cutoff value of the duration of CPR in predicting poor neurologic outcomes and in-hospital mortality in patients caused by in-PICU CA as 17 and 23.5 min, respectively, based on the ROC analysis. Furthermore, CPR for 29.5 and 30.5 min had about a 99% probability of poor neurologic outcome and in-hospital mortality, respectively. This information about CPR duration associated with poor prognosis can be used as a reference for some patients with extremely poor prognosis whether the resuscitation should be continued or stopped. Extracorporeal life support may be premediated for some patients with possible reversible disease, while they were not sustained ROSC (20–22). Further prospective studies are warranted to establish the guidelines.

1The current study has several limitations. First, this study was conducted at a single center with a retrospective design. Therefore, there is a risk of information bias, but we included a relative large patient number within the recent 3 years, which may be able to reduce the bias potentially. Second, the current study did not analyze the initial severity of illness at admission in the PICU, but other studies reported that there was no association between the initial severity of illness and the outcome of in-PICU CA (23). Third, rescue with extracorporeal membrane oxygenation (ECMO) during CPR was seldom performed in our PICU. Only two patients received ECMO CPR rescue caused by cardiac disease with a 50% mortality. ECMO CPR rescue may be considered for some patients with reversible disease but are insensitive to conventional CPR (18, 22). Further prospective studies are warranted to establish guidelines. Fourth, the quality of CPR performance is associated with prognosis that a high-quality of CPR is associated with better outcomes (24). A high-quality of CPR involves appropriate chest compression rate, proper chest compression depth, complete chest recoil, and minimization of compression interruptions, which were not analyzed in the current study.



CONCLUSIONS

About one in five patients who suffered from in-PICU CA had good neurologic outcome, which had improved compared with previous studies. Several factors were associated with prognosis after in-PICU CA, such as vasoactive–inotropic drug usage before CA, previous PCPC scale >2, underlying hemato-oncologic disease, and total time of CPR. Furthermore, we determined the cutoff value of duration of CPR in predicting poor neurologic outcomes and in-hospital mortality in patients caused by in-PICU CA as 17 and 23.5 min, respectively.
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