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Objectives: To evaluate the effects of occurrence and timing of sudden cardiac arrest (SCA) on survival in patients with acute myocardial infarction (AMI) who underwent emergency percutaneous coronary intervention (PCI).

Methods: We analyzed 1,956 consecutive patients with AMI with emergency PCI from 2014 to 2018. Patients with cardiac arrest events were identified, and their medical records were reviewed.

Results: Patients were divided into non-cardiac arrest group (NCA group, n = 1,724), pre-revascularization cardiac arrest (PRCA group, n = 175), and post-revascularization SCA (POCA group, n = 57) according to SCA timing. Compared to NCA group, PRCA group and POCA group presented with higher brain natriuretic polypeptide (BNP), more often Killip class 3/4, atrial fibrillation, and less often completed recovery of coronary artery perfusion (all p < 0.05). Both patients with PRCA and POCA showed increased 30-day all-cause mortality when compared to patients with NCA (8.0 and 70.2% vs. 2.9%, both p < 0.001). However, when compared to patients with NCA, patients with PRCA did not lead to higher mortality during long-term follow-up (median time 917 days) (16.3 vs. 18.6%, p = 0.441), whereas patients with POCA were associated with increased all-cause mortality (36.3 vs. 18.6%, p < 0.001). Multivariate analysis identified Killip class 3/4, atrial fibrillation, high maximum MB isoenzyme of creatine kianse, and high creatinine as predictive factors for POCA. In Cox regression analysis, POCA was found as a strong mortality-increase predictor (HR, 8.87; 95% CI, 2.26–34.72; p = 0.002) for long-term all-cause death.

Conclusions: POCA appeared to be a strong life-threatening factor for 30-day and long-term all-cause mortality among patients with AMI who admitted alive and underwent emergency PCI. However, PRCA experience did not lead to a poorer long-term survival in patients with AMI surviving the first 30 days.
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INTRODUCTION

Sudden cardiac arrest (SCA) was one of the leading causes of mortality in patients with coronary artery disease (CAD). Among survivors of cardiac arrest occurring pre-hospitalization, CAD was present in more than 70% in one study (1), with total occlusion of culprit vessels in half of them; and 71% in another study, with 43% presenting with acute myocardial infarction (AMI) (2). The coronary angiographic assessment documented culprit vessels in 92.7% of SCA survivors presenting with ST-elevation myocardial infarction (STEMI) and in 69.2% of those without ST-segment elevation. Coronary angiography and percutaneous coronary intervention (PCI) are key components of the management of SCA complicated with STEMI or non-STEMI (NSTEMI) (3, 4). Despite significant advances in life-supporting and post-arrest management, high in-hospital mortality and poor post-hospitalization prognosis were still observed in SCA populations. Recent studies have also yielded inconsistent results on whether emergency PCI benefits survival in patients with SCAs (5–7). Moreover, a long-term outcome analysis performed in non-selected patients with AMI, regarding influence of timing of SCA, is lacking. Here, we investigated the impact of occurrence and timing (pre-revascularization and post-revascularization) of witnessed SCA on short-term and long-term mortality in non-selected patients who underwent emergency PCI.



METHODS


Study Setting and Study Population

This study enrolled patients with AMI who underwent emergency coronary angiography and subsequent PCI between January 2014 and October 2018 in the First Affiliated Hospital of Wenzhou Medical University. All patients were initially diagnosed with AMI at admission and underwent emergency PCI. This research was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University and performed according to the principles of the Declaration of Helsinki. Participants provided written informed consent, and their details were kept anonymized. The diagnosis of AMI was based on the detection of the rise of troponin I above 99th percentile of upper reference limit together with at least one of the following evidence of myocardial infarction: (1) symptoms of ischemia, including various combinations of chest discomfort, (2) ECG changes, indicative of new ischemia, (3) development of pathological Q waves in the ECG, and (4) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality. Patients with AMI with SCA were classified as pre-revascularization cardiac arrest (PRCA) group and post-revascularization cardiac arrest (POCA) group according to the timing of SCA. Patients with AMI without SCA were enrolled in non-cardiac arrest (NCA) group. The exclusion criteria were: (1) incomplete invasive coronary angiography image data; (2) missing records on SCA occurrence, and (3) clinical and angiography data not supporting a diagnosis of AMI.



Data Collection

To ensure data integrity, consistency, and comparability, the investigators were trained before inputting the required information extracted from the clinical records of each patient. The demographic and medical history data included age, sex, hypertension, diabetes mellitus, hyperlipidemia, cerebrovascular disease history, previous smoking history, and alcohol drinking history. The blood laboratory examinations, including brain natriuretic polypeptide (BNP), D–D dimer, lactate, creatinine, glucose, triglyceride, and low-density lipoprotein cholesterol (LDL-c) were determined upon hospital admission. Clinical presentation data included timing of SCA (PRCA and POCA), type of AMI (e.g., STEMI and NSTEMI), atrial fibrillation, use of vasoactive drugs (including inotropes, dobutamine, vasopressors, etc.), and use of intra-aortic balloon pump (IABP). Invasive data collected from cardiac catheterization laboratory records included percentage stenosis of affected coronary vessel, culprit coronary vessel [e.g., left anterior descending artery (LAD), left main (LM) artery, left circumflex artery (LCX), and right coronary artery (RCA)], thrombolysis in myocardial infarction (TIMI) flow grade before and after intervention, implantation of drug-eluting stents, use of thrombus aspiration, and corrected TIMI frame count (CTFC). Culprit vessel calcification was qualitatively stratified in four degrees by reviewing coronary angiographic images. Calcification class 0, no calcification is visible in culprit vessels; calcification class 1, mild and obscure calcification, which can only be observed in culprit vessels when the ventricular walls were moving; calcification class 2, moderate and clear calcification, which can only be observed in culprit vessels when the ventricular walls were moving; and calcification class 4, remarkable calcification can be observed in culprit vessels whether the ventricular walls were moving or not.



Definitions

Sudden cardiac arrest was defined as the absence of heartbeats and respiration requiring CPR for recovery. Shockable rhythm was defined as pulseless ventricular tachycardia (pVT) and ventricular fibrillation (VF), which could benefit from electric defibrillation, whereas non-shockable rhythm contained other pulseless electrical activities and asystole rhythm. LM or ostial LAD stenosis was defined as more than 50% vessel stenosis in LM or ostial LAD. Three-vessel disease was defined as more than three vessels stenosis >50%. CTFC was calculated from the first frame in which dye fully entered the artery to the time point contrast fluid reached standardized distal landmarks at a frame rate of 30 frames/s during coronary angiography. The developed symptom of heart failure included New York Heart Association class III/IV dyspnea, orthopnea, and rales greater than one-third lung fields thought to be related to cardiac dysfunction. Ventricular arrhythmia was defined as sustained pVT and VF.

The main outcomes of interest were 30-day all-cause mortality and long-term survival prognosis in 30-day survivors. Major adverse cardiac and cerebrovascular events (MACCE) were defined as a composite of recurrent myocardial infarction, admission for unstable angina, ventricular tachycardia/ventricular fibrillation, cerebral ischemic, and major bleeding event.



Follow-Up and Survival Data

The death dates were obtained by checking inpatient department records and telephone follow-up. The last telephone follow-up was 1 June, 2019. And patients who lost to telephone follow-up were noted as censored at the last date they were known to be alive. The days from admission until censoring or death were calculated to be the follow-up time.



Statistical Analysis

Normally distributed continuous variables were analyzed by the Student–Newman–Keuls (SNK) test and presented as mean ± SD. The Wilcoxon rank-sum test was used to compare medians of non-normally distributed continuous variables that were analyzed by the Wilcoxon rank-sum test and presented as medians (25, 75th percentile). Differences between categorical variables were assessed with the Chi-square test, respectively. The univariate and multivariate stepwise Logistic regression analyses were used to identify POCA-related factors. Landmark analysis was performed to evaluate 30-day and long-term survival prognosis, and the Log-rank test was used to compare Kaplan–Meier event rates among groups. The Kaplan–Meier curves were plotted by MedCalc 18 (MedCalc Software, Ostend, Belgium). Cox proportional hazards regression was used to determine risk factors associated with mortality during follow-up period in the studied population. A two-tailed p < 0.05 was considered statistically significant. All statistical analyses were performed using STATA 13 (StataCorp LP, College Station, TX, USA).




RESULTS


Baseline Clinical Characteristics

This study initially enrolled 2,154 patients, and the final dataset consisted of 1,956 patients with a discharge diagnosis of AMI, including STEMI and NSTEMI during the study period, as described in Figure 1. Of those, SCA was recorded in 232 resuscitated patients, with 175 as PRCA and 57 as POCA. We found 5 patients experienced both PRCA and subsequent POCA events. These 5 patients were enrolled in PRCA group. As shown in Table 1, some baseline clinical characteristics of patients, including alcohol use, hypertension, and hyperlipidemia, were evenly distributed among the three groups. The NCA group and POCA group showed similar male gender proportion, 60.2 and 56.1%, respectively (p = 0.540), whereas in the PRCA group the male gender (72.0%) percentage was significantly higher than that in the NCA group (p = 0.002). Compared to the NCA group, the POCA group was more likely to be older age, more diabetes, lower proportion of smokers, and poorer ejection fraction (all p < 0.05). Compared to the NCA group, both PRCA and POCA groups showed higher levels of BNP, D–D dimer, maximum MB isoenzyme of creatine kianse (CK-MB), lactate, and creatinine (all p < 0.05). In the POCA group, the BNP was nearly three times the level of the NCA group (287.5 vs. 119.0 pg/ml, p < 0.001), and serum lactate was more than twice of the NCA group (6.0 vs. 2.2 mmol/L, p < 0.001). We also found higher D–D dimer concentration in patients with PRCA and POCA than in patients with NCA (p < 0.001).


[image: Figure 1]
FIGURE 1. Study population. NCA, non-cardiac arrest; POCA, post-revascularization cardiac arrest; PRCA, pre-revascularization cardiac arrest.



Table 1. Baseline characteristics.
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Compared to patients in the NCA group, patients with PRCA were more likely to be STEMI (84.0 vs. 77.2%, p = 0.044), whereas there was no significant of clinical presentation between the NCA group and POCA group. Patients with SCA had more often admission Killip class 3/4, ventilator use, IABP, and vasoactive drugs use compared to patients in the NCA group (all p < 0.05). Moreover, patients with SCA had more frequent heart failure and electrophysiological dysfunction, including atrioventricular block, left bundle branch block, ventricular arrhythmia (VF/pVT), atrial fibrillation, and atrial flutter (all p < 0.05).

As presented in Table 2, no intergroup difference was observed in discharge medication, which included aspirin, P2Y12 antagonist, β-receptor inhibitor, angiotensin-converting enzyme inhibitor, angiotensin receptor blockers, statins, and aldosterone receptor antagonists (all p > 0.05).


Table 2. Procedural characteristics.
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Procedural Characteristics

According to cardiac catheterization laboratory data (Table 2), the culprit vessel of LM artery was more likely to be observed in the POCA group when compared to that in the NCA group (10.5 vs. 1.8%, p < 0.001). There was a higher proportion of LM or ostial LAD stenosis in patients with POCA than in patients with NCA (38.6 vs. 26.9%, p = 0.050). Culprit vessel of LAD and LCX were less commonly observed in the PRCA group when compared to the NCA group (p = 0.009 and p = 0.018). However, the average stenosis percentage of culprit vessel in the PRCA group and POCA group was similar to that in the NCA group (all p > 0.05).

The pre-PCI TIMI flow degree in culprit vessel in PRCA and POCA groups was not significantly different compared to that in the NCA group; however, a lower percentage of TIMI flow three restorations was observed in the PRCA group and POCA group compared to that in the NCA group (PRCA and POCA vs. NCA; 85.5% and 86.0% vs. 93.4%, p = 0.001 and p = 0.002, respectively). We found a higher proportion of three-vessel disease in the POCA group compared to that in the NCA group (42.1% vs. 27.0%, p = 0.012). However, we did not observe the significant intergroup difference in culprit vessel calcification, chronic total occlusion (CTO), and collateral circulation between patients without and with SCA regardless of type (all p > 0.05).

In addition, post-PCI systolic and diastolic blood pressures were significant lower in patients with POCA and PRCA compared to those in patients with NCA (all p < 0.05). Significant higher CTFC was observed in patients with SCA (PRCA and POCA) than in patients without SCA (40.0 and 45.0 vs. 38.0 frames, p = 0.037 and p = 0.012, respectively).



30-Day and Long-Term Survival Rate

Overall, 95.7% (1,871/1,956) of the patients were alive at the time of discharge. The in-hospital mortality rates of PRCA and POCA groups were higher than that of the NCA group (6.3 and 68.4% vs. 2.0%; both p < 0.05) (Table 3). Because a significant portion of patients in Asian countries opted to return home when the living chance was very low and their status at discharge were alive, we chose 30-day mortality to evaluate short-term survival. The median follow-up time from day 30 to end of the study in 30-day survivors was 917 days. Additionally, the 1-year follow-up rate and 3-year follow-up rate resulted to be 83.2 and 45.1%, respectively.


Table 3. Cumulative mortality in patients with AMI stratified by timing of SCA.
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As demonstrated in Table 3 and Figure 2, the 30-day survival was lower both in patients with PRCA and POCA when compared to patients with NCA (8.0% and 70.2% vs. 2.9%, both p < 0.001). Among 30-day survivors, patients with POCA still showed worse survival prognosis during long-term follow-up than those without SCA occurrence (p < 0.001) (Table 3 and Figure 3). However, long-term cumulative mortality rate was not significantly different between NCA and PRCA groups among 30-day survivors (18.6 vs. 16.3%, p = 0.441).


[image: Figure 2]
FIGURE 2. Kaplan–Meier plot of 30-day survival probability of AMI patients underwent emergency PCI stratified by timing of cardiac arrest. Admission to 30-day survival curves for NCA patients (blue line), PRCA patients (green line) and POCA patients (orange line). **p < 0.001. AMI, acute myocardial infarction; NCA, non-cardiac arrest; PCI, percutaneous coronary intervention; POCA, post-revascularization cardiac arrest; PRCA, pre- revascularization cardiac arrest.
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FIGURE 3. Landmark analysis for long-term survival rate in 30-day survivors in AMI patients either complicated or not with cardiac arrest. Day 30 to long-term survival curves for NCA patients (blue line), PRCA patients (green line) and POCA patients (orange line). **p < 0.001. NCA, non-cardiac arrest; POCA, post-revascularization cardiac arrest; PRCA, pre-revascularization cardiac arrest.


In the POCA group, we recorded shockable rhythm (VF/pVT) in 21 patients (36.8%) and non-shockable rhythm (pulseless electrical activity/asystole) in the other 36 patients (63.2%). Among POCA population, we found that non-shockable rhythm was associated with poor 30-day survival prognosis but similar survival prognosis in long-term follow-up, compared to shockable rhythm patients (p = 0.032 and p = 0.232, respectively) (Figure 4).


[image: Figure 4]
FIGURE 4. Kaplan–Meier plot of survival probability for POCA patients with shockable or non-shockable rhythm. (A) 30-day follow-up survival curve for POCA patients with shockable rhythm (orange line) or non-shockable rhythm (blue line); (B) long-term follow-up survival curve of POCA patients with shockable rhythm (orange line) or non-shockable rhythm (blue line) in 30-day survivors. *p < 0.05. POCA, post-revascularization cardiac arrest; PRCA, pre-revascularization cardiac arrest.




Independent Predictors for POCA

In univariate Logistic binary regression analysis, age, Killip degree, diabetes, BNP, LVEF, Lactate, D–D dimer, creatinine, CK-MB, post-PCI SBP and DBP, atrial fibrillation, heart failure, culprit vessel of LM, and post-PCI CTFC were identified predictors for POCA occurrence. After adjustment for confounders, multivariate Logistic regression showed that Killip class 3/4 (OR 45.73, 95%CI 12.03–173.78, p < 0.001), high creatinine (OR 1.33, 95%CI 1.09–1.64, p = 0.006), atrial fibrillation (OR 5.39, 95%CI 1.45–20.04, p = 0.001), and higher maximum CK-MB (OR 1.30, 95%CI 1.09–1.54, p = 0.002) were independent risk factors for POCA (Table 4).


Table 4. Independent predictors of POCA occurrence.
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Risk Factors for All-Cause Mortality During Long-Term Follow-Up

Subsequently, we utilized univariate and multivariate COX regression analyses to assess predictors for long-term all-cause mortality. After adjustment for confounders, the following variables were identified as independent risk factors for long-term mortality (day 30 to end of study): POCA (HR 8.87, 95%CI 2.26–34.72, p = 0.002), older age (HR 1.04, 95%CI 1.01–1.07, p = 0.003), atrial fibrillation (HR 2.57, 95%CI 1.13–5.81, p = 0.024), heart failure (HR 2.78, 95%CI 1.61–4.81, p < 0.001), three-vessel coronary artery disease (HR 2.36, 95%CI 1.36–4.09 p = 0.002), and post-PCI CTFC (HR 0.98, 95%CI 0.96–1.00 p = 0.025) (Table 5).


Table 5. Predictors of all-cause mortality in long-term mortality (day 30 to end of study).
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DISCUSSION


Main Findings

We investigated the incidence and prognostic influence of SCA (PRCA and POCA) in 1,956 consecutive patients with AMI who were admitted alive and underwent subsequently emergency PCI, and found that: (1) there were 175 patients (8.9%) and 57 patients (2.9%) experienced PRCA and POCA, respectively; (2) both PRCA and POCA were associated with higher 30-day mortality rate compared to the NCA group (8.0 and 70.2% vs. 2.9%, both p < 0.001); and (3) PRCA did not lead to poorer survival prognosis during long-term follow-up (median time of 917 days) in patients with AMI survived the first 30 days. In the contrast, POCA occurrence showed residual adverse influence on long-term survival prognosis in day 30 survivor population. (4) The independent predictors for POCA included Killip class 3/4, higher creatinine and maximum CK-MB, and atrial fibrillation. (5) Furthermore, multivariate analysis revealed that POCA was the strongest independent risk factor for mortality from day 30 to end of the study.



Pre-Revascularization SCA Show Limited Adverse Impact on Long-Term Survival

Pre-hospital SCA has been demonstrated to be associated with poor survival prognosis in some studies. In contrast to patients with AMI in the thrombolysis era who started revascularization therapy by intravenous thrombolytic therapy since hospitalization, most patients in the present PCI era got recovery of coronary artery blood perfusion after percutaneous transluminal coronary angioplasty or stent implantation in the catheter laboratory. Most previous classified the patients who experienced SCA before artery recanalization in catheter laboratory as in-hospital cardiac arrest (IHCA) group and patients with SCA before arrival at hospital as out of hospital cardiac arrest (OHCA), which might lead to data biases in survival analysis. Indeed, our study observed pre-hospital SCA in 150 patients with myocardial infarction (7.7%) and 25 cases of SCA (1.3%) in the catheter laboratory before coronary artery recanalization. The mechanisms of pre-hospital SCA and pre-revascularization SCA in the emergency catheter laboratory should be similar, and the clinical characteristics are comparable.

Numerous studies have reported the adverse impact of pre-hospital SCA on patients with AMI. One report demonstrated that only a quarter of the OHCA victims got a return of spontaneous circulation, and only 1/10th of them could survive to discharge (8). Garot et al. (9) studied 186 consecutive patients with AMI complicated with successfully resuscitated OHCA who were subsequently admitted in cardiac care unit. They found a survival rate of 55.4% at the timing of discharge. However, no death event was described during 6-month follow-up, which might be due to the limited population number. In a large population study, Karam et al. enrolled 13,253 patients with STEMI managed by emergency medical system and reported 29.8% discharge mortality in OHCA compared to 4.0% in patients without SCA (10). Their study not only enrolled patients admitted alive but also those who died before arrival at hospital to ensure the reliability of mortality analysis. The discharge mortality rates of patients complicated with or without pre-hospital SCA were higher than that reported in the present study, which could be explained by different population inclusions. However, the study did not further investigate the post-discharge survival prognosis among patients who were discharged alive, which limited the prognosis predicting value on long-term outcome. Another study found a significantly higher in-hospital mortality rate in patients with STEMI complicated with OHCA than patients without SCA (13.8 vs. 3.4%), whereas the 1-year survival outcome in discharge survivors between the two groups was similar (11).

Sideris et al. (12) observed impaired admission survival (40.8%) and favorable 5-year survival after discharge (92.2%) among patients with pre-hospital SCA complicated with cardiogenic origin (ACS) (12). Similarly, Kvakkestad et al. (11) also reported a high 8-year survival (77.6%) among patients with AMI with witnessed OHCA, who survived the first 30 days. Previous studies suggested that the 5-year survival rates after discharge in OHCA populations varied from 41 to 84% depending on different etiologies and inclusion criteria (13–15). However, the good long-term survival outcome of patients with PRCA of presumed cardiac origin, who survived the first 30 days, is convincing.

The main etiology underlying PRCA occurrence seems to be severe ventricular arrythmia. Demirel et al. (16) analyzed the 4,653 patients with STEMI and found that 326 patients (7.0%) experienced pre-hospital cardiac arrest due to pVT or VF, which was similar with the rate of PRCA (8.9%, 175/1,956) recorded in our study. In published reports, VF/pVT contributed to nearly 80% of pre-hospital SCA among patients with AMI (10, 17).

The pathophysiology of VF/pVT during AMI is associated with a complex interaction of both environmental and genetic causes, including acute myocardial ischemia, ongoing ischemia, electrolyte disorder, and macro-reentry between ischemic and non-ischemic ventricular walls (18, 19). Although one would expect extensive ischemia regions and prolonged ischemia in AMI victims with witnessed SCA, recent evidence suggested that rhythmic vulnerability might partially account for some SCA cases, in which patients with AMI exhibit susceptibility to develop shockable arrhythmias soon after acute myocardial ischemia onset (10). Differed from patients with POCA, we did not find a significant difference in the PRCA group when compared to the NCA group upon proportion of three-vessel disease, stent implantation, and heart failure admission events. We hypothesis that alterations on the resting membrane potential due to acute obstruction of coronary flow play a vital role in the onset of VF/pVT rhythm. And most cardiac functions of patients with AMI will be reserved once the restoration of coronary flow is achieved by immediate PCI therapy. This may partially explain the outstanding long-term survival outcome in patients with PRCA, who survived the first 30 days.



Post-Revascularization SCA Show Adverse Prognostic Influence Beyond the First 30 Days

In-hospital cardiac arrest was associated with high mortality at discharge, which varies from 47 to 85% depending on different criteria and inclusions (20–22). This contemporary study demonstrated a high 30-day mortality of 70.2% in patients with AMI with POCA, and a high cumulative mortality of 36.3% from day 30 to end of the study (median follow-up time 917 days). Chen et al. (23) reported a 1-year survival rate of 60.2% in White race and 43.6% in Black race among IHCA survivors, which were comparable with our results based on Asian people (23). It has been reported that early IHCA, which contain a proportion of PRCA according to definition, were associated with relatively good survival when compared to delayed IHCA among STEMI population receiving primary PCI (20). The timing of SCA in the acute coronary syndrome population implies a significant determinant of clinical outcomes and underlying cause a difference in the etiologies. Differed from patients with OHCA, who often occur unexpectedly and most are of cardiac etiology, IHCA often deteriorate cardiac function previously and develop cardiogenic shock before terminal cardiac arrest (24).

Quite different from early SCA events, which are due to more easily reversible cause like shockable rhythm (pVT or VF), late SCA events often mean a multi-organ failure diseases and refractory shock. The POCA group appeared to be sicker even on admission than the PRCA group, with more than twice the lactate, higher BNP concentration, more proportion of patients with Killip class 3/4, more often IABP and ventilation use, and nearly 7 years older age on average. Additionally, coronary angiography demonstrated a low proportion of complete blood flow restoration, more frequent three-vessel disease, and more often LM or LAD ostial stenosis in patients with POCA than with NCA. Current research works focused on the antiarrhythmic effects of ischemic pre- and postconditioning. Andreas et al. found that preconditioning exerted antiarrhythmic properties during ischemia, whereas postconditioning exhibited antiarrhythmic effects after reperfusion, through downregulating ischemia-related miRNAs (25). Theofilos et al. observed weaker antiarrhythmic effects of postconditioning than preconditioning (26), indicating the antiarrhythmic properties of postconditioning remain to be further explored.

We found increased creatinine level is an independent risk factor for POCA, indicating a vital role of impaired renal function in the occurrence of fatal arrhythmia. Ventricular arrhythmia and sudden cardiac death risk are increased in patients with renal failure (27). Hyperkalemia, hypocalcemia, and hypomagnesemia have been demonstrated to be common complications of renal insufficiency. They show a cumulative effect on the atrioventricular and intraventricular conduction and facilitate ventricular fibrillation (28). And issues, such as serum phosphates and iron, parathyroid hormone level, renal function, hemoglobin and hematocrit, pH, inflammatory markers, and standard 12-lead ECG, were also suggested to be monitored during treatment for electrolyte disorders (29). Our present study observed higher BNP levels in patients with PRCA and POCA. BNP has been proved to have protective effects against collagen formation and accumulation, and pathologic cardiac remodeling, which may via inhibition of rennin–angiotensin system, and systemic and renal sympathetic activity. BNP relatively increases heart rate and sinoatrial node activity in basal conditions (30). Moreover, BNP was demonstrated to increase cardiac conduction velocity, via activating multiple natriuretic peptide receptors, independent of cycle length (31). However, multivariate analysis showed higher BNP neither a risk factor for POCA occurrence nor predictor for adverse long-term survival outcome. GUIDE-IT trial (32) and PRIMA II (33) failed to observe a favorable effect of BNP-guided treatment on all-cause mortality, heart failure readmissions, and median days alive outside of the hospital. However, some studies observed a slight favorable effect of BNP-guided therapy among patients younger than 72 years of age (34, 35), suggesting the significance of monitoring BNP may differ between different populations.



Independent Predictors Associated With Worse Survival Prognosis

Unsurprisingly, older age and heart failure, which indicated weak body condition, were identified to be risk factors for long-term mortality. Despite similar degree of culprit vessel stenosis and pre-PCI TIMI flow grade, there was a lower rate of TIMI 3 flow achievement after intervention in the POCA group (86.0%), when compared with NCA (93.4%) group. The higher proportion of three-vessel coronary disease and high CTFC in patients with POCA also indicted difficulties in obtaining completed recovery of coronary reperfusion. Our results advocate the conclusion that early restoration of complete reperfusion (TIMI 3 flow) of the infarct-related artery in patients with AMI offers a mortality benefit (36, 37). We observed a relatively better 30-day survival prognosis in POCA with shockable rhythm, compared to POCA with non-shockable rhythm, which was consist with the findings of previous reports (22, 38). Similarly, non-shockable rhythm was more frequently noted in initial arrhythmia of POCA (23). Unlike shockable rhythm which could be rapidly reversed by electric defibrillation, non-shockable rhythm is associated with multi-organ failure and unfavorable body condition. We demonstrated atrial fibrillation to be a strong independent predictor for long-term mortality in patients with SCA with AMI. In line with some studies, we found a significantly higher proportion of new-onset atrial fibrillation in patients with AMI complicated with SCA (5.1% in PRCA and 19.3% in POCA, respectively), compared to patients without SCA (2.1%) (39). In a systemic meta-analysis, new-onset atrial fibrillation was identified to be associated with poor survival prognosis in AMI population (40). Despite studies showed conflicting evidence in determining the influence of new-onset atrial fibrillation on 30-day mortality, the adverse influence of both previous and new-onset atrial fibrillation after AMI on long-term survival prognosis was convincing (41).



Limitations

There are several limitations to be considered in our study. First, patients with AMI who died between symptom onset and arrival at the hospital were not included in the cohort study. Second, some out-of-hospital resuscitation-related variables were unavailable, including duration of total arrest time, cardiopulmonary resuscitation time, and initial arrhythmia at SCA. Third, we failed to collect data of Glasgow coma scale score to evaluate neurological outcomes. Additionally, troponin I and troponin T were not involved. Our department changed troponin assay kits during study period, and the early troponin assay kits only had a maximum of 50 μg/L, resulting in a bias in statistical analysis. Fourth, we chose atrial fibrillation rhythm as ECG predictor for SCA. However, other outcome-related ECG issues, like interatrial block, deep terminal negativity of the P wave in V1, prolonged QT intervals, QRS duration, bundle branch block, ST segment depression, and premature ventricular contractions, were not considered for data missing (42).




CONCLUSIONS

Post-revascularization cardiac arrest was associated with a higher 30-day and long-term mortality rate in patients with AMI who underwent emergency PCI. By contrast, PRCA did not show a residual adverse effect on survival rate beyond day 30. Unfavorable prognostic factors for long-term survival included POCA, older age, atrial fibrillation, heart failure, three-vessel disease, and high CTFC. Our study indicated different survival outcomes of patients with SCA according to SCA timing, and strict medication guidance and more frequent clinical follow-up are suggested among POCA population.
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Results are given s n (%) or percentage with 95% CI. p-value', NCA group vs. PRCA group; p-value?, NCA group vs. POCA group. *Day 30 to end of study, median follow-up time: 917
days (25, 75" percentile: 474, 1,326). AMI, acute myocardial infarction; SCA, sudden cardiac arrest; MACCE, major adverse cardiac and cerebrovascular events; NCA, non-cardiac

arrest; PRCA, pre- revascularization cardiac arrest; POCA, post-revascularization cardiac arrest.
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IHCA-associated factor Univariate analysis Multivariate analysis

OR (95% Cl) p-value OR (95% Cl) p-value
Killpd/a® 37.56 (19.71-71.58) <0001 45.73 (12.03-173.78) <0001
Creatinine (100 pmol/L)® 1.39(1.12-1.73) 0.002 1.33(1.09-1.64) 0.006
Peak CK-MB(100 U/L)* 1.15 (1.07-1.28) <0001 1.30 (1.10-1.54) 0.002
Atrial fibrilation 6.7 (3.75-12.28) <0001 5.39 (1.45-20.04) 0.001
Age 1.05 (1.02-1.07) <0001 1.02(0.96-1.08) 0587
Diabetes 203 (1.17-3.56) 0012 096 (0.29-3.20) 0.944
BNP (100 pg/mi® 1.07 (1.05-1.10) <0001 099 (0.92-1.05) 0,692
LVEF (%) 0.90(0.87-0.93) <0001 093 (0.86-1.00) 0,064
Lactate 1.33 (1.20-1.47) <0001 1.10 (0.99-1.21) 0,065
D-D dimer 1.19 (1.12-1.27) <0.001 092 (0.77-1.09) 0318
Post-PCI SBP (mmHg) 0.98 (0.97-0.99) <0001 1.02 (0.98- 1.06) 0.855
Post-PCI DBP (mmiHg) 0.97 (0.95-0.98) <0001 0.97 (0.90-1.05) 0213
Heart failure: 5.11(2.93-8.89) <0001 1.16 (0.28-4.85) 0.840
LM as culprit vessel 6.96 (2.94-16.46) <0.001 9.78 (0.65-146.28) 0098
Three-vessel disease 1.96 (1.15-3.36) 0014 1.24(0.38-3.98) 0721
Post-PCI CTFC 1.02 (1.01-1.03) 0.011 0.97 (0.93-1.01) 0.109

“Compared with Kiip class 1/2; ®for every 100 pg/ml increase in BNP; “for every 100 umol/L increase in blood creatinine; %for every 100 U/L increase in maximum CK-MB. BNP, brain
natriuretic peptide; CK-MB, MB isoenzyme of creatine kianse; CTFC, corected TIMI frame count; IHCA, in-hospital cardlc arrest; LM, left main artery; LVEF, left ventricular jection
fraction; NCA, non-cardiac arrest; DB, dilation biood pressure; SB systolic blood pressure; PCI, percutaneous coronary intervention; PRCA, pre- revasculerization cardiac arest;
POCA, post-revascularization cardiac arrest.
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