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Background: Little is known about the current scenario of inter-hospital transfer for patients with acute myocardial infarction (AMI) in China.

Methods: From November 2014 to December 2019, 94,623 AMI patients were enrolled from 241 hospitals in 30 provinces in China. We analyzed the pattern of inter-hospital transfer, and compared in-hospital treatments and outcomes between transferred patients and directly admitted patients.

Results: Of these patients, 40,970 (43.3%) were transferred from hospitals that did not provide percutaneous coronary intervention (PCI). The proportion of patients who were transferred from non-PCI hospital was 46.3% and 11.9% (P < 0.001) in tertiary hospitals and secondary hospitals, respectively; 56.2% and 37.3% (P < 0.001) in hospitals locating in low-economic regions and affluent areas, respectively. Compared with directly admitted patients, transferred patients had lower rates of reperfusion for STEMI (57.8% vs. 65.2%, P < 0.001) and timely PCI for NSTEMI (34.7%vs. 41.1%, P < 0.001). The delay for STEMI patients were long, with 6.5h vs. 4.5h from symptom onset to PCI for transferred and directly admitted patients, respectively. The median time-point was 9 days for in-hospital outcomes. Compared with direct admission, the hazard ratios and 95% confidence intervals associated with inter-hospital transfer were 0.87 (0.75–1.01) and 0.87 (0.73–1.03) for major adverse cardiovascular events and total mortality, respectively, in inverse probability of treatment weighting models in patients with STEMI, and 1.02 (0.71–1.48) and 0.98 (0.70–1.35), respectively, in patients with NSTEMI.

Conclusion: More than 40% of the hospitalized AMI patients were transferred from non-PCI-capable hospitals in China. Further strategies are needed to enhance the capability of revascularization and reduce the inequality in management of AMI.
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Introduction

Acute myocardial infarction (AMI), including ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction (NSTEMI), is the most serious clinical presentation of ischemic heart disease (1). Primary percutaneous coronary intervention (PCI) for patients with STEMI and timely PCI for high-risk or very high-risk patients with NSTEMI are the key strategies for early management recommended by all relevant clinical guidelines (2–4). Unfortunately, many AMI patients initially arrive at hospitals that have no capacity to provide acute treatment, particularly early revascularization. These patients should be transferred to PCI-capable hospitals for further treatment. For AMI patients arriving at non-PCI-capable hospitals, guidelines recommend an inter-hospital transfer to a PCI hospital within 120 min for patients with STEMI and very high-risk NSTEMI, and a same-day transfer for high-risk NSTEMI patients (2–4). In the real world, however, many patients may not be transferred to PCI-capable hospitals within the recommended time.

Some previous studies have reported that a significant proportion of AMI patients experienced inter-hospital transfer (5–8). However, few studies have explored the quality of care among these patients in China, especially for patients with longer treatment delay. Systematic understanding of the characteristics of transferred AMI patients and the impact of inter-hospital transfer on in-hospital case management and outcomes if any, is essential to improve the prognosis of these patients.

We therefore explore the proportion of patients admitted with AMI who were transferred between hospitals, as part of the Improving Care for Cardiovascular Disease in China-Acute Coronary Syndrome (CCC-ACS) project. We also aimed to investigate the characteristics, treatment delay, early revascularization and outcomes of patients undergoing inter-hospital transfer, compared with patients with STEMI and NSTEMI who were admitted directly to a PCI-capable hospital in China.



Materials and methods


Study design and population

The CCC-ACS project is a nationwide quality improvement registry program launched in 2014 as a collaborative initiative of the American Heart Association and the Chinese Society of Cardiology. Detailed information about the design and methodology of the CCC-ACS has been described previously (9). In brief, the project included 241 PCI-capable hospitals from 30 provinces in China, using stratified sampling approach according to geographic region and economic status. First, 150 tertiary hospitals were enrolled from 2014 to 2015. Another 9 tertiary hospitals and 82 secondary hospitals were added from 2017 to 2018. The first 20 to 30 ACS patients admitted to tertiary hospitals and the first 10 to 20 ACS patients in secondary hospitals were recruited consecutively every month. They were identified using the principal discharge diagnosis. The CCC-ACS project was registered at ClinicalTrials.gov (NCT 02306616) and approved by the institutional review board of Beijing Anzhen Hospital, with a waiver for informed consent. A total of 94,623 inpatients with AMI, including 65,618 STEMI patients and 29,005 NSTEMI patients, were registered from November 2014 to December 2019. The flowchart of participant inclusion and exclusion is shown in Figure 1. Patients included in our study were stratified into inter-hospital transfer group (transferred from non-PCI hospital) vs. direct admission group (straight to PCI hospital) by the admission process to the registered hospitals.
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FIGURE 1
The flowchart of participant inclusion and exclusion. AMI, acute myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; and STEMI, ST-segment elevation myocardial infarction.




Data collection

Trained data abstractors entered the required clinical data from medical records to a web-based data collection platform (Oracle Clinical Remote Data Capture; Oracle Corporation, Redwood City, CA). Data elements included in this study were obtained from medical records. For quality reasons, third-party clinical research associates were entrusted to verify whether patient recruitment was in line with the plan of the project. About 5% of reported cases were randomly selected regularly, and validated with the original medical records by third-party research associates. Overall, the medical records abstraction achieved an accuracy of over 95% in this study.



Study variables

Patient characteristics included demographics (age, sex, medical insurance), risk factors (hypertension, low-density lipoprotein cholesterol ≥ 70 mg/dL, diabetes mellitus, smoking, estimated glomerular filtration rate <60 mL⋅min–1⋅1.73 m–2), disease history (stroke/transient ischemic attacks, heart failure, and coronary heart disease), severe clinical conditions at admission (heart failure, cardiogenic shock, and cardiac arrest at admission), arrival at the first hospital by ambulance, acute medications in PCI-capable hospital [dual antiplatelet therapy (DAPT), glycoprotein IIb/IIIa inhibitors (GPIIb/IIIa), angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEI/ARBs), β-blockers and statins at arrival, and anticoagulant]. Details of definitions are shown in Supplementary Table 1.

Hospital characteristics included hospital level and regional economic level. Hospitals are graded into community health centers, secondary hospital, and tertiary hospital, based on the functionality, size, and specialization by National Health Commission of the People’s Republic of China. Secondary hospital are generally regional medical centers, and tertiary hospitals have large number of beds and provide comprehensive medical services. The 30 provinces in the mainland of China are divided into low, medium, or high economic levels according to the tertiles of the national gross domestic product. The map of regional economic level of China is shown in Supplementary Figure 1.

The relevant delays were defined as follows: treatment delay as time from symptom onset to primary PCI for STEMI and timely PCI for NSTEMI; door to balloon time as time from arrival at PCI-capable hospitals to primary PCI for STEMI; door to timely PCI as time from arrival at PCI-capable hospitals to timely PCI for NSTEMI.

Early revascularization included reperfusion therapy (fibrinolysis only and primary PCI only) and door-to-balloon within 90 min for STEMI, and timely PCI for NSTEMI. Timely PCI for NSTEMI was defined as a ≤24 h PCI from PCI hospital admission for high-risk patients and a ≤2 h PCI for very high-risk patients. The risk was classified using the risk stratification criteria proposed by the 2020 ESC guidelines for the management of NSTE-ACS (4).

In-hospital outcomes included major adverse cardiovascular events (MACE) and all-cause death, MACE was defined as a combination of all-cause death, recurrent myocardial infarction, stent thrombosis, and stroke during hospitalization.



Statistical analysis

Categorical variables were described as frequencies and percentages, continuous variables were described as mean (standard deviation, SD) or median (interquartile range, IQR). The significance of differences in categorical variables was tested by chi-squared test. The unpaired t-test or Mann-Whitney U-test was used to test for statistically significant of differences between the mean or median, where appropriate.

The association between inter-hospital transfer vs. direct admission and in-hospital outcomes was assessed by Cox regression models. The time-point of MACE and mortality was the length of hospital stay. The proportional hazards assumption of each model was examined with log (–log[survival]) versus log (time) or Schoenfeld residuals test, and met. The multivariable Cox analyses adjusted the covariates in Table 1 plus year of admission, hospital characteristics, geographic area, symptom onset to PCI hospital admission, fibrinolysis (for STEMI only), and PCI (primary PCI, non-primary PCI and no PCI for STEMI; timely PCI, non-timely PCI and no PCI for NSTEMI).


TABLE 1    Characteristics of patients with AMI transferred from another hospital or directly admitted.
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The inverse probability of treatment weighting (IPTW) analyses were conducted to further control of confounding, the propensity score (PS) was calculated in a logistic regression model included covariates in Table 1 and AMI type (STEMI and NSTEMI), year of admission, hospital characteristics, geographic area (North, northeast, south, southwest, east, northwest and central China), time from symptom onset to PCI hospital admission. The inverse of the PS and the inverse of 1 minus the PS, were calculated as the weight of each patient in inter-hospital transfer and direct admission groups, respectively. To make the sum of weights close to the size of the original sample, a stabilized IPTW was calculated (10, 11). We divided the IPTW weights by the proportion of direct admission or transferred (as part of the whole completed data) for directly admitted and transferred patients, respectively. Group differences were assessed by standardized mean differences (SMD), SMD < 10.0% for these included variables indicated a relatively small imbalance (12).

Sensitivity analyses were carried out after excluding patients with missing values for any variable used in the analyses. Missing rates of variables and the strategies for managing missing data are described in Supplementary Table 2. R (version 3.6.2) and Stata 14.0 (Stata, College Station, TX, USA) were used for data analyses. Two-sided P < 0.05 were considered statistically significant.




Results

A total of 94,623 AMI patients were included in this study. Overall, 43.3% of patients hospitalized with AMI were transferred. The proportion was higher in patients with STEMI than those with NSTEMI (47.0% vs. 35.0%, P < 0.001). Compared with patients directly admitted to PCI-capable hospitals, patients transferred from other hospitals were younger, more likely to present with severe clinical conditions, had a higher rate of low-reimbursement medical insurance, and higher rates acute medications at arrival (Table 1).


Variations in proportions of patients transferred between hospitals

From 2014 to 2019, the proportion of transferred patients decreased significantly, falling from 53.1 to 35.3% for STEMI and 40.1% to 27.3% for NSTEMI (Figure 2). Hospitals with higher proportion of patients transferred admitted more patients with STEMI than NSTEMI (Supplementary Figure 2). The proportions of transferred patients with AMI varied considerably across hospital levels and economic levels. Tertiary hospitals had higher rates of inter-hospital transfer than secondary hospitals (46.3% vs. 11.9%), and hospitals in low-economic regions had higher rates than more affluent areas (56.2% vs. 37.3%) (Figure 3).
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FIGURE 2
Proportion of inter-hospital transfer in patients with AMI, by the year of admission. AMI, acute myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; and STEMI, ST-segment elevation myocardial infarction.
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FIGURE 3
Proportion of inter-hospital transfer in patients with AMI, by hospital characteristics. (A) Hospital level and (B) Economic level. AMI, acute myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; and STEMI, ST-segment elevation myocardial infarction.




Treatment delay

Transferred patients had longer delays from symptom onset to early revascularization for both STEMI [median (IQR): 6.5 h (4.0–11.2) vs. 4.5 h (2.7–8.5), P < 0.001] and NSTEMI [median (IQR):16.3 h (8.7–33.0) vs.11.9 h (5.7–25.5), P < 0.001]. However, they had a significantly shorter door to balloon time for STEMI [median (IQR): 0.8 h (0.4–1.5) vs. 1.0 h [0.6–1.8], P < 0.001] or door to timely PCI for NSTEMI [median (IQR): 2.8 h (1.1–14.2) vs. 3.7 h (1.5–10.8), P = 0.002] than directly admitted patients (Supplementary Table 3).



Early revascularization

The disparities in early revascularization between transferred and directly admitted patients were shown in Table 2. For STEMI, reperfusion therapies were performed in 65.2% of directly admitted patients and 57.8% of transferred patients. Of the reperfusion strategies for STEMI, patients transferred from non-PCI-capable hospitals were more likely to receive fibrinolysis (10.9% vs. 4.8%, P < 0.001) and less likely to receive primary PCI (46.9% vs. 60.4%, P < 0.001). Door-to-balloon time of <90 min was achieved in a larger proportion of inter-hospital transferred patients compared to those of direct admissions for patients who received primary PCI (75.2% vs. 69.9%, P < 0.001). For NSTEMI, patients transferred between hospitals were less likely to receive timely PCI than directly admitted patients (34.7% vs. 41.1%, P < 0.001). Similar results were observed in the IPTW sample (Table 2).


TABLE 2    Early revascularization of patients with AMI who were transferred from another hospital and directly admitted.

[image: Table 2]



In-hospital outcomes

The median time-point was 9 days for MACE and mortality (Table 3). In-hospital outcomes were shown in Table 3. Lower rates of in-hospital outcomes were observed in the inter-hospital transfer group. However, after multivariable adjustment by Cox regression, there were no significant differences in in-hospital MACE and all-cause death between the inter-hospital transfer and direct admission groups. The IPTW analysis formed by all covariates included in the propensity analysis also resulted in between-group balance on basic characteristics (Supplementary Table 4), and revealed similar results to the entire samples. The hazard ratios and 95% confidence intervals in the IPTW models were 0.87 (0.75–1.01) and 0.87 (0.73–1.03) for MACE and mortality, respectively, in patients with STEMI, and 1.02 (0.71–1.48) and 0.98 (0.70–1.35), respectively, in patients with NSTEMI (Table 3).


TABLE 3    The association between in-hospital outcomes and inter-hospital transfer vs. direct admission in patients with STEMI and NSTEMI.
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Sensitivity analyses

The treatment delay, early revascularization, and in-hospital outcomes were compared for transferred and directly admitted patients, after excluding all patients with missing values for any variable used in the analyses. Similar results were found, as shown in Supplementary Tables 5–7.




Discussion

Through this real-world nationwide registry, we provided a comprehensive and contemporary overview of the inter-hospital transfer of patients with AMI in China. On average, over 40% of AMI patients were still transferred from non-PCI-capable hospitals to PCI-capable hospitals during 2014 to 2019, although a decreasing trend in the rate of inter-hospital transfer was observed. We also found a significant variation in the rates of inter-hospital transfer among different hospital levels and economic levels. Transferred patients had lower rates of early revascularization and longer treatment delay. However, the differences in in-hospital outcomes were not significant after adjustment for confounding factors.

The major initiative to improve the prognosis of AMI is to minimize the time from symptom onset to reperfusion. Myocardial cell death begins as early as 20 min after coronary artery occlusion, and the time from symptom onset to balloon is a significant determinant of myocardial damage and risk of mortality (13, 14). Direct admission to a PCI-capable hospital for PCI as soon as possible is therefore recommended by Chinese Society of Cardiology, American Heart Association and European Society of Cardiology for patients with AMI (2–4, 15, 16). However, interventional facilities are limited or unevenly distributed in practice, and some patients first present at a non-PCI-capable hospital (17, 18).

Previous studies in western countries reported that approximately 22%–40% of STEMI patients were initially admitted to a referring facility and subsequently transferred to PCI-capable facilities for primary PCI (6, 19–21). However, in our study, 47.0% of STEMI patients were transferred from another hospital. This proportion was even higher than the 45.2% reported in the CREDO-Kyoto (Coronary Revascularization Demonstrating Outcome Study in Kyoto) AMI registry that took place between 2005 and 2007 in Japan (22). In addition, a considerable variation in the proportion of inter-hospital transfer among hospitals were observed in our study, particularly hospitals in regions with different levels of prosperity, and at different academic levels. Fine medical resource and experienced experts usually centers in big cities or developed areas (23). The limited availability of hospitals with revascularization capacity and interventionalists qualified for PCI in areas of low economic level may be related to the high rate of inter-hospital transfer to the PCI-capable hospitals of these areas. Moreover, among all PCI-capable hospitals in this study, the proportion of transferred patients in tertiary hospitals was higher than that of secondary hospitals. The difference in inter-hospital transfer rates among hospitals levels can be partly attribute to the special functions of different grades of hospitals. Secondary hospitals are regional hospitals that provide medical health services across several communities, and receive referrals from patients in community hospitals. Tertiary hospitals provide more comprehensive medical services, and often accept referrals from secondary hospitals. And beyond that, the lack of effective hierarchical structure of the medical system in China may have aggravated this gap (24). In order to rationally allocate medical resources and promote equalization of basic medical and health services, the General Office of the State Council issued the Guiding Opinions on Promoting the Construction of the Hierarchical Medical System on September 8, 2015. With the progression of the national diagnosis and treatment system, the PCI capacity of secondary hospitals has been gradually improved. The decreasing trend found in the rate of inter-hospital transfer from 2015 to 2019 may indicate an improvement in medical services for patients with AMI. However, additional measures such as increasing the allocation of PCI hospitals and improving the revascularization capacity of secondary hospitals are still needed to narrow the gap with western countries and minimize the inequality across regions.

Current guidelines recommend that patients with STEMI who were initially admitted to a non-PCI-capable hospital should be transferred immediately to a PCI-capable hospital (2, 3). We found that inter-hospital transfer was associated with a 2.0 h additional time from symptom onset to primary PCI; however, there was a slightly shorter door-to-balloon time in patients who were transferred than those who arrived directly at PCI-capable hospitals. Similar results in Polish registry of Acute Coronary Syndromes also indicated that transferred patients had a shorter admission-to-PCI time than patients admitted directly (6). It is not at all surprising that door-to-balloon time would be shorted in transferred patients following arrival to the PCI capable hospital because primary evaluation in the first hospital would help determine whether the patient was diagnosed with STEMI prior to being transfer to the PCI-capable hospitals, and the cath teams are often already waiting at the hospital for those patients in anticipation of their arrival, rather than needing to come in from home. The median door-to-balloon time of 1.0 h and 0.8 h for directly admitted and transferred STEMI patients in our study was much lower than that of 115 min found in the China STEMI Care Project Phase 1 in 2012 (25). The improvement of door to balloon time may be the result of the construction of the hierarchical medical system in 2015 and the officially established of the chest pain center (CPC) accreditation in 2016 (26). The median door-to-balloon time in our study for STEMI patients following inter-hospital transfer was within the guideline recommendations, indicating that the time from symptom onset to arrival at PCI-capable hospitals might be the major source of delay in China (2, 15). However, the door-to-balloon time in STEMI was still far from optimal, indicating that there is still room for further improvement through close inter-hospital connection and in-hospital process optimization. For patients with NSTEMI first arrived at a non-PCI center, the time range is broader. PCI should be done within 24 h if possible, but patients with very-high-risk features require immediate invasive strategies (1). In spite of longer delay from symptom onset to timely PCI, the early risk stratification before inter-hospital transfer may be responsible for the shorter door to timely PCI time for transferred group than direct admission.

We observed that transferred patients were less likely to receive early revascularization than directly admitted. For STEMI, the reperfusion rates were approximately 60% in both groups, which was much lower than the rates in western countries (27, 28). The prolonged treatment delays and limited capacity of revascularization services were considered as the major contributing factors of the low performance rates of reperfusion therapy in China (29). Of the specific reperfusion strategies, primary PCI is preferred over an initial fibrinolysis strategy and has a significant lower risk of bleeding complications, but fibrinolysis is recommended for STEMI patients if primary PCI is not feasible within 120 min of the first medical contact (3). The lower rate of primary PCI and higher fibrinolysis rate of inter-hospital transfer group is therefore consistent with their longer delays compared with direct admitted patients. For NSTEMI, a timely performance of PCI would reduce ischemic risk. Similar with STEMI, data from the present study showed significantly less likely of timely PCI (34.7% vs. 41.1%) with transferred patients compared with those admitted directly.

Despite the faster time to treatment and higher rate of reperfusion among directly admitted patients, there were no significant differences between the two groups in in-hospital outcomes after multivariable adjustment. These results were similar to those from the RACE registry in North Carolina, which also compared direct admission to PCI hospitals with inter-hospital transfer and found that inter-hospital transfer was not related to adverse in-hospital outcomes after multivariable adjustment (5). Similarly, the Harmonizing Outcomes with Revascularization and Stent in Acute Myocardial Infarction study found that 30-day and 1-year clinical outcomes were also comparable in patients with STEMI directly admitted or transferred for primary PCI (7). The following pathophysiological mechanisms seem to offer a plausible explanation for these findings. Acute coronary obstruction precipitates ischemia, which is still reversible initially and associated with minimal myocardial necrosis. Without coronary reperfusion, myonecrosis will develop rapidly early on, and gradually slow down as damage becomes more complete (13). During the first 2 to 3 h after symptom onset, there are significant benefits of reperfusion, but after that, the benefit decreases with time (30). The median time from symptoms to balloon in our study far exceeded this time window. Thus, despite higher rate of reperfusion in directly admitted patients, there was no significant difference in in-hospital outcomes. Therefore, the time delay from presentation to revascularization deserves more attention in order to improve AMI care. Nonetheless, the relatively lower rates of MACE and death in the transferred group may also be explained by the positive pre-selection in this group. Compared with the directly admitted patients, the transferred patients may suffer longer delay before interventional therapy, which can lead to a higher out-of-hospital death rate prior to PCI-capable hospital and a lower in-hospital risk of adverse events.

Our findings suggest that there has been a dramatic improvement in the access to medical services for patients with AMI over the past few years. Whereas, additional measures are needed to improve the management of AMI. The government should attach great importance to improving the medical security system and increase investment in the medical and health field, so that more patients with AMI, especially those in areas with low economic level, can receive timely treatment. Direct admission to PCI-capable hospitals is the preferred strategy for patients with AMI, enabling faster treatment and higher rate of early revascularization. Yet, more great effort should be made to shorten the time interval from symptom onset to revascularization, which seems to substantially impact the benefit of early revascularization. This requires the awareness of the suspected ischemic symptoms of the public in order to call the common emergency number for help or be sent directly to PCI hospitals by other family members immediately. Furthermore, telemedicine should be implemented to facilitate patient transfer. It was reported that the coverage rate of tele-electrocardiography in tertiary hospitals is less than 40% (31). Steps can be taken to increase the utilization of tele-electrocardiography as one measure to improve outcomes, as the patient could be directly transferred to PCI center. But if direct admission to PCI hospital is not feasible, rapid access to a non-interventional hospital for professional diagnosis and timely treatments, and then transfer to a PCI hospital when necessary is also an alternative. Since a large proportion of AMI were transferred, an efficient local transfer network from non-PCI hospitals to PCI hospitals should be essential to shorten the time delay (32).

Our study had several limitations. First, it included only patients who were admitted to a hospital that was part of the CCC-ACS project. Patients who died before arrival were not included in this analysis, which may lead to a survival bias. Second, we only accessed the in-hospital MACE and mortality. Future studies that track patients after discharge will help to assess the difference in long-term outcomes between direct admission and inter-hospital transfer patients. Third, it appears a delay in initial presentation to a non-PCI hospital importantly influences the longer symptom-to-revascularization time, however, reliable time information in the first hospital was not available for the transferred patients. Even leaving aside the time information in non-PCI hospitals, the data of treatment delay was not available of about 20% of patients. Fourth, only 5% of the records were audited by third-party research associates due to the large sample size, although the randomly selected records were expected to be representative. Finally, we imputed the missing values for some variables. Poorly imputation of missing value can damage the quality and reliability of the results. We excluded the patients with missing values for any variable used in our study, and found similar results in the sensitivity analyses, suggesting the results of our study are credible.



Conclusion

A large proportion of patients hospitalized with AMI are transferred from non-PCI hospitals in China, especially in low-economic regions. There are significant differences in treatment delay, and use of early revascularization between transferred patients and directly admitted patients. National strategies are needed to promote the recommended revascularization strategies and minimize the inequality in management of AMI.
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