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Abstract

:

We investigated patients presenting to emergency departments (EDs) with chest pain to identify factors that influence the use of invasive coronary angiography (ICA). Using linked ED, hospitalisations, death and cardiac biomarker data, we identified people aged 20 years and over who presented with chest pain to tertiary public hospital EDs in Western Australia from 1 January 2016 to 31 March 2017 (ED chest pain cohort). We report patient characteristics, ED discharge diagnosis, pathways to ICA, ICA within 90 days, troponin test results, and gender differences. Associations were examined with the Pearson Chi-squared test and multivariate logistic regression. There were 16,974 people in the ED chest pain cohort, with a mean age of 55.6 years and 50.7% males, accounting for 20,131 ED presentations. Acute coronary syndrome was the ED discharge diagnosis in 10.4% of presentations. ED pathways were: discharged home (57.5%); hospitalisation (41.7%); interhospital transfer (0.4%); and died in ED (0.03%)/inpatients (0.3%). There were 1546 (9.1%) ICAs performed within 90 days of the first ED chest pain visit, of which 59 visits (3.8%) had no troponin tests and 565 visits (36.6%) had normal troponin. ICAs were performed in more men than women (12.3% vs. 6.1%, p < 0.0001; adjusted OR 1.89, 95% CI 1.65, 2.18), and mostly within 7 days. Equal numbers of males and females present with chest pain to tertiary hospital EDs, but men are twice as likely to get ICA. Over one-third of ICAs occur in those with normal troponin levels, indicating that further investigation is required to determine risk profile, outcomes and cost effectiveness.
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1. Introduction


Chest pain is one of the most common presenting conditions to emergency departments (EDs) worldwide, with over 6.5 million presentations per year in the USA [1]. In Australia, there are over 500,000 ED visits per year with a presenting complaint of chest pain [2]. This has resulted in ‘pain in throat and chest’ being the 2nd most common principal diagnosis on ED discharge, accounting for over 300,000 discharges and increasing each year [3]. Invasive coronary angiography (ICA) is the standard and well-established diagnostic method for detecting coronary artery disease in patients presenting with chest pain of suspected cardiac origin. It is recommended in clinical guidelines as the initial step in deciding whether coronary artery revascularisation procedures are required in the management of acute coronary syndromes (ACS) [4]. However, the majority of ED presentations for chest pain do not result in a diagnosis of ACS or other coronary heart disease [5].



The risk of ACS in patients presenting with chest pain is assessed through symptoms and cardiovascular risk factors, serial electrocardiographs (ECGs) and biomarkers of myocardial injury [4]. In particular, the uptake of high-sensitivity troponin in EDs in recent years has allowed more rapid evaluation of chest pain presentations [6]. The overall cost of investigating and managing coronary heart disease in Australian public hospital EDs was AU$147 million in the period 2015–2016, with additional expenditure of AU$1.5 billion for private hospital services and public hospital admissions [7]. Despite this financial burden, little is known about patient profiles and the use of high-cost investigations such as ICA in the population of patients presenting with chest pain to EDs.



The aim of our study was to describe the patient characteristics, ED discharge diagnosis, determinants and use of ICA following ED presentations for chest pain in Western Australia (WA) in the period 2016–2017. Our motivation was to understand patient profiles and the scenarios by which patients are admitted for ICA given the increasing ED presentations for chest pain in Australia [3], and increasing use of ICA [8]. This will inform current clinical practice and health policy.




2. Materials and Methods


2.1. Data Source and Study Cohort


Study datasets of linked administrative records were obtained from the Western Australian Department of Health consisting of hospital morbidity data (inpatient admissions), ED visits and death registrations. These are core datasets of the Western Australian Data Linkage System in which records belonging to the same person are linked using a dynamic probabilistic matching algorithm [9]. Our study cohort (‘ED chest pain cohort’) consisted of people aged 20 years or older who presented with chest pain in EDs of adult tertiary public hospitals in WA from 1 January 2016 to 31 March 2017. Patients were identified from the linked ED visits dataset by searching for “chest pain” and variations (including spelling mistakes) in the presenting complaint text field, or specific codes in the symptom field.



The ED chest pain cohort was also linked to troponin results from Pathwest Laboratory Medicine that provides pathology services to the tertiary hospitals. Our ED dataset did not have the ED discharge date and time. Hence, linkage of troponin data was based on the period from (ED presentation time—1 h) to (ED presentation time + 6 h) to capture all cardiac biomarker tests where blood samples were collected within 1 h prior to the ED admission time and up to 6 h after the ED admission time. Troponin test results were classified as normal or elevated based on the gender-specific assay threshold for the laboratory, then further classified as all tests normal, all tests elevated or at least one test elevated with results showing a rising or falling pattern [10]. The troponin test results were considered elevated if they satisfied either of the two latter conditions.



Study approval was received from the Western Australian Department of Health Human Research Ethics Committee and Research Governance Office (RGS 2876), and the Human Research Ethics Committee of The University of WA (RA/4/1/7230).




2.2. Emergency Department Discharge Pathways


Patients in the ED chest pain cohort were grouped into the following ED discharge categories based on ICD-10-AM [11] codes from their ED discharge diagnosis in the ED dataset: (i) chest pain (R07.1-R07.4); (ii) acute myocardial infarction (MI, I21); (iii) unstable angina (I20.0); (iv) other angina (I20.1-I20.9); (v) other coronary heart disease (I22-I25); (vi) other cardiovascular disease (I00-I15.9, I26-I99); and (v) non-cardiovascular disease (all other ICD-10-AM codes). Using hospital admissions, ED and death study datasets, we identified 5 possible pathways following discharge from ED: (1) discharged home direct from ED; (2) died in hospital after inpatient admission; (3) admitted as a hospital inpatient and survived; (4) transferred to another tertiary hospital ED then admitted, discharged home or died; and (5) died in ED during the initial visit. Patients who survived the ED visit may have subsequently died and we report all-cause death within 30 and 90 days from the ED chest pain visit.




2.3. Invasive Coronary Angiography


Coronary angiograms can be performed following any of the ED discharge pathways (except if died in ED), including repeat angiograms after an initial procedure. We used the linked hospital admissions data to identify ICAs from any of the procedure fields within 90 days following ED discharge pathways 1, 3 and 4. This included the initial and any repeat angiogram procedures within 90 days of a visit to the ED for chest pain. If hospital admission records following the ED presentation had a coronary artery revascularisation procedure (percutaneous coronary intervention or coronary artery bypass graft surgery) coded, but no procedure codes for coronary angiography, then we assumed that angiography was performed and not coded. In this case, the assumed angiography was counted together with angiogram procedures that were coded in the hospital admissions data. This allowed a more complete identification of ICA following the ED presentation. Coronary computed tomography angiography (CCTA) is a non-invasive modality with an emerging role in the investigation of chest pain as an alternative to ICA, especially in low-risk patients [12,13]. However, in WA, it is mainly used in the private sector or public hospital outpatients.




2.4. Statistical Analysis


A flowchart was constructed showing the five ED discharge pathways for the ED chest pain cohort, with counts and proportions representing the number of visits to ED or hospital inpatient admission. Frequencies were reported for the number of ICAs and the ED discharge diagnosis of the cohort. For visits that resulted in an inpatient admission (pathways 2 and 3), a bivariate analysis of ED discharge diagnosis and principal discharge diagnosis of the corresponding inpatient admission revealed how the diagnoses changed from ED to inpatient. We used the 2-sided Pearson Chi-squared statistic or Fisher’s exact test to test for associations between troponin test results, sex, age group, and remoteness area and use of ICA within 90 days of the ED presentation. Differences between men and women were compared for age, remoteness area, ED discharge diagnosis, 10-year comorbidity history, troponin test results and initiation of ICA. These were assessed from the first ED presentation for chest pain for each person in the ED chest pain cohort for a person-based analysis. A multivariate logistic regression model was used to further investigate any gender differences by estimating the odds of initiating ICA in men compared with women (as reference level) adjusting for age (continuous variable), remoteness area, ED discharge diagnosis and troponin test results.



Additional stratified analyses assessed the use of angiograms within 90 days from the first ED chest pain presentation compared with use beyond 90 days (to 30 June 2017). Residential remoteness was assessed by remoteness areas which divide Australia into 5 classes of remoteness based on the Accessibility and Remoteness Index of Australia (ARIA+) using Statistical Area Level 2 (SA2) from the 2011 census (2016 SA2 data were not yet available) [14]. For the analysis we grouped this as major cities, inner/outer regional, remote/very remote and missing. History of comorbidities and coronary artery revascularisation procedures were identified from linked records in the hospital admissions dataset with a 10-year lookback from the ED presentation date. Coronary artery revascularisation procedures were also identified from the hospital admissions dataset for up to 90 days from the ED presentation date.





3. Results


3.1. Cohort Characteristics


Characteristics of the ED chest pain cohort are shown in Table 1. During the study period, there were 20,131 presentations to Western Australian tertiary public hospital EDs for chest pain from 16,974 people, with 4.8% Indigenous and the majority (92.9%) residing in major cities (population ≥ 250,000) in WA. Males (50.7%) and females were equally represented with a mean age of 55.6 years (range 20–103 years). Younger age groups (<65 years) were more common than those 65 years and older (65.4% vs. 34.7%). There were 149 (0.9%) deaths within 30 days of the first ED chest pain presentation in the cohort, and 311 (1.8%) deaths within 90 days. There were 1958 (11.5%) people with two or more ED chest pain visits, and this subgroup was older with a higher prevalence of comorbidities (Table 1).




3.2. ED Discharge Diagnosis


The majority of ED visits for chest pain resulted in an ED discharge diagnosis of chest pain (47.9%, Figure 1), with non-cardiovascular diagnoses being the next most common (30%). Cardiovascular diagnoses were less common, with 10.4% of chest pain visits resulting in an ED discharge diagnosis of ACS (Figure 1). Supplementary Table S1 compares the ED discharge diagnosis with the corresponding principal discharge diagnosis of the inpatient admission for patients admitted to hospital directly from the ED (pathways 2 and 3 from Figure 2). There was a large difference between the ED discharge diagnosis and the inpatient discharge diagnosis, except for MI (68.5% of ED visits resulted in the same diagnosis), chest pain (57% the same) and non-coronary heart disease diagnoses (85% the same).




3.3. ED Discharge Pathways


Figure 2 shows and quantifies the five pathways identified following discharge from ED after the chest pain presentations. The dominant pathways (1 and 3) were discharge to home directly from ED (n = 11,568 visits, 57.5%) and non-fatal hospital inpatient admission (n = 8403, 41.7%) respectively. Together, these make up 99.2% of the ED discharge pathways in the ED chest pain cohort. A small proportion of the cohort died following inpatient admission from ED (pathway 2, n = 66, 0.3%) or in ED during the initial visit (pathway 5, n = 6, 0.03%). Pathway 4 was transfer to another tertiary hospital ED then discharge home without inpatient admission (n = 88, 0.4%). Pathways 1, 3 and 4 led to ICA (Figure 2). In visits where the patient was discharged home from ED (pathway 1), only 1.3% had an ICA within 90 days (booked or emergency). Following inpatient admission (pathway 3), angiograms within 90 days were either done during the admission (17% of non-fatal admissions) or after inpatient discharge.




3.4. Troponin Tests and Coronary Angiography


High-sensitivity troponin I was the exclusive cardiac biomarker test completed in the ED chest pain cohort (Supplementary Table S2). However, 27.8% of the ED chest pain visits did not have any troponin tests recorded in the pathology dataset, whilst 70.9% had 1 or 2 tests. In total, 72.2% (n= 14,542) of ED visits had a troponin I test(s) completed. Patients who had an ED discharge diagnosis of MI or other coronary heart disease were those with the highest proportion of elevated troponin I test results (Supplementary Table S3). Patients with unstable angina or other angina as an ED discharge diagnosis were more likely to have normal troponin results. Patients with an ED discharge diagnosis of chest pain, non-cardiovascular disease or other cardiovascular disease were more likely to have no troponin tests done or to have normal test results. Test results were below the gender-specific upper limit of normal for all troponin tests in 81% of the 14,542 ED visits where troponin tests were completed.



Patients with elevated troponin test results were more likely to have the initial ICA within 90 days of their first ED chest pain visit (Supplementary Table S4). Table 2 shows 1546 admissions (9.1% of patients in the ED chest pain cohort) for initial ICA that were done within 90 days of the first ED presentation for chest pain. There was a significant association between troponin I test results and timing of the initial angiogram (p < 0.0001). There were 59 (3.8%) initial angiograms in which no troponin test results were recorded. Patients with elevated troponin I test results were more likely to have an initial angiogram within 7 days of the ED presentation (94% completed in the first 7 days). There were 565 (36.6%) initial angiograms completed in patients who had all troponin test results normal. Patients who had angiograms following normal troponin levels had a high prevalence of coronary heart disease (46.9%, Supplementary File Table S5).



Coronary artery revascularisation procedures were identified in 1064 (6.3%) patients following the ED presentation, with 925 (86.9%) of these having the procedure within 90 days of the ED presentation. There was a significant association between time to first revascularisation procedure and troponin test results. Of the 1064 patients, revascularisation procedures within 90 days were done in 25 (68%) of those with no troponin tests, 266 patients (74%) who had normal troponin tests and 634 (95%) who had at least one elevated troponin result (p < 0.0001).




3.5. Gender Differences and Other Determinants of Angiography


There was a significant difference in the proportion of angiograms initiated in men and women, with twice as many men having initial angiograms within 90 days of the first ED chest pain visit (12.3% vs 6.1%, p < 0.0001, Supplementary Table S6). This is likely due to differences between males and females in age, remoteness area, ED discharge diagnosis, comorbidity history and troponin test results (Supplementary Table S6). The gender difference remained after adjusting for these variables in a logistic regression model (adjusted odds ratio 1.89, 95% CI 1.65, 2.18; C statistic 0.89; Table 3). However, there were no differences in the timing of coronary angiography between men and women following the first ED chest pain presentation, with 84% of procedures initiated in the first 7 days in both men and women, and proportions decreasing out to 90 days (p = 0.28, Table 2). There were no significant differences in the timing of initial angiography by age group (p = 0.09) or remoteness area (p = 0.45) within 90 days of the first ED chest pain presentation (Table 2). However, a higher proportion of patients from remote and very remote areas had their angiography procedure within 7 days of the ED visit (91% vs 84% for major cities).



The odds of initiating ICA within 90 days are shown in Table 3 for various patient demographic and clinical characteristics. The odds were 2.1 to 2.5 times higher in people from regional, remote and very remote areas than those from city areas. However, the strongest effects were from the ED discharge diagnosis (particularly MI, unstable angina or other CHD), as well as troponin level. The model variables are indicators of how clinicians would be thinking when assessing the need for ICA. They suggest that the ED discharge diagnosis is the single most important factor, followed by an elevated troponin level, that determines the likelihood of ICA within 90 days of the ED chest pain visit. The very high C statistic of 0.89 for the model suggests that there are very few other factors that would be considered in the decision to initiate ICA or not.





4. Discussion


In this study, we investigated the use of ICA in patients who present with chest pain to tertiary public hospital EDs and the different pathways by which this occurs. We found that men and women are equally represented in the group of people who visit EDs for investigation of chest pain, but have different demographic and clinical characteristics. Overall, 9% of the cohort had ICA within 90 days of the ED chest pain presentation, with men twice as likely as women (12% vs. 6%). However, there was no difference in the timing of the coronary angiogram, with 84% of procedures initiated in the first 7 days in both men and women. Patients in the cohort who had two or more ED chest pain presentations had some differences in characteristics to the total cohort, reflected as older age and a higher prevalence of comorbidities. This subgroup would require further study and assessment of the costs associated with their additional use of healthcare resources.



Approximately half of the chest pain visits had an ED discharge diagnosis of non-specific chest pain, and a further 30% were diagnosed with non-cardiovascular conditions. Hence, only approximately 20% of chest pain visits had a cardiovascular diagnosis on discharge from ED. ACS as an ED discharge diagnosis was identified in 10.4% of presentations to the EDs for chest pain (12.3% in men and 7.6% in women). Whilst this important measure is not reported in Australian national statistics on ED care, Cullen et al. found a similar proportion of 11% for ACS as an ED discharge diagnosis in their single-centre study of ED chest pain presentations in Australia from 2008 to 2011 [5]. In the USA, the proportion of ED chest pain visits that had an ED diagnosis of ACS decreased from 23.6% in 1999–2000 to 13.0% in 2007–2008 [15]. Our study fills the void on the use of ICA in all patients presenting to ED with chest pain, importantly stratified by troponin test results. Over one-third of ICAs are performed in patients with all troponin levels normal, and of these, 70% are in the first week. Further, for the first time, we report on the discrepancy between diagnoses at discharge from ED compared with the final diagnosis in the vast majority admitted to hospital. We have also described the specific cardiovascular diagnoses identified at discharge from ED, which are not routinely presented in reports of national statistics. Furthermore, we have reported the determinants for initiating ICA within 90 days which showed that ED discharge diagnosis and elevated troponin level are the most important factors in the clinical decision for ICA.



Pathways to coronary angiography mostly involved discharge home from ED with subsequent admission for angiography or direct admission to hospital inpatients with/without immediate angiography and discharge home with/without subsequent admission for initial or additional coronary angiography. This reflects the patient casemix where the lower-risk patients (e.g., non-ACS) may not require immediate ICA, whilst the smaller group of patients with an ED diagnosis of ACS would require more urgent diagnostic and therapeutic attention. There also appeared to be consideration of specific patient circumstances. For example, ICA in patients residing in remote or very remote locations were more likely to be done within 7 days of the ED chest pain visit than for patients living in major cities. This may reflect a patient convenience and elucidation of the presenting complaint by initiating the procedure whilst they are in the tertiary hospital rather than discharging them home with a subsequent admission for an elective angiography (pathway 1). This may be more clinically and cost effective in large jurisdictions as in Australia where ICA services are located mostly in major cities, with patients from rural and remote areas having to travel long distances to receive these procedures.



Whilst the majority of ICAs performed was in patients with elevated troponin levels, 37% were completed in patients with normal troponin levels. Almost half of these patients had a history of coronary heart disease, and angiography may have been initiated for evidence of disease progression despite the normal troponin. The clinical and cost implications of this requires further investigation. In addition, 27.8% of chest pain visits did not have any troponin tests recorded in the linked pathology data. The majority of these patients had a non-coronary heart disease diagnosis on ED discharge. However, 4% (n = 59) of ICA within 90 days of the ED visit were from visits with no troponin tests. Approximately half of the patients (n = 25) with no troponin tests had a coronary artery revascularisation procedure within 90 days of the ED visit. This may partially explain the use of ICA in those with no troponin tests, but we were not able to determine other reasons in this group of patients. Whilst high-sensitivity troponin was thought to aid in the precision of diagnosing ACS [16], its real benefit is in identifying people at low risk of death or MI presenting to ED with chest pain [17].



Heterogeneity in patient characteristics may explain the observed gender differences in the use of ICA, with twice as many men having an angiogram within 90 days as women (adjusted odds ratio 1.89, 95% CI 1.65, 2.18). The variation was only in frequency rather than timing of the procedure following the ED chest pain visit. Men were significantly younger, were less often from major cities, were more likely to have an ED discharge diagnosis of ACS, had a higher prevalence of hospitalised comorbidities (coronary heart disease, diabetes, hypertension and atrial fibrillation) and were more likely to have troponin tests and elevated troponin test results. These observations indicate that they may have been considered higher risk than women, and future analyses of outcomes of the ED chest pain cohort will investigate this. Variations in coronary angiogram rates have been observed in Australia, but not related to clinical need although there is a modest positive correlation between ICA rates and ACS rates [18]. This may also reflect the well-known gender differences in ACS with women having different symptom profiles, longer times from symptom onset to ED presentation, and coronary and non-coronary biological differences [19].



Strengths and Limitations


The strength of our study was the use of contemporary population-based linked administrative data covering ED presentations, hospital inpatient admissions and death. This allowed identification of chest pain presentations at multiple tertiary ED sites with complete follow up of patients to determine frequency and timing of ICA in any coronary angiography capable sites. There was also complete capture of all-cause death, both in-hospital and out-of-hospital deaths. The hospital inpatient admissions data covered both private and public hospitals throughout the state, so all admissions to hospital following the ED presentation would have been captured. Linkage to cardiac biomarker data allowed an additional level of interpretation of findings based on troponin testing which is part of the diagnostic pathway in managing presentations to ED for chest pain.



The ED data did not include discharge date and time, so biomarker records from the hospital inpatient admission may have incorrectly linked to the ED visit. To account for this, we limited the linkage window to 1 h before and 6 h after the ED presentation time to minimise the number of hospital biomarker tests that would have linked to the ED visit. Hence, ED visits longer than 6 h would not have linked any biomarker tests from blood collected after 6 h in ED. However, this would have minimally affected the number of high-sensitivity troponin tests that were associated with the ED visit because serial testing of high-sensitivity troponin is separated by 2–3 h [4,16]. It is also possible that some people had recent troponin tests prior to their ED visit, and this may have been a reason for not ordering further tests in ED. Given the specialized use of high-sensitivity troponin testing, its time dependence and its importance in diagnosing presentations of chest pain, we expect that any tests completed outside of the teaching hospital EDs would not have impacted significantly on the requirement for testing in the EDs.



We did not have any ECG data or symptoms for the ED chest pain presentations, and relied on the diagnosis made by attending clinicians at the time of the presentation in each tertiary site. This was recorded in the administrative ED dataset from the clinical diagnosis made by doctors based on all diagnostic information available during the ED visit. Tertiary EDs have standard clinical guidelines on the management and diagnosis of chest pain, ACS and other coronary heart disease and this is based on high-sensitivity troponin, not just ECGs. The ECG is used to identify the presence of ST elevation which determines the type of initial treatment required (e.g., primary percutaneous coronary intervention if there is ST elevation MI). In this study, we were interested in diagnostic ICA rather than treatment, and so the troponin tests were of greater importance. Some patients had coronary artery revascularisation procedures following their ED chest pain visit, but no ICA. For these, we assumed that an angiogram was performed but not coded because revascularisation procedures cannot be performed without imaging details that show the location and extent of stenosis in the coronary arteries. Cardiologists and surgeons require this information prior to attempting any revascularisation procedure, whether it is percutaneous coronary intervention or coronary artery bypass surgery. It is possible that instead of ICA some patients may have had CCTA outside of the hospital sector (e.g., in private radiology clinics), and these would not be captured through the inpatient admissions data.





5. Conclusions


Only one in five ED presentations for chest pain are discharged from ED with a diagnosis of cardiovascular disease, with 10.4% diagnosed with ACS. Men and women are equally represented in ED chest pain visits, but have significantly different demographic and clinical characteristics. This may have influenced the frequency of use of ICA between men and women following ED discharge, but the timing was the same, with 84% of angiograms initiated in the first 7 days for men and women. The most common pathways to initiation of angiograms were direct admission to hospital with/without immediate procedure and discharge home with subsequent procedure within 90 days. Subsequent investigation of ED chest pain presentations will reveal cost effectiveness and outcomes for the various pathways to ICA, especially in patients with contiguous presentations to ED for chest pain.
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Figure 1. ED discharge diagnosis as a proportion of total number of visits for the ED chest pain cohort (n = 20,131). ED, emergency department; MI, myocardial infarction; UA, unstable angina; CHD, coronary heart disease; CVD cardiovascular disease. 
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Figure 2. Flowchart of the five pathways following chest pain presentation in the emergency department (ED) for the ED chest pain cohort, with some leading to invasive coronary angiography. Counts represent number of visits. PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery. 
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Table 1. Characteristics of patients aged 20 years or older with presenting complaint of chest pain to public tertiary hospital emergency departments from 1 Jan 2016 to 31 Mar 2017 (ED chest pain cohort). Percentages are based on total number of patients in the ED chest pain cohort (n = 16,974).
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	Characteristic
	Count, n (% of Total Patients)
	Patients with >1 ED Visit, n (%)





	Number of ED visits
	20,131
	5115



	Number of patients
	16,974
	1958 (11.5)



	Sex † Males
	8609 (50.7)
	1013 (51.7)



	Females
	8364 (49.3)
	945 (48.3)



	Age, mean (SD) years
	55.6 (19.1)
	59.6 (19.0)



	Age range (years)
	20–103
	20–101



	Age group (years)
	
	



	20–44
	5273 (31.1)
	446 (22.8)



	45–64
	5815 (34.3)
	669 (34.2)



	65–74
	2565 (15.1)
	343 (17.5)



	≥75
	3321 (19.6)
	500 (25.5)



	Indigenous Australians
	809 (4.8)
	162 (8.3)



	Triage code (of first ED presentation in study period)
	
	



	1. Resuscitation
	129 (0.8)
	10 (0.5)



	2. Emergency
	15,780 (93.0)
	1882 (96.1)



	3. Urgent
	861 (5.1)
	58 (3.0)



	4. Semi-urgent
	189 (1.1)
	7 (0.4)



	5. Non-urgent
	15 (0.1)
	1 (0.05)



	Remoteness area ‡
	
	



	Major cities
	15,767 (92.9)
	1860 (95.0)



	Inner regional
	173 (1.0)
	14 (0.7)



	Outer regional
	210 (1.2)
	18 (0.9)



	Remote
	91 (0.5)
	9 (0.5)



	Very remote
	69 (0.4)
	6 (0.3)



	Missing
	664 (3.9)
	51 (2.6)



	Medical history (10 year lookback)
	
	



	Coronary heart disease
	2447 (14.4)
	491 (25.1)



	Diabetes
	2388 (14.1)
	469 (24.0)



	Hypertension
	3646 (21.5)
	735 (37.5)



	Atrial fibrillation
	1619 (9.5)
	332 (17.0)



	PCI or CABG
	1393 (8.2)
	309 (15.8)



	Mean time (SD) from most recent PCI/CABG in past 10 years to ED presentation
	1267 (1051) days

3.5 (2.9) years
	1184 (1055) days

3.2 (2.9) years



	Died within 30 days of ED discharge (in or out of hospital)
	149 (0.9) ¶
	9 (0.5)



	Died within 90 days of ED discharge (in or out of hospital)
	311 (1.8) ¶
	40 (2.0)







ED = emergency department; SD = standard deviation; PCI, percutaneous coronary intervention (with/without stents); CABG, coronary artery bypass graft surgery; SD, standard deviation. † Sex was missing for one patient. ‡ Grouped as remoteness areas based on the Accessibility Remoteness Index of Australia (ARIA+) using Statistical Area Level 2 (SA2) from the 2011 census [14]. ¶ Based on first ED visit in study period for each patient.
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Table 2. Frequency and timing of initial invasive coronary angiography within 90 days of the first ED presentation for each person in the ED Chest Pain Cohort (n = 16,974).
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Covariate

	
Number of Initial Angiograms (row %) after the First ED Presentation †

	
p Value

	
Total (col %)




	
0–7 days

	
8–30 days

	
31–90 days

	

	






	
Total

	
1300 (84.1)

	
118 (7.6)

	
128 (8.3)

	

	
1546




	
Troponin I test result

	

	

	

	
<0.0001 ‡

	




	
No tests

	
39 (66.1)

	
7 (11.9)

	
13 (22.0)

	

	
59 (3.8)




	
All normal

	
392 (69.4)

	
81 (14.3)

	
92 (16.3)

	

	
565 (36.6)




	
Elevated §

	
869 (94.2)

	
30 (3.2)

	
23 (2.5)

	

	
922 (59.6)




	
Sex

	

	

	

	
0.28 ‡

	




	
Males

	
879 (84.2)

	
85 (8.1)

	
80 (7.7)

	

	
1044 (67.5)




	
Females

	
421 (83.9)

	
33 (6.6)

	
48 (9.6)

	

	
502 (32.5)




	
Age group (years)

	

	

	

	
0.09 ‡

	




	
20–44

	
92 (86.0)

	
8 (7.5)

	
7 (6.5)

	

	
107 (6.9)




	
45–64

	
576 (84.0)

	
59 (8.6)

	
51 (7.4)

	

	
686 (44.4)




	
65–74

	
342 (83.6)

	
21 (5.1)

	
46 (11.3)

	

	
409 (26.5)




	
≥75

	
290 (84.3)

	
30 (8.7)

	
24 (7.0)

	

	
344 (22.2)




	
Remoteness area ¶

	

	

	

	
0.45 £

	




	
Major cities

	
1165 (84.0)

	
106 (7.7)

	
115 (8.3)

	

	
1386 (89.6)




	
Regional

	
51 (76.1)

	
7 (10.5)

	
9 (13.4)

	

	
67 (4.3)




	
Remote, very remote

	
32 (91.4)

	
2 (5.7)

	
1 (2.9)

	

	
35 (2.3)




	
Missing

	
52 (89.6)

	
3 (5.2)

	
3 (5.2)

	

	
58 (3.8)




	
ED discharge diagnosis

	

	

	

	
<0.0001 ‡

	




	
MI

	
655 (97.3)

	
13 (1.9)

	
5 (0.7)

	

	
673 (43.5)




	
Unstable angina

	
224 (85.8)

	
21 (8.0)

	
16 (6.1)

	

	
261 (16.9)




	
Other angina

	
39 (65.0)

	
11 (18.3)

	
10 (16.7)

	

	
60 (3.9)




	
Other CHD

	
7 (87.5)

	
1 (12.5)

	
0

	

	
8 (0.5)




	
Other CVD

	
76 (76.8)

	
10 (10.1)

	
13 (13.1)

	

	
99 (6.4)




	
Chest pain

	
237 (67.9)

	
46 (13.2)

	
66 (18.9)

	

	
349 (22.6)




	
Non-CVD

	
62 (64.6)

	
16 (16.7)

	
18 (18.8)

	

	
96 (6.2)








ED, emergency department; MI, myocardial infarction; CHD, coronary heart disease; CVD, cardiovascular disease. † If admissions within 90 days of first ED presentation had a coronary artery revascularisation procedure (percutaneous coronary intervention or coronary artery bypass graft surgery), but no procedure codes for coronary angiography, then we assumed angiography was performed and not coded. ‡ 2-sided Pearson Chi-squared test. § Troponin test results were either all elevated above the normal cut off for the laboratory or in a rising or falling pattern with at least 1 test result elevated. ¶ Grouped as remoteness areas based on the Accessibility Remoteness Index of Australia (ARIA+) using Statistical Area Level 2 (SA2) from the 2011 census [14]. £ Fisher’s exact test.
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Table 3. Multivariate logistic regression model to estimate odds of initiating invasive coronary angiography within 90 days of first ED chest pain visit from 1 Jan 2016 to 31 Mar 2017 (n = 16,974).
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	Variable
	Adjusted Odds Ratio (95% CI)
	p Value ‡





	Age
	0.99 (0.99, 1.00)
	0.0006



	Male sex (reference level: females)
	1.89 (1.65, 2.18)
	<0.0001



	Remoteness area (reference level: major cities)
	
	<0.0001



	Regional (inner/outer)
	2.11 (1.49, 2.99)
	



	Remote, very remote
	2.53 (1.54, 4.16)
	



	Missing
	1.18 (0.83, 1.68)
	



	ED discharge diagnosis (reference level: non-CVD)
	
	<0.0001



	Myocardial infarction
	32.75 (24.95, 42.97)
	



	Unstable angina
	18.47 (14.16, 24.11)
	



	Other angina
	8.93 (6.21, 12.84)
	



	Other CHD
	14.48 (5.36, 39.13)
	



	Other CVD
	2.35 (1.75, 3.17)
	



	Chest pain
	2.02 (1.60, 2.55)
	



	Troponin level (reference: troponin test not done)
	
	<0.0001



	All tests normal
	3.34 (2.52, 4.44)
	



	Elevated †
	14.37 (10.55, 19.58)
	







Model C statistic = 0.89. ED, emergency department; 95% CI, 95% confidence, interval; CHD, coronary heart disease; CVD, cardiovascular disease. History of CHD, diabetes, hypertension, atrial fibrillation and coronary artery revascularisation procedures were not included in the model due to a high correlation of CHD history with ED discharge diagnosis, and very little impact of these variables on the model c statistic. † Troponin test results were either all elevated above the normal cut off for the laboratory or in a rising or falling pattern with at least 1 test result elevated. ‡ Type 3 Wald Chi-squared p value.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
ED visit
presenting complaint

exclude Non-teaching
» hospital EDs
(unavailable)

= chest pain
(teaching hospitals)

ED chest pain cohort
n=20,131
n=11,568 (57.5%)

pathway 1 pathway 5
m Discharge from ED ={ Died in ED I n=6 (0.03%)

(ED discharge
diagnosis) »| Transfer to another | n=136
n=20,131 4| tertiary hospital ED | (0.7%)
3 - 3 n:81 *
Angiogram within n=8421 =48 7 transfer to n=0
90 daYS, n=110 (095%) (41.8%) (35.3%) 39 ED then
home v
| Died
\ 4
2 Shs pathway 4
Died in hospital Inpatient admission ]4— =88 (64.7%)
pathway 2 pathway 3
n=66 (0.8%) n=8469 Angiogram within
(8403 non-fatal) 90 days, n=2(2.3%)
v v
Angiogram No
n=1472 (17.5%) + PCI/CABG angiogram =6975 (83.0%)
y A 4
Discharge from hospital
(inpatient discharge diagnosis)
n=8403
Additional angiogram Initial angiogram
within 90 days within 90 days

n=86 (5.8%) n=155 (2.2%)





nav.xhtml


  ijerph-17-09502


  
    		
      ijerph-17-09502
    


  




  





media/file0.png





media/file2.png
MI

UA

other angina
other CHD
other CVD
chest pain 47.9%

non-CVD

0 10 20 30 40 50 60
proportion of ED chest pain visits (%)





media/file3.jpg
exciude Nontesching.

ooty
Cnavatabe
0 chestpaincohor
i
tses 750
st e
prrep L)
o dscnate
dsgnoss) Tordertosmater | wise
ey iy rasalts_| 670
Angoganwitin i e | ot o
s0drs 110 035%) e wn | Feowe
—
(ome)  [owa ]
Diedin hosptal inpatentadmission_Je——1 Lot
pathway 2 pathuays
e s Je—
worrentaon iyt
Togogan | [0
e w0

St | | g | o7st8308

Discharge from hospital
(npatent discharge dingnsis)

)

Addiionalangiogram Intial angiogram
Within 90 days within 90 days
ne86(5.8%) o155 2.2%)





media/file1.jpg
M
uA

other angina
other CHD
other CVD.
chest pain aro%
non-CVD

0 10 20 30 40 50
proportion of ED chest pain visits (%)





