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ABSTRACT
INTRODUCTION
The PRECISE study demonstrated that the PROMISE minimal risk score (PMRS) can identify patients with recent onset stable chest pain who could safely be reassured and discharged without further testing. Despite this observation, the PMRS is not in widespread use. The aim of this analysis was therefore to retrospectively evaluate the performance of the PMRS had it been applied as a decision tool in a real-world population. 
METHODS
We performed a retrospective cohort analysis of all stable chest pain referrals from 03/04/2023 to 30/08/2024. All elements of the PMRS were measured, along with key patient outcomes including subsequent investigations and cardiovascular events (myocardial infarction (MI) and all-cause mortality). Statistical analyses were conducted in accordance with the data type and distribution. The cohort was split into the minimal risk cohort (PMRS>0.46) and the remainder of the cohort (PMRS≤0.46). A Kaplan-Meier curve, with log rank analysis, was created to compare the incidence of death/MI between the minimal risk and the remainder of the cohort.
RESULTS 
This analysis included 3983 patients with a median age of 64 years (interquartile range (IQR) 55 – 75 years) and 49.5% female. The median PMRS was 0.102 (IQR 0.041- 0.257) with 10.9% (436) categorised as minimal risk (PMRS>0.46). In the minimal risk group there were 3 CTCAs (0.7%) that demonstrated obstructive coronary disease. At a median follow up of 306 days (IQR 177 - 428) there were no MI or deaths recorded in the minimal risk group.
CONCLUSION
These data demonstrate that a PMRS >0.46 is associated with a very low frequency of significant coronary artery disease and MI or death. This proof of concept suggests that PMRS could be safely instituted into clinical practice to defer those patients at minimal risk from further investigations which would result in significant resource savings for healthcare services.


What is already known on this topic:
· The Promise Minimal Risk Score (PMRS) has recently been shown in the PRECISE randomised trial to be an effective and safe strategy for excluding patients at minimal risk of underlying coronary artery disease from further investigation (using a PMRS threshold of >0.46)
What this study adds:
· A minimal risk PMRS threshold of >0.46 would be present in at least 10% of patients presenting with stable chest pain 
· The frequency of finding obstructive coronary disease in the PMRS>0.46 group was extremely low and during follow up there were no deaths or myocardial infarction in the PMRS>0.46 group. 
How might this study affect research, practice or policy:
· These data suggest that the PMRS could be incorporated into the clinical assessment of patients presenting with stable chest pain to help guide the need for further investigations
· The utilisation of the PMRS in clinical practice could result in reduced resource utilisation










INTRODUCTION
Rapid Access Chest Pain Clinics (RACPCs) were established in the United Kingdom to provide timely assessment and management of patients with recent onset stable chest pain. Despite clear guidelines from the National Institute for Health and Care Excellence (NICE), there is wide variation in the referral, assessment and initial investigation of these patients (1). To add complexity, the majority of patients presenting to RACPCs will have a cause for their chest pain other than obstructive coronary artery disease (CAD) (2-4). Furthermore, despite the NICE guidance for computed tomography coronary angiography (CTCA) as the first line investigation nearly 10 years ago there are still challenges with accessing sufficient CTCA across the UK (1). It is therefore clear that an effective risk stratification process might help improve the RACPC service to allow those most in need of further investigation to have these performed in a timely fashion, at the same time improving patient pathways.
The Promise Minimal Risk Score (PMRS), derived from a secondary analysis of the Prospective Multicentre Imaging Study for Evaluation of Chest Pain (PROMISE), has recently been shown in the PRECISE randomised trial to be an effective and safe strategy for excluding patients at minimal risk of underlying coronary artery disease (using a PMRS threshold of >0.46) from further investigation (5-8).
The PMRS is designed  to identify patient factors which predict lower risk. This contrasts with many scoring systems which seek to identify variables associated with higher risk, such as the HEART score, GRACE score, SCORE2 and QRISK3 (4, 9-11). The PMRS is comprised of 10 variables; sex at birth, age (years),  never smoker status, ethnicity, absence of hypertension, absence of family history of premature cardiovascular disease, absence of diabetes, absence of dyslipidaemia, high density lipoprotein level, primary symptom not related to physical or mental stress (this can be yes, no or unknown).  This means that higher scores confer a lower risk. For example, being a never smoker results in a higher score i.e. a greater chance of minimal risk. Thus someone with a calculated score of 0.7 has a higher chance of minimal risk  than someone who scores 0.3.  This offers a potential clinical care pathway that can safely defer low risk patients from unnecessary tests, thereby improving the clinical and financial efficiency for the RACPC population. Despite this observation, the PMRS is not in widespread use. 
The aim of this analysis was to retrospectively evaluate the performance of a PMRS threshold of >0.46 if it had been applied in a real-world population at our university hospital.

METHODS
Study participants and data collection
This analysis retrospectively included all patients over the age of 18 years referred to RACPC at University Hospital Dorset, United Kingdom, from 03/04/2023 to 30/08/2024. Our RACPC service is led by experienced advanced nurse practitioners under the supervision of consultant cardiologists with expertise in coronary artery disease. Referrals to RACPC are received from general practitioners but also from other sources within the hospital, such as the emergency department. This analysis was approved by the local audit/service evaluation group prior to data collection, and all data was handled and analysed in line with local policy and guidance. This analysis resulted in no changes to the management of patients whose data were utilised, no patients were contacted as part of this analysis and there was no patient involvement in the design of the analysis.
Duplicate presentations to RACPC during the analysis timeframe were excluded. Data were collected from the electronic patient records (RACPC documentation) for all elements of the PMRS (age, gender, racial/ethnic minority status, hypertension, dyslipidaemia, ever smoking status, family history of CAD, diabetes mellitus, HDL-C and whether the symptoms were related to exertion (yes, no, unknown))(7). The electronic record was then interrogated to assess whether patients had further ischaemia testing (stress echo or stress magnetic resonance imaging (MRI)) or coronary anatomical testing (CTCA, invasive coronary angiography (ICA)). On the 6th November 2024 a download of the hospital record for the entire cohort was undertaken to assess whether patients presented with myocardial infarction (excluding both myocardial injury and type two myocardial infarction) or died during follow up. Those patients with a PMRS >0.46 were then reviewed for the results of any further ischaemia or anatomical testing to assess for coronary disease or ischaemia. For the purposes of this analysis, we defined obstructive disease on CTCA as a lesion of >40% severity with an FFRCT <0.80 or an occluded vessel.
Analysis
The PMRS was applied to our collected data to generate a PMRS for each individual. Patients identified as >0.46 were labelled as minimal risk in line with the PRECISE study (8). Any missing data for PMRS variables was recorded as missing but the PMRS was calculated using the higher risk option where a variable was required (for example, if ever smoking status was unknown, which is a required variable for calculation of PMRS, the patient was coded as having ever smoked). Descriptive statistics are reported as the number (percentage of the total) for categorical variables and as the median (interquartile range (IQR)) for continuous variables.  Comparison of PMRS characteristics was undertaken using the Chi squared test for categorical variables and the Mann Whitney U test for continuous variables. Kaplan-Meier curves were created to compare the incidence of death and myocardial infarction (MI) individually and then combined, between those with a PMRS >0.46 (minimal risk) and a PMRS ≤0.46. In all Kaplan Meier analyses, comparisons between groups were undertaken using the log rank test. A bar chart was created by clustering the PMRS scores and then looking at the rate of MI or death in each group. All analyses were performed using SPSS v29.0 (SPSS, IBM Corporation, Armonk, NY, USA). 

RESULTS
Patient characteristics
A total of 3982 patients were included in the final study cohort. For the entire cohort, the median age was 64 (interquartile range [IQR], 55–75 years) with 1970 (49.5%) female. The median PMRS was 0.102 (IQR 0.041–0.257) with 435 (10.9%) patients categorised as minimal risk (PMRS>0.46). Table 1 demonstrates the baseline characteristics for the entire cohort and also provides comparison between the minimal risk (PMRS>0.46) and the rest of the population (PMRS≤0.46). Unsurprisingly, the minimal risk group were younger with significantly less cardiovascular risk factors.

Investigations
Table 2 demonstrates the differences in investigation strategy between the minimal risk and the remainder of the population. In the entire study population, there were 1300 anatomical tests; 1032 CTCAs (25.9%) and 268 invasive coronary angiograms (6.8%) of which 4 were performed in the PMRS≤0.46 group (2 of these 4 cases had a CTCA first showing potentially obstructive disease). In terms of ischaemia testing, 162 Stress echo or MRIs were requested (155 in the PMRS ≤0.46 (4.4%) group and 7 in the PMRS >0.46 group (1.6%) p=0.006). In the minimal risk group 6 patients had normal stress echo/MRI tests and one has delayed the test.
There was no difference in the frequency of CTCA requesting between the minimal risk cohort and the remainder of the population (107 (24.6%) in the minimal risk group vs 925 (26.1%) in the remainder (p=0.506)). Of the CTCAs requested in the minimal risk group, there were 3 (0.7%) CTCAs that demonstrated obstructive coronary disease and 13 (3.0%) with minor coronary disease. Two of the patients with CTCA showing obstructive disease underwent PCI whilst one moved to another geographical region. Two of these three patients with obstructive disease in the minimal risk group had typical exertional anginal symptoms. There was one patient categorised as minimal risk but who had previously had PCI and therefore PMRS calculation would not be appropriate, as such this patient was excluded from all analyses.

Patient outcomes
At a median of 303 days (IQR 176 - 427) follow up there were 31 deaths from any cause and 43 MI in the entire cohort, all of which were in the PMRS≤0.46 group (p for comparison between minimal risk and high risk groups 0.045 and 0.020 for MI and all cause death respectively). Similarly, Figure 1 demonstrates the Kaplan Meier curve comparing the incidence of the combination of death and MI between the two groups (log rank p=0.002). Figure 2 shows a bar chart demonstrating the frequency of MI/death for clusters of PMRS values. This highlights that most events occur in those with higher PMRS scores but one event occurred in a patient with a PMRS score between 0.46 and 0.40.

DISCUSSION 
This single centre retrospective analysis evaluating the potential utility of a PMRS in an all comers RACPC cohort has a number of findings. First, a PMRS threshold of >0.46 would be present in at least 10% of patients which suggests that PMRS could be safely instituted into clinical practice to exclude those patients at minimal risk from further investigations which would result in significant resource savings for healthcare services and improve patient satisfaction. Second, there was no difference in the frequency of CTCA requests between the minimal risk cohort and the remainder of the population, suggesting that clinical assessment of risk alone is less effective than using the PMRS. Third, the frequency of finding obstructive coronary disease in the PMRS>0.46 group was extremely low (0.7%). Finally, during follow up there were no deaths or myocardial infarction in the PMRS>0.46 group. These data suggest that both patients and healthcare systems could benefit from the introduction of PMRS evaluation of patients presenting with recent onset stable chest pain. 
Our data suggest that the introduction of a PMRS based triage for patients referred to RACPC could safely reduce further testing which would result in significant potential resource savings. Interestingly, in PRECISE, the only randomised trial to utilise PMRS, the frequency of minimal risk was significantly greater than in our cohort (20.6%), suggesting that the PMRS could save even further resource in other populations. It is likely that the frequency of minimal risk will vary significantly depending upon the population studied, due to a combination of factors but particularly the local population demographics (age and ethnicity) and primary care referral patterns. The PRECISE cohort had a younger mean age at referral (58.4 years vs. 64.0 years in our cohort) and a higher proportion of ethnic minority patients (15.6% vs. 2.9%) than our population (8).  Importantly younger patients weight heavily towards minimal risk. Given that our local population is relatively elderly, further assessment of the performance of the PMRS in different cohorts, particularly those with a younger demographics, is required. 

Nanna et al applied the PMRS to the Duke Cardiovascular databank, which included 6,251 patients with confirmed stable angina, who underwent elective invasive cardiac catheterisation from 2000 to 2014. They found that 17.3% of patients (1,082) were classified as low risk (PMRS >0.46) (12). Unlike our cohort, which consisted of all chest pain referrals before any specialist clinical assessment-based diagnosis, their analysis only included referrals considered to have stable angina. The Duke analysis therefore does not reflect current practice in the UK. Furthermore, their cohort included only those with stable angina and, as such, it would be associated with a lower frequency of minimal risk than our cohort which included all referrals to RACPC (which we know has a high proportion of patients with non-cardiac chest pain). It is therefore likely that if a PMRS was incorporated into RACPC assessments beyond our university hospital, a greater proportion of patients could be identified as being at minimal risk than is demonstrated in our analysis.

One of the ongoing challenges for clinicians is accurately assessing the likelihood of clinically significant CAD in symptomatic patients, particularly when trying to identify low risk individuals. In our cohort, there was no significant difference in the frequency of CTCA requests between the minimal risk group compared with the rest of the cohort (24.5% vs 26.1%). This observation suggests that clinical risk assessment alone is less effective than using the PMRS for identifying minimal risk. Clinical assessment will however consider a greater host of factors than the PRMS. This could be a factor in the lack of discrepancy between CTCA requests in both groups. Furthermore, patients attending a secondary care service will often anticipate further investigation which can bias them towards preferring additional imaging even when their risk is low and reassurance has been provided. 
Our findings are consistent with results from other studies, and other commonly used chest pain risk tools, which show that informal clinical judgment is often discordant with validated risk tools, potentially leading to both unnecessary testing and missed opportunities to safely defer testing (9, 10, 12, 13). For example, a prospective analysis comparing physician assessments with risk models (including the PMRS) in a predominantly female cohort showed that, while experienced cardiologists demonstrated higher discrimination in predicting obstructive CAD (AUC 0.81) compared to most risk models (AUC 0.51–0.65), both approaches struggled to accurately identify truly low risk patients (12). Similarly, the PROMISE study found poor agreement between physician estimates of pretest probability and established risk models (κ = 0.16 for Diamond-Forrester, κ = 0.04 for ESC), with neither physician judgment nor traditional risk scores reliably identifying patients with minimal risk of CAD or adverse events (5, 6). Furthermore, the PMRS demonstrated the ability to down-classify a significant proportion of patients with intermediate pretest probability to a group with a very low prevalence of obstructive CAD and adverse outcomes, a feat that clinical judgment alone did not achieve (6). While no risk score system is without limitations, the PMRS demonstrated high performance, particularly in stratifying low risk patients, making it a useful tool for optimising clinical decision-making and reducing unnecessary testing.

Despite this the PMRS is not commonly used in practice across the UK. This is likely due to the complexity of its calculation, number of variables, and lack of awareness. To calculate the score each variable is assigned a regression coefficient or odds ratio, giving them a ‘weight’ that increases or decreases the clinical likelihood of minimal risk. These values were first derived using logistic regression secondary analysis of PROMISE (7). The result is a score between 0 and 1.  We considered a score of >0.46 to be minimal risk consistent with that used in the PRECISE randomised clinical trial (8). 

It is notable that there were no deaths or myocardial infarction in our minimal risk group during follow-up. Across multiple studies, mortality and MI outcomes for patients with a high PMRS remain exceedingly favourable. In the PROMISE analysis, the lowest risk decile (PMRS>0.54) experienced a cardiovascular death or MI rate of just 0.2% over 25 months and a 3.7% frequency of highly or significantly abnormal CTCA result (6). Whilst the specific outcomes of the minimal risk cohort (PMRS>0.46) were not specifically reported in PRECISE, those in the precision pathway (where these minimal risk patients were excluded from further testing) had a significantly higher proportion of patients in whom no test was requested (16.5% vs 6.5% in the usual care arm). The overall results of PRECISE, demonstrating no difference in outcomes between usual care and the precision strategy, suggest that the deferral of testing for patients identified by PMRS as minimal risk patients is safe (8). Similarly, the Duke Databank study reported a 2-year survival rate of 98.2% and MI-free survival of 97.2% in low risk patients, both significantly better than those in higher risk groups (12). These data support the concept that the use of PMRS is a safe and effective strategy for the deferral of minimal risk patients presenting with stable chest pain from secondary care testing. This potential reduction in resource utilisation is of particular importance to resource scarce healthcare environments. In addition, the reduction of testing, particularly the use of ionising radiation in the minimal risk group, who tend to be young, will also offer advantages in terms of reduced exposure to radiation. Further, longer term data on the outcomes of patients at minimal risk are still required. Whilst these data demonstrate that the PMRS is an effective tool to help guide clinicians on the merits of further testing, in common with all tests, it is not completely accurate and therefore if patients having ongoing typical pain without another apparent cause, then further testing is appropriate.

Limitations
Whilst this study provides a large real-world analysis of the utility of the PMRS for triaging patients presenting with recent onset stable chest pain, there are a number of potential limitations worth considering. First, this was a single centre retrospective analysis and as such may not be generalisable to other populations or centres.
Secondly, our data reflects the nature of real-world clinical practice and as such some patients have missing variables. We recognise that up to one third of values in some variables were missing (27.7% of patients had missing smoking status, 29.5% had missing hypertension status, 34.0% had unknown family history, 27.3% had missing diabetes status and 31.6% had missing cholesterol status). Missing results were coded as the higher risk value when calculating the PMRS. As such, this could have underestimated the number of patients allocated to the minimal risk cohort. Theoretically, some of these patients could have significant investigation findings or adverse cardiac events. Therefore, we could have misrepresented the true number of tests or adverse events within our minimal risk cohort. Figure (2) shows that most events occur in those with more combined risk factors (a lower number PMRS score), as would be expected. The graph also shows that some patients have events with risk scores closer to the 0.46 cut-off, making it feasible that a single miscoded value for a patient could have inappropriately placed them in the higher risk category.  
 
There were only 31 deaths (0.87%) and 45 myocardial infarction (1.27%) within the higher risk group. Risk exists on a continuum, and any threshold-based tool will inevitably classify some patients who subsequently experience events within the lower-risk category. This does not represent failure of the tool but rather reflects the inherent variability of clinical risk. A more conservative cutoff may eliminate such events but at the cost of identifying fewer low-risk patients. Whereas a higher cutoff would capture more patients but with an unacceptably high event rate. Indeed, since we did not specify cause of death within our study it is possible that someone with no risk factors could die from a non-cardiac cause and be identified within the minimal risk cohort. Whilst we recognise that missing data is a significant limitation of our research, we feel that our overall conclusion remains consistent in view of the overall spread of results, number of patients within the study, and total number of event rates in both groups.  
 
Whilst further data are undoubtedly required, our observations support the currently available data that PMRS could be safely instituted into clinical practice to defer those patients at minimal risk from further investigations which would result in significant resource savings for healthcare services and improve patient satisfaction.


Conclusions 
This analysis of a real-world rapid access chest pain service demonstrates that the PMRS effectively identifies those patients at very low risk of obstructive coronary artery disease and a very low risk of death or MI. Deferral of further investigations in patients with a PMRS>0.46 may represent an effective and safe strategy with beneficial implications for both patients and healthcare resource utilisation. Further investigation of this concept is warranted.











TABLES AND FIGURES 

	Table 1: Baseline characteristics among RACPC patients (N=3983)

	Variable
	All Patients (N=3982)
	PMRS<0.46 (n=3547)
	PMRS>0.46 (n=435)
	p-value

	Age at referral, y
	64 [55 – 75]
	66 [58 – 76]
	43 [36 – 50]
	<0.001

	Female sex
	1970 (49.5)
	1668 (47.0)
	302 (69.4)
	<0.001

	Ethnic minority
	115 (2.9)
	81 (2.3)
	34 (7.8)
	<0.001

	Smoking*
	
	
	
	<0.001

	  Current
	370 (12.8)
	307 (12.4)
	63 (15.3)
	

	  Ex-smoking
	1133 (39.3)
	1046 (42.4)
	87 (21.1)
	

	  Never smoker
	1377 (47.8)
	1115 (45.2)
	262 (63.6)
	

	No Hypertension
	1553 (55.3)a
	1184 (49.3)
	369 (90.7)
	<0.001

	No Family History 
  (of premature CAD)
	1329 (50.6)b
	1101 (49.5)
	228 (56.7)
	0.004

	No Diabetesc
	2537 (87.7)
	2130 (85.9)
	407 (98.3)
	<0.001

	No dyslipidaemia**
	1450 (53.2)
	1068 (46.1)
	382 (93.9)
	<0.001

	  
	
	
	
	

	  Total cholesterol
	4.9 [4.2 – 5.7]
	4.9 [4.1 – 5.8]
	4.9 [4.3 – 5.5]
	0.662

	  LDL
	2.7 [2.0 – 3.5]
	2.7 [2.0 – 3.5]
	2.8 [2.3 – 3.3]
	0.301

	  Triglycerides
	1.5 [1.1 – 2.2]
	1.6 [1.1 – 2.3]
	1.3 [0.9 – 2.1]
	0.004

	Primary symptom not related to physical / mental stress
	967 (24.3)
	760 (21.4)
	207 (47.6)
	<0.001

	Unknown exertion
	2571 (64.6)
	2355 (66.4)
	216 (49.7)
	<0.001

	Data represent the number of patients (percentage) or median [interquartile range]. 
*1102 (27.7%) patients with unknown smoking status. a1174 (29.5%) patients missing hypertension status. b1354 (34%) patients with unknown family history. c1089 (27.3%) patients missing diabetes status. **1258 (31.6%) patients with missing cholesterol status. No missing patient data for remaining parameters.


Table 1 – Baseline characteristics, presented as PMRS variables





	Table 2: Investigations requested between PMRS groups (N=3983)

	Investigations
	All Patients (N=3983)
	PMRS<0.46 (n=3547)
	PMRS>0.46 (n=436)
	p-value

	CTCA arranged
	1032 (25.9)
	925 (26.1)
	107 (24.5)
	0.506

	Invasive coronary angiography requested
	268 (6.8)
	264 (7.4)
	4 (0.9)
	<0.001

	Stress echocardiogram / MRI
	162 (4.1)
	155 (4.4)
	7 (1.6)
	0.006




	Data represent the number of patients (percentage)

Table 2: Investigation strategies for PMRS>0.46 and <0.46.





Figure 1: Kaplan-Meier curve comparing combined mortality and ACS outcomes between low risk (PMRS>0.46) and high risk (PMRS ≤0.46) groups.

Figure 2: Histogram demonstrating variance of data against death or ACS frequency.
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