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ABSTRACT
Background: Pressure-based FFR is limited in accurately delineating epicardial stenosis (ES) in the presence of concomitant microvascular disease (MVD), which is often observed in patients having CFR<2.0 and/or diabetes. The hypothesis is that pressure drop coefficient (CDP), a combined pressure-flow parameter will result in better clinical outcomes for patients with MVD in comparison to FFR.

Methods: Patients from our clinical trial were divided into two subgroups with: a) cut-off of CFR<2.0, and b) diabetes. First, correlations were performed for both subgroups between CDP and HMR, a diagnostic parameter for assessing the severity of MVD. Linear regression analysis was used for these correlations. Further, in each of the subgroups, comparisons were made between FFR<0.75 and CDP>27.9 groups for assessing major adverse cardiac events (MACE: primary outcome). Comparisons were also made between the survival curves for FFR<0.75 and CDP>27.9 groups. Two tailed chi-squared and Fischer’s exact tests were performed for comparison of the primary outcomes, and the log-rank test was used to compare the Kaplan-Meier survival curves. p<0.05 for all tests was considered statistically significant.

Results: Significant linear correlations were observed between CDP and HMR for both CFR<2.0 (r=0.51; p<0.001) and diabetic (r=0.54; p<0.001) patients. In the CFR<2.0 subgroup, the %MACE (primary outcomes) for CDP>27.9 group (7.7%, 2/26) was lower than FFR<0.75 group (3/14, 21.4%); p=0.21. Similarly, in the diabetic subgroup, the %MACE for CDP>27.9 group (12.5%, 2/16) was lower than FFR<0.75 group (18.2%, 2/11); p=0.69.  Survival analysis for CFR<2.0 subgroup indicated better event-free survival for CDP>27.9 group (n=26) when compared with FFR<0.75 group (n=14); p=0.10. Similarly, for the diabetic subgroup, CDP>27.9 group (n=16) showed higher survival times compared to FFR group (n=11); p=0.58. 

Conclusion: CDP correlated significantly with HMR and resulted in better %MACE as well as survival rates in comparison to FFR.  These positive trends demonstrate that CDP could be a potential diagnostic endpoint for delineating MVD with or without ES.
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Core tip: FFR is currently used as a functional diagnostic index for interventional decision making in the catheterization laboratory, but can be confounded by concomitant microvascular disease. In this subgroup analysis study, pressure drop coefficient (CDP) showed improved clinical outcomes for patients with microvascular disease compared to FFR, potentially making CDP a better diagnostic endpoint compared to FFR.

Hebbar U, Effat M, Peelukhana SV, Arif I, Banerjee RK. Clinical Outcomes in Patient-Subgroups with Epicardial Stenosis and Microvascular Disease Using Pressure Drop Coefficient: A Pilot Study to Assess a Newly Developed Diagnostic Endpoint












BACKGROUND
A persistent clinical challenge for interventional cardiologists today is the accurate assessment of intermediate coronary stenosis. While multiple quantitative anatomical methods were proposed, their applicability remains in question [1].  Functional diagnostic indices such as fractional flow reserve (FFR) and coronary flow reserve (CFR) agree well with non-invasive stress testing [2-4], although their efficacy is limited in the presence of significant microvascular disease (MVD) as FFR and CFR depend solely on either pressure or flow measurements [5-6].

Current Functional Diagnostic Indices.  FFR, the current gold standard for the functional evaluation of epicardial stenosis (ES) is defined as the ratio of pressure distal to the stenosis to the pressure proximal to the stenosis [7-9]. The parameter ranges from “0”, indicating a completely blocked vessel to “1” which indicates no obstruction. Extensive clinical outcome trials established a cut-off value of 0.75 [8] for significant coronary stenosis in the presence of single-vessel disease. Some of the limitations of FFR include the zero-central venous pressure assumption as well as its dependence on the patient achieving maximal hyperemia. Also, constant minimum microvascular resistance may not be achieved in the case of sub-maximal hyperemia, leading to under-estimation of pressure drop and overestimation of FFR across the lesion [10].
CFR, the flow-derived parameter is defined as the ratio of flow at hyperemia to flow at rest. The index was found to agree well with non-invasive stress testing at a cut-off value of 2.0 [2], and CFR<2.0 was associated with reversible myocardial perfusion defects with high sensitivity and specificity [2]. It is worth noting that while CFR can provide the combined effect of ES and MVD, it cannot differentiate between the two conditions. 

Need for Alternate Functional Indices.  FFR and CFR are based solely on pressure measurements and flow measurements, respectively. Thus, both the indices can be misleading in the presence of extended MVD [5-6]. Hybrid parameters based on pressure and flow were proposed to overcome these limitations of FFR and CFR. However, these parameters are specifically defined for evaluation of either ES, i.e. hyperemic stenosis resistance index (HSR; ratio of pressure drop across the lesion to the distal velocity measured during hyperemia) [3]; or for the evaluation of MVD, i.e. hyperemic microvascular resistance index (HMR; ratio of mean distal pressure and distal velocity during hyperemia) [11].
To simultaneously detect ES and MVD using a single parameter, we recently introduced pressure drop coefficient (CDP), a functional diagnostic index which utilizes pressure as well as flow measurements. CDP was validated via in vitro [12][13] as well as in vivo animal studies [12-18], and was able to differentiate between ES and MVD. The CDP was recently employed to differentiate between degrees of stenotic severity in a patient population [19]. In order to make interventional decisions, an equivalent cut-off to FFR<0.75 for single vessel disease was established for CDP (CDP>27.9) [20-21] as a marker for significant epicardial stenosis. 
Our earlier pilot clinical study [22] validated the proposed cut-off value for CDP with positive clinical outcomes associated with the CDP>27.9 group when compared with the FFR<0.75 group. The objective of the current study is to assess the efficacy of CDP in delineating ES within patient subgroups suffering from MVD only.  Therefore, this follow-up pilot study compares the outcomes between CDP>27.9 and FFR<0.75 for MVD patient subgroups extracted from the complete patient data analyzed previously [22]. Accordingly, two subgroups having possible MVD were studied: one consisting of patients with abnormal CFR (CFR<2.0), and the other consisting of patients suffering from diabetes. Both of these subgroups were correlated with possible microvascular dysfunction in literature [23-24]. Survival curves were also compared between the FFR<0.75 and CDP>27.9 groups for both subgroups. Additionally, CDP was correlated with HMR – another index that uses both pressure and flow measurements to evaluate MVD. This correlation was done in both subgroups to evaluate CDP’s ability to delineate MVD in the presence of ES.

METHODS	
Study Patients.  The protocol [19] for the study was approved by the institutional review board at the University of Cincinnati (UC) and Cincinnati Veteran Affairs Medical Center (CVAMC), and informed consent was obtained from all the participants.  Patients who underwent exercise testing and myocardial perfusion scans were consented based on the inclusion and exclusion criteria, which are reported in detail in our earlier study for the complete patient group [22]. The study population consisted of 86 patients enrolled at the UC and CVAMC. Table 1 summarizes the clinical characteristics of the enrolled patients in the complete patient group. 
	
	Cardiac Catheterization and Hemodynamic Measurement.  Standard-of-care catheterization techniques [22] were utilized to obtain intra-coronary pressure and flow measurements across the stenosis. All signals were recorded continuously through rest, and induction as well as decline of maximal hyperemia.

CDP calculation.  CDP is defined as the ratio of trans-stenotic pressure drop to distal dynamic pressure.  

								(1)
where,  is the pressure drop across the lesion; the distal dynamic pressure is the product of , blood density (assumed to be a constant value of 1.05 gm/cm3), the square of average peak flow velocity (APV) and a constant value of 0.5.

Patient Follow-up and Study Endpoints.  The follow-up for the consented patients was performed through either chart review, a phone call, and/or a questionnaire. A minimum of 1-year follow-up was ensured. Over the follow-up period, the primary outcomes, which consisted of major adverse cardiac events (MACE) were determined.  MACE was defined as the composite of all-cause mortality, myocardial infarction (MI), and repeat revascularization (Table 2).  

Sub-group methodology.  In order to perform the subgroup analysis for patients suffering from possible MVD, two subgroups were extracted from the complete patient group data: one subgroup was composed of patients who exhibited an abnormal CFR value (CFR<2.0); the other subgroup was composed of patients suffering from diabetes. Figure 1 summarizes the patient data via a Venn diagram showing overlap of the various patient subgroups.

Statistical Analysis. The authors had sufficient prior biostatistics background, as evidenced by previous publications [19-22]. First, correlations were performed between CDP and HMR in the diabetic and CFR<2.0 subgroups using linear regression to evaluate the agreement of CDP with HMR, a parameter reported to identify the severity of microvascular disease.
The patient data for each subgroup was then divided per the cut-off value of FFR<0.75 for significant ES. On a similar note, CDP>27.9 [20-21] was used as an equivalent cut-off for significant stenosis. In the primary outcome study, for each subgroup (CFR<2.0 and diabetic), the %MACE in the FFR<0.75 group was quantified and compared with the %MACE in the corresponding CDP>27.9 group. All comparisons were performed using the two-tailed chi-squared test and further evaluated using the Fischer’s exact test.
Kaplan-Meier survival curves were generated to compare the long-term event free survival of the FFR<0.75 patient group and the CDP>27.9 patient group. This analysis was performed for both subgroups in the study. The duration between the index procedure, and the time when the patient was last followed-up was recorded. Any patient who reached the primary outcome (MACE) was recorded as positive. Patients lost to follow-up or who did not reach the primary outcome were considered as censored data. The generated survival curves were compared using the log-rank test for statistically significant difference.
All statistical analyses were performed using MedCalc (V10.2, Mariakerke, Belgium). All results obtained were considered statistically significant if p<0.05.

 RESULTS
CDP was first correlated with HMR to identify its efficacy in evaluating MVD in patients suffering from concomitant ES. Further, to test the efficacy of CDP cut-off values (CDP>27.9) as a guide for decisions on clinical intervention in patients with ES in presence of microvascular impairment, the %MACE outcomes for a CDP based strategy were statistically compared with those for a FFR based strategy (FFR<0.75) using the two-tailed chi-squared test. The results for the Fischer’s exact test were also computed to account for the lower sample size. Comparisons were performed for both subgroup methodologies: the diabetes condition based subgroups, and the CFR cut-off based subgroups. Further, Kaplan-Meier survival curves were generated and comparisons were made for the subgroups.

Correlation with HMR. The results for the correlation between CDP and HMR are presented in Figure 2. For the CFR<2.0 subgroup, CDP showed a moderate but significant correlation (Figure 2A) with HMR (r=0.58; p<0.001). In the diabetic subgroup (Figure 2B), CDP again correlated moderately with HMR and the correlation was statistically significant (r=0.61; p<0.001). These results further highlight the ability of CDP to delineate severity of MVD in patients who suffer from concomitant epicardial lesions. 

Comparison of %MACE Outcomes.  The comparison of %MACE outcomes between the FFR and CDP based cut-offs for the two subgroup analyses are summarized in Figure 3. Further, the comparison performed in our earlier outcome study [22] for the complete patient group is also presented. For the CFR < 2.0 subgroup, the %MACE outcomes in the FFR<0.75 group (3 out of 14, 21.4%) were higher than the corresponding values for the CDP>27.9 group (7.7%, 2 out of 26) although the results were not statistically significant as per the chi-squared test (p=0.21) and the Fischer’s exact test (p=0.32). On a similar note, for the diabetic subgroup, the %MACE in the FFR<0.75 group (18.2%, 2 out of 11) were higher than the %MACE seen in the CDP>27.9 group (12.5%, 2 out of 16), but the results were not statistically significant as per the chi-squared test (p=0.69). On a similar note, the Fischer’s exact test resulted in a p-value of 1 due to the smaller sample size. Similar to the findings in this study, the analysis performed in our earlier study [22] for the complete patient group yielded a lower %MACE outcome for the CDP>27.9 group though the results were not significant (p=0.24) for both the chi-squared test and the Fischer’s exact test. These initial results suggest that if a CDP-based strategy were to be implemented, reduced %MACE outcomes would be observed when compared with the FFR-based strategy for the complete patient group, including patients suffering from microvascular disease (MVD).

Survival Analysis.  Figure 4A summarizes the Kaplan-Meier survival analysis performed for the CFR<2.0 subgroup. The hazard ratio was computed to be 0.26 (95% CI: 0.04 - 1.82) implying that the survival probability in the CDP>27.9 group is 3.85 times the corresponding probability in the FFR<0.75 group. The difference in survival time for the FFR<0.75 group (n=14) compared with the CDP>27.9 group (n=26) was borderline significant (p=0.10). On a similar note, Figure 4B summarizes the survival analysis performed for the diabetic subgroup. The computed hazard ratio was 0.60 (95% CI: 0.08 - 4.57), indicating higher survival probability for the CDP>27.9 group. The survival time for the FFR<0.75 group (n = 11) was not statistically different (p = 0.58) in comparison to the CDP>27.9 group (n = 16). Figure 4C shows the survival analysis performed for the complete patient group in our previous study [22]. The hazard ratio was computed to be 0.22 (95% CI: 0.06 - 1.24), again indicating higher survival probability for the CDP>27.9 group. In this comparison, a statistically significant improvement in survival time for the CDP>27.9 group was observed when compared with the FFR<0.75 group (p=0.048). In summary, the survival analysis indicates better survival times for the CDP>27.9 group when compared with the FFR<0.75 group for the complete patient group as well as for patients suffering from MVD.

DISCUSSION
Sufficient evidence highlighting the advantages of using a single physiological parameter (such as CDP) that includes pressure and flow data has been reported in literature [14,20-22]. However, the applicability of such a parameter in clinically relevant scenarios, particularly in the presence of microvascular disease (MVD) needs further assessment.

Correlation with HMR. HMR is a dimensional diagnostic index which utilizes pressure and flow measurements to specifically evaluate the severity of microvascular dysfunction in patients. On the other hand, CDP combines pressure and flow measurements into a single non-dimensional parameter which can evaluate the severity of both ES and MVD. CDP showed a moderate but significant correlation with HMR for both CFR<2.0 and diabetic patient-subgroups, further strengthening the hypothesis that CDP can be used to evaluate the severity of MVD, with or without the presence of concomitant ES. 

Comparison of %MACE Outcomes.  One of the significant contributors to improved quality of life is reduced incidence of MACE. Therefore, the comparison of %MACE in the FFR-based group and the CDP-based group was one of the primary results of this study. The first methodology used in the subgroup analysis was based on CFR values. It is well documented that abnormally low CFR (< 2.0) values is associated with possible MVD [23] and an inability to achieve peak hyperemia. Under this scenario, constant minimal microvascular resistance is not assured, leading to an underestimation of the pressure drop which in turn results in an overestimation of FFR values [28]. It is worth noting that in the presence of MVD and submaximal hyperemia, both blood flow as well as pressure drop over the stenosis are affected in a similar manner. Physiologically, the reduction seen in the peak hyperemic blood flow due to MVD dominates over the corresponding reduction effected by epicardial stenosis [14]. The formulation of CDP accounts for this effect though the square of the maximal hyperemic flow in the denominator, thus providing improved resolution for accurate evaluation of the status of the stenosis. The results for the %MACE comparisons between the FFR-based strategy and the CDP-based strategy in the study show the improved resolving power for the CDP-based patient group via the lower %MACE. However, considering the low rates of MACE and the relatively lower sample size in this study, a prospective randomized trial with larger patient population is required to confirm the outcomes of this pilot study.
 Similar to patients with abnormal CFR, patients with diabetes are also associated with potential MVD. Previous studies of the arterioles and small arteries of diabetic patients have indicated functional microvasculature damage evidenced by reduced vasodilation of the coronary arterioles. This could be the result of a decrease in activity of ATP sensitive potassium channels [24-27]. As an additional confirmation of our hypothesis, a subsequent analysis was performed on a subgroup consisting of diabetic patients by evaluating and comparing the %MACE outcomes between the FFR-based strategy and the CDP-based strategy. The results indicated a similar trend as in the case of the CFR (<2.0) based subgroup analysis. Additionally, the comparisons performed for the complete patient group in our previous study [22] report similar results of reduced %MACE outcomes for the CDP group, thereby strengthening the argument that CDP can accurately delineate the status of epicardial stenosis, particularly in the presence of concomitant MVD. Again, these results require further assessment using a prospective randomized clinical trial with larger sample size.

Survival Analysis.  Another significant measure which affects the quality of life for patients suffering from cardiovascular disease is long-term event-free survival. Comparisons of the Kaplan-Meier survival curves using the log-rank test were performed between the FFR based group and the CDP based group for both subgroup methodologies discussed above. The results indicated improved long-term event free survival for the CDP-based groups in both the subgroup analyses. Furthermore, the survival curves comparison performed for the complete patient group in our previous study [22] indicated a significant improvement in long-term event free survival for the CDP group, lending further strength to the resolving power of CDP in diagnosing the status of epicardial stenosis with concomitant MVD. 

Clinical Advantages of CDP.  CDP, a non-dimensional parameter based on fundamental fluid dynamics is defined as the ratio of coronary trans-lesional pressure drop () to the distal dynamic pressure (0.5blood density  APV2) where APV (average peak blood flow velocity) is measured under peak hyperemia. In the presence of increased microvascular resistance, FFR and CFR are affected in opposite directions, and ischemic assessment performed by measuring FFR and CFR in the same coronary artery might potentially lead to discordant results in up to 40% of the cases [29]. A possible explanation would be the presence of diffuse epicardial lesions wherein lower CFR would be observed without notable changes in FFR values. On the other hand, healthy microvasculature and auto-regulatory function could allow for normal CFR values while leading to abnormal FFR values. The complex interaction of pressure and flow seen in such scenarios may not be captured adequately by FFR or CFR alone, since these parameters depend solely on pressure and flow respectively. In contrast, CDP is a combined physiological parameter derived from fundamental fluid dynamics principles involving both pressure and flow measurements, and can adequately distinguish between epicardial stenosis and MVD [20].
Considering the numerous advantages afforded by CDP, we believe that this parameter has a potentially significant role in modern clinical practice. However, it is worth mentioning that the use of dual sensor wires necessary for computing CDP has not become prevalent in catheterization laboratories. Nevertheless, the use of these guidewires is expected to increase with a) technological advancement and b) mounting evidence of better clinical outcomes. This would make the measurement of functional diagnostic indices such as CDP standard-of-care with reduced complexities. Several prior studies have validated the clinical application of functional measures such as FFR in treatment of coronary stenosis. These include the DEFER study [28], the FAME trial [30] and the FAME 2 trial [31], which confirmed the role of FFR as a guide to management of coronary artery disease. This study proposes CDP as an improved measure over FFR for accurate prediction of major ischemic events as well as long-term event-free survival in the presence of confounding scenarios such as MVD. While statistical significance was not reached, consistent improved outcomes were observed over all the measures. Significant statistical significance in the comparisons may be observed on repeating the analysis for a larger patient group and longer follow-up periods. 

Limitations.  All the clinical decisions in this study were made based on FFR values alone. Thus, a larger sample size and a prospective randomized clinical trial is needed to evaluate the clinical performance of CDP compared to FFR and confirm the outcomes of this exploratory cohort study.

CONCLUSION
In this follow-up study to our earlier pilot clinical trial [22], a subgroup analysis was performed with two subgroups: one consisting of patients exhibiting CFR<2.0, and the other consisting of diabetic patients. CDP showed moderate but significant correlation with HMR in both the diabetic and CFR<2.0 subgroups. Comparison of primary (%MACE) outcomes between FFR<0.75 and CDP>27.9 groups in each of the subgroups led to lower %MACE in the CDP>27.9 groups in comparison to the FFR<0.75 groups for both subgroups, although statistical significance was not reached. Further, the event-free survival in the CDP>27.9 group was higher when compared with the FFR<0.75 group for both subgroups, with the difference being borderline significant for the CFR<2.0 subgroup. Further clinical trials with a larger patient population and longer follow-up periods could validate the positive trends seen for the CDP group in this study, while proving the efficacy of CDP as a good clinical endpoint for intervention decision making in a cardiac catheterization laboratory.
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1 Research Background
Accurate assessment of coronary stenosis is an important aspect of interventional cardiology. Although existing functional diagnostic indices such as Fractional Flow Reserve (FFR) and Coronary Flow Reserve (CFR) have been validated extensively via clinical trials, their efficacy is limited in the presence of concomitant microvascular disease (MVD) as they depend solely on pressure or flow measurements. This pilot study explores the efficacy of a combined pressure-flow diagnostic endpoint, pressure drop coefficient (CDP) compared to pressure-based FFR. It was hypothesized that CDP would show better clinical outcomes compared to FFR for patient subgroups with MVD. 
2 Research motivation
Diagnosis of epicardial stenosis with concomitant MVD is a challenge with existing diagnostic indices (such as FFR, CFR) as they depend solely on pressure or flow. Pressure-based FFR can be overestimated in the presence of concomitant MVD, leading to possible misdiagnosis of severity of the stenosis, while CFR cannot differentiate between the effects of the stenosis and MVD. There is a need for combined pressure-flow diagnostic endpoints (such as CDP) to better diagnose coronary stenosis, particularly in the presence of MVD.
3 Research objectives 
The primary objective of this research was to compare the clinical outcomes of patients with stenosis and possible microvascular disease evaluated using FFR and CDP. Secondly, CDP was correlated with an existing index (HMR) used to evaluate the severity of MVD. CDP showed better clinical outcomes compared to FFR, as well as longer survival times for the patients. Also, CDP showed significant correlation with HMR, validating its efficacy at evaluation of MVD. It is to be noted that larger sample sizes and a randomized clinical trial is required to further confirm the results of this exploratory pilot study.
4 Research methods
Patients from our clinical trial was divided into two subgroups with: a) cut-off of CFR<2.0, and b) diabetes. First, correlations were performed for both subgroups between CDP and HMR, a diagnostic parameter for assessing the severity of MVD. Linear regression analysis was used for these correlations. Further, in each of the subgroups, comparisons were made between FFR<0.75 and CDP>27.9 groups for assessing major adverse cardiac events (MACE: primary outcome). Comparisons were also made between the survival curves for FFR<0.75 and CDP>27.9 groups. Two tailed chi-squared and Fischer’s exact tests were performed for comparison of the primary outcomes, and the log-rank test was used to compare the Kaplan-Meier survival curves. p<0.05 for all tests was considered statistically significant.
5 Research results
Significant linear correlations were observed between CDP and HMR for both CFR<2.0 (r=0.51; p<0.001) and diabetic (r=0.54; p<0.001) patients. In the CFR<2.0 subgroup, the %MACE (primary outcomes) for CDP>27.9 group (7.7%, 2/26) was lower than FFR<0.75 group (3/14, 21.4%); p=0.21. Similarly, in the diabetic subgroup, the %MACE for CDP>27.9 group (12.5%, 2/16) was lower than FFR<0.75 group (18.2%, 2/11); p=0.69.  Survival analysis for CFR<2.0 subgroup indicated better event-free survival for CDP>27.9 group (n=26) when compared with FFR<0.75 group (n=14); p=0.10. Similarly, for the diabetic subgroup, CDP>27.9 group (n=16) showed higher survival times compared to FFR group (n=11); p=0.58.
6 Research conclusions
CDP correlated significantly with HMR and resulted in better %MACE as well as survival rates in comparison to FFR.  These positive trends demonstrate that CDP could be a potential diagnostic endpoint for delineating MVD with or without epicardial stenosis.
[bookmark: _GoBack]
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Figure 1: Overlap of the various patient subgroups. The graphic highlights the intersection of the diabetic and CFR<2.0 patient subgroups as well as the overlap between other subgroups.
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Figure 2: Correlation of CDP with HMR. A: The linear regression performed between CDP and HMR for the CFR < 2.0 subgroup. The equation, R-value and the p-value are provided for the comparison; B: Similar regression performed for the diabetic subgroup.
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Figure 3: Comparison of %MACE between FFR < 0.75 and CDP > 27.9 groups for the CFR < 2.0 subgroup and diabetic subgroup.  These patient subgroups are obtained from the complete patient group analyzed in Effat et al. [22]. The p-values are provided for the chi-squared test, and the p-values for the Fischer’s exact test are provided in parentheses.
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Figure 4: Comparison of Kaplan – Meier survival curves between FFR < 0.75 and CDP > 27.9 groups. A: CFR < 2.0 subgroup; B: Diabetic subgroup; C: Complete patient group in Effat et al. [22].

Table 1: Summary of clinical data and characteristics of the recruited patients.
	Variable
	
	Study/Group

	Sex (M/F)
	
	77/9

	Age (years)
	
	61 ± 9

	Ejection Fraction (%)
	
	58 ± 10

	Clinical history
	
	

	
	Diabetes
	42/86

	
	Hypertension
	70/86

	
	Dyslipidemia
	60/86

	
	Previous myocardial infarction
	21/86

	
	Smoking history
	52/86

	
	Family History of CAD
	23/86

	
	LV Hypertrophy
	4/86

	Affected artery
	
	

	
	LAD
	43

	
	LCX
	17

	
	RCA
	26


















Table 2: Summary of the %MACE outcomes for the recruited patients at a minimum of 1-year follow-up.
	
	CFR<2.0

	
	FFR<0.75
	FFR>0.75
	CDP>27.9
	CDP<27.9

	All-cause mortality
	3/14
	2/34
	2/26
	3/22

	Myocardial infarction
	
	
	
	

	Revascularization
	
	
	
	

	
	Diabetic

	
	FFR<0.75
	FFR>0.75
	CDP>27.9
	CDP<27.9

	All-cause mortality
	1/11
	3/31
	2/16
	2/26

	Myocardial infarction
	
	
	
	

	Revascularization
	1/11
	
	
	1/26
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