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Significance of Rate-pressure Product and
Duke Treadmill Score in Predicting Disease

Severity in Patients with Coronary Artery
Disease: A Cross-sectional Study
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ABSTRACT

Introduction: Exercise electrocardiography is a well-established
and cost-effective investigation for evaluating Coronary Artery
Disease (CAD). The Rate-pressure Product (RPP), which is the
product of maximal Systolic Blood Pressure (SBP) and peak
Heart Rate (HR) during exercise, is a widely accepted parameter
reflecting cardiac work and evaluating ventricular function. The
use of Duke Treadmill Score (DTS) improves the diagnostic
accuracy of exercise-induced ST-segment depression and has
been observed to provide independent prognostic information.
It has been shown that DTS provides information about the
complexity of coronary artery lesions assessed by invasive
coronary artery testing.

Aim: To determine the significance of RPP and DTS in predicting
the severity and complexity of angiographic lesions in patients
with Stable Ischemic Heart Disease (SIHD) and a positive
Treadmill Test (TMT).

Materials and Methods: This study involved 100 consecutive
patients with a positive TMT but no prior history of Acute Coronary
Syndrome (ACS) who underwent coronary angiography at
Government Medical College, Kottayam, Kerala, India, between
March 2018 and March 2019 after obtaining ethical clearance
from the Institutional Review Board. The DTS and RPP were

calculated for these patients. All patients then underwent
coronary angiography, and their SYNTAX scores were calculated.
Correlation analysis was performed to assess the relationship
between DTS, RPP, and SYNTAX score using Spearman’s
correlation coefficient. The Kruskall-Wallis test was used to
compare risk factors among groups.

Results: A total of 100 patients were evaluated, ranging in age
from 40 to 74 years with an average age of 57 years. The average
SYNTAX score was 15, ranging from 2 to 56. The average
Duke TMT score was -5.2, ranging from 6 to -22. There was a
significant negative correlation between DTS and angiographic
severity determined by SYNTAX score (r=-0.702, p=0.001).
The average RPP was 22174, ranging from 14000 to 37620.
The study showed a significant negative correlation between
RPP and SYNTAX score (r=-0.201, p=0.04). Diabetic patients
had a significantly higher SYNTAX score compared to non-
diabetics (r=-0.602, p=0.013). Additionally, a significant negative
correlation was observed between the Metabolic Equivalents
(METs) attained, duration of exercise, and the SYNTAX score.

Conclusion: DTS and RPP derived from the exercise treadmill
test have a significant negative correlation with the severity
and complexity of CAD as determined by the SYNTAX score in
coronary angiography.
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INTRODUCTION

Exercise testing is widely used for the diagnosis of CAD and
to assess disease severity and prognosis. The increasing use of
cardiac imaging procedures has resulted in a marked increase
in healthcare expenditures for CAD assessment [1,2]. Exercise
Electrocardiogram (ECG) remains the least expensive investigation
for diagnosing patients with suspected CAD [1]. Using the standard
diagnostic criteria, the exercise ECG test has a sensitivity of 68%
and specificity of 77% [3]. However, its sensitivity and specificity
are limited compared to other exercise-based diagnostic tests such
as Stress Echocardiography or exercise thallium-201 myocardial
perfusion imaging. To improve the sensitivity and specificity of the
exercise ECG test, various scoring systems have been introduced.
The Duke Treadmill Score (DTS) [4,5] is a widely validated index used
to enhance the diagnostic accuracy of the exercise ECG test. It has
been observed that assessing DTS provides additional information
about the complexity of CAD before invasive investigations such as
coronary angiography. Similarly, the Rate-pressure Product (RPP)
has been recognised as another parameter for predicting disease
severity [6]. RPP is calculated by multiplying SBP and peak HR
and correlates well with myocardial oxygen consumption. Previous
studies have shown that a higher RPP is associated with less
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significant CAD [7,8], good ventricular function, and a non-ischemic
status [9].

The SYNTAX (Synergy between PCI with Taxus and Cardiac Surgery)
score was developed as part of the SYNTAX trial to objectively
quantify the severity and extent of CAD [10]. Each significant lesion
(defined as a diameter stenosis of >50% in vessels with a minimum
diameter of 1.5 mm) is visually assessed in the angiogram and
analysed according to the American College of Cardiology/American
Heart Association lesion classification system. Each coronary
artery segment is given a score based on lesion morphology and
complexity. The scores of individual lesions are summed to derive
the final score. The derived score was categorised into three groups
as evaluated in the SYNTAX trial (low: O to 22, intermediate: 23 to
32, high: >32) [10,11].

The aim of the present study was to determine the significance of
RPP and DTS in predicting the severity and complexity of coronary
artery stenosis in patients with SIHD and a positive TMT and to define
cut-off points for identifying complex coronary anatomy through
non-invasive evaluation. If there is a significant correlation between
DTS and RPP with the SYNTAX score in the present study, it may be
possible to predict the severity of angiographic lesions in patients
with stable CAD noninvasively based on these parameters.
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MATERIALS AND METHODS

This was a cross-sectional study conducted from March 2018 to
March 2019 in the Department of Cardiology, Government Medical
College, Kottayam, Kerala, India. Ethical clearance was obtained
from the Institutional Review Board with approval number 64/2018
dated 30-10-2018.

Sample size estimation: was done using the formula: Sample size
for proportions=(Z2"P*Q)/d2. Using the values at a 95% confidence
level, a sample size of 94 was obtained, which was rounded off to
one hundred (100).

Inclusion criteria: Patients with exertional angina or exertional
dyspnoea with a positive TMT undergoing coronary angiography
from March 2018 in the Cardiology Department of a tertiary-level
academic healthcare institution were included in the study.

Exclusion criteria: Patients with previous ST elevation Myocardial
Infarction, Non-ST Elevation Acute Coronary Syndrome (NSTE ACS),
coronary artery bypass graft, previous Percutaneous Transluminal
Coronary Angioplasty (PTCA), or valvular heart disease were
excluded from the studly.

Procedure

After obtaining informed consent, patients were evaluated clinically.
Baseline investigations including 2D echo were performed. These
patients were then subjected to a Treadmill test using the Bruce
protocol [5]. The functional capacity of the patients in terms of
Metabolic Equivalents (METs) attained during the exercise stress
test was recorded [12]. DTS and RPP were calculated in those
patients with a positive TMT. DTS was calculated using the following
equation: DTS=exercise time-(5xST deviation)-(4xexercise angina
index). The exercise angina index was expressed in terms of the
severity of angina during the test:

e 0-noanging;

° 1- non-limiting angina;

° 2- exercise-limiting angina.

The DTS was grouped into low-risk (with a score of > +5), moderate-
risk (with scores ranging from -10 to +4), and high-risk (with a score

of < -11) categories [5]. The RPP was calculated by multiplying the
maximum HR with the maximum SBP [13].

Patients with a positive TMT then underwent coronary angiographic
study. Coronary angiography was performed through a radial
approach. Femoral access was chosen when the radial approach
was not feasible due to technical reasons. A coronary lesion was
considered significant when the stenosis of the left main coronary
artery was >50%. For the other coronary arteries, stenosis >70%
was considered significant.

The overall SYNTAX score was calculated by scoring each coronary
lesion independently based on pre-determined lesion features
in arteries with a caliber of 1.5 mm and 50% diameter stenosis.
Patients were divided based on SYNTAX scores:

o Low (<22),
° Intermediate (>23 to 32),
° High (> 33) [10].

The DTS, RPP, and SYNTAX score were evaluated and correlated
among all the patients.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM Statistical Package
for Social Sciences (SPSS) version 18.0. Continuous and normally
distributed variables were presented as mean+Standard Deviation
(SD). Spearman’s correlation analysis was used to assess the
correlation between DTS and the SYNTAX score, RPP and the
SYNTAX score. A p-value <0.05 was considered statistically
significant.
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RESULTS

One hundred patients were evaluated. The age of these patients
ranged from 40 to 74 with an average age of 57 years. Most of the
patients presented with effort angina as the predominant symptom.
Another common presenting symptom was dyspnoea on exertion.
Sixty-one patients (61%) were males, and 39 (39%) were females.
The most common risk factor associated was hypertension. A total
of 57 patients were hypertensive, and 53 were diabetic. Dyslipidemia
was found in 10 patients. Thirty-nine patients were smokers, and
31 patients consumed alcohol.

One patient had CKD, and three patients were diagnosed with
hypothyroidism. Two patients had a history of CVA. Three patients
had baseline regional wall motion abnormality, and one patient had
left ventricular dysfunction. The average SYNTAX score was 15 and
ranged from 2 to 56. The average Duke TMT score of the patients
was -5.2 and ranged from 6 to -22. Most patients below 60 years had
alow SYNTAX score (n=53, 82%). In the age group between 61-70
years, proportionately more patients belonged to the intermediate
or high SYNTAX score (n=8, 25.8%), and in patients aged more
than 70 years, 40% (n=2) had a high SYNTAX score; however, the
difference was not statistically significant (p=0.459) [Table/Fig-1].
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[Table/Fig-1]: Effect of age group on SYNTAX score.

In diabetic patients, the SYNTAX score was significantly higher
compared to non-diabetics (r=-0.602, p=0.013) [Table/Fig-2]. There
was no significant influence of sex category on the SYNTAX score
in the study population (p=0.837). No significant difference was
observed in the anatomical complexity of the stenosis assessed by
the SYNTAX score between patients with and without hypertension
(p=0.137). Smoking and alcoholism did not significantly influence
the SYNTAX score (p=0.128 and 0.176).

50
45

43
36

35
30
25
20
15
10 2 8

. Hm .

0 B

Diabetic Non Diabetic

Hlow W intermediate © High

[Table/Fig-2]: Effect of diabetes on Syntax score.

There was a significant negative correlation between DTS and
angiographic severity assessed by the SYNTAX score (r=-0.702,
p=0.001). The high-risk DTS group and the medium-risk group had
a higher SYNTAX score, 44.4% and 55.6%, respectively, whereas
none of the low-risk DTS group had a high SYNTAX score [Table/
Fig-3,4]. It was observed that patients with a DTS score of one
or more had a lower chance of having a SYNTAX score of more
than 22 (p=0.03). There was a significant negative correlation
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between RPP and the SYNTAX score (R=-0.201, p=0.04) [Table/
Fig-5,6]. Additionally, the Spearman correlation showed a significant
negative correlation between exercise duration and the SYNTAX
score (R=-0.387, p=0.02) [Table/Fig-7], as well as between METs

achieved and the SYNTAX score (R=-0.287, p=0.01).

Syntax score class o
Low Intermediate | High Total value
Count 2 0 0 2
'—,Or’ % Within
ris|
syntax
TOUD | s 2.5% 0.0% 0.0% | 2.0%
class
Count 64 8 5 77
prs | Medium | o within
class | 15K syntax o o o o
group score 81.0% 66.7% 55.6% | 77.0%
class
0.001
Count 13 4 4 21
Hiih‘ % Within
ris|
syntax
group siore 16.5% 33.3% 44.4% | 21.0%
class
Count 79 12 9 100
Total % Within
otal
S| 400.0% | 100.0% | 100.0% | 100.0%
score
class

[Table/Fig-3]: DTS Class- Syntax Score class cross tabulation.

Syntax
DTS Less than 22 22 or more p-value
0 orless 59 (75.6%) 21 (95.5%)
1 or more 19 (24.4%) 1 (4.5%) 0.08

[Table/Fig-4]: Relation between DTS and SYNTAX Score.
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[Table/Fig-5]: Correlation between SYNTAX score and Rate Pressure Product (RPP).

RPP SYNTAX
Sgg}[ﬁg‘ggp 1,000 -0.201°
RPP Sig. (2-tailed) - 0.045
Spearman’s N 100 100
rho ]
SYNTAX Sig. (2-tailed) 0.045 -
N 100 100

[Table/Fig-6]: Rate Pressure Product (RPP)-SYNTAX score Correlations.

*Correlation is significant at the 0.05 level (2-tailed)

In the study population, 33% had single vessel disease, 29% had
three vessel disease, 23% had double vessel disease, and 15% had
left main CAD, either alone or with disease in other vessels [Table/
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[Table/Fig-7]: Correlation between exercise duration and SYNTAX score.

Fig-8]. The median RPP was highest among patients with single
vessel disease and lowest in patients with left main coronary artery
stenosis with three vessel disease. DTS was lowest in patients with
left main coronary artery stenosis associated with either double or
triple vessel disease. DTS was highest in patients with single vessel

disease [Table/Fig-9].

[Table/Fig-8]: Pattern of coronary artery involvement.
SVD: Single vessel disease; 2VD: Two vessel disease, 3VD: Three vessel disease; LM: Left main
coronary artery
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[Table/Fig-9: Coronary artery involvement and median Duke tread mill score.

SVD: Single vessel disease; 2VD: Two vessel disease; 3VD: Three vessel disease; LMCA: Left main
coronary artery

DISCUSSION

The present study analysed the significance of RPP and DTS in
predicting significant angiographic lesions in patients with stable CAD
and a positive TMT. There was a significant negative correlation
between DTS and angiographic severity assessed by the SYNTAX
score (r=-0.702, p=0.001). The high-risk DTS group and the
medium-risk group had a higher SYNTAX score compared to the
low-risk group, 44.4% and 55.6%, respectively. This is in line with
the study by Dzenkeviciute V et al., which showed a significant
negative correlation between DTS and significant coronary artery
stenosis using the SYNTAX score (r=-0.181, p=0.005) [4]. Shaw LJ
et al., observed that 83% of high-risk DTS patients had 2-vessel or
3-vessel or left main coronary disease [14]. Low-risk patients had
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no significant coronary stenosis (60%) or had single vessel coronary
disease (16%).

The present study was able to find a negative correlation between
RPP and the SYNTAX score (r=-0.201, p=0.04). A similar correlation
was observed in the study conducted by Fornitano LD and Godoy
MF [15]. They divided patients into two groups: those who achieved
RPP above 30,000 (Group-A) and those below that (Group-B).
Significant coronary artery involvement was observed in 48.7% of
patients in Group-B compared to 24% in Group-A (Fisher-exact
test; p=0.0034; Odds Ratio 0.3327).

Exercise capacity measured in METs has a strong correlation with
future cardiovascular events, with higher workloads predicting
improved survival rates [12]. Exercise capacity above 10 METs
was associated with low mortality, even in patients with significant
CAD [12]. In addition to the primary objective, the study also found
a negative correlation between the METs attained, duration of
exercise, and the SYNTAX score. In another study involving 122,007
consecutive patients undergoing exercise stress testing, patients
with the highest functional capacity were associated with the lowest
risk-adjusted all-cause mortality [16].

The present study was able to demonstrate that patients with
diabetes had more severe CAD as assessed by the SYNTAX Score.
Earlier studies have suggested that the overall prevalence and
prognosis of CAD in diabetes are high [17]. The severity of CAD was
found to be high in diabetes when compared to the non-diabetic
population [18]. In a study by Srinivasan MP et al., it was observed
that patients with diabetes of more than five years had more severe
disease than non-diabetics [19]. Findings from the study by Shaw
LJ et al.,, demonstrated angiographically more severe disease in
diabetic patients than in non-diabetic controls [14].

Limitation(s)

Selection bias in cases as it was a single-center study and it may not
reflect the trend in the community. Larger multicenter community-
based studies are needed. Although a negative correlation was
obtained between RPP and the SYNTAX score, a specific cut-off
value above which the absolute risk increased could not be defined.
Larger multicenter community-based studies in the future may
overcome these limitations.

CONCLUSION(S)

The exercise ECG test is a useful and cost-effective investigation for
the evaluation of CAD, and the diagnostic value may be enhanced
by analysing the DTS and RPP. The study demonstrated a negative
correlation between DTS, RPP, and the complexity of coronary
anatomy assessed by the SYNTAX score. Diabetic patients had
more severe CAD with a significantly high SYNTAX score compared
to the non-diabetic population. There was also a negative correlation
between exercise duration, METs achieved, and the SYNTAX score
in coronary angiogram.
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