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Value of treadmill test Duke score on diagnosis of coronary heart disease
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Abstract: Objective: To explore value of treadmill test Duke score on diagnosis of coronary heart disease (CHD). Methods: A total of 200 patients suspected CHD were selected. All patients received biochemical examinations, treadmill exercise test (TET) and coronary angiography (CAG) within two weeks. The results of TET, Duke treadmill score（DTS）and CAG were compared and analyzed. Results: The CAG was regard as gold standard diagnosing CHD. （1）Compared with TET alone, there were significant decrease in specificity (72.3% vs.55.4%, χ2=5.161, P=0.021) in positive DTS alone for diagnosing CHD; there were significant increase in sensitivity(72.6% vs. 87.8%，χ2=7.860, P=0.005), negative predictive value(56% vs.76.9%，χ2=6.128, P=0.013) in combined use of TET and DTS for diagnosing CHD; （2）Compared with positive DTS alone, there were significant increase in sensitivity (76.3% vs. 87.8%，χ2=4.334, P=0.037),negative predictive value(52.9% vs. 76.9%，χ2=7.298, P=0.007) and accuracy (69.5% vs. 80.8%，χ2=5.849, P=0.016)in combined use of TET and DTS. Conclusion: Combined use of treadmill exercise test and Duke score can significantly increase sensitivity, negative predictive value and accuracy diagnosing CHD. 
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摘要：目的：探讨平板运动试验Duke评分对冠心病诊断的价值。方法：选择疑诊冠心病的患者200例，两周内分别完成生化检查、平板运动试验及冠脉造影检查，对平板运动试验Duke评分（DTS）及冠脉造影结果进行比较分析。结果：冠脉造影结果被视为诊断冠心病的金标准。（1）与平板运动试验比较：单一DTS阳性诊断冠心病的特异性(72.3%比55.4%, χ2=5.161, P=0.021)显著降低；运动试验联合DTS显著提高诊断冠心病的敏感性(72.6%比87.8%，χ2=7.860, P=0.005)、阴性预测值(56%比76.9%，χ2=6.128, P=0.013)；（2）与DTS阳性比较，运动试验联合DTS显著提高诊断冠心病的敏感性(76.3%比87.8%，χ2=4.334, P=0.037)、阴性预测值(52.9%比76.9%，χ2=7.298, P=0.007)、准确性(69.5%比80.8%，χ2=5.849, P=0.016)。结论：联合应用运动试验及Duke评分可显著提高诊断冠心病的敏感性、阴性预测值和准确度。
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    After 20-year development, treadmill exercise test (TET) has become a most frequently used noninvasive measure method diagnosing coronary heart disease (CHD) [1]. Assessing indexes for TET are mainly typical angina pectoris during exercise, ST segment ischemic change and severe arrhythmias etc [2]. Duke treadmill score (DTS) obtained in TET is still not listed in diagnostic indexes of TET. Numerous researches [3, 4] have proved that compared with ST segment change and metabolic equivalent during exercise etc, DTS of TET possesses greater value and higher accuracy in assessing prognosis of CHD patients. But clinical study and application of DTS is still few, as a diagnostic index for CHD, there are fewer researches on it. The present study took coronary angiography (CAG) as the gold standard, explored the role of DTS of TET in diagnosing CHD and its significance. 

1. Data and methods

1.1 Case selection 

A total of 200 patients, who were suspected of CHD and admitted in our department of cardiology from Sep 2011 to Dec 2012, were enrolled, including 119 males and 81 females with age 39~75(58.2±11.9) years. All patients received biochemical examinations, TET and CAG within two weeks after admission. There were 135 cases with positive CAG results, including 79 males and 56 females with age (58.9±10.8) years, and 65 cases with negative CAG results, including 38 males and 27 females with age (57.4±11.2) years. Liver and renal function was normal in all patients. Exclusion standards were: acute myocardial infarction within two weeks, drug-uncontrolled unstable angina pectoris, valvular heart disease, congenital heart failure, cardiomyopathy, cardiac dysfunction, pacemaker implantation, ST segment depression ≥1mm in resting ECG, left bundle branch block, pre-excitation syndrome, atrial fibrillation, chronic obstructive pulmonary disease, bronchial asthma and patients with difficulty in walking. 

1.2 TET

All subjects stopped taking drugs affecting heart rate, anti-angina pectoris and digitalis, and their blood electrolyte disturbances were corrected at least 3d before performing TET. TET was performed before or 2h after dinner. American Mortara X-Scribe type II treadmill instrument newly introduced in our hospital was used. Sub-maximal exercise test was performed according to the standard Bruce plan. Before exercise, 12-lead ECG, blood pressure and symptoms were recorded at first; above items and heart rate were monitored and recorded simultaneously and consecutively during and after exercise. End-points for exercise were: (1) Heart rate reached 85% estimated maximal target heart rate (220-age) or higher; (2) Typical symptoms of angina pectoris occurred; (3) ST segment ischemic depression ≥2mm or elevation ≥1mm in ECG; (4) Symptoms, such as dizziness and fatigue, appeared and patients cannot go on exercise; (5) Severe arrhythmias; (6) Heart rate reduced by 20 times/min; systolic blood pressure decreased by 20mmHg (1mmHg=0.133Kpa). Positive TET standard in the present study were: ST segment ischemic depression ≥1mm; abnormal ST segment index [namely, sum of ST segment depression value (mm) and tilting value (mm/s) ≤0] occurred during or after exercise; angina pectoris, severe arrhythmias such as multifocal premature ventricular contraction, ventricular tachycardia, atrial fibrillation, sinoauricular block and atrioventricular block occurred during exercise. The patients with TET positive test were 116 cases in the present research.

1.3 DTS

DTS = exercise time (min)-5×ST segment depression extent (mm) -4×angina pectoris index. Calculation of angina pectoris index: no chest pain = 0 score, occurrence of chest pain = 1 score, exercise stop caused by chest pain = 2 scores. ST segment deflection induced by exercise was the maximal net deflection of ST segment in any lead. Patients can be classified for risk according to DTS: low-risk group: DTS≥+ 5 scores; moderate-risk group: - 10 scores≤DTS≤+4 scores; high-risk group: DTS≤-11 scores [5]. Moderate- and high-risk group were defined as positive group, and low-risk group was defined as negative group. The patients with DTS score positive result were 132 cases in the present research.

.
1.4 CAG and coronary artery lesion judgment

Selective left and right CAG was performed using Judkins method. Positive was defined as lumen diameter of at least one coronary artery or its main branch stenosis ≥50% [6] Coronary artery stenosis <50% was defined as negative. Assessment methods of test: sensitivity= TP（true positive）/[TP+FN（false negative）×100%, specificity=TN（true negative）/[TN+FP（false positive）] ×100%, accuracy=(TN+TP)/number of all subjects×100%, positive predictive value= TP /(TP+FP) ×100%, negative predictive value =TN/(TN+FN) ×100%.

1.5 Statistical methods

SPSS 12.0 software was used to perform statistical analysis. Numeration data were expressed as percentage and its comparison was performed using chi-square test. Measurement data were expressed as mean ± standard deviation (
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), and its comparison between two groups was performed using t test. P<0.05 was regard as possessing significant difference. 
2. Results

2.1 Comparison of general data between DTS moderate-high risk group and TET positive group 

    There was no significant difference in general data between DTS moderate-high risk group and TET positive group, P>0.05. They were shown in table 1. 

Table 1 Comparison of general data between DTS moderate-high risk group and TET positive group

	Item
	DTS moderate-high risk group (n=132)
	TET positive group (n=116)

	Male n (%)
	79 (59.8)
	68 (58.6)

	Age (years)
	59.1±10.4
	58.2±11.9

	Hypertension n (%)
	90(68.2)
	80(69.0)

	Diabetes mellitus n (%)
	36(27.3)
	29(25.0)

	Smoking n (%)
	37(28.0)
	34(29.3)

	Hyperlipidemia n (%)
	36(27.3)
	30(25.9)

	Family history of CHD n (%)
	21(15.9)
	17(14.7)


TET: Treadmill exercise test, DTS: Duke treadmill score, CHD: Coronary heart disease. Similarly hereinafter.
2.2 Comparison of data among DTS moderate-high risk group, TET positive group, DTS + TET positive group and CAG results

The enrolled 200 patients included 132 cases with DTS moderate-high risk, 116 cases with positive TET, and 104 cases with positive DTS+TET. T Their CAG test results were shown in table 2. 

2.3 Comparison of diagnostic value of single or combined application of TET and DTS for CHD

（1）Compared with TET alone, there were significant decrease in specificity (72.3% vs.55.4%, χ2=5.161, P=0.021) in DTS positive alone for diagnosing CHD; there were significant increase in sensitivity (72.6% vs. 87.8%，χ2=7.860, P=0.005), negative predictive value (56% vs.76.9%，χ2=6.128, P=0.013) in combined use of TET and DTS for diagnosing CHD; （2）Compared with DTS positive alone, there were significant increase in sensitivity (76.3% vs. 87.8%，χ2=4.334, P=0.037),negative predictive value(52.9% vs. 76.9%，χ2=7.298, P=0.007), and accuracy (69.5% vs. 80.8%，χ2=5.849, P=0.016) in combined use of TET and DTS. They were shown in table 3.
Table 2 Comparison of data among DTS moderate-high risk group, TET positive group, DTS + TET positive group and CAG results
	CAG
	DTS
	TET
	DTS+TET

	
	Low risk group

(n=68)
	Moderate-high risk group (n=132)
	Negative 

(n=84)
	Positive

(n=116)
	Both negative

(n=52)
	Both positive

(n=104)

	Negative 

(n= 65) 
	36
	29
	47
	18
	40
	18

	Positive (n=135)
	32
	103
	37
	98
	12
	86


Table 3 Comparison of diagnostic value of single or combined application of TET and DTS for CHD (%)
	
	Sensitivity 
	Specificity 
	Positive predictive value
	Negative predictive value
	Accuracy 

	TET
	72.6(98/135)
	72.3(47/65)
	84.5(98/116)
	56.0(47/84)
	72.5(145/200)

	DTS 
	76.3(104/135)
	55.4(36/65)△
	78.0(103/132)
	52.9(36/68)
	69.5(139/200)

	Both TET and DTS positive
	87.8(86/98)△△▲
	69.0(40/58) 
	82.7(86/104)
	76.9(40/52)△▲▲
	80.8(126/156) ▲


χ21,                  0.708            5.161            1.839           0.137              0.437  

P1                          0.400            0.021            0.399           0.711              0.509

χ22,                  4.334            0.541            3.73            7.298              5.849  

P2                          0.037            0.075            0.093           0.007              0.016

χ23,                  7.860              4.579            3.83            6.128              3.297  

P3                   0.005            0.101            0.075           0.013              0.069

Compared with TET, △P<0.05, △△P<0.01, compared with DTS, ▲P<0.05, ▲▲P<0.01. 

Comparison between TET and DTS, t /χ21, P1, Comparison between DTS and both TET and DTS positive, t /χ22, P2, Comparison between TET and both TET and DTS positive, t /χ23, P3
3. Discussion

CHD has become one of chronic diseases that seriously affect human health and lifetime. In recent 50 years, CHD has been a hotspot of medical research [7]. Now the most frequently used methods for diagnosing CHD and assessing prognosis of CHD patients can be divided into two categories of invasive examinations and noninvasive examinations. Invasive examination mainly refers to the coronary artery angiography（CAG）, which is the gold standard diagnosing coronary artery disease and an important method assessing prognosis of CHD patients [8]. But CAG belongs to invasive measurement, which requires operation of professional physicians and admission, so it cannot be easily accepted by all patients. TET is one of noninvasive examinations most used in clinic. It can reflect ischemic and hypoxic condition in myocardium, its operation is simple [1] and it hardly injures patients. 

Duke treadmill score (DTS) was formulated by Mark et al[9] according to results of Bruce TET and CAG of 2842 patients with chest pain in Duke database in 1987. The guidelines for stable angina pectoris published by European society of cardiology in 2006 pointed out that DTS of TET was a very good scoring method, who combined exercise time, ST segment deflection and angina pectoris symptoms etc. occurred during exercise etc, it can diagnose CHD and evaluate its severity [4]. Chinese guidelines on diagnosis and treatment of chronic stable angina pectoris in 2007 [5] specifically recommended using DTS to perform risk stratification for patients with angina pectoris.  
The present study found that compared with single TET diagnosing CHD, the specificity significantly decreased in DTS, even so, but DTS combined with TET can significantly increase sensitivity, and negative predictive value in diagnosing CHD (P<0.01 or P<0.05) . Because coronary artery blood supply possesses great compensatory capacity, ECG change and ST segment depression just occur when blood supply decreases to 30%~60% normal level [10], if blood supply decrease is less than 30%~60%, the negative TET results occur; DTS, who combines exercise time, ST segment deflection and occurrence of angina pectoris symptoms during exercise, is more objective and comprehensive than ST segment change, and it can better increase positive rate of examination. Meanwhile, DTS is simple and easy to calculate, not involve in “maximal heart rate”, therefore it can also provide valuable information for patients who cannot reach the targeted heart rate. DTS can reflect coronary artery blood reserve, possess higher accuracy and application value in judging coronary artery disease, and this value is not affected by gender of patients and medication or not. The present study indicated that single DTS was inferior to TET in specificity. It is contrary to results of Alvarez et al [11] that DTS had very high specificity and positive predictive value, which may be caused by definition of DTS positive standard in the present study. So it needs further study. 

In summary, DTS of TET has a promising prospect in clinical application and should be extended, but needs more study on positive standard and diagnostic value for CHD. 
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