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Abstract

Background: Diabetes Mellitus substantially increases cardiovascular risk in individuals affected.

Objective: To evaluate the importance of pharmacological stress echocardiography (PSE) in risk stratification of diabetic
patients with suspected myocardial ischemia.

Methods: Prospective cohort study. The patients underwent PSE according to the protocols of dipyridamole (0.84 mg/kg
with up to 1.0 mg of atropine) or dobutamine (5-40 ug/kg/min associated with up to 2.0 mg/atropine). They were
monitored through reference to medical records, phone calls or interview with the assistant physician. The clinical
outcome was the combination of cardiovascular death, acute myocardial infarction, unstable angina and need for
surgical or percutaneous myocardial revascularization.

Results: We evaluated 291 patients, 59.5% women, mean age of 65 * 9.6 years. The symptoms were atypical precordial
chest pain (60%), typical precordial chest pain in 12%, and 24% asymptomatic. The median follow-up time was 42 m
(01-105). There were 66 events combined, 51 of them with positive EPS. Sensitivity, specificity, accuracy, positive predictive
value (PPV) and negative predictive Value (NPV) compared to the outcomes were: 75%, 93.3%, 89%, 77.3% and 92.4%,
respectively. The PSE positive result for ischemia, male gender, previous acute myocardial infarction (AMI), coronary
artery bypass grafting (CABG) and percutaneous coronary intervention (PCI), systemic arterial hypertension (SAH), prior
use of acetylsalicylic acid (ASA) and abnormal electrocardiography (ECG) were associated with the occurrence of events
in the univariate analysis. In the multivariate analysis, only the positive result of PSE was an independent predictor of
combined clinical outcomes (RR 25.26, 95% Cl, 13.62 - 46.81 p <0.001).

Conclusion: The positive result for myocardial ischemia was the only independent predictor for the occurrence of
combined clinical outcomes.(Arq Bras Cardiol: Imagem cardiovasc. 2015;28(2):73-79)
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Introduction

Coronary artery disease (CAD) is the leading cause of
morbimortality in patients with Diabetes Mellitus (DM).
Approximately 50% of mortality is related to CAD'. After acute
myocardial infarction (AMI) the outcome is worse compared
to non-diabetic patients?. However, the noninvasive diagnosis
and risk stratification for CAD in these patients are important
for the selection and optimization of therapeutic intervention,
which may improve survival and reduce complications in
this population®*. The treadmill test (TT) is a noninvasive
method most widely used for diagnosis and functional
evaluation in CAD>. However, the value of this test is limited
in this population due to the frequent impairment in exercise
capacity, especially given the high prevalence of peripheral
vascular disease or peripheral neuropathy®”.
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Pharmacologic stress echocardiography (PSE) has been
shown to be safe and effective in myocardial ischemia
evaluation, and several authors have used this imaging method
for coronary risk stratification in this subgroup®°.

The purpose of this study was to evaluate the importance
of PSE in risk stratification of diabetic patients with suspected
myocardial ischemia.

Material and Methods

An observational and prospective study carried out from
March 2003 to December 2011, in diabetic patients who
had any impediment to undergo TT, or positive TT by change
in ST segment without corresponding clinical manifestation,
or inconclusive TT, and who underwent PSE for evaluation of
myocardial ischemia. PSE was performed without suspension
of medications.

The study was approval by the Ethics Committee on Clinical
Research of the said center, and the patients agreed and signed
the informed consent form.

The study excluded patients with poor echocardiographic
window, known contraindications to dipyridamole or
dobutamine, or those who refused to participate.
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The protocol used consisted in the intravenous administration
of a total dose of dipyridamole 0.84 mg/kg plus atropine', or
increasing doses of dobutamine 5 - 40ug/Kg/min plus atropine.

A 12-lead conventional electrocardiogram (ECG) was
performed before the beginning of the test. The ECG
was considered abnormal when it presented changes in
the ST segment and/or T wave, signs of left ventricular
hypertrophy, pathological Q waves or disorders of
intraventricular conduction of the stimulus (bundle-branch
block). During the procedure, blood pressure and
echocardiographic images were recorded at each stage
of traditional cutting plans. Criteria for test interruption
were: detection of segmental contraction abnormalities of
the left ventricle (LV), precordial chest pain of moderate
intensity at least, ventricular arrhythmias or side symptoms
classified as important by the physician performing the
test. The equipment used was the Vivid 3 Pro - GE Medical
Systems, USA. According to current recommendations, the
left ventricle (LV) was divided into 17 segments'. A 4-point
score was given for each segment, as follows: 1 = normal;
2 = hypokinesia; 3 = akinesia; 4 = dyskinesia.

Then the LV wall motion score index (LVWMSI) was
calculated as the sum of scores of the LV 17 segments
divided by the number of segments analyzed. Values
greater than 1 were considered abnormal. Scores at rest
(pre) and at the peak of drug infusion were determined for
each patient. The test result was positive for ischemia with
the occurrence of a change in LV's segmental contractility
(hypokinesia, akinesia or dykinesia) or worsening of a pre-
existing contractile change. Two independent examiners
evaluated the tests offline.

The follow-up involved reference to medical records,
phone calls to or interviews with the assistant physician.

Clinical events evaluated during the follow-up: death of
cardiac origin, AMI, unstable angina (UA), and coronary artery
bypass surgery (CABC) or percutaneous intervention (PCI).

Death was attributed to cardiac origin in events of
significant arrhythmia, congestive heart failure (CHF) or AMI™.
The diagnosis of DM, AMI and UA followed the diagnostic
criteria defined by prevailing guidelines'-°.

Clinical follow-up of each patient was closed after the
occurrence of any event. Therefore, only the first event
was considered.

Statistical analysis

The results were expressed as mean, median and
standard deviation for quantitative variables, while
qualitative variables were expressed in absolute and
relative frequencies. Cumulative event probabilities were
estimated by the Kaplan-Meier curves and the presence of
differences by log-rank test. The Cox proportional hazards
model was used to determine variables with independent
prognostic value for the occurrence of events. All variables
with value p<0.20 in univariate analysis were considered
for the model. The significance level assumed was of 0.05.
Data were analyzed using SPSS for Windows v.12.0.
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Results

The PSE was performed in a total of 291 patients, 59.5%
female, mean age of 65 + 9.6 years (37 - 83 years). The clinical
characteristics of patients are detailed in Table 1. The high number
of patients with hypertension and dyslipidemia is noteworthy.
On the other hand, the number of cardiac events characterized
by a previous history of AMI, CABG or PCl was low.

Out of 291 diabetic patients, 60% had atypical
chest pain, 12% typical pain (angina) and 24% were
asymptomatic in their routine activities, of which 26%
with TT characterized by: ischemic ST-T segment changes
or angina. In this sample, 59.1% presented normal basal
electrocardiogram (ECG), and 40,9% presented abnormal
ECGs. The patients were reassessed for analysis of cardiac
events in an average period of 42 months (minimum of
one month and a maximum of 105 months). A total of
77 patients presented past history of CAD characterized
by previous AMI, CABG, PCl or coronary angiography
(CA) indicating the presence of obstructive coronary artery
lesion of at least 50% of the vessel lumen.

As for medications, 38.1% were using beta-blockers, 26%
used calcium blocker, 13% nitrate, 33% angiotensin-converting
enzyme inhibitor, 23% angiotensinogen receptor blocker, 44%
aspirin and 43% statin.

As for the PSE protocol, 71% were analyzed with
dipyridamole and 29% with dobutamine. PSE showed
myocardial ischemia in 66 (22.7%) patients. The result
was negative in 225 (77.3%) patients. Of the 291 patients
studied, 68 (23.4%) had combined cardiac events during
the follow-up period.

As for the number of events, there was a significant
difference between positive and negative tests. Out of the
66 events, 51 were positive and 15 negative. The probability
of occurrence of events during follow-up with positive results
was of 77% (Chart 1).

There were 17 CABG (5.8%); 41 PCI (14.1%), 6 (2.1%)
UA, 2 (0.7) MI, 4 (1.4) deaths (Table 2). Thus, the sensitivity,
specificity, accuracy, positive predictive value (PPV) and
negative predictive value (NPV) of the test related to the
clinical outcomes were: 75%, 93.3%, 89%, 77.3% and
92.4%, respectively.

Asfor the survival analysis of all clinical, electrocardiographic
and echocardiographic variables analyzed, PSE positive result
for myocardial ischemia, male sex, previous AMI, CABG and
PCl, SAH, prior use of ASA, and abnormal ECG presented
statistically significant association with the occurrence of
events (Table 3).

With the Cox regression at a significance level of 5.0%,
only the PSE variable was significant. Patients with positive
PSE for ischemia were approximately 26 times more likely
to have the event than patients with negative PSE (Table 4).

Discussion

It has long been known that DM increases the risk of
cardiovascular disease'”. Approximately 65% of deaths of
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Table 1 - Sampling distribution of demographic and clinical characteristics

Characteristics N %
Females 173 59.5
Age = 65 years 148 50.9
Obesity - BMI>30 89 30.6
SAH 244 83.6
Family History of CAD 91 31.3
Smoking 13 45
Dyslipidemia 187 64.3
Abnormal ECG 19 40.9
Previous CABG 26 8.9
Previous AMI 26 8.9
Previous PCI 25 8.6
Previous CA 15 5.2
Treadmill Test
Not performed 188 64.6
Positive 82 28.2
Negative 1 3.8
Inconclusive 10 34
Abnormal LVWMSI 66 22.7

BMI: body mass index; SAH: Systemic arterial hypertension; CAD: coronary artery disease; ECG: electrocardiogram; CABG: coronary artery bypass grafting;
PCI: percutaneous coronary intervention; AMI: acute myocardial infarction; CA: coronary angiography; LVWMSI: left ventricular wall motion score index.
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Chart 1 - Event-free survival curve according to pharmacological stress echocardiography (PSE) result.
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Table 2 - Distribution of frequency according to evolution

Evolution N %

Combined event 68 23.4
PCI 41 14.1
CABG 17 5.8
Angina 6 2.1

AMI 2 0.7
Cardiovascular Death 4 14

AMI: acute myocardial infarction; UA: unstable angina; PCI: percutaneous coronary intervention; CABG: coronary artery bypass surgery coronary artery bypass grafting.

Table 3 - Results of COX univariate analysis - Predictors for event

Predictors RR (CI 95%) p-value
Male 1.43(0.89-2.29) 0.145
Age = 65 years 1.28 (0.79 - 2.08) 0.309
PSE positive result 26.18 (14.39 - 47.25) <0.001
Previous coronary artery bypass grafting 1.58 (0.81-3.09) 0.182
Previous percutaneous coronary intervention 2.10(1.12-3.93) 0.020°
Previous acute myocardial infarction 1.69 (0.86 - 3.32) 0.125
Left ventricular hypertrophy 1.24(0.77 - 2.01) 0.377
Abnormal ECG 1.73(1.07 - 2.78) 0.026'
Systemic arterial hypertension 2.67 (1.07 - 6.63) 0.035°
Family History of CAD 1.24 (0.75 - 2.05) 0.396
Smoking 1.31(0.52 - 3.26) 0.568
Dyslipidemia 0.88 (0.54 - 1.45) 0.623
Prior use of beta-blocker 1.16 (0.71-1.87) 0.557
Use of acetylsalicylic acid 1.40 (0.87 - 2.26) 0.166°
Obesity (body mass index > 30) 0.92 (0.54 - 1.57) 0.760

RR: relative risk; Cl: confidence interval; PSE: pharmacological stress echocardiography; *: p<0.20.

Table 4 - Results of the Cox Regression Model adjustment

Predictors RR (C195%) p-value
Male 1.47 (0.87 - 2.48) 0.154
PSE positive result 25.26 (13.62 - 46.81) <0.001
Previous CABG 1.21(0.72-2.89) 0.783
Previous PCI 1.22 (0.59-2.52) 0.601
Previous AMI 0.82(0.36 - 1.88) 0.633
Abnormal ECG 1.45(0.85-2.48) 0.174
SAH 1.76 (0.69 - 4.48) 0.238
Use of ASA 0.80 (0.45-1.43) 0.454

RR: relative risk; Cl: confidence interval; PSE: pharmacological stress echocardiography; CABG: coronary artery bypass grafting; PCI: percutaneous coronary
intervention; AMI: acute myocardial infarction; ECG: electrocardiogram; SAH: systemic arterial hypertension; AAS: acetylsalicylic acid.
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type 2 diabetes patients are from cardiovascular disease
or stroke™. The risk is very high among diabetic patients
that already had a first cardiovascular event, such as a
AMI'. The population of this sample reliably reflects the
daily cardiologic practice, where a high number of patients
present at least another risk factor besides diabetes (that is a
risk-raising factor by itself), thus requiring further assessment,
regardless of symptoms. In fact, atypical precordial chest
pain was the dominant symptom in symptomatic patients.
Myocardial scintigraphy has been used as a prognostic
marker in these patients?®, however its high cost, the use of
ionizing radiation and prolonged time to perform the test
are factors that limit its application on a large scale. Although
important variables such as previous AMI, abnormal ECG,
abnormal left ventricular wall motion index (LVWMSI), all of
which well identified as predictors of events in the context
of ischemic heart disease, were significantly associated with
clinical outcomes, they are not independent predictors in
multivariate analysis, possibly due to the small number of the
majority of these variables in the sample studied.

The prognostic value of stress echocardiography in
patients with known or suspected CAD disease is already
well established?'?2. A study evaluating prognosis in
patients with unstable angina of low and moderate risk
found sensitivity, specificity, accuracy, positive and negative
predictive values similar to this series, although studying
patients of higher risk levels, but evaluated in a shorter
time period as for the onset of outcomes?. In this series,
we found values consistent with the literature in terms of
sensitivity and specificity compared to the clinical outcomes
specified**. Only 4% of patients included in this sample with
negative results presented events during follow-up period,
which confirms the excellent negative predictive value of
the method. A study with diabetic patients assessed by
physical stress echocardiography presented events in 7%
of negative tests for ischemia during follow-up?*.

In the series comprising 5,456 patients, including
749 diabetic patients, submitted to PSE and followed up
for 31 months, where mortality and/or AMI occurrence
was evaluated, the conclusion was that pharmacological
echostress was an equally effective predictor of cardiac
events in diabetic and non-diabetic patients regardless of
age, although normal testing had a lower predictor value
for adverse outcomes in diabetic patients when compared
to non-diabetic patients®. In this study, reinforcing what
was said above, the positive PSE result for myocardial
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