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ABSTRACT
Objective: Review the current literature in search of better knowledge about the use of implantable devices in patients who are 

investigating ischemic heart disease, and evaluate the possibility of its systematic use. Methods: Non-systematic literature review 

with exams and studies already published to date. Results: Risk stratification using implantable cardiac devices, associated with or 

as a substitute for the use of medication or physical stress, seems to be very safe, effective and highly reliable when compared to the 

methods traditionally established. Conclusion: Patients with implantable cardiac electronic devices constitute a specific challenging 

population, while research on ischemia is limited by secondary low/bay perfusion changes that result from the interaction of the 

device with the heart. These changes must be previously known, expected and interpreted with great care in order to reduce the 

number of false positives.
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INTRODUCTION

Increasingly present in the daily clinic, patients with implanted electronic cardiac devices (IECd), whether permanent 
pacemaker (PPM), implantable cardioverter defibrillator (ICD) or cardiac resynchronization therapy device (CRTd) may 
have clinical symptoms suggestive of myocardial ischemia. The increasingly sophisticated treatments, together with the 
advancement of drug treatments and the action of these devices in specific populations, allow greater patient survival and, 

https://doi.org/10.24207/jca.v34i1.3429
https://orcid.org/0000-0002-7992-8834
https://orcid.org/0000-0001-5822-9068
https://orcid.org/0000-0001-8975-7912
https://orcid.org/0000-0002-0891-4427
https://orcid.org/0000-0002-7895-8281


39J. Cardiac Arrythmias, São Paulo, v34, 1, pp. 38-44, Jan - Mar, 2021

Provocative Tests for Myocardial Ischemia in Patients with Implantable Electronic Cardiac Devices

therefore, the appearance of concomitant cardiac disorders. This brings with it an increasing need for diagnostic evaluation 
and leads to the search for less aggressive and more accurate ways to perform them safely and effectively. The objective 
of this article is to review the literature in search of evidence to try to standardize the methods of assessing myocardial 
ischemia during the operation of these IECd during the myocardial stress phase, thus avoiding the use of medications 
and as a replacement tool physical stress due to an artificial increase in heart rate (HR) in patients with sinus node  
and/or atrioventricular disease.

THEORETICAL FOUNDATION

Certainly, ischemic disease is among the greatest fears and represents a huge portion of medical care in the most diverse 
centers. However, the investigation of ischemia in patients with IECd is still a field that needs observation and studies due 
to the changes, mainly mechanical and electrical, generated by its mode of operation.

Among the already established methods of investigating acute and/or chronic ischemic diseases, the indications and 
results remain irrefutable when the anatomical analysis with coronary angiography or coronary angiotomography are the 
methods employed. On the other hand, the search for ischemia using indirect methods still generates much discussion, 
since most of them are based on electrocardiographic and mechanical changes of the cardiac muscle, these being the main 
changes commonly found in patients with these devices.

REVIEW

Exercise testing
Exercise testing (ET) is useful in patients with IECd and should preferably be performed in a hospital environment in 

these cases. There are protocols proposed preferably for patients with devices, however, according to the guidelines aimed 
at performing the exam, these are not superior to the protocols used conventionally1.

To perform the exam safely, it is important to know the system to be evaluated (with or without an associated ICD), 
and the basic programming: minimum and maximum heart rate, if there is any type of HR response sensor programmed 
(“R mode”). The performance of ET in this context assists in the assessment of arrhythmias, effectiveness of drug treatment 
and determination of the patients’ functional capacity, as well as investigating possible dysfunctions of devices, programming 
of biosensors to physical activity, allowing for better programming of these.

The sensors or biosensors correspond to a programmable tool of the device that allows the regulation of HR according 
to external stimuli or even the organism itself, through the perception of vertical and horizontal movements, vibrations and 
body temperature, changes in blood pH, variation of blood QT, minute ventilation and blood volume in the right ventricle - 
with variable specifications according to each manufacturer.

In the presence of IECd, the electrocardiogram (ECG) may or may not show spicules, depending on the HR 
demand of the patient at that moment, and which are presented as electrical artifacts resulting from the artificial 
electrical stimulus by the device. With technological developments, these have become increasingly subtle or even 
imperceptible to ECG (bipolar stimulation). Particularly in PPM, deflagration may be inhibited by the patient’s 
intrinsic rhythm in those who exceed the programmed basic HR, or expected to be constant in dependent patients 
or with a CRT device. (Fig. 1).

Except in the presence of isolated atrial stimulation and intrinsic conduction for 100% of the time to the ventricles, 
allowing the evidence of native QRS (the presence of any artificial ventricular activation can trigger the phenomenon of 
electrical memory, altering the repolarization with inversion of the ECG T wave), the presence of aberrant QRS morphology 
is frequently observed. Depending on the type of device and the location of the ventricular electrode implantation, and also 
on the programming, they may present with a left or right branch block pattern, making it impossible to correctly evaluate 
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the ST segment on the provocative ischemia test. Thus, in the presence of IECd, the analysis of ischemia becomes impaired 
due to secondary changes resulting from the QRS patterns described, being considered class III for its use by the Brazilian 
Society of Cardiology guidelines.2, with the exception of when it is associated with other methods with concomitant image 
evaluation or when the objective of the exam is to assess functional capacity or arrhythmia load.

Particularly in patients with ICD, attention should be paid to the possibility of triggering antiarrhythmic therapies during 
the increase in heart rate on examination. It is of utmost importance, therefore, to know the HR ranges and programmed 
therapies, in order to interrupt the effort 10 to 20 beats below these.

Figure 1. Exercise stress test for Investigation of myocardial ischemia in a patient with a pacemaker.  Presence of 2: 1 conduction 
block with drop of the ventricular rate to 69-70bpm at the peak of exercise after reaching the maximum programmed cardiac 

frequency. Normal behavior considering the programming of the device.

 Magnetic resonance imaging
It is estimated that approximately 70% of patients with IECd will have some magnetic resonance imaging (MRI) 

examination indicated at some point to assess their comorbidities. Cardiac MRI is an alternative in the assessment of myocardial 
ischemia in cases of unfavorable windows on echocardiography and low resolutions in nuclear medicine, although its use 
for investigating ischemia in patients with IECd, with pacemaker-induced stress, data are scarce. However, it integrates the 
assessment of global and segmental contractility, biventricular function, perfusion and myocardial viability, the quantification 
of the infarction area and does not use ionizing radiation or potentially nephrotoxic contrast. The pharmacological stress 
test can be performed with dobutamine and vasodilating agents (adenosine, dipyridamole and regadenoson).

Less than a decade ago, PPMs became compatible and safe for MRI in Brazil, and even less for ICD and CRT devices.
Surrounded by strict technical and monitoring specifications, and as long as they follow the guidelines recommended 

by the manufacturer, they are classified as conditional and non-conditional for MRI. The conditionals are those in which 
exposure to the magnetic field does not represent a risk to the patient, as long as the implanted system of cables and 
electrodes are from the same manufacturer. The rest are non-conditional MRI devices.

Some safety measures must be respected when examining patients with conditional IECD, such as monitoring heart 
rate and vital signs, the presence of qualified staff and equipment for immediate treatment of complications. Initially, the 
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safety of performing MRI in patients with IECd was with exclusion zones, avoiding the chest, cervical region and upper 
abdomen, however, later it was safely authorized for the entire body. Some exclusion criteria must be respected, such as the 
presence of abandoned cables or electrodes, unconditional or epicardial electrodes, as well as implants for less than 6 weeks, 
non-thoracic devices and in children. These must be handled as non-conditional devices. In addition, patients with I C D 
must have antitachycardia therapies ensured and it is also recommended that the battery has a charge greater than 30%.

In this way, as established by the Guidelines3, the stimulating physician has great importance in the routine evaluation 
of the patient in relation to the examination in this scenario. All devices must be evaluated before and after the MRI is 
performed to confirm the safety indication, the release for carrying out and the provision of data, such as: if the device is 
conditional; if there is the presence of the auto detect function3,4 or similar; if the programming will be done by a member 
of your team or if it is possible to perform the exam without the need for reprogramming, although it is emphasized 
that, in the current moment of the technology available in the country, most of them need to be reprogrammed for the 
asynchronous or similar mode , making the device indifferent to the magnetic field. In some cases of more modern devices, 
they are automatically programmed in safety mode when detecting the presence of an intense magnetic field, avoiding 
inappropriate shock in the case of the ICD, returning to the original programming right after the exam, thus avoiding the 
risk of competition from the asynchronously with the patient’s intrinsic rhythm or with potential generation of symptomatic 
arrhythmias, such as pacemaker syndrome.

There are records of cases of MRI performed in patients with non-conditional devices without adverse effects, but their 
use has not yet been validated for routine use. If the examination is essential, some articles suggest that it be performed 
with reprogramming of the device, presence of the stimulator, with the appropriate safety parameters, lasting less than  
40 minutes and a field less than or equal to 1.5 T. It is important to point out that  device dysfunction may occur, and 
temporary cardiac stimulation might be required.

Echocardiography
The echocardiogram allows global and segmental functional assessment of the left ventricle at rest or associated with 

stress, aiming at the investigation of myocardial ischemia. For patients with PPM, the non-invasive diagnosis of coronary 
artery disease is hampered by changes in the electrocardiographic analysis secondary to the artificial rhythm coming from 
the right ventricle. Stress in echocardiographic assessment becomes an effective option in these patients, allowing the 
analysis of systolic wall thickening and left ventricular wall movement, which can be influenced by ventricular stimulation. 
The changes in the ischemic myocardium begin with heterogeneous perfusion, metabolic changes, followed by diastolic 
dysfunction and regional systolic myocardial dysfunction preceding the ischemic changes in the ECG and, eventually, the 
angina clinic. This fact shows the diagnostic importance of the echocardiographic examination, mainly associated with 
the workload, which can be through exercise (preferable whenever possible), medication and through atrial stimulation or 
external programming of the IECd.

There have been reports since the 1980s on the performance of evaluation methods associated with stimulus by the 
PPM, be it definitive or just for the purpose of carrying out the exam, but without standardized protocols, absence of large 
comparative studies and some inconsistencies between the data in the literature. It was initially performed by transvenous 
pacemaker implantation and right atrial stimulation or transthoracic or transesophageal echocardiography methods combined 
with transesophageal atrial stress induced by stimulation of the left atrium through a catheter for nasal or oral transesophageal 
stimulation. There are variations of protocols referred to in the literature5–12 which consist of elevation of the stimulation 
HR in stages of 1 to 3 minutes until reaching the submaximal HR and, if tolerated, the maximum HR. Stress with atrial 
stimulation through transesophageal echocardiography allows HR to increase rapidly, seeking an ischemic response, with 
practically spontaneous recovery after the cessation of artificial stimulation, avoiding a prolonged state of ischemia. Atrial 
arrhythmogenicity is one of the possible side effects. Due to the semi-invasiveness of this method, its practical applicability 
is limited, despite being a test with good accuracy for detecting coronary artery disease.

More recently, the use of external PPM programming already implemented has been a possibility for carrying out the 
stress test, carried out through the controlled increase of the HR of stimulation until reaching the desired objective. It can 



42 J. Cardiac Arrythmias, São Paulo, v34, 1, pp. 38-44, Jan - Mar, 2021

Cabral GC, Pinto GL, Ferrari AL, Willes JCF, Caramori PRA

be programmed externally at 100 to 110 impulses per minute, with increases of 10 impulses/minute every 2 to 3 minutes 
until 85% of the predicted maximum HR is reached or aiming at 150 impulses per minute, until the programmed maximum 
HR is reached for PPM or if limiting symptoms are triggered. Another protocol that could also be used and with a shorter 
exam duration is the stimulation at 100 impulses per minute for 3 minutes and 85% of the maximum HR expected for  
3 to 5 minutes. It can also be performed in association with dobutamine. Atropine can be used in cases of second or third 
degree atrioventricular block (AVB), in a maximum dose of 2 mg, aiming at 1: 1 conduction.

For all these scenarios, an external programmer and the participation of a stimulator are required. This method has 
good accuracy for identifying coronary artery disease and future events, being comparable to other stress echocardiogram 
methods13. It is safe, non-invasive, with good tolerance and allows HR to increase rapidly, seeking an ischemic response, with 
practically spontaneous recovery after the end of stimulation. It can be an alternative in patients with exercise intolerance, 
dobutamine use and in those with chronotropic incompetence.

Picano et al.7, in 2002, during a multicenter study with 46 patients, also with PPM previously implanted and with 
suspected or known coronary disease, submitted the patients to echocardiography with stress induced through the device. 
Regardless of the result, all patients were subsequently submitted to angiographic investigation. Fifteen patients were 
submitted to atrial stimulation and 31 to ventricular. 27 patients were considered positive for ischemic heart disease, showing 
a sensitivity of 70%, specificity of 90% and accuracy of 78%. Eight patients were considered false negative and two false 
positive. As expected, in a patient with ventricular stimulation, perfusion defects generally occur in the inferior and apical 
wall, reflecting the earlier activation resulting from the electrode positioning site.

Finally, some of these strategies presented must always be considered in patients with PPM undergoing investigation 
of myocardial ischemia, in view of their applicability and safety previously described.

Scintigraphy
Myocardial scintigraphy, less described in the literature in the context of association with IECd, was also effective. 

Presenting the same limitations as echocardiography, since, despite not directly assessing the motility of the myocardial 
walls, the mechanical alterations of the artificial stimulus also cause metabolic alterations resulting from abnormal cardiac 
activation, and determine perfusion defects - mainly in the inferior and apical wall. - which are often interpreted as changes 
in perfusion associated with potential ischemia. Another important fact to consider in patients undergoing chronic therapy 
by PPM is that the constant artificial myocardial activation by the device and all the desynchronization resulting from 
this functioning can lead to a picture of ventricular dysfunction and a drop in the ejection fraction, increasing the patients’ 
morbidity and mortality, even without any correlation with the presence of ischemic disease.

The stimulation protocols proved to be quite safe. In general, small studies already carried out tend to prefer the atrial 
stimulus and to start the exam with a resting HR at 60-70 beats per minute, with HR progression every 1-3 minutes and 
an increase of 10-20 beats per stage , until reaching submaximal HR, that is, 85% of the calculated maximum of the patient 
(age - 220 bpm), up to the upper limit allowed by the device or until adverse effects are referred to as signs of ventricular 
dysfunction, hypotension or severe hypertension, arrhythmias ventricular and/or clinical judgment. In some cases where 
atrioventricular blocks were evident, the administration of atropine was recommended in order to improve the conduction 
of the AV stimulus. The segmental analysis during the stress phase was also not performed uniformly in the studies, which 
hinders an adequate correlation and analysis among the published data.

Apparently, the stimulation by PPM suggests a good correlation, reliability and greater safety in relation to pharmacological 
stress, as it presents a shorter examination time, easier reversion to the patient’s baseline status, absence of residual effects of 
medications and less care and guidance prior to exam. On the other hand, there is a need for trained staff and/or a doctor 
specialized in cardiac stimulation to be available to assist the exam, which is not a reality in many centers in our country.

Two studies performed cardiac catheterization systematically and compared the results found. In 2005, Cate et al.11 
submitted 14 patients with normal angiography to myocardial scintigraphy with stress by right ventricular stimulation in 
patients with previously implanted PPM and with low doses of adenosine. 42 coronary territories were evaluated. Only 
three patients had myocardial perfusion completely normal at rest and 23 (54.8%) of the 42 territories were considered 
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abnormal, mainly in the lower, inferoseptal and apical regions. At the end of the study, only one patient maintained a normal 
coronary perfusion. In general, the changes found at rest, as expected due to ventricular stimulation, were in the inferior 
and apical wall, mainly close to the implantation site of the ventricular electrode. It is concluded, therefore, that perfusion 
defects close to the implantation site of the ventricular electrode must be carefully evaluated in these patients, as they may 
correspond to false positives in the absence of coronary disease.

CONCLUSION

According to this review, the use of IECd in the aid of risk stratification, associated or as a substitute for the use of 
medication or physical stress, seems to be very safe, effective and highly reliable in comparison to the methods already 
traditionally established. Secondary baseline perfusion changes and stimulation must be previously known, expected and 
interpreted with great care in order to reduce the number of false positives. Other points favorable to the non-pharmacological 
stimulus induced by PPM are the shorter examination time, easier return to the baseline parameters of the patient and the 
absence of residual effects of the medications, except for atropine, which may sometimes be necessary.

It is expected that, in the future, new studies with more patients and with all the different methods will be carried out, 
thus facilitating the standardization of protocols and a better understanding of the answers, bringing this practice more 
and more to the cardiologist’s reality.
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