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Background Myocardial perfusion imaging (MPI) using single-photon emission computed tomography (SPECT) can in general be
used safely in daily clinical practice. However, under the right circumstances, it can lead to serious complications.

...................................................................................................................................................................................................
Case summary A 68-year-old female patient with diabetes and a history of inferior ST-elevation myocardial infarction 8 years ear-

lier, visited our outpatient clinic with atypical chest discomfort. In order to assess whether this is due to myocardial
ischaemia, MPI-SPECT was ordered. As it was suspected she would not achieve sufficient exercise levels, pharma-
cologic stress using adenosine was arranged. During the scan, she developed acute myocardial infarction.
Subsequent urgent coronary angiography demonstrated a subtotal stenosis in the proximal left anterior descending
coronary artery which was successfully stented. She was still free from angina 4 months later.

...................................................................................................................................................................................................
Discussion The combination of a reduced systemic and coronary perfusion pressure in the presence of an exhausted coronary

autoregulation, may be a starting point for local geometrical changes that initiate the classic cascade of thrombus
formation and acute occlusion of coronary arteries during MPI-SPECT. This illustrates the need for continuous pa-
tient and electrocardiogram monitoring.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Myocardial perfusion imaging • Stress testing • Adenosine • Myocardial infarction • Case report

Introduction

One of the challenges in daily clinical practice is to objectify the pres-

ence and extent of myocardial ischaemia. Myocardial perfusion imag-

ing (MPI) using single-photon emission computed tomography

(SPECT) is one the preferred methods, frequently using pharmaco-

logic stress testing with adenosine. Common side effects of adeno-

sine include flushing, dyspnoea, gastrointestinal discomfort, chest

pain, and headache.1

Learning points
• Adenosine stress testing leading to acute myocardial infarction

is a rare but major side effect.
• In patients undergoing adenosine stress testing, continuous

electrocardiograms (ECGs) monitoring should be preferred
over symptom driven ECG monitoring.

• The interpretation of chest pain is challenging in (female)
diabetic patients.
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Timeline

Case presentation

A 68-year-old female patient with a history of inferior ST-elevation
myocardial infarction (STEMI) treated by primary percutaneous cor-
onary intervention (PCI) 8 years earlier visited our outpatient clinic.
At that time, a residual intermediate stenosis in the mid left anterior
descending coronary artery (LAD) was treated conservatively after
discussion in the heart team.

Cardiovascular risk factors were diabetes and current smoking.
She complained of atypical chest discomfort. Physical examination
was unremarkable besides obesity (body mass index 33). The elec-
trocardiogram (ECG) is shown in Figure 1A. Adenosine stress MPI-
SPECT was arranged, as it was suspected she would not achieve suffi-
cient exercise levels.

Prior to adenosine administration, the patient denied anginal symp-
toms. A routine resting ECG was performed (Figure 1B), that demon-
strated mild ST depression in the inferior leads and negative T waves
anterior without any pathological Q waves. Subsequently, pharmaco-
logical stress using adenosine started, at a standard rate of 0.14 mg/
kg/min over 6 minutes. Blood pressure and heart rate were 145/
65 mmHg and 63 b.p.m. at rest and at 107/63 mmHg and 66 b.p.m.
during maximum hyperaemia, respectively. Profound ST elevation in
the anterior leads developed halfway the infusion, Figure 1C, but the
patient still denied chest pain. The cardiologist was consulted because
of the discrepancy between ECG and clinical presentation.
Meanwhile, MPI-SPECT images (using Tc99m-Tetrofosmin) were
collected.

The patient was immediately transferred to the coronary care unit
(CCU) after consultation with the cardiologist. She was pre-treated
with heparin, ticagrelor plus aspirin and subsequently sent for urgent
coronary angiography.

Distinct ST resolution was already seen just before coronary angi-
ography (CAG), Figure 1D. CAG showed a diffusely diseased right
coronary artery. The left coronary artery contained a subtotal sten-
osis in the proximal LAD with reduced coronary flow (TIMI 2),
Figure 2. No collaterals or angiographic signs of thrombus were vis-
ible. The LAD stenosis was treated with two drug-eluting stents with
good angiographic result and good coronary flow; TIMI 3 flow.

After PCI, she was admitted to the CCU for further observation.
Biochemical markers of myocardial damage were moderately ele-
vated; from CK 154 U/L (ref < 145 U/L) and high sensitive Troponin
T of 294 ng/L (ref <14 ng/L) at admission to the CCU (prior to PCI)
and a maximum value of CK 240 U/L (ref < 145 U/L) and high sensi-
tive Troponin T of max 1530 ng/L (ref <14 ng/L) 6 h later. A pre-dis-
charge echocardiogram demonstrated a mildly depressed left
ventricular function with wall motion abnormalities anteroseptal and
inferior. The MPI-SPECT stress images demonstrated a severe anter-
ior wall perfusion defect (no rest images were acquired), Figure 3.
The summed stress score was 47 and the extent of involved myocar-
dium was 65%.

Two days after admission, she was discharged in a good clinical
condition. Four months later, she successfully completed her cardiac
rehabilitation program, is free of angina, has stopped smoking and has
a normalized ECG, Figure 1E.

Discussion

We present a female patient with a STEMI triggered by adenosine ad-
ministration during MPI-SPECT. This is an uncommon (side) effect, in
particular in patients without anginal symptoms.2–4

To the best of our knowledge, current literature does not provide
an estimate of the amount of acute infarctions during (pharmaco-
logical) stress testing. Considering the number of MPI-SPECT scans
performed annually, the number of available case reports, the fact
that not all clinical events may be recognized as such and subsequent-
ly reported and published, hence an estimate cannot be provided.
Our patient did not experience anginal chest pain, we assume the
atypical presentation was the result of diabetic neuropathy. These
atypical complaints may be present two- to five-fold more often in
diabetic patients as compared to non-diabetic patients.5

This case also illustrates the challenges of interpreting complaints
in such patients. In retrospect, it might have been more appropriate
to directly order a CAG rather than an MPI-SPECT.

Several mechanisms may underlie the transient transmural ischae-
mia in our patient.

Adenosine is one of the most potent vasodilators of the resistance
vessels by stimulating vascular smooth muscle cells to relax, leading
to a decrease of the microvascular resistance and up to four to five
times increased coronary blood flow in normal coronary arteries.1

However, in our patient the pre-existing intermediate coronary sten-
osis progressed to a critical stenosis with an exhausted coronary
autoregulation, i.e. further vasodilatation is not possible. Further
more, IV adenosine infusion leads to a significant reduced systemic
blood pressure, and in the presence of an exhausted autoregulation,
a decreased perfusion pressure and thus myocardial ischaemia.
Moreover, these changes in coronary pressure and flow may induce
geometric modification of the coronary artery and stenosis.6 In a
highly vulnerable plaque, this vasomotion (e.g. partial vessel collapse)
might be the last push to further destabilize it, break its thin cap and
subsequently start the classic cascade of plaque rupture with throm-
bus formation and vessel occlusion.

It has also been suggested that (active) coronary vasospasm,
provoked by adenosine, can be the initiator of these anatomic
changes.7 A comparable conclusion was drawn in a recently

2010 Percutaneous coronary intervention (PCI)

right coronary artery for inferior myocar-

dial infarction

2018 August Recurrence of chest pain

October Visit to cardiology outpatient department

21 November Myocardial perfusion imaging (adenosine-

induced stress)

21 November Admission to hospital and PCI left anterior

descending coronary artery

23 November Discharge form hospital in good condition

2019 March Free from angina at outpatient clinic
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Figure 1 (A) Outpatient electrocardiogram (prior to admission). Note the negative T waves in the anterior leads (arrow) and the absence of infer-
ior pathological Q waves (where she had myocardial infarction 8 years earlier). (B) Resting electrocardiogram prior to adenosine administration. The
T waves in the anterior leads are now profoundly negative (arrow) and very subtle ST elevation in aVL is visible (arrow). (C) Electrocardiogram 5 min
after start of adenosine administration. Up to 4 mm ST-segment elevation develops anterior (lead V1–V4) and in lead I and aVL, the inferior leads II,
III, aVF are markedly depressed. This fits with a proximal LAD lesion, if aVR was elevated (more than V1) left main obstruction would be suspected.
(D) Electrocardiogram prior to coronary angiography. The ST elevation has resolved, but subtle ‘shouldering’ (arrow) remains. Furthermore, there is
now a terminal negative T wave, rather than a clear negative T-wave prior to adenosine. The inferior ST-segment depression has resolved only par-
tially. (E) Outpatient electrocardiogram (4 months after admission). The ST-segment changes have disappeared, the T waves have returned to near
normal, only V1 and V2 are negative. Remember that at the outpatient electrocardiogram prior to admission (A), she had negative T waves in V3–V5
as well. Negative T in aVL is unchanged compared to A.

Adenosine triggered myocardial infarction during myocardial perfusion stress test imaging 3



Figure 1 Continued.
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published case report, although dipyridamole was used in their pa-
tient.8 The authors assumed that dipyridamole may trigger vaso-
spasm which can directly lead to ischaemia or provoke rupture of
an unstable plaque. However, then we would expect to observe
myocardial infarction more often, given the frequent use of adeno-
sine in daily practice.

Finally, coronary steal by collateral vessels has been proposed as
mechanism.9 After adenosine, a proportionately greater increase in
blood flow of the normal vascular bed is seen as compared to the
relatively low fixed flow of the collateral bed, which cannot compen-
sate further for the fall in pressure at the origin. And thus the myocar-
dial area after a stenosis, which was protected by collaterals, then

Figure 1 Continued.

Figure 2 Still frame of coronary angiography demonstrating pinpoint stenosis of the proximal left anterior ascending coronary artery (arrow),
prior to (A) and after percutaneous coronary intervention (B).

Adenosine triggered myocardial infarction during myocardial perfusion stress test imaging 5
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falls short of perfusion. However, no angiographically visible collateral
vessels were present in our patient.

The above described mechanisms may occur at any time point
during adenosine infusion, depending on the particular circumstances
in that specific patient. Therefore, we agree with the earlier men-
tioned case reports, that continuous ECG monitoring rather than at
pre-specified time points, should be standard of care. In this light, it is
interesting to note that in the current 2018 ASNC (American society
of nuclear cardiology) SPECT imaging guidelines, the ECG is only
mentioned in relation to gated imaging.10 Many technical matters are
discussed, yet suggestions for patient monitoring during the scan are
not.

Apart from taking potential side effects into account when
ordering a test, it is even more important to consider its diagnostic
accuracy. In this respect, several matters have to be taken into ac-
count. When an exercise perfusion test is ordered, the physician
has to make a rough assessment of the exercise potential of the
patient. With insufficient exercise performance due to comorbid-
ities (e.g. arthrosis or pulmonary disease) the test result will be un-
reliable and a pharmacologic stress test should be ordered.
Second, MPI SPECT is designed to detect regional differences in
myocardial perfusion during (pharmacologic) exercise and rest.
However, when all regions are affected, such as in three-vessel dis-
ease, the ischaemia can be balanced between vascular beds and
the test can (falsely) be negative.

A relative recent meta-analysis calculated a sensitivity of 80% and
specificity of 83% for the detection of coronary artery disease using
attenuated corrected MPI SPECT.11 In 2007, a pooled analysis of
studies published between 1980 and 2007 reported the sensitivity
and specificity of various imaging modalities for the detection of viable
myocardium in that era. Magnetic resonance imaging and MPI SPECT
were more or less comparable with a sensitivity 80–85% and specifi-
city 60–65%. The sensitivity of fluorodeoxyglucose–positron emis-
sion tomography was much better (92%), with a comparable
specificity (60%).12

Conclusion

In summary, adenosine stress MPI SPECT generally is very safe.
However, adenosine infusion may lead to myocardial ischaemia and
infarction in severe stenotic coronary arteries. This could occur due
to a combination of a reduced systemic and coronary perfusion pres-
sure in the presence of an exhausted coronary autoregulation in a
subcritical coronary stenosis. This may then be a starting point for
local geometrical changes that initiate the classic cascade of thrombus
formation and vessel occlusion. Moreover, this case underscores the
need for standard close ECG monitoring, rather than only symptom
driven ECG’s and in particular in diabetic patients.
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Figure 3 Myocardial perfusion stress imaging demonstrating major antero-septal ischaemia.
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..Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.
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