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Abstract
Myocardial perfusion imaging (MPI) is fundamental to comparing coronary vessel perfusion levels and
guides in identifying ischemic areas. However, false negatives, such as balanced ischemia, are important
considerations in interpreting these results. In this case report, we describe a 77-year-old female who
presented with cardiac chest pain with normal laboratory results, electrocardiogram, and imaging. However,
given her history and risk factors, left heart catheterization was performed, which showed triple vessel
coronary artery disease.
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Introduction
Cardiovascular disease is the leading cause of death worldwide. Myocardial perfusion imaging (MPI) is a
reliable diagnostic tool for assessing myocardial perfusion in the diagnosis and risk stratification of coronary
artery disease (CAD) [1]. However, interpreting MPI is challenging since images depend on the myocardial
region with the relatively highest radiotracer uptake based on perfusion at rest and under stress [2,3].
Approximately 10-20% of MPI results are false negatives (FN) due to factors such as branch vessel stenosis,
left circumflex artery stenosis, inadequate exercise, caffeine intake, and balanced ischemia [3-5]. Patients
with normal MPI results are rarely referred for catheterization [6]. In this report, we present a rare case of
coronary balanced ischemia identified through MPI, with multivessel CAD confirmed by an invasive
coronary angiogram.

Case Presentation
A 77-year-old female with hypertension, type 2 diabetes mellitus, and hyperlipidemia presented to the
hospital within one hour of experiencing mid-sternal chest pain that radiated to both arms. She described
the pain as dull, lasting for about 10 minutes, with no alleviating or exacerbating factors. It was associated
with a sense of impending doom, profuse sweating, lightheadedness, and transient blurriness of vision.
Despite the complete resolution of symptoms, the patient decided to seek medical attention, reporting that
she had never experienced similar symptoms before and was frightened by the sensation she felt. Upon
examination, her blood pressure was 171/70 mmHg, heart rate was 74 beats per minute, and SpO2 was 98%
on room air. The physical examination was unremarkable. An electrocardiogram (EKG) showed normal sinus
rhythm with no acute changes (Figure 1). Chest X-ray and her initial blood workup, including a troponin
level of <0.03 ng/mL, were unremarkable. Risk stratification was low according to both the Thrombolysis In
Myocardial Infarction (TIMI) and the Global Registry of Acute Coronary Events (GRACE) scores.
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FIGURE 1: Resting electrocardiogram on admission
The electrocardiogram shows a normal sinus rhythm with no acute ischemic changes.

The patient was admitted for evaluation of acute coronary syndrome (ACS). At six hours, a repeat EKG was
unchanged (Figure 2), and her troponin level slightly increased to 0.038 ng/mL, further rising to 0.09 ng/mL
after 12 hours. The echocardiogram revealed a preserved ejection fraction with no wall hypokinesia.
Subsequently, she underwent an adenosine nuclear stress test, which yielded non-ischemic stress EKG and
MPI results (Figure 3).

FIGURE 2: Repeated resting electrocardiogram
Non-ischemic resting electrocardiogram.
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FIGURE 3: Myocardial perfusion imaging
Non-ischemic SPECT (single-photon emission computed tomography) scan.

After undergoing the stress test, she experienced an episode slightly similar to the symptoms she initially
had before her admission. Again, her EKG was unremarkable; however, her troponin level increased to 0.229
ng/mL. She underwent left heart catheterization within 24 hours, which revealed severe triple vessel disease
(Figure 4). Consequently, coronary artery bypass grafting (CABG) was performed.
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FIGURE 4: Angiographic pictures of left heart catheterization. (A) Mid-
LAD artery luminal stenosis. (B) Severe proximal OM artery occlusion.
(C) Severe proximal RCA lesion
LAD: left anterior descending, OM: obtuse marginal, RCA: right coronary artery.

Discussion
In this case report, we presented a patient with cardiac chest pain who had normal EKGs, cardiac markers,
and non-invasive imaging but was found to have three-vessel CAD during a coronary angiogram.

MPI with either single photon emission computed tomography (SPECT) or positron emission tomography
(PET) is widely used for the evaluation of CAD in patients with intermediate pre-test probability. However,
despite MPI being reported as one of the most sensitive non-invasive tests for CAD, approximately 10-20%
of MPI results are false negatives (FN) due to factors such as branch vessel stenosis, left circumflex artery
stenosis, inadequate exercise, caffeine intake, and balanced ischemia [3-5].

Balanced ischemia, a rare cause of FN MPI, has a prevalence of 16%. It is characterized by a homogeneous
decrease in blood flow through the coronary arteries, leading to an underestimation of CAD because of the
balanced reduction in myocardial perfusion. This results in the radiotracer showing equal uptake in all
portions of the myocardium noted on imaging [2,7,8]. Possible mechanisms include endothelial dysfunction,
the presence of collateral circulation, global transmyocardial or subendocardial ischemia, and shifts in the
endocardial-epicardial flow ratio [9,10].

Alternative diagnostic tools such as cardiac CT with coronary angiography with fractional flow reserve (FFR)
or cardiac magnetic resonance (CMR) have their own limitations [5,11]. CT with FFR depends on high-quality
images requiring a low heart rate, whereas MPI does not have these limitations. A significant limitation in
measuring FFR is the assessment of epicardial vessels, while MPI assesses the entire vasculature [12]. Stress
CMR has been shown to be another alternative in evaluating stable ischemic heart disease and could be
considered superior to MPI; however, its limitations include the lack of combination with exercise, patient-
related factors such as obesity and claustrophobia, and the use of ferromagnetic materials like implantable
devices [13]. CT with FFR and CMR are emerging in their application for assessing CAD.

Given that MPI may underestimate high-risk CAD in selected patients, leading to a false negative result [14],
a combination of clinical, functional, and MPI factors is essential to predict the high risk of CAD [15].

Conclusions
History-taking remains the most critical element in evaluating patients for ACS. Balanced ischemia is a
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significant factor in interpreting MPI, as the global hypoperfusion in all the myocardium segments can be
interpreted as non-ischemic. If missed, FN cases can have devastating outcomes.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Allan E. Santos Argueta, Junaid Ali, Dinesh Singal, Asim Khan, Birgurman Singh

Acquisition, analysis, or interpretation of data:  Allan E. Santos Argueta, Junaid Ali, Dinesh Singal, Asim
Khan, Birgurman Singh

Drafting of the manuscript:  Allan E. Santos Argueta, Junaid Ali, Dinesh Singal, Birgurman Singh

Supervision:  Allan E. Santos Argueta, Dinesh Singal, Asim Khan

Critical review of the manuscript for important intellectual content:  Junaid Ali, Dinesh Singal, Asim
Khan, Birgurman Singh

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Olszowska M, Kostkiewicz M, Tracz W, Przewlocki T: Assessment of myocardial perfusion in patients with

coronary artery disease. Comparison of myocardial contrast echocardiography and 99mTc MIBI single
photon emission computed tomography. Int J Cardiol. 2003, 90:49-55. 10.1016/s0167-5273(02)00475-8

2. Asif T, Doukky R: Myocardial ischemia in patients with large prior infarction: clinical decision making and
review of literature. Radiol Case Rep. 2023, 18:538-44. 10.1016/j.radcr.2022.11.006

3. Burrell S, MacDonald A: Artifacts and pitfalls in myocardial perfusion imaging . J Nucl Med Technol. 2006,
34:193-211; quiz 212-4.

4. Baqi A, Ahmed I, Nagher B: Multi vessel coronary artery disease presenting as a false negative myocardial
perfusion imaging and true positive exercise tolerance test: a case of balanced ischemia. Cureus. 2020,
12:e11321. 10.7759/cureus.11321

5. Perdoncin M, Ezeh E, Panta UR, Mader J: Negative stress test is not always negative: revisiting the clinical
implications of balanced ischemia. Cureus. 2022, 14:e30285. 10.7759/cureus.30285

6. Kostacos EJ, Araujo LI: Incidence of balanced ischemia in patients with dipyridamole perfusion imaging . J
Nucl Cardiol. 2004, 11:5-6. 10.1016/j.nuclcard.2004.06.015

7. Shiraishi S, Sakamoto F, Tsuda N, et al.: Prediction of left main or 3-vessel disease using myocardial
perfusion reserve on dynamic thallium-201 single-photon emission computed tomography with a
semiconductor gamma camera. Circ J. 2015, 79:623-31. 10.1253/circj.CJ-14-0932

8. Dahlberg S, Leppo J: Risk stratification of the normal perfusion scan: does normal stress perfusion always
mean very low risk?. J Nucl Cardiol. 2003, 10:87-91. 10.1067/mnc.2003.6

9. Romero-Farina G, Candell-Riera J, Aguadé-Bruix S, et al.: Predictive variables for hard cardiac events and
coronary revascularization in patients with normal left ventricular myocardial perfusion and systolic
function. Eur J Nucl Med Mol Imaging. 2013, 40:1181-9. 10.1007/s00259-013-2438-3

10. Chammas E, Hussein A, Ballane G, Helou A, Yatim A, Tarcha W, Ghanem G: Myocardial perfusion in patients
with a totally occluded left anterior descending coronary artery reinjected by a normal right coronary artery:
the role of collateral circulation. Angiology. 2008, 59:464-8. 10.1177/0003319707309308

11. Klodas E, Miller TD, Christian TF, Hodge DO, Gibbons RJ: Prognostic significance of ischemic
electrocardiographic changes during vasodilator stress testing in patients with normal SPECT images. J Nucl
Cardiol. 2003, 10:4-8. 10.1067/mnc.2003.127624

12. Driessen RS, Danad I, Stuijfzand WJ, et al.: Comparison of coronary computed tomography angiography,
fractional flow reserve, and perfusion imaging for ischemia diagnosis. J Am Coll Cardiol. 2019, 73:161-73.
10.1016/j.jacc.2018.10.056

13. Patel AR, Salerno M, Kwong RY, Singh A, Heydari B, Kramer CM: Stress cardiac magnetic resonance
myocardial perfusion imaging: JACC review topic of the week. J Am Coll Cardiol. 2021, 78:1655-68.
10.1016/j.jacc.2021.08.022

14. Yokota S, Mouden M, Ottervanger JP: High-risk coronary artery disease, but normal myocardial perfusion: a
matter of concern?. J Nucl Cardiol. 2016, 23:542-5. 10.1007/s12350-015-0167-7

15. Nakanishi R, Gransar H, Slomka P, et al.: Predictors of high-risk coronary artery disease in subjects with
normal SPECT myocardial perfusion imaging. J Nucl Cardiol. 2016, 23:530-41. 10.1007/s12350-015-0150-3

2024 Santos Argueta et al. Cureus 16(2): e53789. DOI 10.7759/cureus.53789 5 of 5

https://dx.doi.org/10.1016/s0167-5273(02)00475-8
https://dx.doi.org/10.1016/s0167-5273(02)00475-8
https://dx.doi.org/10.1016/j.radcr.2022.11.006
https://dx.doi.org/10.1016/j.radcr.2022.11.006
https://tech.snmjournals.org/content/34/4/193.long
https://dx.doi.org/10.7759/cureus.11321
https://dx.doi.org/10.7759/cureus.11321
https://dx.doi.org/10.7759/cureus.30285
https://dx.doi.org/10.7759/cureus.30285
https://dx.doi.org/10.1016/j.nuclcard.2004.06.015
https://dx.doi.org/10.1016/j.nuclcard.2004.06.015
https://dx.doi.org/10.1253/circj.CJ-14-0932
https://dx.doi.org/10.1253/circj.CJ-14-0932
https://dx.doi.org/10.1067/mnc.2003.6
https://dx.doi.org/10.1067/mnc.2003.6
https://dx.doi.org/10.1007/s00259-013-2438-3
https://dx.doi.org/10.1007/s00259-013-2438-3
https://dx.doi.org/10.1177/0003319707309308
https://dx.doi.org/10.1177/0003319707309308
https://dx.doi.org/10.1067/mnc.2003.127624
https://dx.doi.org/10.1067/mnc.2003.127624
https://dx.doi.org/10.1016/j.jacc.2018.10.056
https://dx.doi.org/10.1016/j.jacc.2018.10.056
https://dx.doi.org/10.1016/j.jacc.2021.08.022
https://dx.doi.org/10.1016/j.jacc.2021.08.022
https://dx.doi.org/10.1007/s12350-015-0167-7
https://dx.doi.org/10.1007/s12350-015-0167-7
https://dx.doi.org/10.1007/s12350-015-0150-3
https://dx.doi.org/10.1007/s12350-015-0150-3

	Multivessel Coronary Artery Disease Presenting as a False-Negative Nuclear Stress Test: A Case of Balanced Ischemia
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Resting electrocardiogram on admission
	FIGURE 2: Repeated resting electrocardiogram
	FIGURE 3: Myocardial perfusion imaging
	FIGURE 4: Angiographic pictures of left heart catheterization. (A) Mid-LAD artery luminal stenosis. (B) Severe proximal OM artery occlusion. (C) Severe proximal RCA lesion

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


