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Introduction
Evaluating patients with multivessel coronary disease using 

myocardial perfusion scintigraphy (MPS) remains a challenge as 
the extent and severity of the disease can be underestimated. 
This phenomenon occurs in part due to balanced ischemia 
and inaccuracy of traditional devices to identify small changes 
in coronary flow in the stress phase.1,2 New gamma cameras 
with cadmium and zinc telluride (CZT) detectors that are 
already commercially available have shown higher temporal 
and spatial resolution,3-5 theoretically enabling dynamic 
acquisition of images and calculation of myocardial blood 
flow (MBF) and coronary flow reserve (CFR) in an absolute 
way.6,7 This tool, whose use with positron emission tomography 
(PET) is already well established,8-10 may be promising to non 
invasively access three-vessel obstructive coronary artery disease 
(CAD) using scintigraphy and its conventional radiotracers.  
The objective of this case report is to describe the quantification 
of CFR upon diagnosis of a patient with multivessel disease 
whose myocardial perfusion image showed a defect not 
compatible with coronary angiography.

Clinical case
A 58-year-old patient was seen for the first time in an 

outpatient Cardiology clinic presenting with dyspnea on 
medium exertion and improvement with rest. His medical 
history included hypertension, dyslipidemia, and positive family 
history. The patient was not under regular clinical follow‑up 
or on optimized medication. Transthoracic  echocardiogram 
performed nine months showed no alterations and patient was 
referred for myocardial perfusion scintigraphy in a specialized 
service. A one-day protocol was performed, with rest phase 
followed by pharmacological stress phase using dipyridamole 
and 99mTc-sestamibi as radiotracer at 10 and 30 mCi at rest and 
stress, respectively. Images were obtained in a CZT gamma 
camera (Discovery 530, GE Healthcare), with MBF and CFR 

quantified in a context of clinical research, coupled with the 
perfusion imaging protocol. The  protocol was initiated by 
intravenous injection of 1 mCi of 99mTc‑sestamibi to place the 
heart within the gamma camera field of vision. The rest phase 
included the acquisition of dynamic images during eleven 
minutes, immediately followed by the perfusion images during 
five minutes. While the patient was still positioned in the 
gamma camera, pharmacological stress phase was initiated 
with dipyridamole (0.56 mg/kg) so that stress dynamic images 
could be obtained during eleven minutes and perfusion images, 
for three minutes. Images showed a small area of inferolateral 
ischemia, with no contractile alterations. Reduced CFR values 
were identified in all coronary territories, as well as absolute 
flow (ml/min/g), on rest and stress (Figure 1). After scintigraphy, 
symptoms persisted despite therapeutic optimization, so the 
patient was referred for coronary angiography, which revealed 
three-vessel obstructive CAD, with a 90% segmental lesion of 
the proximal third in anterior descending artery; 75% proximal 
lesion in the second diagonal branch; 75% ostial lesion in 
the first and third marginal branches of the circumflex; 75% 
segmental lesion in the posterior ventricular branch. In the right 
coronary artery, a long lesion of 50% was found in the middle 
third, in addition to a 75% lesion in the posterior descending 
and ventricular branches (PD/VP), with 90% impairment of 
the PV branch.

Discussion
This is the first quantification report of CFR in a CZT gamma 

camera in our country. The protocol for image acquisition 
was proven safe and adequate to generate good-quality data.  
This case clearly represents a situation in which MPS is not able 
to identify the extent of ischemia due to multivessel disease. 
This phenomenon is in accordance with the literature, which 
has already described low prevalence of perfusion defects in 
populations of patients with three-vessel coronary obstructive 
disease.1 One of the reasons of this event is balanced ischemia. 
Considering that MPS only evaluates relative flow, it is based 
on the comparison of a myocardial wall with another whose 
radiotracer uptake is greater, and in situations like these 
an overall flow reduction occurs, generating little or no 
heterogeneity and, therefore, a possibly normal image.

In this context, determining myocardial flow and quantifying 
CFR is useful to identify high-risk patients, as they present 
absolute and non-relative results, like in conventional MPS. 
CFR can be defined as the magnitude of increased myocardial 
blood flow secondary to stress of any nature compared to resting 
flow. It is thus possible to describe not only the effects of focal 
epicardial obstructions, but also diffuse atherosclerosis and 
microvascular dysfunction, both of which are quite common 
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Figure 1 – Evaluation of patient with suspected CAD. A) MPS showing small area of inferolateral ischemia. B and C) Time-activity curves in stress and rest phases, 
respectively, derived from the dynamic acquisition in CZT gamma camera. D, E, and F) Angiographic images showing 90% lesion in anterior descending artery, 75% lesion 
in circumflex artery and 50% in the middle third of right coronary artery, with 90% obstruction in posterior ventricular branch. G) Overall results of MBF quantification 
(in ml/min/g) and CFR in coronary territories (anterior descending artery, circumflex artery, and right coronary artery, respectively), followed by total values (last line). 
Reduced values of MBF and CFR are seen in all territories, which is compatible with the obstructive lesions found in coronary angiography. CAD: coronary artery disease; 
MPS: myocardial perfusion scintigraphy; MBF: myocardial blood flow; CFR: coronary flow reserve.

in women and patients with metabolic syndrome. Previous PET 
studies have shown that CFR measurement can classify patients 
at low and high risk for cardiovascular events9 and therefore be 
used as a new tool for risk stratification.

New gamma cameras with solid and stationary CZT detectors 
have advantages when compared to traditional ones, with 
sodium-iodide detectors, as they allow for dynamic tomographic 
images and, theoretically, CFR quantification. Wells et al.6, in a 
pioneering work, have demonstrated a precise CFR quantification 
in a porcine model of resting and transitory occlusion upon stress 
using CZT gamma camera, paving the way for new possibilities 
of pilot studies with humans. Bouallègue et al.7 evaluated CFR in 
23 patients in comparison to their angiographic data, including 
fractional flow reserve (FFR), and found a good correlation 
between CFR and the number of obstructed vessels and reduced 
CFR values in obstructed territories.

As seen in the present report, CFR quantification and the 
new methods of dynamic acquisition of myocardial blood 
flow constitute a current field of research that could generate 
knowledge about new applications of scintigraphy and bring 
improvements to diagnosis and management of coronary 
disease patients, including those with multivessel disease.

Author contributions
Conception and design of the research: Lima RSL; 

Acquisition of data: Souza ACAH, Gonçalves BKD, Tedeschi A, 
Lima RSL; Analysis and interpretation of the data, Statistical 
analysis and Writing of the manuscript: Souza ACAH; 
Critical revision of the manuscript for intellectual content: 
Tedeschi A, Lima RSL, Gonçalves, BKD.

Potential Conflict of Interest

No potential conflict of interest relevant to this article 
was reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This article is part of the PhD project of Ana Carolina 
do Amaral Henrique de Souza at Universidade Federal do 
Rio de Janeiro.

636



Case Report

Souza et al
Coronary flow reserve in CZT gamma camera

Arq Bras Cardiol. 2018; 111(4):635-637

1. 	 Lima RSL, Watson DD, Goode AR, Siadaty MS, Ragosta M, Beller GA, et 
al. Incremental value of combined perfusion and function over perfusion 
alone by gated SPECT myocardial perfusion imaging for detection 
of severe three-vessel coronary artery disease. J Am Coll Cardiol. 
2003;42(1):64–70.

2. 	 Beller GA. Underestimation of coronary artery disease with SPECT perfusion 
imaging. J Nucl Cardiol. 2008;15(2):151–3.

3. 	 Esteves FP, Raggi P, Folks RD, Keidar Z, Wells Askew J, Rispler S, et al. Novel 
solid-state-detector dedicated cardiac camera for fast myocardial perfusion 
imaging: Multicenter comparison with standard dual detector cameras. J 
Nucl Cardiol. 2009;16(6):927–34. 

4. 	 Bocher M, Blevis IM, Tsukerman L, Shrem Y, Kovalski G, Volokh L. A 
fast cardiac gamma camera with dynamic SPECT capabilities: design, 
system validation and future potential. Eur J Nucl Med Mol Imaging. 
2010;37(10):1887–902. 

5. 	 Garcia E V, Faber TL, Esteves FP. Cardiac dedicated ultrafast SPECT cameras: 
new designs and clinical implications. J Nucl Med. 2011;52(2):210–7.

6. 	 Wells RG, Timmins R, Klein R, Lockwood J, Marvin B, deKemp RA, et al. 
Dynamic SPECT measurement of absolute myocardial blood flow in a 
porcine model. J Nucl Med2014;55(10):1685–91.

7. 	 Ben Bouallegue F, Roubille F, Lattuca B, Cung TT, Macia J-C, Gervasoni R, et 
al. SPECT myocardial perfusion reserve in patients with multivessel coronary 
disease: correlation with angiographic findings and invasive fractional flow 
reserve easurements. J Nucl Med. 2015;56(11):1712–7.

8. 	 Herzog BA, Husmann L, Valenta I, Gaemperli O, Siegrist PT, Tay FM, et al. 
Long-term prognostic value of 13N-ammonia myocardial perfusion positron 
emission tomography. Added Value of Coronary Flow Reserve. J Am Coll 
Cardiol . 2009;54(2):150–6.

9. 	 Murthy VL, Naya M, Foster CR, Hainer J, Gaber M, Di Carli G, et al. Improved 
cardiac risk assessment with noninvasive measures of coronary flow reserve. 
Circulation. 2011;124(20):2215–24.

10. 	 Ziadi MC, DeKemp RA, Williams K, Guo A, Renaud JM, Chow BJW, et al. 
Does quantification of myocardial flow reserve using rubidium-82 positron 
emission tomography facilitate detection of multivessel coronary artery 
disease? J Nucl Cardiol. 2012;19(4):670–80.

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License

637


