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Abstract 

The incidence of coronary heart disease is increasing and the research for viability 

and its early detection will allow a better management and improvement of the prognosis. 

Studies have shown that nitrates improve the reversibility of defects on myocardial perfusion 

imaging. 

The nitrates can be used routinely with P

99m
PTc-MIBI and gives similar reversibility to P

201
PTl 

with excellent prediction for left ventricular recovery. 

P

99m
PTc-MIBI is better in detecting viability than DE-MRI with better sensitivity and 

specificity. 

PET-CT imaging using P

18
PFDG is still the gold standard, although nitrate augmented P

99m
PTc-

MIBI allows us to overcome the artifacts observed in diabetic patients. 

P

99m
PTc-MIBI with nitrates is an excellent alternative in the absence of particle accelerators and 

its routine use in screening allows early management of coronary heart disease, thus helping 

during post-insertion angiography of stent. 

The aim of this work is to review the literature of the various works on the contribution of 

nitrates and to show their contribution in relation to other modalities. 

Key words: Viability, P

99m
PTc-MIBI, nitrate. 

Introduction 

Cardiovascular diseases are the leading cause of death in the world with an estimated 

mortality of 31% (source WHO). 

Coronary heart disease is the failure of the coronary vessels to provide adequate blood flow to 

meet the oxygen needs to the heart muscle. And this oxygen deficit is responsible in the long 

run for myocardial ischemia or even necrosis at the origin of ventricular dysfunction. 
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The notion of myocardial viability has been widely explored and its mechanisms are well 

understood with concepts such as hibernation and stunning. This viability will become a very 

important concept in decision-making processes in the case of coronary insufficiency 

responsible of left ventricular dysfunction. 

Although nitrates imaging has gained clinical acceptance in the detection of myocardial 

viability, the mechanism by which nitrates increase uptake is less understood. The mechanism 

was specified from the pharmacodynamics of nitrate and the pathophysiology of the 

hibernating myocardium. Nitrates increase myocardial blood flow to the hypoperfused 

myocardial segments by dilating the stenotic lumen. Nitrates selectively relax the epicardial 

vessels (conductance), thereby facilitating the flow of blood through collateral channels to 

area of myocardial ischemia. In addition, nitrates decrease LV preload and post-load, thereby 

decreasing sub-endocardial compressive forces and improving sub-endocardial perfusion [1]. 

Fujita et al. [2]. observed that in patients who had good collateral circulation, overall and 

regional function improved significantly after administration of sublingual nitroglycerin, 

while no change was recorded in patients with an occlusion but without collaterals. Attention 

has mainly been paid to the functional changes induced by the administration of nitrate. Aoki 

et al. demonstrated that in a non-infarcted myocardium with a good collateral network, acute 

administration of nitroglycerin reduced the extent and severity of the exercise-induced P

201
PTl 

myocardial perfusion defect [3]. 

Single-photon emission computed tomography (SPECT) scintigraphy has contributed to the 

study and understanding of myocardial viability. Positron emission tomography (PET) 

marked a turning point in the assessment of myocardial viability with the fluoride-labeled 

fluoro-deoxy-glucose tracer 18. This radiopharmaceutical is often replaced by thallium in 

SPECT imaging. In the absence of a particle accelerator (cyclotron producing fluorine 18 and 

thallium 201), isn't P

99m
PTc-MIBI associated with nitrates an alternative in the search for a 

viability of the heart muscle for a possible revascularization in case of stunning or 

hibernation? 

This present study is a review of the literacy and aims to show the feasibility of the research 

for myocardial viability in the absence of a cyclotron and to allow the routine selection of 

patients who should benefit from a coronary angiography to localize the coronary lesions in 

order to carry out, if necessary, either an angioplasty, the pause. a stent or a bypass. 
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Methods 

Several published reports (PubMed, Elsevier, NCBI…) were read and reviewed with nitrate 

augmented, SPECT, viability as key word, their results used to determine the most valuable 

tool for diagnosing and or monitoring patient with a history of myocardial infarction, 

functional or and left ventricular dysfunction. 

For this assessment, a comparison were made between study were patient went for MPI 

augmented with nitrate compare to those with thallium reinjection, DE-RMI and the gold 

standard FDG-PET. 

DISCUSSION 

Nitrate augmented P

99m
PTc-MIBI myocardial perfusion imaging has been introduced for the 

detection of myocardial viability for over 15 years, and is increasingly used in several nuclear 

medicine departement [4,5,6] around the world. The first study on myocardial perfusion 

imaging using nitrates was reported by He et al. [4]. In this study, the authors found 26% of 

LV segments with P

201
PTl defect using the stress / reinjection protocol which became reversible 

when the reinjection examination was preceded by the administration of sublingual nitrates. 

These results were subsequently confirmed by two randomized, placebo-controlled studies 

[5,7]. Other studies have systematically shown that nitrates improved the reversibility of 

defects on myocardial perfusion imaging with P

201
PTl (8,9), P

99m
PTc-sestamibi [9,10], P

99m
PTc-

tetrofosmine [11, 12] and P

99m
PTc-teboroxime [13, 4]. 

Several studies have evaluated the accuracy of the nitrate augmented P

99m
PTc-MIBI myocardial 

perfusion test in predicting recovery of LV function after coronary revascularization. 

According to the data of these published studies, the sensitivity of P

99m
PTc –Sestamibi under 

nitrates varies from 82 to 95%, while the specificity varies from 76 to 89%. Imaging with 

nitrates with P

201
PTl has a sensitivity of 92% and a specificity of 78% [1]. The pooled data show 

a trend towards greater precision of P

99m
PTc-sestamibi TEMP under nitrates for the prediction of 

recovery of left ventricular function compared to other conventional imaging protocols [14]. 

Regarding the prognostic value of P

99m
PTc-MIBI SPECT, the assessment of myocardial viability 

in patients with left ventricular ischemic dysfunction using various modalities has been shown 

to have important implications in risk stratification and the prediction of cardiac events [13, 

16]. Therefore, it is reasonable to consider that nitrate augmented P

99m
PTc-MIBI TEMP is a 

useful tool for evaluating the outcome of coronary artery disease and left ventricular 

dysfunction. 
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 Several study [17-24] have reported the prognostic value of myocardial perfusion imaging 

with nitrates. The majority of patients enrolled in these studies had a history of myocardial 

infarction (75 to 100%) and the left ventricular ejection fraction varied on average from 25 to 

46%. Study protocols were variable, P

99m
PTc-sestamibi or P

99m
PTc-tetrofosmin has been used as a 

radiotracer. The type of nitrate administration was intravenous infusion or sublingual 

administration and the imaging protocol used was resting SPECT on nitrates, stress protocol 

or nitrate alone for the determination of myocardial viability. 

The myocardial viability of the dysfunctional segments was objectified afterwards by an 

enhancement of the uptake after consumption of nitrate. 

Studies have evaluated the predictions of event-free survival and have consistently shown the 

close relationship between myocardial viability assessed by myocardial perfusion imaging 

under nitrates and the occurrence of cardiac events. 

For patients who received medical treatment after assessment of myocardial viability, event-

free survival was lower in patients with viability detected by imaging with nitrates than in 

those who did not receive the addition of nitrates [ 19, 18, 20, 21]. Conversely, patients with 

detected viable myocardium would perform better if they underwent coronary 

revascularization than patients treated with drugs [22, 23, 6]. 

Therefore, nitrate augmented P

99m
PTc-MIBI myocardial scintigraphy has provided important 

prognostic value in patients with coronary artery disease or left ventricular dysfunction, 

regardless of the study protocols used. These results agree with those reported by Allman & 

al. These studies also compared the ability of TEMP to nitrates in predicting cardiac events 

with other modalities. 

 Evangelista et al. [18] demonstrated that the administration of nitrates augmented P

99m
PTc -

MIBI significantly improved the prognosis of coronary artery disease, including clinical, 

functional, angiographic and resting TEMP data. 

Regarding the diagnostic performance of TEMP under nitrates, previous studies have shown 

its diagnostic power by comparing it with conventional modalities including TEMP at P

201
PTl 

and P

99m
PTc. 

The diagnostic performance of nitrate augmented P

99m
PTc imaging compared to P

18
PF-FDG PET 

or dobutamine MRI (DE-MRI) was also done. 

Slart et al. [15] demonstrated a high increase in blood flow after administration of nitrate in 

dysfunctional segments viable by PET. 
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Sorrentino et al. [24] compared the diagnostic and prognostic value between the TEMP pair 

with P

99m
PTc under nitro derivative and FDG-TEP. They demonstrated that the administration of 

nitrates gave TEMP a performance comparable to P

18
PF-FDG (gold-standard) and this by 

comparing it with TEMP alone and TEMP under nitrates on the same group of patients. 

Eighty-nine patients with ischemic coronary artery disease and left ventricular dysfunction 

underwent both P

99m
PTc –Tetrofosmin with nitrates SPECT and 18F-FDG PET. They were 

followed over an average period of 29 ± 19 months. 

The results showed that without the addition of nitrates there is an 84% agreement between 

the P

99m
PTc TEMP and the PET but when nitrates are administered the P

99m
PTc TEMP is 99% 

concordant with the examination at P

18
PF-FDG [24]. 

Regarding the prognosis in this same study, event-free survival was 66% in patients with 

viability and 100% in patients without myocardial viability on SPECT on nitrates, 67% in 

patients with myocardial viability and 100% in patients without myocardial viability on PET. 

Therefore, technetium-labeled nitrates provide prognostic information comparable to that 

provided by P

18
PF-FDG imaging [24]. 

A previous study also showed that despite improved diagnostic accuracy in viability with 

FDG-PET, its prognostic value is not as superior to that of SPECT. In fact, the survival of 

patients whose treatment was based on viability assessed either by PET-FDG or by stress / 

rest SPECT with P

99m
PTc-Sestamibi was not statistically different [25]. 

Although P

18
PF-FDG PET is still considered the gold standard in assessing myocardial viability, 

this technique sometimes suffers from several limitations. The quality of the P

18
PF-FDG PET 

image may be limited in some patients, especially in diabetics [26]. 

Furthermore, the limited availability and high cost of PET imaging precludes its wider clinical 

use. On the other hand, the administration of nitrates is simple, inexpensive and widely 

available, they should be administered before injection of P

99m
PTc when the primary purpose of 

the study was to assess myocardial viability. Patients with ischemic left ventricular 

dysfunction who were considered candidates for coronary revascularization or heart 

transplantation may benefit from TEMP P

99m
PTc-MIBI with nitrates. 

However, nitrates should not be administered prior to exercise or pharmacological stress as 

they may reduce the extent and severity of myocardial perfusion abnormalities, thus leading 

to an underestimation of myocardial ischemia. 

He et al. [22] studied a group of 36 patients with chronic myocardial infarction with LV 

dysfunction. All patients were subjected to both P

99m
PTc TEMP and P

18
PF-FDG PET. 
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Dysfunctional segments with an uptake less than 55% of P

99m
PTc at the first acquisition of 

SPECT or with an increase of uptake greater than or equal to 10% after administration of 

nitrates were considered viable. They demonstrated the concordance between P

99m
PTc TEMP 

and P

18
PF-FDG PET to differentiate viable myocardial tissue from necrotic myocardial tissue in 

82% of segments. Also the sensitivity and specificity of nitrate augmented P

99m
PTc-MIBI were 

81 and 86% in comparison with PET to P

18
PF-FDG. Giorgetti et al. [27] also identified a good 

diagnostic power of TEMP with nitrates in the evaluation of the reliability compared to PET 

with P

18
PF-FDG. However, it is the resting TEMP at P

99m
PTc with nitrates that had the strongest 

agreement with PET (precision, 93%; sensitivity, 95%; specificity, 92%). 

 MRI under dobutamine (DE-MRI) has recently been proposed as a modality for the 

assessment of myocardial viability [28] because of its better spatial resolution than SPECT 

at P

99m
PTc, DE-MRI can provide a direct visualization of the myocardial transmural extent of 

viable and non-viable tissue. 

Giorgetti et al. [27] compared SPECT to P

99m
PTc with DE-MRI in in-patients with severe post-

ischemic LV dysfunction. They found that using DE-MRI when the uptake with P

99m
PTc under 

nitrates was between 40 and 51%, the sensitivity, specificity and overall precision of the 

TEMP after injections of nitrates were respectively of 89, 78 and 84%, better than TEMP 

without nitrates for viability detection compared to DE-MRI, similar observations have been 

obtained from other studies [29, 30]. 

It was also observed through these studies that the TEMP with 99mTc under nitrates was 

significantly better performance than the TEMP with 99mTc without nitrates in comparison 

with the DE-IRM. 

All these published data have shown that nitrate augmented P

99m
PTc-MIBI myocardial perfusion 

imaging improves detection of myocardial viability and accurately predicts recovery of left 

ventricular function and clinical outcomes in patients with left ventricular dysfunction and 

coronary artery disease. 

This reliable results of nitrate augmented P

99m
PTc-MIBI TEMP, it is understandable that 

myocardial perfusion scintigraphy and the research of viability if necessary are the best choice 

before doing a coronary angiography. Indeed, in addition to the important diagnostic elements 

provided by MPI in the research for ischemia or necrosis. This myocardial viability research 

is relatively inexpensive non-invasive and non-operator dependent unlike echocardiography. 

Coronary angiography is above all an invasive examination and very expensive. It only allows 

an exploration of the anatomy of the coronary artery. Studies have shown the presence of a 
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coronary anomaly with satisfactory myocardial vascularization. In this case, this makes the 

indication for coronary angiography unnecessary. Moreover, this coronary angiography is 

relatively expensive and not accessible to most of patients with coronary artery disease. This 

coronary angiography should not be used for screening and should be reserved for the 

therapeutic act for revascularization after nitrate augmented P

99m
PTc-MIBI. 

Conclusion 

Through this systematic review of the literature, we note that its data obtained on the intake of 

nitrates suggest that the use of the 99mTc-MIBI protocol associated with nitrate in SPECT 

cardiac imaging improves the detection of viable but hypoperfused segments. The results 

obtained are sometimes similar to those of the standard P

201
PTl rest and redistribution protocol. 

Although the gold standard remains PET, SPECT with nitro derivatives is an alternative in 

regions without particle accelerators to produce P

201
PTl or FDG. 
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