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Background

Cardiac positron emission tomography (PET) is superior to single-photon emission computed tomography (SPECT) thanks to its quantitative analysis capabilities, especially for measuring myocardial blood flow (MBF) and myocardial flow reserve (MFR). The recent development of new cadmium zinc telluride (CZT) gamma cameras has enabled dynamic acquisition, allowing measurement of MBF and MFR. This prospective study aimed to determine the fastest protocol, to analyse MBF and perfusion imaging. Methods and Results: From February to June 2018, 10 patients were referred to our centre and prospectively enrolled in our study to evaluate the MBF and MFR, with 5 different reconstruction list-mod. The primary endpoint was to assess the reproducibility of the different reconstruction, and time of acquisition. The secondary endpoint was the evaluation of the image quality of the MPI. The 6-min tests highlighted no significant difference in the flow measurement and MFR (p = 0,15). Differences become significant by decreasing acquisition time. The image quality did not differ significantly (p = 0.6). Conclusion: We determined a fast (12mn acquisition) reliable and reproducible protocol to evaluate MBF and MFR without any loss of MPI information.
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Résumé

La tomographie par émission de positon (TEP) est supérieure à la tomographie par émission monophotonique (TEMP) en raison de ses capacités d'analyse quantitative, en particulier pour mesurer les débits sanguins myocardiques (DSM) et les réserves de flux myocardiques (RFM). Le développement récent des gamma-caméras cadmiun zinc telluride (CZT) rend désormais possible un enregistrement dynamique de l'imagerie cardiaque, et permet donc la mesure des DSM et de la RFM. Cette étude a pour objectif de déterminer un protocole rapide pour analyser les DSM tout en conservant une analyse qualitative de l'imagerie cardiaque. 
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Introduction

Errors occur during perfusion scintigraphy, despite its excellent sensitivity, in terms of qualitative interpretation, defects, and reversibility, and especially in patients with balanced multi-vessel coronary artery disease [START_REF] Berman | Phase II safety and clinical comparison with single-photon emission computed tomography myocardial perfusion imaging for detection of coronary artery disease: flurpiridaz F 18 positron emission tomography[END_REF].

Cardiac positron emission tomography (PET) is superior to single-photon emission computed tomography (SPECT) thanks to its quantitative analysis capabilities, especially for measuring myocardial blood flow (MBF) and myocardial flow reserve (MFR), and should be routinely used [START_REF] Deshayes | L'analyse quantitative en TEP cardiaque[END_REF]. Unfortunately, routine cardiac PET is limited because of its accessibility, its cost and the large oncology indications that remain a priority.

The recent development of new cadmium zinc telluride (CZT) gamma cameras has enabled dynamic acquisition of tomographic images, allowing measurement of MBF and MFR [START_REF] Ben-Haim | Quantification of Myocardial Perfusion Reserve Using Dynamic SPECT Imaging in Humans: A Feasibility Study[END_REF][START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF][START_REF] Nkoulou | Absolute Myocardial Blood Flow and Flow Reserve Assessed by Gated SPECT with Cadmium-Zinc-Telluride Detectors Using 99mTc-Tetrofosmin: Head-to-Head Comparison with 13N-Ammonia PET[END_REF][START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF].

Studies measuring MFR showed no difference in the quantitative values of MBF and MFR from those measured on a PET-CT, and that changes in the MFR were closely related to changes of the fractional flow reserve in the coronary area considered, as well as the number of obstructed vessels [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF][START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF]. However, these studies were conducted at different centres and used different injection protocols with different treatment methods and software. Furthermore, because of the high amount of vascular activity during the first 2 min of dynamic recording, the scintigraphy images appeared largely affected by artefacts derived from the intra-vascular background, especially in the left intra-ventricular area. Therefore, to be routinely used in clinical practice, a simple and reliable protocol must be established to obtain the information needed to interpret the quantitative data (left ventricular ejection fraction [LVEF], volume, and perfusion) and to evaluate MFR. Visual quality comparisons of dynamic and standard images should be performed to determine a reliable protocol without any loss of information.

A comparison between early and late images has been performed, with varying results based on the quality of the images [START_REF] Askew | Early image acquisition using a solid-state cardiac camera for fast myocardial perfusion imaging[END_REF][START_REF] Meyer | Validation of early image acquisitions following Tc-99 m sestamibi injection using a semiconductors camera of cadmium-zinc-telluride[END_REF]. This prospective study aimed to validate a rapid protocol that was easily reproduced and robust, using regadenoson, in patients with stable angina, to quantify the MBF and MFR, and to analyse the standard images from myocardial perfusion imaging (MPI) without any loss of information.
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Materials and methods

Patients

From February to June 2018, 10 patients were referred to our centre for MPI with pharmacological stress because they were not able to undergo physical exertion. They were prospectively enrolled in our study to evaluate the MBF and MFR using a new rapid protocol.

Inclusion criteria were as follows: patients with retained indication of myocardial scintigraphy, unable to perform any physical exertion, and with an inability to exercise.

Exclusion criteria were as follows: all patients with contraindications to cardiac scintigraphy (pregnant and/or breastfeeding women), hypersensitivity to regadenoson and active substances or a second or third degree atrioventricular block or sinoatrial node dysfunction (except for patients fitted with a pacemaker), unstable angina, epilepsy, severe hypotension, decompensated heart failure, or interactions with xanthine-based drugs (e.g., caffeine, chocolate, and bananas). It was an observational study patients were informed with their oral agreement.

MFR protocol

Patients were imaged using a solid-state dedicated cardiac camera (Discovery NM530c; GE Healthcare, Chicago, IL, USA). All patients underwent a 1-day gated rest-stress protocol, which is summarized in Figure 1. Initially, a tracer dose of 37 MBq of 99m Tc-tetrofosmin was injected at rest for the pre-scan for an average of 60 s to locate the heart and ensure its correct positioning. Concomitant with the intravenous bolus administration of the resting 99m Tctetrofosmin dose of 2.5 MBq/kg, a list-mode acquisition was started for 6 min immediately prior to the standard 10 min acquisition. On completion of the resting state images, pharmacological stress was induced using regadenoson with a bolus injected over 20 s but without mobilizing the patient [START_REF] Iskandrian | Adenosine versus regadenoson comparative evaluation in myocardial perfusion imaging: results of the ADVANCE phase 3 multicenter international trial[END_REF]. At the vasodilation peak (30 s after injection), the second dose of 99m Tc-tetrofosmin of 8 MBq/kg was injected, and 6 min of list-mode data was collected at the time of the injection, after which the standard acquisition of stress MPI over 5 min was realized.

During this protocol, the patient remained in a fixed position at rest and at the post-stress state, to enable evaluation of the crosstalk (Ctk) function available in the Corridor4DM software (v. 2015, INVIA, Ann Arbor, MI, USA), which cannot be used if the patient is not in the same position during both rest and stress stages.

MFR quantification

List-mode dynamic data were reformatted and reconstructed using Corridor4DM software and test 3: 60 x 3 s and 6 x 30 s [66 frames]); and two of 4 and 3 min (20 x 3 s and 6 x 30 s [26 frames]; and 20 x 3 s and 4 x 30 s [24 frames], respectively). MBF was measured in mL.g -1 .min -1 . The pathological limit of MFR was <2 [START_REF] Ziadi | Impaired myocardial flow reserve on rubidium-82 positron emission tomography imaging predicts adverse outcomes in patients assessed for myocardial ischemia[END_REF].

MPI interpretation

To evaluate the image quality (IQ) of the MPI, we used a pre-existing 5-point scale to compare dynamic, early (dynamic image without the first 2 min of vascular activity) and standard images (Figure 2) [START_REF] Ceyrat | The impact of combination of regadenoson and isometric exercise on image quality of myocardial perfusion scintigraphy[END_REF]. Each exam was classified as excellent (no interfering subdiaphragmatic artefacts), good (remote non-interfering artefacts), average (minimally interfering artefacts), fair (presence of interfering artefacts), or poor (presence of interfering artefacts making the examination uninterpretable).

LVEF

At rest, the LVEF was compared using the dynamic, early, and standard images and echographic data (using QPS/QGS; Cedars-Sinai Medical Center).

Statistical analysis

The GraphPad Prism (GraphPad Software Inc., San Diego, CA, USA) statistical package was used for evaluation of the data. Continuous values are given as the mean +/-standard deviation and a percentage, and paired continuous values were compared using the Mann-Whitney and Friedman tests and examined using Bland-Altman plot analysis. All tests were two-tailed and a P value < 0.05 was considered statistically significant.

Results

Patient demographics

A total of 10 patients were enrolled between February and June 2018 at the Bordeaux University Hospital Nuclear Medicine Center. The average age of the patients was 68.5 years and 40% were female. The study population had an average body mass index (BMI) of 28.4

kg/m 2 and all of the patients had at least one cardiovascular risk factor; 50% had coronary artery disease, and one patient had coronary bypass surgery (Table 1). The most represented cardiovascular risk factors were hypertension, a history of coronary artery disease, dyslipidaemia, followed by the use of tobacco, diabetes, obesity (defined by a BMI > 30 kg/m 2 ), and inherited factors. No serious side effects were observed and only 30% of patients experienced minor side effects such as nausea, headache, and tightness in the chest.

All of the patients benefited from the protocol, which enabled measurement of the MFR associated with a standard myocardial scintigraphy following pharmacological stress induced by regadenoson.

MFR quantification

Myocardial rest and stress MBF and MFR were compared globally and regionally across the three coronary areas according to the five reconstruction protocols, with and without Ctk (Figure 3). The rest and stress flow rates did not differ significantly following analysis of the five test protocols, and the 6-min and 4-min tests. However, the MFR differed significantly (p < 0.01) with or without the use of Ctk (Table 2) in both cases.

There was no significant difference in flow and MFR without Ctk in the three 6-min tests but there was a significant difference (p < 0.05) with Ctk (Table 2).

Data are presented as the mean +/-SD. MFR, coronary flow rate; Ctk, crosstalk; NS, not significant. * Indicates statistical significance.

Moreover, by choosing a cut-off of value for MFR normality at MFR > 2, there were significant differences between the tests (p = 0.001), with an increased number of areas with positive MFR with a reduced duration of dynamic recording (Figure 4).

In the three 6-min tests, no positive MFR tests were negated by any of the other tests.

Figures 5 and6 show the significant differences in the distribution of the MFR and stress MBF values based on the Bland-Altman method, quantified with test 1, with and without Ctk and with a tendency to underestimate the values when Ctk was used.

MPI interpretation

The qualitative and functional analyses that were based on previous results did not attain the values measured by Ctk because of high variability. The 6-min tests highlighted no significant difference in the flow measurement and MFR. Test 1 was used to compare the quality of the dynamic, early, and standard images as well as the LVEFs based on the ultrasound data because of the recent use of regadenoson in a study at the University Hospital of Caen and its greater reconstruction speed (related progressive sampling).

The image quality (Figure 7) did not differ significantly between the three analysis groups (p = 0.6). No review of the early and dynamic groups was rated as fair or poor quality, whereas two were from the standard group.

The dynamic group contained more tests that were considered average compared with the standard and early groups (9 vs. 3 vs. 1, respectively). The interobserver kappa coefficient was 0.87.

LVEF analysis showed a significant difference (p < 0.001) between the measurements obtained with the dynamic, early, standard, and ultrasound images (Figure 8). Multiple comparison analysis showed a significant difference between the standard vs. dynamic and dynamic vs. early (p < 0.05). There was, however, no significant difference between the early, standard, and ultrasound LVEF.

Discussion

Quantification has been made possible in cardiac scintigraphy since the development of CZT cameras [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF][START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF]. These studies highlighted the correlation between MFR changes and anatomical and functional severity of epicardial stenosis and indicated the lack of significant differences in the values obtained with cardiac PET examinations. However, these studies were conducted using different post-processing software, using different reconstruction models and variable temporal sampling. We aimed to validate a reliable and robust reconstruction protocol to quantify the MBF at rest and during stress, as well as the MFR, through the use and comparison of already established 6-min protocols and two new protocols of shorter duration (4-and 3-min), to ensure reproducibility of the measurements and to assess the minimum acquisition time required. Our data was also compared with that obtained using the Corridor4DM software (Ctk). To the best of our knowledge, no study has evaluated these different reconstruction methods based at the same site.

In this study, there was no significant difference in the MFR values between the three temporal sampling models of the 6-min tests; however, there was a significant difference in the decreased acquisition duration of 4-and 3-min (p < 0.001). There were significant differences between the three 6-min tests with the use of Ctk, with lower values for MBF stress and MFR. Additionally, the results differed significantly between the five tests (p = 0.001) using a cut-off of MFR = 2. The results were identical between the three 6-min tests, although more patients had a MFR < 2 when the acquisition duration decreased, giving rise to contradictory results for the CR.

Given the absence of a significant difference between the three 6-min tests, rest, stress, MFR, and interpretation of the results, the 6-phase temporal sampling model used at the Caen University Hospital was used in this study because of its faster reconstruction time (~ 5 min on average) compared with the other two reconstruction times (7 and 9 min). This difference relates to the lower frame number for test 1 compared to tests 2 and 3 (32 vs. 48 vs. 66). The reconstruction time is an important factor because of the low optimization of the postprocessing software. The reconstruction time will likely be greatly reduced in the future but will remain compatible with routine clinical use.

Compared with Agostini et al., our overall MBF values for rest and stress were lower on average (0.82 vs. 1.15 +/-0,31 mL.g -1 .min -1 and 2.03 vs. 3.18 +/-0,95 mL.g -1 .min -1 , respectively). On the other hand, the MFR values were similar (2.95 vs. 2.77 +/-0,70) [START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF].

Several possible explanations underlie these differences: first, the protocol was not identical since in this study the patients remained under the camera for the entire examination, whereas in Agostini et al. [START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF] the patients were repositioned between examinations. Second, different CZT cameras were used (D-SPECT vs. Discovery NM 530c) with different technology, which is likely to be responsible for the variation observed in flow measurements.

Additionally, fewer patients were enrolled in our study (n = 10 vs. 30). Finally, the absence of important differences between the MFR measurements obtained in both studies, and therefore in the final diagnosis, is encouraging. This demonstrates a robust and reliable method for measuring MFR.

In comparison with a study conducted by Bouallègue et al. [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF], we obtained similar resting flow values but higher stress and MFR flow rates (2.05 vs. 1.92 mL.g -1 .min -1 and 2.94 vs.

1.97, respectively). This difference can initially be explained by the different inclusion criteria, as we included coronary and non-coronary patients, whereas the main inclusion criterion of the study conducted by Bouallègue et al. [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF] was 3 vessel disease. In addition, different post-processing software was used. In our trial, we induced pharmacological stress by a bolus of regadenoson, whereas Bouallègue et al. used a slow infusion of dipyridamole.

However, there was no significant difference between the two stress protocols regarding the measurement of CR with an 82 Rb PET [START_REF] Fukushima | Prediction of Short-Term Cardiovascular Events Using Quantification of Global Myocardial Flow Reserve in Patients Referred for Clinical 82Rb PET Perfusion Imaging[END_REF][START_REF] Parkash | Potential utility of rubidium 82 pet quantification in patients with 3-vessel coronary artery disease[END_REF][START_REF] Goudarzi | Comparison of the myocardial blood flow response to regadenoson and dipyridamole: a quantitative analysis in patients referred for clinical 82Rb myocardial perfusion PET[END_REF]. We used regadenoson due to its ease of use in clinical settings.

Another study conducted by Nkoulou et al. [START_REF] Nkoulou | Absolute Myocardial Blood Flow and Flow Reserve Assessed by Gated SPECT with Cadmium-Zinc-Telluride Detectors Using 99mTc-Tetrofosmin: Head-to-Head Comparison with 13N-Ammonia PET[END_REF] compared the flow values obtained with CZT SPECT/CT hybrid cameras (DNM 570c) and those obtained with 13 N-ammonia PET. The dynamic protocol used a 4-min recording following pharmacological stress that was processed with PMOD software. Stress MBF and MFR were significantly lower than those obtained using PET. Our MBF resting values appeared similar (0.92 vs. 0.82 mL.g -1 .min -1 ) while the stress MBF and MFR values were higher than those obtained in their study (2.05 vs.

1.11 mL.g -1 .min -1 and 2.94 vs. 1.32, respectively) [START_REF] Nkoulou | Absolute Myocardial Blood Flow and Flow Reserve Assessed by Gated SPECT with Cadmium-Zinc-Telluride Detectors Using 99mTc-Tetrofosmin: Head-to-Head Comparison with 13N-Ammonia PET[END_REF]. The differences observed can be explained by their dynamic acquisition duration of 4 min, since we showed that decreasing the acquisition time to < 6 min leads to an underestimation of the ratio of MFR to an increased number of tests interpreted as positive (LIM < 2) (Figure 4). Furthermore, the camera and the post-processing software used were different.

In this study, the radiotracer was injected manually with pre-injection into the infusion tubing to optimize the arrival of the tracer and to avoid a two-phase arrival (Figure 9). This protocol is new, since to the best of our knowledge, all other injection studies have used an electric syringe [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF][START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF]. We used this injection mode to achieve an efficient protocol that was rapid and easily reproduced.

Although not all patients benefitted from the diagnostic coronary angiography, results were obtained for some patients (Figures 101112). The initial results are promising, especially in patients with balanced tri-truncal coronary artery disease, and will help determine the functional impact of an epicardial lesion discovered during a diagnostic coronary angiogram.

Figure 10 shows an example of this type of patient who presented with a normal scintigraphy but with an altered MFR (< 2) in the three areas; Figure 11 shows an incorrectly increased MFR in necrotic areas but with significantly altered MBFs for rest and stress; and Figure 12 depicts an anomalous origin of the RCA, with reduced artefacts and no MFR abnormality

(MFR > 2).
As we have shown, MFR is a reflection of the perfusional adaptation of the myocardium under stress, involving both epicardial coronary circulation and coronary microcirculation, which represent the greater portion of myocardial vascularization. This absolute quantitative approach in cardiac scintigraphy is new, and many applications remain to be developed. The relationship between MFR and the severity of stenosis has already been validated in PET and cardiac scintigraphy, and in particular, Murthy et al. [START_REF] Murthy | Improved Cardiac Risk Assessment With Noninvasive Measures of Coronary Flow ReserveClinical Perspective[END_REF] showed that using PET with MFR would enable reclassification of patients initially considered to be at low, intermediate, or even high risk of mortality. The measurement of MFR in diabetic and non-diabetic patients free of epicardial lesions, with normal myocardial perfusion imaging, has already been performed [START_REF] Assante | Coronary atherosclerotic burden vs. coronary vascular function in diabetic and nondiabetic patients with normal myocardial perfusion: a propensity score analysis[END_REF]. In this study, the MBFs of rest and stress and MFR differed significantly between the diabetic and non-diabetic groups. These results suggest the presence of a microcirculatory dysfunction preceding an epicardial attack, particularly in diabetic patients.

This is important because microcirculatory damage can be multifactorial in origin and of multiple aetiologies; for example, in cardiac transplant patients suffering from chronic graft rejection, in multi-visceral fibrosing lesions such as the scleroderma, or in heart failure seen in the LVEF.

Dynamic cardiac scintigraphy has yet to fully demonstrate its usefulness in identifying the prognostic factors of MFR when the patient is suspicious of pathology of microcirculation and the role of MFR in the therapeutic follow-up of these patients. Our study focused on developing a protocol that could be used routinely, allowing both conventional visual analysis and measurement of the MFR. The quality of the dynamic, standard, and early images, as well as the LVEF values, was compared with those obtained by cardiac ultrasound. The 5-point image quality scale did not indicate any significant differences between the standard, early, and dynamic images, but fewer examinations were considered as average and more as excellent in the early group. This is due to the increased vascular activity present during the initial minutes following injection of the radiotracer bolus, causing a drop in the signal-tobackground ratio of the dynamic images.

A comparison of early and late images following radiopharmaceutical injection was performed, with results differing between studies. An initial study of 30 patients showed a significant difference between images taken at rest performed early after radiotracer injection (0-4, 4-8, and 4-12 min after injection) compared to standard images taken 60 min later with an acquisition time of 4 min. The early images could not be interpreted due to significant vascular or digestive activity compared with the later images [START_REF] Askew | Early image acquisition using a solid-state cardiac camera for fast myocardial perfusion imaging[END_REF].

A more recent study of 70 patients compared the quality of the resting images and following physical or pharmacological stress induced by dipyridamole using a 4-point visual scale. The images were taken either early after injection (5 min for rest and physical stress, 3 min 30 s for pharmacological stress) or later as recommended by the American Society for Nuclear Cardiology. There was no significant difference between the early and delayed images in the three groups, and in particular, there was no additional extra-cardiac activity in the early images compared to the late images (83% vs. 87%) [START_REF] Meyer | Validation of early image acquisitions following Tc-99 m sestamibi injection using a semiconductors camera of cadmium-zinc-telluride[END_REF]. The radiopharmaceuticals MIBI and tetrofosmin were used in these studies.

In this study, LVEFs were determined to be significantly different between the ultrasound measurements and all three types of images (p < 0.001). In particular, dynamic LVEFs appeared significantly different compared to the LVEF for standard, early, and ultrasound images. This can be explained by the improved automatic contouring of the cardiac area after the first 2 min, corresponding to the maximum level of vascular activity, and these images were not included in our analysis. To the best of our knowledge, this study is the first to compare LVEF images taken at different acquisition times with ultrasound data.

This study also confirmed the reproducibility of the quantification of MBF, providing that a dynamic acquisition of at least 6 min was used, and maintained an adequate image quality for the visual and quantitative interpretation of LVEFs with a simple and rapid protocol (total duration of ~ 13 min).

However, this study has several limitations. First, it is a single centre study with only 10 patients. Given the limited number of patients, the image quality analysis and LVEFs obtained should be viewed with caution and further analyses with larger patient numbers are needed to confirm our initial findings. Second, injection of the radiotracer bolus was performed manually following pre-injection into the infusion tubing. This injection protocol is new, as automatic injection syringes have been mainly used to date, and this could represent a source of variation [START_REF] Bouallègue | SPECT Myocardial Perfusion Reserve in Patients with Multivessel Coronary Disease: Correlation with Angiographic Findings and Invasive Fractional Flow Reserve Measurements[END_REF][START_REF] Agostini | First validation of myocardial flow reserve assessed by dynamic99mTc-sestamibi CZT-SPECT camera: head to head comparison with15O-water PET and fractional flow reserve in patients with suspected coronary artery disease. The WATERDAY study[END_REF]. However, this remains to be proven, especially as the main objective of this study was to create a protocol that was efficient, fast, and easily reproducible, and could be used in daily practice.

Finally, another area of potential bias was the recruitment of the patients. Patients were recruited only if they were earmarked for pharmacological stress (due to not being able to do so physically, possibly due to the left bundle branch block or the presence of a pacemaker).

This choice was based on the 2013 European recommendations that pharmacological stress should be induced only if physical effort is impossible [START_REF] Task | ESC guidelines on the management of stable coronary artery disease: the Task Force on the management of stable coronary artery disease of the European Society of Cardiology[END_REF].

New Knowledge Gained: This study highlighted the reproducibility of those quantitative analysis whatever reconstructions, and proposed a new, fast, and easy method to get theses parameters without any loss of performances.

Conclusions

Quantitative analysis of resting and stress MBF and MFR has previously been performed with PET imaging, and its diagnostic value and use in prognosis has ensured its routine use. The parameters tested in this study, however, pave the way for a new, non-invasive method to analyse myocardial vascularization, complementary to cardiac perfusion imaging.

Due to its numerous limiting factors (availability, cyclotron, radioelement period, cost, etc.),

PET perfusion imaging has not prevailed compared with other imaging modalities. It is in this context, and with the development of semiconductor cameras (e.g., CZT), that an absolute quantitative approach is now possible in conventional scintigraphy.

We determined a reliable and reproducible protocol of only 13 min duration and with minimal mobilization of the patient, to image resting, stress, and MBF measurements. This will enable reliable analysis of MBF and MFR while maintaining both qualitative visual and functional data due to the list-mode properties, by cutting the first 2 min of acquisition time, which corresponds to peak vascular activity. The post-treatment time remains acceptable (~ 10 min).

This protocol can be used in the future for patients with coronary disease or in the context of screening, or to evaluate the microcirculation for diagnostic, prognostic, and therapeutic purposes.

  Résultats : De février à juin 2018, 10 patients ont été adressés dans notre centre et prospectivement inclus dans notre étude pour évaluer les DSM et la RFM, grâce à cinq modèles de reconstructions list-mod différents. Le critère de jugement principal était la reproductibilité des différentes reconstructions, et le temps nécessaire minimal à l'acquisition. Le critère de jugement secondaire était la qualité des images de la scintigraphie cardiaque. Les trois tests de 6 minutes ne révélaient pas de différences significative dans les mesure des RFM et des DSM (p = 0,15), des différences significatives apparaissaient en diminuant le temps d'acquisition. La qualité des images des images ne différait pas (p = 0,6). Conclusion : Nous avons déterminé un protocole rapide (12 min d'acquisition) fiable et reproductible pour évaluer les DSM et la RFM sans abaisser la qualité des images.

(

  INVIA) into five different reconstruction models: three of 6 min (test 1: 21 × 3 s, 1 × 9 s, 1 × 15 s, 1 × 21 s, 1 × 27 s, and 7 × 30 s [32 frames]; test 2: 30 × 3 s and 18 × 15 s [48 frames];