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Noninvasive cardiac imaging is often performed 
for the assessment of coronary anatomy, 
myocardial perfusion and left ventricular function 
in patients with known or suspected coronary 
artery disease (CAD). The results of these tests 
are used for patient risk stratification, evaluation 
of myocardial ischemia as a cause of symptoms 
and assessment of ongoing disease management. 
PET-myocardial perfusion imaging (MPI) 
allows accurate measurement of myocardial 
hypoperfusion and function at stress and rest, 
as well as assessment of the absolute myocardial 
blood f low (MBF) in the same study. This 
article reviews the latest techniques and clinical 
applications of PET-MPI, including the MBF 
quantification. 

The basics of PET imaging
PET imaging is based on the coincidence 
detection of photons emitted from the decay of 
radiolabeled tracers introduced into the body 
to map a particular physiological process. PET 
imaging can produce 3D images of radionuclide 
distribution in the body. PET imaging can 
produce 3D images of radionuclide distribution 
in the body and uses positron emitting 
radiotracers. Subsequent annihilation of the 
positron (by a collision with a free electron) 
results in the production of two 511-keV g-rays 
emitted in opposite directions (approximately at 
180° to each other). These annihilation g-rays 
are detected in coincidence at opposite sides of 

the PET detector ring (Figure 1). A PET scanner 
consists of several stationary 360° detector rings 
allowing simultaneous detection of coincidence 
events in all directions (3D) or in each plane 
(2D). In cardiac PET imaging, the entire region 
around the heart is covered in the scanner 
field-of-view. Standalone PET scanners use the 
rotating rod for acquiring attenuation correction 
data while the most current PET scanners 
are configured for hybrid PET/CT imaging 
and use a CT component for the attenuation 
correction scan.

Myocardial perfusion can be measured 
in 3D by mapping the distribution of the 
radiopharmaceutical at stress and rest. Absolute 
concentration of radiotracer in the heart MBq/ml 
can be dynamically mapped in 3D, allowing 
imaging of the first-pass activity as it distributes 
in the myocardium. Subsequent high quality 3D 
images of perfusion are typically collected over 
2–10 min, depending on the type of isotope. 
In hybrid PET/CT scanners, a PET scan is 
combined with the fast CT scan delineating 
anatomical structures surrounding the heart [1]. 
The CT scan is subsequently used for photon 
attenuation and scatter correction of PET data, 
allowing accurate depiction of perfusion in the 
myocardium.

PET tracers
Although several myocardial perfusion PET 
tracers are available, the most widely used in 
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clinical practice are rubidium-82 (82Rb) and 
nitrogen-13-ammonia (13N-ammonia).

 n Rubidium-82
82Rb is a potassium analog that is a generator 
product with a physical half-life of 76 s and kinetic 
properties similar to those of Thallium-201 
(201Tl) in SPECT. Owing to the distinct 
advantage of not requiring an on-site cyclotron, 
82Rb is the most widely used radionuclide for 
assessment of myocardial perfusion with PET 
in the USA.

 n Nitrogen-13-ammonia
13N-ammonia is a cyclotron product and has a 
physical half-life of 9.96 min. After injection, 
13N-ammonia rapidly disappears from the 
circulation after its cell-trapping conversion 
to glutamine, permitting the acquisition of 
images of excellent quality. Although the 
sequestration of 13N-ammonia in the lungs is 
usually minimal, it may be increased in patients 
with depressed left ventricular systolic function 
or chronic pulmonary disease and, occasionally, 
in smokers. This may, in turn, adversely affect 
the quality of the images. In these cases, it 
may be necessary to increase the time between 
injection and image acquisition to optimize the 
contrast between myocardial and background 
activity. However, this delay may complicate 
the measurement of quantitative myocardial 
perfusion, which requires rapid sequential 
imaging of the first pass arterial input and 
myocardial uptake in the same imaging session. 
13N-ammonia allows high-resolution imaging 
and exhibits favorable extraction characteristics, 

but its use is limited to the sites with an on-site 
cyclotron.

 n Oxygen-15-water
Theoretically, the oxygen-15-water (15O-water) 
radiotracer is ideal for quantitative f low 
measurements by PET for two reasons: it diffuses 
freely across the myocyte membranes and the 
tissue retention of 15O-water uptake is not 
affected by metabolic factors. However, the noisy 
low-count images make 15O-water unusable for 
routine diagnostic clinical imaging, which is 
why clinical PET laboratories do not typically 
use this tracer [2]. In addition, unlike 82Rb or 
13N-ammonia, 15O-water is neither an approved 
tracer nor reimbursed for clinical imaging in 
the USA.

 n Fluorine-18-flurpiridaz
A new PET myocardial perfusion tracer fluorine-
18-flurpiridaz (18F-flurpiridaz) has recently been 
introduced. Owing to its smaller kinetic positron 
energy and consequently short positron range, 
an 18F-tagged agent can take the full advantage 
of PET spatial resolution.18F-flurpiridaz has a 
relatively long physical half-life of 110 min as 
compared with currently available tracers, and 
therefore does not require cyclotron on-site. 
However, the half-life of this tracer may be too 
long for rapid sequential stress–rest imaging due 
to the residual activity, and will require a delay 
between stress and rest acquisition and/or the 
use of different doses for stress and rest. Phase I 
and II clinical studies have been completed with 
18F-flurpiridaz [3,4], and Phase III studies are 
currently ongoing [5]. In a Phase II trial, PET 
MPI with 18F-flurpiridaz was safe and superior 
to SPECT MPI for image quality, interpretative 
certainty and overall CAD diagnosis [3]. 

As compared with SPECT images in the 
same patients, 18F-f lurpiridaz PET images 
demonstrated better defect contrast [3,5]. 
Promising results have been obtained for the 
measurement of absolute MBF and myocardial 
flow reserve [6,7]. Preliminary data suggested that 
absolute MBF may be measured in humans using 
18F-flurpiridaz [8]. 

Table 1 summarizes the features of PET-MPI 
tracers. Figure 2 illustrates approximately the 
myocardial extraction as a function of the 
blood flow for different PET perfusion tracers 
[9–11]. Preliminary validation of 18F-flurpiridaz 
myocardial retention with microspheres was 
reported and it is similar to 13N-ammonia [12]. 
While the literature documents differences in 
extraction with flow between 13N-ammonia and 

Figure 1. Principle of coincident photon 
detection by a PET scanner. Annihilation 
g-rays are detected in coincidence at opposite 
sides of the PET detector ring.
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82Rb, the flow models appropriate for each of those 
tracers account for the extraction differences, 
such that comparable flow measurements are 
obtained with both tracers. 

Clinical protocols
In general, a PET stress–rest study can be 
performed in a shorter time than a SPECT study 
due to the shorter half-life of radiotracers. A 
stress–rest myocardial stress–rest perfusion study 
with 82Rb and CT attenuation correction can be 
completed in 30 min [13]. A typical 82Rb protocol 
could be as follows: after a topogram acquisition 
used for patient positioning, a CT transmission 
scan is acquired [13]. Subsequently, the patient 
is injected with 25–50 mCi of 82Rb at rest. A 
6-min rest imaging acquisition is simultaneously 
initiated with the start of the rest 82Rb infusion. 
Immediately after completion of rest imaging, a 
second stress CT transmission scan is performed. 
Pharmacologic stress is most commonly performed 
by adenosine or regadenoson infusion. A total of 
2 min after the adenosine infusion, 25–50 mCi of 
82Rb is administered using a separate intravenous 
line in the other arm. A 6-min stress imaging 
acquisition is simultaneously initiated with the 
start of the rest 82Rb infusion. Rest and stress CT 
transmission scans are typically acquired at end-
expiration breath-hold, and patients are instructed 
to breathe normally during the PET acquisition 
[13]. The 15O-water tracer has a similarly short 
decay time and a similar protocol is followed 
with 10–30 mCi of 15O-water injected in order 
to measure the activity for each stress and rest 
scan and activity is measured for 5–6 min [14,15]. 

A 13N-ammonia protocol requires a waiting 
period for 13N-ammonia decay between the stress 
and rest scans, but can be completed within 
80 min as follows [16]: after a topogram acquisition 
used for patient positioning, a CT transmission 
scan is acquired. Subsequently, patients are 
injected with 20 mCi of 13N-ammonia at rest. 
A 10-min rest imaging acquisition starts a few 
seconds before the rest 13N-ammonia injection. 
A total of 30 min later, after completion of rest 
imaging, a second stress CT transmission scan 
is acquired. Pharmacologic stress is typically 

performed by adenosine or regadenoson infusion. 
A total of 3 min after the adenosine infusion, 
20 mCi of 13N-ammonia is administered using a 
separate intravenous line in the other arm. Stress 
image acquisition starts a few seconds before the 
stress 13N-ammonia injection [16].

Example protocols for 82Rb, 15O-water and 
13N-ammonia are shown in Figure 3. Although 
finalized protocols for 18F-f lurpiridaz MPI 
have not yet been established, imaging for 
18F-flurpiridaz in humans was reported with 
rest perfusion images acquired immediately 
upon infusion of 2.3–4.5 mCi of 18F-flurpiridaz 
with a 30-min interval between rest and stress 
for adenosine and a 60-min interval for exercise 
stress and stress-injected dose of 6.4–9.6 mCi [17].

Attenuation correction
A key strength of PET, as compared with 
SPECT, is the routine availability of accurate 

Table 1. PET perfusion tracers.

Tracer Dose 3D 
(stress)

Scan duration 
(stress)

Physical  
half-life

Production Ref.

82Rb 20–50 mCi ~6 min 76 s Generator [13,30,77]

13N-ammonia 20 mCi ~10 min 9.96 min Cyclotron [16]

15O-water 10–30 mCi ~6 min 2 min Cyclotron [14,15]

18F-flurpiridaz 6–10 mCi 5–15 min 110 min Cyclotron [17]
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Figure 2. Radiotracer first-pass extraction for 15O-water, 13N-ammonia and 
82Rb. The graph represents estimates of the pharmacokinetic relationship between 
net uptake (K

1
) and myocardial blood flow for each tracer [78]. 15O-water has 

demonstrated a linear function suggesting a directly proportional model [79]. 82Rb 
[9] and 13N-ammonia [10] exhibit nonlinear characteristics.
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attenuation correction (AC). Unlike in 
SPECT, AC is mandatory for PET-MPI due 
to coincidence effect amplifying the effect 
of attenuation. AC has traditionally been 
performed with transmission sources on 
standalone PET scanners. In PET/CT, the AC 
maps are derived from noncontrast nongated 
CT images, which can be rapidly acquired 
(within a few seconds) and repeated for rest 
and stress perfusion studies to ensure perfect 
alignment with PET scan. Almost all new PET 
scanner models are currently sold in the hybrid 
PET/CT configuration, in which the CT-based 
AC has replaced the traditional transmission 
CT-based AC technique. CT-based AC for PET 
studies has proven challenging for myocardial 
perfusion imaging owing to the effects of 
possible respiratory and cardiac motion in 
general [18–20]. However, respiratory gating has 
not yet been routinely deployed and clinical 
PET centers do not currently use it in clinical 
cardiac PET imaging protocols. It has been 
shown that there are significant differences 
between traditional transmission CT-based AC 
and CT-based AC applied to cardiac PET/CT 
studies, which may remain after alignment of 
CT maps to emission data [20,21]. Although this 
problem is not yet fully resolved, careful visual 
verification of alignment usually ensures that 
these artifacts are minimized. New methods for 
automatic registration of CT and PET maps are 
also proposed to reduce these artifacts [22].

Latest equipment
Recent PET/CT scanners from all vendors 
operate in 3D coincidence detection mode 
without interplane septa. In this mode, all 
coincident photon pairs are detected. The 
principal advantage of the 3D mode is a 
significantly higher photon sensitivity (four- 
to six-times) compared with traditional 2D 
mode, at the expense of a higher scatter fraction 
[23]. Importantly, the technical limitations of 
quantitative 3D PET perfusion imaging are still 
substantial due to possible scanner saturation 
with standard bolus doses of radionuclides. 
In some cases, quantitative PET may require 
low-dose slow infusion of radionuclide to avoid 
scanner saturation during first-past arterial 
activity. For some equipment, it has been 
reported that the useful counts or activity for 
adequate diagnostic imaging are lower with 3D 
imaging [24]. However, it has been reported that 
MBF measurements obtained in 3D PET are 
comparable with 2D PET imaging in the canine 
model [25]. 

These limitations are currently being 
addressed by the vendors. Specifically for 
cardiac applications, 3D PET scanners have 
been recently optimized to cope with high 
count levels in first-pass 82Rb imaging for MBF 
measurements [26] and with additional 82Rb 
g-prompt decays affecting 3D imaging [27]. 
Although 3D 82Rb acquisitions were previously 
compared with the 2D 82Rb acquisitions for the 
standalone scanners [28], the image statistics and 
image reconstructions applied are significantly 
different [29]. Recently, two studies assessing 
diagnostic performance of PET/CT scanners 
for detection of obstructive CAD using the 3D 
mode have been reported and demonstrated high 
diagnostic accuracy [13,30]. It should be noted that 
the invasive coronary angiography was used as 
the gold standard for the presence of obstructive 
CAD in these studies and not as a standard for 
CAD severity.

Further technical advances relevant to PET 
perfusion imaging include the new high-
definition iterative reconstruction techniques 
based on scanner-specific 3D modeling of system 
resolution with effective tomographic resolution 
as low as 2 mm [31]. Preliminary application of 
these improved PET reconstruction methods 
for cardiac imaging have been reported [32]. 
Further image quality improvements have been 
proposed [33] by combining new reconstruction 
with cardiac motion-frozen techniques to 
reduce blurring due to cardiac motion [34]. 
These techniques require ECG-gated images 

82Rb
25–50 mCi 25–50 mCi

82Rb

Stress PET

6 min 6 min

Pharm stress

Rest PET CTAC†CTAC†

CTAC†

CTAC†

13N-ammonia 13N-ammonia
20 mCi 20 mCi

Stress PET

10 min 10 min

Pharm stress

Rest PET

Total time: ~80 min

Total time: ~30 min

15O-water 15O-water 
10–30 mCi 10–30 mCi

Stress PET

6 min 6 min

Pharm stress

Rest PET
Total time: ~30 min

CTAC†

CTAC†

Figure 3. Examples of cardiac PET imaging protocols with 82Rb or 
13N-ammonia and 15O-water. 
†CTAC map acquisition. 
CTAC: CT-based attenuation correction; Pharm: Pharmacologic.
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where the statistical content of each gated 
image is substantially reduced; however, the 
overall image perfusion statistics are preserved 
as the counts are added after spatial alignment. 
Clinical validation of these techniques have been 
performed in SPECT but not yet in PET [35]. 

Radiation dose considerations
Although the initial application of the new 3D 
PET/CT technology was in the field of oncology, 
the 3D acquisition and new software methods 
offer a potential for dose reduction in cardiac 
imaging, beyond already low radiation levels. 
New PET systems registering the photon events 
in the list mode allow reconstruction of both 
relative myocardial perfusion and absolute MBF 
data from the same scan. Due to the increased 
sensitivity of 3D PET, it is possible to obtain 
high-quality 82Rb perfusion images at doses as 
low as 20 mCi [30,36]. In the study by Kaster et al., 
a weight-based low-dose 82Rb 0.12 mCi/lb was 
used [30]. In this study, a custom elution system 
was used for delivery of a 30-s constant activity 
rate infusion allowing consistent count rates 
and image contrast between patients [37]. The 
estimated patient radiation doses have recently 
been revised down to 3.7 mSv for 82Rb PET scans 
obtained on a standard 2D scanner with 80 mCi 
total injected dose (stress plus rest) by more precise 
patient-specific calculations [38]. Therefore, the 
effective radiation dose of stress–rest 82Rb scans 
obtained in the 3D mode could be further 
reduced to approximately 1.85 mSv (<1 mSv for 
stress scan). Similarly, the doses for the other 
cardiac PET tracers are very low. For example, the 
radiation dose from a single 3D PET perfusion 
study is 0.8 mSv for 15O-water and 1 mSv 

for 13N-ammonia [39]. From the preliminary 
reports, the injected dose of 18F-flurpridaz is 
2.91 ± 0.70 mCi at rest, 6.76 ± 1.78 mCi at 
stress when for pharmacological stress and 
1.93 ± 0.37 mCi at rest, 6.48 ± 1.23 mCi stress 
for exercise stress [3]. The mean effective radiation 
dose to the patients from these injections is 
estimated to be approximately 6.4 and 4.8 mSv 
for the pharmacological and exercise stress–rest 
protocols, respectively [3].

Relative quantification of perfusion 
MPI with dedicated PET and integrated 
PET/ CT provides a highly accurate evaluation for 
detection of obstructive CAD [13,40–42]. Overall, 
in the previous reports of PET-MPI diagnostic 
performance, the average sensitivity for detecting 
at least one coronary artery with ≥50% stenosis 
was 89% (range: 83–100%), whereas the average 
specificity was 89% (range: 73–100%) [43]. The 
majority of previous results were obtained with 
standalone 2D PET scanners rather than with 
integrated PET/CT systems and with visual 
scoring of perfusion defects in 17-segment model 
analogous to SPECT perfusion scoring. Limited 
data exist regarding the diagnostic accuracy 
of PET/CT-MPI [43]. To date, three studies 
analyze 82Rb PET/CT diagnostic performance 
with quantitative methods (Figure 4). High 
diagnostic performance (i.e., sensitivity and 
specificity) is demonstrated by three different 
software implementations for 2D [42] and 3D 
PET imaging [13,30]. Kaster et al. achieved 100% 
sensitivity for detection of obstructive CAD 
when transient ischemic dilation results were 
also considered [30]. Note that due to different 
characteristics of perfusion for different tracers, 
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Figure 4. Diagnostic performance of PET perfusion analysis. Sensitivity/specificity for detecting 
(A) ≥50% stenosis and (B) ≥70% stenosis by the relative quantification of 2D [42] and 3D [13,30] 82Rb 
perfusion images.
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for example reduced isotope concentration in the 
lateral wall for the 13N-ammonia imaging [44], 
software for the relative analysis of relative PET 
perfusion requires isotope-specific normal limits. 
Examples of perfusion images and quantification 
results for the 82Rb and 13N-ammonia are shown 
in Figures 5 & 6.

Flow quantification
With standard list-mode acquisition offered 
by modern PET/CT scanners, dynamic first-
pass perfusion images can be obtained with a 
single injection of the radiopharmaceutical and 
without additional imaging time or radiation 
to the patient. Dynamic imaging is essential 
for the assessment of absolute MBF. To obtain 
MBF values, image-derived time–activity 
curves from the arterial blood and myocardial 
tissue regions are used as input to a tracer kinetic 
model (Figure 7). The kinetic model describes the 
exchange of tracer between the blood and the 
tissue over time. The rate of uptake of the tracer 
into the myocardial tissue provides an estimate 
of MBF on an absolute scale of ml/min/g. 
This technique also allows the calculation of 
the myocardial flow reserve (MFR), which is 
defined as the ratio of MBF at peak hyperemia 

to resting MBF. Automated image analysis tools 
are required for reliable and robust clinical use 
of dynamic data for MBF quantification [26]. 
These clinical tools combine advances in the 
automated detection of the myocardium with 
established kinetic modeling techniques, and 
allow rapid and automated analysis of dynamic 
scans. An example of the output from the MBF 
quantification program is shown in Figure 8.

Different modeling tools for calculation 
of MBF and MFR have been developed by 
several groups [45–49], employing different 
methods of segmenting and sampling of the 
myocardial and blood-pool activity to obtain 
input curves. Nevertheless, the agreement in 
absolute values of MBF and MFR between 
these tools is relatively high. In one study, 
three existing clinical implementations of the 
kinetic modeling packages for the computation 
of regional stress and rest flow and MFR for 
13N-ammonia with one- and two-tissue 
compartment models were compared with 
each other, demonstrating excellent agreement 
in f low and f low reserve for each vascular 
territory [45]. Similarly, flow and flow reserve 
obtained with 82Rb tracers demonstrated very 
good agreement in a comparison between 
different software programs for the routine 
kinetic quantification of data from multiple 
sites, scanners and protocols [49].

MBF analysis may potentially be able to 
identify multivessel disease and predict the 
extent of ischemia more accurately than relative 
perfusion imaging [2,50]. The ability to quantify 
absolute MBF with stress PET-MPI permits 
identification of patients in whom the relative 
regional distribution of tracer may appear normal 
owing to a balanced reduction of blood flow 
[51,52]. A study using 13N-ammonia PET (n = 27) 
demonstrated that absolute quantification of 
stress MBF is superior to the measurement of 
relative tracer uptake (quantified manually) for 
identification of hemodynamically significant 
CAD [53]. In a preliminary study with a small 
population (n = 12), it was reported that there 
is additional diagnostic information by MBF 
quantification over the relative perfusion visual 
assessment using 82Rb PET [54]. Another report 
demonstrated that the quantification of MFR 
in 13N-ammonia PET/CT-MPI provides added 
diagnostic value for detection of CAD over 
visual analysis of relative MPI [55]. However, 
further investigation is warranted since other 
studies by quantitative analysis of relative PET 
images alone demonstrate very high sensitivity 
and accuracy (Figure 4) [13,30,42].

SA VLA HLA

Stress TPD
15%

Stress

Rest

Rest TPD
0%

Ischemic TPD
15%

Figure 5. Abnormal 82Rb PET images and quantitative polar maps from a 
patient with 90% proximal left anterior descending artery stenosis. A 
reversible perfusion defect is seen in the anterior, septal and apical walls on both 
the images (A) and the polar maps (B). Stress and ischemic (reversible) TPD were 
both 15%.  
HLA: Horizontal long axis; SA: Short axis; TPD: Total perfusion deficit; VLA: Vertical 
long axis. 
Reproduced with permission from [13].
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Nevertheless, without knowing coronary 
anatomy, the MFR should be interpreted with 
caution as reduced MFR may originate from 
microvascular and/or epicardial stenosis. Owing 
to the relatively low specificity of abnormal MBF 
reserve, the interpretation of MBF reserve with 
PET needs to be placed in the proper clinical 
context with the underlying coronary anatomy 
and cardiovascular risk factors.

Prognostically, MFR demonstrated value as 
an additional marker for adverse cardiac events 
[56–59]. Herzog et al. [56] and Ziadi et al. [58] have 
evaluated the prognostic value of MFR measured 
by 13N-ammonia and 82Rb PET, respectively, in 
more than 900 patients referred for assessment 
of ischemia, including patients with and without 
known CAD. In patients with normal and 
abnormal relative 82Rb PET perfusion, subgroups 
with reduced MFR had a worse prognosis than 
their normal 82Rb MFR counterparts; and MFR 
on 82Rb PET was an independent predictor of 
hard events (hazard ratio [HR]: 3.3; 95% CI: 
1.1–9.5; p < 0.029) and major cardiac events (HR: 
2.4; 95% CI: 1.4–4.4; p < 0.003) after adjusting 
for relative MPI and other confounding variables. 
Although the studies were retrospective, the 
quantitative results were not reported to clinicians 
and, therefore, did not influence therapeutic 
decisions.

Abnormal stress flow or MFR can also have 
important implications for risk stratification of 
patients with normal MPI. Normal MPI scan 
predicts low risk of major cardiac events [60]. 
However, abnormal stress MBF or MFR can 
identify an important subset of individuals with 
normal MPI by relative analysis, but adverse 
prognosis related to extensive epicardial CAD 
[48,52,53] or subclinical CAD and microvascular 
dysfunction [61]. In such patients, the presence of 
abnormal stress MBF or MFR as well as traditional 
high-risk imaging parameters including ischemic 
ECG changes, transient ischemic dilatation and 
reduced ejection fraction response during stress 
can serve as important indicators for either 
noninvasive or invasive coronary angiography to 
exclude severe obstructive CAD. Alternatively, 
coronary calcium score can be used to predict 
low likelihood of obstructive CAD, at least in 
patients without typical symptoms [62–64]. Even 
in the absence of obstructive epicardial disease, 
unexpectedly low MFR can predict increased 
risk of cardiac events and, therefore, indicate to 
the clinician to consider aggressive therapy for 
possible risk factors of CAD [61].

Although absolute quantification of myocardial 
perfusion has great clinical potential, there are 

several limitations that need to be recognized. The 
knowledge of the optimal cutoff values for absolute 
perfusion needs to be studied in large populations 
and for various tracers. Furthermore, additional 
information is needed regarding expected flow and 
flow reserve values in different subpopulations, 
such as diabetic and obese patients, patients with 
heart failure and revascularized patients.

Combined PET/CT angiography 
functional/anatomical imaging
Up to 20% of patients with an intermediate 
pretest likelihood of CAD who undergo 
coronary CT angiography (CTA) may need 

SA VLA HLA

Stress TPD

9%

Stress

Rest

Rest TPD

3%

Ischemic TPD

6%

Figure 6. Abnormal 13N-ammonia PET images and quantitative polar maps 
from a patient with 90% right coronary artery stenosis. A reversible 
perfusion defect is seen in the inferior wall both on the images (A) and the polar 
maps (B). Stress and ischemic (reversible) TPD were 9 and 6%, respectively. 
HLA: Horizontal long axis; SA: Short axis; TPD: Total perfusion deficit; VLA: Vertical 
long axis.

Arterial blood Tissue
K1 k2

Figure 7. Myocardial blood flow 
assessment. For 82Rb and 13N-ammonia a 
simplified one-tissue compartment model can 
be applied to compute myocardial blood flow. 
The rate of exchange of a tracer from the 
arterial blood into the myocardial tissue 
compartment, K

1
, is related to myocardial blood 

flow in ml/min/g as a function of the extraction 
fraction (see Figure 2). The tracer clearance rate 
from the myocardium is described by k

2
. 

K
1
: Net tracer uptake; k

2
: Washout.
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nuclear testing to provide functional information 
to guide management [65]. PET/CT scanners are 
often integrated with high-resolution multislice 
CT state-of-the-art scanners; therefore, it is 
possible to combine coronary CTA anatomical 
imaging and coronary calcium scoring with PET 
imaging in one scanning session. A recent study 
reported combined physiologic and anatomic 
imaging with a hybrid stress-only PET/CTA 
technique [48]. In 104 patients, the hybrid 
technique had a higher positive predictive value 
for detection of CAD than either technique 
alone (81% for CT, 86% for PET and 100% 
for the hybrid technique) and a similarly higher 
specificity (87, 91 and 100%, respectively). The 
mean radiation dose in most of the patients 
was 9.3 mSv when prospective triggering was 
used, and this value was comparable with a 
mean estimated radiation dose of 7 mSv for 
invasive angiography. It is thought that the 3D 
fusion approach with PET/CT for functional 
and anatomical imaging may allow an accurate 
assignment of epicardial lesions to the subtended 
ischemic myocardial territory [66–70]. Note 
that this approach has been used to date only 
by a few highly experienced institutions and 
is not accepted as a clinical routine. In the 

multimodality scanning protocols with the 
hybrid PET/CT scanner, PET and CTA scans 
are not truly simultaneous and are acquired 
with differing breathing protocols, resulting in 
significant misalignments of the images from 
the two modalities. Subsequently, cardiac PET 
and coronary CT angiography images cannot be 
accurately fused by hardware registration alone, 
and may require software correction for truly 
integrated displays of coronary anatomy and 
myocardial perfusion [71].

PET versus SPECT 
Compared with SPECT-MPI, PET-MPI has 
several distinct advantages. PET has improved 
image quality as compared with SPECT, due to 
the improved count statistics, robust attenuation 
and scatter correction, as well as better tracer 
characteristics. PET has demonstrated higher 
diagnostic accuracy for detection of CAD 
than SPECT [72]. A recent meta-analysis 
reported that 82Rb PET is more accurate for 
the detection of obstructive CAD than SPECT 
[73]. In one study comparing gated 82Rb PET 
and technetium-99m sestamibi SPECT images, 
a smaller number of PET scans were considered 
‘equivocal’ [72]. Furthermore, since stress images 
can be obtained immediately after infusion of 
a vasodilator, the results of a stress-gated PET 
represent peak stress wall motion unlike in 
SPECT where stress images are acquired up to 
45 min after stress. Although vasodilator stress-
gated images are not equivalent to exercise-gated 
images, investigators have found that the failure 
to demonstrate an increased ejection fraction 
on stress-gated PET images compared with rest 
images is strongly associated with the presence 
of extensive CAD [41]. This ejection fraction 
reserve has been shown to be prognostically 
significant [74]. In addition, routine AC and 
fast imaging allows absolute quantification of 
activity that is not easily possible in SPECT. 
Finally, compared with SPECT, PET perfusion 
stress/rest imaging can be performed with 
much lower doses (typically <4 mSv, including 
AC scan), especially on new 3D PET/CT 
scanners [75].

Nevertheless, advances in SPECT imaging 
hardware and software such as new cadmium zinc 
telluride cameras and iterative reconstruction 
with resolution recovery are improving SPECT 
imaging. As a result, shorter acquisition times 
and/or lower tracer doses produce higher quality 
SPECT images than before [75,76]. To date, direct 
comparisons of new SPECT technology and 
PET imaging have not been performed.

MFR 1.53 Stress MBF
1.72

Figure 8. Example of the software output for the dynamic 82Rb 
quantification in a 66-year-old male who had 90% stenosis on invasive 
coronary angiography in the left anterior descending artery. First-pass 
images curves and polar maps with abnormal stress MBF (1.72 ml/min/g), and 
decreased MFR (1.53) in the left anterior descending artery territory are shown. 
MBF: Myocardial blood flow; MFR: Myocardial flow reserve.
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Conclusion
Stress/rest PET perfusion imaging, including 
absolute MBF imaging, can be performed in 
30 min in a single scanning session with modern 
PET/CT equipment. Relative quantification of 
PET perfusion images shows very high diagnostic 
accuracy for detection of CAD and quantitative 
MFR/MBF has been shown to serve as a useful 
prognostic marker for adverse cardiac events. 
There is good agreement between different clinical 
implementations of absolute blood flow analysis 
when applied to the same data. Hybrid PET–CTA 
imaging can be performed on PET/CT scanners 
with a low overall dose. When compared with 
SPECT, PET has higher quality perfusion images, 
higher diagnostic accuracy and results in lower 
patient radiation dose.

Future perspective
Quantitative diagnostic and prognostic evaluation 
of relative myocardial perfusion and absolute 
blood flow will be used as a clinical routine. 
Further reduction of radiation dose will be 
archived (<2 mSv) and stress-only protocols will 
be routinely used for specific populations (such as 
people with no known CAD). New myocardial 
perfusion tracers beyond 13N-ammonia and 82Rb, 
such as 18F-flurpiridaz, will be available. AC issue 

will finally be resolved with fully automated 
coregistration. Obtaining coronary calcium 
scan and AC from one CT scan will be possible. 
Stress-only 3D hybrid PET–CTA imaging will 
be used in subgroups of patients. 
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