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Abstract: Positron emission tomography (PET) allows assessment of myocardial blood flow in absolute terms (ml/
min/g). Quantification of myocardial blood flow (MBF) and myocardial flow reserve (MFR) extend the scope of con-
ventional semi-quantitative myocardial perfusion imaging (MPI): e.g. in 1) identification of the extent of a multivessel
coronary artery disease (CAD) burden, 2) patients with balanced 3-vessel CAD, 3) patients with subclinical CAD, and
4) patients with regional flow variance, despite of a high global MFR. A more accurate assessment of the ischemic
burden in patients with intermediate pretest probability of CAD can support the clinical decision-making in treat-
ment of CAD patients as a complementary tool to the invasive coronary angiography (CAG). Recently, several studies
have proven Rubidium-82 (52Rb) PET’s long-term prognostic value by a significant association between compro-
mised global MFR and major adverse cardiovascular events (MACE), and together with new diagnostic possibilities
from measuring the longitudinal myocardial perfusion gradient, cardiac 8Rb PET faces a promising clinical future.
This article reviews current evidence on quantitative 82Rb PET’s ability to diagnose and risk stratify CAD patients,

while assessing the potential of the modality in clinical practice.
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Introduction

Ischemic heart disease (IHD) tallied more than
7 million deaths worldwide in 2010 as the lead-
ing cause of death, and was together with
stroke responsible for approximately a quarter
of all deaths that year [1]. From 1990 to 2010,
deaths caused by IHD have increased by 35%
[1], disproportionately affecting developing
countries [2]. Diagnostic imaging techniques
are useful in optimization of patient treatment,
including patients with known or suspected
IHD. Techniques such as MPI, either by PET or
single-photon emission computed tomogra-
phy (SPECT), are useful for early diagnosis, risk
stratification, and to shorten response time for
appropriate treatment [3]. Decrease in cost of
PET scanners and their wide implementation in
oncology has led to a wider clinical adoption of
cardiac PET, especially PET/CT hybrid scan-
ners, which currently account for 80% of new
PET units installed [3-5]. In contrast, limited
health care resources and the invasive nature
of CAG restrict its use in all IHD patients.

Cardiac PET is therefore an attractive non-inva-
sive alternative to CAG [6], and current pub-
lished guidelines assign class IA recommenda-
tion to PET in patients with intermediate pre-
test probability of CAD [7].

Several radiolabeled tracers are available for
PET scanners. The most validated tracers for
determination of cardiac perfusion are: SN-
ammonia, **0-water, and 82RbCl [5]. **N-ammo-
nia and **0-water require an on-site cyclotron,
whereas 82RbCI requires only a generator with
replacement every 4-5 weeks, thereby offering
an alternative to departments without a cyclo-
tron [8].

Although quantitative, 82Rb PET is often used
primarily for semi-quantitative MPI. Perfusion in
a myocardial segment, determined by regional
tracer uptake, is assessed by reference to max-
imum uptake in the left ventricle (LV). However,
semi-quantitative MPI can be associated with
interpretation difficulties in patients with multi-
vessel CAD because of the best supplied area
being hypoperfused as well [4, 9]. Quantitative


http://www.ajnmmi.us

Clinical value of quantitative Rb-82 PET

Figure 1. Integrated #?Rb PET/CTA study in a patient with chronic stable angina. Rest/stress 82Rb PET scan demon-
strates a large and severe stress-induced perfusion defect throughout inferior LV wall (A). Results of quantitative
assessment of MBF from 82Rb PET demonstrate impaired adenosine-stimulated flow in the inferior LV wall, resulting
in a reduced MFR, compared to the other vascular territories in the LV (B). Cardiac CTA and coronary angiogram
showing coronary stenosis in the right coronary artery (RCA) (C, D), and a normal post percutaneous coronary inter-
vention (PCl) angiogram (E).

MPI by 8Rb PET is an increasingly interesting
supplement allowing quantification of flow in
absolute terms (ml/min/g) [10] (Figure 1). From
mainly being a research tool, the method is
shifting to routine clinical practice [6, 11], and
different software solutions are available to
secure fast and reproducible flow estimates
[12-14]. The clinical feasibility of dynamic and
quantitative 82Rb PET has already been con-
firmed in several studies [15-17], while the
method is not yet fully implemented.

The aim of this review is to describe the current
benefits of quantitative 82Rb PET in the diagno-
sis and risk stratification of IHD patients, and
assess the potential in clinical practice.

Methods

This review is based on a search in PubMed,
MEDLINE, and Cochrane. Entered search terms
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included: myocardial, flow, PET, CAD, and 82Rb,
as well as the combinations. Furthermore,
searching in free text and with MeSH terms
ensured that the latest articles that have not
yet been assigned MeSH terms were also
searched for. The overall search yielded 154
hits, and together with bibliographies the 154
hits formed the basis for the subsequent inclu-
sion of incorporated literature.

The oldest publication included was from year
1990.

Last update of the PubMed search has been
completed at date June 17, 2015.

PET 82Rb and quantification of MBF
To calculate myocardial blood flow quantitative-

ly, time activity curves of tracer input for the LV
cavity and myocardium are obtained from vol-
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umes of interest drawn on the dynamic images,
starting from the moment of tracer injection
until uptake in myocardium is completed. The
time activity curves are fitted to a physiological
model to estimate MBF. Different models exist,
but lately a majority of studies [8, 12, 13,
18-21] use the Lortie et al. single-tissue com-
partment model [16], as it is the most common-
ly used model in 82Rb PET software today [13,
14]. The tracers, **N-ammonia and °0-water,
are already highly validated for calculating MBF
in humans [6, 22, 23]. Quantitative 82Rb PET
has been validated by comparison with these
tracers with a high accuracy of MBF estimates
in the clinically relevant range between 0.5 to
2.5 ml/min/g [6, 15, 17].

Generator produced #RDbCl is attractive as a
tracer, since its distribution to cardiac PET cen-
ters without a cyclotron can potentially lead to
wider availability and a larger global geographic
distribution [8]. In addition, the short half-life of
76 seconds makes implementation of rest/
stress paired studies possible under compara-
ble conditions within a short study period of
less than 30 minutes, while improving patient
comfort and throughput [3]. Furthermore,
patient and staff radiation exposure is signifi-
cantly reduced compared to conventional tech-
netium-99m (°°"Tc) SPECT because of the
much shorter scan time and no waiting time to
clear background radiation [24-26]. Several
limitations with 82Rb are also evident. The ex-
traction fraction of 82Rb in to the myocardium
decreases significantly with an increased flow.
This may underestimate the hyperemic flow
during a stress test. In addition, positrons from
82Rb have higher energy with longer positron
range, resulting in poorer resolution compared
to N-ammonia and **0-water [27]. Thus, using
82Rb it is necessary to apply a compartment
model of the #Rb kinetics, e.g. the single-tis-
sue compartment model with a non-linear
extraction function as proposed by Lortie and
co-workers for cardiac PET [16]. The general
compartment model includes the appropriate
correction factors, but further technical details
of these methods go beyond the scope of this
literature study.

Hybrid scanners with both coronary anatomical
and hemodynamic measurement capabilities
are advantageous alternatives with a high diag-
nostic accuracy, compared to dedicated PET
scanners alone [28, 29]. CT-based attenuation

459

correction and tissueboundaring are more
effective than traditional radionuclide trans-
mission sources used in dedicated PET.
Furthermore, perfusion abnormalities can be
based on the CT-derived anatomy without the
use of frequently inaccurate standard assump-
tions about vascular distribution pattern [28].
PET combined with magnetic resonance imag-
ing (MRI) is also a possible hybrid scanner
option offering promising capabilities for future
clinical implementation [4, 29, 30].

Quantitative vs. semi-quantitative perfusion
measurements

The quantitative perfusion analysis extends
the scope and adds valuable information to
the traditional semi-quantitative MPI assess-
ment; e.g. in 1) identification of the extent of a
multivessel CAD burden, 2) patients with bal-
anced 3-vessel CAD, 3) patients with subclini-
cal CAD, and 4) patients with regional flow vari-
ance despite of a high global MFR [9, 11, 31].

Improved identification of CAD burden

The semi-quantitative assessment of a regional
stress-induced myocardial perfusion defect
with normalization of the data to the maximal
tracer uptake can lead to a false negative
conclusion of IHD [8]. In patients with
multivessel CAD, myocardial perfusion is often
reduced even in areas without significant
stenosis, including the best supplied reference
region, and only the poorest supplied areas
are considered pathological [4, 9]. Although
sensitivity of semi-quantitative 8Rb PET is
confirmed to be high (93%) by Sampson et al.
[4] for detection of disease defined by CAG
(=70% stenosis), the correct diagnosis of the
anatomical extent of multivessel disease was
compromised (sensitivity of only 55%) [4].
Parkash et al. [10] illustrated sensitivity of
semi-quantitative and quantitative 32Rb PET
nearly on par (87% vs. 83%), but correct
identification of disease in all three diseased
vascular territories (=70% stenosis in each
territory defined by CAG) was significantly better
with quantitative 82Rb PET (46% vs. 92%). In
addition, the study of Yoshinaga et al. [19]
showed that segments supplied by stenotic
vessels had significantly lower regional stress
MBF and MFR than segments without stenosis.
Stenotic segments, but with normal perfusion
rated by semi-quantitative 8Rb PET, still had
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reduced hyperemic MBF [19], and exemplifies
an added diagnostic value of quantitative MPI
compared to semi-quantitative MPI even in
areas with significant stenosis.

Balanced 3-vessel CAD

The relative assessment of tracer uptake in
the LV myocardium alone may also fail to
recognize patients with balanced 3-vessel CAD.
The uniform perfusion deficit in all three
major vascular territories often leads to a
false negative conclusion by semi-quantitative
MPI. The study of Ziadi et al. [8] enrolled 120
patients with known or suspected CAD, and
demonstrated that patients with 3-vessel CAD
had a significantly lower MFR compared to
patients without. Global MFR (<2) was
concluded as an independent predictor of
3-vessel CAD, by results from a multivariable
Cox analysis including summed stress score
(SSS), MFR, and other significant risk factors.
MFR had a diagnostic sensitivity of 88% for
3-vessel disease, whereas only 60% of these
patients had other generally accepted risk
factors, such as reduced ejection fraction,
transient ischemic dilation, and ischemic
ECG changes. The study is important in
demonstrating that quantitative MFR has an
advantage in the diagnosis of 3-vessel CAD,
compared to semi-quantitative measurements.
The incremental value of absolute flow
quantification has recently been confirmed by
another comprehensive diagnostic study [32].
While the interpretation of a balanced 3-ve-
ssel CAD by semi-quantitative analysis as
being normal may be rare [11], neverthe-
less quantitative assessment of myocardial
perfusion with #Rb PET may be used in
facilitating prediction of patients with balanced
3-vessel CAD over standard semi-quantitative
MPI [8].

Subclinical CAD

A compromised global perfusion and no focal
stress-induced perfusion abnormality can also
be due to diffusely spread non-obstructive
atherosclerosis and microvascular dysfunction.
These burdens are different from luminal
narrowing, and are often present together with
atherosclerosis, confounding the relationship
between percent stenosis and downstream
coronary flow [32]. A previous study already
documented a decreased MFR as a result of
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coronary microvascular dysfunction [33].
Without the presence of a flow limiting coronary
artery stenosis, the quantitative values are
thought to reflect the degree of microvascular
dysfunction in patients with coronary risk
factors [34]. This subgroup with normal
epicardial vessels is particularly important. A
reduced MFR and hyperemic MBF despite no
detection of a semi-quantitative perfusion
deficit are followed by a long-term higher
outcome of MACE [18, 20, 34]. The WISE study
[35] has shown that women with IHD symptoms,
but without significant coronary artery stenosis
were at higher risk of cardiovascular events
(myocardial infarction, hospitalization for heart
failure, stroke, or cardiac mortality) than women
without any symptoms, probably because of
microvascular disease. Because of absent
regional perfusion abnormalities from a
homogenously impaired hyperemic flow, semi-
quantitative MPI will often overlook such
abnormalities [9]. The quantitative possibility of
identifying these patients is therefore essential,
as intervention aiming at reducing traditional
risk factors, as well as initiation of medical
treatment may be undertaken.

Regional flow variance despite high global flow

Quantitative evaluation without normalization
to maximum tracer uptake is desirable, as it
may help to recognize patients with widespread
flow reduction from a normal variance of tracer
uptake [11, 31]. In diseases such as Takotsubo
cardiomyopathy, we recently demonstrated
that what was initially interpreted, using semi-
quantitative MPI, as hypoperfusion of the apical
region with normal basal perfusion, turned out
to be normal apical perfusion with hyper-
perfusion of the basal part when using
quantitative ®Rb PET [36-38]. This also un-
derscores how quantitative MPI can lead to
new insight into pathophysiology mechanisms
in cardiovascular disease.

CAD prognostication

Quantitative perfusion assessment with PET
can provide information on both macro- and
microvascular level, hence detection of early
stages of CAD and more precise risk stratifica-
tion of manifest CAD is possible [20]. Only few
prospective studies exist regarding 82Rb PET’s
long-term prognostic value. The study of Ziadi
et al. [18] was a prospective cohort study with
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including 2,783 consecu-
tive patients referred for
known or suspected CAD,
documented global MFR’s
incremental value for prog-
nostication over other rec-
ognized clinical risk factors,
including LV systolic func-
tion and a semi-quantita-
tive assessment of myocar-
dial ischemia [39] (Figure
2). They were the first to
demonstrate an associa-
tion between decreased
MFR and cardiac mortality
with consistency across 29

¥
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Figure 2. Illustration of risk reclassification after addition of global coronary flow
reserve (CFR or MFR). The top horizontal bar represents risk categories of <1%
(green), 1%-3% (blue), and >3% (red) annual rate of cardiac death, estimated
by rest and stress LV ejection fractions (LVEFs), and the combination of myo-
cardial ischemia and scar. The pie graphs show the percentages of patients in
each pre-CFR risk category reclassified after addition of CFR (post-CFR risk).
The bottom bar charts illustrate annualized rates of cardiac death in the three
post-CFR risk categories. The benefit of CFR addition was greatest among inter-
mediate pre-CFR risk patients (34.9% correctly reclassified). (Reproduced with

permission of [39]).

704 consecutive patients assessed for isch-
emia. This study shows an association between
patients with abnormal MFR (<2.0) and a sig-
nificantly higher cardiac event rate after one
year of follow-up. Using a multivariate Cox
model pointed out MFR as the independent
factor for prediction of MACE with the highest
hazard ratio. The trend was supported and con-
firmed by two other prognostic studies with
slightly smaller enrolled populations, n=275
and n=351, of patients referred for known or
suspected CAD [20, 34]. Same conclusions
about quantitative MFR’s ability to predict long-
term MACE were drawn, including hyperemic
MBF as an equally good prognostic factor using
2.11 and 1.8 as cutoff for MFR. The semi-quan-
titative measurements had a significant prog-
nostic value in all three studies as well. When
patients were assessed as having normal MPI
with a semi-quantitative evaluation (SSS <4 or
summed difference score (SDS) <2), reduced
MFR was still associated with a higher MACE
prevalence in accordance with presence of
3-vessel and subclinical CAD [18, 20, 34].
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subgroups, evaluated of
different assumed cardiac
risk factors. Moreover,
patients in the lowest ter-
tile of MFR (<1.5) had a sig-
nificantly worse prognosis
independent of other risk
factors, and patients in the
highest tertile of MFR
(>2.0) had a good progno-
sis despite of other risk fac-
tors resulting in correct
reclassification of risk in a
large group of patients, including 35% of inter-
mediate risk patients [39] (Figure 2).

Low Int. High
22 89 674

MFR and specificity

Compromised MBF integrates epicardial
stenosis dimensions, diffusely spread athero-
sclerosis, and microvascular dysfunction [32,
40]. Thus, quantitative perfusion measure-
ments are sensitive, but not necessarily
specific for obstructive epicardial CAD.
Microvascular disease together with epicardial
stenosis coexist in many CAD patients with
reduced global MFR, and the ability of separat-
ing these two when regional perfusion defects
are missing, is compromised [32]. In patients
without contraindications, the relative contribu-
tion can be revealed from a CT angiography
(CTA) in a hybrid PET/CT session (Figure 1), with
determination of the degree of epicardial coro-
nary stenosis [32, 41, 42]. With exclusion of
stenosis, functional information with decreased
MFR will point to microvascular dysfunction
and subclinical CAD. A high sensitivity for MFR
has been confirmed in larger studies for detect-
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Figure 3. Univariate ROC curves for #Rb PET semi-
quantitative MPI (A) and quantitative MPI (B). The
ROC curves illustrate sensitivity (blue curves) and
specificity (red curves) in pairs for identification of
high risk CAD patients. The sensitivity/specificity
trade-offs were obtained from different cutoff points
of %SSS and global CFR, with CAG as a reference.
Data demonstrate a general low sensitivity of semi-
quantitative MPI, and thereby a frequent risk of miss-
ing high risk patients. Furthermore, data is consis-
tent with a high sensitivity of quantitative MPI for CFR
above 2.0, but with a compromised positive predic-
tive value because of the methods lack of specificity.
Naya et al. [32] determined that a %SSS of 10.2%
and a CFR of 1.93, resulted in the best trade-off be-
tween sensitivity and specificity. (This research was
originally published in JNM, and reproduced with per-
mission of [32]).

ing high-risk patients on angiography [8, 32]
(Figure 3). A preserved MFR above 2.0 excludes
patients at high risk with a negative predictive
value of nearly 1.0 independent of semi-quanti-
tative perfusion results. While a stepwise
reduction in MFR increases the likelihood of
comprehensive obstructive CAD relative to
other conditions, the positive predictive value
and specificity will remain compromised
because the method lacks ability to separate
obstructive and non-obstructive CAD (Figure 3).
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According to several studies, the addition of
MFR to other high-risk imaging findings increas-
es the identification of flow-limiting stenosis,
but at the expense of less specificity [8, 9, 32].
At the risk of an increased frequency of unnec-
essary catheterization, quantitative perfusion
data should not be interpreted in isolation, but
in clinical context with semi-quantitative perfu-
sion data, cardiovascular risk factors, and coro-
nary anatomy. More recently, increasing evi-
dence has accumulated that the downstream
hemodynamic consequences of an obstructive
CAD burden may be better identified by mea-
suring the longitudinal myocardial perfusion
gradient from the base to the apex of the heart
under hyperemic conditions together with MFR
[43-46]. A longitudinal decrease in hyperemic
MBEF indicates a CAD related increase in epicar-
dial resistance from an absent adequate flow-
mediated vasodilation, which leads to a decline
in coronary pressure and flow along the vessels
[44, 46]. These studies have so far only been
performed with tracer *N-ammonia [46].
Whether the method will assist MFR, improving
the reduced specificity of CAD and be per-
formed with easier accessible 82RbCl tracer,
remains to be shown.

Concordance between anatomical and physi-
ological assessment of CAD

Regional hyperemic MBF and MFR are thought
to be inversely and non-linearly correlated with
percent diameter coronary stenosis [19, 47-49].
Quantitative coronary angiography (QCA) com-
monly represents the primary tool for investiga-
tion of stenosis severity [9]. The relationship
between stenosis severity and hyperemic MBF
is, however, more complex with relatively high
flow variability with coronary stenosis of inter-
mediate severity [47, 48]. Several factors,
including physiological adaptive vasodilation to
balance the increase in resistance and induc-
tion of collaterals to compensate hypoxic
conditions, can result in the discordance.
Furthermore, a tendency for the operator to
overestimate stenosis diameter exists, espe-
cially when assessed by CAG rated visually [9,
42]. A relatively preserved MFR because of
local compensatory vasodilation may in fact
be seen in some individuals with intermediate
epicardial CAD lesions, thereby preventing
stress-induced ischemia [9, 42]. Quantitative
82Rb PET has an improved ability to differenti-
ate stenosis of intermediate severity based on
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their hemodynamic significance, and can facili-
tate the diagnostic testing of suspected CAD
[7, 19, 49]. Whether addition of quantitative
82Rb PET will play a role in future revasculariza-
tion planning, and aid for a more objective
determination of mechanical versus medical
treatment of CAD, requires more clinical valida-
tion and trials.

For most of the included clinical studies, the
extent of ischemia, determined with 82Rb PET,
was compared to an anatomical test carried
out with CAG or QCA. A comparison of physio-
logical and anatomical metrics is not ideal, as
an anatomical stenosis does not necessarily
result in ischemia [46], and therefore it may be
challenged why anatomy is considered the ref-
erence. However, consideration about whether
the quantitative perfusion measurements with
PET would have a greater diagnostic precision
compared to a physiological test such as the
invasively measured fractional flow reserve by
intracoronary pressure measurement, is there-
fore relevant.

PET MPI parameters

Semi-quantitative MPI provides high sensitivity
for detecting isolated flow-limiting defects [4,
10]. Quantitative absolute MPI shows the real
ischemic burden in the LV myocardium [9].
Thus, the combined assessment allows true
evaluation of global disease severity together
with high sensitivity of a potential focal lesion
[9, 50]. Absence of a focal stress-induced per-
fusion abnormality with a low absolute perfu-
sion indicates microvascular disease, and usu-
ally no benefit of revascularization. In this case
though, isolated lesions can be overlooked
when the regional perfusion deficits are balanc-
ing each other. With both diffusely reduced per-
fusion and a focal defect, possible benefits of
revascularization can be judged independently
from regional quantitative MPI and the degree
of ischemia.

Hyperemic MBF and MFR, accounting for rest
MBF, are both important for covering the wide
spectrum of conditions seen clinically. In a
small but significant subgroup of patients, a
mildly reduced hyperemic MBF may lead to two
opposite diagnoses because of an abnormal
flow at rest [40, 51]. When treated with beta
blockade, a low rest MBF may lead to a pre-
served MFR and capacity for increased flow to
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meet increased demand, in spite of the reduced
hyperemic MBF, hence, no ischemia [40, 51]. A
high rest MBF however, due to uncontrolled
blood pressure or anxiety, may lead to a defi-
nite low MFR, hence, inadequate flow capacity
under high workload and possible ischemia
[40, 51, 52]. Furthermore, in patients with sus-
pected myocardial infarct, assessment of rest
MBEF is necessary to differentiate scar tissue
from reversible ischemia in a stress perfusion
test [6]. Selection of each patient should always
be considered in a clinical perspective includ-
ing symptoms, comorbidities, response to med-
ication, and general accepted CAD risk factor.

A clinical implementation of quantitative 82Rb
PET - how far are we?

Several studies have investigated the efficacy
of revascularization in addition to optimal medi-
cal therapy in initial treatment of patients with
CAD [53-55], and they found no significant dif-
ferences in long-term outcome regarding rates
of death or MACE. It seems that only when the
invasive strategy is combined with an assess-
ment of significant ischemia from functional
imaging, can it lead to a better outcome for
CAD patients than with optimal medical thera-
py [56].

The new European Society of Cardiology (ESC)
guidelines on myocardial revascularization [7]
and management of stable CAD [57] from 2014
and 2013 respectively stress the role of non-
invasive testing including cardiac PET in
patients with suspected CAD. After initial pre-
testing of CAD likelihood, patients with an inter-
mediate risk of significant CAD (15-85%) are
advised to undergo functional testing or CTA [7,
57], with the purpose of distinguishing between
obstructive and non-obstructive CAD. PET is
one of the imaging modalities recommended
for this purpose. However, availability still
restricts the use of PET perfusion and hybrid
imaging compared to SPECT, even though they
are confirmed as being superior [7, 57]. Thus,
SPECT and echocardiography are still the wide-
ly used functional imaging techniques today
[7], probably due to their availability.

The complex PET technology, including the
mathematical data modeling necessary to
quantitative blood flow, is prone to artifacts
and measurement uncertainties. Because of
the rapid technical development of cardiac PET,
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and so far primary use as a research tool, the
quantitative 82Rb PET procedure is still missing
standardization [40]. A standardized protocol
and treatment algorithm across diagnostic cen-
ters is desired, and the knowledge from experi-
enced centers should be globally disseminated.
Furthermore, the heterogeneity between the
majority of studies, including different scan-
ners, software algorithms, and clinical practice,
limits the comparability and interpretation.

Routine list mode acquisition provides an easy
way to combine quantitative and semi-quanti-
tative perfusion analysis facilitating the integra-
tion of the benefits of quantitative 82Rb PET into
clinical practice [11] (Figure 1). For a further
implementation of quantitative Rb PET, an
optimized consistency of output data is neces-
sary. Various studies have confirmed a high
reproducibility with a low intra-, and interopera-
tor variability when using the same software
packages and hardware [12, 58-60]. The inter-
operator variability can be minimized when
using robust and fully automated software
packages already available [12]. Recently,
several studies have shown a very good consis-
tency of quantitative perfusion data from #Rb
PET when using the single-tissue compartment
model of Lortie et al. [12-14]. Software which
implement the suggested kinetic model [16]
produced results close enough to be used
interchangeably, and the independence of a
particular software package provides an oppor-
tunity for patient follow-up across different
nuclear cardiology centers [13, 14]. Moreover,
the RUBY-10 study revealed that different trac-
er kinetic models produce different results
from the same 82Rb PET data, with possible
variances in global MBF up to 90%, and MBF
patient data presented without information on
the implemented mathematical model can
therefore not be compared directly [13]. MBF
quantification reproducibility and accuracy
have also been evaluated versus the previously
validated tracer **N-ammonia [15]. With excel-
lent same-day repeatability within 60 minutes
in healthy patients [21] it is possible for serial
quantitative 82Rb PET studies to be used for
monitoring the effect of clinical interventions.
Beyond an increased credibility, the approved
reproducibility and commutability supports
larger multicenter trials, and can aid a further
implementation of quantitative 82Rb PET in clin-
ical practice.
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Conclusion

Due to the high temporal resolution and attenu-
ation correction of PET/CT scanners, quantifi-
cation of perfusion in ml/g/min from dynamic
images is feasible. This allows for more accu-
rate assessment of the CAD burden in individu-
als with cardiovascular risk than with semi-
quantitative PET MPI. The correct diagnosis of
severity and improved identification of patients
with multivessel CAD and subclinical CAD are
interesting advantages of assessing quantita-
tive global MFR and hyperemic MBF with 8Rb
PET. Quantification of MFR may reveal the rela-
tionship between cardiovascular risk factors
and coronary artery circulation. It may clarify
early signs of a CAD burden before its clinical
breakthrough, together with an improved risk
stratification of manifest CAD. The additional
information obtained may help guide decisions
of life style changes and medical therapy.

Severely reduced global perfusion is usually
caused by obstructive multivessel CAD, diffuse
non-obstructive atherosclerosis, microvascular
dysfunction, or combinations thereof [32, 40].
The ability to separate coexisting ischemic con-
ditions can be quite challenging, and may be
supported by the addition of CTA to the PET/CT
session. Furthermore, decision of potential
revascularization of patients with an intermedi-
ate risk of CAD may be further supported by
quantitative 8?Rb PET.

The easy combination of quantitative perfusion
analysis with traditional semi-quantitative PET
MPI facilitates implementation in clinical rou-
tine. In spite of technical challenges, including
requirement of a high reproducibility and a
standardized protocol and software algorithm
between nuclear cardiology centers, it appears
from current evidence that quantitative MPI
with 82Rb PET has the power to become a reli-
able non-invasive imaging tool assisting in diag-
nosis, treatment, and risk stratification of IHD
patients.
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