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Purpose. We aimed to assess normal values for quantified myocardial blood flow (MBF) on
a hybrid PET/coronary-CT scanner and to test their diagnostic performance in patients with
suspected CAD.

Materials and Methods. Patients underwent 82Rb-PET/CT and integrated CT-based
coronary angiography (CCTA) and were classified as normal (no stenosis), with non-obstructive
stenosis (< 50%) and with CAD (‡ 50%). Global and regional stress MBF (sMBF), rest MBF
and myocardial flow reserve (MFR) were calculated. Ischemia was defined as SDS ‡ 2, severe
ischemia as SDS ‡ 7.

Results. 357 consecutive patients were included. Global sMBF and MFR were higher in
normal patients than in patients with CAD (3.61 ± 0.71 vs 3.04 ± 0.77, P < 0.0001; 3.08 ± 0.84 vs
2.68 ± 0.79, P = 0.0001), but not different compared to patients with non-obstructive stenosis
(3.61 ± 0.71 vs 3.43 ± 0.69, P = 0.052; 3.08 ± 0.84 vs 2.99 ± 0.82, P = 0.45). sMBF yielded superior
accuracy over MFR in identifying both ischemia (AUC 0.74 vs 0.62, P = 0.003) and severe
ischemia (AUC 0.88 vs 0.78, P = 0.012). Optimal threshold for global sMBF to rule out
myocardial ischemia was 3.5 mL g21 min21.

Conclusions. Normal quantitative values are provided. Global sMBF provided higher
diagnostic accuracy than MFR. Using sMBF-threshold of 3.5 mL�g21�min21 on 82Rb-PET/CT
yielded similar NPV (96%) as CCTA to rule out CAD. Hence, resting scan could be omitted in
patients with sMBF values above reference. (J Nucl Cardiol 2022;29:464–73.)
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Abbreviations
CCTA CT-based coronary angiography

LAD Left anterior descending artery

RCA Right coronary artery

RCX Ramus circumflexus (left circumflex

artery)

sMBF Stress myocardial blood flow

rMBF Rest myocardial blood flow

MBF Myocardial blood flow

MFR Myocardial flow reserve

PPV/NPV Positive/negative predictive value

SRS/SSS/

SDS

Summed rest/stress/difference score

INTRODUCTION

Myocardial perfusion positron emission tomogra-

phy/computed tomography with Rubidium-82 (82Rb-

PET/CT) is increasingly used in the diagnostic and

prognostic assessment of patients with suspected or

known coronary artery disease (CAD), due to significant

advantages over single photon emission tomography

(SPECT), including lower radiation exposure, higher

resolution and sensitivity, robust attenuation correction

and absolute quantification of stress and rest myocardial

blood flow (sMBF and rMBF, respectively).1,2

To date, two questions remain unanswered for quan-

titative 82Rb-PET/CT: 1) which are the normal values of

sMBF and rMBF? and 2) which quantitative parameter is

the most accurate to allow for a precise diagnosis of CAD

(sMBF or myocardial flow reserve [MFR])?

Although 82Rb-PET was introduced in the 80�s,
normal values of absolute MBF have not been yet

validated in large cohorts based on a robust reference

standard. Some investigators report reference MFR

values for 82Rb PET in normal populations based on

low-probability with small patient number (n = 22) and a

comparison between stress MBF and MFR within the

same patients with regard to diagnostic performance and

to rule out CAD has not been explored yet.3,4 Rather,

reference values for stress MBF are currently derived

from studies on cardiac perfusion PET using other

tracers, with different pharmacodynamics.5 Further-

more, previous studies using 82Rb PET/CT suffered

from the lack of a validated and robust gold standard

capable to identify flow-limiting coronary stenosis. In

this regard, coronary computed tomography angiogra-

phy (CCTA) has been reported to have high diagnostic

accuracy and an excellent negative predictive value

(NPV) when compared to invasive coronary angiogra-

phy (ICA).6 This favorable feature makes this technique

ideal to identify patients without CAD.

While many papers demonstrated the impact of

MBF quantification using various PET perfusion tracers

in clinical practice,7 the choice of the most accurate

quantitative parameter is still open to debate. The role of

MFR has been elucidated both for 82Rb-8,9 and 13NH-

Ammonia10 PET/CT, whilst a superiority of sMBF over

MFR has been recently demonstrated for 15O-water

PET/CT.5 Other parameters like relative flow reserve

(RFR), defined as the ratio of hyperemic MBF in a

stenotic area to hyperemic MBF in a normal perfused

area have been investigated, but failed to show an

improvement in diagnostic accuracy.11

Summarized, current evidence of normal flow

values using 82Rb-PET is either based on very small

patient number, on clinical grouping based on SSS

where smaller stenosis could still be present4 or on the

adaption of different tracers such as 15OH2O that harbor

different kinetics.5 To close this gap, we therefore aimed

to determine reference values of 82Rb-PET/CT com-

pared to CCTA and to assess for the most accurate

parameter able to identify patients with CAD. Thresh-

olds in quantitative values able to detect a myocardial

ischemia were also investigated.

MATERIALS AND METHODS

Study Design

This single-center observational study was con-

ducted in accordance with the declaration of Helsinki.

The study was accepted by the local ethics committee

(Req-2019-00447).
In this study, only patients without prior history of

known CAD were included. All patients were referred as

part of clinical care for signs or symptoms suggestive for

CAD (typical or atypical chest pain, exertional dyspnea,

electrocardiogram (ECG) changes during ergometric

test). Exclusion criteria were age under 18, pregnancy,

breast feeding, previous allergic reaction to contrast

medium, hyperthyroidism and impaired renal function.

All consecutive patients underwent both 82Rb-PET/

CT and CCTA on the same hybrid scanner between 1st

January 2016 and 1st May 2019.

Imaging Protocol

All patients underwent sequential cardiac 82Rb-

PET/CT with rest/stress protocol (Figure 1) and 128-

slice CT-based coronary angiography (CCTA) on an

integrated hybrid PET/CT system (Biograph mCT,

Siemens Healthineers, Erlangen, Germany). First, a

non-enhanced low-dose CT scan was performed for

attenuation correction purpose (increment 0.6 mm, soft-

tissue reconstruction kernel, 120 keV, CAREDOSE

See related editorial, pp. 474–475
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4D), followed by a non-enhanced calcium scoring CT

with breath commands (increment 0.6 mm, slice thick-

ness 3 mm, soft-tissue reconstruction kernel, 120 keV,

CAREDOSE4D).

Stress was induced by weight-adapted dose of

Adenosine (140 lg�kg-1�min-1) using a perfusor i.V.

over 6 minutes or by a single i.V. application of 400 lg
Regadenoson, if Adenosine was contra-indicated.

Rest images were always performed first, followed

by stress. For both rest and stress, a weight-adjusted

dose of 82Rb-chloride was intravenously injected as

bolus (30 mCi—1110 MBq if weight \ 100 Kg,

40 mCi—1480 MBq if C 100 Kg and \ 140 kg and

50 mCi—1850 MBq if C 140 kg). Electrocardiogram-

gated PET images were acquired for both rest and stress

over 7 minutes in list mode, starting simultaneously with
82Rb-chloride injection.

Static and dynamic images were reconstructed

using an ordered subset expectation maximization algo-

rithm (OSEM, matrix 512 9 512, 3 iterations, 21

subsets, gauss-filtering, 8 mm full-width half-maxi-

mum). Random, scatter, attenuation and decay

corrections were automatically applied to the emission

data. Alignment between PET and CT images was

visually inspected by experienced technologists and

corrected if necessary. Automatic motion correction was

also performed. Dynamic images were reconstructed

with the following framesets: 1 second delay, 12 9 10

seconds, 2 9 30 seconds, 2 9 60 seconds,

1 9 120 seconds. Static and ECG-gated images were

reconstructed using the last four minutes of acquisition,

both with and without attenuation correction

At last, CCTA (increment 0.6 mm, soft-tissue

reconstruction kernel, 120 keV, dynamic mAs using

CAREDOSE4D, pitch 0.8) was performed after PET/CT

scan by administering 80 ml of iodine contrast (Ultravist

370). To enable best image quality, application of

metoprolol i.v. (5-20 mg) and nitroglycerin sublingual

(2 sprays) was performed after PET and immediately

before CCTA acquisition with a target heart rate of B

70 bpm. Scans were prospectively gated.

Image Evaluation and Quantification

All images were read in consensus by a board-

certified nuclear medicine physician, a board-certified

radiologist and a board-certified cardiologist, not blind

to clinical information.

CCTA was visually rated by two independent

readers and stenosis were graded according to their

severity extent using a 5-point scale (grade 0 = none,

grade 1 = 1 to 50%, grade 2 = 50 to 74% grade 3 = 75 to

90%, grade 4 = 90 to 100%). Patients were classified as

normal (group 1, no stenosis on CCTA), with non-

obstructive stenosis (group 2,\50% stenosis on CCTA

in at least one vessel) and with CAD (group 3, C 50%

stenosis on CCTA in at least one vessel).

sMBF, rMBF and myocardial flow reserve (MFR)

were automatically calculated both globally and in each

vascular territory using a proprietary software (Syngo

MBF) included in SyngoVia Package (Siemens Health-

ineers, Erlangen, Germany). Individual assignment of

ventricular segmentation to its correlating vascular

territory was performed based on hybrid PET/CTCA

data. The arterial input function was derived from the

dynamic PET data. A single tissue compartment model

was used to calculate myocardial perfusion in

mL�g-1�min-1, as previously described.12 As in previ-

ous studies, rMBF was corrected for rate-pressure

product to compensate for the bias resulting from

cardiac preload by high heart rate and systolic blood

pressure in the resting state,13 thus generating two

datasets of rMBF and MFR, each with and without

correction. The corrected rMBF (rMBFcorrected) was

calculated with the following formula:5,13

Corrected rMBF ¼ rMBF� 10000

heart rate� systolic blood pressureð Þ

Static PET/CT perfusion images were visually

assessed on a 17-segment model using individual known

coronary anatomy both at rest and during stress and

scored according to American Society of Nuclear

Cardiology guidelines (0 normal perfusion, 1 mild

reduction in counts but not definitively abnormal, 2

moderate reduction in counts and definitively abnormal,

3 severe reduction in uptake, and 4 absent uptake).14,15

Summed scores were calculated for the global myocar-

dium. SSS equals the sum of the scores for all segments

in the stress scan, SRS equals the sum of the scores in

the rest scan, and the summed difference score (SDS)

equals the sum of the differences between SSS and SRS

in each segment. Ischemia was defined as SDS C 2
Figure 1. Imaging protocol.
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while severe ischemia was defined as SDS C 7,

corresponding to C 10% of ischemic myocardium.

Statistical Analysis

For statistical analyses, MedCalc Software Version

18 (MedCalc Software, Ostend, Belgium) was used

employing an alpha-level of 0.05 to indicate statistical

significance. Normal distribution was assessed using

Shapiro-Wilk test. Mann-Whitney-U test and Kruskal-

Wallis test were used for comparison of non-parametric

data across groups; ROC-analysis was performed to

determine the diagnostic accuracy of quantified blood

flows in identifying ischemia. Youden’s index with

optimal cut-off values was determined. DeLongs

method was used to compare between ROC curves.

To correlate heart rate with rMBF, Spearman’s rank

correlation was used. To correct for alpha error accu-

mulation by multiple testing, Bonferroni method was

used for Mann-Whitney-U and for Kruskal-Wallis,

Dunn’s post-hoc test was used. Data are given as mean

with standard deviation unless otherwise specified.

RESULTS

Patient Demographics

Overall, 357 consecutive patients were included

(male 196/357 (54.9%), age 61.2 ± 10.3 years, BMI 28.9

± 6.4 kg�m-2, 20.4% with diabetes mellitus, 57.4% with

arterial hypertension). 344/357 (96.4%) patients were

stressed using Adenosine, 13/357 (3.6%) using

Regadenoson due to contra-indications against Adeno-

sine. Detailed demographics are shown in Table 1.

PET/CT Imaging

On a global level, 153 patients were classified as

normal (i.e., without detectable stenoses of any degree

on CCTA, group 1), 99 as with non-obstructive stenosis

(i.e., with\50% stenosis on CCTA, group 2) and 105 as

with CAD (i.e., with C 50% stenosis on CCTA, group

3). Normal perfusion values and those in patients with

obstructive stenosis are given in Table 2.

Global sMBF and MFR were significantly higher in

normal patients than in patients with CAD (3.61 ± 0.71

vs 3.04 ± 0.77, P\0.0001; 3.08 ± 0.84 vs 2.68 ± 0.79, P
= 0.0001) but were not significantly different compared

to patients with non-obstructive stenosis (3.61 ± 0.71 vs

3.43 ± 0.69, P = 0.052; 3.08 ± 0.84 vs 2.99 ± 0.82, P =

0.45). rMBF in normal patients was not significantly

different compared to patients with non-obstructive

stenosis (1.27 ± 0.40 vs 1.24 ± 0.36, P = 0.70) and

CAD (1.27 ± 0.40 vs 1.21 ± 0.35, P = 0.26). Comparing

the distribution of all three groups, global sMBF and

MFR were significantly different (P\ 0.0001 and P =

0.0003) but rMBF was not (P = 0.52). Statistical

comparison of global perfusion values is given in

Figure 2.

In the right coronary artery (RCA), sMBF[RCA] in

normal vessels was significantly higher than in those

with obstructive stenosis (3.84 ± 0.89 vs 3.36 ± 1.11, P =

0.02) and those with non-obstructive stenosis (3.84 ±

0.89 vs 3.45 ± 1.03, P = 0.006). Both rMBF[RCA] and

MFR[RCA] were not different compared to patients

Table 1. Characteristics of the study population (n = 357)

Parameter
Normal
n = 153

< 50% stenosis
(at least one vessel)

n = 99

‡ 50% stenosis
(at least one vessel)

n = 105

Age (years)* 58 (53–65) 64 (58–69) 64 (59–71)

Male/female 70/83 (45.8%/54.2%) 59/40 (59.6%/40.4%) 67/38 (63.8%/36.2%)

BMI kg�m-2 28.5 ± 6.3 30.2 ± 7.4 28.2 ± 5.1

Diabetes 25 (16.3%) 21 (21.2%) 27 (25.7%)

Family predisposition 54 (35.3%) 27 (27.2%) 34 (32.3%)

Hypercholesterinemia 63 (41.1%) 49 (49.4%) 52 (49.5%)

Arterial Hypertension 73 (47.7%) 61 (61.6%) 71 (67.6%)

Smoking 33 (21.6%) 18 (18.2%) 28 (26.7%)

Prior history of smoking 37 (24.2%) 29 (29.3%) 21 (20.0%)

Adenosine stress 150 (98.0%) 95 (96.0%) 99 (94.3%)

Calcium score (Agatston)* 0 (0–0) 47.5 (16–134) 150 (39–333.5)

*Median with 25% and 75% interquartile range
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with CAD (1.27 ± 0.44 vs 1.20 ± 0.49, P = 0.17; 3.29 ±

1.03 vs 3.10 ± 1.22, P = 0.20) and those with non-

obstructive stenosis (1.27 ± 0.44 vs 1.17 ± 0.39, P =

0.15; 3.29 ± 1.03 vs 3.24 ± 1.25, P = 0.50). Comparing

the distribution of all three groups, sMBF[RCA] was

significantly different (P = 0.002) but rMBF[RCA] and

MFR[RCA] were not (P = 0.17 and P = 0.39). Statistical

comparison of RCA perfusion values is given in

Figure 2.

In the circumflex artery (RCX), sMBF[RCX] and

MFR[RCX] in normal vessels were significantly higher

than in stenotic ones, (3.26 ± 0.76 vs 2.53 ± 0.86, P\

0.0001; 2.84 ± 0.83 vs 2.19 ± 0.68, P\0.0001) but not

compared to those with non-obstructive stenosis (3.26 ±

0.76 vs 3.18 ± 0.66, P = 0.37; 2.84 ± 0.83 vs 2.76 ± 0.80,

P = 0.39). rMBF[RCX] was similar between normal and

stenotic vessels (1.24 ± 0.38 vs 1.19 ± 0.25, P = 0.93)

and between normal vessels and those with non-

obstructive stenosis (1.24 ± 0.38 vs 1.25 ± 0.39, P =

0.85). Comparing the distribution of all three groups,

sMBF[RCX] and MFR[RCX] were significantly differ-

ent (P = 0.0002 and P = 0.0002) but rMBF[RCX] was

not (P = 0.98). Statistical comparison of RCX perfusion

values is given in Figure 2.
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Figure 2. Perfusion of sMBF, rMBF and MFR between normal patients, patients with non-
obstructive stenosis (\50%) and obstructive stenosis (C 50%). For global perfusion,\50% or C
50% stenosis was present in at least one vessel.
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In the left anterior descending artery (LAD)

sMBF[LAD] and MFR[LAD] in normal vessels were

higher than in stenotic ones (3.54 ± 0.72 vs 2.91 ± 0.78,

P\0.0001; 3.00 ± 0.83 vs 2.48 ± 0.74, P\0.0001) but

not compared to those with non-obstructive stenosis

(3.54 ± 0.72 vs 3.36 ± 0.77, P = 0.07; 3.00 ± 0.83 vs

2.92 ± 0.86, P = 0.30). rMBF[LAD] was similar

between normal and stenotic vessels (1.26 ± 0.38 vs

1.25 ± 0.36, P = 0.95) and between normal vessels and

those with non-obstructive stenosis (1.26 ± 0.38 vs 1.24

± 0.35, P = 0.94). Comparing the distribution of all three

groups, sMBF[LAD] and MFR[LAD] were significantly

different (P\0.0001 and P\0.0001) but rMBF[LAD]

was not (P = 0.99). Statistical comparison of LAD

perfusion values is given in Figure 2.

Using SDS C 2 (ischemia) as separator, global

sMBF yielded superior accuracy in identifying myocar-

dial ischemia over MFR (AUC 0.74 vs 0.62, P = 0.003

[0.0425-0.204], Table 3). Optimal threshold for sMBF

defined by Youden’s index was 3.5 mL�g-1�min-1

(sensitivity 87.5%, specificity 48.7%, positive predictive

value 22% (PPV), NPV 96%, Figure 3).

Using SDS C 7 (severe ischemia) as separator,

again global sMBF yielded superior accuracy in iden-

tifying myocardial ischemia over MFR (AUC 0.88 vs

0.78, P = 0.012 [0.0223-0.178]). Optimal threshold for

sMBF defined by Youden’s index was

2.6 mL�g-1�min-1 (sensitivity 75%, specificity 85.5%,

PPV 46%, NPV 96%, Figure 4).

After correcting the MFR by using the rate-pressure

product (MFRcorrected) to compensate from bias by

cardiac preload in the resting condition, there was still

a significant difference between the AUC of sMBF and

MFRcorrected for both patients with ischemia (SDS C 2,

AUC 0.74 vs 0.67, P = 0.03 [0.006-0.150]) and those

with severe ischemia (SDS C 7, AUC 0.88 vs 0.81, P =

0.04 [0.005-0.142]). Furthermore, a significant correla-

tion between the heart rate and global rMBF was found

(q = 0.49, P\ 0.0001).

DISCUSSION

Absolute coronary flow quantification is known to

increase diagnostic accuracy of myocardial perfusion

PET imaging owing to its capability to effectively

identify balanced 3-vessels disease or microvascular

dysfunction. Yet, for a correct interpretation in clinical

practice, optimal thresholds of absolute perfusion should

be defined. There is currently no consensus on normal

perfusion values for MBF during stress condition on
82Rb-PET imaging. Ziadi et al. proposed a threshold of

\2.0 for MFR to distinguish between patients with and

without significant CAD,9 but the threshold was

retrieved using only the SSS for grouping patients and

thus, the presence of stenosis cannot be excluded in this

cohort and thus the values of perfusion are not reflecting

a normal population. Furthermore, no accepted threshold

has been provided so far for sMBF. In fact, in clinical

routine, normal values for sMBF on 82Rb-PET are

adapted from other tracers, which have however differ-

ent kinetics due to highly different molecular

profiles.5,16

In a single instance, normal values of sMBF were

investigated and validated against 15O-H2O PET/CT,4

showing reference values in our range with regard to

sMBF (3.82 ± 1.21 mL�min-1�g-1) but a reference MFR

higher than currently accepted as threshold (3.88 ±

0.91), due to a very small normalcy population (n = 22).

To note, the normalcy group in their study was selected

only on the basis of a very low likelihood of CAD and

not by using a test such as CCTA or ICA. To date, a

validation in a larger cohort was not pursued and in this

regard, we here provide for the first time normal

reference values, able to assist nuclear medicine physi-

cians in clinical practice.

Our work provides novelty also in another impor-

tant aspect. To date, the choice of the most accurate

quantitative parameter to detect a CAD is a matter of

debate. In 15O-H2O myocardial PET, sMBF has been

reported to yield the highest diagnostic accuracy, clearly

outperforming MFR.5 This appears to be more consis-

tent than other derived parameters such as the relative

flow reserve (RFR), defined as the ratio of sMBF in a

stenotic area to sMBF in a normally perfused area,

which failed to show an improvement in diagnostic

accuracy compared to MFR.11

Our paper confirms that the same concept also

pertains to 82Rb PET/CT Imaging. This is not com-

pletely surprising, as both global and regional MFR can

be affected by relatively high flow rates at rest condi-

tion.17 This was the main reason why previous studies

corrected the calculation of rMBF for rate-pressure

product,5,13 thus taking into account possible con-

founders due to patient’s nervousness and anxiety
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Figure 3. ROC comparison of patients with ischemia (SDS C
2) for global sMBF and global MFR.

470 M. T. Freitag et al Journal of Nuclear Cardiology�
82Rb-PET with integrated CCTA March/April 2022



during the examination. This is also consistent with the

results of our study, wherein the rest heart rate correlated

to rMBF (P \ 0.0001, q = 0.49), thus potentially

hampering MFR calculation. But to note, in our paper

the superiority of sMBF was demonstrated also over

MFRcorrected, both for ischemia (P \ 0.03) and severe

ischemia (P\ 0.04).

In our study, we used CCTA as gold standard to rule

out obstructive stenosis and our choice deserves further

clarification. Among non-invasive techniques, CCTA

yields highest performance in ruling out significant CAD

and hence, the use of CCTA as ground truth to select the

normal population is acceptable with minimal error

rate.6

However, despite the excellent negative predictive

value of CCTA in ruling out obstructive coronary artery

stenoses, there is a poor correlation between anatomical

data (e.g., coronary stenosis severity) and the functional

impact of coronary stenoses (e.g., myocardial ischae-

mia). In a sub-study of the FAME study,18 Tonino et al.

demonstrated that around 65% of coronary stenoses

graded between 50% and 70% on invasive coronary

angiography were not associated with myocardial

ischemia as established by fractional flow reserve

(FFR). On the other hand, Gaur et al. showed that

17% of coronary stenoses\ 50% was associated with

FFR B 0.80.19 Similar results have been demonstrated

also in a manuscript by Toth et al.,20 wherein the

correlation between invasive quantitative coronary

angiography (QCA) and FFR values were evaluated.

In regard to our paper, it should be noted that,

although invasive coronary angiography with determi-

nation of FFR is still the currently accepted gold

standard in the assessment of CAD, an invasive coro-

nary angiography is not recommended in patients with

normal CCTA.21 In fact, while FFR can provide

important information on the correlation between the

extent of a stenosis and quantified MBF, it has no impact

in patients with normal coronary anatomy, as an FFR

measurement is per definition impossible if no stenoses

are detected.

As the main aim of the present study was to assess

still unpublished normal values of MBF in 82Rb PET, it

can be maintained that CTCA represents a robust gold

standard to identify patients without CAD and this

reliability cannot be improved by FFR measurement.

The only limitation of CTCA in this regard is the

incapability to reveal a microvascular dysfunction,

which would be however missed also by FFR.

Of note, the normal population for the assessment of

normal values in our paper included only those patients

without stenoses of any degree. Rather, patients with\
50% stenoses were assigned to another group, in order to

account for possible differences in measured flows. To

note, we also demonstrated a statistical equivalence

between patients without stenoses and those with\50%

stenosis, which gives even more reliance on the appli-

cability of the present results to the clinical practice.

In clinical practice, another potential advantage of a

simultaneous acquisition of CCTA and PET is the

correct assignment of ischemia in any ventricular

segment to its correlating vascular territory, with evident

impact on clinical management of patients with sus-

pected CAD.22

From a direct comparison between CCTA and PET,

we also identified optimal thresholds of sMBF able to

Table 3. Diagnostic accuracy values determined by ROC-analysis for patients with ischemia (SDS C 2)
and with severe ischemia (SDS C 7)

Population Parameter AUC SE 95% CI p value

SDS C 2 sMBF 0.74 0.04 0.70–0.79 P = 0.003*

MFR 0.62 0.05 0.57–0.67

SDS C 7 sMBF 0.88 0.04 0.84–0.91 P = 0.012*

MFR 0.78 0.06 0.73–0.82

AUC, Area under the curve; SE, standard error; CI, confidence interval. *Bonferroni-corrected.
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Figure 4. ROC comparison of patients with severe ischemia
(SDS C 7) for global sMBF and global MFR.
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effectively rule out a significant ischemia. In fact, sMBF

C 2.6 mL�g-1�min-1 yields a high NPV (96%) to rule

out severe ischemia, and sMBF C 3.5 mL�g-1�min-1

achieves equal NPV (96%) to rule out ischemia, similar

to that of CCTA itself. Although the results of our study

may indicate that sMBF may be used alone to diagnose

an ischemia, in clinical practice such reliance may be

excessive. Indeed, in borderline situations a diagnosis

should be based on a ‘‘puzzle’’ of many parameters,

such as SDS, calcium score and the presence of

obstructive stenosis on CCTA. A comprehensive eval-

uation of such parameters is expected to increase the

readers’ confidence and consequently the diagnostic

accuracy. Nevertheless, it should be noted that a sMBF

C 3.5 mL�g-1�min-1 would virtually exclude the need

for a subsequent rest test, with reduced radiation

exposure for the patients and optimization of depart-

ment’s workload. Furthermore, such a high NPV,

coupled with a very low radiation dose (on average,

1.8 mSv) may render 82Rb-PET suitable as ‘‘first step’’

in the assessment of CAD, hence competing with CCTA

itself. It may be hypothesized that each examination

starts with a stress scan, followed by rest and CCTA.

While the additional implementation of hybrid CCTA

may give significant incremental value to localize

potential stenosis,22 there is a clear rationale to omit

further scans of the diagnostic cascade if stress PET/CT

shows sMBF values higher than 3.5.

Some limitations should be acknowledged. First, we

used only one software package to calculate MBF and

MFR. While Slomka et al. showed that quantitative

values do not differ significantly among three different

software packages using 13N-Ammonia PET,23 Nesterov

et al. showed significant differences among 10 software

solutions with 8 different compartment models in 82Rb

PET imaging, if different compartment models were

used. Of note, software implementing the Ottawa Heart

Institute 1-tissue compartment model (OHI-1-TCM)

were proven to have consistent inter-software results.24

The same OHI-1-TCM was also implemented in the

software tested in the work of Slomka et al.23 as well as

in the majority of software solutions available on the

market for 82Rb myocardial PET.24 As such, although

our results may not fit those obtained with software

capitalizing on other tissue compartment models, still

they should be widely applicable.

Second, due to the inclusion of patients without

known CAD, the number of patients with multivessel

disease is very low in our population. As such, a direct

correlation between the extent of coronary disease and

reduction in blood flow could not be properly assessed.

While this aspect was beyond the scope of the present

paper, still the identification of different thresholds able

to identify different degrees of CAD is highly antici-

pated in clinical practice.

Finally, due to the retrospective nature of the

present paper, we cannot rule out that some clinical

conditions other than CAD or ongoing therapies may

have impacted the calculated flow rates. In this regard,

the fact that no patients were on beta-blocker therapy

gives reliance on the translation of the present results

into clinical practice.

NEW KNOWLEDGE GAINED

Normal quantitative values for 82Rb PET/CT were

reported for the first time. We also demonstrated that the

superiority of stress MBF over MFR pertains also to
82Rb PET/CT. This underlines the opportunity to per-

form stress-only protocols in patients with stress flow

values above reference.

CONCLUSION

For the first time, we define cut-off values for

absolute sMBF in the assessment of CAD with 82Rb

PET/CT in patients without detectable stenoses, using

CCTA as standard of reference. A value of sMBF C

3.5 mL�g-1�min-1 effectively rules out CAD similarly

to CCTA with NPV of 96%. Absolute sMBF measure-

ments were superior to MFR for diagnosing

hemodynamically significant CAD, meaning that

stress-only protocols would be robust enough in patients

with sMBF values above reference.
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