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Background. Cardiac positron emission tomography/magnetic resonance imaging (PET/
MRI) can assess various cardiovascular diseases. In this study, we intra-individually compared
right (RV) and left ventricular (LV) parameters obtained from dual-tracer PET/MRI scan.

Methods. In 22 patients with coronary heart disease (69 ± 9 years) dynamic [13N]NH3 (NH3)
and [18F]FDG (FDG) PET scans were acquired. The first 2 minutes were used to calculate LV
and RV first-pass ejection fraction (FPEF). Additionally, LV end-systolic (LVESV) and end-
diastolic (LVEDV) volume and ejection fraction (LVEF) were calculated from the early (EP)
and late-myocardial phases (LP). MRI served as a reference.

Results. RVFPEF and LVFPEF from FDG and NH3 as well as RVEF and LVEF from MRI
were (28 ± 11%, 32 ± 15%), (32 ± 11%, 41 ± 14%) and (42 ± 16%, 45 ± 19%), respectively.
LVESV, LVEDV and LVEF from EP FDG and NH3 in 8 and 16 gates were [71 (15 to 213 mL),
98 (16 to 241 mL), 32 ± 17%] and [50 (17 to 206 mL), 93 (13 to 219 mL), 36 ± 17%] as well as [60
(19 to 360 mL), 109 (56 to 384 mL), 41 ± 22%] and [54 (16 to 371 mL), 116 (57 to 431 mL), 46 ±
24%], respectively. Moreover, LVESV, LVEDV and LVEF acquired from LP FDG and NH3

were (85 ± 63 mL, 138 ± 63 mL, 47 ± 19%) and (79 ± 56 mL, 137 ± 63 mL, 47 ± 20%),
respectively. The LVESV, LVEDV from MRI were 93 ± 66 mL and 153 ± 71 mL, respectively.
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Significant correlations were observed for RVFPEF and LVFPEF between FDG and MRI (R =
.51, P = .01; R = .64, P = .001), respectively. LVESV, LVEDV, and LVEF revealed moderate to
strong correlations to MRI when they acquired from EP FDG and NH3 in 16 gates (all R > .7, P
= .000). Similarly, all LV parameters from LP FDG and NH3 correlated good to strongly
positive with MRI (all R > .7, and P < .001), except EDV from NH3 weakly correlated to EDV of
MRI (R = .54, P < .05). Generally, Bland-Altman plots showed good agreements between PET
and MRI.

Conclusions. Deriving LV and RV functional values from various phases of dynamic NH3

and FDG PET is feasible. These results could open a new perspective for further clinical
applications of the PET examinations. (J Nucl Cardiol 2022;29:1003–17.)

Key Words: Cardiac PET/MRI Æ dynamic PET Æ 18F-FDG Æ 13N-NH3 Æ coronary artery
disease

Abbreviations
CHD Coronary heart disease

CMR Cardiac magnetic resonance imaging

ESV End-systolic volume

EDV End-diastolic volume

EP Early-phase

FDG [18F]FDG

FPEF First-pass ejection fraction

LP Late-phase

LV Left ventricle

LVEF Left ventricular ejection fraction

NH3 [13N]NH3

PET Positron emission tomography

PET/MRI Positron emission tomography/mag-

netic resonance imaging

ROI Region of interest

RV Right ventricle

VOI Volume of interest

INTRODUCTION

Cardiovascular diseases, especially coronary heart

disease (CHD), remain the leading cause of death

worldwide.1 Besides an optimal physical examination,

various non-invasive methods such as electrocardiogra-

phy, echocardiography, computed tomography

angiography, cardiac magnetic resonance imaging

(CMR), and cardiac positron emission tomography

(PET) using different radioactive tracers are nowadays

available helping accurate detection and precise deter-

mination of the underlying cardiac illnesses.

The recent development of an integrated PET/MRI

imaging system could further facilitate the early diag-

nosis of plenty cardiovascular conditions, which might

consequently improve therapy management and reduce

mortality among affected patients.2 Due to its excellent

spatial and temporal resolution and its ability to char-

acterize myocardial composition, CMR represents a

well-established imaging method in ischemic heart

disease and cardiomyopathies. CMR is considered the

gold standard for assessing myocardial function and can

quantify myocardial scar burden in ischemic heart

disease. In addition, [13N]NH3 (NH3) PET is often used

to estimate myocardial perfusion, while the role of

cardiac [18F]fluorodeoxyglucose (FDG) PET is mostly

viability assessment, myocardial inflammation and

tumor imaging. In patients with ischemic heart disease,

the combination of these two tracers enables the iden-

tification of hibernating myocardium by identifying

regions with perfusion-metabolism mismatch.3

On the other side, whole-body PET examinations

using FDG are widely performed for oncological pur-

pose like preoperative staging, characterization of

suspicious tissues and lesions and response evaluation

after receiving chemo- and/or immunotherapies.4

Although the availability of anticancer therapies has

dramatically improved the survival rate of patients with

different malignancies, these treatments are often asso-

ciated with cardiotoxicities and subsequent serious

cardiovascular adverse effects, mostly through conges-

tive heart failure and left ventricular systolic

dysfunction.5 Actually, due to the excellent soft tissue

contrast of MRI in combination with molecular and

metabolic PET data, the combined PET/MRI examina-

tion with FDG is increasingly used in oncology.6

Therefore, simultaneous evaluation of oncological status

and cardiac function of these patients while performing a

whole-body FDG PET/MRI scan might recognize

patients at risk who still do not clinically demonstrate

cardiotoxic effects of antineoplastic drugs.

In this context, various preclinical and human

studies have demonstrated the feasibility of determining

LV parameters using FDG PET and showed excellent

correlations between left ventricular volume and func-

tion in static scans in humans.7,8 However, while the

feasibility to derive RV and LV functional parameters

from early dynamic PET scans was demonstrated in

rodents,9 such studies with FDG PET in humans are

missing or very limited.10,11

See related editorial, pp. 1018–1020
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In the present study, we aimed to conduct an intra-

individual comparison of the cardiac function and

volume parameters of the right (RV) and left (LV)

ventricle derived from different phases of dynamic FDG

and NH3 PET scans. As integrated PET/MRI systems

enable the simultaneous measurement of both PET and

MRI, a simultaneous intra-individual comparison with

respective CMR parameters as a reference was feasible.

PATIENTS AND METHODS

Patients

Integrated cardiac PET/MRI (3-Tesla, Biograph

mMR; Siemens Healthcare, Erlangen Germany) in

head-first supine position was performed in patients

with coronary heart disease and ischemic cardiomyopa-

thy, who were referred to our department for assessing

myocardial perfusion and viability with a dual-tracer

NH3 and FDG protocol. Only proper and completely

performed cardiac dual-tracer PET/MRI studies were

included in this retrospective analysis. Prior to the

conduction of the scan, all patients have undersigned an

informed consent for the examination. The study has

been approved by the Ethics Committee of the Medical

University of Vienna (EK: 1832/2016).

Protocol for Dual-Tracer PET/CMR
Examination

The cardiac PET examinations for ECG-gated NH3

and FDG as well as the CMR examination acquired with

the integrated PET/MRI followed well-established pro-

tocols that are applied for cardiac PET and CMR.12,13

All patients underwent blood glucose monitoring and

received an oral 50 g glucose solution (glucoral,

Germania Pharmazeutika, AUT) 1 hour before the

FDG PET scan. Only diabetics with fasting blood

glucose above 160 mg/dL did not receive the solution

and obtained an intravenous bolus injection of a short-

acting insulin followed by continuous monitoring of

their blood glucose. Moreover, all patients received 250

mg of Acipimox (Olbetam�) orally 2 hours before the

examination; this leads to an excellent image quality and

ensures an optimal myocardial FDG uptake similar to

the insulin clamping technique, as previously reported

by Knuuti et al. study.14 Accordingly, the FDG images

showed a homogeneous distribution in all patients. The

PET protocol composed of a 20 minutes dynamic NH3

scan followed by a 40 minutes dynamic FDG scan at rest

in list-mode acquisition, triggered with 16 gates, and

during free breathing. Both NH3 and FDG were admin-

istered intravenously as a bolus.

The simultaneously acquired CMR protocol inclu-

ded steady state free precession cine sequences in 2, 3,

and 4 chamber view, short axis view, left ventricular

outflow tract (LVOT) for evaluation of ventricular

function as well as late gadolinium enhancement using

phase-sensitive inversion recovery (PSIR) sequences 10

minutes after injection of .15 mL/kg of gadolinium

(Gadovist�), as all previously described in detail.15,16

All PET/CMR scans were performed at rest only.

First-Pass Ejection Fraction of Right
and Left Ventricle from FDG and NH3

To determine RV and LV first-pass ejection fraction

(FPEF) from FDG and NH3 dynamic PET images, the

first 2 minutes of each PET list-mode dataset were

reconstructed by dividing them into 15 frames to

visualize the time of first-pass of the tracer in the

ventricles and creating count-rate plots over the entire

heart. From this information, the proper start points and

time duration of the first-pass in both ventricles was

defined. Gated reconstruction of the first-pass was

performed with vendor-based software (e7tools; Sie-

mens Healthineers, Knoxville, USA) using ECG

information for dividing the heart cycle into 8 gates.

As reconstruction algorithm an ordinary-Poisson

ordered-subsets-expectation-maximization (OP-OSEM)

with point spread function resolution modeling, three

iterations and 24 subsets was used. Data were corrected

for attenuation, scatter, normalization, in frame decay,

deadtime, and random. The reconstruction included a 4

mm FWHM Gaussian smoothing of the final images. In

addition, a further 19 mm FWHM Gaussian smoothing

was applied after reconstruction to achieve a smooth

representation of the activity distribution within the

ventricles.

Volumes-of-interest were placed around the RV and

LV in the EDV, in general overestimating the true

volume of the respective ventricle but trying to match

with the cardiac valves. This was done by manual

delineation slice-by-slice in the EDV frame by clinically

experienced cardiac nuclear medicine specialists using

the software Hermes Hybrid Viewer PDR, version 4.0.0

(HERMES Medical Solutions, Stockholm, Sweden) and

merging the individual ROIs to the final VOIs for the

RV and LV.
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Under the assumption that the activity in the

myocardium and the background can be neglected

compared to the activity in the ventricles during the

FP, the total activity within these VOIs corresponds to

the total activity within the respective ventricles.

Therefore, the total activity in the VOIs were exported

in the EDV and ESV gate to obtain the total activity

(Atotal) in the respective ventricle in both, the ED and ES

phase. Under the assumption that the activity concen-

tration (Acons) of the blood does not changed during one

heart cycle the EF could then be calculated following:

EF ¼ EDV� ESV

EDV
� 100 ¼ EDV � ESV

EDV
� Acons

Acons

� 100

¼ Atotal EDV � Atotal ESV

Atotal EDV

� 100

The entire manual segmentation procedure was

applied for each patient and for both FDG (Figure 1A,

B) and NH3 (Figure 1C, D).

Early- and Late-Phase Left Ventricular
Function and Volumes

Quantitative analysis of both FDG and NH3 PET

data for obtaining the left ventricular parameters such as

end-systolic volume (LVESV), end-diastolic volume

(LVEDV), and ejection fraction (LVEF) from early-

(EP) and late-phase (LP), i.e., myocardial-uptake,

images was conducted using the software QGS� (Ver-

sion 2013.3, Cedars-Sinai Medical Center, Los Angeles,

USA). Applying count-based calculations and auto-

mated delineation of myocardium, the software has

measured the myocardial EF from ESV and EDV for the

Figure 1. Manual delineation of the right (RV) and left ventricle (LV) from the EDV frames for
estimation of first-pass ejection fraction of the left and right ventricle in a 74-year patient with
ischemic coronary heart disease. (A) FDG in end-diastolic (ED) and (B) in end-systolic (ES) phase.
(C) NH3 in ED and (D) in ES.
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Figure 2. Automated delineation of the left ventricle (LV) for estimation of late-phase cardiac
function of left using the software Cedars-Sinai Medical Center: (A) FDG in end systole and (B) in
end diastole. (C) NH3 in end systole and (D) in end diastole. Manual delineation of left and right
ventricle in CMR of both right ventricle (RV) and LV: (E) in end systole and (F) in end diastole.
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left ventricle automatically of FDG PET (Figure 2A, B)

and of NH3 PET (Figure 2C, D). For this reason,

dynamic ECG-gated images from EP (first 2 to 10

minutes) in 8 and 16 gates and LP (last 10 minutes) of

both PET examinations were reconstructed, reoriented,

and post-filtered.

CMR Left and Right Ventricular Function
and Volumes

The quantitative analysis of CMR from DICOM

images for acquiring LVESV, LVEDV, LVEF and

RVEF was achieved by an experienced CMR radiologist

according to the MR guidelines of cardiovascular MRI

R=0.64, P= 0.001 R=0.51, P= 0.01

R=0.38, P= 0.08
R=0.19, P= 0.39

R
V

_F
PE

F_
N

H
3

RV_EF_CMR

L
V

_F
PE

F_
N

H
3

LV_EF_CMR

RV_EF_CMRLV_EF_CMR

L
V

_F
PE

F_
FD

G

R
V

_F
PE

F_
FD

G

A

Figure 3. (A) Intra-individual correlation of LV and RV FPEF acquired from FDG and NH3 PET
with CMR in an integrated PET/MRI system. LV: left ventricle; RV: right ventricle FPEF: first-pass
ejection fraction; CMR: cardiac magnetic resonance imaging. LV and the RV FPEF obtained from
FDG PET showed positively moderate (R = .64, P = .01) and weak (R = .51, P = .01) correlations
with that received from CMR. No significant correlations were observed between LV and RV FPEF
from NH3 PET and CMR. (B) Intra-individual agreements with Bland Altmann analysis of LV and
RV FPEF acquired from FDG and NH3 PET with CMR in an integrated PET/MRI system. LV, left
ventricle; RV, right ventricle FPEF: first-pass ejection fraction; CMR, cardiac magnetic resonance
imaging. Bland Altmann analysis shows a higher bias of about 14% EF (EF unit) for CMR
compared to FDG PET and about 10% higher EF compared to NH3 PET.
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image interpretations.17 All CMR parameters were then

post processed using a dedicated cardiac postprocessing

software (QMass�, MEDIS, Leiden, Netherlands). RV-

and LVEDV were defined as to have the largest RV and

LV blood volume, respectively. The RV- and LVESV

were outlined with the smallest RV and LV blood

volume, respectively (Fig 2E, F).

Statistical Analysis

The IBM SPSS Software version 24.0 was used for

all data entry and analysis. All obtained data were tested

for normality of distribution using the Kolmogorov–

Smirnov test. Parameters that showed a normal distri-

bution were presented in mean ± standard deviation

(SD). Not normally distributed parameters, if available,

were presented in median ± (minimal - maximal) range

and were log10-transformed for analysis. Categorical

variables were shown in percentages and number of

recorded cases, as stated. Pearson’s correlations coeffi-

cient was used to study correlations of PET (FDG and

NH3) parameters with CMR parameters, which were

considered as gold standard. Hence, a correlation coef-

ficient (R) of C .5 and\ .6 was considered weak, a R C

.6 and\ .8 was considered moderate and a R C .8 was

considered strong.18 Furthermore, we performed a

Bland-Altman plot analysis between PET and CMR

concerning FP parameters to additionally show the

agreement between the two devices. For all statistical

analysis, a P-value of\ .05 was considered statistically

significant.

Figure 3. continued.
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RESULTS

Twenty-two consecutive patients (77% male, aged

69 ± 9 years, body mass index 27.3 ± 4.6 kg/m2), were

eligible for evaluation and the clinical characteristics of

these patients and their cardiovascular risk factors are

shown in Table 1. Fourteen of 22 patients (64%)

presented with CHD and 6 (36%) suffered from

ischemic cardiomyopathy. Mean ± SD of blood glucose

prior the FDG injection was 124 ± 33 mg/dL and the

injected FDG and NH3 activities were 334 ± 35 and 816

± 95 MBq, respectively. The mean of the heart rate of

these patients was 68 ± 12 beats/minute. Seven patients

(32%) had type 2 diabetes mellitus, merely 1 (14%) was

insulin-dependent and 6 (86%) were treated with only

oral antidiabetic therapies, mostly metformin. 77% of

the evaluated patients presented with arterial hyperten-

sion, 64% with hyperlipidemia, and 14% were active

smokers. Approximately 46% of the patients presented

with at least one coronary stent and 32% with a coronary

bypass graft. 23% of patients had prior myocardial

infarction.

Functional Parameters Acquired from FP
FDG and NH3 PET and from CMR

The RV and LV FPEF obtained from FDG and NH3

were 28% ± 11 and 32% ± 15 as well as 32% ± 11 and

41% ± 14, respectively. The RVEF and the LVEF

received from the CMR were 42% ± 16 and 45% ± 19,

respectively (Table 2).

Functional Parameters Acquired from Early-
and Late-Phase FDG and NH3 PET
and from CMR

As presented in Table 3, the LVESV as well as

LVEDV and LVEF acquired from EP dynamic FDG in 8

and 16 gates were [71 (15 to 213 mL), 98 (16 to 241

mL) and 32 ± 17%] and [50 (17 to 206 mL), 93 (13 to

219 mL), and 36 ± 17%], respectively, while LVESV,

LVEDV and LVEF acquired from LP dynamic FDG

were 85 ± 63 mL, 138 ± 63 mL, and 47 ± 19%,

respectively.

Moreover, the LVESV, LVEDV and LVEF mea-

sured from EP dynamic NH3 in 8 and 16 gates were [60

(19 to 360 mL), 109 (56 to 384 mL), and 41 ± 22%] and

[54 (16 to 371 mL), 116 (57 to 431 mL), and 46 ± 24%],

respectively and from LP dynamic NH3 were 79 ± 56

mL, 137 ± 63 mL, and 47 ± 20%, respectively (Table 3).

The LVESV, LVEDV and LVEF acquired from

CMR during the integrated PET/MRI examination were

93 ± 66 mL, 153 ± 71 mL and 45 ± 19%, respectively,

all in Table 3.

LV and RV FPEF acquired from FDG and NH3

PET compared to CMR

Although results revealed significant differences

between EF of CMR and FPEF of both FDG and NH3 (P
\ .001), the LV and the RV FPEF obtained from FDG

PET showed positively moderate and weak correlations

with the LVEF and RVEF received from CMR (R = .64,

P = .01) and (R = .51, P = .01) respectively. Neverthe-

less, no significant correlations were observed between

LV and RV FPEF obtained from NH3 PET scan as

compared to LVEF and RVEF from CMR, all Fig 3A.

The Bland Altmann analysis for the agreement between

the PET and CMR concerning these parameters showed

a higher bias of about 14% EF (EF unit) for CMR

compared to FDG PET and of about only 10% higher EF

compared to NH3 PET (Fig 3B).

LV Parameters from 8 and 16 Gates of EP
Dynamic FDG and NH3 Compared to CMR

We observed significant differences between CMR

and all LV parameters measured from early 2 to 10

minutes of FDG PET in 8 and 16 gates (all P\ .01).

Furthermore, there were significant differences between

CMR and LV parameters from early 2 to 10 minutes

NH3 PET in 8 and 16 gates (P\ .001), except for ESV

in 16 gates and EF values in both 8 and 16 gates.

cFigure 5. Intra-individual correlations of LVESV, LVEDV,
and LVEF acquired from LP of dynamic FDG and NH3 PET as
compared to CMR in an integrated PET/MRI system. LV, left
ventricle; RV, right ventricle; ESV, end-systolic volume; LP,
late-phase; EDV, end-diastolic volume; EF, ejection fraction;
CMR, cardiac magnetic resonance imaging. All LV parameters
acquired from LP FDG and NH3 correlated good to strongly
positive with those received from CMR (all R[ .7, and P\
.001), except EDV from LP NH3 weakly correlated to the EDV
of CMR (R = .54, P\ .05).

bFigure 4. Intra-individual correlations of LVESV, LVEDV,
and LVEF acquired from EP of dynamic FDG and NH3 PET in
16 gates as compared to CMR in an integrated PET/MRI
system. LV, left ventricle; RV, right ventricle; ESV, end-
systolic volume; EP, early-phase; EDV, end-diastolic volume;
EF, ejection fraction; CMR, cardiac magnetic resonance
imaging. All LV parameters moderately to strongly correlated
to CMR when they acquired from EP FDG and NH3 in 16
gates (all R[ .7 and P = .000).
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However, all the LV parameters moderately to strongly

correlated to CMR when they acquired from EP FDG

and NH3 in 16 gates (all R[ .7 and P = .000), Figure 4.

LV Parameters from LP Dynamic FDG
and NH3 PET Compared to CMR

There were no significant differences between LV

parameters from CMR and LP dynamic from both FDG

and NH3 PET, except for EDV obtained from FDG. In

total, all LV parameters that acquired from LP dynamic

FDG and NH3 correlated good to strongly positive with

those received from CMR (all R[ .7, and P\ .001),

except EDV from LP NH3 weakly correlated to the EDV

of CMR (R = .54, P\ .05), all shown in Figure 5.

DISCUSSION

In a cohort of patients with advanced CHD, we used

an integrated PET/MRI system to intra-individually

compare cardiac functional parameters obtained from

dynamic ECG-gated FDG and NH3 PET scans with 3-

Table 1. Clinical characteristics of study participants (N = 22)

Parameters Values

Patients (N) 22

Male (N) (%) (17) 77%

Female (N) (%) (5) 23%

Age (mean ± SD) year 69 ± 9

Underlying cardiac diseases

CHD (N) (%) (14) 64

ICMP (N) (%) (8) 36

Height, mean ± SD (cm) 175 ± 10

Weight, mean ± SD (kg) 84 ± 17

Body mass index, mean ± SD (kg/m2) 27.3 ± 4.6

NH3, mean ± SD (MBq) 816 ± 95

FDG, mean ± SD (MBq) 334 ± 35

Blood glucose pre FDG injection, mean ± SD (mg/dl) 124 ± 33

Heart rate beats/minutes 68 ± 12

Lipid parameters (mean ± SD)

Triglyceride 162 ± 68

Total cholesterol 149.5 ± 55

LDL 43 ± 12.9

HDL* 81.6 (46–132)

Type 2 diabetes mellitus (N) (%) (7) 32

Insulin-dependent (N) (%) (1) 14

On OADs (N) (%) (6) 86

Cardiovascular risk factors

Arterial hypertension (N) (%) (17) 77.3

Hyperlipidemia (N) (%) (14) 63.6

Smoking status (N) (%)

Current (3) 13.6

Former (6) 27.3

Never (7) 31.8

Unknown (6) 27.7

Previous history (N) (%)

Coronary stents (10) 45.5

Bypass operation (7) 31.8

Myocardial infarction (5) 22.7

HDL high density lipoprotein; ICMP ischemic cardiomyopathy; LDL low density lipoprotein; OADs oral antidiabetics
*Not normally distributed and presented in median ± (minimal - maximal) range
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Tesla-MRI functional parameters as a standard

reference.

While the first-pass FDG data showed significant

correlations between LVFPEF and RVFPEF with those

gained from CMR, this was not the case for NH3.

However, a systemic underestimation of the EF was

found for both FDG (14%) and NH3 (10%). In this

respect, Todica et al. previously acquired ECG-gated

FDG PET examinations in seven healthy rats and found

a good correlation between LV FPEF from FDG PET

and LVEF values from CMR.9 In their study, functional

parameters were calculated with the QBS� software

(Cedars-Sinai, Los Angeles, USA) for evaluating gated

FDG blood-pool PET in the studied rats. Similarly, in 24

oncological patients, Bouallègue et al. could recently

show possibility of assessing cardiac function from the

Table 2. Ejection fraction of the right and left ventricle assessed with dynamic gated FDG and NH3 PET
both in first 2 minutes of image acquisition and with CMR in an integrated PET/MRI (N = 22)

Image modality

First-pass (0–2 minutes)

Right ventricle Left ventricle

Gated FDG

FPEF % (mean ± SD) 28 ± 11# 32 ± 15#

Gated NH3

FPEF % (mean ± SD) 32 ± 11§ 41 ± 14

CMR

EF % (median ? range)* 43 (9–62)#,§ 45 ± 19#

FPEF, first-pass ejection fraction; SD, standard deviation
*Not normally distributed and presented in median ? range (minimal - maximal)
#Significant differences between CMR and FDG parameters (P\ .001)
§Significant differences between CMR and NH3 parameters (P\ .001)

Table 3. Parameters of left ventricular function assessed with QGS software obtained from early (8
and 16 gated) and late imaging phase of FDG and NH3 PET scan and from CMR in an integrated PET/
MRI (N = 22)

Image modality

Parameters of the left ventricular function

ESV (mL) EDV (mL) EF (%)

FDG (mean ± SD)

Early-phase (2–10) minutes

8 gates 71 (15–213) 98 (16–241)*,# 32 ± 17#

16 gates 50 (17–206)*,# 93 (13–219)*,# 36 ± 17#

Late-phase (last 10) minutes 85 ± 63 #138 ± 63 47 ± 19

NH3 (mean ± SD)

Early-phase (2–10) minutes

8 gates 60 (19–360) 109 (56–384)*,§ 41 ± 22

16 gates 54 (16–371)* 116 (57–431)*,§ 46 ± 24

Late-phase (last 10) minutes 79 ± 56 137 ± 63 47 ± 20

CMR (mean ± SD) 93 ± 66#,§ 153 ± 71#,§ 45 ± 19#

ESV, end-systolic volume; EDV, end-diastolic volume; EF, ejection fraction; SD, standard deviation
*Not normally distributed and presented in median ? range (minimal - maximal)
#Significant differences between CMR and FDG parameters (P\ .01)
§Significant differences between CMR and NH3 parameters (P\ .001)
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gated FDG PET studies.11 They revealed a very good

agreement between the results of LV FPEF obtained

from gated FDG PET and those acquired from SPECT

studies with equilibrium radionuclide angiography,

where LV FPEF determined with an automatic segmen-

tation software. Indeed, our current study is the first

clinical research demonstrating the feasibility of calcu-

lating LV FPEF and RV FPEF from dynamic FDG and

NH3 PET scans in patients with CHD. The disparities in

correlations of FDG and NH3 PET with CMR observed

in this study might be caused by the fact that both these

tracers have different uptake-mechanisms in the myo-

cardium. Due to the more rapid first-pass uptake of NH3

into the myocardium,19 thus, the assumption that the

activity in the myocardium can be neglected during the

first-pass to be able to calculate the EF form an extended

VOI around the ventricle may not be entirely correct and

particularly with NH3. Moreover, the different count

statistics within the NH3 images may affected the

manual ventricle delineation. Furthermore, the relatively

high activity concentration of NH3 (816 ± 95 MBq)

applied in our studied cohort should be taken into

consideration, as this might increase the number of the

detected random events and influencing the deadtime in

the PET/MR detector system and affecting the reading

of NH3 images.20 Nevertheless, the significant associa-

tion of right and left ventricular FPEF from dynamic

ECG-gated FDG examinations with that from CMR

might enable concomitant assessment of cardiac func-

tion while performing a whole-body oncological FDG

PET/MRI or even PET/CT. Basically, FDG PET scans

using PET/CT or PET/MRT systems are frequently

performed worldwide in a wide range of diagnostic

areas,21 especially in oncology. Performing a dynamic

blood-pool PET acquisition over the heart would allow

the first-pass acquisition of cardiac functional parame-

ters, which are important to early detect organ damage

under the effect of cardiotoxic oncological therapies.

Moreover, results of the early- and late-phase

analyses showed overall good to strong correlations

between the left ventricular functional parameters such

as LVESV, LVEDV, and LVEF acquired from both NH3

and FDG PET scans with that of CMR. In fact, because

NH3 is a tracer commonly used to determine myocardial

blood flow,22 studies that have directly compared

cardiac functional parameters obtained from NH3 PET

with those acquired from CMR are very limited. In a

very recent 3T hybrid PET/MRI study, Nazir et al. could

rather demonstrate a feasible quantification of myocar-

dial blood flow with good to moderate agreement

between PET and CMR in a phantom and five healthy

volunteers undergoing adenosine stress, where NH3 and

gadolinium were administered simultaneously.23 In an

earlier study, Okazawa et al. showed in a subgroup of

the examined participants with cardiovascular diseases a

good agreement of the LVEF from NH3 PET with that

obtained from left ventriculography.24 There are, albeit,

some studies that found precise determination of cardiac

function from ECG-gated NH3, when FDG cardiac

function values were considered as gold standard.25,26

Furthermore, results from previous preclinical and

human studies acquired with separate PET and CMR

scanners using the late-phase FDG PET are in one line

with the present study.27–29 Stegger et al. revealed in a

preclinical study with 33 mice, mostly with occlusions

of at least one coronary artery, a good agreement of

cardiac function measures from FDG PET with that of

CMR.30 Todica et al. were able to prove this agreement

between FDG PET and CMR in healthy mice as well.9

Similar correlations were found for the comparison

between [68Ga]Albumin PET, an experimental blood-

pool marker, and CMR.31 Furthermore, excellent corre-

lations for LV myocardial function were observed

between FDG and CMR in a human study by Slart

et al. that included 38 patients with chronic coronary

heart diseases received separately gated FDG PET and

CMR7 and in a study by Li et al. with patients with heart

failure.8 Altogether, these results reveal that left ven-

tricular parameters obtained from late-phase NH3 PET

and right and left ventricular parameters acquired from

first-pass and late-phase gated FDG PET examination

can accurately be used to evaluate cardiac function.

Nonetheless, the retrospective design and the small

sample size of the included cardiac PET/MRI scans,

among them data of 32% type 2 diabetic patients, might

limit the results of this study. Moreover, the used

activity of about 800 MBq was above the peak noise

equivalent count rate (NEC) of the system.32 Therefore,

the absolute values of the activity concentrations mea-

sured during the first-pass are biased, as we cannot

assume that all corrections (e.g., deadtime) work well at

these high activity levels. However, we expect that this

bias is a constant multiplicative factor for the 8 gates

used for the calculation of the EF from the fist-pass

images. Therefore, the bias cancels out in the formula

(EDV 9 bias - ESV 9 bias)/EDV 9 bias = (EDV -

ESV) 9 bias/EDV 9 bias = (EDV - ESV)/EDV and an

eventual bias should not have any effect on the calcu-

lation of the EF. Additionally, results of this intra-

individual comparison might have been influenced by

the reader-dependent delineation of the ventricles of FP

PET and particularly the RV, which is already consid-

ered a challenge,33 as an inaccurate ROI drawing might

lead to inappropriate determination of the RV and LV

contours in PET and MRI. Therefore, manual delin-

eations using an automatic or semi-automatic

delineating technique as that used in QBS� software

might reduce reader dependence and further improve FP

Journal of Nuclear Cardiology� Rasul et al 1015

Volume 29, Number 3;1003–17 Assessment of left and right ventricular functional parameters



PET measures correlations with that of CMR. Finally,

even it is unlikely that the blood-pool phase/early-phase

of FDG distribution is significantly affected by different

protocols and patient preparation, the transfer of our

results into an oncological setting has to be made with

caution.

NEW KNOWLEDGE GAINED

Based on the results of this study, deriving reliable

LV and RV functional parameters from various exam-

ination phases of the dynamic NH3 and FDG is feasible

and could potentially be estimated from other, mostly

oncological routine scans when dynamic list-mode FDG

PET acquisition is performed.

CONCLUSIONS

Findings of this intra-individual PET/MRI analysis

in patients with advanced CHD demonstrated the fea-

sibility to calculate left and right ventricular function

from several phases of dynamic NH3 and FDG PET

scans using the first 2 as well as early 2 to 10 and late 10

minutes of PET list-mode data. There was a good

agreement between the left ventricular ejection fraction

calculated from the first-pass FDG PET acquisition and

CMR, which could potentially open new perspectives

for dynamic PET acquisitions in the oncological field or

novel total body PET applications.
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