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[68Ga]Ga-NODAGA-Arg-Gly-Asp (RGD) is a PET tracer targeting avb3

integrin, which is upregulated during angiogenesis soon after acute
myocardial infarction (AMI). We prospectively evaluated determinants
of myocardial uptake of [68Ga]Ga-NODAGA-RGD and its associations
with left ventricular (LV) function in patients after AMI. Methods:
Myocardial blood flow and [68Ga]Ga-NODAGA-RGD uptake (60min
after injection) were evaluated by PET in 31 patients 7.76 3.8 d after
primary percutaneous coronary intervention for ST-elevation AMI.
Transthoracic echocardiography of LV function was performed on the
day of PET and at the 6-mo follow-up. Results: PET images showed
increased uptake of [68Ga]Ga-NODAGA-RGD in the ischemic area at
risk (AAR), predominantly in injured myocardial segments. The SUV in
the segment with the highest uptake (SUVmax) in the ischemic AAR
was higher than the SUVmean of the remote myocardium (0.7360.16
vs. 0.516 0.11, P , 0.001). Multivariable predictors of [68Ga]Ga-
NODAGA-RGD uptake in the AAR included high peak N-terminal pro–
B-type natriuretic peptide (P , 0.001), low LV ejection fraction, low
global longitudinal strain (P 5 0.01), and low longitudinal strain in the
AAR (P 5 0.01). [68Ga]Ga-NODAGA-RGD uptake corrected for myo-
cardial blood flow and perfusable tissue fraction in the AAR predicted
improvement in global longitudinal strain at follow-up (P 5 0.002),
independent of peak troponin, N-terminal pro–B-type natriuretic pep-
tide, and LV ejection fraction. Conclusion: [68Ga]Ga-NODAGA-RGD
uptake shows increased avb3 integrin expression in the ischemic AAR
early after AMI that is associated with regional and global systolic dys-
function, as well as increased LV filling pressure. Increased [68Ga]Ga-
NODAGA-RGD uptake predicts improvement of global LV function
6mo after AMI.
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Acute myocardial infarction (AMI) initiates maladaptive
changes in cardiac myocytes and the extracellular matrix, which
can contribute to left ventricular (LV) dysfunction, adverse remo-
deling, and eventual failure (1). The repair process aimed at

restoration of the capillary network, elimination of necrotic tissue,
and deposition of new extracellular matrix is essential for healing
of AMI and can counteract the development of chronic LV dys-
function (1). In parallel with inflammation and fibrosis, angiogene-
sis (sprouting of preexisting capillaries) plays an important role in
myocardial repair after AMI (2).
Integrin avb3 is a glycoprotein transmembrane receptor the

expression of which is upregulated in proliferating endothelial
cells and can serve as a biomarker of angiogenesis (3). After AMI,
avb3 integrin expression increases in vascular structures during
the early repair process (4). Studies in experimental models and
humans demonstrated the feasibility of using radiolabeled tracers
containing the Arg-Gly-Asp (RGD) motif for the noninvasive
detection of avb3 integrin expression after AMI (5–13). However,
the clinical utility of avb3 integrin as a biomarker after AMI
remains uncertain.
We sought to study the determinants of avb3 integrin expression

and its association with LV function after AMI. We prospectively
evaluated myocardial uptake of [68Ga]Ga-NODAGA-RGD (10,14), a
PET radiotracer targeting avb3 integrin, within 2 wk of reperfusion
in patients with AMI. The function of the LV was evaluated by echo-
cardiography at the time of the PET scan and 6mo later.

MATERIALS AND METHODS

Study Cohort and Design
We prospectively recruited patients who underwent primary percu-

taneous coronary intervention because of ST-elevation AMI and who
had an LV ejection fraction (LVEF) of less than 50% during the index
hospitalization in Turku University Hospital from December 2018 to
January 2021. Exclusion criteria are listed in the supplemental materi-
als (available at http://jnm.snmjournals.org). Each patient signed an
informed consent form. The study conforms to the Declaration of
Helsinki, and the institutional review boards of the Hospital District of
Southwest Finland, Finnish Medicines Agency, and Turku University
Hospital approved the study. The study was registered in clinicaltrials.
gov with identifier NCT04871217.

To evaluate myocardial avb3 integrin expression, patients under-
went [15O]O-water PET followed by [68Ga]Ga-NODAGA-RGD PET
within 3 to 14 d after AMI. To evaluate LV function, echocardiogra-
phy was performed at baseline on the day of PET imaging and at the
6-mo follow-up. Peak cardiac troponin T and N-terminal pro–B-type
natriuretic peptide (NT-proBNP) levels were recorded during hospital-
ization and at the time of PET imaging. Data on cardiovascular risk
factors, medications, and cardiovascular events were collected from
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electronic medical reports. The myocardial area at risk (AAR) and the
remote area were based on the culprit coronary arterial segment, deter-
mined from the invasive coronary angiography and electrocardiography.

PET Imaging
Synthesis of [68Ga]Ga-NODAGA-RGD is described in the sup-

plemental materials. For each patient, resting [15O]O-water and
[68Ga]Ga-NODAGA-RGD PET scans were performed using a dedi-
cated PET/CT scanner (Discovery MI; GE Healthcare) on the same
day, as previously described (supplemental materials) (15). In brief,
[15O]O-water (Radiowater Generator; Hidex Oy) was injected as an
intravenous bolus (target injected radioactivity, 500 MBq) over 15 s,
and dynamic PET was performed over 4min and 40 s, starting 25 s after
injection, with the patient at rest. Then, an average of 1796 15 MBq of
[68Ga]Ga-NODAGA-RGD was injected as an intravenous bolus and
was followed by a list-mode PET acquisition over 15min after a
60-min uptake period.

PET Image Analysis and Interpretation
Images were analyzed using Carimas 2.9 software (Turku PET

Centre) (supplemental materials) (10,16). In brief, polar maps of
[68Ga]Ga-NODAGA-RGD uptake (SUV) in the LV myocardium were
based on myocardial contours and sampling points matching with
coregistered [15O]O-water images. The [68Ga]Ga-NODAGA-RGD
SUVmax was defined as the highest segmental uptake. An indexed
SUVmax corrected for the mean myocardial blood flow (MBF) and
perfusable tissue fraction in the AAR was also calculated to account
for the reduced amount of viable tissue in the infarct zone (16).

Echocardiography
Transthoracic echocardiography was performed using Vivid E9 or

E95 (GE Vingmed Ultrasound) devices equipped with MS5 and 4Vc-D
4-dimensional probes. All images were digitally stored for offline analy-
sis (EchoPAC PC version 203; GE Vingmed) of LV global and segmen-
tal function (supplemental materials). The LV volumes and LVEF
were measured using the biplane Simpson method. Myocardial global
longitudinal strain (GLS) and segmental longitudinal strain (LS) were
analyzed using the speckle-tracking method and reported as absolute
values. Segments with a baseline LS of less than 13.5% were defined
as injured (17).

Statistical Analysis
Continuous data are reported as mean and SD and compared using

the Student t test when normally distributed or with the Mann–Whitney
test otherwise. Categoric data are reported as count and percentage
and compared with x2 or Fisher exact tests, as appropriate. Univari-
able and multivariable linear regression models were constructed to
identify predictors of [68Ga]Ga-NODAGA-RGD uptake at baseline
and predictors of improvement in LV function from baseline to
follow-up. Statistically significant variables in the univariable analysis
were added to multivariable models as covariates. Intra- and interob-
server reproducibility of [68Ga]Ga-NODAGA-RGD SUVmax mea-
sures were assessed in 7 randomly selected patients by calculating the
coefficient of variation. Statistical significance was set at a P value of
less than 0.05. Statistical analyses were performed using SPSS version
25.0 (IBM Corp.).

RESULTS

We enrolled 31 patients with the first ST-elevation AMI. Table 1
summarizes the baseline characteristics of the patients. All patients
underwent primary percutaneous coronary intervention at 4.96 6.1 h
from symptom onset. The AAR was in the left anterior descending,
the right, and the left circumflex coronary artery territories in 48.4%,
29.0%, and 22.6% of patients, respectively.

Patients underwent [15O]O-water and [68Ga]Ga-NODAGA-
RGD PET scans at 7.76 3.8 d (median, 8 d; interquartile range, 7 d)
after AMI. The clinical characteristics were similar between patients
who underwent PET at less than 7 d after AMI (n5 14) and patients
who underwent PET at 7 d or more after AMI (n5 17).
One patient was lost to follow-up. Consequently, 30 patients

underwent both baseline and follow-up echocardiography 2106 38 d
after AMI. There were no deaths or heart failure hospitalizations dur-
ing follow-up, but 1 patient had non–ST-elevation AMI caused by a
coronary lesion other than the index lesion.

LV Function
Table 2 summarizes the echocardiography data. All patients ini-

tially had an LVEF of less than 50%, whereas at baseline evaluation

TABLE 1
Patient Characteristics (n 5 31)

Characteristic Data

Age (y) 64.26 9.2

Male sex 28 (90.3%)

Body mass index (kg/m2) 25.46 4.8

Current smoking 11 (35.5%)

Diabetes mellitus 3 (9.7%)

Hypertension 13 (41.9%)

Hypercholesterolemia 17 (54.8%)

Family history of CAD 9 (31%)

Time from symptoms to PCI (h) 4.96 6.1

Culprit coronary artery territory

Left anterior descending artery 15 (48.4%)

Circumflex artery 7 (22.6%)

Right coronary artery 9 (29%)

Post-PCI TIMI flow

Grade 2 10 (32.3%)

Grade 3 21 (67.7%)

Peak troponin T (ng/L) 3884.36 4391.7

Peak NT-proBNP (ng/L) 979.46 871.5

Total cholesterol (mmol/L) 4.26 1.1

LDL cholesterol (mmol/L) 2.96 0.9

Duration of hospital stay (d) 3.76 1.8

Loop diuretics 10 (32.3%)

Inotropic medication 7 (22.6%)

Medication at discharge

Aspirin 30 (96.8%)

Statin 30 (96.8%)*

ACEI/ARB 29 (93.5%)

b-blocker 25 (80.6%)

*High-intensity statin in 27 (87.1%).
CAD 5 coronary artery disease; PCI 5 percutaneous coronary

intervention; TIMI 5 thrombolysis in myocardial infarction; LDL 5

low-density lipoprotein; ACEI/ARB 5 angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker.

Qualitative data are number and percentage; continuous data
are mean 6 SD.
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on the day of PET scanning, LVEF was less than 50% in 5 patients
and GLS was less than 16% in 17. In the AAR, myocardial injury
(segmental LS , 13.5%) was present in 26 (84%) patients. The
average number of injured segments per patient was 3.16 2.2.
At follow-up, LS in the AAR showed significant improvement

from baseline (P 5 0.03). LVEF improved by at least 5% in 12
(40%) patients and worsened by at least 5% in 6 (20%). In turn,
GLS improved by at least 3% in 9 (30%) patients and worsened
by at least 3% in 4 (13%). Only 4 patients had an LV end-
diastolic volume increase of at least 20%.

[68Ga]Ga-NODAGA-RGD Uptake After AMI
Uptake of [68Ga]Ga-NODAGA-RGD was visible in the AAR in

PET images from all patients (Fig. 1; Supplemental Fig. 1). The
segment with the highest [68Ga]Ga-NODAGA-RGD uptake
(SUVmax) was within or immediately adjacent to the AAR in
all patients. Segments in the AAR (n 5 168) showed higher
[68Ga]Ga-NODAGA-RGD SUV than segments in the remote area
(0.666 0.18 vs. 0.556 0.14, P , 0.001, Fig. 2).
The [68Ga]Ga-NODAGA-RGD SUVmax colocalized with the

segment with the most severe contractile abnormality or the imme-
diately adjacent segment in 22 patients. In the remaining patients,

SUVmax was either in the border of a large injured area (n 5 4) or
there was no contractile abnormality in the AAR (n 5 5). Within
the AAR, the average [68Ga]Ga-NODAGA-RGD SUV was higher
in segments with myocardial injury (n 5 97) than in other seg-
ments (0.716 0.19 vs. 0.616 0.14, P , 0.001, Fig. 2) and
inversely correlated with LS (P , 0.001, Fig. 3A).
MBF was lower in the AAR than in remote myocardium

(0.736 0.23 vs. 0.836 0.23mL/g/min, P , 0.001). There was
no correlation between segmental SUV and overall MBF in the
AAR (P 5 0.1), but SUVmax correlated with MBF in the non-
injured myocardial segments within or immediately adjacent to
AAR (r 5 0.49, P 5 0.017, Supplemental Fig. 2).
In patient-based analysis, SUVmax and indexed SUVmax were

higher in the AAR than in remote myocardium (Table 3). SUVmax in
the AAR was higher than blood pool SUV (0.736 0.16 vs.
0.646 0.15, P , 0.001) but lower than liver SUV (0.736 0.16 vs.
1.046 0.16, P , 0.001). SUVmax was similar between patients who
underwent PET at less than 7 d after AMI and patients who under-
went PET at 7 d or more after AMI (P. 0.05, Supplemental Table).
Measurement of SUVmax was reproducible, with an intraobser-

ver coefficient of variation of 1.4% and an interobserver coeffi-
cient of variation of 10.9%.

Predictors of [68Ga]Ga-NODAGA-RGD
Uptake After AMI
Univariable predictors of [68Ga]Ga-

NODAGA-RGDSUVmaxand indexedSUVmax

in the AAR at baseline included peak troponin
T, peakNT-proBNP,GLS, andLS in theAAR
(Table 4). Neither age nor peak CRP level pre-
dicted SUVmax or indexed SUVmax (P. 0.05
for both), which were similar in patients with
postrevascularization thrombolysis in myocar-
dial infarctionflowgrade 2 or 3 (P5 0.6).
In multivariable models, the only inde-

pendent predictor of SUVmax in the AAR
was peak NT-proBNP (Fig. 3B; Table 4),
whereas peak troponin T, LVEF, and GLS
predicted indexed SUVmax (Table 4).

[68Ga]Ga-NODAGA-RGD Uptake and LV
Function at Follow-up
In univariable analysis, indexed [68Ga]Ga-

NODAGA-RGD SUVmax in the AAR, peak

TABLE 2
Echocardiography Data

Parameter Baseline (n 5 31) Follow-up (n 5 30) P

LV end-diastolic volume (mL) 94.76 27.7 93.6630.1 0.7

LV end-systolic volume (mL) 42.76 17.1 40.8619.1 0.4

LVEF (%) 55.86 6.9 57.567.3 0.2

GLS (%) 14.96 4.6 15.463.9 0.3

LS in AAR (%) 12.56 6.0 13.865.2 0.03

Mitral E/A ratio 0.966 0.35 1.0160.36 0.4

E/e9 ratio 8.96 2.7 7.761.8 0.01

E/A5 early diastolic filling velocity/atrial filling velocity; E/e95 early diastolic filling velocity/early diastolic tissue velocity.
Data are mean 6 SD.

FIGURE 1. Uptake of [68Ga]Ga-NODAGA-RGD 7 d after acute occlusion of proximal left anterior
descending coronary artery. (A) Myocardial contours in [15O]O-water images, [68Ga]Ga-NODAGA-
RGD uptake images, and corresponding fusion images. (B) Polar maps of [68Ga]Ga-NODAGA-RGD
uptake, resting MBF, and longitudinal strain at time of PET and 6mo later. Reduced longitudinal
strain is seen in anteroseptal region at baseline and partial functional recovery at 6mo. HLA 5 hori-
zontal long axis; SA5 short axis; VLA5 vertical long axis.
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troponin T, peak NT-proBNP, and baseline LVEF predicted improve-
ment of GLS adjusted for baseline (Table 5). Neither time from
symptom onset to revascularization nor the postrevascularization
thrombolysis in myocardial infarction flow grade predicted improve-
ment of GLS. In multivariable analysis, indexed SUVmax in the AAR
was the only independent predictor of improvement of GLS at
follow-up (P5 0.002, Fig. 4).

Although associated with global LV function improvement,
indexed SUVmax was not associated with improvement of LS in the
AAR in 26 patients with myocardial injury at baseline (P 5 0.7).
Furthermore, segmental [68Ga]Ga-NODAGA-RGD SUV did not
correlate with change in LS in injured segments in the AAR (P5 0.2).

DISCUSSION

We found that uptake of [68Ga]Ga-NODAGA-RGD increased
in the myocardium distal to the culprit lesion of the infarct-related
artery (AAR) in patients with recent ST-elevation AMI. Uptake of
[68Ga]Ga-NODAGA-RGD was associated with myocardial injury,
regional and global LV systolic dysfunction, and increased LV
filling pressure. Furthermore, the intensity of [68Ga]Ga-NODAGA-
RGD uptake was associated with improvement in global LV
function at the 6-mo follow-up. These results indicate that
[68Ga]Ga-NODAGA-RGD PET provides information about the
severity of acute ischemic myocardial injury and the potential for
recovery of LV function.
Earlier studies demonstrated the feasibility of noninvasive

nuclear imaging of avb3 integrin expression using radiolabeled
tracers containing the RGD motif after recent AMI (5–13). Early
after AMI, avb3 integrin is expressed by vascular endothelial cells
(4), and uptake of RGD-based tracers correlates with neovasculari-
zation (5–13). However, avb3 integrin has also been implicated in
mediating the macrophage response to inflammatory signals (18)
and myofibroblast differentiation through the activation of trans-
forming growth factor b1 (19), which may be also targeted by
RGD-based tracers late after AMI (20). Thus, avb3 integrin
expression may provide information about the activation of the
repair process after ischemic myocardial injury, but its utility as an
imaging biomarker after human AMI remains uncertain.

Uptake of [68Ga]Ga-NODAGA-RGD After Myocardial Infarction
68Ga-RGD tracers were previously demonstrated to accumulate

in areas of injured myocardium in experimental models of ische-
mic myocardial injury and to correlate with avb3 integrin expres-
sion (8,10). In this study, we found consistently increased uptake
of [68Ga]Ga-NODAGA-RGD in the ischemic AAR at less than
14 d after AMI, a finding that is in line with previous studies
showing accumulation of RGD-based tracers as early as 3 d after
ischemic myocardial injury and then a peak at 1–3 wk (6). Uptake
of [68Ga]Ga-NODAGA-RGD was sometimes also observed adja-
cent to the AAR, as is consistent with previous evidence showing
uptake of RGD-based tracers extending into the periinfarct zone
(12,21). In contrast to AMI, accumulation of RGD-based tracers
was not found in patients with chronic coronary total occlusion
(12) or old myocardial infarction (11,12,21).
We found that the highest segmental uptake of [68Ga]Ga-

NODAGA-RGD (SUVmax) was 1.43-fold higher than the SUVmean

in the remote myocardium, which is similar to previous studies using
different RGD-based tracers (1.34–2.33) (11–13). Using a rat model
of AMI, we previously found that measurement of SUV using static
images showed comparable results to kinetic modeling of the distri-
bution volume of [68Ga]Ga-DOTA-RGD uptake, thereby simplifying
in vivo analysis (9). We also measured [68Ga]Ga-NODAGA-RGD
uptake corrected for both MBF and perfusable tissue fraction
(indexed SUVmax) to account for reduced MBF and reduced dis-
tribution volume due to loss of viable tissue (22). Developments
in scanner technology and motion correction algorithms may
further facilitate quantification of the [68Ga]Ga-NODAGA-RGD
signal.

FIGURE 2. At baseline, segmental uptake of [68Ga]Ga-NODAGA-RGD
was higher in AAR than in remote myocardium and was highest in seg-
ments with myocardial injury (longitudinal strain, 13.5%).

FIGURE 3. (A) Segmental uptake of [68Ga]Ga-NODAGA-RGD inversely
correlated with LS (r 5 20.0355, P , 0.001). (B) Increased NT-pro-BNP
level predicted [68Ga]Ga-NODAGA-RGD SUVmax in AAR (P, 0.001).

4 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 00 � No. 00 � XXX 2024



Determinants of [68Ga]Ga-NODAGA-RGD Uptake
Uptake of [68Ga]Ga-NODAGA-RGD colocalized with injured

myocardial areas based on reduced systolic LS on echocardiogra-
phy and correlated with the degree of LS reduction after AMI. In a
previous study, LS reduction was associated with the transmurality
of myocardial injury according to late gadolinium enhancement on
cardiac MRI (17). Thus, our findings are consistent with experi-
mental (10) as well as clinical studies that found colocalization
of RGD-based tracer uptake with resting myocardial perfusion
defects (11,13,21), hypokinesia (12), and late gadolinium enhance-
ment (12,21). In line with previous studies using other RGD-based
tracers (12,21), [68Ga]Ga-NODAGA-RGD uptake was also pre-
sent in the periinfarct border zone and in 5 patients without wall
motion abnormality at the time of the PET scan, indicating that it
is a sensitive marker of recent ischemic myocardial injury.
Myocardial infarct size determined by peak troponin was not an

independent predictor of the indexed [68Ga]Ga-NODAGA-RGD
SUVmax, indicating that avb3 integrin expression is also dependent
on factors other than the extent of myocardial injury. Our finding

is consistent with no association between uptake of another RGD-
based tracer and infarct size quantified by cardiac MRI early after
AMI (12). However, other studies reported correlations between
uptake of other RGD-based tracers and infarct size late after AMI
(316 14 d and 8 wk) (13,21). Furthermore, an inverse relationship
between 18F-galacto-RGD uptake and resting MBF has been
reported (13). In our study, uptake of [68Ga]Ga-NODAGA-RGD
did not correlate with overall MBF in the AAR consisting of a
mixture of injured and noninjured myocardium but was associated
with preserved MBF in the periinfarct border zone.
A novel finding in the present study is that in addition to LV

dysfunction in the AAR, reduced LVEF, impaired GLS, and high
NT-proBNP were independent predictors of [68Ga]Ga-NODAGA-
RGD uptake. These findings are consistent with the key roles
of hemodynamic stress and pressure overload in modifying the
responses of different cell types toward maintenance of cardiac
function after injury (1). Taken together, our results are consistent
with the increased expression of avb3 integrin after ischemic myo-
cardial injury and with the intensity of [68Ga]Ga-NODAGA-RGD

TABLE 3
[68Ga]Ga-NODAGA-RGD and [15O]O-Water PET Data

Parameter AAR Remote area P

[68Ga]Ga-NODAGA-RGD SUVmax 0.7276 0.16 0.5296 0.14 ,0.001

[68Ga]Ga-NODAGA-RGD SUVmean 0.6526 0.15 0.5116 0.11 ,0.001

Mean MBF 0.7326 0.23 0.8276 0.23 ,0.001

Indexed [68Ga]Ga-NODAGA-RGD SUVmax 1.2636 0.64 0.7896 0.24 ,0.001

Data are mean 6 SD.

TABLE 4
Predictors of [68Ga]Ga-NODAGA-RGD Uptake in AAR After AMI

Predictor

Univariable analysis Multivariable analysis

B coefficient R coefficient P B coefficient R coefficient P

SUVmax

Age 0.001 (20.005–0.008) 0.077 0.6

Peak troponin T 0.002 (0.001–0.003) 0.603 ,0.001

Peak NT-proBNP 0.001 (0.001–0.002) 0.605 ,0.001 0.001 (0.001–0.002) 0.605 ,0.001

Baseline LVEF 20.008 (20.016–0.000) 20.348 0.055

Baseline GLS 0.016 (0.004–0.028) 0.447 0.01

AAR LS 0.010 (0.001–0.020) 0.394 0.02

Indexed SUVmax

Age 20.002 (20.030–0.026) 20.033 0.8

Peak troponin T 0.011 (0.008–0.015) 0.765 ,0.001 0.008 (0.005–0.012) 0.542 ,0.001

Peak NT-proBNP 0.004 (0.002–0.007) 0.561 0.002

Baseline LVEF 20.067 (20.093–0.041) 20.701 ,0.001 20.045 (20.067–0.023) 20.476 ,0.001

Baseline GLS 0.106 (0.069–0.143) 0.741 ,0.001 0.061 (0.014–0.109) 0.422 0.01

AAR LS 0.071 (0.040–0.101) 0.668 ,0.001 0.035 (20.002–0.071) 0.315 0.059

Data in parentheses are 95% CI. Covariates in multivariable model were peak troponin T, peak NT-proBNP, and either LVEF, GLS, or
AAR longitudinal strain. Peak troponin T is for 100-unit increment, and peak NT-proBNP is for 10-unit increment.
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uptake reflecting both regional and global LV dysfunction, as well
as increased LV filling pressure. Since global LV remodeling and
dysfunction are robust risk factors for heart failure and mortality
after AMI (1,23), our findings indicate that [68Ga]Ga-NODAGA-
RGD uptake is a potentially relevant prognostic biomarker.

Uptake of [68Ga]Ga-NODAGA-RGD and Ventricular Function
After AMI
Despite improvements in acute management, AMI remains one

of the most important causes of chronic heart failure (1). Early
detection of myocardial responses to injury could provide the
opportunity for targeting and monitoring therapies, such as thera-
peutic angiogenesis, to attenuate adverse LV remodeling and sys-
tolic dysfunction (1,3,24). A novel finding of our study is that
increased indexed [68Ga]Ga-NODAGA-RGD SUVmax was associ-
ated with improvement in global LV function at follow-up,

independently of peak troponin T, elevated NT-proBNP, and
impaired LVEF. Our finding is in line with preclinical and clinical
data suggesting that increased avb3 integrin expression after AMI
predicts improvement of regional LV function (12) and the absence
of adverse remodeling (7,21). However, in our study, [68Ga]Ga-
NODAGA-RGD was not directly associated with the functional
outcome of the myocardium in the AAR. This finding may be
explained by the functional outcome’s being dependent mainly on
the extent of irreversible myocardial injury whereas the repair pro-
cesses affect viable surrounding myocardium, impacting adverse
LV remodeling and global LV function (1).

Limitations of Study
We studied patients within 3–14 d after AMI on the basis of

experimental studies indicating that avb3 integrin expression peaks
at 1–3 wk after AMI (6). There was no difference in the uptake
of [68Ga]Ga-NODAGA-RGD between patients scanned before
versus after 7 d after AMI, indicating relatively stable uptake at
this time. Our ability to detect associations between the uptake of
[68Ga]Ga-NODAGA-RGD and changes in LV structure and func-
tion may have been limited by the modest degree of changes and
limited number of patients with significant LV remodeling despite
a relatively long time from symptom onset to revascularization.
Furthermore, cardiac MRI could have provided more precise quan-
tification of cardiac structure and function than echocardiography
despite a standardized, predefined protocol. The predictive value
of endothelial progenitor cells, proposed to contribute to angiogen-
esis, versus [68Ga]Ga-NODAGA-RGD PET for functional recov-
ery remains to be explored in future studies. Although a formal
power calculation was not feasible, the sample size of 30 patients
would be sufficient—on the basis of a previous experimental study
(7)—to detect differences in tracer uptake between those with and
without significant remodeling.

TABLE 5
Predictors of LV Function Improvement at Follow-up

Predictor B coefficient R coefficient P

Improvement in LVEF*

Age 0.004 (20.001–0.009) 0.272 0.1

Peak troponin T 0.000 (20.001–0.001) 20.071 0.7

Peak NT-proBNP 0.000 (20.001–0.000) 20.228 0.2

SUVmax in AAR 0.004 (20.309–0.316) 0.005 0.9

Indexed SUVmax in AAR 0.047 (20.031–0.125) 0.233 0.2

Baseline GLS 0.007 (20.003–0.018) 0.260 0.1

Improvement in GLS*

Age 0.010 (20.006–0.025) 0.232 0.2

Peak troponin T 0.004 (0.002–0.007) 0.519 0.003

Peak NT-proBNP 0.002 (0.000–0.004) 0.435 0.02

SUVmax in AAR 0.666 (20.190–1.523) 0.288 0.1

Indexed SUVmax in AAR 0.319 (0.128–0.510) 0.550 0.002

Baseline LVEF 20.023 (20.042–0.004) 20.423 0.02

*Adjusted for baseline. Peak troponin T is for 100-unit increment and peak NT-proBNP is for 10-unit increment.
Data in parentheses are 95% CI.

FIGURE 4. At follow-up, [68Ga]Ga-NODAGA-RGD SUVmax in AAR pre-
dicted improvement of global longitudinal strain.
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CONCLUSION

In patients with AMI, [68Ga]Ga-NODAGA-RGD uptake was
increased in the ischemic AAR, correlating with the extent of
myocardial injury, global and regional LV dysfunction, and LV
filling pressure. Furthermore, [68Ga]Ga-NODAGA-RGD uptake
predicted global LV function improvement at the midterm follow-up.
These results suggest that targeted imaging of avb3 integrin is a
potential approach to evaluate myocardial injury responses after AMI.
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KEY POINTS

QUESTION: We prospectively evaluated determinants of
[68Ga]Ga-NODAGA-RGD uptake, a PET tracer targeting avb3

integrin, after myocardial infarction and its associations with LV
function at follow-up.

PERTINENT FINDINGS: In 31 patients with AMI, [68Ga]Ga-
NODAGA-RGD uptake increased in the ischemic AAR early after
myocardial infarction, and this increase was associated with
the severity of myocardial injury, LV systolic dysfunction, and
increased LV filling pressure. Increased [68Ga]Ga-NODAGA-RGD
uptake predicted improvement of global LV function.

IMPLICATIONS FOR PATIENT CARE: Uptake of [68Ga]Ga-
NODAGA-RGD is a potentially relevant prognostic biomarker in
AMI and might identify patients who could benefit from therapeu-
tic interventions aimed at improving myocardial repair after AMI.
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