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Lay summary

Positron emission tomography (PET) perfusion with 1°O-water is the reference standard for myocardial blood
flow (MBF) quantification. Its strengths are low radiation dose, optimal tracer kinetics, and a short imaging
protocol. However, the use of *>O-water or PET perfusion in patients with various complex congenital heart
diseases has been rarely studied. We report the initial experiences of 2>O-water PET perfusion in these patients.

All *>O-water scans from patients with complex congenital heart disease at Helsinki University Hospital were
retrospectively assessed (11/2021-11/2025). Thirteen congenital heart disease patients who underwent ad-
enosine-stress 1°O-water PET were identified. Most common diagnoses were transposition of the great arteries
(5/13, 38%), Tetralogy of Fallot (3/13, 23%), and univentricular heart (3/13, 23%). PET perfusion was diagnostic
in all cases with no adverse effects reported. The radiation dose for stress protocol was 0.3 mSv for paediatric
and 0.6 mSv for adult patients, and double when rest perfusion was also obtained to calculate myocardial flow
reserve. The global stress MBF was normal (>2.3 mL/g/min) in 12/13 patients. Eleven patients (85%) had ana-
tomical coronary imaging available, all without significant stenoses. One patient had an apical transmural scar on
cardiac magnetic resonance imaging, and both stress and rest 2>O-water PET perfusion was decreased.

150-water PET offers a feasible and safe ultra-low-dose approach to quantify myocardial perfusion in complex
congenital heart disease and may help identify flow-limiting disease when CT anatomy alone is inconclusive.

In complex congenital heart disease, myocardial ischaemia can be difficult to confirm. Flow limitation may re-
flect abnormal coronary anatomy, post-surgical coronary narrowing, or myocardial injury/scar after the surgery,
with later atherosclerosis adding a ‘double-hit’. Coronary computed tomography (CT) delineates anatomy but
does not reliably indicate reduced heart blood flow. In 13 patients, adenosine-stress *>O-water positron emis-
sion tomography (PET) was feasible and safe, enabling measurement of myocardial blood flow with very low
radiation dose. Stress myocardial blood flow (MBF) was normal in 12/13 patients; one patient with a scar on
cardiac magnetic resonance (CMR) had low rest and stress cardiac blood flow, supporting the use of *>O-water
PET to measure ischaemia when coronary artery anatomy is inconclusive.
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Graphical Abstract

150-WATER PET PERFUSION IN COMPLEX CONGENITAL HEART DISEASE (CHD)

2000 0000 00000

Complex CHD (N=13, age 7-59 years)

Rest-stress ®0-water PET protocol
ACCT

PET to exclude ischemia

MAIN RESULTS

50-water is feasible and safe in CHD

Very low radiation dose (1.1 - 1.5 mSv)

TGA (N=5)
UVH (N=3) i
B TOF (N=3) |
| W ALCAPA (N=1) '*0-water @
/ WCardiac transplant (N=1) 4 min 40s

—
Symptoms ; g
Chest pain (N=6)
Low exercise capacity (N=3)
W Asymptomatic (N=4)

.

REST

290

150.water 6 : MBF in CHD corresponded to those typical
4 min 40s of the healthy patient population

Adenosine 140 ug/kg/min

min

Myocardial blood flow (MBF) quantification

Why it matters:

Quantitative PET perfusion offers a
low-dose, noninvasive way to rule out
ischemia in CHD patients.

STRESS

The clinical feasibility of 150-water positron emission tomography (PET) perfusion in complex congenital heart disease (CHD). AC CT, at-
tenuation correction computed tomography; ALCAPA, Anomalous Left Coronary Artery from the Pulmonary Artery; MBF, myocardial blood
flow; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; UVH, univentricular heart.
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Introduction

Myocardial perfusion imaging is clinically performed using
SPECT, PET, or stress perfusion CMR. Quantitative PET enables
absolute assessment of myocardial blood flow (MBF, mL/g/min)
and myocardial flow reserve (MFR), facilitating detection of
flow-limiting stenoses and microvascular dysfunction.!
Patients with congenital heart disease (CHD) are at risk of myo-
cardial ischaemia from CHD-specific mechanisms—abnormal
coronary anatomy, post-surgical coronary ostial stenosis, and
perioperative myocardial injury—with later-life atherosclerosis
adding a ‘double-hit susceptibility’.2 Coronary CT is typically
performed first to define anatomy, yet anatomical severity
does not reliably indicate haemodynamic significance. Stress
perfusion CMR is an important radiation-free alternative, but
in complex CHD, interpretability may be limited by post-
operative anatomy, susceptibility artefacts, and arrhythmia,
and robust absolute flow quantification is not always feasible.
150-water PET is a well-validated reference method for MBF
quantification with straightforward tracer kinetics and an ultra-
low radiation burden due to its 2-min half-life (0.3-0.6 mSv per
dose at our centre). We therefore used quantitative 1°O-water
PET as a physiological adjunct when CT was considered uncer-
tain and report our initial experience in complex CHD.

Methods

We retrospectively reviewed the 1°O-water imaging registry for
all complex CHD patients in Helsinki University Hospital
(November 2021—November 2025). Thirteen patients referred
to PET imaging by a cardiologist were identified. Clinical charac-
teristics were gathered from electronic health records. The study
was accepted by the local Ethics committee and the institutional
research board (HUS/283/2025), and the need for informed writ-
ten consent was waived due to the retrospective setting. The
study was conducted in accordance with the Declaration of
Helsinki.

PET perfusion protocol

All patients were imaged using a standard clinical >O-water
PET perfusion protocol previously reported in detail.® The target
radiotracer dose was 300 MBq (0.3 mSv) for paediatric patients
and 600 MBqg (0.6 mSv) for adults (double for rest-stress
protocol). Imaging was done using a digital PET/CT system
(Discovery M| PET/CT, GE Healthcare, Waukesha, WI, USA).
One patient underwent a stress-only protocol. A standard 6 min
adenosine-stress (140 pg/kg/min) was used. Previously validated
cut-oif values for stress MBF (2.3 mL/min/g) and MFR (2.5) were
used.
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PET perfusion in complex congenital heart disease

Table 1 Patient characteristics

Demographics n=13
Age (years) 27 +16
Female 7 (54)
Systemic ventricle ejection fraction (%) 55+10
Congenital defects
TGA 5(38)
TOF 3(23)
UVH 3(23)
ALCAPA 1(7)
Heart transplant due to CCTGA 1(7)
Symptoms
Chest pain? 6 (46)
Decreased exercise tolerance® 3(23)
Asymptomatic, ST-depression in an exercise test® 2 (15)
Asymptomatic® 2 (15)
PET results
Normal global stress MBF (>2.3 mL/g/min) 12 (92)
Normal global MFR 12 (100)
Global rest MBF (mL/g/min) 1.1+0.3
Global stress MBF (mL/g/min) 3.5+0.8
MFR (normal >2.5) 3.3+0.7

Data are presented as mean + standard deviation or number (%). ALCAPA,
anomalous left coronary artery from the pulmonary artery; CCTGA,
congenitally corrected transposition of the great arteries; MBF, myocardial
blood flow; PET, positron emission tomography; TGA, transposition of the
great arteries; TOF, Tetralogy of Fallot; UVH, Univentricular heart.
®TGAn=1,UVH n=3, TOF n=1, heart transplant n=1.

PTGA, TOF, ALCAPA, alln=1.

“TGA with previous LAD coronary bypassn=1, TOF n=1.

9TGA n = 2; one patient with suspected interarterial LAD and one patient with
LV dilatation and LV systolic function decrease at 45%.

Results

Patient characteristics

The baseline characteristics of 13 patients are depicted in
Table 1. Six patients were paediatric (<18 years). The most com-
mon diagnoses were transposition of the great arteries (TGA)
post arterial switch operation (5/13, 38%), Tetralogy of Fallot
(TOF, 3/13, 23%), and univentricular heart (UVH) with Fontan
circulation due to hypoplastic left ventricle (3/13, 23%). In add-
ition, one patient had an anomalous left coronary artery from
the pulmonary artery (ALPACA), and one patient had undergone
heart-lung transplantation (Eisenmenger syndrome, congenital-
ly corrected TGA and ventricular septal defect). The clinical indi-
cation for a PET scan in all patients was to exclude myocardial
ischaemia (Table 1). Three patients (23%) had an ejection frac-
tion of 40-50%, whereas the rest had >50%.

Feasibility of 1>O-water PET and the imaging
results

The PET perfusion study was diagnostic in all cases with no ad-
verse effects reported. None of the patients required sedation.

Total radiation dose, including attenuation correction CT, was
1.5 mSv for the adult protocol and 1.1 mSv for the paediatric
protocol.

The global stress MBF was normal (>2.3 mL/g/min) in 12/13
patients (92%) (Table 1). In one patient who had an apical trans-
mural scar on cardiac magnetic resonance imaging, both stress
and rest perfusion were decreased (1.5 and 0.5 mL/g/min, re-
spectively) in the absence of obstructive coronary artery disease
(Figure 1). Global MFR was normal (>2.5) in all 12 patients who
underwent rest perfusion imaging. The patient with ALCAPA
had slightly reduced regional septal perfusion (2.1 mL/g/min,
MFR 2.4), attributed to abnormal vascular structures in the cor-
responding myocardial region. No differences in MBF were de-
tected in different CHD subtypes or in different presentations
(Figure 2).

Discussion

To our knowledge, this is the first study to report the feasibility
of ®0O-water PET and the absolute quantitative perfusion va-
lues for a series of various complex CHD patients. 1°O-water
PET was feasible in a wide range of CHD diagnoses, and the ab-
solute global myocardial perfusion values were comparable to
the previously reported reference values.! Data on typical
MBF values in CHD are limited. A similar result to ours for abso-
lute stress MBF was observed in the ®N-ammonia PET study,
but the elevated rest flow was common and attributed to chron-
ic hypoxaemia.*

Complex CHD patients and stress PET
perfusion

In patients with CHD, MBF may be impaired through multiple
mechanisms, including anomalous coronary artery anatomy,
sequelae of surgical interventions—such as perioperative
myocardial injury or post-operative complications like
stenosis of reimplanted coronary ostia—and the presence of
atherosclerotic disease, often described as a ‘double-hit’ phe-
nomenon.2 As the number of adult patients with CHD in-
creases, so does the incidence of atherosclerosis in this
patient group.

The obstruction of the implanted coronary ostia is a possible
complication after the arterial switch in TGA patients, the largest
patient group in our study. Although abnormal endothelial func-
tion after arterial switch operation has been demonstrated,>¢
we had normal MBF in all patients.

TOF and UVH were the second most common patient
groups. Coronary artery complications are not the most com-
mon clinical problem in these patients late after surgery. In our
cohort, patients with TOF had symptoms or abnormalities
during exercise stress testing that led to perfusion imaging.
PET perfusion was performed to rule out ischaemia. In pa-
tients with UVH, the indication was to exclude microvascular
disease. MBF values in these patients were within the normal
range.

Future prospects of PET perfusion imaging in
CHD

The availability of °O-water is limited by the need for an on-site
cyclotron. The new Fluorine-labeled *®F-Flurpiridaz perfusion
tracer is available as a unit-dose and, due to its 2-h half-life,
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Figure 1 An example of *°O-water PET perfusion in a patient with TOF. PET images were segmented, and dynamic flow curves were
used to calculate quantitative MBF and perfusion reserve (A). There is a post-operative transmural apical scar on CMR imaging (B) that
can be seen on a PET polar map (A) and on a hybrid PET/CTA image and MBF values (C). Invasive coronary angiography without coronary
stenoses was performed on follow-up, which was concordant with normal perfusion reserve on PET Imaging (D).
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Figure 2 MBF and MFR in different CHD conditions (A-C). In the lower panel, MBF and MFR are stratified by presenting symptom (D-
F). There was no statistically significant difference between patients with different heart defects (A-C) or between different presenting
symptoms (D-F) on the Kruskal-Wallis test. ALCAPA, Anomalous Left Coronary Artery from the Pulmonary Artery; HTx, Heart trans-
plantation; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; UVH, univentricular heart.
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can be delivered outside the cyclotron facility. However,
18E_Flurpiridaz has a higher radiation dose than 1°O-water but
would allow exercise stress (6 mSv vs. 1.5 mSv in adults in our
study).” Even further reductions in °O-water radiation dose
could be achieved by reducing the radiotracer dose, favouring
stress-only protocols, and adopting PET/MR to eliminate the
need for attenuation correction CT.

Limitations

Our study is limited by the small patient cohort and retrospect-
ive study setting. The patient population was heterogeneous.
The cut-off values of °0O-water PET were determined using
the adult population.’ Nevertheless, we believe they reasonably
well reflect the threshold of myocardial ischaemia in the young-
er population. However, we cannot compare the degree of MBF
with that of the healthy control population. Our study did not
include any patients with ischaemia secondary to a coronary
obstruction; the main indication was to exclude myocardial
ischaemia.

Conclusions

150-water PET perfusion is a feasible method for non-
invasive assessment of myocardial perfusion in complex con-
genital heart diseases. In these conditions, perfusion values
typically correspond to the previously reported normal MBF
values.
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