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Background
Inhalative administration of oxygen increases pulmonary
blood flow by vasodilation. Currently, flow rate quantifi-
cation using conventional two-dimensional phase-con-
trast MRI (PC-MRI) is not capable to study short-term
effects due to averaging of flow information. The aim of
this study was to examine the impact of oxygen supply
on respiration-related flow rate variations by non-elec-
trocardiographic triggered real-time phase-contrast MRI
(PC-MRI) in patients after total cavo-pulmonary con-
nection (Fontan).

Methods
Real-time PC-MRI using EPI (TR/TEeff /flip=12-14ms/
3.3ms/40°, temporal resolution=24-28ms) was applied to
study respiration-driven blood flow fluctuations in the
ascending aorta (AAo), superior vena cava (SVC) and
inferior vena cava (IVC) under normal breathing prior
and after administration of 100% oxygen (4l/min;
10min) in 27 Fontan patients (mean age=17.2±7.5yrs;
range: 6.9 to 37.9a). According to a 13 parameters risk
score, patients were grouped as having good (N=19) or
compromised hemodynamics. Respiration-dependent
flow rates were virtually generated by dividing the
respiration curve into four segments: expiration, end-
expiration, inspiration and end-inspiration.

Results
Under oxygen administration heart rate decreased from
77.6±15.7 to 75.9±14.6bpm (P=0.027). Mean body-sur-
face indexed stroke volumes (SVi) increased slightly but

only aortic SVi change was statistically significant
(pre:41.5ml/m2; post:43.6ml/m2;P=0.043). Effects were
more pronounced in pts with good Fontan circulation
(HR:75.2±15.9 vs. 70.8±16.4bpm,P=0.000; SVi(AAo):46.1
±11.1 vs. 48.7±12.7ml/m2,P=0.045) than in pts with fail-
ing Fontan (HR:84.1±9.8 vs. 83.6±9.5bpm,P=n.s.;SVi

(AAo):30.4±6.2 vs. 31.1±5.8ml/m2,P=n.s.). Mean abso-
lute blood flow in Fontan patients for AAo, IVC and
SVC was 3.14±0.78, 1.84±0.52 and 0.93±0.38L/min/m2
which remained unchanged under inhalative oxygen
(3.13±0.77, 1.88±0.65 and 0.89±0.32L/min/m2).
Aortic flow rate was elevated during expiration (4.8

±5.5%) and decreased during inspiration (-2.9±8.7%) in
relation to mean blood flow, highest flow was detected
during inspiration in IVC (81.1±55.3%) and SVC (18.6
±30.8%) and lowest flow during expiration (IVC:-85.7
±56.9%,P<0.05) and end-inspiration (SVC:-21.0±19.2%,
P<0.05), respectively. Differences were unchanged under
oxygen supply in AAo (4.4±5.8%,-3.4±8.6%,n.s.) and
SVC (25.3±32.7%,-18.8±33.4%,n.s.), whereas were slightly
elevated in IVC (94.5±66.3%,-98.0±69.0%). Differences
were only statistically significant for end-expiratory IVC
blood flow (P=0.033).

Conclusions
Real-time PC-MRI allows quantification of respiratory-
related flow rate fluctuations in Fontan patients. In this
study inhalative oxygen resulted in an increase of aortic
stroke volume and a decrease of heart rate only in case
of good hemodynamics. As patients with compromised
Fontan circulation did not show significant changes
under oxygen supply this provocation may be promising
for prognostic aspects and the follow up under anti pul-
monary-hypertensive medication.
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