
ABIDIRECTIONAL CAVOPULMONARY ANASTOMOSIS

is frequently performed as part of a staged
approach towards an ultimate Fontan circula-

tion in patients with a functionally single ventricle.
This procedure provides satisfactory arterial satu-
rations of oxygen, and minimizes the volume load on
the functionally single ventricle.1–3 In patients with
a superior cavopulmonary anastomosis, the superior
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Abstract In patients who have undergone a superior cavopulmonary anastomosis, the superior caval venous
flow provides the only, or the most important, pulmonary blood supply, while the inferior caval venous blood
is not oxygenated, being mixed with the pulmonary venous blood before entering the systemic circulation. In
healthy children, the contribution of superior caval venous flow to total cardiac output has been shown to
decrease during growth. Patients who have undergone a superior cavopulmonary anastomosis, however, often
have a higher oxygen saturation than predicted by the age-matched ratio of superior to inferior caval venous
flows. This study was designed, therefore, to assess the ratio of flows in the superior and inferior caval veins sub-
sequent to a superior cavopulmonary anastomosis. We carried out 18 magnetic resonance imaging studies with
velocity-mapping and heart catheterisations so as to assess the contribution of superior caval venous flow to
total cardiac output. Patients were divided into 3 groups according to their age. There were five aged from 
8 to 24 months, eight aged from 24 to 48 months, and five older than 48 months. No significant difference
could be found in the ratios of superior-to-inferior caval venous flow, nor of superior caval venous-to-systemic
flow, between the 3 groups. The ratio of venous flows was 0.89 � 0.34 in those aged from 8 to 24 months,
1.09 � 0.42 in those from 24 to 48 months, and 1.25 � 0.27 in the older patients (F analysis of variance 1.06,
p 0.37). The ratio of superior caval venous-to-systemic flow was 0.46 � 0.08 in the youngest patients,
0.50 � 0.09 in those aged from 24 to 48 months, and 0.55 � 0.05 in the older patients (F analysis of variance
0.76, p 0.49). These findings suggest that the hemodynamics of a cavopulmonary anastomosis may affect the
normal decrease of superior caval venous flow with age. This could be related to a redistribution of flow, with
a proportionally higher flow to the head and upper body after construction of a superior cavopulmonary anas-
tomosis. Since increasing cyanosis and progressive exercise intolerance are the main indications for creation of
a total cavopulmonary connection, these findings should be taken into account when determining the timing
for completion of the Fontan circulation.
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caval venous flow then provides the only, or certainly
the most important, supply of blood to the lungs.
The ratio of the superior to inferior caval venous flow
is then a major determinant of the systemic arterial
saturation of oxygen.4,5 The contribution of the supe-
rior caval venous flow to total cardiac output in normal
children has been shown to decrease during growth,
from almost half in the newborn period to the reported
adult value of about one-third at the age of 6 years.6,7

If children who underwent a cavopulmonary anasto-
mosis would have the same decrease in superior caval
venous flow during growth, they should develop
increasing cyanosis with age.8 Salim et al.,4 using the
Fick principle, calculated the ratios of pulmonary 
to systemic flows in 29 children who had undergone
a cavopulmonary anastomosis. At a mean age of
2.95 � 1.65 years, those patients without systemic-
to-pulmonary collateral vessels had a ratio of flows of
0.53, which was similar to the previously reported
echocardiographically derived ratio of superior caval
venous flow to systemic flow in normal children of the
same age.4,7 To our knowledge, the ratio of superior to
inferior caval venous flow has not been studied during
growth, and during the follow-up, of patients with a
cavopulmonary anastomosis. In our clinical experi-
ence, some patients show a higher arterial oxygen
saturation than might be expected on the basis of the
predicted ratios of superior to inferior caval venous
flows for their age, which cannot be explained by the
presence of systemic-to-pulmonary collateral vessels
increasing the pulmonary flow. We hypothesized
that there might be a redistribution of the systemic
venous flows after construction of a cavopulmonary
anastomosis, resulting in a higher ratio of pulmonary
to systemic flows, and a better arterial saturation of
oxygen. The aim of our study, therefore, was to mea-
sure the ratios of superior to inferior caval venous
flows in patients of different age who had previously
undergone a bidirectional cavopulmonary anastomo-
sis, using data derived from cardiac catheterisation
and magnetic resonance imaging velocity mapping.
The latter technique has previously been shown to be
an accurate non-invasive method for measurement of
volumetric venous and arterial flows.6,9–11

Materials and methods

Patients
We enrolled 22 patients who had undergone a bidirec-
tional cavopulmonary anastomosis. Because of clinical
indications, these patients had undergone a magnetic
resonance imaging scan, and catheterization of the
right and left heart. Indications were evaluation prior
to completion of the Fontan circulation for increasing
cyanosis or exercise intolerance, or an interventional

catheter procedure. Of the 22 patients, three, two with
only a cavopulmonary anastomosis and one with acces-
sory pulmonary flow through a Blalock-Taussig shunt,
were studied twice with magnetic resonance imag-
ing at different time intervals after construction of
the cavopulmonary anastomosis. In total, therefore,
data from 25 examinations were available for analysis.

All the operations had been performed by one sur-
geon. In 8 patients, a bidirectional Glenn anastomosis
had been constructed, consisting of an end-to-side
anastomosis of the superior caval vein on the right
pulmonary artery. In the other 14 patients, a hemi-
Fontan procedure had been performed, including
patch closure of the distal end of the superior caval
vein and the right atrium. During surgery, the azygos
vein had been ligated in all patients. There was no
accessory source of flow to the lungs in 9 patients, 
3 patients had a cavopulmonary anastomosis and
accessory pulmonary flow through a modified Blalock-
Taussig shunt, and 10 patients had a cavopulmo-
nary anastomosis and residual forward flow from the
ventricle through a banded or stenotic pulmonary
trunk.12–14 The additional contribution to pulmonary
flow, however, was always small, as there was no sig-
nificant difference in arterial saturations of oxygen
between the patients with and without an accessory
source of pulmonary blood. The anatomical diagnoses
and surgical procedures are summarized in Table 1.
In the sixth and seventh patients, the previously 
constructed Blalock-Taussig shunts were transsected
surgically at the time of the cavopulmonary anasto-
mosis. All patients were in sinus rhythm. The patients
were divided into three groups according to their
age at the time of the study. Thus, five studies came
from patients who had been aged from 8 to 24 months,
3 with a cavopulmonary anastomosis only, and 2 with
accessory flow through a Blalock-Taussig shunt. Their
mean age at the time of the study was 16.6 � 6.9
months, with a mean interval of 7.8 � 5.8 months
after the cavopulmonary anastomosis. The second
group of 10 studies came from patients aged from 
24 to 48 months, 4 studies coming from those with
only a cavopulmonary anastomosis, 2 with accessory
flow through a Blalock-Taussig shunt, and 4 with
accessory forward flow from the ventricle. In these
patients, the studies had been performed at a mean
age of 31.9 � 6.5 months, with a mean interval of
17.1 � 12.4 months after the cavopulmonary anasto-
mosis. The final series of 10 studies came from patients
older than 48 months, 4 from those with a cavopul-
monary anastomosis only, and 6 from those with acces-
sory forward flow from the ventricle. These patients
had been examined at a mean age of 56.6 � 7.7
months, with a mean interval of 28.3 � 9.5 months
from the cavopulmonary anastomosis. Informed con-
sent was obtained from the parents in all patients.
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The protocol for investigation was approved by the
local ethical committee.

Methods

Magnetic resonance imaging
Magnetic resonance imaging was performed on the
day prior to cardiac catheterization, using sedation
with propofol infusion, the patients breathing sponta-
neously through a laryngeal mask using 21% oxygen.
The heart rate and saturations of oxygen were con-
tinuously monitored. Scanning was performed on a
1.5 Tesla system (Magnetom Vision; Siemens AG,
Erlangen, Germany) with a phased-array body coil
using prospective electrocardiographic triggering. As
previous studies have demonstrated that total caval

venous flow does not vary throughout the respiratory
cycle, respiratory gating was omitted.6 To reduce the
influence of respiration, data were recorded during
224 consecutive heart cycles, and subsequently aver-
aged to obtain flowcurves over one R-R interval. The
imaging time for each flow study was from 1.5 to
3 min. For the anatomic evaluation and localization,
HASTE (half Fourier single shot turbo spin echo) and
turbo spin-echo images were obtained in the trans-
verse and coronal planes. Quantitative measurements
were obtained with a flow-sensitive cine gradient echo
sequence using phase-contrast velocity mapping with
a velocity encoded magnetic gradient in the direc-
tion of flow.11 The sequence parameters consisted 
of a repetition time of 21 msec, echo time 3.8 msec,
192 � 256 matrix, f lip angle of 25°, slice thickness
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Table 1. Summary of anatomical diagnoses and surgical procedures.

Patient Accurate 
number Anatomical diagnosis Surgical procedures MRI studies

CPA
1 HLHS Norwood I/Hemi-Fontan 2
2 TA/TGA BPT/DKS � Hemi-Fontan 2
3 TA/DOLV/CoA BPT � CoA repair/DKS � Hemi-Fontan 1
4 Unbalanced AVSD, BPT � CoA repair/DKS � bilateral 1

hypoplastic LV, subAS, CoA Glenn shunt
5 DILV/TGA/CoA BPT � CoA repair/DKS � Glenn shunt 1
6 DORV/TGA/PS 2 Blalock-Taussig shunts/bilateral 1

Glenn shunt
7 Discordant AVC/DORV/PA Blalock-Taussig shunt/Glenn shunt 1
8 DILV/TGA/CoA BPT � CoA repair/DKS � Glenn shunt 1
9 DILV/TGA/CoA BPT � CoA repair/DKS � Hemi-Fontan 1

CPA and BT shunt
10 TA/PS Blalock-Taussig shunt/Hemi-Fontan 2
11 TA/PS Blalock-Taussig shunt/Hemi-Fontan 1
12 Double discordance/ Blalock-Taussig shunt/Hemi-Fontan 1

hypoplastic LV/PA

CPA and PS/PAB
13 TA/DORV/TGA BPT/Hemi-Fontan 0
14 Double discordance/ Hemi-Fontan 1

hypoplastic RV/PS
15 DILV/PS Blalock-Taussig shunt/Hemi-Fontan 0
16 Right isomerism/unbalanced BPT � repair TAPVC/Hemi-Fontan 1

AVSD/TAPVD/PS
17 TA/TGA BPT/Hemi-Fontan 0
18 Double discordance/ Balloon dilation PS/Glenn shunt 0

hypoplastic RV/PS
19 Left isomerism/unbalanced Blalock-Taussig shunt/Glenn shunt 0

AVSD/DORV/PS
20 DORV/TGA/hypoplastic RV/PS Hemi-Fontan 1
21 DILV/TGA BPT/Glenn shunt 0
22 TA/TGA BPT/Hemi-Fontan 1

Abbreviations: HLHS: hypoplastic left heart syndrome; TA: tricuspid atresia; TGA: transposition of the great 
arteries; CoA: coarctation of the aorta; DOLV: double outlet left ventricle; DORV: double outlet right ventricle; 
LV: left ventricle; RV: right ventricle; AVC: atrioventricular connections; AVSD: atrioventricular septal defect; 
subAS: subaortic stenosis; DILV: double inlet left ventricle; PS: pulmonary stenosis; PA: pulmonary atresia; 
TAPVC: totally anomalous pulmonary venous connection; BPT: banding of pulmonary trunk; 
DKS: Damus–Kay–Stansel procedure; CPA: cavopulmonary anastomosis; BT shunt: Blalock-Taussig shunt; 
MRI: magnetic resonance imaging study
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of 6–8 mm in the 8–24 months group and of 10 mm 
in the older children, and velocity encoding of
200–250 cm/sec for measurements of aortic flow and
of 75 cm/sec for those of venous flow. The maximum
number of temporal phases obtained depended on the
heart rate. This sequence yielded both phase and mag-
nitude images. Through-plane flow was measured on
images oriented perpendicular to the direction of flow.
Measurements of inferior caval venous flow were taken
at the level between the confluence of the hepatic veins
and the junction with the right atrium. For superior
caval venous flow, measurements were obtained 1 ves-
sel diameter above the cavopulmonary anastomosis.
Descending aortic flow was measured at the level of
the diaphragm, and flow across the ascending aortic
between the sinutubular junction and the brachio-
cephalic trunk. The borders of the vessel were manu-
ally outlined on the magnitude images. The software
supplied with the magnetic resonance scanner was
used to determine the quantitative flow as the product
of the cross-sectional area of the vessel and the mean
rate of flow. The total examination time was approxi-
mately 40 min.

We made several basic assumptions when calculat-
ing the flows. Thus, we considered total systemic
flow to represent superior and inferior caval venous
along with flow from the coronary sinus. Ascending
aortic flow was considered equal to superior and 
inferior caval venous flows together with flow from the
coronary sinus and aortopulmonary collaterals, or
flow through a Blalock-Taussig shunt. The measure-
ment of flow from the coronary sinus, however, was
omitted, as it cannot be measured accurately and only
accounts for 2% of total systemic output. Systemic
flow was calculated as superior plus inferior caval
venous flows. The ratio of pulmonary to systemic
flows after the cavopulmonary anastomosis was con-
sidered equal to the ratio of superior to inferior caval
venous flow.

Cardiac catheterisation
Catheterisation of the right and left heart was per-
formed via femoral and jugular approaches. Standard
measurements of pressure and saturation were taken
in the superior and inferior caval veins, the pul-
monary arteries and veins, the left atrium, left ven-
tricle and aorta. In 9 out of the 11 patients with a
cavopulmonary anastomosis without accessory pul-
monary flow, the ratio of pulmonary to systemic
flows was calculated according to the Fick principle.4

In the 2 remaining patients, the sampling was unre-
liable, precluding calculation of the ratio using the
Fick principle. Data calculated from flows were com-
pared with the measurements of flow obtained using
magnetic resonance imaging. Biplane angiograms were

obtained in the superior caval vein to assess the cavo-
pulmonary anastomosis, the integrity of the pulmo-
nary vascular bed, and the presence of veno-venous
collateral vessels.15 Aortography was performed to
show the presence of systemic-to-pulmonary collateral
vessels.

Statistics
Differences between the mean values were calculated
by univariate analysis of variance. To compare the data
from catheterisation and magnetic resonance imaging,
we used the method of Bland and Altman.16 The SAS
computer software (SAS institute, Inc. Cary, North
Carolina) was used for statistical analysis. The signif-
icance level was set at p � 0.05, and data are pre-
sented as mean values with the standard deviation.

Results

Magnetic resonance imaging
We obtained reliable data suitable for further analysis
in 18 out of the 25 studies (Table 2), 11 coming from
patients having a cavopulmonary anastomosis with-
out accessory pulmonary flow, three from those with
an accessory Blalock-Taussig shunt, and the others
from those having accessory flow from the ventricle.
We deemed the other seven studies, all from patients
with accessory pulmonary flow, inadequate because of
artifacts, 6 of these coming from patients with resid-
ual forward flow from the ventricle and the other
from a patient with a Blalock-Taussig shunt. In 3
patients, flow curves were inaccurate due to operation
clips. In 4 patients, the artifacts were ascribed to
residual forward flow from the ventricle, causing tur-
bulence in the superior caval vein. Only the studies
from patients with a small hemodynamically unim-
portant amount of additional pulmonary blood sup-
ply provided reliable flow curves and could finally be
included in the study. The measurements of flow are
reported in Table 3, with representative curves illus-
trated in Figure 1. The morphology of the patterns of
flow in the superior caval vein looked similar to that in
the inferior caval vein. Systolic and diastolic peaks were
always present, with the systolic peaks being more
prominent in both caval veins. As expected, good over-
all correlation was found between inferior caval venous
flow and the descending aortic flow, except in three
patients with a ratio greater than 1.3.

In the youngest patients, the superior caval venous
flow accounted for 46 � 8% of the systemic flow,
with a ratio between the caval veins of 0.89 � 0.34.
In those aged from 24 to 48 months, the contribution
of superior caval flow to the systemic flow was
50 � 9% with a ratio of superior to inferior flows of
1.09 � 0.42. In the older patients, the superior caval
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venous flow accounted for 55 � 5% of the systemic
flow, with a ratio of 1.25 � 0.27 in favour of the
superior caval vein. There was no significant differ-
ence in the ratios of superior caval venous flow to the
systemic flow (F analysis of variance 0.76, p 0.49), nor

for the ratios between the superior and inferior caval
veins (F analysis of variance 1.06, p 0.37), between the
three age groups. The sum of flows through the caval
veins was similar to the flow through the ascending
aorta. A higher flow in the ascending aorta was noticed
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Table 2. Groups and studies.

Total 
8–24 months 24–48 months ��48 months included

Only CPA 3 4 4 11
CPA � BT shunt 2 1 (�1 artefacts) 0 3
CPA � PS/BPT 0 3 (�1 artefacts) 1 (�5 artefacts) 4
Total included 5 8 5 18

Abbreviations: CPA: cavopulmonary anastomosis; BT shunt: modified Blalock-Taussig shunt; 
PS: pulmonary stenosis; BPT: banding of pulmonary trunk; Artefacts: magnetic resonance imaging 
studies not included in the final analysis because of artefacts

Table 3. Measurements of flow made using magnetic resonance imaging.

8–24 months 24–48 months ��48 months
(n � 5) (n � 8) (n � 5)

SCV flow (ml/min/m2) 1937 � 617 2059 � 610 2023 � 706
ICV flow (ml/min/m2) 2233 � 489 2004 � 661 1600 � 298
Descending aortic flow 2092 � 429 1982 � 762 1636 � 247

(ml/min/m2)
Ascending aortic flow 5369 � 914 4350 � 870 3835 � 624

(ml/min/m2)
SCV � ICV flow (ml/min/m2) 4170 � 835 4063 � 1022 3623 � 954
SCV/ICV flow ratio 0.89 � 0.34 1.09 � 0.42 1.25 � 0.27
SCV/systemic flow ratio 0.46 � 0.08 0.50 � 0.09 0.55 � 0.05
Aortic saturation (%) 82.2 � 2.7 85.1 � 3.0 82.2 � 3.6

Abbreviations: SCV: superior caval vein; ICV: inferior caval vein; systemic flow: SCV � ICV
flow; aortic saturation: measured during heart catheterisation
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Figure 1.
Example of a flow curve obtained using magnetic resonance imaging to image the ascending aorta, the superior caval vein, and the inferior caval
vein in a patient after construction of a cavopulmonary anastomosis.
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in the patients with a Blalock-Taussig shunt, and also
in those with significant systemic-to-pulmonary col-
lateral vessels. This allowed us to quantify the contri-
bution of the aortopulmonary collateral arteries to the
pulmonary flow.

In the 3 patients who were examined twice at 
different time intervals after construction of the
cavopulmonary anastomosis, 2 without accessory pul-
monary flow and 1 with an accessory Blalock-Taussig
shunt, there was no significant decrease during growth
in the ratio of superior to inferior caval venous flows,
nor in the ratio of superior caval venous flow to sys-
temic flow (Table 4).

Cardiac catheterisation
Superior caval venous angiography showed widely
patent cavopulmonary anastomoses, without signs of
obstruction, in all the patients. In five patients, there
were mild or moderate stenoses in the pulmonary
arteries, which were treated by successful balloon
angioplasty during the same procedure. No patient had
significant aortopulmonary collateral vessels requiring
embolisation. A large veno-venous collateral vessel
between the superior and inferior caval veins was seen

in one patient, explaining the low ratio of superior to
inferior caval venous flows of 0.4, and a low arterial
saturation of oxygen of only 68%. These collateral
vessels were successfully embolised during the same
procedure. The mean systemic saturation was 83 �
2.8%, without any significant difference between the
different groups (F analysis of variance 1.9, p 0.18)
(Table 3). Mean saturations of oxygen in the 11 stud-
ies from patients with a cavopulmonary anastomosis
without accessory pulmonary flow, having a mean age
of 35.7 � 15.2 months, in three studies from those
with an accessory Blalock-Taussig shunt, having a
mean age of 20.4 � 10.7 months, and in four studies
from those with accessory pulmonary flow from the
ventricle, having a mean age of 57.5 � 22 months,
were 85 � 3%, 82 � 4% and 84 � 6%, respectively.
Thus, there is no obvious difference in arterial satu-
rations of oxygen between the patients with and
without accessory pulmonary flow.

The ratio of pulmonary to systemic flows could be
calculated using the Fick principle in only 9 of the
11 patients without accessory pulmonary blood flow.4

The patients with accessory pulmonary flow were
omitted because the pulmonary arterial oxygen con-
tent cannot reliably be calculated using blood sam-
pling in these mixed pulmonary circulations. The
mean ratio of flows is 0.55, with a range from 0.51 to
0.80. We plotted the individual differences between
the ratio calculated by magnetic resonance imaging
and that obtained by the Fick method against the
mean values for both methods (Fig. 2).16 The limits
of agreement within two standard deviations above
and below the mean value were �0.21 and �0.03, for
a mean difference of 0.12, indicating a fair agreement
between the 2 methods.

Discussion

Our study was designed to assess quantitatively the
superior caval venous flow, and its ratio to systemic
flow, in children after a cavopulmonary anastomo-
sis, using magnetic resonance velocity mapping and
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Table 4. Ratio of superior to inferior caval venous flows, and ratio of superior caval venous to systemic flows, at two different
time intervals after construction of the cavopulmonary anastomosis.

Patient 1 Patient 2 Patient 3

1st study 2nd study 1st study 2nd study 1st study 2nd study

Age at time of study (months) 8 15 23 36 31 56
Time interval study – CPA (months) 0.2 7.2 16 28 1 25
SCV/ICV flow ratio 0.74 0.82 0.85 1.1 0.92 0.99
SCV/systemic flow ratio 0.42 0.45 0.45 0.52 0.48 0.49

Abbreviations: SCV/ICV flow ratio: superior-to-inferior caval venous flow ratio; SCV/systemic: superior caval venous-to-systemic flow
ratio; CPA: cavopulmonary anastomosis
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Figure 2.
Difference in the mean values of the ratio of pulmonary to systemic
flows (Qp/Qs) determined by magnetic resonance imaging (MRI)
and the Fick principle.
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cardiac catheterisation. We demonstrated that, in
younger children aged less than 2 years of age, the
relative contribution of superior caval venous flow to
total cardiac output is comparable to normal controls.
In older children aged from 2 to 6 years, in contrast,
the ratio of superior to inferior caval venous flow is
higher than expected. This suggests that the ratio
does not significantly decrease with age, as it does 
in otherwise healthy children. This observation is
consistent with the clinical impression that children
with a cavopulmonary anastomosis below 6 years of
age, without accessory pulmonary flow or significant 
systemic-to-pulmonary artery collateral vessels, are
often less cyanosed than might be predicted by the
normal distribution of superior to inferior caval venous
flows. Furthermore, in our patients there was no sig-
nificant difference in arterial saturations of oxygen
between the different age groups. Similarly, there was
no obvious difference in arterial saturations of oxygen
between the patients with and without accessory
pulmonary flow, although the groups were small.
This could be explained by the limited contribution
of the Blalock-Taussig shunt, or the forward flow
through a tight band on the pulmonary trunk, or crit-
ical pulmonary stenosis.

The relatively high contribution of superior caval
venous flow in older children indicates that there
might be a redistribution of flows after construction of
a superior cavopulmonary anastomosis, with a propor-
tionally higher flow to the head and upper body. This
could be related to an altered autoregulation of the
brain vasculature, as suggested by Fogel et al.17 These
authors proposed that the hemi-Fontan physiology can
induce intracerebral vasodilation, with increased flow
to the head and neck. This causes global redistribution
within the body, with decreased flow to the lower part
of the body. This is also suggested by our observation
that inferior caval venous flow is lower in the older
patients. A similar redistribution has been observed 
by Houlind et al.9 after a total cavopulmonary anasto-
mosis. They suggest that it might be related to an
increased venous resistance in the abdominal organs
related to increased venous pressures.18,19 It is unclear
which physiological mechanisms might explain this
phenomenon after the superior cavopulmonary anasto-
mosis, where abdominal venous pressures are normal.

Previous studies demonstrated that cine magnetic
resonance velocity mapping is a reliable and non-
invasive technique with which to measure venous
flows in healthy subjects, and in patients with right-
sided cardiac disease.6,9–11 This technique is not only
suited for the assessment of central patterns of venous
flow, but it also allows a volumetric analysis of both
superior and inferior caval venous flows. This is 
calculated from the mean velocity within the vessel
lumen throughout the cardiac cycle, multiplying it by

the cross-sectional area of the vein. In accordance with
previous studies, we could demonstrate a good corre-
lation between the measurements of venous return
made with magnetic resonance and ascending aortic
flow, thus validating the technique.6,9–11 In children,
magnetic resonance imaging is technically demand-
ing due to the small size of the vessels, with changes
in both flow and shape during respiration. So, despite
an overall good correlation between inferior caval
venous flow and the descending aortic flow, in three
patients the ratio of inferior caval venous flow to that
in the descending aorta was calculated to be greater
than 1.3. This might be due to difficulties in the
measurements of venous flow due to the small size of
the patients. In 7 out of the 25 studies, the flow curves
were unsuitable for analysis because of artifacts in
the curves obtained for superior caval venous flow. In
3 studies, the curves were inaccurate due to opera-
tion clips. In 4 studies, the problems were ascribed
to competitive flow in the superior caval vein caused
by residual forward flow from the ventricle.

In our study we did not assess the influence of res-
piration on flow dynamics. Respiratory gating sig-
nificantly increases the time required for acquisition,
and is practically impossible in sedated young children.
Moreover Mohiaddin et al.6 demonstrated that the
patterns of venous flow, as well as the mean superior
and inferior caval venous flows, were similar through-
out the cardiac cycle when assessed using respiratory
or cardiac gating. When we compared the ratios of
flow in the patients with cavopulmonary anastomosis
without accessory pulmonary flow by oxymetry and
magnetic resonance velocity mapping, we found a fair
agreement, with a mean difference of only 0.12 �
0.04. Some of this discrepancy may be attributed to the
lack of simultaneous measurements, since the magnetic
resonance examinations were performed under seda-
tion with spontaneous respiration, while the catheter-
isations were done while the patients were intubated
and ventilated. Again, we should remember that our
groups of patients are relatively small. Both methods,
nonetheless, showed that there was no decrease in the
ratio of pulmonary to systemic flows with age.

Our study has a cross-sectional design. Ideally, 
we would have liked to perform a serial evaluation in
the same patients at different time intervals after the
cavopulmonary anastomosis. Such serial evaluation of
patients, however, is difficult, and is limited by ethi-
cal issues, since magnetic resonance imaging studies
in these young children have to be done under general
anesthesia. We were able to perform follow-up studies
in 3 patients, which showed the same trend.

Our study has demonstrated, therefore, that in
patients older than two years with a cavopulmonary
anastomosis, the relative contribution of the superior
caval venous flow to total cardiac output is higher
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compared to the data reported in normal children.
Moreover, the ratio of pulmonary to systemic flows
does not decrease between the age of 2 and 6 years.
These findings suggest a redistribution of flow, with
a proportionally higher flow to the head and upper
body after construction of a cavopulmonary anasto-
mosis. As increasing cyanosis, and progressive exer-
cise intolerance, are the main indications for creation
of a total cavopulmonary connection, these findings
should be taken into account when considering the
timing of completion of the Fontan circulation.
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