Branch pulmonary artery flow reversal:
Does it correlate with valve leak?
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Background
•

Hypothesis

The Contegra valved (bovine jugular vein – BJV) conduit is used for right
ventricular outflow tract (RVOT) reconstruction.

•

Early performance of the conduit varies, with most series reporting minimal
regurgitation and low-pressure gradients.

•

Branch pulmonary artery diastolic flow reversal (BPAFR) is an
echocardiographic marker of severe pulmonary valve regurgitation.

•

Cusp height in the human pulmonary valve is approximately half the valve
diameter.

•

Cusp height in the BJV is approximately equal to valve diameter.
• Thus, at a given valve diameter,
capacitance
of theSS
BJV during diastole is
ARTIC
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significantly greater than the human pulmonary valve.
• This mismatch
in conduit capacitance is greater in the smallest patients.
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Parameter

Number

80

# of Observations

70
60

Conduit diameters

No flow reversal

•

Retrospective chart review for all patients who underwent RVOT
reconstruction with BJV conduit from March 2004 to August 2010
(n=152).

•

Valve performance was evaluated using initial and 6-month follow-up
echocardiograms .
• A single observer reviewed all echocardiograms, grading
regurgitation on a 1-7 scale from none to severe. Consideration
included color and spectral Doppler patterns from multiple views.
• Patients with missing initial post-operative echocardiograms were
excluded (n=17).
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Intracardiac
• correction,
Patient characteristics, surgical procedures were determined.
including 7 TAPs
Failed conduits
• Patients were divided into 2 groups: patients with 12mm or 14mm BJV
Balloon dilatations
None
comprised group 1 (n=51) and 16-22mm (n=84) BJV comprised group 2.
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deVega-plasties
LPA augmentation
plasties
• Statistical
analysis was performed
Bifurcation plasty
multivariable logistic regression.
ASD closure

5.6–16.6 years
7.9–19.6 years
0.2–4.2 years

Mean 13.0"3.0, median 14.3
Mean 15.3"2.9, median 16.1
Mean 2.3"1.0, median 2.2

using chi-square analysis and

1. Patient characteristics.
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Group 1
(n=64)*
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(n=88)*

p Value

91.3 + 62.02

<0.0001

50%

0.2411

4.15 + 1.72

26.31 + 17.28

<0.0001

38 (74%)

84 (100%)

<0.0001
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<0.0001
0.88
<0.0001

2/88 (2%)

0.0032

*

Weight (kg)
*
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Fig. 1. Two possible different closure mechanisms are shown here: either the
0
blood between the leaflets regurges passively during diastole and ‘drags the
Group 1 (12 and 14mm BJV) Group 2 (16-22mm BJV)
valve behind’, thus closing it (Fig. 1a), or the valve closes from the proximal,
leaving the blood between the leaflets in the peripheral pulmonary artery
2. closes
Categorization
of regurgitation
in
(Fig. 1b). (a)Figure
If the valves
regurging the volume
between the valves,
8.4 cm3 should
be expected
regurgitation
volume
22 mm diameter high
the
subsetasof
patients
within BPAFR.
3
profile valves and 4.2 cm in low profile valves. (b) Echo sequence of a BJV
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less
regurgitation
valve closure. Apparently,
the blood between the
cusps isorleft
distal
from
20
the annulus and does not reach the subvalvular space during the closure act.
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Greater
thanat
moderate
If valve closure of these high profile valves occurs
usually
first in the
regurgitation
16
proximal part of the leaflets, this would result in a lower regurgitation volorrate
mildshould
regurgitation
14
ume than mentioned
above, and stroke volume Trivial
or heart
play a
minor role for the
regurgitation
fraction.
12

# of Observations

The purposes of this study were to:
1) Determine if smaller conduit size is associated with early severe
regurgitation,
2) Determine if BPAFR can occur in the absence of severe
regurgitation,
3) Determine if smaller BJV conduit size predicts increased incidence
of BPAFR.
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+ 3.88
TOF, tetralogy ofAge
Fallot;(months)
PS, pulmonary stenosis; TAC, truncus
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communis; AS, aortic stenosis; TAP, transannular patch plasty; LPA, left pulGender
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Flow reversal

50
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Age at operation
Age at examination
Interval implantation–
examination
Table

BPAFR is not predictive of severe regurgitation in patients with a BJV.

Detail

Figure
1. Profile of the BJV11
Diagnoses
conduit. *From Boethig et al. 4
Physical stress testing of
2
bovine jugular veins using
2
magnetic resonance imaging, 1
echocardiography and
Previous
operations Interact13
electrical
velocimetry.
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Concomitant operations

•

Methods

Table 1
Details regarding patients and implantation

Figure 1. Distribution of flow reversal by group
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Moderate or less
regurgitation&

Table 2
Examination sequence

Surgery
PrimaryMethods
repairapplied
with
Name
44
BJV
Exam at rest
Electrical velocimetry , echocardiography
13 ,
BNP
Ross procedure
Spiroergometry 100%
Electrical velocimetry,
spirometry , 5
#
Replacement
of
PV
stepwise ergometry up to the anaerobe

Examination
Letter
A

a

b

c

B

C
D
E

d

threshold (100%)
Echocardiography
Electrical velocimetry, echocardiography
30-day mortality
11/64 (17%)
Rest to recovery
Electrical velocimetry
Ergometry 50%
Electrical velocimetry, ergometry up to
50% of anaerobe threshold
*Includes
152 patients
in the cohort. Subjects
Echocardiography
50% all
Ergometry,
echocardiography
Rest G1 h were no excluded
Electrical in
velocimetry,
BNP
subject characteristics
e
MRI at rest &Based onMRI
n=51 (Group 1) and n=84 (group 2)
Ergometry 100%
Electrical velocimetry, ergometry (100%)
#PV is pulmonary
valve
MRI 100%
MRI
Rest to recovery
Electrical velocimetry
Ergometry 50%
Electrical velocimetry, ergometry (50%)
MRI 50%
MRI

with missing post-operative echocardiograms
F
all implanted8 valved pulmonary artery grafts were BJVs,
G
6
and no different
kind of pulmonary artery conduit was
H
4
implanted. The
first examination series took place from
I
April to June2 2007, the second one year later. The shortest
K
0
interval between
implantation and examination was
L
Group
1
(12
and
14mm
BJV)
Group
2
(16-22mm
BJV)
M
0.2 years (in 2007), the longest 4.2 years (in 2008). DiagN
noses and further details regarding patient history and
implantation
of 3.
theOdds
BJVs are
listedreversal
in Table 1.
Details are described in the methods section.
Figure
of flow
for group 1
a
‘Aesculon’, kindly provided and produced by Dr. Osypka GmbH, RheinfelTable compared
2 shows the
examination
protocol
and excluding
device
to group
2 before
and after
den-Herten,
Germany. b ‘Vivid I’ portable ultrasound device (General Electric,
details; observations
the bold capitals
in
the
following
section
refer
to
with greater than moderate
Milwaukee, WI, USA). c BNP, brain natriuretic peptide (B-type), ‘Triage! metthis table.
er plus’, kindly provided and distributed by Inverness Medical, Cologne, Gerregurgitation
• Conduits < 14-mm diameter are associated
!
There
was an
association
between
First, patients were examined at rest (A) by colour
many. d‘Vmax •encore’
spirometer,
SensorMedics
, Berlin,
Germany,smaller
kindly
with early severe regurgitation.
e
40
provided by Dr. Osypka
GmbH,and
Rheinfelden-Herten,
MRI, magnetic
Doppler echocardiography.
The protocol included conduit
conduit
early severeGermany.
regurgitation.
35
resonance imaging, Siemens ‘Magnetom Avanto’ 1.5 Tesla Magnetic Resofunction assessment
by transvalvular (pulse wave) Doppler
nance Imaging System, Siemens Medical Solutions, Erlangen, Germany. A spe30
• The presence of flow reversal alone does not
velocity measurement and continuous
wave Doppler. Stroke
reversal occurs
more
commonly
in small
OR=10.29
cific software •usedFlow
in the Competence
Network for
Congenital
Heart Defects
25
OR=5.23
predict severe insufficiency.
volume was calculated by a velocity time integral. After
(created and kindlyconduits.
provided by Peter Barth, Heart Centre North-Rhine West20
the exam at rest,
patients were exposed to cycle ergometry
phalia, Bad Oeynhausen, Germany) was used to evaluate the MRI data sets.
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Conclusions

Odds ratio with 95% CI

Results

Six-month follow-up echocardiograms were
5
available
Downloaded from icvts.ctsnetjournals.org by on April
25, 2011 for 22 and 38 observations in group
0
1 and group 2 respectively.
Flow reversal with
Flow reversal with
• 13 (59%) had initial BPAFR in group 1.
regurgitation
greater than moderate
regurgitation excluded
The degree of regurgitation increased
over time in 9 patients to greater than
moderate.
• At 6 months there were 17 patients
(77%) with BPAFR, but only 6 of these
had moderate or less regurgitation.
• In group 2, there were no patients with
University of Colorado, Clinical Science Program for
BPAFR at 6-month follow-up compared
funding support
University of Colorado School of Public Health for
to 9 (24%) at the initial echo. The degree
statistical support
of regurgitation improved or remained
unchanged in these patients.
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•

•

Smaller patients have a greater probability of
flow reversal.

•

The reason for these findings may be higher
capacitance in the conduit compared to the
normal human anatomy.

•

BPAFR alone should not influence the
diagnosis of conduit regurgitation or
indications for replacement.

