
Funding Pumps Life Into Pediatric VAD Research
B Y  J E F F  E VA N S

Senior Writer

New pediatric circulatory support devices may be
ready for clinical trials beginning in 2009, facili-
tated by grants issued in 2004 by the National

Heart, Lung, and Blood Institute. The majority of these
devices are based on modifications of currently available
heart support systems used in adults.

NHLBI committed $22.4 million during 2004-2009 to
the teams to produce devices intended to be ready for clin-
ical trials at the end of the 5-year period.

Each of the five teams that received a contract in the
NHLBI’s pediatric circulatory support program has re-
ported steady progress in the development of devices, with
most already conducting animal studies only 1.5 years into
the funding period. The contracts stipulated that pediatric
circulatory support devices should be able to support in-
fants and children weighing 2-25 kg for at least 6 months.

Very few options exist for pediatric patients in need of
circulatory support, unlike the situation for adults in
which ventricular assist devices (VADs) have revolution-
ized the care of patients with heart failure, said Dr. Bri-
an Duncan, a pediatric heart surgeon who is primary in-
vestigator for the Cleveland Clinic’s
pediatric circulatory device contract.

About 1,800 infants in the United
States die from congenital heart defects
each year. Another 350 children under
1 year of age develop cardiomyopathy,
many of whom require transplantation
or die. A total of 1,600 infants have
been added to the heart or heart/lung
transplant list during the last decade, but
fewer than half received a donor organ,
which means that fewer than 80 infants
on average received a transplant each
year, said J. Timothy Baldwin, Ph.D., a
biomedical engineer at NHLBI and pro-
ject officer for the pediatric circulatory
support program.

Researchers from the University of
Pittsburgh, Carnegie Mellon Universi-
ty, Launchpoint Technologies, and a

corporate partner, WorldHeart Corp., are collaborating
to develop the PediaFlow, a pediatric VAD for infants.

The device is a miniaturized, fully implantable, turbo-
rotary pump that uses suspended magnetic levitation
technology. A single wire would penetrate the skin to
provide electrical power to the pump, said the principal
investigator for the contract, Harvey S. Borovetz, Ph.D.,
chairman of the department of bioengineering at the
University of Pittsburgh.

At the Cleveland Clinic, the “PediPump” team headed
by Dr. Duncan is developing several fully implantable VADs
for pediatric patients. One pump is about 7 mm in diam-
eter and 70 mm in length, and an even smaller pump is in
an earlier stage of design. To test the fit and configuration
of designs, the team has been constructing three-dimen-
sional models of the chest cavity based on CT and MRI
scans obtained from children who have undergone imag-
ing for clinical purposes. A 3D printer also allows them to
create a “biomodel” of the heart that can be held.

Jarvik Heart Inc. is designing the child- and infant-sized
Jarvik 2000 booster VADs in which the blood pump is the
only implanted part, and the electronics are outside the
body, said Dr. Robert Jarvik, president and chief execu-
tive officer of Jarvik Heart Inc., in New York.

Both of the new VADs are being designed as perma-
nent implant pumps, with the expectation that they will
be durable for at least 5 years. The pump has an output
capacity of nearly 5 L/min.

A team at the Pennsylvania State University Medical
Center in Hershey has redesigned the mechanical heart
valves and flow patterns in a pediatric pulsatile pump it had
started developing about 20 years ago based on the Thor-
atec VAD. The team ran into problems with the earlier
pump’s valve design and abandoned the project. The re-
searchers are investigating two VADs: a small, extracor-
poreal device for children under age 1 year that is designed
to have a 12-mL stroke volume and a larger device with a
25-mL stroke volume for implantation in older children.

Researchers at Ension Inc. are making a compact ex-
tracorporeal membrane oxygenation (ECMO) system that
is smaller than available systems so parents can hold their
infant. The scaled-down pediatric cardiopulmonary assist
system (pCAS) will also be more portable for children who
can move around, said Mark J. Gartner, president of En-
sion and primary investigator for the contract. The team
is creating two sizes of the pCAS that can be adjusted as
the child grows. It is also is working on a biocompatible
coating for the pCAS to help reduce blood clotting. ■
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The intravascular PediPump (A) is used as a bi-VAD in patients
over 15 kg; the extravascular pump (B) is for patients under 15 kg. 
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Catheter Ablation Urged in Some Children With Asymptomatic WPW
B Y  B R U C E  J A N C I N

Denver Bureau

S T O C K H O L M —  The natural history of
asymptomatic Wolff-Parkinson-White syn-
drome in younger patients is not as benign
as previously believed, Dr. Giuseppi Augel-
lo said at the annual congress of the Eu-
ropean Society of Cardiology.

A subset of these patients with asymp-
tomatic Wolff-Parkinson-White syndrome
(WPW) is at high risk for syncope, cardiac
arrest, and sudden death at an early age.
These patients can be identified through
a combination of risk factors that involves
invasive electrophysiologic testing. At that
point, they ought to undergo prophylac-
tic catheter ablation of accessory pathways
to reduce their risk of life-threatening ar-
rhythmias, according to Dr. Augello of San
Raffaele University Hospital, Milan.

He presented a prospective observa-
tional study in 477 patients with asympto-
matic untreated WPW. During 2,070 pa-
tient-years of follow-up after baseline
electrophysiologic testing, 16.8% experi-
enced a first arrhythmic event. Ventricular
fibrillation occurred in 1.3% of the cohort,

atrial fibrillation in 3.8%, and supraven-
tricular tachycardia in nearly 12%. Ar-
rhythmic symptoms began at ages 12-25
years; WPW patients who reached the age
of 35 years without developing symptoms
were very unlikely to do so subsequently.

Cardiac arrest, syncope, or sudden death
occurred in 5.5% of patients. Three risk
factors independently predicted these
events: young age, in-
ducibility of atrio-
ventricular recipro-
cating tachycardia or
atrial fibrillation dur-
ing electrophysiolog-
ic testing, and the
presence of multiple
accessory pathways.

Of the WPW pa-
tients, 23% had all
three risk factors and were therefore clas-
sified as high risk. There is a compelling
argument for prophylactic radiofrequency
catheter ablation of accessory pathways in
this group, in Dr. Augello’s view. 

Another 10% of the patients were rat-
ed moderate risk, meaning they were
young and had inducible arrhythmias but

only a single accessory pathway. Arrhyth-
mic events are rare in such patients, and if
they occur at all, it is usually later in life.

The remaining two-thirds of patients
were categorized as low risk.

The San Raffaele investigators, led by Dr.
Carlo Pappone, are widely viewed as world
leaders in the field of catheter ablation of
arrhythmias. Last year, they published the

results of a random-
ized trial in which
prophylactic catheter
ablation of accessory
pathways in a group
of high-risk children
aged 5-12 years with
asymptomatic WPW
was associated with a
5% incidence of ar-
rhythmic events dur-

ing the first 2 years of follow-up, compared
with a 44% incidence among those ran-
domized to no ablation (N. Engl. J. Med.
2004;351:1197-205).

Dr. Augello noted that the risk-stratifi-
cation strategy he and his colleagues ad-
vocate, which is based on routine electro-
physiologic testing of all young,

asymptomatic WPW patients, is more ag-
gressive than that recommended in cur-
rent European and American guidelines.
But he argued that those guidelines need
to be revisited in light of recent evidence
of the early lethality of WPW in a sub-
group of asymptomatic patients.

He stressed, however, that radiofre-
quency ablation in children with WPW is
not without risk. In the randomized trial,
there was a 3% rate of anesthesia-related
complications and a 15% incidence of com-
plications related to the ablation proce-
dure, all minor, except for one case of per-
manent right bundle-branch block. The
procedure should thus be performed only
by those who are highly experienced.

“We are the referral center for all of
Italy for catheter ablation. We do three or
four cases per day of ablation in patients
with WPW,” Dr. Augello said.

The San Raffaele group’s current poli-
cy is to routinely do electrophysiologic
studies in all asymptomatic WPW pa-
tients who are at least 6 years old or 80 cm
in height. In younger, smaller patients, the
risk of vascular damage related to an ab-
lation procedure is too great, he said. ■

Pumps for the Jarvik 2000 booster VAD for adults (left) are
being developed for children (center) and infants (right).
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Catheter ablation in
children with WPW is not
without risk. It should be
performed only by
those who are highly
experienced.

Used Mac Distiller 4.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: No
     Auto-Rotate Pages: Individually
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 855 1107 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Average Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: << /Blend 1 /Colors 3 /Resync 34 /Columns 538 /HSamples [ 2 1 1 2 ] /Rows 407 /QFactor 1.2 /ColorTransform 1 /VSamples [ 2 1 1 2 ] >>
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Average Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Low
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Average Downsampling
     Downsample Resolution: 300 dpi
     Downsampling For Images Above: 450 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: << /Columns 32 /K -1 /Rows 8 >>
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: Yes
     Subset When Percent Of Characters Used is Less: 100 %
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ /Symbol /Courier /Courier-BoldOblique /ZapfDingbats /Helvetica-BoldOblique /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /Times-Italic /Helvetica-Oblique /Courier-Oblique ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: Adobe Gray - 20% Dot Gain
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: No
     Preserve Under Color Removal and Black Generation: No
     Transfer Functions: Preserve
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: Yes
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: Yes
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: Yes
     Log DSC Warnings: No
     Resize Page and Center Artwork for EPS Files: Yes
     Preserve EPS Information From DSC: No
     Preserve OPI Comments: No
     Preserve Document Information From DSC: No

OTHERS ----------------------------------------
     Distiller Core Version: 4050
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 4.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends true
     /ParseDSCComments true
     /DoThumbnails false
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Average
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageDownsampleType /Average
     /GrayImageFilter /DCTEncode
     /ColorImageDownsampleThreshold 1.5
     /ColorConversionStrategy /sRGB
     /CalGrayProfile (Adobe Gray - 20% Dot Gain)
     /NeverEmbed [ /Symbol /Courier /Courier-BoldOblique /ZapfDingbats /Helvetica-BoldOblique /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /Times-Italic /Helvetica-Oblique /Courier-Oblique ]
     /ColorImageResolution 150
     /UsePrologue true
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings false
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Remove
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /Columns 32 /K -1 /Rows 8 >>
     /ColorImageDownsampleType /Average
     /GrayImageDict << /VSamples [ 2 1 1 2 ] /Blend 1 /HSamples [ 2 1 1 2 ] /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageDepth -1
     /PreserveEPSInfo false
     /AutoFilterGrayImages true
     /GrayACSImageDict << /Blend 1 /QFactor 1.2 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /SubsetFonts true
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /PageByPage
     /ASCII85EncodePages false
     /PreserveCopyPage true
     /EncodeMonoImages true
     /PreserveOPIComments false
     /ColorImageDict << /VSamples [ 2 1 1 2 ] /Blend 1 /HSamples [ 2 1 1 2 ] /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Preserve
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /Blend 1 /Colors 3 /Resync 34 /Columns 538 /HSamples [ 2 1 1 2 ] /Rows 407 /QFactor 1.2 /ColorTransform 1 /VSamples [ 2 1 1 2 ] >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles true
     /MonoImageResolution 300
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


