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Introduction
Previously, we have demonstrated a technique to
enhance survival of transplanted cells using XFM-visible
microcapsules. However, theoretical concerns exist
about the induction of arrhythmias if microcapsules are
delivered to the heart by transendocardial injection.
Delivery of these microcapsules to the pericardial space
may provide an alternative approach with less potential
for arrhythmia. Pericardial approaches to the epicardium
have been used for the delivery of cardioactive drugs,
cardiac ablation techniques and the implantation of car-
diac pacemakers. However, there are no reports invol-
ving the utilization of the pericardial space for stem cell
delivery.

Purpose
This study tests the feasibility and accuracy of an intra-
pericardial delivery approach of barium-alginate microcap-
sules (Ba-X-Caps), a vehicle for allogenic mesenchymal
stem cells (MSCs) implantation.

Methods
Five Yorkshire pigs underwent a whole heart 3D True-
FISP navigator-gated cardiac MR (1.5T Espree, Siemens,
209 msTR; 1.6 msTE; 320x240 mm FOV; 256x172
image matrix; iPAT=2; 2 mm slice thickness, 64 slices)
followed by cardiac-gated c-arm CT of the heart
(DynaCT, Axiom Artis dFA, Siemens, 190° rotation; 0.5°
angle; 20s acquisition; 48 cm FOV). After 3D-3D registra-
tion of the MRI and c-arm CT, a segmented MRI of the
epicardial and endocardial sufaces was volume-rendered

and overlaid on the c-arm CT and live X-ray fluoroscopic
imaging (Figure).
Pericardial access was achieved with a 17 g Touhy epi-

dural needle via a percutaneous subxiphoid approach
under XFM guidance (iPilot, Siemens) taking care to
avoid the coronary vasculature. Needle placement was
confirmed by a small injection of iodinated contrast.
The epidural needle was exchanged over a guide wire
for a 4F introducer sheath followed by Ba-X-Caps
(7-10cc) administration into the pericardial space. For
chronic studies (7 days post-injection), an echocardio-
gram was performed to assess cardiovascular function
and pericardial integrity. C-arm CT was then performed
to assess Ba-X-Cap persistence. After humane sacrifice,
the heart and Ba-X-Caps were harvested for histological
evaluation.

Results
We were able to successfully transplant Ba-X-Caps in
80% of the pigs using XFM-guidance (Figure 1). Trans-
planted Ba-X-Caps were visualized in the epicardium
of pigs surviving 7 days post-injection. Pericardial
adhesions did not develop in any of these animals
(Figure 1). Cardiac function was also preserved (LVEF
= 64.74% ± 1.24).

Conclusions
XFM-guided intrapericardial delivery of Ba-X-Caps is
feasible in swine and provides a safe, minimally-invasive
method for X-ray-visible stem cell administration.
Short-term follow-up of intrapericardial administration
of Ba-X-Caps shows a good biocompatibility profile.

1Johns Hopkins University School of Medicine, Baltimore, MD, USA
Full list of author information is available at the end of the article

Azene et al. Journal of Cardiovascular Magnetic Resonance 2011, 13(Suppl 1):P26
http://jcmr-online.com/content/13/S1/P26

© 2011 Azene et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://creativecommons.org/licenses/by/2.0


Author details
1Johns Hopkins University School of Medicine, Baltimore, MD, USA. 2Siemens
Corporate Research, Baltimore, MD, USA.

Published: 2 February 2011

doi:10.1186/1532-429X-13-S1-P26
Cite this article as: Azene et al.: Intrapericardial delivery of visible
microcapsules containing stem cells using xfm (x-ray fused with
magnetic resonance imaging). Journal of Cardiovascular Magnetic
Resonance 2011 13(Suppl 1):P26.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Figure 1

Azene et al. Journal of Cardiovascular Magnetic Resonance 2011, 13(Suppl 1):P26
http://jcmr-online.com/content/13/S1/P26

Page 2 of 2


	Introduction
	Purpose
	Methods
	Results
	Conclusions
	Author details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


