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Ventricular assist device outflow graft in
congenitally corrected transposition of great
arteries - a surgical challenge
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Abstract

Congenitally corrected transposition of the great arteries is a complex congenital cardiac anomaly with a wide
spectrum of morphologic features and clinical profiles. Most patients are diagnosed late in their life, undergoes
surgical repairs, eventually leading to systemic ventricular failure needing heart transplant or mechanical circulatory
assistance. As, aorta is located anterior to and left of the PA (Transposition of great arteries), the outflow graft of
ventricular assist device traverse across pulmonary artery to reach aorta which poses challenge during further
surgical explorations.
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Background
Congenitally corrected transposition of the great arteries
(CCTGA) is a complex congenital cardiac anomaly with
a wide spectrum of morphologic features and clinical
profiles. Most patients are diagnosed late in their life,
undergoes surgical repairs, eventually leading to sys-
temic ventricular failure needing heart transplant or
mechanical circulatory assistance. Normally, the outflow
graft of the ventricular assist device (VADs), especially
with new axial flow devices, ejects from the device and
navigates by the right side of the heart to terminate into
the ascending aorta. Due to the anatomical anomaly we
describe a modificated surgical technique for positioning
the ventricular assist device outflow graft.
Case presentation
A 53 year old gentleman was diagnosed of congenitally
corrected transposition of great arteries (CCTGA) with
pulmonary stenosis in his thirties. He had DDD pace-
maker implanted at that time for atrio-ventricular block.
He was normally fit and active but had over the previous
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six months noticed a reduction in his effort capacity. His
heart failure therapy was intensified with beta-blocker,
ACE inhibitor and diuretics, despite he gradually dete-
riorated to NYHA class III. Echocardiography revealed
moderately dilated, hypertrophied systemic ventricle
with significant systolic impairment (Ejection Fraction of
14%). There was moderate tricuspid regurgitation. There
was incoordination of both ventricles. It was decided to
implant left ventricular assist device (LVAD) for signifi-
cant systemic ventricular dysfunction secondary to
CCTGA.
Chest was opened by sternotomy and patient was put

on cardiopulmonary bypass through an arterial cannula
in ascending aorta and two-stage venous cannula in
right atrium. Heartmate II teflon ring was attached to
the systemic ventricle using 16 pledgeted Polyester
(Ethibond Excel) 2–0 sutures. The myocardium within
the ring lumen was resected using coring knife and
Heartmate II inflow cannula was then inserted through
it. The outflow graft was anastomosed to ascending
aorta using side biting clamp with a 4–0 running Poly-
propylene suture and de-aired by releasing clamps be-
fore knotting. The LVAD was started as CPB weaned off
slowly to generate flows of 4 to 5 l/min. The post-
operative course was smooth and the patient was
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ambulant on 4th day and his long term goal remained
heart transplantation.
A computed tomography (CT) of the thorax was done

in routine follow up after 6 months which showed the
outflow graft of LVAD passing over Pulmonary artery
(PA) under the upper sternum, transversing to the left
and anastomosing to the side of aorta (Figure 1). Recon-
struction of CT images showed the whole course of the
graft (Figure 2). The graft was passing from right to left
side under the upper sternum to reach the aorta which
is abnormally situated on the left side of the PA.

Discussion
Adults with congenital heart defects and congestive
heart failure are a challenging population because of
its complex anatomy, prior surgical palliation, and
hemodynamic status. Advances in palliation of con-
genital heart disease have resulted in improved survival
to adulthood. Many of these patients ultimately de-
velop end-stage heart failure requiring heart transplant
or LVAD implantation.
The CCTGA is characterized by atrio-ventricular and

ventriculo-arterial discordance in which morphologic
right ventricle functions as the systemic ventricle (SV),
whereas the morphologic left ventricle functions as the
pulmonary ventricle (PV). In this anomaly, the systemic
atrio-ventricular valve (SAVV) is a morphologic tricus-
pid valve, whereas the pulmonary atrio-ventricular valve
(PAVV) is a mitral valve [1,2]. The great arteries are
transposed, with the aorta rising from the RV and the
PA rising from the LV. The aorta is located anterior to
and left of the PA; thus, the prefix of ‘L’ is used [3]. Des-
pite adequate repair, patients with systemic RVs have an
increased risk for developing heart failure accompanied
by a high mortality rate [4].
At the time of referral for surgical repair, the majority of

these patients have significant SV dysfunction with advanced
Figure 1 Contrast CT showing position of Outflow graft (OG) in
relation to pulmonary artery (PA) and aorta (Ao).
symptoms. Although excellent early surgical results can be
achieved, residual impairment of the SV is common and
may eventually necessitate cardiac transplantation [5,6]. Sys-
temic ventricular failure is a known complication after a Sen-
ning or Mustard procedure because the morphologic RV
must function as the systemic ventricle [7].
Development in the field of mechanical circulatory as-

sist devices in recent decades offer an additional option
for patients of end stage heart disease with various
aetiologies including congenital heart disease [8]. If rapid
deterioration of cardiac function ensues before a donor
heart becomes available, the use of an LVAD may be the
only option for these patients. Implantation of an LVAD
in a patient with TGA after surgical repair was first
described by Wiklund et al., who achieved a successful
outcome using a HeartMate device [9]. Several cases of
VAD implantation using different generations of device
are reported in the literature [10,11].
Normally, the outflow graft of the VADs, especially with

new axial flow devices, ejects from the device and navi-
gates by the right side of the heart to terminate into the
ascending aorta. Both in TGA and CCTGA, the aorta is
located anterior to and left of the PA with various degrees
of malrotation. Hence, the outflow graft has to traverse
across the PA from right to left to reach the ascending
aorta. This brings the graft under the sternum in close
proximity. Reoperation is needed these cases for VAD ex-
plant, VAD up-gradation, pulmonary VAD implantation
or eventual heart transplant. Re-entry through the median
sternotomy is unavoidable under such circumstances. The
outflow graft lying under the sternum yields a great risk of
Figure 2 Reconstruction of CT images showing outflow graft
(OG) passing behind the sternum before anastomosing aorta
(Ao).
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cutting through the graft which may leads to catastrophic
haemorrhage and exsanguinations.
Different techniques of reinforcing and positioning the

outflow graft to make them less vulnerable at re-do ster-
notomy like tunnelling the graft in PTFE patch or
through the right pleural cavity were reported [12].
However, these techniques protect the graft in presence
of normal heart anatomy. In case of TGA due to anom-
alous relation of great arteries, the outflow graft crosses
midline over PA and comes in contact with sternum.
The injury at the time of re-do sternotomy can be
avoided by approximating the pericardium over the
graft, but there remains possibility of graft obstruction
due to pericardial tension. The thymic fat over the peri-
cardium can be mobilised and approximated over the
graft. Use of Gore-Tex, PTFE or Teflon sheet as a peri-
cardial substitute in cases of major cardiovascular oper-
ation to avoid injury during re-do sternotomy is well
reported [13]. Its use in LVAD surgery is not yet pub-
lished, although can be used in cases with graft coming
in contact with sternum. Another way to protect the
outflow graft is to tunnel it under superior vena cava be-
fore anastomosing over ascending aorta [14]. If none of
the techniques of graft protection were utilized at the
time of LAVD implantation, femoro-femoral cardiopul-
monary bypass and a careful dissection through right
second or third intercostal space before re-do sternot-
omy is essential.

Conclusion
Ventricular assist device implantation in patients with
congenitally corrected transposition of great arteries is a
technical challenge; however it can be performed in
experienced transplantation units with an acceptable
postoperative result.

Consent
A written informed consent was obtained from the
patient’s next of kin for publication of this case report and
accompanying images. A copy of the written consent is
available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
PM wrote the manuscript, AP co-wrote the manuscript and managed figures;
BZ and DG were involved in the concept, RH made critical revision of the
manuscript, AK and AS approved the manuscript. All authors read and
approved the final manuscript.

Received: 10 July 2012 Accepted: 22 September 2012
Published: 26 September 2012

References
1. Perloff JK: Congenitally corrected transposition of the great arteries. In

The Clinical Recognition of Congenital Heart Disease. 4th edition. Edited by
Perloff JK. Philadelphia, PA: W. B. Saunders; 1994:67–90.
2. Van Praagh R, Papagiannis J, Grunenfelder J, Bartram U, Martanovic P:
Pathologic anatomy of corrected transposition of the great arteries:
medical and surgical implications. Am Heart J 1998, 135:772–785.

3. Park MK: Congenitally Corrected Transposition of the Great Arteries. In
Pediatric Cardiology for Practitioners. 5th edition. Edited by Park MK.
Philadelphia, PA: MOSBY ELSEVIER; 2008.

4. Piran S, Veldtman G, Siu S, Webb GD, Liu PP: Heart failure and ventricular
dysfunction in patients with single or systemic right ventricles.
Circulation 2002, 105(10):1189–1194.

5. Beauchesne LM, Warnes CA, Connolly HM, Ammash NM, Tajik AJ, Danielson
GK: Outcome of the unoperated adult who presents with congenitally
corrected transposition of the great arteries. J Am Coll Cardiol 2002,
40(2):285–290.

6. Graham TP Jr, Bernard YD, Mellen BG, Celermajer D, Baumgartner H, Cetta
F, Connolly HM, Davidson WR, Dellborg M, Foster E, Gersony WM, Gessner
IH, Hurwitz RA, Kaemmerer H, Kugler JD, Murphy DJ, Noonan JA, Morris C,
Perloff JK, Sanders SP, Sutherland JL: Long-term outcome in congenitally
corrected transposition of the great arteries: a multi-institutional study.
J Am Coll Cardiol 2000, 36(1):255–261.

7. Warnes CA: Transposition of the great arteries. Circulation 2006,
114(24):2699–2709.

8. Popov AF, Hosseini MT, Zych B, Mohite P, Hards R, Krueger H, Bahrami T,
Amrani M, Simon AR: Clinical experience with HeartWare left ventricular
assist device in patients with endstage heart failure. Ann Thorac Surg
2012, 93(3):810–815.

9. Wiklund L, Svensson S, Berggren H: Implantation of a left ventricular assist
device, back-to-front, in an adolescent with a failing mustard procedure.
J Thorac Cardiovasc Surg 1999, 118(4):755–756.

10. Reinhartz O, Keith FM, El-Banayosy A, McBride LR, Robbins RC, Copeland
JG, Farrar DJ: Multicenter experience with the thoratec ventricular
assist device in children and adolescents. J Heart Lung Transplant 2001,
20:439–448.

11. George RS, Birks EJ, Radley-Smith RC, Khaghani A, Yacoub M: Bridge to
transplantation with a left ventricular assist device for systemic
ventricular failure after Mustard procedure. Ann Thorac Surg 2007,
83(1):306–308.

12. Cohn WE, Gregoric ID, Frazier OH: Reinforcement of left ventricular assist
device outflow grafts to prevent kinking. Ann Thorac Surg 2007,
84(1):301–302.

13. Yao H, Miyamoto T, Murata H, Maeda S, Yamashita K, Kitai K, Yasuoka T,
Ueda T, Mukai S, Wada T, et al: Pericardial substitute after aorto coronary
bypass grafting. Kyobu Geka 1993, 46(3):236–240.

14. Mohite PN, Popov AF, Mittal T, Simon AS: Tunnelling of ventricular assist
device outflow graft rostral to superior vena cava. J Thorac Cardiovasc
Surg. Accepted for publication.

doi:10.1186/1749-8090-7-93
Cite this article as: Mohite et al.: Ventricular assist device outflow graft
in congenitally corrected transposition of great arteries - a surgical
challenge. Journal of Cardiothoracic Surgery 2012 7:93.
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


	Abstract
	Background
	Case presentation
	Discussion
	Conclusion
	Consent
	Competing interests
	Authors´ contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 /OK
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


