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ABSTRACT

Severe aortic stenosis (AS) has a poor prognosis when
associated with left ventricular dysfunction and congestive
heart failure. Despite a relatively high operative mortality,
most patients with severe AS and a depressed left ventricu-
lar ejection fraction (LVEF) should be considered candidates
for aortic valve replacement. The CentriMag left ventricu-
lar assist system (Levitronix) can be used for perioperative or
postcardiotomy circulatory support for the failing heart. In
this case report, we report the successful use of the Levitronix
CentriMag device as perioperative support in a high-risk
patient with severe AS, significant mitral insufficiency, and a
poor LVEF with advanced organ failure.

INTRODUCTION

Severe aortic stenosis (AS) has a poor prognosis when
associated with left ventricular dysfunction and congestive
heart failure, the mean life expectancy being <2 years without
surgical correction. Left ventricular dysfunction is a major
prognostic indicator of outcome in patients undergoing aortic
valve replacement (AVR) for AS [Connolly 1997]. Despite a
relative high operative mortality, most patients with severe
AS and a depressed left ventricular ejection fraction (LVEF)
should be considered candidates for AVR. The benefit of
AVR for these patients is greatest when systolic dysfunction is
primarily caused by afterload mismatch from actual valvular
stenosis and is least likely in the presence of primary con-
tractile dysfunction unrelated to valvular disease. In a recent
study, Halkos et al [2009] reported the in-hospital mortality
rate for AVR patients with an LVEF between 25% and 40% to
be 14.5%. Other factors predictive of operative and postop-
erative mortality are coexistent coronary artery disease, age,
a low transvalvular gradient [Lund 1997; Connolly 2000],
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emergent status, peripheral vascular disease, renal disease,
chronic obstructive pulmonary disease [Grossi 2008], car-
diopulmonary bypass, and cross-clamp time [Halkos 2009].
A careful consideration of the cumulative effect of these
multiple risk factors is necessary to optimize outcome for
individual patients. There are limited studies of severe AS in
high-risk patients with poor LVEF and mechanical support.
We report the successful use of the Levitronix CentriMag left
ventricular assist system (Waltham, MA, USA) as periopera-
tive support in a high-risk patient with severe AS, significant
mitral insufficiency, and a poor LVEF with advanced organ
failure.

CASE REPORT

A 55-year-old patient was admitted to a regional hospi-
tal with symptoms of bilateral heart failure, unsuccessful
therapy, and progression of renal and hepatic failure; he was
later transferred to our hospital. The patient’s relevant medi-
cal history included combined aortic valve disease, systemic
hypertension, and stroke. A physical examination revealed
the following: signs of bilateral congestion with anasarca;
weight, 124 kg; sinus tachycardia, 125/min; blood pressure,
90/70 mm Hg. An echocardiography evaluation revealed a
heavily calcified aortic valve with severe stenosis (aortic valve
area, 0.36 cm?/m?) and mild insufficiency, a dilated left ven-
tricle with a globally severely diminished systolic function
and an LVEF of <20%, and a calcified mitral valve with sig-
nificant insufficiency and pulmonary hypertension. The right
ventricle appeared dilated and dysfunctional with mild tricus-
pid regurgitation. Hemodynamic measurements after 3 weeks
of combined inotropic and diuretic support confirmed critical
AS (peak aortic valve gradient, 70 mm Hg; mean aortic valve
gradient, 49 mm Hg; aortic valve area, 0.36 cm?/m?), severe
pulmonary hypertension (mean pulmonary artery pressure,
55 mm Hg; transpulmonary gradient, 20 mm Hg; pulmonary
vascular resistance, 6.9 Wood units), and low cardiac output
(cardiac index, 1.4 L/min per m?). A coronary angiogram indi-
cated no significant irregularities. Organ damage consisted of
renal failure (creatinine clearance, 0.35 mL/s) and hepatic
failure (total bilirubin, 50 pmol/L; aspartate transaminase,
5.93 pmol/L; alanine transaminase, 6.13 pmol/L); the con-
centration of brain-type natriuretic peptide was 4080 ng/L.



Computed tomography scan demonstrating the inflow cannula in the
apex of the left ventricle and the outflow cannula to the ascending
aorta.

Despite combined inotropic support and diuretic therapy,
signs of severe heart failure persisted with hemodynamic
values for shock. We opted for surgery with standby hemody-
namic support with a Levitronix CentriMag left ventricular
assist system, because the logistic EuroSCORE was 64.75%
and we expected severe complications in the postoperative
course.

The patient underwent urgent replacement of the aortic
and mitral valves with 25-mm and 29-mm Bicarbon Heart
Valve Prostheses (Sorin Group, Saluggia, Italy), respec-
tively, and the introduction of cannulas for the Levitronix
CentriMag (the inflow cannula in the apex of the left ventri-
cle and the outflow cannula in the ascending aorta; Figure).
We were prepared for an easy exchange of this short-term
device to the Heart Mate II (Thoratec Corporation, Pleasan-
ton, CA, USA) as a long-term assist device in the event that
recovery of the left ventricle was unsuccessful. We gradu-
ally increased the pump speed to achieve an adequate flow
rate of 3 L/min, with caution exercised to avoid pulmonary
overflow by monitoring the pulmonary artery diastolic pres-
sures. The patient was weaned without complications from
cardiopulmonary bypass with the aid of low-dose inotro-
pic support (milrinone, 0.3 pg/kg per minute; dobutamine,
5.0 pg/kg per minute; norepinephrine, 0.15 pg/kg per
minute). A transesophageal echocardiography examination
showed good right ventricular function, an improved left
ventricular function, and a good position of the apex can-
nula. The patient was extubated on postoperative day 1.
When the patient exhibited signs of right ventricular and
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renal failure on postoperative day 3, we administered levo-
simendan and sildenafil and began continuous venovenous
hemofiltration (CVVH) for the next 10 days. On postop-
erative day 10, we observed ventricular tachycardia after
attempting to decrease the flow rate of the left ventricular
assist device to 2 L/min and had to return the flow rate to
4 L/min. After improvement in the patient’s right ventricu-
lar and renal functions, we stopped CVVH. At 26 days after
implantation, we removed the Levitronix CentriMag device
in the operating theater under transesophageal echocardio-
graphic control. The cardiac index was >3 L/min per m?, the
LVEF was 35% to 40%, and there was mild right ventricular
dysfunction and pulmonary hypertension. On postoperative
day 32, the patient was moved to a normal ward. We then
initiated more-intensive rehabilitation, which was followed
in the regional hospital. After 2 weeks, the patient was dis-
charged home in a stable and good condition. Echocardiog-
raphy examinations performed during ambulatory control
in our hospital at 2, 6, and 11 months after surgery showed
an LVEF of 40% and normal function of both prosthetic
valves.

DISCUSSION

We assessed our patient as high risk, with almost all of the
factors for an ominous postoperative course [Vinky 2006].
Another reason for nonpharmacologic support was the fail-
ure of inotrope therapy before surgery. In light of the high
pulmonary vascular resistance (6.9 Wood units), the patient
was contraindicated for orthotopic heart transplantation. For
these reasons, we decided on standard surgery with periop-
erative mechanical support and selected the Levitronix Cen-
triMag left ventricular assist system as a less expensive and less
invasive short-term device, with the possibility of convert-
ing to long-term support. Another reason for this approach
was our very good experience with this pump in 30 or more
previous cases. The Levitronix CentriMag is a magnetically
levitated extracorporeal centrifugal-flow pump with relatively
easy handling and no stringent requirements for anticoagula-
tion [John 2007]. By using this strategy, we avoided the urgent
placement of ventricular assist devices, which are usually used
later in the critical phases of the postoperative course. The
dependence of the patient on pump support on postopera-
tive day 10 confirmed our expectations, and we believe this
backup was very important for the successful resolution of
most complications.

CONCLUSIONS

The perioperative application of a mechanical assist
device is not a common approach for high-risk cardiac
surgery in patients with a severely impaired left ventricu-
lar function. It is usually used as a backup in case of post-
cardiotomy failure. In highly specific cases with the failure
of preoperative drug support and a high probability of an
ominous postoperative course, this approach has been dem-
onstrated to be helpful in bridging the critical phases of the
postoperative course.

E65




The Heart Surgery Forum #2010-1070

REFERENCES

Connolly HM, Oh JK, Orszulak TA, et al. 1997. Aortic valve replacement
for aortic stenosis with severe left ventricular dysfunction: prognostic indi-
cators. Circulation 95:2395-400.

Connolly HM, Oh JK, Schaff HV; et al. 2000. Severe aortic stenosis with
low transvalvular gradient and severe left ventricular dysfunction: result
of aortic valve replacement in 52 patients. Circulation 101:1940-6.

Grossi EA, Schwartz CHE, Yu P, et al. 2008. High-risk aortic valve replace-
ment: are the outcomes as bad as predicted? Ann Thorac Surg 85:102-7.

Halkos ME, Chen EP, Sarin EL, et al. 2009. Aortic valve replacement for

E66

aortic stenosis in patients with left ventricular dysfunction. Ann Thorac
Surg 88:746-51.

John R, Liao K, Lietz K, et al. 2007. Experience with the Levitronix
CentriMag circulatory support system as a bridge to decision in patients
with refractory acute cardiogenic shock and multisystem organ failure. J

Thorac Cardiovasc Surg 134:351-8.

Lund O, Flo C, Jensen FT, et al. 1997. Left ventricular systolic and dia-
stolic function in aortic stenosis. Prognostic value after valve replacement
and underlying mechanisms. Eur Heart J 18:1977-87.

Vinky FB, Hakanson E, Tamdart failure in patients operated on for aortic
stenosis. Ann Thorac Surg 81:1297-304.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


