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A B S T R AC T

Percutaneous stenting of the superior vena cava (SVC) has
been an accepted therapy for SVC syndrome for more than a
decade. Complications are uncommon and usually of minor
consequence. Three previous reports have described ruptures
of the SVC during venoplasty with death on one occasion.
We report a fourth case of SVC rupture during angioplasty
and stenting that required immediate pericardiocentesis fol-
lowed by open surgical repair via sternotomy for direct
control and repair. An algorithm for rapid recognition and
prompt intervention is described.

I N T R O D U C T I O N

Percutaneous stenting of the superior vena cava (SVC) has
been an accepted therapy for SVC syndrome for over a
decade. Complications are uncommon and usually of minor
consequence. The purpose of this report is to describe
a fourth case of iatrogenic rupture of the SVC during balloon
angioplasty and stenting that resulted in shock secondary to
cardiac tamponade. Emergent pericardiocentesis followed by
sternotomy/pericardiotomy and SVC repair was necessary.

C A S E  R E PO RT

A 21-year-old woman presented with a history of neuro-
genic syncope and a 3-year history of poorly controlled car-
diac arrhythmias. She had been diagnosed with recurrent
atrial tachycardia versus inappropriate sinus tachycardia. She
had previously undergone multiple sinus nodal ablations and
was on nadolol to suppress the tachycardia. Despite these
therapies, she remained symptomatic.

Physical examination was unremarkable, with stable vital
signs and a resting heart rate of 60 bpm. She underwent suc-
cessful radiofrequency ablation of the sinus node followed by

implantation of a DDD permanent pacemaker via the left
subclavian vein. Over the next several days, she developed
increasing shortness of breath and swelling of both upper
extremities. A chest radiograph demonstrated bilateral pleural
effusions. Ultrasound of the left arm and central venous sys-
tem showed diminished flow. Venous angiography showed
obstruction at the SVC/right atrial junction. A diagnosis of
SVC syndrome was made; the patient was placed on intra-
venous heparin and underwent upper body elevation. Over
several days, the patient’s clinical condition showed no
improvement. An angioplasty of a focal tight stenosis of the
SVC at the right atrial junction was performed and resulted
in some improvement. Placement of an SVC stent was
considered for definitive therapy and long-term patency. 

The patient was taken to the electrophysiology suite
where, prior to stent placement, removal of the pacemaker
leads was performed. The underlying rhythm at this point
was a low atrial rhythm at 50 to 60 bpm. The SVC stent was
placed (via transfemoral approach), and plans to replace the
pacemaker leads were made. However, the patient developed
acute hypotension and cyanosis. She was intubated for respi-
ratory distress. An echocardiogram demonstrated a pericar-
dial effusion. Angiography with fluoroscopy showed dye
within the pericardial space. The patient was resuscitated
with pericardiocentesis and brought rapidly to the operating
room. A sternotomy was performed with relief of the cardiac
tamponade and stabilization of the vital signs. Active bleeding
was observed in the posterolateral region of the SVC/right
atrial junction. Digital control of the area was obtained while
the clot was evacuated from the pericardium. Surgical repair
was completed with direct sutures to the perforated site. Prior
to closure, permanent epicardial pacing leads were placed on
the right atrium and ventricle. These were tunneled subcuta-
neously into the right subcostal region and were connected to
a subcutaneous pacing generator. The patient’s symptoms
were significantly improved after the procedure, and she had
an uneventful hospital recovery. She was discharged with no
shortness of breath, arrhythmia, or upper extremity edema.

D I S C U S S I O N

Treatment options for SVC syndrome depend on the
underlying etiology and include external-beam radiation,
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chemotherapy, anticoagulation, thrombolysis, surgical bypass,
and balloon venoplasty and/or stent placement. Percutaneous
SVC stenting has been an accepted therapy for more than a
decade and has resulted in satisfactory outcomes with minimal
morbidity in the majority of cases [Hochrein 1998]. On 3 pre-
vious occasions, perforation of the SVC during venoplasty has
been described [Burket 2003; Brown 2005; Oshima 2006]. In
one case, the perforation was recognized promptly and suc-
cessfully treated with a Wallgraft stent (Boston Scientific,
Maple Grove, MN, USA) [Burket 2003]. In another case, the
perforation resulted in cardiac tamponade—this complication
was recognized late and the patient went on to expire despite
closed-chest cardiopulmonary resuscitation [Brown 2005]. In a
third case, the rupture was rapidly recognized and treated with
pericardiocentesis (unsuccessfully) followed by transfer to the
operating room for institution of percutaneous cardiopul-
monary support and direct repair with an autologous pericar-
dial patch [Oshima 2006]. In our case, the situation was
recognized quickly and resuscitative manuevers were instituted
to restore vital signs (ie, pericardiocentesis) while preparation
for definitive repair (ie, sternotomy) was made in the operating
room. Although percutaneous cardiopulmonary support was
not necessary, a heart-lung machine was on standby. 

The etiology of SVC syndrome in these 4 cases varied,
although similarities between Oshima’s report [2006] and
ours is striking. In both cases, the patients were treated with
multiple SA node ablations for inappropriate sinus tachycar-
dia and had undergone placement of a pacemaker just prior
to the development of the syndrome. Presumably, the
SVC/right atrial junction was narrowed from the ablations
and then occluded with the addition of pacemaker electrodes.
This form of SVC syndrome has been described before
[Leonelli 2000; Kai 2001]. In an effort to improve the caliber
of the SVC, both patients underwent SVC balloon dilation.

In our case, the expectation was that a stent would follow the
balloon dilation, as described by Teo and others [2002].
Shortly after the procedure, however, both patients developed
acute circulatory decompensation as a result of SVC rupture
at the site of the stenosis. Both cases required formal opera-
tive repair since pericardiocentesis was inadequate. 

Although complications are rare during SVC angioplasty
and stenting, the consequences of rupture/perforation are
life-threatening when they occur. Rapid recognition and
prompt intervention are necessary for successful outcomes—
as demonstrated in 3 of the 4 reported cases. In planning an
SVC angioplasty with or without a stent, it is important to
delineate a plan should a complication occur. An algorithm
(Figure) for treating complications of SVC rupture/perforation
must be established so that prompt treatment is instituted at
the time of injury. First, rapid recognition is necessary with a
high index of suspicion in a patient who becomes hypotensive
during or following the procedure. There is very little reason
for hypotension and shock, other than rupture/perforation,
during this procedure—interruption of SVC flow into the
heart during balloon inflation is not the cause of hemody-
namic instability since there is little to no inflow due to the
SVC syndrome in the first place. Anesthesia overdose and
blood pressure monitoring malfunctions should be diagnoses
of exclusion and not the primary reasons for an acute decom-
pensation in vital signs. Thus, prompt recognition of a vascu-
lar complication should lead to a rapid response. Since
angiography and fluoroscopy are available during the proce-
dure, it may be useful to inject dye and demonstrate the
injury. Fluoroscopy is excellent for showing the extravascular
dye in the right chest, pericardium, or both. For those cases
in which the injury is demonstrated in the absence of
profound shock, application of a walled stent, as described
by Burket [2003], is appropriate. In the event that cardiac
tamponade is the case, a rapid pericardiocentesis can be
instituted while the operating team is called and assembled.
Bleeding into the right chest may require a chest tube, but
this procedure will only serve to transfer blood from the
thorax to an external container and not resolve the problem
per se. Instead, an extra-pericardial injury with blood in the
right chest associated with hemodynamic instability should
prompt a thoracotomy and direct digital control and repair;
for those cases in which dye is demonstrated in the right
hemithorax without shock, a walled stent may alleviate the
ongoing blood loss while a chest tube alone may be adequate.
A trans-sternal approach may be considered for intrapericar-
dial injuries—cardiac tamponade with shock refractory to
pericardiocentesis should trigger the need for more aggressive
access to the injury. In essence, SVC rupture/perforation dif-
fers from right ventricle perforation during pacemaker or
defibrillator implants because the latter may seal itself with no
further treatment whereas the former will likely go on bleed-
ing. Last, in considering a stent for SVC dilatation, it makes
more sense to use a walled/covered stent instead of a bare
stent to minimize (if not eliminate) bleeding complications.
Certainly if perforation/rupture occurred during dilatation
prior to stent placement, then a walled/covered stent would
be the device of choice.
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Algorithm for treatment of superior vena cava rupture/perforation.



In summary, SVC rupture/perforation during balloon
angioplasty for SVC syndrome is rare, but potentially fatal
when it occurs. Prompt recognition and rapid treatment
are necessary to restore vital signs. Direct repair of the
injury is necessary, either surgically or by the application of
a walled stent.

R E F E R E N C E S

Brown KT, Getrajdman GI. 2005. Balloon dilation of the superior vena
cava (SVC) resulting in SVC rupture and pericardial tamponade: a case
report and brief review. Cardiovasc Intervent Radiol 28:372-6.

Burket MW. 2003. Superior vena cava rupture. Endovascular Today
July/August:35-37. 

Hochrein J, Bashore TM, O’Laughlin MP, Harrison JK. 1998. Percuta-
neous stenting of superior vena cava syndrome: a case report and review
of the literature. Am J Med 104:78-84.

Kai H, Honma T, Imaizumi T. 2001. Superior vena cava syndrome
caused by multiple pacing leads. Heart 86:80.

Leonelli FM, Pisano E, Requarth JA, et al. 2000. Frequency of superior
vena cava syndrome following radiofrequency modification of the sinus
node and its management. Am J Cardiol 85:771-4.

Oshima K, Takahashi T, Ishikawa S, et al. 2006. Superior vena cava rup-
ture caused during balloon dilatation for treatment of SVC syndrome due
to repetitive catheter ablation—a case report. Angiology 57:247-9.

Teo N, Sabharwal T, Rowland E, et al. 2002. Treatment of superior vena
cava obstruction secondary to pacemaker wires with balloon venoplasty
and insertion of metallic stents. Eur Heart J 23:1464-70.

E80

The Heart Surgery Forum #2006-1117



<<
  /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


