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A Stroke and a Strange Intrapulmonary Shunt
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Spektrum plicnich arteriovendznich malformaci (pulmonary arteriovenous malformation, PAVM) se pohybu-
je vrozmezi od mikroskopickych 1ézi az po izolované nebo cetné velké abnormalni zkraty mezi plicnici a plic-
ni zilou. Mezi hlavni komplikace PAVM, jez jsou vysledkem intrapulmonélniho zkratu, patfi cévni mozkova
pfihoda, mozkovy absces a hypoxemie. Paradoxni embolie je povazovéna za jednu z hlavnich pficin cévnich
mozkovych pfihod u mladych pacientd; ve vzacnych pripadech k ni mize dojit i na urovni plic. Popisujeme
pfipad pdvodné zdravé 44leté zeny s intrapulmonalnim zkratem prokazanym jicnovym echokardiogramem
béhem vysetteni kryptogenni cévni mozkové pfihody. Ani pouzité pokrocilé zobrazovaci metody nezjistily
zadné arteriovendzni malformace.
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ABSTRACT

Pulmonary arteriovenous malformations (PAVMs) spectrum extends from microscopic lesions to single or
multiple large abnormal pulmonary artery to pulmonary venous connections. The main complications of
PAVMs result from intrapulmonary shunt and include stroke, brain abscess, and hypoxemia. Paradoxical em-
bolism is considered one of the main causes in young stroke patients and rarely, paradoxical embolism can
also develop at pulmonary level. We describe a case of a previously healthy 44-year-old woman with the evi-
dence of intrapulmonary shunt on transesophageal echocardiogram during the study of a cryptogenic stro-
ke. However, no arteriovenous malformations were detected in spite of using advanced imaging techniques.

Stroke
Introduction
Pulmonary arteriovenous malformations (PAVMs)

in the context of cryptogenic stroke investigation. There
were no visible intracardiac shunts, so we performed an
agitated saline study (“bubble study”) after the Valsalva

spectrum extends from microscopic lesions to single or
multiple large abnormal pulmonary artery to pulmonary
venous connections." The main complications of PAVMs
result from intrapulmonary shunt and include stroke,
brain abscess, and hypoxemia.?

Paradoxical embolism is considered one of the main
causes in young stroke patients and rarely paradoxical em-
bolism can also develop at pulmonary level.>* We descri-
be a case of a previously healthy 44-year-old woman with
the evidence of intrapulmonary shunt on transesophageal
echocardiogram during the study of a cryptogenic stroke.
However, no arteriovenous malformations were detected
in spite of using advanced imaging techniques.

Case description

A 44-year-old female patient was referred to the ecocar-
diography laboratory to perform a transesophageal study

manouver, in order to exclude a patent foramen ovale.
Immediately after injection we saw adequate opacifica-
tion of the right atrium with concomitant left deviation
of the interauricular septum, but no evidence of contrast
passage to the left cavities. Nevertheless, in later cardiac
cycles (>4 cycles after injection), suddenly microbubbles
could be seen in the left cavities (Fig. 1). This type of
abnormality raised the possibility of an intrapulmonary
shunt. To prove this hypothesis, we performed injections
of agitated saline with direct visualization of the different
pulmonary veins. After finding an adequate plane to visu-
alize the left pulmonary veins (Fig. 2) and using agitated
saline, it is possible to see microbubbles in the left supe-
rior pulmonary vein, in transit to the atrium (Fig. 3 and
Video 1). The same findings were not reproduced with
visualization of the right pulmonary veins. These findings
are compatible with an intrapulmonary shunt. However,
when the computed tomography pulmonary angiography
was performed no intrapulmonary shunt was identified.
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Fig. 1- TEE, Midesophageal aortic short axis view, centered on the interauricular septum. (A) Immediately after injection of agitated saline,
adequate opacification of the right atrium is seen, but without any passage of microbubbles to the left cavities. (B) Later, more than 4
heartbeats after injection we suddenly detect presence of microbubbles on the left atrium (white arrow).

19/02/2014 10:45:36 19/02/2014 10:26:48

9/02/2014 10:45:47 19/02/2014 10:45:47

19/02/2014 10:45:53 190272014 10:45:53

Fig. 3 - TEE, left
pulmonary veins
view, after injection
of agitated saline.

It is possible to see
microbubbles in transit
to the left atrium,
especially in the LUPV
(white arrow), here
demonstrated in
multiple heartbeats.
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Discussion/Conclusion

Intrapulmonary shunt is commonly demonstrated by con-
trast echocardiogram when bubbles from agitated saline
are visualized in the left atrium within 3-6 beats after
being noted in the right side of the heart, as we present
in this case report. Bubbles are not normally observed in
the absence of vascular dilatation because lung capillaries
act as filters.>®

There are a few case reports with the evidence of in-
trapulmonary shunts on echocardiographic study, that
are not identifiable in spite of using advanced imaging
techniques.®® The possible diagnosis is microvascular pul-
monary arteriovenous malformations (PAVM) that can be
diagnosed with lung biopsy if diffuse disease.® On other
hand, an intrapulmonary shunt with dimensions smaller
than the acquisition cuts may not be detected on CT.

This case illustrates the embolic outcome of intrapul-
monary shunt, due to paradoxical embolization, which
demonstrates the importance of a systematized approach
and etiological research.

Conflict of interest
No conflict of interest.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit
sectors.

Supplementary video is available online.

References

1. Cartin-Ceba R, Swanson KL, Krowka MJ. Pulmonary
arteriovenous malformations. Chest 2013;144:1033-1044.

2. Shovlin CL. Pulmonary arteriovenous malformations. Am J
Respir Crit Care Med 2014;190:1217-1228.

3. Wozniak L, Mielczarek M, Sabiniewicz R. Paradoxical brain
embolism in a young man: is it only a patent foramen ovale?
Neurol Neurochir Pol 2015;49:61-64.

4. Abushora MY, Bhatia N, Alnabki Z, et al. Intrapulmonary shunt
is a potentially unrecognized cause of ischemic stroke and
transient ischemic attack. J Am Soc Echocardiogr 2013;26:683—
690.

5. Felix A, Alcantara ML. To Close or not to Close PFOs in
Cryptogenic Stroke, an Evolving Question. Int J Cardiovasc Sci
2020;33:318-320.

6. Khabbaza JE, Krasuski RA, Tonelli AR. Intrapulmonary shunt
confirmed by intracardiac echocardiography in the diagnosis
of hepatopulmonary syndrome. Hepatology (Baltimore)
2013;58:1514-1515.

7. Soliman Ol, Geleijnse ML, Meijboom FJ, et al. The use of
contrast echocardiography for the detection of cardiac shunts.
Eur J Echocardiogr 2007;8:52-512.

8. Kerut EK, Bourgeois B, Serio J, Nanda NC. Intrapulmonary
shunts and its implications for assessment in stroke and
divers with type Il decompression illness. Echocardiography
2014;31:3-4.

9. Nosib S, Watt K, Penz E, Fenton M. A 58-year-old woman with
hypoxia, hypoxaemia, a hole in the heart and a ... herring!
Intracardiac or extracardiac shunt? That is the question! BMJ
Case Rep 2015;2015:bcr2015211975.

10. Erudilho E, Marchini JFM, Ghandour MS, et al. Percutaneous
embolization of pulmonary arteriovenous fistulae in patients
with hereditary hemorrhagic telangiectasia. Rev Bras Cardiol
Invasiva 2013;21:85-88.

11. White Rl Jr. Pulmonary arteriovenous malformations: how do
| embolize? Tech Vasc Interv Radiol 2007;10:283-290.




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


