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Operable ventricular septal defect despite
severe pulmonary hypertension and cyanosis!

Shyam S. Kothari, Jay Relan and Velayoudam Devagourou

Departments of Cardiology, and Cardiothoracic surgery, All India Institute of Medical Sciences, New Delhi, India

Abstract

Patients with a significant left-to-right shunt at ventricular level may become inoperable at an
early age due to irreversible pulmonary vascular disease. On the other hand, even suprasystemic
pulmonary hypertension due to mitral stenosis remains treatable. We report a 24-year-old
patient with large ventricular septal defect, severe mitral stenosis and cyanosis who improved
after surgical correction of both the lesions. This emphasises the importance of additional
post-capillary pulmonary hypertension in Eisenmenger syndrome.

Brief report

Patients with ventricular septal defect and a right-to-left shunt due to pulmonary hypertension
are inoperable. The impact of additional post-capillary hypertension in such patients has not
been well appreciated. We previously reported a patient with large patent ductus arteriosus with
severe mitral stenosis, severe pulmonary arterial hypertension and differential cyanosis, who
was successfully operated.1 We report a similar patient with ventricular septal defect, severe
mitral stenosis, severe pulmonary arterial hypertension with cyanosis to re-emphasise the
importance of additional post-capillary pulmonary hypertension in Eisenmenger syndrome.

Case report

A 24-year-old female presented with complaints of dyspnea on exertion since childhood and
palpitations on exertion. On examination, patient had cyanosis and clubbing with oxygen
saturation of 81%. On auscultation, there was a loud pulmonic component of second heart
sound and a mid-diastolic murmur at apex. Chest X-ray (Fig 1a) showed a dilated left atrium
and evidence of pulmonary venous hypertension. Two-dimensional echo revealed large
mid-muscular ventricular septal defect shunting bidirectionally with two additional small
mid-muscular ventricular septal defects, severe mitral stenosis due to parachute mitral valve
with a mean diastolic gradient of 11 mmHg, mitral valve area of 0.5 cm2 by pressure half time
method, associated mild mitral regurgitation and an enlarged left atrium. Catheterisation with
vasoreactivity testing, under conscious sedation, had been done at another hospital just prior to
patient’s first visit to our centre. Baseline pulmonary artery pressure was 112/84mmHg against a
systemic pressure of 126/60 mmHg with an indexed pulmonary vascular resistance of 25.2
Woods units ×m2 and ratio of pulmonary to systemic vascular resistance of 1.0. Post-oxygen
administration, there was no significant change in pressures or systemic saturation (81–86%)
but calculated pulmonary vascular resistance index decreased to 16.8 Woods units ×m2 with a
ratio of pulmonary to systemic vascular resistance of 0.6. Patient had been denied corrective
surgery due to the pulmonary hypertension being apparently irreversible. Based on our famili-
arity with similar situation, we suggested corrective operation.1 Patient underwent ventricular
septal defect closure and implantation of a mechanical bileaflet mitral valve (#25 mm St. Jude
Medical; St. Paul,Minn, USA). The two additional small mid-muscular ventricular septal defects
were not closed in view of severe pulmonary hypertension (Supplementary video 1). She had a
usual perioperative course with no episodes of pulmonary hypertensive crisis.

Patient had a remarkable symptomatic relief and reduction in pulmonary arterial pressures
(Fig 2). The post-operative X-ray is shown in Fig 1b. A repeat hemodynamic study was done
after 1 year of operation (Table 1), and the patient showed significant decrease in pulmonary
arterial hypertension, although indexed pulmonary vascular resistance was still elevated. Patient
did receive Bosentan, only in the post-operative period for a year and later declined. The further
characterisation of pulmonary vascular resistance in future will be of interest, but the dramatic
decrease in pulmonary vascular resistance and the clinical benefits in the patient are quite
similar to our previous report.1 At the latest follow-up, almost 18 months after operation,
she is in NYHA class 1, and the echocardiogram shows small streaks of ventricular septal defect
(VSD) flow and mild tricuspid regurgitation with velocity of 3.47 m/s (Supplementary material 1)
with normal right ventricular size and function.
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Pulmonary arterial hypertension in patients with mitral
stenosis is secondary to passive transmission of elevated left atrial
pressure as well as a reactive component.2,3 However, it is generally
reversible on treating mitral stenosis and is not accompanied by
higher grades of structural changes in the lungs. 4–6 The presence
of pulmonary arterial hypertension due to mitral stenosis in
patients with shunt lesion leads to reversal of shunt –
Eisenmenger syndrome – even when the changes are not irrevers-
ible. In that sense, mitral stenosis somehow is protective for
the patients with shunt lesions and as is unequivocally
documented by these cases. Patients are usually operable despite
severe pulmonary arterial hypertension and right-to-left shunt.
Even though the PA pressures may not completely normalise,
the remarkable decrease in PA pressures would alter the clinical
course favourably. Whether the pulmonary hypertension would
recur on long-term follow-up remains to be determined.

Figure 1. Chest X-ray in the posteroanterior view. (a) Pre-operative film showing pulmonary venous hypertension. (b) Post-operative filmwithmechanical prosthesis in themitral
position.

Figure 2. Simultaneous pressure tracings of the pulmonary artery and aorta 1 year after surgery. Pulmonary artery pressures dropped to 44/15 mmHg.

Table 1. Cardiac catheterisation data before and after surgery

Before After

RV (Sys/edp) (in mmHg) 126/6 48/6

PA (Sys/dia/mean) (in mmHg) 112/84/98 44/15/27

PA saturation (%) 63 62

PAWP (mean) (in mmHg) 28 8

Ao (Sys/dia/mean) (in mmHg) 126/60/82 113/65/85

Ao saturation (%) 81 99

PVRI (Woods units ×m2) 25.2 10.2

PVRI/SVRI 1.0 0.2

Ao= aorta; dia= diastolic pressure; edp= end diastolic pressure; PA = pulmonary artery;
PAWP= pulmonary artery wedge pressure; PVRI = Pulmonary Vascular Resistance Index;
RV= right ventricle; SVRI= Systemic Vascular Resistance Index; Sys= systolic pressure.
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Although we do not have reports of lung biopsy in this case, the
clinical course of events is the proof of concept of the protective
effect of post-capillary pulmonary hypertension. The documenta-
tion of such cases is important to draw attention towards the
knowledge gaps in this area. Further studies on the impact of
additional post-capillary pulmonary hypertension in Eisenmenger
syndrome are warranted.

Author ORCIDs. Jay Relan 0000-0002-0603-7299

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951119001057.

Acknowledgements. None.

Financial Support. This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

Conflicts of Interest. None.

Ethical Standards. The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant Indian guidelines on
human experimentation and with the Helsinki Declaration of 1975, as revised

in 2013, and a need for formal approval was waived off by the Ethics Committee
of All India Institute of Medical Sciences, New Delhi, India.

References

1. GuptaA, Kothari SS. Operable patent ductus arteriosus even with differential
cyanosis: a case of patent ductus arteriosus and mitral stenosis. Cardiol
Young 2017; 27: 1845–1848.

2. Semler HJ, Shepherd JT, Wood EH. The role of vessel tone in maintaining
pulmonary vascular resistance in patients with mitral stenosis. Circulation
1959; 19: 386–394.

3. WoodP. Pulmonary hypertensionwith special reference to the vasoconstrictive
factor. Br Heart J 1958; 20: 557–570.

4. Braunwald E, Braunwald NS, Ross J, Jr, et al. Effects of mitral-valve
replacement on the pulmonary vascular dynamics of patients with pulmonary
hypertension. N Engl J Med 1965; 273: 509–514.

5. Fawzy ME, Hassan W, Stefadouros M, et al. Prevalence and fate of severe
pulmonary hypertension in 559 consecutive patients with severe rheumatic
mitral stenosis undergoingmitral balloon valvotomy. J Heart Valve Dis 2004;
13: 942–947.

6. Chopra P, BhatiaML. Chronic rheumatic heart disease in India: a reappraisal
of pathologic changes. J Heart Valve Dis 1992; 1: 92–101.

988 S. S. Kothari et al.

https://doi.org/10.1017/S1047951119001057 Published online by Cambridge University Press

https://orcid.org/0000-0002-0603-7299
https://orcid.org/0000-0002-0603-7299
https://doi.org/10.1017/S1047951119001057
https://doi.org/10.1017/S1047951119001057

	Operable ventricular septal defect despite severe pulmonary hypertension and cyanosis!
	Brief report
	Case report
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


