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INTRODUCTION

Multi-detector computed tomography (MDCT) venography
is an effective tool in demonstrating the complex venous
vasculature present in congenital heart disease, especially
extra-cardiac pathology.? In most syndromes, patients
often have unusual arteriovenous connections. MDCT
venography allows accurate identification of the cardiac
and extra-cardiac arteries and veins and their relationships
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Congenital vascular anomalies of the venous drainage in the chest affect both cardiac
and non-cardiac structures. Collateral venous drainage from the left subclavian vein to the
great cardiac vein is arare venous drainage pattern. These anomalies present a diagnostic
challenge. Multi-detector computed tomography (MDCT) is useful in the diagnosis and
treatment planning of these clinically complex disorders. We present a case report of an
18-year-old Caucasian male who came to our institute for evaluation of venous drainage
patterns to the heart. We describe the contrast technique of bilateral dual injection MDCT
venography and the imaging features of the venous drainage patterns to the heart.
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to both atria and ventricles. The enhanced preoperative
understanding of congenital heart disease provided by
MDCT venography allows intensive surgical planning
with the potential to reduce post-surgical complications.

CASE REPORT

An 18-year-old Caucasian man with a complex congenital
heart disease had attacks of ventricular tachycardia
and oxygen saturation levels that showed discrepancy
between the upper and the lower extremities. The
patient was referred to our institution for evaluation of
the complex angioarchitecture of venous blood draining
into the heart, especially the superior vena cava. Bilateral
MDCT venography of the thoracic venous system
performed demonstrated significant collateral venous
blood supply from the left subclavian vein to the coronary
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sinus via the left superior intercostal vein and unusual
collateral left vein that drained into the great cardiac vein,
and markedly dilated superior vena cava, inferior vena
cava, and azygous vein [Figures 1 and 2].

MDCT venography technique

Bilateral dual injection MDCT venography was
performed using a 256-MDCT scanner (Philips iCT;
Philips Healthcare, Clevland Ohio, USA) with the patient
positioned supine with arms by his side. Anterior-posterior
and lateral scout scans were performed, with a scan range
from the apex of the chest to the costophrenic angle. The
scan parameters were: Detector width 256 x 0.625 mm;
pitch 0.9; rotation time 0.4 s; exposure factors 100 kVp,
200 mA, with z-axis modulation; and scanning time of
2.6 s. A caudocranial scan direction was employed.

Contrast bolus geometry

Bolus geometry is the pattern of enhancement, after
intravascular injection of contrast material, measured in a
region of interest (ROI), plotted on a time (s)/attenuation
Hounsfield units (HU) curve. We employed the test bolus
technique where one ROl was plotted inside the superior
vena cava and another in the pulmonary trunk. A small
amount of contrast material was (10 ml) injected at the
same rate as the main bolus using a power injector, where
the initial rate was 3 ml/s which was then decreased
exponentially to 2.2 ml/s over the duration of the injection
using bolus shaping software. This ROl assessed the time to
peak (TTP) and determined the arteriovenous circulation
time for thoracic vasculature [Figure 3].

Figure 1: 18-year-old male with complex congenial heart disease had attacks
of ventricular tachycardia and oxygen saturation levels that showed discrepancy
between the upper and the lower extremities, later diagnosed with a rare
collateral vein draining from the left subclavian vein to the great cardiac vein.
Three-dimensional MDCT of the heart and thorax demonstrates extraordinary
dilated azygous vein (small arrowhead) draining into the superior vena cava
(large arrow head), and the inferior vena cava (large arrow) draining directly
into the right atrium (small arrow).

Contrast medium administration

Contrast material was injected with an automated dual
barrel power injector (Optivantage; Covidien, Cincinnati,
OH, USA) via a 20-gauge venous catheter in each arm (right
and left sides). Bilateral antecubital venous access was
used in this study because it provides uniform contrast
distribution into the heart for the contrast material to
pass through the venous system with the least amount of
dilution, promoting good image quality during computed
tomography angiography (CTA) at reduced contrast
volumes.B! Bilateral simultaneous injection occurred at
3 ml/s, employing a 20:80 contrast to saline ratio mix in
each syringe. The volume of contrast used totaled to 40 ml
(this included 20 ml of contrast and 80 ml of saline in each
syringe).

DISCUSSION

Identification of the components of the cardiac congenital
anomalies is vital for devising a management plan.
Echocardiography and angiography are the current
modalities of choice for evaluating congenital heart
diseases. However, there has been an increased role
of MDCT as a superior imaging modality used prior to
surgical intervention for providing detailed anatomical
and functional information of venous anomalies with
2D-reformatted and 3D-reconstructed images.” This
patient required an assessment of the systemic venous
return to the heart, especially to the left superior intercostal
vein, collateral vein draining into the coronary sinus,
and the great cardiac vein. Optimal and diagnostic
images are vital in understanding patients’ anatomy

Figure 2: 18-year-old male with complex congenial heart disease had attacks
of ventricular tachycardia and oxygen saturation levels that showed discrepancy
between the upper and the lower extremities, later diagnosed with a rare
collateral vein draining from the left subclavian vein to the great cardiac vein.
Three-dimensional MDCT of the heart and thorax demonstrates the collateral
vein (large arrowhead) from the left subclavian vein (small arrowhead) draining
into the great cardiac vein (arrow).
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Figure 3: 18-year-old male with complex congenial heart disease had attacks
of ventricular tachycardia and oxygen saturation levels that showed discrepancy
between the upper and the lower extremities, later diagnosed with a rare
collateral vein draining from the left subclavian vein to the great cardiac vein.
Determination of contrast bolus transit time using test bolus injection shows that
the region of interest is placed inside the superior vena cava (circle A) and in
the pulmonary trunk (circle B). Resulting enhancement curves display the time
needed to reach the peak of maximum contrast enhancement for test bolus.

and cardiovascular hemodynamics. Additionally, it is
necessary to take into consideration the contrast medium
administration and parameters that affect bolus geometry
as it needs to be carefully configured to match the venous
enhancement pattern of complex angioarchitecture
during MDCT venography.

There are limited studies on CT direct venography for
evaluating thoracic venous return. However, one study
conducted by Kim et al., using CT venography in the
diagnosis of benign thoracic central venous obstruction,
employed bilateral upper extremity injection with a total
volume of 200 ml of contrast medium and scan delay of
20-40 s." However, in our case, we employed a reduced
amount of contrast medium (40 ml in total) by using the
test bolus technique at the level of the superior vena cava
for optimal enhancement.

CONCLUSION

Evaluation of complex venous angioarchitecture in patients
with vascular anomalies has considerably improved

with the use of MDCT direct venography when injecting
contrast media bilaterally and simultaneously via the upper
extremity.

ACKNOWLEDGMENT

The authors would like to thank Dr. Ibrahim Al-Sheikh Deeb,
Dr. AliHaydar, and Professor Mukbil Hournai for their contribution
to this case study.

REFERENCES

1. Westra SJ, Hill JA, Alejos JC, Galindo A, Boechat MI, Laks H.
Three-dimensional helical CT of pulmonary arteries in infants
and children with congenital heart disease. AJR Am ] Roentgenol
1999;173:109-15.

2. Dillman JR, Hernandez RJ. Role of CT in the evaluation of
congenital cardiovascular disease in children. AJR Am ] Roentgenol
2009;192:1219-31.

3. You SY, Yoon DY, Choi CS, Chang SK, Yun EJ, Seo YL, et al. Effects
of right- versus left-arm injections of contrast material on computed
tomography of the head and neck. J] Comput Assist Tomogr
2007;31:677-81.

4. Demos TC, Posniak HV, Pierce KL, Olson MC, Muscato M. Venous
anomalies of the thorax. AJR Am ] Roentgenol 2004;182:1139-50.

5. Saade C, Bourne R, Wilkinson M, Brennan P. Contrast medium
administration and parameters affecting bolus geometry in
multidetector computed tomography angiography: An overview. JMIRS
2011;42:113-7.

6. Saade C, Bourne R, Wilkinson M, Evanoff M, Brennan PC.
Caudocranial scan direction and patient-specific injection protocols
optimize ECG-gated and non-gated thoracic CTA. ] Comput Assist
Tomogr 2013;37:725-31.

7. Saade C, Wilkinson M, Parker G, Dubenec S, Brennan P.
Multidetector computed tomography in the evaluation of cirsoid
aneurysm of the scalp - A manifestation of trauma. Clin Imaging
2013;37:558-60.

8. Saade C, Bourne R, Wilkinson M, Brennan PC. MDCT angiography
of the major congenital anomalies of the extracranial arteries: Pictorial
review. ] Med Imaging Radiat Oncol 2013;57:321-8.

9. Saade C, Bourne R, El-Merhi F, Somanathan A, Chakraborty D,
Brennan P. An optimised patient-specific approach to administration
of contrast agent for CT pulmonary angiography. Eur Radiol
2013;23:3205-12.

10. Kim H, Chung JW, Park JH, Yin YH, Park SH, Yoon CJ, et al. Role of CT
venography in the diagnosis and treatment of benign thoracic central
venous obstruction. Korean ] Radiol 2003;4:146-52.

Source of Support: Nil, Conflict of Interest: None declared.

Journal of Clinical Imaging Science | Vol. 4 | Issue 4 | Oct-Dec 2014




<<
  /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


