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Utility of cardiac magnetic resonance in assessing
right-sided heart failure in sarcoidosis
Jacob Lønborg1,2, Michael Ward1,3, Anthony Gill5, Stuart M Grieve1,4 and Gemma A Figtree1,3*
Abstract

Background: Cardiac involvement in sarcoidosis is associated with a poor prognosis. In patients with right sided
heart failure, differentiating between cor-pulmonale, or cardiac sarcoidosis has important implications to
management.

Case presentation: We present the case of a patient with severe but stable pulmonary sarcoidosis and new onset
right sided heart failure despite only mild elevations of pulmonary artery pressure. CMR demonstration of extensive
right ventricular fibrosis with associated dilatation and hypokinesis was a key finding for prognosis and
management of the patient.

Conclusion: Cardiac magnetic resonance (CMR) is the preferred investigation in the diagnosis of cardiac sarcoidosis,
allowing assessment of myocardial inflammation and fibrosis, as well as function, in a manner not matched by
other technologies.
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Background
Sarcoidosis is a multi-organ disease characterised by the
formation of granulomas. The lungs are most commonly
affected. Although cardiac involvement is clinically detected
in only 2% of patients, underdiagnosis is a major issue of
considerable clinical importance. Recent autopsy data sug-
gest that the heart is, in fact, involved in 20-25% of patients
[1], and is directly responsible for up to 25-80% of deaths
attributed to sarcoidosis [2].
In patients with identified cardiac sarcoidosis the left

ventricle (LV) is involved in 98% and the right ventricle
(RV) in up to 40%, usually in the context of biventricular
involvement [3]. Cardiac sarcoidosis affecting predomin-
antly the RV is rare. In a patient with severe, but stable
pulmonary sarcoidosis, we illustrate the important role
of CMR in the diagnosis and management of new onset
RV failure. CMR is able to identify granulomatous infil-
tration of the RV, providing evidence for sarcoidosis as
* Correspondence: gfigtree@med.usyd.edu.au
1North Shore Heart Research Group, Kolling Institute of Medical Research,
University of Sydney, Sydney, Australia
3Department of Cardiology, Royal North Shore Hospital, St Leonards, NSW
2065, Australia
Full list of author information is available at the end of the article

© 2013 Lønborg et al.; licensee BioMed Centra
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
the cause of primary RV failure rather than cor pulmo-
nale as the cause of the patients presentation.

Case presentation
A 42-yr old man initially presented with exertional dys-
pnoea and cough. He had no previous medical history of
significance and was a non-smoker. The clinical examin-
ation and biochemistry were unremarkable, except for
elevated serum angiotensin converting enzyme (ACE).
Chest x-ray showed bulky hilar lymphadenopathy with
extensive reticulonodular and mass like opacities in both
lungs with a middle zone predominance (Figure 1). A
non-contrast computed tomography (CT) scan of the
thorax demonstrated numerous nodules in a perilymphatic
distribution (subpleural and peribronchovascular) together
with perihilar conglomerate masses (Figure 2). Several
enlarged partly calcified hilar, paratracheal and subcarinal
mediastinal lymph nodes were evident. Histopathology of a
transbronchial lung biopsy showed numerous well-formed,
non-necrotising epithelioid granulomas (Figure 3), but
tests for bacilli, fungi and tuberculosis were negative. Based
on clinical, radiological and pathological findings the diag-
nosis of pulmonary sarcoidosis was made.
Five years after initial presentation the patient repre-

sented with dyspnoea and peripheral edema. ACE was
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Figure 1 A frontal chest x-ray showing changes consistent
sarcoidosis. There is bilateral bulky hilar and paratracheal
lymphadenopathy together with extensive, confluent reticulonodular
opacities with a characteristic distribution in the mid and upper zones.
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within normal limits and electrocardiogram (EKG) was
normal. Findings on chest x-ray and CT scan showed min-
imal change compared to previous imaging. Transthoracic
echocardiography showed normal LV function, and a se-
verely dilated RV with moderately impaired contractile
function. Pulmonary pressures were only mildly elevated
as measured by both echocardiography and right-heart
catheterisation. A cardiac magnetic resonance (CMR) scan
confirmed a dilated RV with impaired systolic function
(Figure 4), RV ejection fraction (EF) was 34% (normal
Figure 2 Selected axial (A) and high resolution coronal (B) reformats
and mediastinal adenopathy. Mass-like fibrosis is encasing the hila and c
partially calcified hilar lymph nodes. There are also extensive perivascular a
of the lower zones and right upper lobe bullae.
44–63%). Extensive, patchy delayed gadolinium enhance-
ment was observed in the RV free wall, as well as subtle
mid-wall delayed enhancement in the interventricular and
the interatrial septum (Figure 5). The CMR findings led to
a diagnosis of right heart failure secondary to sarcoidosis in-
filtration of the RV wall. The evidence of RV infiltration by
sarcoidosis led to immediate immunosuppressive therapy in
accordance with general recommendations for cardiac
sarcoidosis, and insertion of an implantable cardioverter-
defibrillator (AICD). Follow-up interrogation of the AICD
revealed an episode of non-sustained fast ventricular
tachycardia.
Discussion
The diagnosis of cardiac sarcoidosis is often problematic
due to non-specific manifestations, as seen in the present
case. These findings include non-specific EKG changes,
clinical heart failure, abnormal non-specific echocardiog-
raphy findings, elevated serum ACE and sudden death [1].
A multimodality approach has traditionally been used to
determine cardiac involvement [4]. Dyspnoea from LV
heart failure may be attributed to primary pulmonary sar-
coidosis. Signs of right heart failure may be put down to
pulmonary hypertension secondary to pulmonary sarcoid-
osis and cor pulmonale. The diagnosis of cardiac sarcoid-
osis predominantly involving the RV may be even more
problematic and may need to be distinguished from
arrhythmogenic RV cardiomyopathy. Abnormalities on
diagnostic tests such as EKG and echocardiography do
not differentiate cardiac sarcoidosis from other cardiac
diseases. However, in a patient with sarcoidosis any abnor-
mal findings on EKG or echocardiography should lead to
further investigations.
from a non-contrast helical CT shows striking bilateral bulky hilar
entral bronchi causing traction bronchiectasis. There are several
nd perilymphatic nodules throughout both lobes with relative sparing



Figure 3 Histology H&E images, original magnifications 200x (A) and 400x (B), of specimen from the transbronchial lung biopsy. It
identified numerous well-formed, non-necrotising epithelioid granulomas (arrows) at both low (A) and intermediate (B) power.
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Recently, advanced imaging techniques have been used
to identify and characterise cardiac sarcoidosis, with both
positron emission tomography (PET) and CMR shown to
be superior to the previously recommended scintigraphy
[5,6]. CMR has a sensitivity of 100% and a specificity of
78% for the diagnosis of cardiac sarcoidosis [6]. CMR
allows for accurate assessment of cardiac function and
comprehensive tissue characterisation. Functional CMR
images assess ventricular volumes, function and focal
wall motion abnormalities; T2 weighted black blood
images can be used to identify oedema and the presence
of active inflammation; and delayed gadolinium enhance-
ment images detect scarring with great accuracy [7]. New
Figure 4 Functional (cine) cardiac magnetic resonance images in the
The images show poor contraction of the right ventricle (RV) free wall (arro
emerging pre- and postcontrast T1 mapping CMR tech-
niques may provide information regarding interstitial
fibrosis and extracellular matrix volume [8]. However,
these new techniques are not yet performed routinely in
clinical practice. The pattern of oedema or myocardial late
enhancement is used to differentiate between non-
ischemic and ischemic scarring. Typical cardiac sarcoid-
osis lesions seen with CMR are focal mid-myocardial or
sub-epicardial scarring, whereas sub-endocardial lesions,
typical for coronary artery related infarction, is rare with
sarcoidosis [6]. CMR is the optimal method of imaging the
RV, both in regards to its contractile function, as well as
the presence of sarcoid infiltration with late enhancement,
four-chamber image plane in diastole (A) and systole (B).
ws in A and B), but normal contraction of the left ventricle (LV).



Figure 5 Delayed enhancement cardiac magnetic resonance images in the four-chamber (A) and short axis (B) image plane. The images
show a patchy pattern of delayed enhancement (arrows) in the subepicardial and mid-wall of the right ventricle free wall, interventricular and
interatrial septum. The myocardium of the left ventricle free wall is normal.
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as demonstrated by this case. Serial CMR is also useful in
the evaluation of anti-inflammatory treatment [6]. The
high sensitivity of 18F-FDG PET for active inflammatory
lesions is partially countered by the reduced specificity of
18F-FDG in the heart due to the high metabolic rate of
the myocardium. However, it is very likely that a comple-
mentary role for PET and CMR in the Clinic will be
defined in the near future.
Limitations of CMR include significant claustrophobia

in up to 5% of patients and contraindication to gadolinium
administration in patients with impaired renal function,
and inability to image patients with non-MRI compatible
pacemakers or AICDs. Furthermore, although CMR is su-
perior to echocardiography in imaging RV structure and
function, the thin walled nature of the RV makes delayed
enhancement difficult to discriminate from artefact. This
is even more problematic when using T2 based imaging
sequences to identify oedema in the RV.
Although patients with cardiac sarcoidosis are at risk of

adverse cardiac events including ventricular tachycardia
(VT) and CMR is predictive of this [9], the role of prophy-
lactic AICD is not well defined. It is clear that all patients
with established VT should receive an AICD and anti-
arrhythmic therapy. The patient presented received an
AICD due to the extensive nature of RV involvement, with
associated dilatation and impaired systolic function. The
recorded episode of rapid ventricular tachycardia suggests
that this was an appropriate management decision.

Conclusion
CMR is critical in differentiating the cause of new onset
right heart failure in a patient with stable pulmonary sar-
coidosis, but no significant pulmonary hypertension. Major
cardiac events, including sudden cardiac death often occur
in patients despite normal EKG and echocardiography.
The excellent sensitivity of CMR, its ability to predict
cardiac events, and its lack of ionizing radiation has led to
the proposal by many experts that CMR should be part of
the routine work-up in any patient with sarcoidosis.
Consent
Written informed consent was obtained from the patient
for publication of this case and any accompanying images.
A copy of the written consent is avaliable for review by the
Series Editor of this journal.

Abbreviations
ACE: Angiotensin converting enzyme; CMR: Cardiac magnetic resonance;
CT: Computed tomography; EF: Ejection fraction; EKG: Elektrocardiogram;
LV: Left ventricle; PET: Positron emission tomography; RV: Right ventricle.

Competing interests
There were no competing interests.

Authors’ contributions
JL participated in the concept and design; contributed to the imaging
analysis; and drafted the manuscript. MSG, MW and GAF participated in the
design and concept; contributed to the imaging analysis; and revised the
manuscript critically. All authors have read and approved the final
manuscript.

Acknowledgements
This work was supported by North Shore Heart Research Foundation; Sydney
Medical Foundation. JL was supported by Danish Heart Foundation; Danish
Cardiovascular Research Academy; Rigshospitalet Research Foundation. GF
was supported by a Chapman Fellowship from the Sydney Medical School
Foundation.

Author details
1North Shore Heart Research Group, Kolling Institute of Medical Research,
University of Sydney, Sydney, Australia. 2Department of Cardiology,
Rigshospitalet, Copenhagen, Denmark. 3Department of Cardiology, Royal
North Shore Hospital, St Leonards, NSW 2065, Australia. 4Department of
Radiology, Royal Prince Alfred Hospital, Sydney, Australia. 5Department of
Pathology, Royal North Shore Hospital, Sydney, Australia.

Received: 22 May 2012 Accepted: 31 December 2012
Published: 11 January 2013



Lønborg et al. BMC Medical Imaging 2013, 13:2 Page 5 of 5
http://www.biomedcentral.com/1471-2342/13/2
References
1. Dubrey SW, Falk RH: Diagnosis and management of cardiac sarcoidosis.

Prog Cardiovasc Dis 2010, 52:336–346.
2. Kim JS, Judson MA, Donnino R, Gold M, Cooper LT Jr, Prystowsky EN,

Prystowsky S: Cardiac sarcoidosis. Am Heart J 2009, 157:9–21.
3. Roberts WC, McAllister HA Jr, Ferrans VJ: Sarcoidosis of the heart. A

clinicopathologic study of 35 necropsy patients (group 1) and review of
78 previously described necropsy patients (group 11). Am J Med 1977,
63:86–108.

4. Soejima K, Yada H: The work-up and management of patients with
apparent or subclinical cardiac sarcoidosis: with emphasis on the
associated heart rhythm abnormalities. J Cardiovasc Electrophysiol 2009,
20:578–583.

5. Patel MR, Cawley PJ, Heitner JF, Klem I, Parker MA, Jaroudi WA, Meine TJ,
White JB, Elliott MD, Kim HW, Judd RM, Kim RJ: Detection of myocardial
damage in patients with sarcoidosis. Circulation 2009, 120:1969–1977.

6. Smedema JP, Snoep G, van Kroonenburgh MP, van Geuns RJ, Dassen WR,
Gorgels AP, Crijns HJ: Evaluation of the accuracy of gadolinium-enhanced
cardiovascular magnetic resonance in the diagnosis of cardiac
sarcoidosis. J Am Coll Cardiol 2005, 45:1683–1690.

7. Figtree GA, Lonborg J, Grieve SM, Ward MR, Bhindi R: Cardiac magnetic
resonance imaging for the interventional cardiologist. JACC Cardiovasc
Interv 2011, 4:137–148.

8. White SK, Sado DM, Flett AS, Moon JC: Characterising the myocardial
interstitial space: the clinical relevance of non-invasive imaging.
Heart 2012, 98:773–779.

9. Azuma A, Kim HW, Parker M, Kim RJ: Prognostic value of delayed
enhancement cardiovascular magnetic resonance in patients with
sarcoidosis. J Cardiovasc Magn Reson 2012, 14(Suppl 1):O13.

doi:10.1186/1471-2342-13-2
Cite this article as: Lønborg et al.: Utility of cardiac magnetic resonance
in assessing right-sided heart failure in sarcoidosis. BMC Medical Imaging
2013 13:2.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	Conclusion
	Consent
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.440 793.440]
>> setpagedevice


