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Variant 1: New CHF, suspected based on symptoms and physical examination.
Radiologic Procedure Rating Comments RRL*
X-ray chest 9 Min
CT chest 2 CHF is rgadl_ly d@gnosed on CT obtained Med
for other indications.
MRI chest 2 None
Rating Scale: 1=Least appropriate, 9=Most appropriate Rac’iciiteilc’:lrt]i\ll_ivel

Variant 2: Previous CHF, currently stable.
Radiologic Procedure Rating Comments RRL*
X-ray chest 4 Min
CT chest 5 CHF is re_adl_ly d_lagnosed on CT obtained Med
for other indications.
MRI chest 2 None
Rating Scale: 1=Least appropriate, 9=Most appropriate SRGRIDE

Radiation Level

Variant 3: Previous CHF, new-onset signs and symptoms.
Radiologic Procedure Rating Comments RRL*
X-ray chest 9 Min
CT chest 2 CHF is re_adl_ly d_lagnosed on CT obtained Med
for other indications.
MRI chest 2 None
Rating Scale: 1=Least appropriate, 9=Most appropriate Ragilzfi?r:i\ll_ivel

An ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those exams generally used for evaluation of the patient's condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document. The availability of equipment or personnel may
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by the FDA have not been considered in developing these criteria; however, study
of new equipment and applications should be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician
and radiologist in light of all the circumstances presented in an individual examination.
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CONGESTIVE HEART FAILURE

Expert Panel on Thoracic Imaging: Charles S. White,
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Linda B. Haramati, MD® Arfa Khan, MD’;
Ann N. Leung, MD? Theresa C. McLoud, MD?’;
Melissa L. Rosado de  Christenson, MD;
Anna Rozenshtein, MD': Larry R. Kaiser, MD'
Suhail Raoof, MBBS."

Summary of Literature Review

A variety of definitions exist as to what constitutes
congestive heart failure (CHF). An accepted physiologic
definition is the failure of the heart to pump sufficient
blood to supply the needs of the metabolizing tissues.
Either systolic or diastolic dysfunction can lead to CHF. It
is most commonly due to ischemic heart disease. Other
causes include valvular heart disease, cardiomyopathies,
hypertension, and left-to-right shunts. Clinically, heart
failure is recognized by the occurrence of signs and
symptoms in combination with objective evidence of
cardiac dysfunction. Signs and symptoms of heart failure
include dyspnea on exertion or orthopnea, elevation of the
jugular venous pressure, and pitting edema of the ankles.
A third heart sound is often heard, but this finding is
subject to substantial interobserver variability. Objective
methods of evaluating cardiac function include chest
radiography, nuclear cardiology, echocardiography,
cardiac catheterization, computed tomography (CT),
magnetic resonance imaging (MRI), electrocardiography,
and exercise testing. This document will deal
predominately with the usefulness of the chest radiograph
for evaluating patients with known or suspected CHF. It is
important to note that patients with diseases other than
CHF may have one or several of its signs and symptoms.

Chest Radiography

The chest radiograph is a useful technique to screen
patients who exhibit the signs and symptoms of CHF.
Several typical findings of CHF occur in patients who
undergo radiography in an erect position. At an early
stage, the normally gravity- dependent blood flow may
become equalized, with upper and lower lung vessels of
similar caliber. Later, upward diversion of blood flow
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may be present such that the upper lobe vessels are larger
than those in the lower lungs.

If pulmonary wedge pressure is higher, signs of interstitial
pulmonary edema may be seen. These include thickened
interlobular septa, perihilar and perivascular haziness,
peribronchial cuffing and increased artery-bronchus (A-
B) ratio.

Several studies have assessed the relationship between
findings of pulmonary venous hypertension and measures
of left ventricular function. Madsen et al [1] assessed the
value of chest radiography to predict abnormal left
ventricular  function following acute myocardial
infarction. The sensitivity of radiographic pulmonary
venous congestion for depressed ejection fraction was
52%; specificity was 74%. Herman et al [2] evaluated 104
patients with varying degrees of left ventricular
dysfunction. They reported that while most patients with
elevated left ventricular end diastolic pressure had
radiographic evidence of CHF, 38% did not. Baumstark et
al [3], Costanzo et al [4], and Balbarini et al [5] have all
reported a significant but imperfect correlation between
radiographic findings of pulmonary venous hypertension
and left ventricular dysfunction.

The cardiac silhouette is variably enlarged in CHF. The
size of the heart has only a weak, clinically insignificant
correlation with severity of CHF as measured by ejection
fraction. Patients with an initial myocardial infarction
who have severe cardiac dysfunction may have a nearly
normal cardiac size because the heart may not dilate
acutely. Dash et al [6] investigated 82 patients with CHF
and found that the cardiothoracic ratio correlated best
(r=0.70) with the degree of elevation of capillary wedge
pressure. In the study of Madsen et al [1], enlargement of
cardiothoracic ratio (threshold=0.5) had a sensitivity of
47% for detecting an abnormal ejection fraction (>0.51).
Philbin et al [7] assessed the utility of cardiothoracic ratio
to estimate ejection fraction in 7,476 patients with left-
sided heart failure and found only a limited correlation
(»=0.18).

An enlarged vascular pedicle is also often present in CHF.
The vascular pedicle is defined as the sum of the distance
of the right mediastinum at the level of the azygos arch to
the midline and base of left subclavian artery to midline.
This method of evaluating fluid status has been advocated
by Milne et al [8] and Pistolesi et al [9]. It does thus
reflect fluid status in both the arterial and venous system.
However, variability in mediastinal widths between
patients mitigates some advantages of this technique. In
practice, the use of the vascular pedicle is best applied to
assessment of volume status of an individual patient,
provided changes in patient positioning, depth of
inspiration, and tube position are taken into account.

and radiologist in light of all the circumstances presented in an individual examination.
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Pleural effusions are common in patients with CHF. Other
radiographic findings that may aid in the diagnosis of
CHF are a relative increase in pulmonary artery—bronchus
ratio in the upper as compared with lower lung zones [10]
and thickening of the posterior wall of the bronchus
intermedius on the lateral radiograph.

In patients who are unable to cooperate for an erect
posteroanterior and lateral radiograph, particularly those
in the intensive care unit (ICU), portable radiography may
be necessary [11]. Portable radiography is most often
obtained with the patient in a semi-erect or supine
position, which alters the appearance of radiographic
findings of CHF. In a supine position, equalization of
vasculature or flow inversion is physiologically normal.
Thus, recognition of CHF depends to a greater extent on
the presence of pulmonary edema, which occurs only in
more severe cases. In the ICU, airspace edema caused by
CHF is often difficult to distinguish from noncardiogenic
edema and diffuse pulmonary infection.

Pleural effusions are also more difficult to recognize in
the recumbent patient. Free pleural effusions layer in the
posterior pleural cavity, creating a homogeneous opacity
that may show a gradient of opacity from a caudal to
cephalic direction, depending on the degree of patient
recumbency. Bronchovascular markings are often visible
through the hazy opacity. The presence of effusion can be
confirmed by obtaining a lateral decubitus view.

The chest radiograph may occasionally show an atypical
pattern in CHF. The best-characterized situation is in
patients who develop acute mitral regurgitation, in which
a strikingly asymmetric edema pattern occurs with
predominant opacity in the right upper lobe [12]. This
pattern is caused by the flow vector in mitral
regurgitation, which is usually directed toward the right
superior pulmonary vein. In patients who have chronic
lung disease due to parenchymal fibrosis or emphysema,
the appearance of CHF can be atypical. With emphysema,
the chest radiograph may show an accentuation of
preexisting interstitial lines rather than airspace edema
because of alveolar destruction in emphysematous areas.

The chest radiograph is also useful for diagnosing
diseases other than CHF in patients with dyspnea. The
radiographic  distinction of CHF from increased
permeability edema, of which the adult respiratory
distress syndrome is the prototype, may be difficult.
Findings that favor CHF are an enlarged cardiac
silhouette, Kerley lines, and pleural effusions [13]. Lobar
pneumonia and abscess, pulmonary infarction, lung
masses or nodules, and focal pleural disease are usually
readily distinguishable from CHF.

Computed Tomography

The role of CT scanning in patients is increasing due to
the development of multidetector CT with better spatial

and temporal resolution and ECG gating [14]. These
advances permit assessment of left ventricular function,
including stroke volume and ejection fraction. Short and
long axis imaging obtained throughout the cardiac cycle
allows determination of wall motion abnormalities, which
may be an ischemic cause for the heart failure [15].
Moreover, stenotic coronary artery lesions can be
delineated using coronary computed tomography
angiography (CTA) [16]. Disadvantages include the
increased radiation dose associated with retrospective
ECG-gating and nephrotoxicity due to intravenous
contrast administration. Despite much early enthusiasm,
there are as yet few studies documenting the value of
cardiac CTA in assessing CHF. Thus, the role of cardiac
CT as compared to nuclear cardiology is in evolution.

A second clinical scenario is CT scanning that is obtained
for other indications that may show evidence of CHF, and
thus recognition of findings in this entity is important. In
CHF, animal studies have shown an increase in arterial
and venous size and increased parenchymal opacification
[17]. In patients, gravity-dependent flow inversion causes
enlargement of nondependent vessels (anterior vessels in
supine patients). Interstitial edema produces thickening of
interlobular septa and the peribronchovascular and
subpleural interstitia. In patients with airspace edema,
ground glass opacity is evident on standard and high-
resolution CT [18]. Pleural and pericardial effusions are
more apparent and are easier to quantify on CT than on
chest radiography.

Magnetic Resonance Imaging

MRI provides a large quantity of morphologic and
physiologic information in the evaluation of the heart [19-
21]. Wall thickness and cavity size are easily measured.
Cine MRI permits assessment of cardiac function,
increased  ejection  fraction, and wall motion
abnormalities. Recent work highlights the value of MRI
perfusion viability imaging. In particular, recent
investigation suggests that ischemic and nonischemic
causes of cardiomyopathy can be distinguished by MRI,
allowing appropriate selection of patients who may
benefit from coronary revascularization [22]. Despite its
considerable promise, MRI has yet to be widely adopted
for this role in clinical practice.

Summary

The various studies on the utility of chest radiography for
CHF draw conclusions that are inconsistent and even
contradictory. Nevertheless, the preponderance of data
show that most patients with CHF have radiographic
abnormalities that may suggest the diagnosis. Thus use of
chest radiography as part of the initial assessment of
patients with suspected CHF seems appropriate.
Similarly, in patients with known CHF whose clinical
picture deteriorates from baseline, the data suggest that
chest radiography is beneficial. Both CT and MRI may

and radiologist in light of all the circumstances presented in an individual examination.
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ultimately prove valuable to evaluate CHF, but should be
regarded as technologies in evolution accompanying more
established methods to evaluate cardiac status.

Relative Radiation Level Information

Potential adverse health effects associated with radiation
exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because
there is a wide range of radiation exposures associated
with different diagnostic procedures, a relative radiation
level (RRL) indication has been included for each
imaging examination. The RRLs are based on effective
dose, which is a radiation dose quantity that is used to
estimate population total radiation risk associated with an
imaging procedure. Additional information regarding
radiation dose assessment for imaging examinations can
be found in the ACR Appropriateness Criteria® Radiation
Dose Assessment Introduction document.

Relative Radiation Level Designations
Relative Radiation Effective Dose
Level Estimate Range
None 0
Minimal < 0.1 mSv
Low 0.1-1 mSv
Medium 1-10 mSv
High 10-100 mSv
References

1. Madsen EB, Gilpin E, Slutsky RA, Ahnve S, Henning H, Ross J,
Jr. Usefulness of the chest x-ray for predicting abnormal left
ventricular function after acute myocardial infarction. 4m Heart J
1984; 108(6):1431-1436.

2. Herman PG, Khan A, Kallman CE, Rojas KA, Carmody DP,
Bodenheimer MM. Limited correlation of left ventricular end-
diastolic pressure with radiographic assessment of pulmonary
hemodynamics. Radiology 1990; 174(3 Pt 1):721-724.

3. Baumstark A, Swensson RG, Hessel SJ, et al. Evaluating the
radiographic assessment of pulmonary venous hypertension in
chronic heart disease. AJR 1984; 142(5):877-884.

4. Costanzo WE, Fein SA. The role of the chest X-ray in the
evaluation of chronic severe heart failure: things are not always as
they appear. Clin Cardiol 1988; 11(7):486-488.

5. Balbarini A, Limbruno U, Bertoli D, et al. Evaluation of
pulmonary vascular pressures in cardiac patients: the role of the
chest roentgenogram. J Thorac Imaging 1991; 6(2):62-68.

6. Dash H, Lipton MJ, Chatterjee K, Parmley WW. Estimation of
pulmonary artery wedge pressure from chest radiograph in patients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

with  chronic  congestive cardiomyopathy and ischaemic
cardiomyopathy. Br Heart J 1980; 44(3):322-329.

Philbin EF, Garg R, Danisa K, et al. The relationship between
cardiothoracic ratio and left ventricular ejection fraction in
congestive heart failure. Digitalis Investigation Group. Arch Intern
Med 1998; 158(5):501-506.

Milne EN, Pistolesi M, Miniati M, Giuntini C. The radiologic
distinction of cardiogenic and noncardiogenic edema. 4J/R 1985;
144(5):879-894.

Pistolesi M, Milne EN, Miniati M, Giuntini C. The vascular
pedicle of the heart and the vena azygos. Part II: Acquired heart
disease. Radiology 1984; 152(1):9-17.

Woodring JH. Pulmonary artery-bronchus ratios in patients with
normal lungs, pulmonary vascular plethora, and congestive heart
failure. Radiology 1991; 179(1):115-122.

Swensen SJ, Peters SG, LeRoy AJ, Gay PC, Sykes MW, Trastek
VF. Radiology in the intensive-care unit. Mayo Clin Proc 1991,
66(4):396-410.

Gurney JW, Goodman LR. Pulmonary edema localized in the right
upper lobe accompanying mitral regurgitation. Radiology 1989;
171(2):397-399.

Aberle DR, Wiener-Kronish JP, Webb WR, Matthay MA.
Hydrostatic versus increased permeability pulmonary edema:
diagnosis based on radiographic criteria in critically ill patients.
Radiology 1988; 168(1):73-79.

Schoepf UJ, Becker CR, Ohnesorge BM, Yucel EK. CT of
coronary artery disease. Radiology 2004; 232(1):18-37.

Yamamuro M, Tadamura E, Kubo S, et al. Cardiac functional
analysis with multi-detector row CT and segmental reconstruction
algorithm: comparison with echocardiography, SPECT, and MR
imaging. Radiology 2005; 234(2):381-390.

Hoffmann MH, Shi H, Schmitz BL, et al. Noninvasive coronary
angiography with multislice computed tomography. JAMA 2005;
293(20):2471-2478.

Herold CJ, Wetzel RC, Robotham JL, Herold SM, Zerhouni EA.
Acute effects of increased intravascular volume and hypoxia on the
pulmonary circulation: assessment with high-resolution CT.
Radiology 1992; 183(3):655-662.

Goodman LR. Congestive heart failure and adult respiratory
distress syndrome. New insights using computed tomography.
Radiol Clin North Am 1996; 34(1):33-46.

Just H, Holubarsch C, Friedburg H. Estimation of left ventricular
volume and mass by magnetic resonance imaging: comparison
with quantitative biplane angiocardiography. Cardiovasc Intervent
Radiol 1987; 10(1):1-4.

Nachtomy E, Cooperstein R, Vaturi M, Bosak E, Vered Z,
Akselrod S. Automatic assessment of cardiac function from short-
axis MRI: procedure and clinical evaluation. Magn Reson Imaging
1998; 16(4):365-376.

Semelka RC, Tomei E, Wagner S, et al. Interstudy reproducibility
of dimensional and functional measurements between cine
magnetic resonance studies in the morphologically abnormal left
ventricle. Am Heart J 1990; 119(6):1367-1373.

McCrohon JA, Moon JC, Prasad SK, et al. Differentiation of heart
failure related to dilated cardiomyopathy and coronary artery
disease using gadolinium-enhanced cardiovascular magnetic
resonance. Circulation 2003; 108(1):54-59.

and radiologist in light of all the circumstances presented in an individual examination.

An ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those exams generally used for evaluation of the patient's condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document. The availability of equipment or personnel may
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by the FDA have not been considered in developing these criteria; however, study
of new equipment and applications should be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician

ACR Appropriateness Criteria®

4

Congestive Heart Failure


http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx


<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


