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The rapid triage of patients who come to the emergency department with chest pain
continues to be a medical challenge, one that has important economic implications for
health-care systems. When electrocardiographic (ECG) abnormalities or elevated markers
of myocardial necrosis are found, management is relatively straightforward. However, a
considerable number of patients have negative ECGs or troponin tests. Noninvasive
imaging techniques have therefore become important tools for decision-making in such
cases. Cardiac computed tomography can reveal the degree of coronary calcium
deposition present and show coronary arteries noninvasively, rapidly, and accurately.
Cardiac magnetic resonance imaging provides important information concerning the
functional impact of coronary disease. Using these techniques in the management of
emergency patients with chest pain can potentially increase efficiency, reduce
unnecessary admissions, and provide an accurate diagnosis more quickly. The aim of this
review is to discuss the usefulness and limitations of cardiac computed tomography and
magnetic resonance imaging for emergency room treatment of patients who are
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suspected of having acute coronary syndrome. [Emergencias 2010;22:125-129]
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Introduction

Chest pain (CP) is the second most frequent
reason for care demand in the emergency depart-
ment (ED)'. The rapid classification of patients
with CP is essentially to differentiate acute coro-
nary syndrome (ACS) from other causes. This re-
presents a medical challenge and an important is-
sue from the economic point of view for health
systems. In general, the initial stratification is ba-
sed on clinical history, electrocardiogram (ECG)
and blood tests to determine markers of myocar-
dial necrosis. When electrocardiographic (ECG)
abnormalities or elevated markers of troponin are
found, the decision is relatively clear: hospitaliza-
tion and coronary angiography are usually indica-

ted. However, a significant percentage of CP pa-
tients have negative enzyme test and normal or
nonspecific ECG. Such patients are often admitted
to the hospital or specialist CP units for longer ob-
servation and undergo serial troponin tests and
further ECG, which usually involves a stress test.
Stress echocardiography and cardiac computed
tomography (CT) with single photon emission
(SPECT) are non-invasive imaging techniques ha-
bitually used in this context. Both provide additio-
nal information for diagnosis and risk stratification
on detecting changes in segmental motility or
myocardial perfusion suggestive of significant co-
ronary heart disease?, and they have proved to be
cost-effective in the management of patients with
acute CP**. The drawbacks are that both techni-
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ques involve long procedures, serial enzyme de-
termination before physical or chemical stress test,
and the attention of specifically trained personal
not generally available 24 hours a day every day
of the week.

The current strategy for assessing patients with
acute CP by prolonged observation and further
investigation is costly for health systems and con-
tinues to lead to erroneous diagnosis in 2-8% of
patients with ACS®*. New non-invasive imaging
techniques such as cardiac CT (CCT) and cardiac
magnetic resonance (CMRI) have emerge as pro-
mising alternatives for the diagnosis of CP in the
ED. Their use could increase efficiency, reduce un-
necessary admissions and lead to rapid and accu-
rate diagnosis.

Cardiac CT: usefulness and limitations

CCT offers a rapid, non-invasive and accurate
view of coronary anatomy, which makes it an at-
tractive tool for the management of patients with
acute CP.

The quantification of coronary calcium is the
simplest technique since it does not require con-
trast and radiation dose for the patient is very
low. There is good correlation between quantifica-
tion of calcium, usually expressed as Agatson sco-
re, and the burden of atherosclerosis. In the con-
text of CP in the ED, published studies have
shown that calcium score has high sensitivity and
negative predictive value for the detection of sig-
nificant coronary artery disease. However, its spe-
cificity is limited, especially in patients with known
coronary disease®. It is also important to note that
CCT alone does not allow one to assess the seve-
rity of coronary stenosis, nor does it identify non-
calcified plaques.

These limitations are resolved with non-invasi-
ve coronary angiography. By spiral or sequential
acquisition synchronized with the ECG during ap-
nea of approximately 10 seconds (64-slice) and
the injection of 60-80 ml iodinated contrast, ima-
ges are obtained which are then reconstructed in
different phases of the cardiac cycle for analysis.
Compared with invasive angiography, the CCT
has a sensitivity and specificity around 91 and
96% respectively, and negative predictive value of
99-100% for the detection of significant CAD’.
Studies on CP patients in the ED have shown high
diagnostic accuracy and safety in relation to the
diagnosis of ACS and adverse cardiac events®',
and greater cost-effectivenes than exercise SPECT,
reducing the time to diagnosis and therefore allo-

wing early discharge®''. An additional advantage
of CCT is that it allows simultaneous evaluation of
global and segmental ventricular systolic function
with similar precision to that of echocardiography
or CMRI'?, and can even identify areas of myocar-
dial perfusion and report on perfusion in repose’.
Specifically, the differential diagnosis of CP in the
ED, the CCT allows simultaneous examination of
non-cardiac structures such as the aorta and pul-
monary arteries, which can rule out the three po-
tentially most serious causes of chest pain (triple
rule out): ACS, aortic dissection and pulmonary
embolism'. Finally, an interesting feature of CCT
is that, unlike coronary angiography, it assesses
the arterial wall directly, and therefore the total
burden of atherosclerosis can be estimated more
accurately, which may facilitate better risk stratifi-
cation and treatment of patients. New programs
are available to quantify the composition of pla-
ques according to the degree of attenuation in
Hounsfield units (Figure 1). Evidence of low pla-
que attenuation could be used in future for risk
stratification in the ED, as this is known to be mo-
re frequently associated with ACS™.

It is important to know the limitations of
CCT, as they may affect application in the ED.
There are several factors that influence the diag-
nostic quality of images, such as high frequency
or irregular heart rate, the difficulty of getting
patients to perform correct apnea or the presen-
ce of coronary stent or significant coronary calci-
fication.

However, new devices (double tube 256-slice
scanners) have significantly reduced the impact
of these factors on image quality. Exposure to ra-
diation is another important consideration. Using
protocols of dose modulation and the acquisition
of images in just one part of the cardiac cycle
(prospective protocol) can reduce the dose of ra-
diation to less than 5 mSy, lower than the doses
required in coronary angiography (5-6 mSv) or
SPECT (10-12 mSv). Finally, as with coronary an-
giography, CCT only provides anatomical data
but no information about their physiological rele-
vance, which is especially important in cases of
intermediate stenosis. In relation to decision ma-
king in the ED, randomized studies are under
way (ROMICAT II) and clinical registries (SPARC
Michigan Blue Cross and Blue Shield) that will
help us to resolve issues like whether negative
calcium score, or the absence of significant le-
sions (defined as greater than 50%), confer suffi-
cient reason in terms of safety for discharging pa-
tients without requiring a second determination
of troponin.
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Figure 1. Example of a cardiac CT study showing an obstructive lesion in the left anterior descending artery (arrow) in an axial sli-
ce (A) and a three-dimensional reconstruction (B). By means of a specific program, analysis of plaque composition can be perfor-
med, which in this case shows predominantly non-calcified content (C).

Cardiac MRI: usefulness and limitations

CMRI allows simultaneous evaluation of global
and regional ventricular function, cardiac perfu-
sion and myocardial viability, as well as cardiac
anatomy and the presence of coronary artery di-
sease (Figure 2). It is the gold standard for assess-
ment of ventricular volumes, global cardiac func-
tion and alterations in segmental contractility,
thus overcoming the limitations of echocardio-
graphy such as suboptimal acoustic windows. De-
tection of myocardial necrosis is possible using
delayed enhancement sequences. After the admi-
nistration of contrast (gadolinium), areas of infarc-
tion, fibrosis or scarring are more brilliant when
compared with normal myocardium and thus
allow one to locate and quantify the extent of
transmural myocardial injury. Additionally, T2-
weighted sequences show increased signal inten-
sity in areas of edema and inflammation, and faci-
litate differentiation between areas of acute and
chronic infarction with high specificity'®. Few stu-
dies have assessed the utility of CMRI in the ED. A
study by Kwong et al. including 161 patients with
acute CP showed that CMRI is feasible in the ED
and adds diagnostic information to clinical infor-
mation, ECG and troponin I7. Another study in
patients with ACS without ST elevation showed
96% sensitivity and 83% specificity for the detec-
tion of significant coronary artery disease'. CMRI
after stress test with adenosine or dobutamine
allows one to identify perfusion defects in the
myocardium due to obstruction of both the epi-
cardial coronary arteries and the myocardial mi-
crovasculature, which are difficult to detect with
other diagnostic techniques™. CMRI has demons-
trated a sensitivity of 100% in predicting signifi-

cant coronary disease and cardiac events in follow
up of CP patients presenting at the ED with nor-
mal ECG and negative troponin®. The study of
coronary anatomy using CRMI is evolving, but cu-
rrently only proximal and middle segments can
be assessed, so its application in the ED is still li-
mited.

The main advantages of CMRI in relation to
other non-invasive imaging techniques include
the absence of radiation compared with SPECT
and CCT, high spatial resolution compared with
SPECT, and the possibility of combining several
sequence types in a single scan to acquire three-
dimensional images. However, its possible ED use
is restricted by the need for long image-acquisi-
tion time, motion and breathing artifacts, reduced
availability due to the high cost of the devices
and processing equipment, and the need for ex-
perienced operators, as well as contraindications
specific to MRI (metal prostheses, claustrophobia
and morbid obesity).

Conclusions

In summary, non-invasive imaging techniques
play an important role in the management of CP
patients with intermediate risk. Calcium score de-
tects the presence of atherosclerosis with the ad-
vantages of low radiation and without the need
for contrast, but does not provide information on
the degree of stenosis or the presence of non-cal-
cified plaques. CTT allows direct visualization of
the coronary artery with a negative predictive va-
lue approximating 100%, so it has become a va-
luable test to rule coronary heart disease. In the
event of neighbouring lesions, additional functio-
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Figure 2. Example of a cardiac MRI in a patient with ischemic cardiopathy. Cine sequences show (A) systolic dysfunction
with myocardial thinning in the lateral side (arrow). Sequences of perfusion at rest (B) and after administration of adenosine
(C), revealed a perfusion defect in the lateral side that disappeared at rest (arrow), suggestive of peri-infarction ischemia. Late
enhancement (D and E) shows an area of necrosis in the same area (arrow). Visualization of the coronary arteries (F) allowed
ruling out significant disease in the common trunk (TC) and proximal left anterior descending artery (DA) and right coronary
artery (CD).

nal tests are required for the proper management
of these patients. Finally, CMRI is emerging as an
alternative diagnostic technique that may be used
in the ED; it is highly useful for assessing the func-
tional significance of heart disease but remains a
complex technique. Further studies are needed to
evaluate its cost-effectiveness, which may allow it
to become standard equipment in the emergency
department.
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Papel de las nuevas técnicas de imagen en el diagnéstico de sindrome coronario agudo
en urgencias

Garcia-Alvarez A, Fernandez-Friera L, Fuster V, Sanz )

La clasificacién rapida de los pacientes que acuden a urgencias con dolor torécico continda siendo un desafio médico
y una cuestién importante desde el punto de vista econémico para los sistemas de salud. Cuando existen cambios en
el electrocardiograma (ECG) o elevacién de marcadores de necrosis miocérdica, el manejo de los pacientes es relativa-
mente claro. Sin embargo, existe un nimero considerable de pacientes en los que el ECG y las troponinas son negati-
vas. En estos pacientes las técnicas de imagen no invasivas se han convertido en una herramienta importante para la
toma de decisiones. La tomografia cardiaca permite cuantificar la cantidad de calcio coronario y visualizar directamen-
te las arterias coronarias de forma no invasiva de una forma rapida y precisa. La resonancia magnética cardiaca aporta
una importante informacién sobre la significacién funcional de la enfermedad coronaria. La utilizacién de estas técnicas
en el manejo de pacientes que acuden a urgencias con dolor toracico agudo podria potencialmente aumentar la efi-
ciencia, reducir ingresos innecesarios y conducir a un diagnéstico mas rapido y exacto. El objetivo de esta revision es
discutir la utilidad y limitaciones de la tomografia cardiaca y la resonancia cardiaca en el manejo de pacientes que acu-
den a urgencias con sospecha de sindrome coronario agudo. [Emergencias 2010;22:125-129]

Palabras clave: Dolor toracico. Sindrome coronario agudo. Servicio de urgencias.

Emergencias 2010; 22: 125-129 129




<<
  /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


