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Tako-tsubo is a Japanese fisherman’s octopus trapping pot.
The word has become popular to describe a type of car-
diomyopathy in which the left ventricle of the heart tran-
siently balloons at the apex and mid portions and, with a
little imagination, looks like a tako-tsubo [1]. Variant
forms of transient left ventricular dysfunction in which the
apex is not affected have also been described [2]. Addi-
tional names for this clinical syndrome are transient left
ventricular dysfunction syndrome, stress cardiomyopathy
or apical ballooning cardiomyopathy. Patients present
similarly to those with myocardial infarction, typically
with chest pain and dyspnea and with findings on electro-
cardiography which are characteristic of myocardial
infarction such as ST segment elevation and T wave
inversion [3-5]. However, elevation of cardiac biomarkers
such as troponin is modest and, in addition, the coronary
arteries show no flow-limiting stenosis on conventional
angiography [3]. Tako-tsubo cardiomyopathy resolves
spontaneously and nearly all patients completely recover
within a few weeks [6]. Thus, tako-tsubo cardiomyopathy
may be considered to represent myocardial “stunning”
rather than a permanent injury.

What is so special about this peculiar ballooning of the
heart? First, it affects women much more often than men,
and perhaps most intriguingly, it occurs frequently after a
catastrophic emotional stress, such as an earthquake [7] or
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the unexpected death of a close friend or relative [3, 4]. Of
course, events that occur after emotionally charged situa-
tions are always suspected to be caused by high levels of
catecholamines, both norepinephrine, the neurotransmitter
of the sympathetic nervous system, and epinephrine, the
hormone that classically increases with stress. Indeed,
patients with tako-tsubo cardiomyopathy have a 30-fold
increase in their plasma levels of norepinephrine and epi-
nephrine, which is substantially higher than the increase
seen in patients with acute myocardial infarction [4].
Moreover, cases of tako-tsubo cardiomyopathy have been
reported following intravenous infusion of epinephrine [8]
or norephinephrine [9] as well as in patients with pheo-
chromocytoma who have endogenous catecholamine surges
[10-12]. Furthermore, microscopic analysis of myocardium
in patients with tako-tsubo syndrome may show contraction
band necrosis and focal inflammatory infiltrates, as seen in
syndromes of catecholamine excess [13]. Recently, analysis
of endomyocardial biopsies taken from patients who have
tako-tsubo cardiomyopathy has shown alteration in expres-
sion of the sarcoplasmic reticulum calcium ATPase and
dephosphorylation of phospholamban, changes which suggest
overstimulation of myocardial beta adrenoceptors in this
syndrome [14].

In this issue of clinical autonomic research Berganzo
et al. suggest a possible link between afferent baroreflex
dysfunction and tako-tsubo cardiomyopathy. This is not
surprising. Normally, increases in sympathetic activity are
restrained by the baroreflexes, which are classic negative
feedback loops. Afferent baroreflex dysfunction (also
called baroreflex failure to distinguish it from autonomic
efferent failure) is a neuro-visceral disorder that selectively
affects the relay of afferent baroreceptor information from
the carotid sinus and aortic arch to the nucleus tractus
solitarius (NTS) in the brainstem [15—17]. In patients with
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afferent baroreflex failure, cortical arousal evokes unre-
strained surges in circulating catecholamines accompanied
by profound hypertension and tachycardia and frequently
severe headaches and flushing [15-17].

The case reported by Berganzo et al. features a 37-year-
old woman who developed palpitations and shortness of
breath while jogging. On admission to the emergency
room, she had electrocardiographic ST changes and mod-
estly elevated cardiac enzymes. Echocardiogram showed
global hypokinesis of the left ventricle and coronary
angiogram revealed no evidence of coronary artery disease.
An MRI of the brain revealed bilateral lesions in the dorso-
mediolateral region of the medulla, involving the NTS,
presumably the result of an acute disseminated encepha-
lomyelitis associated with her Mycoplasma pneumoniae
infection. Although the pattern of left ventricular dys-
function was atypical for transient left ventricular dys-
function syndrome due to lack of preservation of
contractile function at the base of the heart; there was,
however, full recovery of normal function is as typical in
this disorder.

If indeed this was tako-tsubo cardiomyopathy, the trig-
gering stress that increased sympathetic activity in this case
was exercise, which in a patient with afferent baroreflex
failure can be particularly dangerous. In addition to the
so-called central command, a CNS mechanism that
increases sympathetic activity during exercise, mechanical
and metabolic stimuli from the contracting muscles evoke a
reflex increase in muscle sympathetic outflow [18]. Infor-
mation from the contracting muscle is conveyed to the
brain via the spinal cord in afferent nerve fibers with cell
bodies in the dorsal root ganglia. By taking this route, this
information bypasses the classic afferent baroreflex path-
ways, and increases efferent sympathetic outflow without
directly involving the NTS. This case highlights the dan-
gers of exercising without the normal inhibitory loop. It is
tempting to speculate that patients with tako-tsubo car-
diomyopathy have a subtle abnormality in their afferent
baroreflex pathways that makes them susceptible to cate-
cholamine-induced myocardial stunning.

Acknowledgments L. J. N-K receives research support from the
NIH (U54NS065736) and the FDA (FD-R-3731-01). H. R. R is a
recipient of a Doris Duke Clinical Scientist Development Award.

References

1. Lyon AR, Rees PS, Prasad S, Poole-Wilson PA, Harding SE
(2008) Stress (takotsubo) cardiomyopathy—a novel pathophysio-
logical hypothesis to explain catecholamine-induced acute myo-
cardial stunning. Nat Clin Pract Cardiovasc Med 5:22-29

2. Kurowski V, Kaiser A, von Hof K, Killermann DP, Mayer B,
Hartmann F, Schunkert H, Radke PW (2007) Apical and
midventricular transient left ventricular dysfunction syndrome

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

(tako-tsubo cardiomyopathy): frequency, mechanisms, and prog-
nosis. Chest 132:809-816

. Tsuchihashi K, Ueshima K, Uchida T, Oh-mura N, Kimura K,

Owa M, Yoshiyama M, Miyazaki S, Haze K, Ogawa H, Honda T,
Hase M, Kai R, Morii I (2001) Transient left ventricular apical
ballooning without coronary artery stenosis: a novel heart syn-
drome mimicking acute myocardial infarction. Angina pectoris-
myocardial infarction investigations in Japan. J] Am Coll Cardiol
38:11-18

. Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman

SP, Gerstenblith G, Wu KC, Rade JJ, Bivalacqua TJ, Champion
HC (2005) Neurohumoral features of myocardial stunning due to
sudden emotional stress. N Engl J Med 352:539-548

. Bybee KA, Kara T, Prasad A, Lerman A, Barsness GW, Wright

RS, Rihal CS (2004) Systematic review: transient left ventricular
apical ballooning: a syndrome that mimics ST-segment elevation
myocardial infarction. Ann Intern Med 141:858-865

. Desmet WJ, Adriaenssens BF, Dens JA (2003) Apical ballooning

of the left ventricle: first series in white patients. Heart 89:
1027-1031

. Watanabe H, Kodama M, Okura Y, Aizawa Y, Tanabe N,

Chinushi M, Nakamura Y, Nagai T, Sato M, Okabe M (2005)
Impact of earthquakes on takotsubo cardiomyopathy. JAMA
294:305-307

. Manivannan V, Li JT, Prasad A, Campbell RL (2009) Apical

ballooning syndrome after administration of intravenous epi-
nephrine during an anaphylactic reaction. Mayo Clin Proc
84:845-846

. Subramaniam A, Cooke JC, Ernest D (2010) “Inverted” tako-

tsubo cardiomyopathy due to exogenous catecholamines. Crit
Care Resusc 12:104-108

Di Palma G, Daniele GP, Antonini-Canterin F, Piazza R, Nicolosi
GL (2010) Cardiogenic shock with basal transient left ventricular
ballooning (takotsubo-like cardiomyopathy) as first presentation
of pheochromocytoma. J Cardiovasc Med (Hagerstown)
11:507-510

Rossi AP, Bing-You RG, Thomas LR (2009) Recurrent takotsubo
cardiomyopathy associated with pheochromocytoma. Endocr
Pract 15:560-562

Sanchez-Recalde A, Costero O, Oliver JM, Iborra C, Ruiz E,
Sobrino JA (2006) Images in cardiovascular medicine. Pheo-
chromocytoma-related cardiomyopathy: inverted takotsubo con-
tractile pattern. Circulation 113:¢738-e739

Nef HM, Mollmann H, Kostin S, Troidl C, Voss S, Weber M,
Dill T, Rolf A, Brandt R, Hamm CW, Elsasser A (2007) Tako-
tsubo cardiomyopathy: intraindividual structural analysis in the
acute phase and after functional recovery. Eur Heart J 28:
2456-2464

Nef HM, Mollmann H, Troidl C, Kostin S, Voss S, Hilpert P,
Behrens CB, Rolf A, Rixe J, Weber M, Hamm CW, Elsasser A
(2009) Abnormalities in intracellular Ca>* regulation contribute
to the pathomechanism of tako-tsubo cardiomyopathy. Eur Heart
J 30:2155-2164

Biaggioni I, Whetsell WO, Jobe J, Nadeau JH (1994) Baroreflex
failure in a patient with central nervous system lesions involving
the nucleus tractus solitarii. Hypertension 23:491-495
Norcliffe-Kaufmann L, Axelrod F, Kaufmann H (2010) Afferent
baroreflex failure in familial dysautonomia. Neurology 75:1904—
1911

Robertson D, Hollister AS, Biaggioni I, Netterville JL, Mosqueda-
Garcia R, Robertson RM (1993) The diagnosis and treatment of
baroreflex failure. N Engl J Med 329:1449-1455

Kaufman MP, Rotto DM, Rybicki KJ (1988) Pressor reflex
response to static muscular contraction: its afferent arm and
possible neurotransmitters. Am J Cardiol 62:58E-62E



	Afferent baroreflex failure and tako-tsubo cardiomyopathy
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


