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Abstract: Bevacizumab is a monoclonal antibody that inhibits vascular endothelial growth 

factor (VEGF). It is a novel chemotherapeutic agent currently approved as part of combination 

chemotherapy for metastatic colorectal cancer, non-small cell lung cancer, and breast cancer 

(Hurwitz et al 2004; Sandler et al 2006; Traina et al 2007). Arterial thrombosis, including cerebral 

infarction, transient ischemic attacks, myocardial infarction, and angina are common, occurring 

in 4.4% of patients whose regimen includes bevacizumab (versus 1.9% on regimen without 

bevacizumab) (Genetech, Inc. 2008). This series will review two cases of patients exposed to 

bevacizumab who subsequently developed ST elevations on electrocardiogram (ECG) and 

elevated cardiac biomarkers. Both patients underwent cardiac catheterization, which demon-

strated apical ballooning and akinesis in a distribution discordant with the observed (noncritical) 

atherosclerotic lesions. Both patients had recovery of left ventricular function within 30 days. 

The clinical presentation, including ECGs and fi ndings on catheterization as well as the rapid 

recovery of ventricular function, is consistent with the diagnosis of takotsubo cardiomyopathy. 

Takotsubo cardiomyopathy was fi rst described in 1991, but the pathophysiology and exact 

mechanism of injury remain largely unknown. These two cases are notable for their occurrence 

in men and the association with treatment of metastatic cancer including bevacizumab.
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Introduction
Takotsubo cardiomyopathy was originally described in 1991 by Dote and colleagues. 

The appearance of the apical ballooning on ventriculography (characterized by a round 

base and narrow neck) resembles a vessel used in Japan as an octopus trap. The vessel is 

called takot subo, thus, the syndrome named (Dote et al 1991). The takotsubo syndrome 

has garnered much attention with a series of case reports and reviews in the recent 

literature. Initially thought to be limited to Japan and geographically and/or racially 

selective, case reports in Caucasian populations throughout the United States and 

Europe have increased. It remains unclear whether this effect is due to a true increase 

in the incidence or if it is due to more widespread recognition of the syndrome.

Takotsubo syndrome is characterized by the abrupt onset of angina-like chest pain, 

ST elevations and/or T wave inversions, subsequent elevation of cardiac biomarkers, 

and a marked decrease in left ventricular systolic function. It occurs most commonly 

in women, aged 62 to 75. Patients generally present with chest pain, but may also 

complain of dyspnea or rarely, syncope (Bybee et al 2004). Imaging of the ventricular 

function reveals a hyperdynamic basal segment and apical akinesis of the left ventricle, 

whereby takotsubo mimics acute myocardial infarction (Dote et al 1991; Bybee et al 

2004).There remain, however, important differences between the two diagnoses. 

For example, in takotsubo cardiomyopathy, peak troponin values are often observed 

on initial presentation as opposed to the later peak as seen in myocardial infarction. 
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Furthermore, if any coronary artery disease is discovered 

on angiogram, it is incongruent with the akinesis visual-

ized. Finally, in takotsubo cardiomyopathy, resolution of the 

impaired left ventricular systolic function occurs in 7 to 30 

days following presentation (Bybee et al 2004).

The pathogenesis of takotsubo cardiomyopathy is 

incompletely understood. Transient myocardial arterial 

thrombosis, with subsequent dislodgement of clot or plaque 

seems unlikely because of the absence of a plausible blockage 

of coronary arterial territory producing ischemia congruent 

with the area in which the akinesis is seen. Lymphocytic 

myocarditis is characterized by a reversible defi cit of left 

ventricular output due to hypokinesis in areas extending 

beyond a single coronary artery. The hypokinesis seen in 

myocarditis, however, is global and does not have the char-

acteristic apical ballooning seen with takotsubo. Coronary 

vasospasm without thrombosis is also a consideration; 

however, past studies have failed to determine clearly 

if vascular spasm is the direct mechanism of injury or if 

the vascular spasm is simply a secondary phenomenon in 

takotsubo cardiomyopathy (Bybee et al 2004). The most 

commonly accepted theory is that stress induced catechol-

amine release causes myocardial damage by microvascular 

spasm or by direct cardiotoxicity. Microvascular ischemia 

might account for the lack of a single coronary artery terri-

tory producing ischemia in the apical area of akinesis (Dote 

et al 1991; Bybee et al 2004). Adrenergic receptor density 

appears to be heterogeneous throughout the left ventricle, 

which might explain the regional variation in myocardial 

damage that is observed during the high catecholamine state. 

Parallels have been drawn to the myocardial stunning seen 

with subarachnoid hemorrhage and high levels of catechol-

amines found in pheochromocytoma. Genetic variations 

in catecholamine receptor location could place susceptible 

individuals at increased risk for this syndrome (Van De 

Walle et al 2006).

Although takotsubo syndrome is normally found in 

women, both patients in these cases were men (Dote et al 

1991; Bybee et al 2004). Both patients received bevacizumab 

as chemotherapy for metastatic cancer. Bevacizumab is 

a vascular endothelial growth factor (VEGF) inhibitor. 

VEGF inhibition is a novel target for chemotherapy, and the 

potential utility of this class of drugs is quite large. While 

the role of VEGF in embryonic development and neoplastic 

processes is widely accepted, it is not clear what role this 

molecule might have in the adult vascular system. There is 

some suggestion that VEGF may perform arterioprotective 

functions (Zachary et al 2006). In an experiment designed to 

elucidate the molecular biology of cardiotoxicity secondary 

to chemotherapy, high levels of infl ammatory cytokines 

and chemoattractant proteins were isolated in the plasma 

and myocardial tissue of mice that were exposed to beva-

cizumab. Researchers have proposed that the expression of 

these infl ammatory cytokines and chemoattractant proteins 

in plasma during anti-cancer therapy could be indicative 

of cardiotoxicity (Drimal et al 2006). In an animal model 

of heart failure and pressure overload (with transaortic 

constriction), mice that were genetically engineered to block 

signaling of VEGF demonstrated a reduction in cardiac 

hypertrophy with increased left ventricle dilatation and a loss 

in contractile function. These fi ndings suggest that inhibition 

of VEGF is associated with the transition from compensatory 

hypertrophy to overt failure (Izumiya et al 2006).

VEGF inhibition has also been associated with arterial 

thrombotic events. A recent meta-analysis, which included 

fi ve randomized controlled trials, found that the risk of 

arterial thrombosis was higher in cancer patients receiving 

bevacizumab as part of their regimen, than in those patients 

whose regimen did not include bevacizumab (Scappaticci et al 

2007). These fi ndings are consistent with the statistics from 

prescribing information for bevacizumab. Arterial thrombotic 

events, such as myocardial infarction and angina, occurred 

in 4.4% of patients whose regimen included bevacizumab as 

opposed to 1.9% of patients on a regimen without bevaci-

zumab (Genetech, Inc. 2008). Given the similarities between 

myocardial infarction and takotsubo cardiomyopathy, it 

is conceivable that some of the arterial thrombotic events 

recorded as myocardial infarction might actually have been 

unrecognized incidents of takotsubo cardiomyopathy.

There are currently 130 bevacizumab clinical trials for 25 

different types of cancer. If there is direct cardiotoxicity or other 

deleterious vascular effects inherent in this class of drugs, the 

implications and number of patients affected are substantial.

Cases
In the first case, a 76-year-old man with colon cancer 

presented to the emergency room with fever and hypotension 

2 days after initiating chemotherapy with bevacizumab. The 

ECG (Figure 1) demonstrated diffuse anterior and infe-

rior ST-segment elevations in the setting of elevated 

troponin (11.4 ng/mL). Emergent cardiac catheterization 

revealed noncritical left main coronary artery disease and 

atherosclerosis in the right coronary artery (Figure 2a, 2b).

Echocardiography showed decreased systolic function with 

apical akinesis and a hyperdynamic basal segment of the left 

ventricle, which was discordant with the fi ndings at cardiac 
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catheterization. The patient’s fever and hypotension subsided 

without intervention and no source of infection was identifi ed. 

Approximately 3 weeks later, during a separate admission 

for lower gastrointestinal bleeding, minimally invasive 

hemodynamic and cardiac monitoring revealed normal cardiac 

output, consistent with recovery of left ventricular function.

In the second case, a 61-year-old man with metastatic 

non-small cell lung cancer presented to the emergency room 

with hemoptysis. The patient was tachycardic, with a heart 

rate of 100, but normotensive with pulse oximetry of 98%. 

Three weeks prior to admission, the patient had received 

the second dose of chemotherapy including bevacizumab. 

The ECG (Figure 3) demonstrated new Q-waves in the 

inferior and precordial leads, as well as diffuse ST elevation 

suggestive of acute ischemia. Creatine-kinase (CK) and 

CK-MB (CK-muscle and brain) were normal, but troponin 

was elevated (2.5 ng/mL). On cardiac catheterization, the 

patient had severely depressed left ventricular function with 

no evidence of coronary arterial stenosis (Figure 2c, 2d). 

The hemoptysis resolved and no further hemodynamic 

compromise was observed. An ECG on the third day of 

hospitalization showed resolution of the ST elevations, but 

the Q-waves persisted. An echocardiogram performed on day 

15 of his hospitalization was notable for signifi cant recovery 

of ventricular function.

Discussion
The differential diagnosis of acute myocardial infarction 

in the absence of critical coronary artery disease is broad. 

It includes cocaine intoxication, coronary vasospasm, 

prolonged hypotension, sepsis, micro-embolic occlusion, 

CNS trauma, vasculitis, coronary artery dissection, and 

takotsubo cardiomyopathy. After appropriate diagnostic 

evaluation, and in light of the fact that both patients met all 

four of the proposed Mayo Criteria for the clinical diagnosis 

of transient left ventricular apical ballooning syndrome 

(takotsubo cardiomyopathy), the consensus was that both 

patients had clinical presentations most consistent with 

takotsubo cardiomyopathy (Bybee et al 2004).

The cases are somewhat atypical in that both occurred in 

men and neither patient complained of chest pain. However, 

both patients had prominent, diffuse ST segment elevations 

on ECG, the most common ECG finding in takotsubo 

cardiomyopathy. New Q-waves have been observed in 

up to 31% of patients, and in some instances, the Q-waves 

have been a transient phenomenon (Bybee et al 2004). 

As illustrated in Figure 3, the second patient did have 

Q-waves on presentation. In this case, the Q-waves persisted 

despite recovery of ventricular function. Figures 4a and 4b 

Figure 1 The ECG for case one demonstrated prominent ST elevations in the 
anterior and inferior leads.

Figure 2 In case one, noncritical, distal lesions of the right coronary artery (RCA) 
(a) and noncritical atherosclerotic lesions of the left main coronary artery (b) did 
not correspond with the wall motion abnormality observed on ventriculography. In 
case two, there was no evidence of coronary arterial stenosis of either the RCA (c) 
or the left anterior descending artery (d).

Figure 3 In the second case, the ECG was notable for new Q-waves in inferior and 
precordial leads as well as ST elevation suggestive of acute ischemia or injury in the 
anterior-septal leads.
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show clearly that both patients had signifi cant left ventricular 

dysfunction. In Figure 4a, there appears to be some degree 

of asymmetry in the balloon effect. While takotsubo 

cardiomyopathy is classically described as apical ballooning, 

cases of midventricular ballooning have been reported. 

Although the exact mechanism is unclear, it is believed that 

the pathophysiology underlying transient midventricular 

ballooning is the same as that of takotsubo cardiomyopa-

thy (Hurst et al 2006). In the second case, Figure 4b, the 

ventricular ballooning is more classical in distribution, 

more closely resembling the octopus trap. In both cases, the 

affected area is not related to a single coronary artery distribu-

tion, which supports an etiology other than coronary artery 

disease. This is a hallmark feature of takotsubo cardiomyopa-

thy. Another prominent feature is the recovery of ventricular 

function within weeks. Both patients demonstrated recovery 

of myocardial function within 30 days.

These cases are notable for their occurrence in men 

and the association with treatment of metastatic cancer 

including bevacizumab. The cases described, animal mod-

els and data from clinical trials implicate bevacizumab as 

a potential cause of takotsubo cardiomyopathy in some 

patients. Although the exact mechanism of the suspected 

cardiotoxicity remains unknown, the discovery of this side 

effect may provide insights on the pathogenesis of takotsubo 

cardiomyopathy.

Conclusion
Bevacizumab is a novel chemotherapeutic agent, which 

inhibits VEGF – a promising target for anti-neoplastic agents. 

We have presented two cases of takotsubo cardiomyopathy, 

which developed after exposure to bevacizumab. The 

exact nature of the relationship between exposure to 

bevacizumab, the subsequent VEGF inhibition, and takotsubo 

cardiomyopathy remains to be seen. Further studies regarding 

the potential tonic arterioprotective effects of VEGF and the 

potential role of VEGF inhibition in the pathophysiology of 

takotsubo cardiomyopathy are warranted.
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Figure 4 (a) This image is a left ventriculogram obtained during systole in the fi rst 
patient. Hypercontractility of the basal segment and akinesis of the apical segment 
create the apical ballooning effect. (b) The ventriculogram obtained in the second case 
also demonstrates apical ballooning.



<<
  /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
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


