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Abstract

A 51-year-old female undergoing an outpatient stress echocardiogram to evaluate atypical chest pain developed
acute ST elevation in the anterior precordial leads on electrocardiogram following exercise. Echocardiography
revealed a severe rise in pulmonary artery systolic pressure (PASP) with marked right ventricular (RV) enlargement
and interventricular septum flattening. Subsequently, cardiac catherization confirmed an exercise-induced elevation
in PASP and diagnosed pulmonary arterial hypertension without evidence of coronary artery disease. This case
suggests that an acute elevation in pulmonary artery pressure with RV dilation may be a potential cause of acute
ST elevation during stress testing.

Case Report
A 51-year-old female ex-smoker with a history of hyper-
tension, hepatitis C, and HIV on highly active anti retro-
viral therapy was referred to cardiology clinic for an
exercise stress echocardiogram to evaluate atypical chest
pain. Resting blood pressure (BP) was 137/97 mmHg.
The electrocardiogram (ECG) was notable for a normal
sinus rhythm with a rate of 63 beats per minute (bpm),
normal axis, and RSR’ in V1 with T-wave inversion (Fig-
ure 1A). She performed exercise on an exercise bike
(Ergometer). Definity contrast was administered at rest
and stress for endocardial border definition. Peak heart
rate was 141 bpm (83.4% of predicted) and peak BP was
136/100 mmHg. The test was terminated secondary to
shortness of breath and leg fatigue. The patient did not
experience any chest pain during exercise or recovery.
The patient developed up to 2.5 mm acute ST segment
elevation in leads V1-V3 during exercise that persisted
into the recovery phase (Figure 1B and 1C). RSR pattern
became more prominent and extended to leads V1 and
V2 (Figure 1B and 1C). Additionally, the height of the P
wave in lead II increased during exercise and persisted
during recovery. The normal axis at baseline shifted to a
rightward axis during the recovery phase, as suggested

by more prominent S waves in lead I, V5 and V6 (Figure
1B and 1C).
The resting echocardiogram revealed a normal left

ventricle (LV) with an estimated ejection fraction of 65%
and wall motion was also normal in all segments (Figure
2A; Additional files 1, 2). There was mild to moderate
right ventricular (RV) enlargement and hypertrophy. A
saline contrast study did not reveal intracardiac shunt-
ing. There was normal valve function. Pulmonary artery
systolic pressure (PASP) was estimated at 46 mmHg
(Figure 3A). At peak exercise and in the immediate
recovery phase, there was marked RV enlargement and
interventricular septum flattening (Figure 2B; Additional
files 3, 4). The peak PASP was estimated to be 81
mmHg during exercise and 101 mmHg immediately
afterwards (Figures 3B and 3C). Wall motion was hyper-
kinetic in all LV segments and the ejection fraction was
80%. There was no increase in mitral regurgitation dur-
ing exercise.
Seven weeks later, the patient underwent a cardiac
catherization. Left heart catherization revealed normal
coronary arteries and LV systolic function. There was
no coronary vasospasm during the angiogram. On right
heart catherization, the resting mean PAP was 41
mmHg and PASP was 74 mmHg (Figure 4). Pulmonary
capillary wedge pressure was 7 mmHg. The mean PAP
decreased to 31 mmHg following administration of
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Figure 1 ECG at rest (A), peak exercise (B), and during recovery (C). ECG was recorded at 25 mm/s, 20 mm/mV, and 60 Hz. ST elevation is
apparent in leads V1-V3 with exercise, and is most prominent in V3 (B and C). In lead II, the height of the P wave becomes more prominent
during exercise and persists into recovery (B and C). Note the deeper S-wave in leads V5 and V6 at peak stress (B) and in leads V5 and lead I
during the recovery phase (C).
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nitric oxide. After exercise, the mean PAP increased to
49 mmHg and PASP was 86 mmHg.

Discussion
Acute ST elevation during exercise testing is rare with
an incidence of 0.78% in those without prior history of
myocardial infarction [1] and is most commonly second-
ary to critical proximal LAD obstruction, LV aneurysm,
anterior myocardial infarction [2] and occasionally cor-
onary vasospasm [3]. Our patient demonstrated acute
ST segment elevation in the anterior precordial leads
with normal coronary arteries on angiography. Mechan-
ism of ST elevation in leads V1-V3 during exercise
remains unclear. ST elevation was associated with a
marked dilation of RV and development of RV strain
pattern on ECG and severe elevation in PASP during
exercise. We speculate that sudden pressure load on RV
can cause focal or global myocardial ischemia or even
injury resulting in ST elevation. Acute RV dilation prob-
ably caused RV to displace LV with respect to ECG
leads that are fixed on the chest wall. As a result, the
anterior precordial leads detected forces that were more
prominent from the RV rather than the LV. More pro-
minent right axis deviation as well as increase in P wave
height at peak exercise also supports ECG changes sec-
ondary to right heart dilation. There was hyperkinetic
LV wall motion in all segments which makes vasospasm
unlikely and in addition no epicardial artery vasospasm
was observed without provocation on coronary angio-
gram, although we cannot rule out microvascular coron-
ary vasospasm as a cause of ECG changes. Increase in

PASP is normally expected during exercise in healthy
subjects however peak PASP at exercise does not rise
above 43 mm Hg [4]. On RHC, the 10 mmHg decrease
in mean PAP following administration of nitric oxide
suggests that the pulmonary hypertension was reactive.
ST elevation has been reported in a patient with pul-

monary embolism. The mechanism of ST elevation was
speculated to be secondary to paradoxical embolization
of conus branch of right coronary artery via interatrial
shunt in this patient with otherwise normal epicardial
coronary arteries [5]. There have been only a few other
reported cases of acute RV dilation during exercise
stress testing. Acute RV dilation and pulmonary hyper-
tension during exercise was described in a case of pul-
monary embolism that was incidentally found on
routine stress echocardiogram [6]. Two patients with a
history of chronic pulmonary thromboembolism have
also been reported to have acute RV dilation following
exercise [7]. However, the unique ECG changes asso-
ciated with RV dilation and an acute severe rise in PAP
have not been previously described.
The difference in resting PASP by echo and RHC

could be due to underestimation of PASP by resting
echo [8] or an interval progression of pulmonary hyper-
tension during seven weeks between the two procedures
as pulmonary hypertension secondary to HIV is more
rapidly progressive than idiopathic cases [9].

Conclusion
Although the most likely etiology of ST elevation in
patients undergoing exercise ECG testing is coronary

Figure 2 Parasternal long axis (PLAX), parasternal short axis (PSAX), and apical 4 chamber (A4Ch) views at rest (A) and stress (B). In
the PLAX view during the stress phase, note the marked right ventricular enlargement into the region typically covered by leads V1-V3.
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Figure 3 Continuous wave Doppler across tricuspid valve at rest (A), stress (B) and recovery (C). The estimated PASP (ΔP = 4V2+RAP,
where V is the tricuspid regurgitation velocity and RAP is the estimated right atrial pressure of 10 mmHg) is 46 mmHg at rest, 81 mm Hg
during stress and 101 mm Hg immediately post stress.
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artery disease and rarely coronary vasospasm, our case
highlights that an acute severe rise in PAP and asso-
ciated RV dilation may be another possible cause of ST
elevation during stress testing. This awareness will help
guide further workup and diagnosis in patients manifest-
ing this phenomenon.

Consent
An attempt was made at contacting the patient to
obtain consent but the patient could not be reached.

Additional material

Additional file 1: Resting echocardiogram in the parasternal short
axis view. Parasternal short axis at rest showing normal LV wall motion
and LV systolic function. The RV is mildly to moderately enlarged and
hypertrophied.

Additional file 2: Resting echocardiogram in the apical 4 chamber
view. Apical 4 chamber view at rest showing normal LV wall motion and
ejection fraction. The RV is mildly to moderately enlarged and
hypertrophied.

Additional file 3: Stress echocardiogram in the parasternal short
axis view. Parasternal short axis during stress showing marked RV
dilation with interventricular septum flattening. LV wall motion is
hyperkinetic in the mid segments

Additional file 4: Stress echocardiogram in the apical 4 chamber
view. Apical 4 chamber view during stress showing marked RV dilation
with interventricular septum flattening. LV wall motion is hyperkinetic in
the lateral wall, apex and interventricular septum.
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Figure 4 Right ventricle (RV) pressure at rest, pulmonary artery (PA) pressure at rest, PA pressure after nitric oxide (NO), and PA
pressure after exercise. Note the response to NO.

Nguyen et al. Cardiovascular Ultrasound 2011, 9:18
http://www.cardiovascularultrasound.com/content/9/1/18

Page 5 of 5

http://www.biomedcentral.com/content/supplementary/1476-7120-9-18-S1.MPEG
http://www.biomedcentral.com/content/supplementary/1476-7120-9-18-S2.MPEG
http://www.biomedcentral.com/content/supplementary/1476-7120-9-18-S3.MPEG
http://www.biomedcentral.com/content/supplementary/1476-7120-9-18-S4.MPEG
http://www.ncbi.nlm.nih.gov/pubmed/19570758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19570758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/939022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/939022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7272118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7272118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19342386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19342386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21106090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21106090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15337970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15337970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15337970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12480614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12480614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195895?dopt=Abstract

	Abstract
	Case Report
	Discussion
	Conclusion
	Consent
	Acknowledgements and Funding
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


