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CHEST PAIN

▪ 54 years old, HTN, dyslipidemia

▪ Treatment ACEi

▪ Complains about chest discomfort at relatively high efforts (claims  

4 floors) for the last 6 months















Dynamic left ventricular outflow tract obstruction

▪ Seen in almost 50% of patients with 

hypertrophic cardiomyopathy

▪ Also in hypertensive heart disease, 

pheochromocytoma,  catecholamine 

treatment, acute MI,  prior mitral 

valve repair or aortic valve 

replacement, sepsis, or dehydration

Exercise related?



Exercise-induced DLVOTO and/or SAM 
causing mitral regurgitation were 
found in 43 of 2,213 patients (2%) 
assigned to treadmill exercise 
echocardiography.



▪ LVOT velocity increased from 1.1 (0.18) m/s to 1.6 
(0.35) m/s

▪ In healthy adults, exercise increased LVOT velocity by 
50%, though in no subject was it greater than 2.5 m/s

▪ This observation appears to rule out the possibility 
that a high intra-ventricular pressure gradient is a 
normal response to exercise in healthy adults



▪ Rest intraventricular pressure gradient at rest 6.7 ± 1.9 mm Hg, 
submaximal supine bicycle exercise 13.0 ± 2.3 mm Hg

▪ The augmentation of the IVPG during exercise was associated 
with a pronounced accentuation of the flow acceleration



▪ Significant DLVOTO defined as late-
peaking Doppler velocity of ≥2.5 m/s

▪ 13 of 280 patients (5%) developed 
significant DLVOTO 









▪ Elongated posterior leaflets (2.0 vs 1.5 
cm, P < .0005)

▪ Elongated anterior leaflets (3.2 vs 2.6 
cm, P = .015)

▪ Increased protrusion height of the 
mitral valve beyond the mitral annular 
plane (2.6 vs 0.6 cm, P < .00001)

▪ Residual protruding portions of the 
mitral valve leaflets (0.85 vs 0.24 cm, P
< .005)





Of 23 pts with effort angina and normal coronary 
arteries,  DLVOTO during exercise appeared in 7 
patients (30%)

100% of DLVOTO pts developed effort angina during 
testing,  in 47% of non DLVOTO pts





▪ 36%r of patients with cardiac X syndrome 
developed IVG during upright SE

▪ The development of IVG and mitral valve SAM on 
exertion seems to be associated with ST segment 
down-sloping

▪ The development of IVG and mitral valve SAM 
seems to be associated with lower LVOTi, lower 
LVDVi and higher RLVWT.





▪ 139 athletes, aged 22 ± 9.9 y, 
with a positive screening for 
sports practice but with 
normal rest echocardiogram

▪ In 52 (37%) of these athletes, 
SE disclosed IVG with a mean 
end-systolic peak of 95 ± 35 
mmHg (50 to 193), combined 
with mitral valve SAM in 33 of 
them

▪ The 35 pts who repeated the 
SE under treatment with BB 
were the study group



▪ 87% reduction in development of DLVOTO

▪ More METs at effort (7.3 ±1.7 to 8.7 ±1.8)

▪ Improved symptoms (1.9 ±0.5 50 1.0 ± 0.0)



Dobutamine stress echocardiography 
was used in 30 patients, age 70 ± 12 
years; with exertional dyspnea and 
criteria of diastolic dysfunction, and 
the values were compared with those 
in 15 control subjects 





▪ Diastolic dysfunction was not aggravated by 
pharmacologic stress

▪ SAM appeared in 24 patients (80%) but in none of 
the control subjects

▪ High velocities in the LVOT were associated with 
the development of symptoms, suggesting a 
potential causative link







▪ In the present study, 51% of the patients had 

DLVOTO

▪ DSE-provoked DLVOTO is correlated with LV 

concentric remodeling and LV diastolic dysfunction

▪ DLVOTO may be associated with limited exercise 

tolerance and symptoms of chest pain





D



Exercise Induced Dynamic LV Outflow Tract Obstruction

(DLVOTO)

▪ Exercise induced DLVOTO is a non physiologic phenomena

▪ Predisposing factors are small and hyperdynamic left ventricles, LVH, 
redundant and elongated mitral leaflets

▪ DLVOTO can cause significant symptoms mimicking CAD or HF

▪ Relevance of DLVOTO induced by exercise in asymptomatic patients is 
unknown, even thought the condition has not been associated with increased 
risk of mortality 



Exercise Induced Dynamic LV Outflow Tract Obstruction

(DLVOTO)

▪ The prevalence of DLVOTO in patients with effort dyspnea and/or 

chest pain without CAD was reported as 30–36% detected by 
treadmill exercise echocardiography

▪ DLVOT during DSE is frequently seen in elderly women with 
HTN, concentric remodeling, and diastolic dysfunction 

▪ When diagnosed, BB proved as an effective treatment



Thank you



• Hemodynamically significant systolic LV obstructions are often associated with 
symptoms and should be differ- entiated from physiological gradients. 
Asymptomatic DLVOTO and midcavity obstruction may occur during peak DSE, or 
minutes after stopping exercise during ex- ercise echocardiography. Its clinical 
significance has been somehow debated, and if not interpreted cautiously in the 
context of symptoms, there is a risk of false positivity 

• Although exercise-induced DLVOTO may cause sig- nificant symptoms for patients 
and affect their quality of life, the condition has not been associated with 
increased risk of mortality 



• In elderly hypertensive women with unexplained chest pain and shortness of 
breath and with no evidence of an- giographic significant coronary artery disease, 
DLVOTO and midcavity obstruction should be ruled out by ei- ther exercise 
echocardiography or DSE. 

• Recent studies have indicated that in women with unex- plained chest pain or 
shortness of breath, DSE-induced DLVOTO was not related with the presence of 
coronary artery disease, but to concentric LV remodeling and dia- stolic
dysfunction [28], which both are known features of hypertensive heart disease 



• Established Facts 

• Dynamic left ventricular outflow tract obstruction (DLVOTO) can occur in patients 
with structurally normal hearts. 

• DLVOTO can cause significant symptoms mimicking coronary artery disease or 
heart failure. 

• DLVOTO can be easily assessed by exercise or dobutamine stress 
echocardiography. 

• Novel Insights 

• Dynamic left ventricular outflow tract obstruction is frequently seen in elderly 
women with hyperten- sion, concentric remodeling, and diastolic dysfunction. 

• Symptoms are caused by obstruction rather than coronary ischemia. 

• Optimal antihypertensive treatment, preferably with a betablocker improves 
symptoms. 















▪ 30 pts with diastolic heart failure and 15 control 
group underwent DSE

▪ Diastolic dysfunction was not aggravated by 
pharmacologic stress

▪ SAM appeared in 24 patients (80%) but in none of 
the control subjects

▪ High velocities in the LVOT were associated with 
basal septal hypertrophy and systolic anterior 
motion of the mitral valve

▪ Their appearance correlated closely with the 
development of symptoms, suggesting a potential 
causative link





• The prevalence of DLVOTO varies in different echo- cardiography studies and the 
stress echocardiography modality used (DSE vs. exercise stress echocardiogra-
phy). In one study of unselected patients referred for ex- ercise echocardiography, 
the prevalence of DLVOTO was 6% [10]. By contrast, in studies including only 
women and at tertiary hospitals (highly selected), the prevalence of DLVOTO 
during DSE was reported as high as 51% [28]. In other cohorts of patients with 
effort angina and structurally normal hearts by conventional echocardiog- raphy
and normal coronary arteries by coronary angiog- raphy, the prevalence was 
reported as 30–36%, detected by treadmill exercise echocardiography [9, 11]. 
However, the prevalence of DLVOTO in patients undergoing exer- cise
echocardiography is generally lower than DSE [6, 16, 24]. 



• In Korean women with suspected CAD, DSE-provoked DLVOTO is correlated 

with LV concentric remodeling and LV diastolic dysfunction, and may be 

associated with limited exercise tolerance and symptoms of chest pain. 

• The prevalence of DLVOTO during DSE is reported in 13–23% of all study 

patients.4–6 In one study, DLVOTO dur- ing DSE developed in 20 of 52 patients 

(38%) with normal coronary arteries and unexplained chest pain.16 In the present 

study, 51% of the patients had DLVOTO, which is signifi- cantly higher than in 

other published studies. One possible explanation for this is that we studied women 

only. It has previously been shown that dynamic LV cavity obliteration is associated 

with female sex and smaller LV, 



Relevance of an intraventricular pressure gradient induced by 

exercise: Potential Mechanisms

1. Mid-systolic obstruction due to systolic anterior motion (SAM) of the mitral valve with restriction of 
ejection flow

2. End-systolic obstruction secondary to ventricular cavitary obliteration

3. Augmentation of physiologic non-obstructive intraventricular pressure gradients

4. Simultaneous intraventricular pressure gradients and ejection flow 
patterns were measured by a multisensor catheter in 6 patients with 
normal left ventricular function and no valve abnormalities, at rest and 
in exercise. Peak measured intraventricular pressure gradients were 
attained very early in ejection, amounted to 6.7 +/- 1.9 (SD) mm Hg at 
rest, and were intensified to 13.0 +/- 2.3 mm Hg during submaximal 
supine bicycle exercise. The augmentation of the gradients during 
exercise was associated with a pronounced accentuation of the flow 
acceleration and flow at the instant of peak gradient.



ANGINA: mechanisms

ELEVATED DEMAND

▪ Elevated LVED pressure

▪ Hypertrophy

REDUCED SUPPLY

▪ Atherosclerotic CAD

▪ Vasospastic angina

▪ Endothelial dysfunction )X 

syndrome(



Independent predictors of significant dynamic 
LVOTO
▪ Younger age
▪ Small LV end-systole diameter
▪ Hyperdynamic LV
▪ increased septal wall thickness



▪ 134 patients with angina, dyspnea or both

▪ DLVOTO : systolic flow with ≥ 2.5 m/s

▪ DLVOTO appeared in 18 patients (13%)  with 
gradients ranging between 25 and 53 mmHg





▪ Elongated posterior leaflets (2.0 vs
1.5 cm, P < .0005)

▪ Elongated anterior leaflets (3.2 vs
2.6 cm, P = .015)

▪ Increased protrusion height of the 
mitral valve beyond the mitral 
annular plane (2.6 vs 0.6 cm, P < 
.00001)

▪ Residual protruding portions of the 
mitral valve leaflets (0.85 vs 0.24 
cm, P < .005)

▪ Anterior positioning of the 
papillary muscles in the LV cavity, 
with a greater distance from the 
plane of the papillary muscles to 
the posterior wall (1.8 vs 1.3 cm, 
P = .03)





▪ 78 patients with symptoms of angina, normal 
exercise SPECT test and normal resting LVEF 
were prospectively analyzed

▪ 15 of them (19%) developed DLVOTO on effort

▪ Re-evaluated after treatment with bisoprolol



▪ 87% reduction in development of DLVOTO

▪ More METs at effort (7.3 ±1.7 to 8.7 ±1.8)

▪ Improved symptoms (1.9 ±0.5 50 1.0 ± 0.0)



Physiologic systolic intraventricular gradient

Exists a pressure differences of 3 to 5 mm Hg between the apex and the 
LVOT in the normal heart at rest

Due to

1. Acceleration of blood due to myocardial contraction (initial ventricular 
impulse)

2. Physiologic disproportion between the chamber diameter and the LVOT 

diameter (ventriculo-annular disproportion)

The physiologic intraventricular gradients is closely related to 

left ventricular systolic function



Exercise Induced Dynamic LV Outflow Tract Obstruction

Exercise related?
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