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1  |  INTRODUCTION

Syncope is defined as a transient loss of consciousness due 
to cerebral hypoperfusion, characterized by a rapid onset, 
short duration, and spontaneous complete recovery.1 
The most common etiology is vasovagal syncope (also 
called neurally mediated)2,3 but other etiologies such as 
orthostatic hypotension, cardiac arrhythmias, or cardiac 
structural abnormalities should also be considered. When 
approaching a patient with syncope, the challenge is the 
identification of those etiologies that might have life- 
threatening consequences. Ominous risk markers include, 
among others, abnormal electrocardiographic findings,4 
syncope with marked exertion, and the presence of struc-
tural heart disease.5 The development of significant intra-
ventricular gradients during exercise is considered rare 
and usually is in association with left ventricular hypertro-
phy.6,7 In the last years, a number of other conditions have 
been related to the presence of intraventricular gradients 
even in the absence of left ventricular hypertrophy.8,9 In 

the case presented here, we describe an adult man with 
vagal symptoms since adolescence that unexpectedly de-
veloped an intraventricular gradient during exercise.

2  |  CASE PRESENTATION

A 57- year- old man was observed in the outpatient clinic 
due to occasional chest discomfort on light exercise and 
syncope on strenuous exercise. He had long- lasting com-
plaints of dizziness and presyncope/syncope related to 
exercise which began when he was 17 years of age. Other 
than the referred symptoms, there was no relevant per-
sonal or family history of sudden death or heart dis-
ease. He underwent medical evaluation uncountable 
times and since at least 20 years of age was labeled as 
depressive and treated with mirtazapine. Physical ex-
amination including neurological assessment was un-
remarkable. The resting twelve- lead electrocardiogram 
(ECG) was normal (Figure 1). The resting transthoracic 
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Abstract
Increased intraventricular pressure gradients due to dynamic left ventricular out-
flow tract obstruction during exercise have long been known to cause different 
symptoms. Exercise stress echocardiography is fundamental in the diagnostic ap-
proach of symptoms presenting during exercise. We hypothesize on the possible 
pathophysiological mechanisms responsible for our patient's syncopal episodes.
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echocardiogram was also normal, with no left ven-
tricular hypertrophy, abnormalities in the mitral valve 
or the subvalvular apparatus. The various Holter ECG 
recordings done throughout his life were normal. A 
treadmill exercise test was performed as the symptoms 
were related to exercise. During the treadmill test (Bruce 
protocol), the patient developed silent effort- induced 
ST- segment depression (1.5 mm in the inferior leads, DI 
and V4- V6) (Figure 2). The patient underwent an exer-
cise stress echocardiography, and during the exam de-
veloped an intraventricular gradient of 150 mmHg with 
an end- systolic peak and systolic anterior motion (SAM) 
of the mitral valve after exercise in the upright position 
(Figure 3 and Movie S1) which disappeared in the first 
minute of the recovery period in left lateral decubitus as 
the patient had severe symptoms at that moment. There 
was a fall in blood pressure at the end of the exercise 
test accompanying the symptoms. The exercise stress 
echocardiogram was negative for obstructive epicar-
dial coronary artery disease since no regional wall mo-
tion abnormalities were found. The patient was treated 
with bisoprolol 5  mg daily and has not suffered from 
any symptoms after initiating treatment. Another exer-
cise stress echocardiogram was later performed during 
which the patient was asymptomatic and only a residual 
intraventricular gradient was detected.

3  |  DISCUSSION AND 
CONCLUSION

It has long been known that small intraventricular gradi-
ents are a common phenomenon. Three mechanisms have 
been proposed10 as causes for the gradients to increase 
drastically during exercise: (1) increase in nonobstructive 
physiological gradients; (2) end- systolic obstruction sec-
ondary to ventricular cavitary obliteration; and (3) mid- 
systolic obstruction caused by SAM of the mitral valve 
restricting ejection flow. However, for SAM to occur, it 
is thought that there must be present some modification 
of the geometry of the ventricular chamber or the mitral 
valve apparatus.11 This was not the case with our patient. 
It has been demonstrated that intraventricular gradients 
can be caused by maneuvers that change loading condi-
tions in structurally normal hearts,12 and it is known that 
exercise can elicit such changes. During physical activity 
myocardial contractility, stroke volume and ejection frac-
tion are increased. These lead to reduction in end- systolic 
dimensions and volume and accelerates trans- left ven-
tricular outflow tract (LVOT) flow with subsequent pos-
sible SAM of the anterior mitral leaflet, moving toward 
the proximal part of interventricular septum causing flow 
obstruction and significant pressure gradients and symp-
toms. Therefore, during exercise, dynamic left ventricular 

F I G U R E  1  Normal twelve- lead electrocardiogram, at rest.
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outflow tract obstruction (DLVOTO) may occur in the ab-
sence of left ventricle (LV) hypertrophy and be associated 
with high gradients and cardiac symptoms.

In this case, the fact that the patient had a normal 
echocardiogram means that the morphological study of 
this heart would probably reveal no abnormalities. The 
phenomenon that we detected during and immediately 
after exercise testing— mitral valve SAM and intraven-
tricular gradient associated with ST alterations associ-
ated with DLVOTO13— could well have been responsible 
for his symptoms. The electrocardiogram changes found 

in our patient, ST- T wave abnormalities on exercise, can 
be related to transient dynamic left ventricular outflow 
tract and midcavity obstruction. The DLVOTO is associ-
ated with an increase in myocardial work and demand 
for oxygen supply causing angina secondary to enhanced 
demand– supply mismatch with subsequent subendocar-
dial ischemia, which, ultimately, is manifested as ST seg-
ment depression on surface ECG.13,14 Betablocker therapy 
was used in this patient, following the rationale that it has 
a negative inotropic and chronotropic effect, and hence 
antagonizes LVOT and midcavity obstructions.13,15

F I G U R E  2  Effort- induced ST- segment depression in twelve- lead electrocardiogram during exercise (1.5 mm in the inferior leads, DI and 
V4- V6).

F I G U R E  3  Intraventricular gradient 
of 150 mmHg with an end- systolic peak 
measured with continuous- wave doppler 
and systolic anterior motion (SAM) of the 
mitral valve after exercise in the upright 
position.
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In our opinion, the case described, in which significant 
abnormalities in cardiac function were found only during 
and after exercise, suggests that exercise stress echocar-
diography should be applied to other patients that have 
dizziness or syncope related to exercise but no structural 
abnormalities. We hypothesize that exercise- induced in-
traventricular gradients may be involved— at least in some 
patients— in the pathophysiology of the so- called vaso-
vagal syncope related to exercise, as was the case of our 
patient.

The symptoms triggered by the exercise stress echo-
cardiography occurred predominantly after the beginning 
of recovery, at this moment, there is a decrease in venous 
return, which leads to a partially empty left ventricular 
chamber, reduced cardiac output and hypotension.16 As a 
normal response to these changes, there is the activation 
of afferent stimuli from baroreceptors in the carotid sinus, 
aortic arch, and left ventricle which ultimately leads to the 
activation of efferent stimuli that increase the sympathetic 
tonus and catecholamine secretion and, on the contrary, 
decrease the parasympathetic tonus. Consequently, this 
results in vasoconstriction and positive inotropic and chro-
notropic effects. The resultant diminished end- diastolic 
left ventricular volume and LV hypercontractility create 
the increased intraventricular gradients associated with 
the SAM of the mitral valve. The increased pressure on the 
ventricular walls causes the activation of baroreceptors 
(high- pressure C- fiber afferent nerves), stimulating para-
doxically the vagal response, also known as the Bezold– 
Jarish Reflex. This reflex may be purely vasodepressor 
(hypotensive), cardioinhibitory (bradycardia) or mixed, 
as described in the literature. Finally, exercise- induced 
dizziness or syncope may be also explained by reduced 
stroke volume and hypotension secondary to midcavity 
or LVOT obstruction.17,18 As explained here, we may infer 
that the etiology of syncope is primarily cardiac in origin 
and would introduce the new classification of functional/
dynamic cardiogenic syncope, apart from the two already 
existing ones: arrhythmic and structural.

In summary, we may infer that the syncopal episodes 
suffered by the patient presented here have a dual etiology: 
a vasovagal and cardiac functional obstructive compo-
nent. The European Society of Cardiology (ESC) Syncope 
Guidelines (2018) recommends a Two- dimensional and 
Doppler echocardiography during exercise to detect provo-
cable left ventricular outflow tract obstruction in patients 
with hypertrophic cardiomyopathy (HCM), a history of 
syncope, and a resting or provoked peak instantaneous left 
ventricular outflow tract gradient <50 mmHg (Evidence 
Class I, Level B).1 Taking into account our case, we sug-
gest the realization of Exercise Stress Echocardiography 
in patients who suffer a syncopal or presyncopal episode 
during and right after the termination of exercise, even 

though they may not present a history of HCM or other 
structural abnormalities. However, this would require a 
large- scale prospective randomized trial to verify.
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