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Mitral darlığının değerlendirilmesinde stres ekokardiyografinin değeri 
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ABSTRACT
Mitral stenosis (MS) is a common disease that causes substantial morbidity. Timely recognition and treatment of the mitral stenotic lesion is 
very important. Stress echocardiography plays an important role in evaluating asymptomatic patients with significant mitral stenosis and symp-
tomatic patients with only mild disease at rest. In patients with mitral stenosis, stress echocardiography protocols assess for the change in the 
mean transmitral pressure gradient and a peak pulmonary artery systolic pressure during exercise. In this review, clinical use of stress echo-
cardiography in patients with mitral stenosis is summarized. (Anadolu Kardiyol Derg 2013; 13: 257-60)
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ÖZET
Mitral darlığı önemli morbiditeye neden olan bir hastalıktır. Mitral darlığının zamanında tanınması ve tedavi edilmesi önemlidir. Stres ekokardi-
yografi ileri düzeyde mitral darlığı olan semptomsuz ve orta düzeyde mitral darlığı olup semptomlu olan hastaların değerlendirilmesinde önemli 
rol oynar. Stres ekokardiyografi protokolü ile ortalama mitral kapak gradyanı ve pulmoner arter sistolik basıncında egzersiz ile oluşan değişiklik 
saptanır. Bu derlemede, mitral darlığı olan hastalarda stres ekokardiyografinin yeri özetlenmiştir. (Anadolu Kardiyol Derg 2013; 13: 257-60)
Anahtar kelimeler: Mitral darlık, stres ekokardiyografi, egzersiz testi, dipiridamol, dobutamin, pulmoner arter sistolik basıncı 

Introduction

Several diseases have been accepted as pathological 
causes for mitral valve stenosis (MS), especially rheumatic val-
vular disease is still a prevalent in underdeveloped and develop-
ing countries (1). The main features are leaflet thickening, nodu-
larity, and commissural fusion, all of which result in narrowing of 
the valve to the shape of a fish mouth. The leaflets might be 
calcified. Chordal fusion and shortening adds a further resis-
tance to blood flow (2). Timely recognition and treatment of the 
underlying mitral stenotic lesion can prevent development of 
irreversible pulmonary hypertension, ventricular dysfunction 
and other complications (3). Patient management involves moni-
toring for clinical symptoms or functional deterioration assessed 

by echocardiography and Doppler examination. While resting 
values of mitral gradients and pulmonary arterial pressures do 
not always reflect the severity of the disease, stress echocar-
diography may provide the necessary clues to determine the 
clinical and hemodynamic impact of MS (4). 

This review evaluates whether the use of stress echocar-
diography to assess disease severity and to determine the opti-
mal time for either surgical or percutaneous intervention of 
mitral stenosis.

Clinical importance
Stress echocardıography plays very ımportant role in evalu-

ating patients with mitral stenosis. Hence, guidelines of both the 
American College of Cardiology/American Heart Association 



(ACC/AHA) and European Society of Cardiology (ESC) have 
placed emphasis on the role of exercise testing to provide 
objective evidence of exercise capacity, symptom status and 
echocardiographic parameter (1, 5). Advances in diagnosis and 
risk stratification, progress in percutaneous balloon valvulo-
plasty, surgical options including closed or open valvotomy and 
valve replacement have led to improved outcomes of patients 
with valvular heart disease in the past 5 decades (1). The most 
important indication for intervention in patients with significant 
valve disease (mitral valve area <1.5 cm2) is the development of 
symptoms, as emphasized in recent ACC/AHA and ESC guide-
lines (1, 5). Although Doppler echocardiographic examination at 
rest is now the preferred imaging modality for the evaluation of 
patients with cardiac valvular disease, the current ACC/AHA 
guidelines have given a class I recommendation for stress echo-
cardiography in patients with mitral stenosis and discordance 
between symptoms and stenosis severity (1).

 
Stress echocardiography
Stress echocardiography for mitral valve disease is per-

formed via both exercise and pharmacologic protocols. The 
measurement of pulmonary artery pressures and mean transmi-
tral pressure gradient during stress echocardiography can help 
to distinguish those who could benefit from valvuloplasty or 
valve replacement from those who should be maintained on 
medical therapy (6-8). 

 
General test protocol
Stress echocardiography for mitral stenosis is performed 

with either exercise or pharmacologic stress. Exercise echocar-
diography is usually preferred over pharmacological stress 
because it provides information about exertional symptoms and 
blood pressure response (6). 

Exercise test: Exercise echocardiography is often used to 
assess functional capacity and the hemodynamic response in 
patients with mitral stenosis (9). Exercise echocardiography can 
be performed using either a treadmill or a bicycle protocol. 
Treadmill exercise can be performed with Bruce or modified 
Bruce protocols, and bicycle exercise echocardiography is per-
formed during either an upright or a recumbent posture. 
Workload is gradually increased until the patient achieves target 
heart rate or develops symptoms of fatigue or shortness of 
breath. Images were obtained at baseline during rest and imme-
diately after discontinuation of exercise. The most important 
advantage of bicycle exercise is the chance to obtain images 
during the various levels of exercise. When a treadmill test is 
performed, scanning during exercise is not feasible, most proto-
cols rely on immediate post exercise imaging. Therefore, the 
patient is moved immediately from the treadmill to an imaging 
bed and that imaging may be completed within 1-2 min (9). The 
advantage of treadmill exercise echocardiography is that it is the 
most commonly practiced protocol, and patients usually achieve 
higher workloads in exercise (10). On the other hand, the disad-

vantage is that the data acquisition is restricted to images at 
baseline and post-maximal exercise, and rapid position changes 
after exercise are required. The collection of echocardiographic 
data should be performed within the 1-2 minutes of the maximal 
exercise. The advantage of bicycle exercise echocardiography is 
the chance to obtain images during the various level of exercise, 
but elderly patients may not exercise well in this position (9).

Dobutamine: If pharmacologic stress is necessary, the stan-
dard dobutamine protocol using continuous intravenous infusion 
is used (3, 11, 12). Dobutamine echocardiography was performed 
using three-min stages and starting at 5 mcg/kg/minute, followed 
by 10, 20, 30, and 40 μg/kg per min. Atropine (total dose ≤2 mg) 
was administered at the start of the 40 μg/kg per min stage if 
needed to augment heart rate (9). 

Dobutamine stress echocardiography is a good alternative if 
the patient cannot exercise (6). 

Dipyridamole: The standard dipyridamole protocol consists 
of an intravenous infusion of 0.84 mg/kg over 10 min, in two 
separate infusions. If no endpoint is reached, atropine is added. 
Aminophylline (240 mg iv) should be available for immediate use 
in case an adverse dipyridamole-related event occurs (9).

Adenosine: Adenosine can be used, infused at a maximum 
dose of 140 μg/kg/min over 6 min (9).

Pacing: Pacing is started at 100bpm and increased every 2 
min by 10 bpm until the target heart rate is achieved or until other 
standard endpoints are reached (9).

Accordingly, we can identify two groups of patients whose 
symptoms do not correlate with the resting mitral valve area and 
gradient. The first group, who lead a sedentary life style and do 
not complain of symptoms, but have significant mitral stenosis. 
The second group, whose severe symptomatology appears to be 
out of proportion to their resting mitral valve area (>1.5 cm2). An 
increase in the mitral valve area without significant changes in 
the transmitral gradient and pulmonary artery pressure during 
exercise will point less severe disease in second group from the 
first group (3).

The threshold values proposed by the ACC/AHA guidelines 
for consideration for intervention are a mean transmitral pres-
sure gradient >15 mmHg or a peak pulmonary artery systolic 
pressure >60 mmHg during stress. In patients with pulmonary 
artery pressures or valve gradients above these values, percuta-
neous balloon valvotomy or surgical intervention is recom-
mended, even for patients with apparently moderate mitral ste-
nosis at rest (1, 9). 

In patients who have predominantly mitral stenosis peak 
exercise pulmonary artery systolic pressure is inversely related 
to exercise capacity (13). The transmitral mean pressure gradi-
ent commonly increases during exercise, regardless of the 
severity of stenosis, in accordance with exercise duration and 
exercise induced changes in cardiac output (7, 12). Symptoms 
like dyspnea and fatigue that most of these patients developed 
during the test can be attributed to the elevated left atrial pres-
sure caused by flow- dependent increases in gradients across 
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the stenotic mitral valve. Tunick et al. (4) have shown that 
patients with mitral stenosis who were limited by dyspnea 
developed a greater increase in pulmonary artery pressure dur-
ing stress testing than those who were limited by fatigue. In 
addition, Brochet et al. (14) investigated the role of values 
recorded during the first stage of exercise Doppler echocardiog-
raphy in asymptomatic patients. Mitral stenosis severity and rest 
and peak systolic pulmonary artery pressures were not different 
between patients who did and did not develop dyspnea. 
Progressions of mean gradient and relative peak systolic pulmo-
nary artery pressure (sPAP) (ratio of sPAP/baseline sPAP) were 
significantly greater in patients who developed dyspnea com-
pared with those who did not, whereas no difference was 
observed for absolute systolic pulmonary artery pressure pro-
gression. Onset of dyspnea was associated with a high increase 
of relative peak systolic pulmonary artery pressure, but not with 
the 60 mmHg peak systolic pulmonary artery pressure threshold. 
Grimaldi et al. (8) reported, predictors of adaptation to exercise 
were age, mean pulmonary gradient and systolic pulmonary 
pressure, according to multivariate analysis, best predictor was 
resting mean pressure gradient.

Previous studies of MS have reported an association 
between the echocardiographic findings and functional class 
and increase in plasma levels of N-terminal pro-brain natriuretic 
peptide (NT pro-BNP) (15). Tanboğa et al. (16) showed BNP level 
and sPAP better correlated with mitral valve (MV) resistance 
than mitral valve area (MVA) and mean MV gradient. Uçar et al. 
(17) found elevated plasma BNP levels in pure MS in sinus 
rhythm and plasma BNP levels correlated with disease severity, 
such as transmitral gradient, sPAP, functional capacity, left ven-
tricular end -systolic diameter.

In a recent study by our group, we investigated whether 
elevated NT pro-BNP predicts pulmonary artery systolic pres-
sure increase on exercise stress echocardiography in asymp-
tomatic or mildly symptomatic patients with moderate to severe 
mitral stenosis. We demonstrated, NT pro-BNP levels correlate 
with functional class and echocardiographic findings in patients 
with mitral stenosis and indicate exercise induced augmenta-
tion of peak pulmonary artery systolic pressure >60 mmHg (18). 
Exercise echocardiographic methods have certain limitations 
the results may be affected by the person who performs the 
echocardiography, this point that the measurement of NT pro-
BNP appears to be the method to be employed in the assess-
ment of the severity of MS, for its features as shortness, simplic-
ity, objectivity, and being noninvasive. Results of these studies 
suggest that natriuretic peptide testing may be an addition to the 
information obtained by echocardiography in the assessment of 
MS in clinical practice.

New stress echocardiographic techniques
3D echocardiography
3D echocardiography enables visualization from both left ven-

tricular and left atrial side perspectives. Evaluation of the mitral 
apparatus using 3D echocardiography is most useful defining the 

extent and location of pathology, severity of valvular dysfunction. 
Three -dimensional stress echocardiography has been performed 
with exercise, dobutamine and dipyridamole. Multislice views from 
3D echocardiography stress studies should be interpreted in a simi-
lar 2D stress studies evaluating stress-induced wall motion and 
thickening abnormalities (19, 20).

2D Strain echocardiography
Tissue Doppler imaging and derived strain and strain rate 

measurement have offered alternatives for quantification of 
regional contraction at rest or during stress. Strain, describes 
myocardial deformation, that is, the fractional change in the 
myocardial segment. Strain rate, is the rate of change in strain 
and usually expressed as 1/sec or sec-1. These techniques pro-
vide incremental information in clinical settings. For both tech-
niques, the accuracy of measurement, however, depends on 
image quality and the accuracy of tracking. In expert hands, 
strain and strain rate parameters can improve accuracy and 
prognostic value of stress test echocardiogram (21). 

Future clinical trials, especially in mitral stenosis patients, 
needs include standardization and acquisition.

Conclusion

The role of stress echocardiography in assessing mitral ste-
nosis is evolving. In mitral stenosis a patient whose symptom 
complex is discordant to resting hemodynamic data, stress 
echocardiography has been successful in clarifying the extent of 
valvular involvement. Together with exercise capacity and symp-
tomatic responses to exercise, it provides the clinician with 
diagnostic and prognostic information that can contribute to 
subsequent clinical decisions. Furthermore, with a better under-
standing of its utility, there is an expected increase in the use of 
exercise echocardiography to help management decisions in 
patients with mitral stenosis.

All of the above-mentioned considerations clinical trials 
should be designed and developed on the basis of a thorough 
knowledge of physio-pathological, prognostic, and technical 
characteristics of stress echo-Doppler techniques and parame-
ters, choosing the most performable and reproducible.  

Conflict of interest: None declared.

Peer-Review: Internally peer-reviewed.

Authorship contributions: Concept - K.O.K., S.K.; Design - 
K.O.K., S.K.; Supervision - S.K.; Analysis &/or interpretation - 
K.O.K., S.K.; Literature search - K.O.K.; Writing - K.O.K.; Critical 
review - S.K.

References

1. Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon DP, 
Freed MD, et al. 2006 Writing Committee Members; American 

Kılıçkesmez et al.
Stress echocardiography in mitral stenosis

Anadolu Kardiyol Derg 
2013; 13: 257-60 259



College of Cardiology/American Heart Association Task Force. 
2008 Focused update incorporated into the ACC/AHA 2006 
guidelines for the management of patients with valvular heart 
disease: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Writing 
Committee to Revise the 1998 Guidelines for the Management of 
Patients With Valvular Heart Disease): endorsed by the Society of 
Cardiovascular Anesthesiologists, Society for Cardiovascular 
Angiography and Interventions, and Society of Thoracic Surgeons. 
Circulation 2008; 118: 523-661. [CrossRef]

2. Chandrashekhar Y, Westaby S, Narula J. Mitral stenosis. Lancet 
2009; 374: 1271-83. [CrossRef]

3. Wu WC, Aziz GF, Sadaniantz A. The use of stress echocardiography 
in the assessment of mitral valvular disease. Echocardiography 
2004; 21: 451-8. [CrossRef]

4. Tunick PA, Freedberg RS, Gargiulo A, Kronzon I. Exercise Doppler 
echocardiography as an aid to clinical decision making in mitral 
valve disease. J Am Soc Echocardiogr 1992; 5: 225-30.

5. Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, Filippatos 
G, et al. Task Force on the Management of Valvular Hearth Disease 
of the European Society of Cardiology; ESC Committee for Practice 
Guidelines. Guidelines on the management of valvular heart 
disease: The Task Force on the Management of Valvular Heart 
Disease of the European Society of Cardiology. Eur Heart J 2007; 
28: 230-68.

6. Hecker SL, Zabalgoitia M, Ashline P, Oneschuk L, O'Rourke RA, 
Herrera CJ. Comparison of exercise and dobutamine stress 
echocardiography in assessing mitral stenosis. Am J Cardiol 1997; 
80: 1374-7. [CrossRef]

7. Schwammenthal E, Vered Z, Agranat O, Kaplinsky E, Rabinowitz B, 
Feinberg MS. Impact of atrioventricular compliance on pulmonary 
artery pressure in mitral stenosis: an exercise echocardiographic 
study. Circulation 2000; 102: 2378-84. [CrossRef]

8. Grimaldi A, Olivotto I, Figini F, Pappalardo F, Capritti E, Ammirati E, et 
al. Dynamic assessment of 'valvular reserve capacity' in patients 
with rheumatic mitral stenosis. Eur Heart J Cardiovasc Imaging 
2012; 13: 476-82. [CrossRef]

9. Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak J, Lancellotti 
P, Poldermans D, et al. Stress echocardiography expert consensus 
statement: European Association of Echocardiography (EAE) (a 
registered branch of the ESC). Eur J Echocardiogr 2008; 9: 415-37. 
[CrossRef]

10. Cheriex EC, Pieters FA, Janssen JH, de Swart H, Palmans-
Meulemans A. Value of  exercise Doppler-echocardiography in 

patients with mitral stenosis. Int J Cardiol 1994; 45: 219-26. 
[CrossRef]

11. Sagar KB, Wann LS, Paulson WJ, Lewis S. Role of exercise Doppler 
echocardiography in isolated mitral stenosis. Chest 1987; 92: 27-30. 
[CrossRef]

12. Braverman AC, Thomas JD, Lee RT. Doppler echocardiographic 
estimation of mitral valve area during changing hemodynamic 
conditions. Am J Cardiol 1991; 68: 1485-90. [CrossRef]

13. Song JK, Kang DH, Lee CW, Lee SG, Cheong SS, Hong MK, et al. 
Factors determining the exercise capacity in mitral stenosis. Am J 
Cardiol 1996; 78: 1060-2. [CrossRef]

14. Brochet E, Détaint D, Fondard O, Tazi-Mezalek A, Messika-Zeitoun 
D, Iung B, et al. Early hemodynamic changes versus peak values: 
what is more useful to predict occurrence of dyspnea during 
stress echocardiography in patients with asymptomatic mitral 
stenosis? J Am Soc Echocardiogr 2011; 24: 392-8. [CrossRef]

15. Selçuk MT, Selçuk H, Maden O, Erbay AR, Temizhan A, Aksu T, et 
al. The effect of percutaneous balloon mitral valvuloplasty on 
N-terminal- pro B- type natriuretic peptide plasma levels in mitral 
stenosis. Int Heart J 2007; 48: 579-90. [CrossRef]

16. Tanboğa IH, Kurt M, Ekinci M, Işık T, Kaya A, Bilen E, et al. 
Hemodynamic assessment of mitral stenosis: mitral valve resistance 
as an echocardiographic index. J Heart Valve Dis 2012; 21: 203-7.

17. Uçar O, Bayar N, Karagöz A, Aydoğdu S. Valvular heart disease: 
plasma B-type natriuretic peptide levels in patients with pure 
rheumatic mitral stenosis. Acta Cardiol 2012; 67: 59-64.

18. Kılıçkesmez KO, Özkan AA, Abacı O, Çamlıca H, Koças C, Kaya A, et 
al. Serum N-terminal brain natriuretic peptide indicates exercise 
induced augmentation of pulmonary artery pressure in patients 
with mitral stenosis. Echocardiography 2011; 28: 8-14.

19. Hien MD, Rauch H, Lichtenberg A, De Simone R, Weimer M, Ponta 
OA, et al. Real-time three-dimensional transesophageal 
echocardiography: Improvements in Intraoperative Mitral Valve 
Imaging. Anesth Analg 2012 Jul 13. [Epub ahead of print]

20. Little SH. Three-dimensional echocardiography to quantify mitral 
valve regurgitation. Curr Opin Cardiol 2012; 27: 477-84. [CrossRef]

21. Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, 
Derumeaux G, et al. Current and evolving echocardiographic 
techniques for the quantitative evaluation of cardiac mechanics: 
ASE/EAE consensus statement on methodology and indications 
endorsed by the Japanese Society of Echocardiography. Eur J 
Echocardiogr 2011; 12: 167-205. [CrossRef]

Kılıçkesmez et al.
Stress echocardiography in mitral stenosis

Anadolu Kardiyol Derg 
2013; 13: 257-60260

http://dx.doi.org/10.1161/CIRCULATIONAHA.108.190748
http://dx.doi.org/10.1016/S0140-6736%2809%2960994-6
http://dx.doi.org/10.1111/j.0742-2822.2004.t01-1-03082.x
http://dx.doi.org/10.1016/S0002-9149%2897%2900689-9
http://dx.doi.org/10.1093/ejechocard/jer269
http://dx.doi.org/10.1093/ejechocard/jen175
http://dx.doi.org/10.1016/0167-5273%2894%2990168-6
http://dx.doi.org/10.1378/chest.92.1.27
http://dx.doi.org/10.1016/0002-9149%2891%2990283-Q
http://dx.doi.org/10.1016/S0002-9149%2896%2900539-5
http://dx.doi.org/10.1016/j.echo.2011.01.006
http://dx.doi.org/10.1536/ihj.48.579
http://dx.doi.org/10.1111/j.1540-8175.2010.01273.x
http://dx.doi.org/10.1097/HCO.0b013e3283562d67
http://dx.doi.org/10.1093/ejechocard/jer021



