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Abstract
Objective: Symptoms may be similar in patients with heart or lung disease. Thus, patients with lung disease 

are occasionally referred for evaluation by exercise echocardiography (ExE). We aimed to study the clinical, ExE 
data and outcome of patients with right ventricular (RV) dilation not explained by left ventricular (LV) heart disease.

Methods: Retrospective analysis of RV dysfunctional data in absence of LV heart disease in patients submitted 
to an ExE.

Results: Data on RV dilation in absence of LV heart disease were found in 21 of 18,400 ExE studies (0.11%). 
In 4 of the 21 patients (19%) RV function and systolic pulmonary artery pressure were normal at rest. However, 
exercise induced RV dysfunction and/or elevated systolic pulmonary artery pressure in all of these 4 patients. During 
follow-up of 5.2 ± 5.7 years 11 patients died (52%), most of them of respiratory causes (73%), being pulmonary 
thromboembolism (PTE) (38%) the most frequent final diagnosis. 

Conclusion: RV dysfunction in absence of LV disease is rare among patients referred for ExE. ExE is of value 
as sometimes abnormalities on RV function arise only with exercise 

Keywords: Exercise echocardiography; Right ventricular function;
Lung disease

Introduction 
Patients who complain of symptoms during exercise, like chest 

pain or dyspnea are occasionally referred for evaluation by exercise 
echocardiography (ExE). Some of them may have no coronary artery 
disease (CAD) at all, but chronic or subacute lung disease instead. 
Indeed several findings are usually capable of distinguish cardiac 
from lung disease at rest but other specific findings might only arise 
at exercise. Of particular interest is the diagnosis of pulmonary 
thromboembolism (PTE) because specific treatment may improve 
survival [1]. Our aim was to review the diagnosis and outcome of 
patients with right ventricular dilation not associated to left ventricular 
disease that were referred for ExE to our institution. 

Methods 
From a total of 18,400 consecutive patients having a first ExE 

performed at our institution for clinical reasons between March 1995 
and July 2015 those with moderate or severe right ventricular dilation 
at either rest or exercise echocardiography were considered for entering 
the study. Among them, patients with abnormal ExE (resting or 
exercise induced wall motion abnormalities, n=18), mitral or aortic 
significant valvopathies (n=32), clinical diagnosis of cardiomyopathy 
(n=63), or congenital heart disease (n=2) were excluded. The final 
included population consisted of 21 patients whose ExE results, further 
diagnostic tests and outcome were revised. Demographic and clinical 
data, as well as stress testing results, were entered in our database at 
the time of the procedures. ExE data were acquired and analyzed by 
cardiologists not involved in patient care. The investigator coding the 
events was blinded to all the ExE data. 

ExE was performed on a treadmill according to protocols adjusted to 
the clinical characteristics of the patients (Bruce protocol 71%, modified 
protocols 29%). Exercise end points included physical exhaustion, 
significant arrhythmia, severe hypertension (systolic BP >240 mm Hg or 
diastolic BP >110 mm Hg), severe hypotensive response (decrease >20 
mm Hg), and symptoms during exercise. Ischemic ECG was defined 

as the development of ST-segment deviation of ≥1 mm which was 
horizontal or down sloping away from the isoelectric line 80 ms after 
the J point, in patients with normal baseline ST segments. The ECG was 
considered non-diagnostic in the presence of left bundle branch block, 
preexcitation, paced rhythm, repolarization abnormalities or treatment 
with digoxin. Positive exercise testing was defined as chest pain during 
the test and/or ischemic ECG abnormalities in patients with diagnostic 
ECG. A maximal test was defined as the achievement of at least 85% of 
the maximal age predicted heart rate (MAPHR), otherwise the test was 
considered submaximal. All patients gave informed consent.

Echocardiography was performed from the apical long-axis, apical 
four and two-chambers, parasternal long-axis, and parasternal short-
axis views at rest, peak and post-exercise, as described [2,3]. Images 
at rest were taken in the decubitus lateral position, at peak exercise 
with the patient still exercising on the treadmill. The peak exercise 
study was used for ischemia detection whereas Doppler assessment 
was done during the immediate post-exercise period with the patients 
again lying on the table (within 1 min). At this time continuous-wave 
Doppler assessment of the tricuspid valve velocity spectrum in systole 
was performed in patients with tricuspid regurgitation signal. Raw 
data were stored digitally for postprocessing analysis. Regional wall 
motion analysis was performed with a 16-segment model of the left 
ventricle [4,5]. LV ejection fraction was measured visually [6] or by 
the biplane Simpson’s method. RV function parameters assessed at rest 
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and at exercise were RV diameters in the 4-chamber apical or long axis 
parasternal views, RV ejection fraction (RVEF) in the 4 chamber apical 
view, and tricuspid annular plane systolic excursion (TAPSE) [7]. LV 
septal shift at rest and at exercise was also examined. Beta-blocking 
agents were withdrawn for the ExE in most patients. 

Follow-up in the study cohort was obtained by review of hospital 
databases, medical records and death certificates, as well as by 
telephone interviews when necessary. Any causes of mortality, cardiac 
death, revascularizations during follow-up and non-fatal MI were 
investigated during follow-up. TPE diagnosis was performed according 
to suggestive findings by either computed tomography pulmonary 
angiogram (CTPA), magnetic resonance angiography (MRA) or 
ventilation perfusion scan (V/Q) in a clinically relevant context.

Categorical variables were reported as % and comparison between 
groups based on the χ2 test. Continuous variables were reported as 
mean ± 1 standard deviation and intergroup comparisons made by the 
test t de Student. A p value <0.05 was considered significant. Statistical 
analyses were performed using SPSS software, version 21.0 (IBM Corp., 
Armonk, NY, USA).

Results
The baseline clinical characteristics and ExE results of the 21 

patients are shown in Tables 1 and 2, whereas Table 3 is a summary of 
these clinical and ExE characteristics, further tests and outcome in the 
entire cohort. Half of the patients had symptoms during the exercise 
testing, including dyspnea (n=7), angina (n=3), dizziness (n=1) and 
syncope (n=1). The ECG during the exercise was considered positive 
in only 1 patient (5%) and non-diagnostic in 7 (33%). The maximal 
achieved workload (METs) was 5.9 ± 2.8 and the test was submaximal 
in 9 patients (43%). 

During follow-up of 5.2 ± 5.7 years 11 patients died (52%), most 

Age (y) 64 ± 14
Male gender, n (%) 13 (62)
Diabetes mellitus, n (%) 5 (24)
Hypertension, n (%) 8 (38)
Hypercholesterolemia, n (%) 11 (52)
Smoking habit, n (%) 4 (19)
History of CAD, n (%)* 3 (14)
Abnormal resting ECG, n (%) 7 (33)
Beta-blockers at the time of the ExE, n (%) 1 (5)
Nitrates, n (%) 6 (29)
Calcium channel blockers, n (%) 2 (10)
ACEI/ARA 2 (10)
ACEI: Angiotensin converting enzyme inhibitors ARA:  Angiotensin receptor 
antagonists

Table 1: Clinical baseline characteristics.

Parameters Rest Exercise
Heart rate (bpm) 81 ± 15 136 ± 24

Resting systolic blood pressure (mmHg) 134 ± 21 159 ± 36
LVEF (%) 59 ± 5 66 ± 5
E/e´(n=5) 7.8 ± 2.5 9.2 ± 1.6

sPAP (mmHg) 61 ± 24 92 ± 36
RV diameter (cm) 3.5 ± 0.9 3.6 ± 1.0

RV end-diastolic volume (cm3) 41 ± 24 53 ± 26
RVEF (%) 42 ± 13 48 ± 16

RVEF<60%, n (%) 16 (76%) 13 (62%)
TAPSE (mm) 16.4 ± 5.8 17.5 ± 6.0

TAPSE <20 mm, n (%) 13 (62%) 9 (43%)
E/e´: ratio of LV inflow early transmitral wave to systolic annulus early diastolic 
wave 
RV: right ventricle
sPAP: systolic pulmonary artery pressure 
TAPSE: tricuspid annular plane systolic excursion 

Table 2: Resting and exercise hemodynamic and echocardiographic parameters.

Age/
gender

Reasons for 
ExE

Resting
ECG METs Symptoms 

during ExE

sPAP 
at rest 

(mmHg)

sPAP at 
exercise 
(mmHg)

Final Dx Main Tests and 
Results Death Cause of death

28/M CTx evaluation AF 9 no 20 na CTx, RV failure V/Q scan (0) (+)  CTx: RV failure, 
probable PTE

45/M Chest pain+ 
dyspnea normal 7 no 53 na Porto-PHT CTPA (0) (-)

52/F Chest pain normal 11 no 40 78 Restrictive lung disease (+)
Acute 

respiratory 
failure

53/F Chest pain normal 7 angina 90 90 PTE CTPA (1)
CA (0) (-)

54/M Chest pain ST 
abnormalities 3 no 77 98 Restrictive lung disease (+) Brain 

haemorrhage
54/F Dyspnea normal 2 dyspnea 49 na PTE CTPA (1) (-)

57/F Chest pain normal 4 dyspnea 94 180 Primary PHT CTPA (0) (+) Post-operatory 
LTx failure

57/M* Chest pain normal 4 no na na no dx V/Q scan (0)
CA (0) (+) Lung cancer

57/M Chest pain ST 
abnormalities 9 diziness na na PTE MRA (1) (-)

65/M Chest pain+ 
dyspnea

ST 
abnormalities 5 dyspnea 110 144 PTE CTPA (1) (+) PTE

65/F* Chest pain+ 
dyspnea normal 7 angina+

dyspnea 46 110 Primary PHT
CTPA (0)
MR (0)

V/Q scan (0)
(-)

69/M Chest pain normal 5 dyspnea 80 100 PTE CTPA (1) (-)

70/M Chest pain normal 5 angina +
dyspnea 70 62 PTE CTPA (1) (-)

72/M Chest pain normal 7 no 64 120 PTE V/Q scan (1) (+) PTE
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of them of non-cardiovascular causes (73%). Non-fatal MI was 
reported in just one patient. Data for quantitative analysis of RV and 
LV dimension and for ventricular septal shift at rest and at exercise 
were available for 16 patients. In 6 of them, ventricular septal shift was 
only seen at exercise (Figure 1 and Video 1), and in 3 at both rest and 
exercise. Patients with septal shift at both conditions had the highest 
sPAP at rest and at exercise, and those without septal shift at any 
condition the lowest, whereas those with exercise-induced septal shift 
had intermediate values (Figure 2). In 4 patients (19%) RV function 
was normal at rest and there was not elevated sPAP. However, exercise 
induced RV dysfunction in 2 of them, and an exercise sPAP >60 
mmHG was seen in 3, in one of them up to 110 mmHg, along with 

exercise-induced septal shift. Other 4 patients did not have any sign 
of RV suffering at rest above RV dilation. In them, the sPAP was ≤ 40 
mmHg and there was no septal shift at rest. However, exercise induced 
significant sPAP and/or septal shift in all these 4 patients. 

The most frequent final diagnosis was pulmonary thromboembolism 
(PTE) (8/21, 38%). Symptoms during exercise were more prevalent in 
patients with PTE than in those without (88% vs. 31%, p=0.02), and 
both RVEF and sPAP at rest were worse in patients with PTE (33% ± 9% 
vs. 48% ± 12%, p=0.01; and 76 ± 20 mmHg vs. 52 ± 22 mmHg, p=0.03, 
respectively). 

Discussion
ExE is widely used for assessment of coronary and valvular heart 

disease. For these aims focus is mainly made on the LV, leaving the RV 
less studied. When everything is normal on the LV side in patients that 
may have symptoms that are similar in heart and lung pathologies such 
as dyspnea or chest pain, suspicion of RV disease may arise. 

The main findings of this study are as follows. First, significant 
RV dilation is a rare condition in patients with resting and exercise 
echocardiography showing absence of LV disease, accounting for only 
0.11% of the ExE studies. However, when present, severe lung disease 
associated to pulmonary hypertension and to ominous outcome is 
frequent. This is not new as it has been known for long that outcome 
is poor when the RV suffers due to lung disease [8]. Patients with lung 
disease may have exercise-induced pulmonary hypertension, leading 
ultimately to RV suffering. Although most of our patients had already 
any of these abnormalities at rest, they used to impair with exercise. 
Also, in a few cases, they arose only with exercise. In four of them (19%) 

74/F* Dyspnea LBBB 10 no 50 64 COPD CTPA (0) V/Q scan (0) (-)
76/F Chest pain normal 2 syncope 70 70 PTE V/Q scan (1) (+) ARI

76/M Chest pain normal 2 angina 55 94 Restrictive lung disease 
+COPD CTPA (0) (+) ARI

78/M* Chest pain AF, LBBB 10 dyspnea na 67 no dx (+) Unknown
    78/F Chest pain normal 7 no 29 34 no dx (-)
83/M Chest pain normal 3 no 70 110 COPD CTPA (0) (+) Sudden death
88/M Dyspnea LBBB 4 no 30 55 no dx (-)

Abbreviations: AF: Atrial fibrillation; ARI: Acute respiratory infection; CA: Coronary angiography; CTx: Cardiac transplantation; CTPA: Computed tomography pulmonary 
angiogram;  CPOD: Chronic obstructive pulmonary disease; Dx: Diagnosis;  ExE: Exercise echocardiography; F: Female gender; LBBB: Left bundle branch block; LTx: Lung 
transplantation; M: Male gender; MRA: Magnetic resonance angiography; PHT: Pulmonary hypertension; PTE: Pulmonary thromboembolism; sPAP: systolic pulmonary 
artery pressure; V/Q: Ventilation perfusion scan; (0): negative findings; (1) positive findings. 
*abnormal findings developing just with exercise
Table 3: Summary of clinical characteristics, exercise results, further tests and outcome in the 21 patients with moderate or severe right ventricular dilation and absence of 
associated left ventricular heart disease during ExE.

Figure 1: Resting (on the top) and exercise echocardiography images (on the 
bottom) in the 4-chamber apical, short-axis basal and short-axis apical views of 
a patient with exercise-induced both septal shift (arrows) and RV dilation. Video 
1 corresponds to these same images.

Figure 2: sPAP at rest and at exercise in patients without septal shift at either 
rest and at exercise, in patients with septal shift only at exercise, and in patients 
with septal shift in both conditions.
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RV dysfunction, septal shift, or pulmonary hypertension developed 
exclusively at exercise. Previous isolated case-report studies have 
shown RV dilation and pulmonary hypertension detected exclusively 
at exercise in patients with PTE [9,10]. The advantage of suspecting 
PTE lies on specific treatment available for it [1]. According to our 
results, among patients referred for ExE, PTE should be suspected in 
those with absence of LV heart disease, symptoms during the test and 
moderate to severe pulmonary hypertension at either rest or exercise. 
However, among our 4 patients with RV dysfunctional data developed 
with exercise, PTE was just confirmed in one case (Table 3). 

On the other hand, our data confirms previous reports observing 
the small number of cardiac events in patients with a normal ExE [1,2] 

as only one patient of our cohort died of suspected cardiac causes 
(sudden death) and only 1 had a myocardial infarction during follow-
up. Mortality was dramatically high but it was mainly due to lung 
disease. These results emphasize the need for focusing in lung disease 
assessment when an exercise echocardiogram confirms absence of LV 
disease but presence of RV dysfunction at rest or at exercise. Also, our 
findings suggest that ExE is an useful test for evaluation of patients 
who, despite of known lung disease in some of them, concerns about 
the presence of concomitant CAD may still exist. 

Limitations include that this is a small retrospective study of 
subjects in whom the examiner described RV dilation at rest or during 
exercise in the ExE report. The low number of patients without left heart 
disease that finally had RV dilatation during ExE makes any conclusion 
statistically difficult. We have included only patients with at least 
moderate RV dilation either at rest or at exercise during an ExE study. 
Minor degrees of RV dilation might not have been informed, although 
if reported and used for this study, the results regarding outcome would 
have been likely better. Indeed, we could have lost patients with RV 
abnormalities not well studied at either rest or exercise, as we mainly 
focus on LV function during an ExE. RV dilation was visually estimated 
at the time of the ExE, rather than rightly quantified, and therefore 
misclassification might have occurred in some cases. 

Also, data on RV function and sPAP at rest and at exercise were 
unfortunately not available for all patients.

Conclusion
RV dysfunction in absence of LV disease is rare among patients 

referred for ExE.  However, ExE is of value as sometimes abnormalities 
on RV function arise only with exercise.
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