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ABSTRACT. Introduction: Atrial and ventricular function are closely related. Right atrial strain is currently 
being studied for validation. The purpose of our research is to evaluate its behavior in patients with pulmonary 
hypertension and compare it with healthy adults, with the hypothesis that right atrial strain would be lower 
in the first group. Methods: This is an observational, cross-sectional study. Only subjects with secondary 
pulmonary hypertension were included in the patient group. Subjects underwent systematic echocardiography 
with equipment from Philips (Epic 7), acquiring routine 2D images in standard and modified 4 chamber view, 
for assessment of right atrial function and estimated pulmonary arterial systolic pressure in both groups. The 
respective post-processing analysis software used was QLAB 9 (Cardiac motion quantification (CMQ)). Results: 
A total of 60 subjects, 30 in each group, were included. The mean age was 78 years in the pulmonary hypertension 
group (60% male), and 26 years in the healthy subjects (16% males). The mean pulmonary systolic pressure in 
the patient group was 60 mmHg (p <0.0001). Right atrial mean global longitudinal strain was 17.8% in patient 
group vs 44% in the control group, p <0.0001. Conclusions: The longitudinal global strain of the right atrium 
is significantly lower in patients with pulmonary hypertension compared against healthy subjects. The reservoir 
phase of the atrial cycle had the biggest difference in deformation between both groups.
Keywords: Right atrial strain, pulmonary hypertension, right ventricular function.

RESUMEN. Introducción: La función auricular y ventricular están estrechamente relacionadas. El strain de 
la aurícula derecha se está estudiando actualmente para su validación. El objetivo de nuestra investigación es 
evaluar su comportamiento en pacientes con hipertensión pulmonar y compararlo con adultos sanos; basados 
en la hipótesis de que el strain auricular derecho sería menor en el primer grupo. Métodos: Este es un estudio 
observacional de corte transversal. Sólo sujetos con hipertensión pulmonar secundaria se incluyeron en el 
grupo de pacientes el strain auricular derecho. Éstos fueron sometidos a una ecocardiografía sistemática con 
equipo Philips (Epic 7), adquiriendo imágenes 2D de rutina en una vista estándar y modificada de 4 cámaras, 
para evaluar la función auricular derecha y la presión sistólica arterial pulmonar estimada en ambos grupos. El 
programa de análisis de procesamiento posterior respectivo utilizado fue QLAB 9 (cuantificación de movimiento 
cardiaco [CMQ]). Resultados: Se incluyeron 60 sujetos, 30 en cada grupo. La edad media fue de 78 años en 
el grupo de hipertensión pulmonar (60% hombres) y 26 años en los sujetos sanos (16% hombres). La presión 
sistólica pulmonar media en el grupo de pacientes fue de 60 mmHg (p  <0.0001). El strain longitudinal global 
medio de la aurícula derecha fue de 17.8% en el grupo de pacientes frente a 44% en el grupo de control, p 
<0.0001. Conclusiones: La tensión global longitudinal de la aurícula derecha es significativamente menor 
en pacientes con hipertensión pulmonar, en comparación con sujetos sanos. La fase de reservorio del ciclo 
auricular tuvo la mayor diferencia en la deformación entre ambos grupos.
Palabras clave: Strain auricular derecha, hipertensión pulmonar, función ventricular derecha.

* Ecocardiography Lab. Hospital 
Español. Mexico City. Mexico.

Comparison of longitudinal right atrial strain in 
pulmonary hypertension and normal subjects
Comparación del strain longitudinal de auricular derecha 
en hipertensión pulmonar y sujetos normales
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INTRODUCTION

Pulmonary hypertension causes hemodynamic 
alterations that directly affect right cardiac 
cavities, leading to remodeling and ventricular 
dysfunction, as well as atrial dilation. Increase 
in the afterload is the main culprit in right 
ventricular dilation, and the subsequent 
dilation of the tricuspid annulus causes 
regurgitation of the valve and volume overload. 
If the pulmonary pressure remains elevated, 
structural changes begin to appear in the right 
atrium, modifying the atrial physiology, mainly 
in the reservoir phase, which contributes to a 
lower right ventricular output.1-3

Even though the right atrial strain is not 
standardized yet, this measurement can be 
useful in patients with pulmonary hypertension. 
Ongoing studies are designed to establish the 
cut-off points, as it happened with the left 
atrium. The normal values for the left atrial 
strain through the atrial cycle are described in 
a recent review.4

The atrium functions as a reservoir of blood 
and increases ventricular filling at the end of 
diastole. The left atrium size has been shown 
to be a predictor of cardiovascular events and 
death, as well as hospitalizations due to heart 
failure and it’s closely related with severity of 
diastolic dysfunction. There are 3 atrial cycle 
phases described, of which, the reservoir 
phase (also called expansion phase) is the 
most important one, as it defines the end-
diastolic volume. If this phase is impaired, so 

is the ventricular performance, decreasing the 
systolic volume and an optimal atrio-ventricular 
gradient.

Research on atrial deformation has 
been possible with the development of 
new echocardiographic techniques, using a 
modified left ventricle software. Although it is 
technically difficult to obtain an appropriate 
two-dimensional image of right atrium, the 
study of the deformation is viable.

The phases of atrial cycle are classified into 
passive phases which include the reservoir 
and conduit phase; and an active phase, the 
atrial contraction.5 Each phase contributes to 
the right ventricular end-diastolic volumes in 
different percentage: reservoir phase 40%, 
conduit phase 35% and atrial contraction 25%. 
The emptying of the atria in the active phase 
relies on multiple variables, such as: preload, 
heart rate, contractility, compliance and the 
right ventricular function.6 During the study of 
right atrium physiology, the greatest positive 
deformation will be observed in reservoir 
phase and maximum negative deformation 
during contractile phase. The peak atrial 
deformation, equal to the peak of positive 
deflection which occurs in the reservoir phase 
(ventricular contraction, maximum atrial 
filling), is the most used variable to measure 
ventricular performance and depends on 
3 conditions: ventricular contraction, atrial 
volume and atrial distensibility.

The chronic volume and pressure overload 
of the right ventricle are related to changes in 

Figure 1:

Division of the right atrium in 6 segments 
with its respective deformation. The sum 
of all the segments results in the overall 
longitudinal deformation of this cavity.
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right atrial size and contraction. The conduit 
phase can be impaired due to increased 
afterload, myocardial hypertrophy, delayed 
relaxation, decreased diastolic function and 
weak right ventricle suction. These reduced 
reservoir volumes caused by a decrease in early 
diastolic emptying of right atrium may result in 
an increased volume at the start of right atrial 
systole.

The average cutoff point for global 
longitudinal strain of the right atrium (RA) 
should be >38%3 and its value has been 
linked with an improved five-year survival 
in patients with pulmonary hypertension, 
as well as improvement in the functional 
capacity, with an 86.8% sensitivity and 84% 
specificity. An atrial strain <25% is associated 
with increased mortality, according to a study 
with 151 patients with precapillary pulmonary 
hypertension.7

Another study in 60 patients with pulmonary 
hypertension compared against 30 healthy 
volunteers further proves that the reservoir 
function of the RA is significantly impaired.3 
An increase in pulmonary vascular resistance, 
dilation of the right ventricle and levels of 
NT-proBNP significantly correlated with poor 
functional class. According to the results, a 
strain value <38.4% predicted accurately 
WHO-function class >III, with a 97% sensitivity 
and 75% specificity.

In idiopathic pulmonary hypertension 
the correlation between the severity of 
pulmonary hypertension and deterioration of 
atrial function has been described, showing 
the deterioration of the reservoir phase as 
an independent predictor.8 There is clinical 
correlation between worse functional capacity 
and atrial strain in patients with pulmonary 
hypertension, mainly driven by variations in the 

Figure 2:

This is the graph of the atrial 
cycle with its 3 phases: reservoir, 
conduit and contractile. The dotted 
line represents the average of the 
longitudinal global deformation in 
each phase.

Deform. long (%)83
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Table 1: Baseline characteristics.

Variable Patients (n=30) Controls (n=30) p

Age* 78.00 (65 to 95) 26.0 (22 to 34) <0.0001
Male Sex** 18.00 (60%) 5.0 (16.6%) 0.006

Weight (kg)+ 70.96 (15.6) 71.4 (12.7) 0.8922

Size (cm)+ 163.80 (10.6) 172.0 (8.5) 0.0012

*U Mann Whitney test statistic. 
** Test statistic for equality of proportions. 
+ Student t test statistic for independent samples.



www.medigraphic.org.mx

Sánchez‑Hernández JE et al. Right atrial strain and pulmonary hypertension74

Cardiac Image Updated. 2019; 1 (3): 71-77 www.medigraphic.com/ciu

reservoir phase.9 The role of right atrial strain 
as a predictor of hemodynamic parameters has 
also been described in patients with pulmonary 
hypertension with a significant correlation with 
the cardiac index, functional class and BNP, 
demonstrating that atrial function is affected 
prior to structural changes.10

The evaluation of atrial function through 
2D echocardiography is a very useful tool 
due to the clinical implications that lead to 
atrial dysfunction.5 Other applications for 
the measurement of atrial strain have been 
described.11 Studies in specific populations, 
as in pulmonary hypertension, are essential 
to fully understand the behaviour of the atrial 
deformation.

METHODS

The present study was approved by the 
ethics committee of the Hospital Español de 
México, the same institution where it was 
carried out. The echocardiography laboratory 
of this institution provided the equipment for 
obtaining and processing the echocardiographic 

images. This is an observational and cross-
sectional study.

The study population included patients with 
secondary pulmonary hypertension. Sampling 
was non-probabilistic and for convenience. A 
sample was calculated based on the evaluation 
study of right atrial function in patients with 
pulmonary hypertension.5 Thirty patients with 
pulmonary hypertension were included, and 
30 healthy subjects as a control group.

The definition for pulmonary hypertension 
used in this research was based on the 
2015 European Guidelines, classifying the 
probability risk of PH as low, intermediate 
and high according to echocardiographic 
measurements.1 We excluded patients with 
group 1 pulmonary hypertension.

Acquisition of images, technique and 
processing of deformation

The echocardiogram machine used for the 
acquisition of the images and processing of the 
right atrial deformation was the Phillips EPIC 
7 model. We obtained video sequences of 2D 

Table 2: Echocardiographic variables and right ventricular function evaluation.

Variables Patients (n=30) Controls (n=30) p

RAP (mmHg)+ 7.2 (5.1) 3 <0.001
PSP (mmHg)* 60.6 (15.2) 21.0 (14 to 30) <0.001
MV RT (m/s)+ 3.6 (0.4) 2.1 (0.15) <0.001
PAT (m/s)+ 96.9 (29.8) 129.0 (19.5) <0.001
TAPSE (mm)+ 20.3 (5.1) 22.1 (3.6) 0.1096
S’ Tricuspid ring (cm/s)* 11.4 (2.9) 12.0 (10 to 14.2) 0.4595
FAC (%)* 36.7 (16 to 60) 48.9 (6.5) 0.0024
DDRV (cm)+ 20.7 (6.3) 16.3 (3.1) 0.0011
SDRV (cm)+ 13.1 (5.5) 8.5 (2.5) 0.0002
RA area (cm2)* 19.9 (12.4 to 40.8) 14.4 (2.0) 0.0000

RAP = Right atrial pressure, PSP = Pulmonary systolic pressure, MV RT = Maximum speed of tricuspid regurgitation, PAT = 
Pulmonary acceleration time, TAPSE = Time and excursion of the tricuspid ring in systole. S’ tricuspid ring = Tissue movement 
of the tricuspid ring in systole, FAC = Fractional area change (SARV-DARV/SARV), DDRV = Diastolic diameter of the right 
ventricle, SDRV = Systolic diameter of the right ventricle, RA = Right atrium, GLS = Global longitudinal strain. p <0.05 
represents significant difference. Most of the variables have a significant difference except TAPSE, S’ tricuspid ring and 
fractional change of area of the right ventricle. 
*U Mann Whitney test statistic. 
** Test statistic for equality of proportions. 
+ Student t test statistic for independent samples.
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images of 4-chamber apical view, 4-chamber 
modified apical view and 4-chamber apical 
view focused to the right ventricle; each one 
recorded in a 3-beat sequence. The volume 
and right atrial area were calculated in the 
end diastole. Finally, through CMQ software, 
the right atrial strain was processed, delimiting 
its shape, placing the reference points on the 
atrial roof and on both sides of the tricuspid 
ring (septum and lateral wall). The atrium 
is divided into 6 segments (3 septal and 3 
lateral), gathering deformation values on 
each one and calculating an average (Figures 
1 and 2). Using the strain software, the 
results will be shown in a graph by segments, 
by phase of the atrial cycle and an average 
of longitudinal deformation. To obtain the 
image, the patient in positioned in a lateral 
position with the right side up; using the 
grayscale and second harmonics for an 
adequate two-dimensional image, including 
the atrial roof, which will be the 3rd point 
to mark manually for the measurement. Two 
types of waves will be defined, one positive 
(reservoir phase) and one negative (contractile 
phase). Finally, the software performs an 
average of all the segments, which we call 
longitudinal global deformation, automatically 
generating a deformation curve.5 At the end 
the final results will be saved in graphics and 
deformation maps. In addition, we routinely 
measured the parameters of right ventricular 

function including right atrial strain in all 
patients. The parameters were obtained in 
real time or were processed later only by the 
main investigator.

Statistical analyses

The qualitative variables will be summarized 
in frequency and percentage. The numerical 
variables will be summarized as mean 
with standard deviation and median with 
minimums and maximums, depending on 
the distribution. The distribution analysis 
will be done with a bias evaluation, kurtosis 
and Kolmogorov-Smirnoff test. Hypothesis 
testing will be performed by mean or median 
difference of the deformation parameters of 
the right atrium to compare the study group 
with the controls (healthy subjects). A two tails 
p value <0.05 is considered as significant. 
Student’s T for normal distribution, Mann-
Whitney U for non-parametric and differences 
of proportions for the percentages were use. 
All the analyzes will be carried out in the 
statistical package STATA 14.0

RESULTS

Between April 2018 and January 2019, a total 
of 60 individuals, 30 patients with pulmonary 
hypertension and 30 healthy subjects were 
included. Of which 18 (60%) and 6 (16.6%) 

Table 3: Right atrial deformation (phases of atrial cycle).

Variables Patients (n=30) Controls (n=30) p

Conduit (%)+ 8.7 (6.6) 15 (4.5) 0.0001
Contractible (%)* -2.1 (2.4) -0.5 (-11 a 1) 0.3114
Reservoir (%)+ 20.6 (11.5) 45 (8.8) <0.0001
GLS (%)+ 17.8 (9.7) 44 (8.7) <0.0001

Phases of atrial cycle: conduit, contractible and reservoir. 
GLS = Global longitudinal strain. P <0.05 represents significant difference. 
p <0.05 versus controls group represents significant difference in two phases of atrial cycle and global longitudinal 
strain. 
*U Mann Whitney test statistic. 
** Test statistic for equality of proportions. 
+ Student t test statistic for independent samples.
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were men, respectively. The mean age was 
78 years in the study group (65 to 95 years) 
and 26 years in the control group (22 to 34 
years) (Table 1). The mean pulmonary systolic 
pressure in the study group was 60.6 mmHg (p 
<0.0001) (Table 2). The RA mean of the global 
longitudinal deformation (SLG) in the study 
group was 17.8 vs 44% in the healthy subjects 
(p <0.0001). The deformation in the reservoir 
phase of study group was 20.6 vs 45% in the 
control group (p <0.005). The most impaired 
phases of the atrial cycle were the conduit 
and reservoir phase with statistical significance 
between both groups (Table 3).

The majority of the right ventricular function 
variables had statistical significance. However, 
the measurements of the TAPSE, the tricuspid 
S’ and the fractional area change were not 
modified between both groups.

DISCUSSION

The study showed that a significant difference 
in the longitudinal deformation of the atrium 
in patients with pulmonary hypertension 
compared with healthy subjects, which 
shows that the behavior of this parameter 
is modified in this specific population. The 
knowledge of the deformation in this group 
of patients is useful, however the limitations 
of an observational study are clear. The study 
compared patients with healthy subjects, 
which had a right atrial strain similar to the 
values described in the literature, with a mean 
deformation of 44%.8,9 The group of pulmonary 
hypertension underwent modifications in all 
stages of the atrial cycle predominating in the 
reservoir phase, very similar to that compared 
with the literature.3,8,9

Limitations of our study also included a 
reduced sample size, interoperator variability in 
estimating the pulmonary pressure, heterogeneity 
in etiology across patients with pulmonary 
hypertension, differences in population regarding 
sex, age and severity of the disease.

The present study aimed to compare the 
longitudinal deformation of the right atrium 
in patients with pulmonary hypertension 
with healthy subjects reporting right atrial 
deformation values similar to those reported in 
the literature, however, in the group of patients 

with pulmonary hypertension the variability 
was remarkable. We still do not know if the 
measurement of the deformation in this group 
of patients should be included in the evaluation 
of right heart function.

CONCLUSIONS

The longitudinal global deformation of the right 
atrium is significantly lower in patients with 
pulmonary hypertension, compared to healthy 
subjects. Patients with pulmonary hypertension 
had greater alteration in the reservoir phase of 
the atrial cycle.
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ABSTRACT. Degenerative mitral regurgitation (MR) is a progressive condition, the optimal time for surgical 
correction often goes unnoticed. Left ventricle (LV) mechanics evolution assessed by echocardiography might 
be an important diagnostic tool. Currently, little is known about ventricular mechanics and left ventricular 
compensatory mechanisms to maintain adequate cardiac output in the context of degenerative MR. Our 
objective was to describe the LV mechanics behavior in patients with different degrees of degenerative MR 
and compare them with a healthy control group. Methods: An observational, cross-sectional, comparative and 
analytical study was designed. Ventricular mechanics analysis was performed using GE system. The patients 
were grouped in mild, moderate or severe MR. Results: Ninety-one participants were included, 57 cases 
and 34 controls. The case group presented a significant decrease in longitudinal, radial and circumferential 
strain, as well as, diminution of twist and torsion in relation to the control group. According to the severity 
of the mitral regurgitation, the global longitudinal strain (GLS) showed a significant progressive decrease 
from -20%, -18% and -14% in mild, moderate and severe MR respectively, (p=0.03). The same scenario was 
observed in global circumferential and radial strain; rotational mechanics with twist and torsion decreasing 
from mild to severe MR (p=0.034, p=0.038 respectively). Conclusion: Alterations in LV mechanics are seen 
in moderate and severe degrees of MR, this could expose a lack of compensatory mechanisms to maintain 
ventricular function as the pathology progresses.
Keywords: Mitral regurgitation, ventricular mechanics, strain, twist, torsion.

RESUMEN. La insuficiencia mitral degenerativa (IM) es una condición progresiva; el momento óptimo para 
la corrección quirúrgica a menudo pasa desapercibido. La evolución de la mecánica del ventrículo izquierdo 
(VI) evaluada mediante ecocardiografía podría ser una herramienta diagnóstica importante. Actualmente, se 
sabe poco sobre la mecánica ventricular y los mecanismos compensatorios del VI para mantener un gasto 
cardiaco adecuado en el contexto de la IM degenerativa. Nuestro objetivo fue describir el comportamiento 
de la mecánica del VI en pacientes con diferentes grados de IM degenerativa y compararlos con un grupo 
de control saludable. Métodos: Se diseñó un estudio observacional, transversal, comparativo y analítico. El 
análisis de la mecánica ventricular se realizó utilizando el sistema GE. Los pacientes se agruparon en IM 
leve, moderada o grave. Resultados: Se incluyeron 91 participantes, 57 casos y 34 controles. El grupo de 
casos presentó una disminución significativa en la distensión longitudinal, radial y circunferencial, así como 
en el giro y torsión, en relación con el grupo de control. De acuerdo con la gravedad de la IM, la distensión 
longitudinal global (GLS) mostró una disminución progresiva de -20%, -18% y -14% en MR leve, moderada 
y severa, respectivamente (p=0.03). El mismo escenario se observó en la distensión circunferencial y radial 
global; la mecánica rotacional con giro y torsión disminuyeron progresivamente, según la severidad de la IM 
(p=0.034, p=0.038, respectivamente). Conclusión: Se observan alteraciones en la mecánica del VI en grados 
moderados y severos de IM, lo que podría exponer una falta de mecanismos compensatorios para mantener 
la función ventricular a medida que avanza la patología.
Palabras clave: Insuficiencia mitral, mecánica ventricular, distensión, giro, torsión.
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INTRODUCTION

Degenerative mitral regurgitation (MR) is 
a volume overload progressive condition, 
causing left ventricle (LV) morphological 
changes such as sphericity and dilation; the 
volume excess causes elevated diastolic stress 
which triggers increase in ventricular mass 
(Laplace’s law), the thickness of the ventricular 
wall will increase eccentrically in proportion 
to the dilatation of the LV. On the other hand, 
the insufficient coaptation of the mitral valve 
during systole, allows the flow and pressure 
to escape into the atrium (low pressure 

cavity), at the end of the systole the wall 
stress (afterload) is normal or even diminished 
which causes further myofibrillar damage.1 
The combination of volume overload and 
decreased afterload results in a normal or 
supranormal ejection fraction and since the 
left atrium (LA) remodeling allows a larger 
volume, clinical tolerance is excellent. In 
this deceptive context, in which the patient 
has no symptoms and ventricular function 
is normal, the step between ventricular 
compensation and myocardial damage is 
virtually imperceptible; It has been called 
«subclinical damage» and is associated with the 

Table 1: Demographic and echocardiographic findings in patients 
with chronic mitral regurgitation and control groups.

Control group n=34 MR n=57 p

Age (years) 26 (21-33) 54 (47-62) 0.000
Female(%) 19 (55.8) 32 (56.1) 0.981
Height (cm) 167 ± 10 170 ± 11 0.009
Weight (kg) 67 (56-78) 68 (59-76) 0.457
Hypertension (%) 0 21 (36.8) 0.000
Dyslipidemia (%) 0 14 (24.5) 0.002
Echocardiographyc findings 

LV EDV (mL) 48 (42-55) 65 (49-101) 0.007
LV ESV (mL) 30 (24-38) 43 (28-60) 0.028
LAVI (mL/m2) 15 (11-19) 23 (19-35) 0.000
LVEF (%) 60 (60-65) 55 (49-60) 0.000

Mitral valve measurements
MA in diastole (mm) 31 ± 3.8 33 ± 5.3 0.081
MA in systole (mm) 24 (20-28) 28 (23-33) 0.024
MA shortening (%) 21 (15-28) 12 (6-21) 0.018
Tenting area (cm2) 0.9 (0.7-1.4) 1.9 (1.6-2.5) 0.000
Deep of coaptation (mm) 0.7 (0.6-0.9) 1 (0.7-1.2) 0.001

LV mechanics
GLS (%) -22 (-23 to -20.5) -17.4 (-21.8 to -12.7) 0.000
GCS (%) -25 (-29 to -20) -16.3 (-21 to -13) 0.000
GRS (%) 42 (33 to 47) 22 (15.9 to 34) 0.000
Basal rotation (º) -6 (-7.3 to -4.5) -4.6 (-7 to -3) 0.121
Apical rotation (º) 11 (9.6 to 11.9) 10 (6 to 13) 0.050
Twist (º) 17 (15 to 18) 14 (10 to 18) 0.007
Torsion (º/cm) 2.0 (1.8 to -2.2) 1.8 (1.3 to 2.3) 0.047

LV = Left ventricle; EDV = End-diastolic volume; ESV = End-systolic volume; LAVI = Left atrial volume index; LVEF = Left 
ventricular ejection fraction; MA = Mitral annulus; GLS = Global longitudinal strain; GCS = Global circumferential strain; GRS 
= Global radial strain.
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appearance of interstitial fibrosis and decrease 
in the number and function of myofibrils.1 
Ideally, in an asymptomatic patient, surgery 
should take place when left ventricular 
ejection fraction (LVEF) is still normal, but 
myocardial dysfunction is imminent. An 
important diagnostic tool might be the 
evaluation of the evolution of LV mechanics 
by echocardiography. There is strong evidence 
that in multiple cardiac diseases the prognostic 
value of LV global longitudinal strain (GLS) 
is superior to that of LVEF when it comes 
to predicting LV dysfunction and major 
adverse cardiac events.2 In patients with 
asymptomatic MR and preserved ejection 
fraction at 2 weeks postoperatively there was 

a positive correlation between GLS ≤ 18% and 
a postoperative decrease in LVEF by >10%.3 
Mentias et al. with 737 asymptomatic patients 
with primary severe MR, a non-dilated LV and 
a preserved LVEF, showed that a GLS value 
below -21.7% was independently associated 
with mortality [HR 1.60, 95%CI 1.47-1.73] 
and provided additive prognostic utility to 
previously known predictors.4 In addition 
to the longitudinal deformation vector, the 
remaining vectors are gradually affected by 
compromising the rotational mechanisms 
and denoting greater ventricular damage. 
In chronic dilated cardiomyopathy patients, 
torsional profile was more altered in severe 
MR. Endocardial basal rotation, endocardial 

Table 2: Demographic and echocardiographic findings according to mitral regurgitation severity.

Mild n = 26 Moderate n = 12 Severe n = 19 p

Age (years) 51 (44-62) 54 (46-60) 55 (47-62) 0.824
Female (%) 15 (58) 9 (75) 8 (42) 0.089
Height (cm) 162 ± 12 159 ± 10 161±9 0.701
Weight (kg) 67 (55-71) 67 (58-76) 68 (57-75) 0.138
Hypertension (%) 8 (31) 5 (42) 8 (42) 0.684
Dyslipidemia 6 (23) 3 (25) 5 (26) 0.969
Echocardiographyc findings

LV EDV (mL) 44 (44-58) 57 (44-87) 79 (51-97) 0.002
LV ESV (mL) 19 (13-31) 25 (16-39) 32 (23-62) 0.008
LAVI (mL) 40 (32-50) 61 (51-68) 79 (74-128) 0.001
LVEF (%) 60 (55-61) 58 (53-63) 50 (26-55) 0.013

Mitral valve measurements
MA diastole (mm) 30 ± 4 32 ± 5 36 ± 5 0.001
MA systole (mm) 25 ± 4 26 ± 6 34 ± 5 0.000
MA shortening (%) 17 (7-24) 17 (11-29) 6 (2-12) 0.000
Tenting area (cm2) 1.6 (1.1-2.1) 1.8 (1.4-2.1) 2.5 (2.3-3.1) 0.000
Deep of coaptation (mm) 0.9 (0.6-1) 0.95 (0.8-1.1) 1.1 (0.9-1.4) 0.045

LV mechanics
GLS (%) -20 (-23 to-17.7) -18 (-21 to -15.7) -14 (-17.8 to-6.7) 0.033
GCS (%) -22 (-22 to -15) -18.3 (-20.5 to -15.5) -15 (-17.2 to -8) 0.141
GRS (%) 36.5 (22-38) 24 (17.5-28.5) 19 (14-27) 0.099
Basal rotation (o) -6 (-8.2 to -3.7) -4.5 (-6.3 to -2.4) -3.4 (-6 to -1.9) 0.083
Apical rotation (o) 10.8 (7.3-13) 9.5 (7.6-13) 6.5 (4.2-14.5) 0.304
Twist (o) 16 (13.6-19.4) 14.5 (11.4-17) 10.3 (7.3-14.3) 0.034
Torsion (º/cm) 2.05 (1.6-2.4) 1.65 (1.35-2.2) 1.1 (0.8-2.1) 0.038

LV = Left ventricle, EDV = End-diastolic volume, ESV = End-systolic volume; LAVI = Left atrial volume index; LVEF = Left 
ventricular ejection fraction; MA = Mitral annulus; GLS = Global longitudinal strain; GCS = Global circumferential strain; GRS 
= Global radial strain.
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torsion, and circumferential strain, can be 
used as indicators of advanced structural wall 
architecture damage.5 Ventricular dilation is 
associated with stretching and reorientation 
of muscle fibers, which reduces contractility, 
regardless of changes in volume and contractile 
strength, leading to reduced values in cardiac 
torsion and twist, considering them as a 
sensitive marker of alterations in ventricular 
architecture in an incipient manner.6 Currently, 
little is known about complete ventricular 
mechanics and the compensatory mechanisms 
of LV to maintain adequate cardiac output in 
the context of degenerative MR. The objective 
of our study was to describe the behavior of 
LV mechanics of patients with degenerative 
MR at different degrees of severity, comparing 
them with the control group.

METHODS

An observational, cross-sectional, comparative 
and analytical study was designed. All 
patients over 18 years who attended the 
echocardiography laboratory with diagnosis 
of degenerative MR regardless of the severity 
and LVEF ≥30% were included consecutively 
during a period of six months. They agreed to 
participate in the study by signing an informed 
consent. Patients with other associated valvular 
lesions (except mild tricuspid insufficiency), 
history of ischemic heart disease, idiopathic 
dilated cardiomyopathy, previous cardiac 
surgery, systemic or inflammatory diseases, 
history of chemotherapy or radiotherapy, poor 
acoustic window and no sinus rhythm were 

excluded. A young, healthy control group was 
included also. The study was approved by 
the local research committee and follows the 
Helsinki line.

Echocardiographic evaluation: Conventional 
transthoracic 2D echocardiograms were 
performed with a GE vivid 9 XD Clear ultrasound 
system, following current guidelines.7

Evaluat ion of mitral  regurgi tat ion. 
Depending on the number of jets observed, 
we use two main measurement methods: in 
the case of a single jet, the contracted vein (CV) 
was measured in the axis perpendicular to the 
regurgitant jet; a CV < 0.3 cm was equivalent 
to mild insufficiency, a CV ≥0.7 cm was equal 
to severe regurgitation, the intermediate points 
were evaluated with quantitative methods 
such as the flow convergence method (PISA). 
If two or more jets were observed, the 
severity assessment was carried out using 
Doppler continuity method, in accordance 
with the recommendations for the evaluation 
of valvular regurgitation.8 In both methods, 
PISA and continuity, an effective regurgitant 
orifice area (EROA) ≥0.40 cm2 and regurgitant 
volume (RVol) ≥60 mL was considered as 
severe MR; EROA of 0.20-0.39 cm2 and RVol 
of 30-59 mL was considered moderate, and 
EROA <20 cm2 and <30 mL of RVol, was 
considered mild.

Ventricular mechanics analysis

For the analysis of ventricular mechanics, apical 
approaches (4C, 2C, 3C) and the parasternal 
short axis (basal, middle and apical) were 

Table 3: Schematic description of the behavior of ventricular 
mechanics in different degrees of mitral regurgitation.

Control group Mild MR Moderate MR Severe MR

GLS (%) -22 -20 N -18 -14
GCS (%) -25 -22 N -18 -15
GRS (%) 42 36 N 24 19
Twist (°) 17 16 N 14.5 N 10.3
Torsion (°/cm) 2.0 2.0 N 1.65 N 1.1

GLS = Global longitudinal strain, GCS = Global circumferential strain, GRS = global longitudinal strain.
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obtained, maintaining an adequate gray scale 
(60-80 frames/s) according to guidelines.9 The 
2D deformation analysis was performed by 
post-process at the EchoPAC (GE) workstation.

The patients were grouped according to the 
severity of MR in mild, moderate or severe, the 
ejection fraction of the LV was estimated by 
Simpson’s biplane method.

Statistic analysis

Normality of the continuous variables was 
sought with the Shapiro Wilk test. The 
parametric variables are expressed as mean 
and standard deviation and their comparison 
was made with Student’s t-test; the non-
parametric variables are expressed in median 
and interquartile range; their comparison was 
made with Wilcoxon test. The comparison of 
more than two groups of continuous variables 
was performed with analysis of variance 
(one way ANOVA) or the Kruskal-Wallis test 
as appropriate. Categorical variables are 
expressed as percentage and their comparison 
between groups was performed with the 
χ2 test. A p value <0.05 was considered as 
statistically significant.

RESULTS

A total of 91 participants were included, 57 
were cases and 34 controls. Differences in 
age, height, hypertension and dyslipidemia 

were observed between groups, in the 
echocardiographic findings there was a 
significant difference in LVEF, end-diastolic 
volume, end-systolic volume, LA volume, 
dimension and fractional shortening of the 
mitral annulus, tension area and depth of 
coaptation. In ventricular mechanics the case 
group presented a significant decrease in 
longitudinal, radial and circumferential strain, 
as well as, lower twist and torsion compared to 
the control group (Table 1).

Analysis of cases according to the severity of 
mitral regurgitation. According to the degree of 
the mitral regurgitation, a progressive decrease 
in the LVEF and shortening of mitral annulus 
was found; along with an increase in volumes in 
LV and LA, tension area and deep of coaptation 
of the mitral valve (Table 2).

The GLS showed a significant progressive 
decrease (p <0.03) from -20, -18 and -14% in 
mild, moderate and severe MR respectively. The 
same scenario was observed in GCS and GRS, 
the higher the MR, the lower the deformation 
values (Table 2). The twist in patients with mild 
MR was 16o which decreases to 10.3o in severe 
MR (p <0.034); torsion shows a similar pattern 
with a value of 2.05o/cm in the mild degree of 
MR, and that decreases 1.1o/cm in severe MR 
(p <0.038) (Table 2 and 3).

Interobserver variability

Interobserver var iabi l i ty  analys is  was 
performed using intraclass correlation 
coefficient for longitudinal, circumferential 
and radial strain and for apical rotation, 
basal rotation and twist, a variability of 
5% and 3% was obtained for longitudinal 
and circumferential strain respectively (p 
<0.0001), similar findings to what has 
previously been reported (Table 4).

DISCUSSION

This study describes the behavior of LV 
mechanics in pr imary chronic mitra l 
regurgitation at different stages of severity. 
It was found that during the evolution of 
the pathology the ventricular mechanics 
gradually deteriorates until there is a decrease 
in the ejection fraction and cardiac failure. 

Table 4: Interobserver variability analysis.

Correlation 
coefficient

p

GLS 0.955 0.000
GRS 0.790 0.015

GCS 0.975 0.000

Basal rotation 0.892 0.001

Apical rotation 0.738 0.029

Twist 0.778 0.018

Torsion 0.821 0.009

GLS = Global longitudinal strain, GCS = Global 
circumferential strain, GRS = Global radial strain.
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Compared against the control group, mild MR 
has a similar ventricular mechanic behavior, 
however, in moderate and severe MR, the 
three deformation vectors were decreased. 
Rotational mechanics showed to be normal 
in mild and moderate MR, with a significant 
fall in severe MR. The scenario is different 
in valvular diseases with high or constant 
systolic stress, where there are compensatory 
mechanisms such as increased circumferential 
strain, twist and torsion.10 We observed 
that MR does not really have ventricular 
compensatory mechanisms that allow it to 
protect from ventricular failure.

Chronic MR is characterized by volume 
overload, increased diastolic stress and low 
impedance, since systolic flow finds an escape 
to the LA (low pressure cavity); this generates 
an adverse remodeling of the LV and a rapid 
progression to heart failure.3 Based on our 
findings, when valvopathy is characterized 
by high volume and low systolic stress, the 
ventricle is not able to develop compensatory 
mechanisms and the progression towards 
deterioration and heart failure is imminent. 
Despite the deterioration of ventricular 
mechanics in most cases, the LVEF remains at 
normal parameters. 

LV rotational mechanics is a potentially 
valuable biomarker of LV dysfunction; we 
observed that the LV rotational mechanics 
became more compromised as the severity 
of the MR increases. This same behavior 
has been reported by Reyhan M et al.,11 
describing how in moderate MR patients 
only the apical rotation was decreased, while 
in severe MR patients both basal and apical 
rotation were affected. Reduction in LV 
twist in patients with MR is consistent with 
previous reports.12,13 The decrease in apical 
rotation may be due to spherical remodeling 
of the mid-ventricular and apical LV,14 it has 
been suggested that chronic MR reduces 
systolic torsion of LV as a result of decreased 
«leverage» of epicardial f ibers (whose 
contraction produces positive torsion) in 
relation to endocardial muscle fibers (which 
produce negative torsion).11,13

Limitations: the transversal nature or 
this study is in itself a limitation. Long-term 
studies, with a greater number of participants 

are needed to fully understand ventricular 
behavior due to volume overload and low 
systolic stress.

CONCLUSION

Alterations in LV mechanics are observed 
in moderate and severe MR and reflect the 
natural history of primary chronic MR, in which 
the ventricle cannot develop compensatory 
mechanisms to maintain ventricular function 
as the disease progresses.
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ABSTRACT. Introduction: The left ventricular ejection fraction (LVEF) is a parameter that reflects 
the myocardial systolic function. Its measurement is of great importance to establish the diagnosis, 
treatment and prognosis of different cardiovascular diseases. There are several non-invasive methods 
such as echocardiography, magnetic resonance imaging, Gated-SPECT for the measurement of ventricular 
volumetric and the ejection fraction of the left ventricle. Objective: The objective of this study was 
to determine the normal values   of left ventricular volumes and LVEF using Gated-PET-13N-Amonia 
in Mexican population. Material and methods: We included patients with normal Gated-PET13N-
Ammonium myocardial perfusion study. Left ventricular volumes and ejection fraction were obtained. 
Images were analyzed in QPS-QGS ®Cedars Sinai®. The variables were expressed in mean and standard 
deviation. Results: A total of 78 patients were included. The end-diastolic volume (EDV) at rest was of 
84.9±28.2 mL, the end-systolic volume (ESV) 28.2±20.1, the stroke volume (SV) 56.8±12.8 mL and the 
LVEF 68.7±9.1%. The stress EDV was of 96.3±31.7 mL, the stress ESV 32.1±21.7 mL, the SV 64±13.9 
mL and the LVEF 68.3±8.75%. Conclusion: The measurement of left ventricular volumes and ejection 
fraction obtained by the PET 13N-Ammonium perfusion study is feasible and should be considered as an 
additional diagnostic tool.
Keywords: Ejection fraction, ventricular volumes, positron emission tomography.

RESUMEN. Introducción: La fracción de expulsión del ventrículo izquierdo (FEVI) es un parámetro 
que refleja la función sistólica del miocardio. Su medición es de gran importancia para establecer el 
diagnóstico, tratamiento y pronóstico de distintas enfermedades cardiovasculares. Existen diversos métodos 
no invasivos como la ecocardiografía, la resonancia magnética, el Gated-SPECT para la medición de 
los volúmenes ventriculares y la fracción de eyección del ventrículo izquierdo. Objetivo: Determinar 
los valores normales de los volúmenes ventriculares y de la FEVI mediante Gated-PET-13N-Amonio, 
en población mexicana. Material y métodos: Se incluyeron pacientes a quienes se les realizó un estudio 
de perfusión miocárdica por PET 13N-Amonio para descartar cardiopatía isquémica, la cual resultó 
normal. Se obtuvieron los volúmenes ventriculares y la fracción de expulsión mediante reconstrucciones 
hechas por un software de PET cardiaco QpS-QGS Cedars Sinai®. Las variables se expresaron en medias 
y desviación estándar. Resultados: Se incluyeron 78 pacientes con estudio de PET 13N-Amonio normal. 
El volumen telediastólico (VTD) en fase de reposo es 84.9±28.2 mL, el volumen telediastólico (VTS) de 
28.2±20.1 mL, el volumen latido (VL) de 56.89 ± 12.8 mL y la FEVI de 68.7± 9.1%. El VTD en fase de 
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INTRODUCTION

Ventricular function parameters such as 
the left ventricular ejection fraction (LVEF) 
and ventricular volumes have been studied 
extensively by different invasive and non-
invasive methods.1-5 The best known are 
two-dimensional and three-dimensional 
echocardiography1,2,6 and magnetic resonance 
imaging (MRI) which is considered the gold 
standard.2-4

The evaluation of LVEF and ventricular 
volumes has a significant clinical impact on 
the treatment and prognosis of patients with 
cardiovascular diseases.

2D echocardiography: two-dimensional 
echocardiography using the modified Simpson 
method is the most commonly used technique 
for measuring LVEF, due to its high availability. 
Although LVEF is a robust predictor of cardiac 
events in the general population, it has low 
sensitivity for the detection of small changes in 
left ventricular function. The LVEF calculated by 

two-dimensional echocardiography does not 
detect the subtle alterations in the contractility 
of the left ventricle, due to several factors that 
include the geometric presumption of left 
ventricle, inadequate visualization of the true 
apex and the intra and interobserver variability. 
It is also important to remember that the LVEF 
depends on the loading conditions, which 
can be modified frequently and affect the real 
value.1,2

3D echocardiography: with the advent of 
real-time 3D echocardiography, the analysis 
of ventricular volumes and ejection fraction is 
more reliable and reproducible. This technique 
allows to quantify beat by beat the volumes 
and LVEF, without any geometric presumption, 
with excellent correlation with the volumes 
determined by magnetic resonance (r = 
0.96, 0.97 and 0.93 for end-diastolic volume 
[EDV], end-sistolic volume [ESV] and LVEF, 
respectively).3,6

Computed tomography (CT) scan: this 
technique uses contrast dye that allows 

Figure 1:

Reconstruction of 
a cardiac positron 

emission tomography 
study, with spatial 

visualization of 
ventricular volumes.

estrés fue de 96.35±31.7 mL, el VTS de 32.1±21.7 mL, el VL de 64±13.9 mL y la FEVI de 68.3±8.7%. 
Conclusión. La medición de volúmenes ventriculares y de la fracción de expulsión del ventrículo izquierdo 
obtenida por el estudio de perfusión con PET 13N-Amonio es factible y debe ser considerada como una 
herramienta diagnóstica adicional.
Palabras clave: Fracción de expulsión; volúmenes ventriculares; tomografía con emisión de positrones.
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clearly differentiation of ventricular pool 
and myocardium, eliminating errors on the 
geometric perception of the left ventricle. 
The weaknesses of CT include a low temporal 
resolution and a slight overestimation of the 
EDV, probably due to the administration of 
beta blockers during procedure.3 On the other 
hand, radiation exposure is a factor that should 
be taken into consideration.

Cardiac magnetic resonance: is the study 
with the highest spatial and temporal resolution, 
to evaluate ventricular volumes and LVEF. This 
technique is considered the gold standard 
for volumetric measurements in cardiology. 
However, it’s a high cost and poor available 
test.4

Nuclear cardiology: there are several 
nuclear medicine methods that can be used in 
the evaluation of ventricular volumes and LVEF. 
The most commonly used are Gated-SPECT 
(single photon emission computed tomography) 
and PET (positron emission tomography). PET 
has several advantages over Gated-SPECT, 
which include a considerable decrease in 
attenuation and greater temporal and spatial 
resolution. The limitations of nuclear studies are 
radiation exposure and the inability to obtain 
adequate triggering in patients with irregular 
rhythm. Although there are multiple programs 
for image processing, sometimes a manual 
adjustment is required to delimit the ventricle, 
generating variations in the reproducibility of 
the study.5

The objective of this study was to determine 
the normal values   of ventricular volumes 
and LVEF using Gated-PET-13N-Ammonia in 
Mexican population without cardiovascular 
disease.

MATERIAL AND METHODS

This is a descriptive, retrospective and 
retrolective study, which included patients 
who attended the PET-Cyclotron unit of 
the Faculty of Medicine of the Autonomous 
University of Mexico (Mexico City). All patients 
underwent a myocardial perfusion study 
with 13N-Ammonium PET that ruled out the 
presence of ischemic heart disease.

The myocardial perfusion study was 
performed at rest with the administration of 
a dose of 20 mCi of 13N-Ammonium and 
during the pharmacological effort with the 
administration of 140 μg/kg /min of adenosine 
in continuous infusion for 6 minutes. In the 3rd 
minute of the infusion, the second dose of 20 
mCi of 13N-Ammonium was administered and 
in the 5th minute the images of the stress phase 
began to be acquired (Figure 1).

In addition to the perfusion variables, 
ventricular volumes and LVEF were recorded 
both at rest and in stress.

The reconstruction of the perfusion 
images, as well as the calculation of the 
volumes, was performed with a cardiac PET 
software from the Cedars-Sinai® Medical 
Center (Figure 2).

Table 1: Demographic variables 
of the population studied.

Variable Value (n=78)

Male sex 44 (56.4%)
Age (years) 63.2±10.7
Weigth (kg) 73.8±11.9
Heigth (mt) 1.63±0.09
Body mass index 27.4±3.5

Table 2: Ventricular volumes 
and left ventricule ejection 

fraction during rest and stress.

Rest Mean SD

EDV (mL) 84.97 28.2

ESV (mL) 28.2 20.1

SV (mL) 56.89 12.8

LVEF (%) 68.78 9.13

Stress Mean SD

EDV (mL) 96.35 31.7

ESV (mL) 32.12 21.7

SV (mL) 64.07 13.9

LVEF (%) 68.3 8.75

EDV = end-diastolic volume; ESV = end-systolic 
volume; SV = stroke volume; LVEF = left ventricule 
ejection fraction



Pérez‑Orpinel OA et al. Left ventricular volumes and ejection fraction by PET88

Cardiac Image Updated. 2019; 1 (3): 85-89 www.medigraphic.com/ciu

www.medigraphic.org.mx

RESULTS

A total of 78 patients with an average age 
of 63±10.7 years were included. Forty-four 
(56%) were men and 34 women (44%). The 
demographic variables of the population 
studied are in Table 1.

In resting phase, the EDV was 84.9±28.2 
mL, the ESV was 28.2±20.1 mL, the stroke 
volume (SV) was 56.8±12.8 mL and the LVEF 
was 68.7±9.1% (Table 2).

In stress phase, the EDV was 96.3±31.7 mL, 
the ESV was 32.1±21.7 mL, the SV was 64±13.9 
mL and the LVEF of 68.3±8.7% (Table 2).

DISCUSSION

The results obtained in this population are 
correlated with ventricular volumes and the 
ejection fraction corresponds to that reported 
by other non-invasive imaging methods in the 
healthy population. In the guidelines published 
in 2015, normal values   of volumes and LVEF 
in men were for EDV of 106±22 mL, ESV of 

Study PET˄PETCT_Cardiac_LM_DYN (Adulto)
Dataset G_Ammonia_Stress (AC)
Date 2018-04-18 16:19:26
Status QC=1.98, IR=0.32
Volume 45 mL[3]
EDV 124 mL[8]
ESV 45 mL[3]
SV 79 mL
EF 68%
Shape 0.68 [SI ED], 0.59 [SI ES], 0.88 [Ecc 3]
Study PET˄PETCT_Cardiac_LM_DYN (Adulto)
Dataset G_Ammonia_Stress (AC)
Date 2018-04-18 15:58:33
Status QC=1.51, IR=0.29
Volume 39 mL[3]
EDV 109 mL[8]
ESV 39 mL[3]
SV 70 mL
EF 65%
Shape 0.65 [SI ED], 0.48 [SI ES], 0.88 [Ecc 3]

41±10 ml and LVEF of 62±5%. In women, the 
reference values   were 76±15 mL, 28±7 mL and 
64±5% for EDV, ESV and LVEF, respectively. 
The values   reported correlate with the results 
obtained in the present study at rest.6

One of the main advantages in obtaining 
ventricular volumes by PET is the practically 
null interobserver variability, because the 
measurements are made with specialized 
software. This is a point in favor of PET 
13N-Ammonium compared to more frequently 
used methods such as echocardiography, which 
despite being a very useful method, has a lot of 
intra and interobserver variability.

The 13N-Ammonium PET myocardial 
perfusion study has an advantage in relation 
to the Gated-SPECT perfusion study, since its 
high spatial resolution allows the calculation of 
volumes in a more exact way. This places PET 
13N-Ammonium, at a level of accuracy similar 
to that of tomography or cardiac magnetic 
resonance.

Myocardial perfusion studies such as 
PET 13N-Ammonium are not used first for 
the measurement of ventricular volumes, 
but their usefulness is mainly used in the 
detection of perfusion defects. However, 
ventricular volumes and LVEF calculated by 
PET 13N-Ammonium are considered feasible 
and with a very good concordance, so they 
can be of great help to the clinician in making 
diagnostic and therapeutic decisions.

CONCLUSION

The measurement of ventricular volumes 
and the ejection fraction of the left ventricle 
obtained by the PET 13N-Ammonium perfusion 
study is feasible and should be considered as 
an additional diagnostic tool.
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ABSTRACT. Acquired pulmonary arteriovenous malformations (PAVM) in adults are a rare finding. Its etiology is 
related to pneumopathies, infections or parasitosis. Its presence is associated with complications such as hemorrhage, 
endocarditis, embolism. We present the case of an PAVM observed in an elderly person that was successfully closed 
with a percutaneous device.
Keywords: Arteriovenous fistula, aged, renal replacement therapy.

RESUMEN. Las malformaciones arteriovenosas pulmonares (MAVP) adquiridas en el adulto son un hallazgo poco 
frecuente. Su etiología se relaciona a neumopatías, infecciones o parasitosis. Su presencia se asocia a complicaciones 
como hemorragia, endocarditis, embolia. Presentamos el caso de una MAVP observada en un anciano que fue tratada 
exitosamente con dispositivo percutáneo.
Palabras clave: Fístula arteriovenosa, anciano, terapia de reemplazo renal.
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Thrombosed pulmonary arteriovenous malformation 
in an elder hemodyalisis patient: case report
Malformación arteriovenosa pulmonar trombosada en 
anciano con hemodiálisis: reporte de caso

Enrique Berríos Bárcenas,* José Laínez Zelaya,‡ José García Montes§

INTRODUCTION

PAVM are abnormal vascular communications 
between arteries and veins. They are usually 
diagnosed in youth subjects with severe 
chronic hypoxemia or in patients with 
hereditary hemorrhagic telangectasis (Osler 
Weber Rendu syndrome). In older patients, its 
etiology is related to previous cavopulmonary 
fistulas in patients with complex congenital 
hear t  d i sease ,  chronic  l i ver  d i sease 
(hepatopulmonary syndrome), or pulmonary 
infections due to tuberculosis or actinomycosis. 
In most cases they are asymptomatic and are 
diagnosed as an incidental finding of imaging 
studies. When they are large or multiple, 
are associated with complications such as 
massive hemoptysis, cerebral abscess, stroke, 
spontaneous hemothorax, endocarditis and 
embolism.1

CASE PRESENTATION

This is a 75-year-old woman with a history of 
type 2 diabetes mellitus, high blood pressure, 
dyslipidemia, hypothyroidism, obesity and 
chronic kidney disease on hemodialysis 
theraphy with arteriovenous fistula in the 
upper left limb. The patient has presented 
chest pain during hemodialysis, associated 
with arterial hypotension and diaphoresis, in 
addition to occasional hemoptysis. Physical 
examination was unremarkable, except for 
low finger saturometry (80%). No platypnea 
or orthodeoxia was demonstrated. Rest 
electrocardiogram was normal. Coronary 
computed coronary angiography was 
performed, and showed extensise coronary 
calci f icat ion but with non-signif icant 
obstructions, however on the right pulmonary 
base there is a round structure with central 
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hypodensity, a feeding artery of 7 mm diameter 
and an efferent vein (Figure 1). Immunological 
studies of parasites or tuberculosis were 
negative. Invasive selective angiography 
was performed confirming the tomographic 
diagnosis. Occluder device (vascular plug) was 
placed successfully without evidence of residual 

Figure 1:

A) Contrast tomography showing 
a rounded image with hypodense 

center in the right pulmonary base. B) 
Volumetric reconstruction of the CT 

scan demonstrating the afferent vessel 
that feeds the malformation, as well the 
efferent vessel. C) Selective pulmonary 
angiography demonstrating the fedding 

artery of the pulmonary arteriovenous 
malformation. D) Selective pulmonary 

angiography demonstrating the fulfill of 
the pulmonary arteriovenous malformation. 

E) Embolization with vascular plug 
of the fedding artery of the pulmonary 

arteriovenous malformation. F) Selective 
pulmonary angiography, contrast shot at the 

end of the procedure, without evidence of 
residual malformation filling.

A
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shunt. The patient’s symptoms disappeared and 
is alive without complications after two years.

DISCUSSION

We present a rare case since the image could 
be confused with tumor or hydatid cyst, 
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however the presence of the «feeding» vessels 
were key to the diagnosis. The presence 
of central hypodensity is very suggestive of 
thrombus which suggests previous contained 
ruptures. These ruptures could be related to 
the turbulent and accelerated flow produced in 
the peripheral fistula during hemodialysis. Most 
PAVMs are located in the lower pulmonary 
lobes, possibly due to the increased flow 
and pressure that occurs in this area. Nearly 
90% have a single feeder vessel, called 
«simple».2 Most complications are related to 
two mechanisms: hypoxemia or shunt. The 
first may cause cardiovascular complications, 
such as ischemic heart disease in patients 
with coronary artery disease. In our patient 
this could happen during ultrafiltration, the 
induced hypovolemia coupled with hypoxemia 
could lead to coronary hypoperfusion and 
ischemic symptoms. Etiology of our patient’s 
fistula, it is still a mystery. There are reports of 
formation of this type of anomalies in patients 
with univentricular heart who underwent a 
cavopulmonary bypass (Glenn’s procedure). 
In these subjects it is proposed that the 
redirection of the flow leads to a decrease in 
the clearance of inflammatory cytokines in the 
liver; at the same time, pulmonary hyperflow 
could lead to overexpression of growth factors 
that generate angiogenesis and the consequent 
malformation.3 Other authors have reported 
the development of pulmonary hypertension 
in patients with peripheral arteriovenous fistula 
for hemodialysis, possibly due to increased 
pulmonary flow.4 Our hypothesis considers in 

our patient a similar phenomenon, secondary 
to the pulmonary hyperflow produced by the 
peripheral fistula. In cases where the feeding 
artery exceeds 2 or 3 mm, embolization 
treatment is recommended, which can be 
performed with coils, vascular plugs or balloons, 
with good outcomes.5 Some reports mention 
better outcomes with vascular plug.6

In conclusion, in patients with hemodialysis 
the presence of pulmonary arteriovenous 
malformations is very rare and can be complicated 
with rupture, so percutaneous embolization is a 
good option to avoid fatal outcomes.
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ABSTRACT. Sinus of Valsalva aneurysm is a rare finding that could be acquired or congenital. The acquired form 
may result from trauma, Marfan’s syndrome and infective endocarditis. We report the case of a 36-year-old man with 
heart failure and aortic regurgitation, was suspected to have infectious endocarditis. The diagnosis workup revealed 
sinus of Valsalva aneurysm and bicuspid aortic valve. The patient underwent cardiac surgery to replace the aortic valve 
and exclude the sinus of Valsalva aneurysm and successfully discharged with no heart failure symptoms. This case 
highlights the importance of multimodal imaging in patients with IE to make a correct diagnosis of local complication 
like sinus of Valsalva aneurysm.
Keywords: Infective endocarditis, sinus of Valsalva aneurism, echocardiography, cardiac computed tomography.

RESUMEN. Los aneurismas de los senos de Valsalva son raros y pueden ser adquiridos o congénitos. La forma 
adquirida puede ser el resultado de trauma, síndrome de Marfan y endocarditis infecciosa. Reportamos el caso de 
un hombre de 36 años de edad con insuficiencia cardiaca e insuficiencia aórtica, sospechoso de ser portador de 
endocarditis infecciosa. El abordaje diagnóstico demostró dos aneurismas de los senos de Valsalva y válvula aórtica 
tipo bicúspide. El paciente se sometió a cirugía cardiaca con el objetivo de reemplazar la válvula aórtica y excluir los 
aneurismas de los senos de Valsalva. Fue egresado satisfactoriamente sin insuficiencia cardiaca. Este caso subraya la 
importancia de un abordaje de imagen multimodal para el correcto diagnóstico de complicaciones de la endocarditis 
infecciosa, como lo son los aneurismas de los senos de Valsalva.
Palabras clave: Endocarditis infecciosa, aneurisma de senos de Valsalva, ecocardiografía, tomografía cardiaca.
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Sinus of Valsalva aneurysm: congenital or acquired? 
A multimodal imaging approach. Case report
Aneurisma de los senos de Valsalva: ¿congénito o adquirido? 
Abordaje por imagen multimodal. Reporte de caso

Luis A Baeza-Herrera,* Eric N Cuevas-Medina,* Adriana L Murillo-Ochoa,‡ Pamela Ramírez-Rangel*

INTRODUCTION

Sinus of Valsalva aneurysm (SOVA) is a rare 
disease that could be congenital or acquired. Is 
consequence of a defect between aortic valve 
annulus and aortic media. The high pressure in 
the aorta lumen promotes the development of 
the aneurysm and in certain cases rupture to 
cardiac chambers.1

The delay in diagnosis and prompt 
treatment of patients suspecting to have 
Infective Endocarditis (IE) is associated with 
poor outcomes and complications like acquired 
SOVA.2 In selected patients, a multimodal 
imaging approach including transthoracic 

echocardiogram (TTE), transesophageal 
echocardiogram (TEE) and cardiac computed 
tomography (CCT) can be useful to achieve a 
correct diagnosis without invasive studies.

We present the case of a male with type one 
bicuspid aortic valve and SOVA developed after 
acquiring IE, which was successfully treated 
with surgical aortic valve replacement (SAVR) 
and exclusion of SOVA.

CASE REPORT

We report the case of a 36 years-old male 
with past medical record of Coarctation of 
the Aorta (CoA) and type 1 bicuspid aorta. 
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The CoA was treated with aortic stent 10 
years ago. He referred dyspnea, loss of weight 
and fever 8 months ago. He was evaluated 
by a community doctor and prescribed 
different empirical antimicrobial regimens 
for a non-identified source of infection. The 
fever stopped but the dyspnea continued. He 
consulted a community hospital were a heart 
murmur was heard so a TTE was performed 
that reveal severe aortic regurgitation (AR). He 
was referred to our institution.

On phys ica l  examinat ion he was 
tachycardic and dyspneic; bilateral crackles 
and a diastolic murmur at the aortic area. In 
the fingernails Quincke’s sing was found. The 
ECG showed sinus tachycardia with first degree 
atrioventricular block (PR interval 215 ms). The 
blood chemistry reported NT-pro BNP 9041 pg/
mL and normal C reactive protein (CRP). Blood 
cultures were negative.

TTE revealed type 1 bicuspid aortic valve 
with severe AR. The Transesophageal (TEE) 
showed two SOVA (Figure 1). Additionally, 3D 
TTE and CCT was performed demonstrating 
SOVA with no coronary obstruction (Figure 2).

The patient underwent surgical treatment. 
SOVA was exclude with bovine pericardial 
patch and the aortic valve was replaced with 
a mechanical St Jude Masters valve (Abbott 
Cardiovascular, Santa Clara, CA). The valve 
biopsy showed polymorphonuclear cell 
aggregates. The patient was discharged 8 days 
after surgery.

DISCUSSION

Delay in diagnosis and initiation of the 
antimicrobial therapy in patients with suspected 

infective endocarditis (IE) is associated with 
poor outcomes. One of many complications is 
the development of sinus of Valsalva aneurysm 
(SOVA).

SOVA can be congenital or acquired. The 
former is due to a lack of continuity between 
the aortic annulus and aortic media, and the 
high aortic pressure promotes the development 
of fingerlike sacs, which walls are composed 
by fibrous tissue and can rupture to a cardiac 
chamber.1 The prevalence of congenital 
SOVA is estimated to occur in the 3.5% of 
all congenital heart defects (CHD). The right 
sinus of Valsalva is the most frequent sinus 
affected (80%), followed by non-coronary 
sinus (16%) and left coronary sinus (4%).3 The 
most accepted theory of this is consequence 
of incomplete fusion of the aortopulmonary 
and interventricular septum, that weakens the 
supporting tissue of the right and non-coronary 
sinus.1 Additionally, 1 of 10 cases is associated 
with aortic bicuspid valve.4

Acquired SOVA can present as consequence 
of multiple diseases like trauma, tuberculosis, 
Marfan’s syndrome, syphilis, and endocarditis, 
is not associated with other CHD and tends to 
extend superiorly.1 In case of IE, SOVA is due 
to rupture of a paravalvular abscess to cardiac 
lumen, like sinuses of Valsalva.2 The estimated 
prevalence of SOVA in IE about 28%.3

In the past, the cardiac catheterization was 
the method considered the gold standard.1 
Technological advances in the TTE, TEE and 
CCT improves the anatomical detail of cardiac 
chambers, valves and surrounding tissues. 
The American and European guidelines on 
IE suggest obtaining TTE imaging as soon as 
possible in patients with suspected IE and 

Figure 1:

TEE short axis image at level of 
the aortic valve. A) 2D shows type 
1 aortic valve, engrossment of the 

edge and two SOVA in the anterior 
valve. B) Color doppler image of A) 
that shows the communication of the 

SOVA to the aortic lumen.

A B
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TEE in cases of complications of IE (both are 
class I recommendation).2,5 The sensitivity 
of the TTE for the diagnosis of abscesses is 
about 50%, and near 90% in the case of TEE.2 
Another imaging modalities can be used in IE, 
for example CCT to asses anatomical features 
of perivalvular complication and preoperative 
planification as well (e.g. diagnosis of coronary 
artery obstruction).6

The evolution of this patient is probably 
due to the absence of correct diagnosis and 
prompt treatment of IE, that lead to paravalvular 
abscess and rupture to the aortic lumen with the 
resulting SOVA. The images obtained by TEE 
and CCT (Figures 1 and 2) shows two SOVA that 
have wide neck, extracardiac extension and 
no rupture to cardiac chambers. Additionally, 
in the previous intervention there is no 
report of SOVA. The presence of perivalvular 
complications like SOVA is associated with 
poor outcomes in patients with IE.2 With the 
previous information, we decided that most 
probably explanation to SOVA is that was 
acquire due to IE.

The patient arrived in heart failure due to 
severe AR with no evidence of cardiogenic 
shock, so we proposed urgent surgery. The 
two SOVA was closed with a pericardial patch 
and the heart team of our institution based on 
age, socioeconomical status and health services 
access, decided to replace the aortic valve with 
a mechanical prosthesis. The evolution was 
favorable and was discharged to home.

CONCLUSIONS

The lack of a correct diagnosis and timely 
treatment in patients with infective endocarditis, 
is linked to adverse outcomes. This case 
highlights the importance of multimodal 
imaging in patients with IE to make a correct 
diagnosis of local complication like sinus 
of Valsalva aneurysm. This not only for 
diagnostic proposes, but for planning the 
surgical approach.
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Figure 2:

Multimodal imaging approach to SOVA. 
A) TTE 3D zoom in a short axis view at 
level of aortic valve that shows the SOVA 
seen in Figure 1 (*). Note the extracardiac 
localization and wide neck of SOVA. 
B) CCT Axial Oblique imaging of sinus of 
Valsalva that shows the two SOVA (*).
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