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ABSTRACT

Introduction: Transposition of the great arteries with physiological surgical correction
predisposes to dysfunction of systemic right ventricle. It is believed that asymptomatic
patients have a subclinical dysfunction of this ventricle. Transthoracic echocardio-
graphy is sensitive to assess right ventricular function. To date, medical treatment is
started when the patient begins with symptoms suggestive of ventricular dysfunction.
Objective: To estimate echocardiographic predictors of subclinical dysfunction of sys-
temic right ventricle.

Method: Observational prospective study from May 2011 to December 2012. The
sample (n= 65) was divided into two groups: asymptomatic (n = 33) and symptomatic
(n =32), according to the absence or presence of clinical symptoms suggestive of right
ventricular dysfunction..

Results: The two groups were homogeneous in terms of age and surgical time. In
both hypertrophy of the right ventricle anterior wall was showed, although lower in
the asymptomatic group (p < 0.001). Subclinical systolic dysfunction in the asymp-
tomatic group was evident. There were no differences in diastolic function between
the two groups. There were correlations between the tricuspid annular plane systolic
excursion and the right ventricular ejection fraction, both in the asymptomatic (r =
0.68, Cl 95 % 0.44 to 0.83, p < 0.0001) and symptomatic groups (r = 0.77, Cl 95 % 0.59
to 0.88, p < 0.0001). Echocardiographic predictors of subclinical systemic right ventri-
cular dysfunction were identified.

Conclusions: Age, right ventricle anterior wall thickness, surgical time, and diastolic
and systolic diameters of the right ventricle are echocardiographic predictors of
subclinical systemic right ventricular dysfunction, useful for the timely initiation of
medical treatment.

Key words: Transposition of the great arteries, Ventricular performance, Systemic
right ventricle, Echocardiography

Predictores ecocardiogrdficos de disfuncion subclinica de
ventriculo derecho sistémico
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Echocardiographic predictors of subclinical systemic right ventricular dysfunction

RESUMEN

Introduccion: La transposicion de grandes arterias con correccion quirudrgica fisiolo-
gica predispone a la disfuncién del ventriculo derecho sistémico. Se considera que los
pacientes asintomaticos tienen una disfuncién subclinica de este ventriculo. La eco-
cardiografia transtoracica se muestra sensible para evaluar la funcién ventricular
derecha. Hasta la fecha, el tratamiento médico se inicia cuando el paciente comienza
con sintomas sugestivos de disfuncién ventricular.

Objetivo: Estimar predictores ecocardiograficos de disfuncidn subclinica de ventriculo
derecho sistémico.

Método: Estudio observacional y prospectivo desde mayo 2011 hasta diciembre
2012. La muestra (n=65) se dividid en dos grupos: asintomaticos (n=33) y sintomati-
cos (n=32), segun la ausencia o presencia de sintomas sugestivos de disfuncion clinica
del ventriculo derecho.

Resultados: Los dos grupos resultaron homogéneos en relacidn con la edad y el tiem-
po de operacién. En ambos se mostro hipertrofia de la pared anterior del ventriculo
derecho, aunque menor en el grupo asintomatico (p<0.001). Se evidencié disfuncion
sistélica subclinica en el grupo asintomatico. No existieron diferencias en la funcion
diastélica entre ambos grupos. Existieron correlaciones entre la recorrido sistélico del
anillo lateral tricuspideo y la fraccidn de eyeccion del ventriculo derecho, tanto en el
grupo asintomatico (r=0,68; IC 95 % 0,44 a 0,83; p<0.0001) como en el sintomatico
(r=0,77; 1C 95 % 0,59 a 0,88; p<0.0001). Se identificaron predictores ecocardiograficos
de disfuncién subclinica de ventriculo derecho sistémico.

Conclusiones: La edad, el grosor de la pared anterior del ventriculo derecho, el tiem-
po de operacion, y los didmetros diastélico y sistélico del ventriculo derecho constitu-
yen predictores ecocardiograficos de disfuncion subclinica de ventriculo derecho
sistémico, utiles para el inicio oportuno del tratamiento médico.

Palabras clave: Transposicion de grandes arterias, Funcion ventricular, Ventriculo de-
recho sistémico, Ecocardiografia

INTRODUCTION

The transposition of the great arteries (TGA) is the
cyanotic congenital heart disease with atrioventricular
concordance and ventricular-arterial discordance,
most frequent in the neonatal period®. One of the sur-
gical options is the physiological correction, according
to the techniques of Mustard” or Senning?®, which is an
atrial surgery to redirect venous flows coming from
the cava veins into the left ventricle from where the
pulmonary artery emerges, while the return from the
pulmonary veins reaches the right ventricle (RV) which
connects to the aorta, so that the RV holds the
systemic circulation. This situation is called systemic
RV.

Surgery corrects hemodynamics, but in the long
term, predisposes to developing arrhythmias, obs-
truction of atrial tunnels, tricuspid valve regurgitation
and systemic RV dysfunction®”. Although currently this
surgical technique is not the first choice, there are a
significant number of surgical patients who have
symptoms and others who start to present them.

Often the ventricular deterioration progresses, in
an unnoticed manner, before having clinical ex-
pression. It is believed that asymptomatic patients
have asubclinical systemic right ventricular dysfunc-
tion. Although there are limitations due to the com-
plex geometry of the RV and its retrosternal position,
transthoracic echocardiography is sensitive to assess
right ventricular function in these patients®*°. To date,
medical treatment is started when the patient begins
with symptoms suggestive of ventricular dysfunction.
There are probably subclinical echocardiographic
predictors of systemic RV dysfunction, useful for the
timely initiation of medical treatment.

METHOD

Patients

An observational, prospective study was conducted
from May 2011 to December 2012. 65 patients with
TGA and physiological surgical correction were stu-
died. They were members of the National Pediatric
Cardiovascular Rehabilitation Program, to whom a
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transthoracic echocardiographic studywas performed
in an annual postoperative monitoring, at the Echocar-
diography Department of William Soler Pediatric Car-
diology Hospital. All participants in the research were
asked to sign their informed consent. The sample was
divided into two groups: asymptomatic (n = 33) and
symptomatic (n = 32), according to the absence or
presence of clinical symptoms suggestive of RV dys-
function.

Echocardiogram

Each patient underwent a transthoracic echocardio-
gram by an experienced specialist (Level Il of the
American Society of Echocardiography ), with a -10
Aloka or Aloka 5500 equipment, 2.5 and 5.0 Mhz
transducers, and built-in software to perform spectral
tissue Doppler.

With the patient in supine or left lateral position,
with slow breathing and in a suitable environment,
conventional views (parasternal, longitudinal and
transverse axes), apical of long-axis (four, two and five
cameras) and traditional subcostal and with inverted
sector (coronal and sagittal axes, and oblique lines)
were performed.

Variables

The following quantitative variables
were studied: age, surgical time, dia-
meters (right atrial, diastolic RV, sys-
tolic RV), thickness of the RV anterior
wall, RV ejection fraction (RVEF), tri-
cuspid annular plane systolic excursion
(TAPSE), S -wave of tissue Doppler, Ea
and Aa waves and the Ea/Aa ratio

Variables

Agen

Surgical time”

was always taken. Two models of simple linear co-
rrelation were constructed, where the Pearson corre-
lation coefficient (r) was identified as an expression of
the strength of association between two quantitative
variables: RVEF and TAPSE in both study groups. To
estimate the echocardiographic predictors of right
ventricular subclinical dysfunction a logistic regression
was performed, where the Odds Ratio (OR) and the
Wald statistic for each variable were identified. To
validate the results in terms of significance a confi-
dence level of 95 % was used, and all values of p £0.05
for the statistic associated with the test were con-
sidered significant. MedCalc statistical software ver-
sion 12 was used.

RESULTS

Both study groups were homogeneous in terms of age
and surgical time (Table 1). The mean age was 14.5 in
the asymptomatic group and 17.2 in the symptomatic,
while the surgical time showed means of 13.5 and 14.7
years in each group, respectively.

Ventricular diameters and systemic RV anterior wall
thickness are shown in Table 2. Dilation of the right
cavities was evidenced: right atrium diameters (p <
0.001), diastolic RV (p < 0.001) and systolic RV (p <

Table 1. Age and surgical time (years).

Asymptomatic

Symptomatic

(n=33)  (n=32)
0.09 *
+ +
14,5+ 6,0 17,2+6,7 (-0,4 a 5,8)
0.42 *
+ +
13,5+5,9 14,7£6,0 (-1,7a4,1)

(early diastolic and late diastolic waves
ratio).

Statistical processing

According to the Kolmogorov- Smirnov test, the
variables that showed a normal distribution were
summarized as mean and standard deviation, while
those with non-parametric distributions were ex-
pressed as median and interquartile range. For com-
parison of means, calculated in both study groups, the
parametric Student t test was used for quantitative
variables with normal distributions and when distri-
butions did not meet this condition; the nonparame-
tric Mann-Whitney test was used substituting the
means by the medians. A confidence interval of 95 %

¥ Mean =* standard deviation
*Student's t test, 95 % confidence interval.

0.001) in the symptomatic group (n = 32), whereas in
the asymptomatic group (n = 33) there was no signi-
ficant dilation of such cavities. In both groups, hyper-
trophy of RV anterior wall was demonstrated, al-
though it was significantly lower in the asymptomatic
group (p <0.001).

Table 3 shows the echocardiographic variables to
assess systolic function. The symptomatic group had
significantly lower mean values of RVEF (52.1 £ 8.7 %,
P = 0.025) of TAPSE (11.7 + 3.4 mm, p = 0.004) and S-
wave tissue Doppler 9.1 [(8.0 to 10.7 cm/s) (p =
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Table 2. Ventricular diameters and systemic RV anterior wall thickness (mm).

Asymptomatic Symptomatic

Variables (n=33) (n=32)
RA Diameter” 25,6+5,3 32,3%5,3
RVDDiameter® 31,9+5,3 38,4+7,5
RVS Diameter™ 25 (22 -28) 32(30-34)
RV anterior wall 6(5,7-7.0) 8(7-9)

thickness™

Figure 1 shows the simple

® Mean * standard deviation

== Median and interquartile range

* Student's t test, 95 % confidence interval
§ Mann Whitney U test

RA: right atrium. RVD: right ventricular diastole. RVS: right ventricular systole.

Table 3. Systolic function.

Asymptomatic Symptomatic

Systolic function

(n=33) (n=32)
RVEF (%)° 54,7+7,3 52,1+8,7
TAPSE (mm)° 14,0 £3,0 11,7 +3,4
oo 10,6 9,1
S wave (cm/s) (9,1-12,1) (8,0 - 10,7)

- linear correlation between
TAPSE and RVEF in the symp-

<0.001* tomatic group with a correla-
(4,0-- 9'3*) tion coefficient r = 0.77, 95% Cl
(<3°2'°_°917) of 0.59 to 0.88 and p <0.0001,
T while in the asymptomatic
<0.001 group (figure 2) the correlation
o 001§ coefficient was r = 0.68, 95% Cl
i of 0.44 to 0.83 and p < 0.0001.
This situation demonstrates

the strength of association
between both variables as
evaluators of systolic function
in the two study groups.

Table 5 presents logistic re-
gression to demonstrate the
association of subclinical sys-

0.025* temic RV dysfunction regarding
(-86a-0,5) probable  echocardiographic
0.004* predictors of  dysfunction,
('3'93'05'7) where the following variables
0.011 were identified as significant:

® Mean * standard deviation

== Median and interquartile range

*: Student's t test, 95 % confidence interval
§: Mann Whitney U test

Table 4. Diastolic function.

Asymptomatic

. . . Symptomatic
Diastolic function ymp !

(n=33) (n=32)
Ea wave (cm/s)” 97,9+21,4 95,9 + 16,5
Aa wave (cm/s)u 75,5+ 15,4 71,9+17,6
- 1,5 1,5
Ea/Aa (0,8-1,5) (0,9 - 1,6)

age (OR : 53.97, 95% Cl 3.6 to
802.4, p = 0.003) , RV anterior
wall thickness (OR: 4.76 , 95%
Cl 1.2 to 17.5, p = 0.019), sur-
gical time (OR: 0.011, 95% CI
0,0006 to 0.2, p = 0.003), RV
diastolic diameter (OR : 0.536,
95% CI 0.3 to 0.8, p = 0.016)

0.67 * and RV systolic diameter (OR:
(-13,5 3*7:5) 2.968, 95 % 1 4 to 6.2, p =
Bias 0.003).
(-11,4 a 5,0)
§
0.34 DISCUSSION

® Mean * standard deviation

== Median and interquartile range

*: Student's t test, 95 % confidence interval
§: Mann Whitney U test

0.011)]. Although the asymptomatic group showed
higher mean values, these are parameters of sub-
clinical systemic RV dysfunction.

Both groups had similar echocardiographic values
of diastolic function (Table 4), with no significant
difference among each of them: wave Ea [(p = 0.67) (-
11.5 to 7.5)], Aa wave [(p = 0.43) (-11.4 to 5.0)] and
Ea/Aa ratio (p = 0.34).

Patients with TGA and physio-
logical surgical correction keep
the morphologically right ven-
tricle in systemic position, a
situation that causes its long-
term dysfunction. The incidence with which ventri-
cular failure develops during follow-up is not known
with certainty. Roos-Hesselink'* presented figures of
61 % at 25 years, whereas Moons™ showed lower
figures (ventricular dysfunction in 30 % of patients),
with up to 85 % survival at 32 years. Ebenroth®, in a
long term follow up of 45 patients reported that 13%
of them died between the second and third decades of
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Table 5. Logistic Regression.

’\Iariables OR 95 % Cl Wald P
Age 53,97 3,6a802,4 3,988 0.003
RV anterior wall thickness 4,76 1,2a17,5 1,560 0.019
Surgical time 0,011 0,0006a 0,2 -4,443 0.003
RVD 0,536 0,3a0,8 -0,622 0.016
RVS 2,968 1,4a6,2 1,088 0.003
RVD: right ventricular diastole. RVS: right ventricular systole.
18F o 20 o
r=077 = ~ r=0,68 .
184 p < 0,0001 ° 18} p < 0,0001 a
[ 959 1C: 0.59— 0,88 v a5 % 1C: 0,44 — 0,83 .
14 e L son oo 16 5 & oo
(1T o L] T o ] =
L
g 12 e oo E 14 |- o oo o
= L & =X 3 o
10 o o - 12k T o &
} O oD - oo o
B o © © o 10§
o (=] -] A o [
6h M i " LY i " 1 A i Bh i i I I i L
20 30 40 50 &0 70 a5 40 45 50 55 &0 65
FEVD FEVD 1

Figure 1. Simple linear correlation, according to RVEF and
TAPSE in symptomatic patients.

life. The literature only records one 49 year-old patient
treated with physiological surgical correction in the
neonatal period, with favorable evolution™.

The cause of postoperative right ventricular dys-
function is multifactorial. Several factors are set forth:
a) RV lack of capacity to accommodate to the pump
function of systemic circulation, b) coronary circu-
lation maintained by a right coronary artery that has
to supply all the blood flow to the systemic ventricle c)
myocardial damage produced by maintainedsevere
hypoxia before surgery d) perioperative damage
caused by insufficient myocardial protection®.

It is known that dysfunction symptoms begin the
older the patients and the longer the surgical time®’.
Asymptomatic systemic ventricular dysfunction per-
sists for long periods of time before symptoms appear.
Some patients have systemic ventricular dysfunction
with a decreased ejection fraction or even dilated
cardiac cavities in the absence of symptoms®®.

In systemic position, the RV modifies the archi-

Figure 2. Simple linear correlation, according to RVEF and
TAPSE in asymptomatic patients.

tecture of its muscle fibers resembling the inters-
persed pattern observed in normal left ventricle with
an oblique orientation of surface fibers, longitudinal in
the endocardium and circumferential in the myocar-
dium. The shortening of the free wall is predominantly
circumferential rather than longitudinal®*®. The RV
anterior wall usually has a thickness of 3-5 mm, but
under pressure overload such thickness can be greater,
which sets the ventricular hypertrophy, but it is un-
known whether it helps normalize wall tension or
leads to contractile dysfunction. Hypertrophy in the
systemic RV even in the subclinical stage is demons-
trated. These changes allow the RV to adapt, to a great
extent and for several decades, to the systemic po-
sition and function'’*°.

Right ventricular function is a difficult variable to
qguantify due to the complex geometry of the RV; that
is why the two-dimensional transthoracic echocar-
diography is considered an accurate, accessible and
relatively inexpensive method in clinical practice’.
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The determination of the RVEF is an important tool,
although it is difficult to define normal ejection
fraction in a systemic ventricle as it depends on the
method of determination. Some authors consider that
the estimated fraction over 55 % can be considered
normal (in the absence of significant tricuspid regur-
gitation). As qualitative estimation, the two-dimen-
sional method has great value and is correlated with
the ejection fraction estimated by cardiac cathe-
terization?®. Lower values of RVEF were demonstrated
in the asymptomatic group. According to the means of
values obtained in TAPSE and S -wave tissue Doppler, a
decrease was shown in the group without symptoms,
which is consistent with the reports of other au-
th0r516'21'22.

Few studies have demonstrated the prognostic sig-
nificance of diastolic dysfunction, since its study is
complex because of its close dependence on preload
and filling ratios, which accounts for the lack of
differences between the two study groups®>?.

According to the results, a group of prospective
echocardiographic predictors in the occurrence of
subclinical systemic RV dysfunction was identified.
Timely intervention in this asymptomatic stage is cru-
cial to change the prognosis in terms of improving
symptoms of heart failure, reduce hospitalization,
reduce mortality and improve quality of life. It is
important to regularly monitor patients because when
the predictive values of subclinical dysfunction are
known, therapeutic strategies to preserve ventricular
function can be designed.

CONCLUSIONS

Age, RV anterior wall thickness, diameters of right
heart chambers and surgical time are echocardiogra-
phic predictors of subclinical systemic right ventricular
dysfunction.

REFERENCES

1. Salih C, Brizard C, Penny DJ, Anderson RH. Transpo-
sition. En: Anderson RH, Baker EJ, Penny DJ, Re-
dington AN, Rigby ML, Wernovsky G, eds. Paedia-
tric Cardiology 3ra. ed. London: Churchill Living-
stone/Elsevier; 2010. p. 795-817.

2. Mustard WT. Successful two-stage correction of
transposition of the great vessels. Surgery. 1964;
55:469-72.

3. Senning A. Surgical correction of transposition of
the great vessels. Surgery. 1959;45(6):966-80.

4. Baumgartner H, Bonhoeffer P, De Groot NM, de
Haan F, Deanfield JE, Galie N, et al. Guia de practica
clinica de la ESC para el manejo de cardiopatias
congénitas en el adulto. Rev Esp Cardiol. 2010;
63(12):1484.e1-e509.

5. Schwerzmann M, Salehian O, Harris L, Siu SC,
Williams WG, Webb GD, et al. Ventricular arrhyth-
mias and sudden death in adults after a Mustard
operation for transposition of the great arteries.
Eur Heart J. 2009;30(15):1873-9.

6. Dos L, Teruel L, Ferreira lJ, Rodriguez-Larrea J, Miro
L, Girona J, et al. Late outcome of Senning and
Mustard procedures for correction of transposition
of the great arteries. Heart. 2005;91(5):652-6.

7. Oechslin E, Jenni R. 40 years after the first atrial
switch procedure in patients with transposition of
the great arteries: long-term results in Toronto and
Zurich. Thorac Cardiovasc Surg. 2000;48(4):233-7.

8. Sanz J, Fernandez- Friera L, Moral S. Técnicas de
imagen en la evaluacion del corazén derecho y la
circulacion pulmonar. Rev Esp Cardiol. 2010;63(2):
209-23.

9. Lai WW, Geva T, Shirali GS, Frommelt PC, Humes
RA, Brook MM, et al. Guidelines and standards for
performance of a pediatric echocardiogram: A re-
port from the Task Force of the Pediatric Council of
the American Society of Echocardiography. J Am
Soc Echocardiogr. 2006;19(12):1413-30.

10.Lépez L, Colan SD, Frommelt PC, Ensing GJ, Kendall
K, Younoszai AK, et al. Recommendations for quan-
tification methods during the performance of a
pediatric echocardiogram: A report from the pedia-
tric measurements writing group of the American
Society of Echocardiography Pediatric and Congen-
ital Heart Disease Council. J Am Soc Echocardiogr.
2010;23(5):465-95.

11.Roos-Hesselink JW, Meijboom FJ, Spitaels SEC, Van
Domburg R, Van Rijen EHM, Utens EMWJ, et al. De-
cline in ventricular function and clinical condition
after Mustard repair for transposition of the great
arteries (a prospective study of 22-29 years). Eur
Heart J. 2004;25(14):1264-70.

12.Moons P, Gewillig M, Sluysmans T, Verhaaren H,
Viart P, Massin M, et al. Long-term outcome up to
30 years after the Mustard or Senning operation: a
nationwide multicenter study in Belgium. Heart.
2004;90(3):307-13.

13.Ebenroth ES, Hurwitz RA. Long-term functional out-
come of patients following the Mustard procedure:

16 CorSalud 2014 Jan-Mar;6(1):11-17



Serrano Ricardo G, et al.

The next decade of follow-up. Congenit Heart Dis.
2007;2(4):235-41.

14.Greutmann M, Tobler D, Grewal J, Biaggi P, Oechs-
lin E, Crean A, et al. A reminder from the past: A 49-
year-old patient with transposition of the great
arteries palliated with Dr. Thomas Baffes’ and Dr.
William Mustard’s. Original operations. J Am Soc
Echocardiogr. 2009;22(11):1310.e1-4.

15.0liver JMR. Cardiopatias congénitas del adulto:
residuos, secuelas y complicaciones de las cardio-
patias congénitas operadas en la infancia. Rev Esp
Cardiol. 2003;56(1):73-88.

16.Frogoudaki AA. Assessing the failing systemic right
ventricle. Angiology. 2008;59(2 Suppl):593-6.

17.Alonso-Gonzdlez R, Dimopoulos K, Ho SY, Oliver
JM, Gatzoulis MA. Ventriculo derecho y cardiopa-
tias congénitas en el adulto. Rev Esp Cardiol. 2010;
63(9):1070-86.

18.Ho SY, Nihoyannopoulos P. Anatomy, echocardio-
graphy and normal right ventricular dimensions.
Heart. 2006;92 (Suppl 1):12-3.

19.Greyson CR. Ventriculo derecho y circulacién pul-
monar: conceptos bdsicos. Rev Esp Cardiol. 2010;
63(1):81-95.

20.Silverman NH, Snider R. The assessment of cham-
ber size and ventricular function. En: Hachtel G, ed.
Two-dimensional echocardiography in congenital
heart disease. Norwalk Connecticut: Appleton-
Century-Crofts; 1982. p. 247-64.

21.Winter MM, Bouma BJ, Hardziyenka M, de Bruin-
Bon R, Tan HL, Konings TC. Echocardiographic de-
terminants of the clinical condition in patients with
a systemic right ventricle. Echocardiography. 2010;
27(10):1247-55.

22.Miller D, Farah MG, Liner A, Fox K, Schluchter M,
Hoit BD. The relation between quantitative right
ventricular ejection fraction and indices of tricuspid
annular motion and myocardial performance. J Am
Soc Echocardiogr. 2004;17(5):443-7.

23.Caviedes IS, Polentzi UG. Fisiopatologia del ventri-
culo derecho. Rev Chil Enf Respir. 2009;25:170-81.

CorSalud 2014 Jan-Mar;6(1):11-17 17



	eco-rv-1
	eco-rv-2

