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ABSTRACT

Background: Despite several studies have reported lower exercise capacity in patients with pectus excavatum, none of them could 
demonstrate a clear pathophysiology.
Objective: The aim of this study was to evaluate cardiac hemodynamics and systolic and diastolic function at rest and during exer-
cise in patients with pectus excavatum and compare it with healthy controls.
Methods: Stress echocardiography was performed in 111 subjects with pectus excavatum and 20 healthy controls.
Results: Patients with pectus excavatum had lower right ventricular inflow minimum diameter: 1.29±0.26 cm/m2 versus 1.89±0.25 
cm/m2 (p <0.01).
Peak exercise capacity was lower in patients with pectus excavatum: 8.3±1.4 METs versus 15±4.5 METs (p <0.0001).
Left ventricular diastolic dysfunction was observed in 34.6% of the patients with pectus excavatum and in 5% of the healthy controls 
(p=0.007), while 40% of the subjects with pectus excavatum and 15% of the healthy controls presented right ventricular diastolic 
dysfunction (p=0.04).
Medium tricuspid pressure gradient during exercise was higher in patients with pectus excavatum: 6.21±2.29 mm Hg versus 
4.8±1.17 mm Hg in healthy controls (p=0.01).
The tricuspid valve area remained fixed during exercise in patients with pectus excavatum: 1.48±0.57 cm2/m2 versus 2.11±0.88 cm2/
m2 in healthy controls (p=0.0001).
Conclusions: Patients with pectus excavatum present functional abnormalities, probably due to external compression of the heart, 
which are evident by a small tricuspid annulus, a higher diastolic tricuspid pressure gradient during exercise, tricuspid area that 
remains fixed at exercise and rest, and signs suggestive of diastolic dysfunction of both ventricles. Such abnormalities contribute to 
explain the lower exercise performance.
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RESUMEN

Introducción: En múltiples estudios se ha determinado menor capacidad de esfuerzo en pacientes con pectus excavatum, pese a lo 
cual no se ha logrado demostrar claramente un mecanismo fisiopatológico que la explique.
Objetivo: Evaluar la hemodinamia cardíaca y la función sistodiastólica en reposo y en esfuerzo en pacientes con pectus excavatum, 
comparándolos con controles sanos.
Material y métodos: Se estudiaron con eco estrés 111 sujetos portadores de pectus excavatum y 20 controles sanos.
Resultados: El diámetro mínimo a nivel del tracto de entrada del ventrículo derecho fue menor en los pacientes con pectus excava-
tum: 1,29 ± 0,26 cm/m2 versus 1,89 ± 0,25 cm/m2 (p < 0,01).
La capacidad de esfuerzo máxima fue menor en los pacientes con pectus excavatum: 8,3 ± 1,4 MET versus 15 ± 4,5 MET (p < 
0,0001).
Se observaron signos de disfunción diastólica del ventrículo izquierdo en el 34,6% de los pacientes con pectus excavatum y en el 5% 
de los controles sanos (p = 0,007), y de disfunción diastólica del ventrículo derecho en el 40% de los portadores de pectus excavatum 
y el 15% de los controles sanos (p = 0,04).
El gradiente tricuspídeo medio en el esfuerzo fue mayor en los pacientes con pectus excavatum: 6,21 ± 2,29 mm Hg versus 4,8 ± 1,17 
mm Hg en los controles sanos (p = 0,01).
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INTRODUCTION
Pectus excavatum (PE) is a deformity of the chest 
wall characterized by an inward depression of the 
sternum, below the level of the anterior costal arch 
which produces displacement of the thoracic organs. 
The depression may affect only one portion (upper 
portion, lower portion or mid portion) of the sternum, 
two portions or the entire sternum. The sternum may 
“sink” toward the left or the right (tilting of the ster-
num), producing different geometric abnormalities in 
the three-dimensional distribution and configuration 
of the thoracic organs. Several studies have reported 
lower exercise capacity in patients with PE. (1, 2) 
Other manifestations related to PE are syncope, (3), 
arrhythmias (4) and hypercapnia. (5) Although no 
respiratory abnormalities have been demonstrated, 
lower stroke volume index and lower maximal oxygen 
consumption during exercise stress test, among other 
abnormalities have been reported in these patients. 
(6) Numerous studies reported improvement after 
corrective surgery. (6-10) Baseline lung function has 
not shown abnormalities, either before or after cor-
rective surgery. (11) Several studies using different 
methods (magnetic resonance imaging, computed to-
mography) have demonstrated anatomic anomalies in 
relation to the three-dimensional arrangement of the 
internal thoracic organs of patients with PE. (12-15)

However, we have not found any study using 
stress echocardiography in these patients to evaluate 
anatomic parameters as tricuspid annulus diameter 
(TAD), or functional parameters as left ventricular 
(LV) or right ventricular (RV) diastolic function, pres-
sure gradients, cardiac output (CO) and biventricular 
systolic function.

The aim of this study was to prospectively evaluate 
these parameters using supine bicycle stress echocar-
diography in patients with PE and compare them with 
healthy controls.

METHODS

From March 2013 to December 2015, 111 consecutive pa-
tients with different levels of pectus excavatum and 20 
healthy controls underwent stress echocardiography. The 
control group consisted of subjects < 35 years, with normal 
baseline echocardiogram, who attended the echo laboratory 
for routine assessment. Patients with PE had to be capable 
of undergoing a stress test on a bicycle in the supine position.

The presence of baseline conduction disturbances in the 
electrocardiogram was reported. 

The baseline echocardiogram included measurement of 
the following parameters from the apical 4-chamber view: 
RV inflow minimal diastolic diameter, equivalent to TAD; 
LV CO estimated at the LV outflow tract (LVOT) and RV 
CO at the level of the pulmonary valve (PV) using pulsed 
wave Doppler; diastolic tricuspid pressure gradient (DTG) 
with continuous Doppler; S-wave, e-wave and a-wave with 
tissue-Doppler at the level of the tricuspid annulus and in-
terventricular septum; tricuspid annulus plane systolic ex-
cursion (TAPSE) by M-mode; and E-wave and A-wave of the 
tricuspid and mitral valves using pulsed Doppler echocar-
diography. All these measurements were used to determine 
the diastolic function of both ventricles using the normal 
reference values reported by the American Society of Echo-
cardiography (ASE), and analyzing diastolic function as a 
qualitative variable.

Right ventricular diastolic dysfunction (RVDD) was 
qualitatively considered as an e/a ratio <0.6 or an E/A ratio 
<0.8 according to ASE criteria. (16) Due to the lack of defi-
nition of these parameters during exercise, the same cutoff 
points used at rest were considered if there was a difference 
compared with baseline values (inverted E/A ratio or e/a ra-
tio). Left ventricular diastolic dysfunction (LVDD) at rest 
was qualitatively considered as e <7 cm/s, E/e ratio >15, and 
tricuspid regurgitation velocity (TRV) >2.8, according to the 
2009 ASE criteria, when the protocol was designed. (17) The 
inversion of the E/A ratio or e/a ratio during peak exercise 
was arbitrarily considered a sign of LVDD.

Diastolic tricuspid valve area was estimated by the con-
tinuity equation using the PV and the LVOT as reference.

Then, the patients underwent a maximal stress test on 
a supine bicycle using the Astrand protocol. During the last 

PA		  Pulmonary artery

ASE		  American Society of Echocardiography

TAD		  Tricuspid annulus diameter

RVDD 		 Right ventricular diastolic dysfunction

LVDD		  Left ventricular diastolic dysfunction

DTG 		  Diastolic tricuspid pressure gradient

PE		  Pectus excavatum

TAPSE		  Tricuspid annulus plane systolic excursion

LVOT		  Left ventricular outflow tract.

IVC-RA		 Inferior vena cava-right atrium

RV		  Right ventricle

TRV		  Tricuspid regurgitation velocity

LV		  Left ventricle

CO		  Cardiac output

PV		  Pulmonary valve

Abbreviations 

El área tricuspídea en el esfuerzo se mantuvo fija en los portadores de pectus excavatum: 1,48 ± 0,57 cm2/m2 versus 2,11 ± 0,88 cm2/
m2 en los controles sanos (p = 0,0001).
Conclusiones: Los pacientes con pectus excavatum presentan alteraciones funcionales, probablemente producto de la compresión 
cardíaca externa, que se evidencian por un diámetro del anillo tricuspídeo menor, un gradiente diastólico tricuspídeo mayor en el 
esfuerzo, un área tricuspídea fija en reposo y en esfuerzo, y signos que sugieren disfunción diastólica del ventrículo izquierdo y el 
ventrículo derecho. Dichas alteraciones contribuyen a explicar la menor performance en el esfuerzo.

Palabras clave: Pectus excavatum - Ecocardiografía de estrés - Tolerancia al ejercicio
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exercise stage, all the parameters were measured again, ex-
cept for the pulmonary artery (PA) diameter and the LVOT 
diameter which were assumed as constant.

All patients with PE underwent a computed tomography 
scan and the Haller index (ratio of the transverse diameter, 
maximum internal laterolateral diameter, and the narrow-
est antero-posterior diameter of the chest) was calculated. 
The normal Haller index is 2.5. Significant PE has an index 
>3.25, representing the standard for determining candidacy 
for repair.

Statistical analysis
Continuous variables were expressed as mean ± standard 
deviation and were compared with the t test or with non-
parametric tests, as applicable. Categorical variables were 
expressed as percentages and were compared using the chi 
square test. A two-tailed p value < 0.05 was considered sta-
tistically significant.

Ethical considerations
All the patients signed an informed consent form before par-
ticipating in the study.

RESULTS
Table 1 shows baseline characteristics of controls and 
patients with PE.

The baseline echocardiogram showed normal LV 
diastolic function in all the patients, with E/A ratio 
of 1.7±0.5, e/a ratio of 2±0.8 and E/e ratio of 6.9±1.8. 
Systolic function was also normal, with mean LV ejec-
tion fraction of 67.2%±6.6%.

The analysis of RV diastolic function showed an 
E/A ratio of 1.5±0.4, e/a ratio of 2±0.9 and E/e ratio of 
4.7±1.9. At least one parameter of diastolic dysfunc-
tion was present in 16.5% of the patients at rest (p=ns 
versus controls).

The pressure gradient between the inferior vena 
cava and the right atrium (IVC-RA) measured from 
the subcostal view, did not evidence differences be-
tween controls and patients with PE.

Sixteen percent of the patients presented some de-
gree of non significant tricuspid regurgitation (TR).

Right ventricular inflow minimum diameter (TAD) 
was significantly lower in patients with PE (Table 2).

The tricuspid valve area (TVA) was estimated 
using the continuity equation with the PA and was 
indexed by body surface area; the average value was 

similar in patients with PE and in controls.
Mean DTG at rest was not different between both 

groups (Table 2).
The presence of right bundle branch block was 

more frequent in patients with PE compared with 
controls (85.6% vs. 35%; p < 0.0001)

Exercise stress test
Although 32% of the patients with PE complained of 
some degree of exercise intolerance in everyday life, 
there was no correlation with the exercise performed 
during the stress test.

The exercise stress test was maximal in all the pa-
tients. The average exercise capacity was significantly 
lower in patients with PE (8.3±1.4 MET) compared 
with controls (15±4.5 MET) (p<0.0001).

Diastolic function
Left ventricular diastolic dysfunction (inversion of the 
E/A ratio or e/a ratio) was observed in 34.6% of the pa-
tients and 5% of controls (p=0.007). According to the 
2016 guidelines, none of the patients reached the cri-
teria of definite diastolic dysfunction during exercise 
stress test (E/e’ ratio >15, septal e’ velocity <7 cm/sec 
and TRV >2.8 m/sec). (18)

Forty percent of the patients presented at least one 
sign of RVDD (inversion of the E/A ratio or e/a ratio) 
versus 15% of controls (p = 0.04).

The pressure gradient IVC-RA was not significant-
ly different between patients with PE and controls.

Tricuspid regurgitation was seen in 7.2% of the pa-
tients and all presented a TRV <2.8m/sec. None of the 
controls presented TR during exercise.

Systolic function
Left and right ventricular systolic indexes were nor-
mal in both groups, without significant differences.

Tricuspid pressure gradient
Mean DTG was significantly greater in patients with 
PE compared with controls (PE 6.21±2.29 mmHg vs. 
controls 4.8±1.17 mmHg; p <0.01) (Table 3).

Tricuspid valve area
During exercise, TVA was significantly lower in pa-

* Haller index, measured by computed tomography scan, an anatomic 
indicator of sternal depression severity. RVDD: Right ventricular diastolic 
dysfunction. TAPSE: Tricuspid annulus plane systolic excursion. ND: Not 
determined. ns: Non-significant.

Table 1. Baseline characteristics of patients with pectus excavatum and 
controls
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86
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21.5±4.4

22.2±7.5

ND

90

0

24.8±4.0
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Haller*
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RVDD, %

TAPSE

Pectus excavatum Controls p

TAD: Tricuspid annulus diameter. TVA: Tricuspid valve area. DTG: 
Diastolic tricuspid gradient. RBBB: Right bundle branch block. ns: Non-
significant.

Table 2. Measurements of patients with pectus excavatum and controls 
at rest
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RBBB, %

Pectus excavatum Controls p



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 84 Nº 6 / DECEMBER 2016522

tients with PE compared with controls (Table 3) and 
similar to the area estimated at rest. Tricuspid valve 
area increased in controls during exercise (2.11±0.88 
cm2/m2) compared with the value measured at rest 
(1.55±0.7 cm2/m2). 

This finding suggests that controls are capable of 
increasing TVA during exercise, while the patients 
with PE cannot do so and TVA remains fixed at rest 
and during exercise.

DISCUSSION
Despite several previous studies have reported lower 
exercise capacity in patients with PE, none of them 
could demonstrate a clear pathophysiological mecha-
nism or changes in respiratory function. (19, 20) In 
this study, we observed that the baseline differences 
between patients with PE and controls are minimal 
and limited to anatomical features (TAD) without 
functional expression, since pressure gradients and 
biventricular systolic and diastolic function are pre-
served. However, exercise induces differences between 
both groups. These differences are consistent between 
each other, as a greater DTG is observed, with a signif-
icantly lower area and impossibility of increasing it. A 
higher CO with a fixed area will necessarily increase 
the pressure gradient. In turn, the higher rate of signs 
of diastolic dysfunction implies another functional 
abnormality, probably due to the three-dimensional 
geometrical distortion of the heart, particularly of the 
RV. These distortions are present at birth and could 
generate functional changes; however, the presence of 
fibrosis could also produce intrinsic abnormalities in 
cardiac walls.

Why do not all the patients present similar chang-
es? Probably, because not all the patients have tissues 
with identical elasticity; in turn, the Haller index 
gives a broad idea of PE severity, but does not take 
into account other important anatomical details, as 
which portion of the sternum is depressed or tilted 
(depression towards the right or the left). Our group 
is working to develop more accurate indexes for a bet-

ter characterization of patients with PE. (21)
The changes demonstrated (lower TAD, greater 

DTG, signs suggestive of diastolic dysfunction, fixed 
TVA at rest and during exercise) seem be subclini-
cal, yet, they could have functional impact and might 
identify those patients that could obtain benefit with 
surgical PE repair or by other techniques. This hy-
pothesis is currently being evaluated by our group and 
others. (21, 22)

Why do they appear to be subclinical? Because 
most of the patients develop a normal life and do not 
feel limitations; however, they do not know their real 
exercise capacity, which is significantly reduced as 
this study and many others have demonstrated. An 
significant training level and other adaptive mecha-
nisms may explain why patients may not notice any 
difference. 

The fact that we did not measure strain, as we lack 
the necessary technique, is an important limitation of 
our study. We think that strain would reflect the in-
trinsic abnormalities of the tissues as a consequence 
of the three-dimensional geometric distortion since 
birth. The low number of controls was due to diffi-
culty in finding healthy volunteers of equivalent age 
for this type of complex studies.

Another difficulty is related to the fact that exer-
cise-Doppler echocardiography requires a supine bicy-
cle, an equipment with the capability of storing imag-
es in digital format and off-line analysis. Although not 
all the curves are achieved in all the cases, feasibility 
was over 98% in our study. Moreover, most measure-
ments are performed from the apical view, which is 
suboptimal in patients with PE.

CONCLUSIONS
Patients with PE present functional abnormalities, 
probably due to external compression of the heart, 
which are evident by a significantly lower TAD, higher 
DTG during exercise, TVA that remains fixed at exer-
cise and rest, and signs suggestive of biventricular di-
astolic dysfunction. Such abnormalities may contrib-
ute to explain the lower exercise performance.
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MET: Metabolic equivalent. TAPSE: Tricuspid annulus plane systolic 
excursion. LVEF: Left ventricular ejection fraction. RVDD: Right 
ventricular diastolic dysfunction. LVDD: Left ventricular diastolic 
dysfunction DTG: Diastolic tricuspid gradient. TVA: Tricuspid valve area. 
ns: Non-significant.

Table 3. Measurements of patients with pectus excavatum and controls 
during exercise

<0.0001

<0.0001

ns

0.04

0.007

0.01

0.0001

8.3±1.4

25.7±5.2

81.5

40

34.6

6.21±2.29

1.48±0.57

15±4.5

35.1±3.7

80.9

15

5

4.8±1.17

2.11±0.88

MET

TAPSE

LVEF, (%)

RVDD, %

LVDD, %

Mean DTG, mmHg

TVA, cm2/m2

Exercise stress test Pectus excavatum Controls p

1. Lesbo M, Tang M, Nielsen HH, Frøkiær J, Lundorf E, Pilegaard 
HK, et al. Compromised cardiac function in exercising teenagers with 
pectus excavatum. Interact Cardiovasc Thorac Surg 2011;13:377-80. 
http://doi.org/fbftjh
2. Reusch CS. Hemodynamic studies in pectus excavatum. Circula-
tion 1961;24:1143-50.

REFERENCES



523EXERCISE INTOLERANCE IN PECTUS EXCAVATUM / Ignacio M. Raggio et al.

3. White JA, Fine NM, Shargall Y. Pectus excavatum with compres-
sion of the inferior vena cava: A rare cause of recurrent syncope. 
Circulation 2009;120:1722-4. http://doi.org/fsq5tc
4. Yee-Sen Chan Wah Hak, Yeong-Phang Lim, Reginald Liew. Pec-
tus excavatum: Uncommon electrical abnormalities caused by ex-
trinsic right ventricular compression. J Cardiovasc Electrophysiol 
2014;26:324-7. http://doi.org/bvw7
5. Theerthakarai R, El-Halees W, Javadpoor S, Khan MA. Severe 
pectus excavatum associated with cor pulmonale and chronic respi-
ratory acidosis in a young woman. Chest 2001;119:1957-61.
6. Tang M, Nielsen HH, Lesbo M, Frøkiær J, Maagaard M, Pilegaard 
HK, Hjortdal VE. Improved cardiopulmonary exercise function after 
modified Nuss operation for pectus excavatum. Eur J Cardiothorac 
Surg 2012;41:1063-7. http://doi.org/fzrznn
7. Kowalewski J, Barcikowski S, Brocki M. Cardiorespiratory func-
tion before and after operation for pectus excavatum: medium-term 
results. Eur J Cardiothorac Surg 1998;13:275-9.
8. Guntheroth WG, Spiers PS. Cardiac function before and after sur-
gery for pectus excavatum. Am J Cardiol 2007;99:1762-4.
9. Malek MH, Fonkalsrud EW. Cardiorespiratory outcome after cor-
rective surgery for pectus excavatum: A case study. Med Sci Sports 
Exerc 2004;36:183-90. http://doi.org/bt9m2z
10. Malek MH, Berger DE, Housh TJ, Marelich WD, Coburn JW, 
Beck TW. Cardiovascular function following surgical repair of pec-
tus excavatum. A metaanalysis. Chest 2006;130:506-16. http://doi.
org/bs245f
11.  Neviere R, Montaigne D, Benhamed L, Catto M, Edme JL, Ma-
tran R, Wurtz A. Cardiopulmonary response following surgical re-
pair of pectus excavatum in adult patients. Eur J Cardiothorac Surg 
2001;40:e77-e82. http://doi.org/c4nwct
12. Sade LE, Gulmez O, Eroglu S, Sezgin A, Muderrisoglu H. Nonin-
vasive estimation of right ventricular filling pressure by ratio of ear-
ly tricuspid inflow to annular diastolic velocity in patients with and 
without recent cardiac surgery. J Am Soc Echocardiogr 2007;20:982. 
http://doi.org/bvh24d
13. Malek MH, Fonkalsrud EW, Cooper CB. Ventilatory and cardio-
vascular responses to exercise in patients with pectus excavatum. 
Chest 2003;124:870-882.
14. Saleh RS, Finn JP, Fenchel M, Moghadam AN, Krishnam M, 

Abrazado M, et al. Cardiovascular magnetic resonance in patients 
with pectus excavatum compared with normal controls. J Cardiovasc 
Magn Reson 2010;12:73. http://doi.org/c2dkh5
15. Oezcan S, Attenhofer Jost CH, Pfyffer M, Kellenberger C, Jenni 
R, Binggeli C, et al. Pectus excavatum: echocardiography and car-
diac MRI reveal frequent pericardial effusion and right-sided heart 
anomalies. Eur Heart J Cardiovasc Imag 2012;13:673-9. http://doi.
org/bvw8
16. Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, 
Chandrasekaran K, et al. Guidelines for the echocardiographic as-
sessment of the right heart in adults: a report from the American 
Society of Echocardiography endorsed by the European Association 
of Echocardiography, a registered branch of the European Society 
of Cardiology, and the Canadian Society of Echocardiography. J Am 
Echocardiogr 2010;23:685-713. http://doi.org/c7kcfb
17. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smis-
eth OA. Recommendations for the evaluation of left ventricular dia-
stolic function by echocardiography. J Am Echocardiogr 2009;22:107-
33. http://doi.org/fw9g99
18. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, 
Edvardsen T. Recommendation for the evaluation of left ventricular 
diastolic function by echocardiography: An Update from the Ameri-
can Society of Echocardiography and the European Association of 
Cardiovascular Imaging. J Am Soc Echocardiogr 2016;29:277-314. 
http://doi.org/f3rvvj
19. Morshuis WJ, Folgering HT, Barentsz JO, Cox AL, van Lier HJ, 
Lacquet LK. Exercise cardiorespiratory function before and one year 
after operation for pectus excavatum. J Thorac Cardiovasc Surg 
1994;107:1403-9.
20. Malek MH, Berger DE, Marelich WD, Coburn JW, Beck TW, 
Housh TJ. Pulmonary function following surgical repair of pectus 
excavatum: a meta-analysis. Eur J Cardiothor Surg 2011;30:637-43. 
http://doi.org/b94ppb
21. Marcelo Martínez-Ferro. Chest wall deformities and corrective 
procedures. En: Kolvekar SK, Pilegaard HK. Springer International 
Publishing Switzerland 2016. Chap. 7 Index for Pectus Deformities.
22. Demonstrating relief of cardiac compression with the Nuss mini-
mally invasive repair for pectus excavatum. J Ped Surg 2006;41:683-
6. http://doi.org/b5wxjz


