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ABSTRACT

Background Pectus excavatum (PE) and pectus
carinatum (PC) have generally been considered an
aesthetic issue, although there is growing evidence of
associated cardiopulmonary function (CPF) impairment,
especially in PE patients. The study goal was to

determine any correlation between pectus malformations
and cardiopulmonary symptoms and function based

on systematic assessment of CPF and thoracic
measurements, such as Haller Index (HI) and sternal
torsion angle (STA).

Methods Data from 76 adolescent patients with PE
(n=30) or PC (n=46) were retrospectively collected referred
between January 2015 and April 2018. CPF measurements
and thoracic imaging were performed in all patients. HI and
STA correction indexes were measured in all patients.
Findings Medical records from 76 patients (PE n=30;

PC n=46) were analysed. Patients were predominantly
male (>93.3%), and aged between 13 and 142 old. PE
was associated with airway obstruction, with a forced
expiratory volume in 1 s value under the lower limit of
normal in 13% of cases (p<0.001). Restrictive syndrome
was observed in 23% of cases (p<0.001), with a Z score
for total lung capacity under the lower limit of normal.

In PC, pulmonary function was not affected. All patients
showed slightly decreased values of left and right ejection
fraction and cardiac index at rest, although values were
within normal range. There were no significant correlations
between pulmonary and cardiac functions or between low
CPF and thoracic measurements.

Interpretation Our results confirm the modest impact of
pectus malformations on CPF at rest, without correlation
with anamnestic dyspnoea on exertion, nor with chest pain
or anatomical measurements. Validation of new correction
indexes could be helping characterise these malformations
and choose optimal therapeutic management.

INTRODUCTION

Pectus excavatum (PE) and pectus carinatum
(PC) are the most frequent chest wall deform-
ities, representing 95%-97% of all thoracic
morphological anomalies.' PE is an anterior
chest wall depression resulting from a dorsal
deviation of the sternum and adjacent costal

Key messages

» What is the impact on cardiopulmonary function
(CPF) of chest wall deformity, such as pectus exca-
vatum (PE) and pectus carinatum (PC): can we as-
sume that these two chest wall malformations have
no impact on CPF, even in clinically symptomatic
patients, and do we have clinical measures or cor-
rection indexes predicting the CPF results?

» Independently of chest wall deformity, pulmonary
and cardiac functions remained within the normal
range, although several measures were clutering
around the lower limit of the norm. Even though
symptoms at rest were present, these functional
anomalies did not correlate with clinical impairment,
dyspnoea on exertion, neither chest pain nor correc-
tion indices measurements at rest.

» This study is the first to concomitantly report on pul-
monary and cardiac function in adolescent patients
with either PE or PC. We compared the type of thorax
deformity with cardiopulmonary symptoms based on
the systematic assessment of CPF and thoracic im-
aging, in addition to the Haller Index and sternal tor-
sion angle that were measured with a standardised
method in all patients.

cartilage and/or ribs, with an estimated preva-
lence of 1.275%.” PC is an anterior protrusion
of the sternum and associated costal cartilage
with a prevalence of 0.6%.”

Although the precise pathophysiology
behind these heterogeneous malforma-
tions remains unclear, current hypotheses
point toward underlying metabolic defects
and premature maturation of sternocostal
cartilage.! Associated scoliosis is observed in
5%-21% of PE cases and 8%-32% of PC."” A
family history of chest wall deformity is present
in up to 43% of PE and 25% of PC patients,
pointing toward a probable genetic aetiolog-
ical predisposition.' In isolated cases, Marfan
or Noonan syndromes should be ruled out.
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For many years, these deformities were considered
primarily an aesthetic issue with no significant functional
impairment. Quality of life and self-esteem are neverthe-
less diminished in these patients,” whose most frequent
complaint relates to aesthetic considerations. Nonethe-
less, in the last decades evidence of functional involve-
ment has been accumulating, and numerous studies have
shown some degree of lower airway obstruction in chil-
dren, increasing with age, as well as a variable propor-
tion of restrictive patterns.’ 7 Some studies have also
suggested an impact on cardiovascular function, in PE
patients, notably decreased ejection fraction and limited
exercise tolerance associated with lesser maximum stroke
volume on MRI evaluations due to thoracic compres-
sion.”” Minimal invasive surgical procedures to treat PE
were introduced in 1997, and many studies have shown
that levels of improvement in cardiopulmonary function
(CPF) after repair of PE depend on the degree of malfor-
mation.!’ ! For PC, very little data are available on clin-
ical benefits of conservative versus surgical treatment.

Based on these considerations, the current research
project aimed to systematically study CPF in a cohort of
patients with PE or PC, using the widely normalised values
previously described.'* ' We first analysed the correlation
between pulmonary and cardiac functional parameters,
and then the correlation between cardiopulmonary and
patient morphological parameters, such as the Haller
Index (HI) and sternal torsion angle (STA).

METHODS

We retrospectively reviewed data of 108 patients with
thoracic deformity referred between January 2015 and
April 2018 for multidisciplinary assessment at the Univer-
sity Center of Pediatric Surgery of Western Switzerland.
All patients were systematically evaluated based on pulmo-
nary function tests (PFT), orthopaedic assessment and
cardiac MRI. Inclusion criteria were: presence of isolated
congenital PE or PC, age under 16 years and absence of
previous conservative or surgical treatment. Exclusion
criteria were: pulmonary or cardiological malformation
or underlying pathology (based on medical history and
formal spirometry to exclude asthma), syndromic PE/
PC, missing data or PFT with non-reproductible or unin-
terpretable values. Patients were not involved in the study
design and development.

Orthopedic assessment

Anthropometric measures were recorded and Beighton/
Marfan scores calculated." ' Full spine low-dose X-ray
was performed using a two-dimensional EOS system
(Biospace Med, Paris, France). HI was measured on MRI
as previously described.'® The described upper limit of
normal (ULN) value for HI is 2.7 (range between 2.5 and
2.7)."7 We also calculated HI in PC to assess the degree
of sternal protrusion, as previously published.'® STA was
measured to evaluate pectus severity in both PE and PC."

Pulmonary assessment

All patients underwent PFT using Medisoft BodyBox
5500. Spirometry including forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV,), FEV, /FVC ratio,
forced expiratory flow between 25% and 75% of FVC
curve (FEF, ), as well as lung volumes including total
lung capacity (TLC) and vital capacity (VC) and lung
diffusing capacity were performed. Global lung initiative
(GLI) reference values were used for spirometric and
lung diffusing capacity results."” Single-breath technique
for lung diffusing capacity of carbon monoxide was used.
Results were expressed in percentage of expected value
and in Z scores according to GLI references. For TLC,
Rosenthal equations were used to obtain percentage of
expected value and Z scores.” These results were normal-
ised using reference values recently published for mean,
lower limit of normal (LLN) and ULN.*

Cardiac assessment

Functional cardiac MRI was obtained with a clin-
ical Siemens 3T PRISMA FIT and analysed using the
SyngoVia (Siemens Healthcare, Erlangen, Ge) or the
CVI42 (Circle, Calgary, California, USA) software. Left
and right ventricle cardiac index (LVCI and RVCI), left
and right ventricle ejection fraction (LVEF and RVEF),
left and right ventricle telediastolic volume (LVIDV and
RVTDV) and left and right ventricle telesystolic volume
(LVTSV and RVTSV) were recorded from the MRI exam.
For cardiac function parameters, standard cine in left
and right chambers and short axis views were acquired.
Results were normalised using reference values recently
published for mean, LLN and ULN."

Statistical data analysis

Patient characteristics were described using mean (SD)
or frequencies and were compared between PE and PC
using the t-test or Fisher’s exact test.

Cardiac and PFT were formulated as means and SD. In
PE and PC, t tests were applied to test the null hypothesis
that the mean of Z scores equals zero, which is the value
expected if patients’ cardiac and PFT values were similar
to the average population. The mean level of Z scores
was compared between PE and PC patients with t tests.
Associations with sternal angle and HI were assessed with
Spearman’s correlation coefficients. For each Z score,
the proportion of patients with a value lower or higher
than the reference values (+1.64 for pulmonary functions
and +1.96 for cardiac functions) was assessed. As usually
defined in the respective dedicated literature about the
PFT and cardiac functional values.in Z score, the expected
proportions of observations out of the reference intervals
are: 5% lower than —1.64% and 5% higher than +1.64 for
PFT, 2.5% lower than -1.96 and 2.5% higher than +1.96
for cardiac functions. The null hypothesis that the proba-
bility that an observation of a patient falls lower than the
lower reference value equals 0.05 (or 0.025), as expected
in a normal population. Binomial tests were used. Similar
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Table 1 Patient characteristics
Population Pectus excavatum (n=30) Pectus carinatum (n=46) P value
Male gender, n (%) 28 (93.3) 43 (93.5) >0.99*
Age in years, mean (+SD) 13.8 (x2.0) 14.5 (£1.7) 0.15#
Height for age in Z score, mean (+SD) 0.93 (+1.01) 0.84 (+0.92) 0.69#
Weight for age in Z score, mean (+SD) —-0.001 (x0.76) 0.01 (=0.86) 0.92#
Span in cm, mean (+SD) 169.8 (+17.0) 172.7 (=11.4) 0.42#
Span/height ratio, mean (+SD) 1.01 (x0.02) 1.01 (+0.03) 0.40#
Spinal deformity, n (%) 5(16.6) 14 (30.4)

Scoliosis, n (%) 3(10.0) 8(17.4) 0.51*

Kyphosis, n (%) 2 (6.6) 6 (13) 0.47*
Familial history of pectus, n (%) 13 (43) 16 (34.8) 0.48*
Pectus characteristics
Anteroposterior measure in cm, mean (+SD) 5.7 (£1.4) 10.1 (£1.3) <0.001#
Transverse measure in cm, mean (+SD) 24.5 (+2.5) 24.2 (+1.7) 0.53#
Haller index, mean (+SD) 4.62 (£1.33) 2.44 (£0.32) <0.001#
Sternal angle in degrees, mean (+SD) 12.22 (£9.77) 8.49 (+6.38) 0.09#
Thoracic symptoms 10 (33) 14 (30.43) 0.80*
Pain at rest, n (%) 6 (20.0) 7 (15.2) 0.76*
Exertion dyspnoea, n (%) 4 (13.3) 8(17.4) 0.75*

Comparison between the groups was performed with the Fisher’s exact test (*) or with the t-test (#).

analyses were conducted for the upper reference value.
The type 1 error was 0.05 two sided for all statistical anal-
yses. Analyses were conducted with the software R V.4.0.2
(Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient characteristics

Medical records from 108 patients (46 PE, 62 PC) were
reviewed. Data from 76 subjects were analysable, 30
with PE and 46 with PC (online supplemental figure 1).
The characteristics of these 76 patients are summarised
in table 1. We observed male preponderance (93%)
in a higher degree than previously published.” A high
proportion of patients presented chest pain, 20% of PE
and 15% of PC possibly linked to unusual muscular and
nerve insertion. None of the patients presented Marfan
or Beighton scores high enough to suspect hyperlaxity.

Pulmonary functions

In PE patients, the Z scores for FVC, FEV1 and FEF%»
., were significantly lower than reference values. In
PC patients, no significant difference was observed
compared with reference values (table 2). However, the
proportion of PE patients presenting FVC and FEV1
values below the LLN (respectively 30%, n=9% and
27%, n=8) was higher than the 5% expected in a normal
population (respectively p<0.001and p=0.001). Thirteen
percent (n=4) of PE patients showed FEF,, . values under
the LLN, but the number of patients was not significantly
different from the expected percentage of 5% (p=0.06)

(figure 1A). In PC patients, no significant differences in
lung flow were observed, although lower values for FVC
and FEV1 were measured, with 4% of patients under the
LLN (figure 1B). The FEV1/FVC ratio was similar to the
expected values both for PE and PC, and no statistically
significant value was under the LLN.

Concerning lung volumes, the mean Z score for VC
was significantly lower than expected in both PE and PC
groups (p<0.0001 and p<0.001, respectively) (table 2). In
PE patients, Z scores below the LLN were found in 23%
(n=7, p<0.001) for TLC (figure 1A). We also observed
that variation in TLC was not statistically significant in
this group (figure 1B).

Cardiac functions

Patients with PE or PC had Z scores lower than expected
according to reference mean values for LVCI, LVEF,
RVCI and RVEF (table 3).

In PE patients, the proportion of Z scores under the
LLN was higher than expected for LVCI (16.7% of
patients, n=5, p<0.001) and LVEF (13.3% of patients,
n=4, p=0.006) (figure 2A). Right heart function was also
impaired and the results were below the LLN in 10% of
the patients (n=3, p=0.004) for RVCI and in 53% (n=16,
p<0.0001) for RVEF. No patient with PE showed LVEF or
RVEF values below 50%.

Z scores below the LLN were also found in PC patients:
10.9% (n=5, p=0.006) for LVCI, 8.7% (n=4, p=0.03) for
LVEF, 13.0% (n=6, p=0.001) for RVCI and 26.1% (n=12,
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Table 2 Pulmonary function

Pectus excavatum Pectus carinatum
(n=30) (n=46)
P value P value

% of predicted Z score (Z score) % of predicted Z score (Z score)
Mechanics
FVC 87.9 (x13.4) -1.08 (+1.16) <0.0001 97.7 (£11.7) -0.23 (+1.01) 0.12
FEV1 87.2 (+16.7) —-0.94 (£1.19) 0.0002 98.7 (+13.8) -0.13 (+1.15) 0.45
FEV1/FVC 100.6 (+6.3) 0.15 (x0.92) 0.38 100.5 (£9.7) 0.19 (+1.33) 0.35
FEF,, . 92.09 (x22.9) —0.40 (+1.06) 0.05 103.5 (£28.3) 0.10 (£1.32) 0.61
Volumes
VC 85.5 (+13.1) -1.24 (+1.15) <0.0001 92.1 (+11.8) -0.71 (1.03) <0.001
TLC 96.07 (+13.52) -0.48 (+1.36) 0.06 99.5 (£13.6) 0.09 (£1.25) 0.64
Diffusion
DLCO 100.6 (£12.1) 0.06 (+0.79) 0.68 106.0 (+18.9) 0.31 (£1.3) 0.11

Results are expressed in Z score or in % of predicted values; mean (+SD).

P values are calculated with for Z scores and express the difference between the analysed group and the reference values.

DLCO, diffusing capacity for carbon monoxide; FEF,, ., forced expiratory flow from 25% to 75% of expiration; FEV1, forced expiratory
volume in 1s; FVC, forced vital capacity; TLC, total lung capacity; VC, vital capacity.

p<0.0001) for RVEF (figure 2B). Similarly to PE patients,  results was found for right heart evaluation, with Z scores
no measure below 50% was noted for RVEF in PC patients. above ULN for RVTDV and for RVTSV.

Interestingly, in PE patients, Z scores were above the In patients with PC, LVIST had Z scores above the
ULN in LVIDV and LVTSV patients. A similar pattern of ~ ULN. For LVITDV, no significant difference was observed
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Figure 1 Distributions of z-scores of pulmonary functions in patients with pectus excavatum (n=30) (A) and in patients
with pectus carinatum (n=46) (B). Black circles represent individual observations; the grey diamonds the median values and
the dashed lines the reference values (z-scores of —1-64 and +1-64 corresponding to 5% and 95% percentiles in control
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FEF,, .., forced expiratory flow from 25% to 75% of expiration; FEV1, forced expiratory volume in 1s; FVC, forced vital
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Table 3 Cardiac function

Pectus excavatum

Pectus carinatum

(n=30) P value (n=46) P value
Left ventricle
TDV 0.20 (+1.24) 0.39 0.24 (£1.31) 0.21
TSV 0.90 (+1.44) 0.002 0.46 (+1.33) 0.038
Cl -1.07 (x0.76) <0.0001 -0.82 (+1.03) <0.0001
EF —0.88 (+0.90) <0.0001 —-0.51 (+1.05) 0.002
TDMM -0.13 (x0.92) 0.44 0.15 (x0.95) 0.19
Right ventricle
TDV 0.57 (+1.65) 0.07 0.33 (+1.35) 0.10
TSV 1.49 (1.73) <0.0001 0.71 (£1.29) 0.0005
Cl -1.11 (x0.76) <0.0001 —-0.86 (+1.07) <0.0001
EF -1.81 (x1.10) <0.0001 -0.82 (+1.42) 0.0003

Results are expressed in Z score; mean (+SD).

P values express the difference between the analysed group and the reference values.
Cl, Cardiac Index; EF, ejection fraction; TDMM, telediastolic myocardic mass; TDV, telediastolic volume; TSV, telesystolic volume.

compared with reference values. Similarly, PC patients
had Z scores above the ULN for RVTSV, while no statisti-
cally significant data were observed concerning RVIDV.

Correlation between orthopedic assessment and CPF markers
We compared the HI and the STA measurements with all
CPF measurements and we did not find any correlations.

DISCUSSION

PE and PC continue to be widely considered primarily as
an aesthetic issue even though evidence of CPF impact is
accumulating, also for the older population.”” Previous
work mainly reported results in relatively small patient
samples where cardiac and pulmonary impact had been
considered independently from each other.”®*? To our
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Figure 2 Distributions of z-scores of cardiac functions in patients with pectus excavatum (n=30) (A) and in patients with
pectus carinatum (n=46) (B). TSV: telesystolic volume, TDMM: telediastolic myocardic mass, |, ULN: upper limit of normal.
Black circles represent individual observations; the grey diamonds the median values and the blue dashed lines the reference
values (z-scores of —1-96 and +1-96 corresponding to 2.5% and 97.5% percentiles in the general population. All p results are
measured for medians values.*: p<0.05 for under LLN values; **: p<0.001 for under LLN values; ***: p<0.0001 for under LLN
values#: p<0.05 for above ULN values; ##: p<0.001 for above ULN values; ###: p<0.0001 above ULN value. Cl, cardiac index;
EF, ejection fraction; LLN, lower limit of norma; TDV: telediastolic volume;
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knowledge, there is no published data coupling cardiac
and pulmonary function evaluation for the same cohort
of paediatric subjects presenting PE or PC. In addition,
most of the studies reported small series of patients with
only little detailed data on CPF.

In our study, the prevalence of a positive family history
as well as spinal deformity is concordant with previous
publications. Our results show a clear tendency towards
lower CPF values in both PE and PC patients. For pulmo-
nary function, PE patients were more affected than PC
patients, whereas cardiac functional values were equally
impacted among both groups.

Regarding pulmonary results, we observed that even
if symptoms were reported at rest, they had little effect
on clinical evaluation, with mild functional anomalies.
Indeed, only PE patients presented decreased lung flow
measured by spirometry, but both pectus subtypes had a
tendency to decreased lung volumes.

Lung function in PE patients was associated with
mean Z scores for FVC, FEV1 and FEF, .. within the
normal range, although scores were lower than in the
general population. This confirms previous studies on
adult subjects in which obstructive patterns have been
observed.*! Nonetheless, the FEV1/FVC ratio in PE
patients was similar to the general population. Decreased
mid expiratory flows (FEF, ) suggests obstruction on
small airways and is also associated with asthma symp-
toms. We reported values under the LLN for FVC (30%),
FEV1 (27%) and FEF 25-75 (13.3%) of PE patients
corresponding to previous studies where 5.6% to 41%
of obstructive syndrome was reported.’ ! Lung volumes
were associated with a restrictive syndrome in 23% of PE
patients, consistent with previous studies.”” These results
can be explained by a deformed thoracic cage in PE and
PC that decreases mechanical compliance and certainly
impacts respiratory muscle efficiency. As abnormal devel-
opment of the sternocostal cartilage is thought to be a
determinant in pectus formation, increased thoracic
wall stiffness is also possibly present. However, in PC
patients, only VC was significantly decreased, as previ-
ously described.”* Considering the scarcity of lung func-
tion data in PC paediatric patients, this represents an
important learning that differs clearly from PE data.

A proportion of PE patients complained of dyspnoea on
exertion (13.3%) and chest pain at rest (20%), although
rates were lower compared with previously published
data. A large multicentric study reported a prevalence
62% for shortness of breath, and 32% for chest pain at
rest.”” Casar Berazaluce et al recently published a similar
prevalence of 41% of shortness of breath and 62% for
chest pain at rest in 345 patients with PE.? Even if the
precise prevalence of thoracic symptoms in PC patients is
not well documented, progressive symptoms of dyspnoea
or reduced endurance improving after surgical repair
were described in moderate to severe thoracic defor-
mity.”® Our results confirm these tendencies, with 29%
of PC patients reporting thoracic symptoms at rest or
during physical activity without correlation with pectus

severity. Unfortunately, we lacked a prospective quantifi-
able value to evaluate pain level and duration.

For both pectus types, these symptoms could have
been partially associated with a relative exercise decon-
ditioning secondary to embarrassment to undress in
public.”?* In addition, asthmatic patients were excluded,
which could also have decreased the number of patients
with pulmonary symptoms.

As for pulmonary function, cardiac function was also
close to normal range. A set of reference values for
cardiac function evaluated by MRI in children exists and
has Z scores with ULN and LLN defined as mean +2SD."
It is worth noting that these values are only normalised
for sex and total body surface and can therefore not be
used as strict normative values. To date, percentage of
EF remains the main tool to evaluate cardiac function,
with abnormal values below 55%. Applying these values
to our PE and PC patients, around 50% and 25% had
an RVEF under the LLN, respectively. Nonetheless, no
RVEF value was recorded below 50% either for PE or PC,
highlighting the absence of an argument for significant
cardiac functional impairment at rest in these patients.

Consistent with these observations, the mean values for
LVCI, LVEF and RVCI in PE and PC patients were signifi-
cantly lower than expected, but within normal range.
Here again, despite no clearly defined pathological
patterns, observations confirmed a shift towards lower
normal values for the major indicators of cardiac func-
tion at rest in pectus patients consistent with previously
published data’?! However, no correlation was found
between EF and HI severity.

Our results confirm a tendency toward lower RVEF in
PE and attest the possibility of a same effect on LVEF. Our
data also show elevated ventricular end-diastolic and end-
systolic volumes in both types of pectus. This reinforces
the probability of an anatomically driven bilateral relative
impairment of myocardial contractility due to thoracic
and sternal cardiac compression. Such a mechanism was
previously assumed in the presence of lower RVEF and
decreased RV circumferential strain magnitude in PE
compared with controls.”

Both pectus groups showed pulmonary and cardiac
functions within the normal range, with a tendency
toward statistically significant lower values. We did not
find any association between cardiac and pulmonary
function. Even though symptoms were present at rest,
these functional anomalies are not a proper reflection
of clinical impairment, which depends, among other
factors, on physiological adaptation to exercise and
training. Previous studies evaluating the relation between
PE and CPF during physical effort using treadmill or cycle
ergometer exercise testing showed improved maximal
oxygen consumption after surgical repair.”'' CPF param-
eters have yet to be precisely and directly observed
during exercise, in particular using functional cardiac
MRI during or directly after physical effort.

Finally, previous publications report a possible associa-
tion between severity of HI and reduction of pulmonary
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function in PE.* In our cohort, we did not find any statis-
tically significant association between HI and STA with
pulmonary or cardiac functional parameters in PE and
PC patients, reinforcing the need of an accurate cardio-
pulmonary evaluation of these patients.

According to previously published work, even though
CPF impairment is more likely to be observed both at rest
and during exercise in PE patients with increased thoracic
deformity, modest pectus can also be accompanied by
thoracic symptoms or functional limitations. Conversely,
some patients more severely affected according to stan-
dard morphological evaluation tools, such as HI, display
no major impairment of pulmonary function. It is worth
noting that a significant 47% of overlapping HI values
between PE patients and controls in a previous paediatric
population.™

Full cardiopulmonary pathophysiology of pectus
patients is not yet fully understood, and a more refined
evaluation is needed to properly assess each situation,
especially in the case of mixed deformities combining
morphological measurements, such as HI and STA,
with functional imaging and tests. The external three-
dimensional scanner is a promising tool and has shown a
certain degree of correlation with HI in PE.”

Although our study examined pectus malformation in
a paediatric cohort in great detail and, to the best of our
knowledge, is the first to precisely analyse the impact of
PC on CPF, it does present several limitations. Indeed,
the limited number of patients might have contributed
toward the lack of correlation between severity of thorax
deformity and diminished functional parameters. No
control group was enrolled, but all parameters were
normalised using published Z-score data. In addition,
PE patients did not present severe HI, with a relatively
dense distribution of mean values around 4.6. Regarding
the relatively high frequency of associated symptoms in
our cohort, the psychological aspect of chest deformi-
ties could play a significant role. Finally, our evaluation
was performed before treatment and at rest. We, there-
fore, cannot exclude an impact of PE or PC during exer-
cise in patients with values at the LLN. This could have
explained an absence of correlation between HI and
impaired functional values.

CONCLUSION

Taken together, our results clearly suggest that alterations
of CPF in PE or PC patients are not correlated to dysp-
noea on exertion, nor to chest pain or anatomical meas-
urements (such as HI or STA). The same assessments
performed during the exercise may help to better under-
stand the anatomical role of pectus pathophysiology. In
addition, the psychological aspect could play a key role
in patients’ symptomatology and should be assessed in
conjunction with other aspects of patient management.
Finally, validation of new correction indexes could be
of great help in characterising these malformations and
choosing the best therapeutic management.
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