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ABSTRACT

BACKGROUND: Pectus excavatum deformity is the most common chest wall malformation. Currently, surgeons and re-
searchers of this problem have no consensus on whether pectus excavatum is a purely aesthetic problem or whether pectus
excavatum disturbs the function of the cardiopulmonary system.

AIM: To analyze publications on the effect of pectus excavatum on the cardiorespiratory system and the functional features
of the heart and lung after thoracoplasty in patients with pectus excavatum.

MATERIALS AND METHODS: Data were searched in the scientific databases PubMed, Google Scholar, Cochrane Library,
Crossref, and eLibrary without language limitation. In this article, the method of analysis and synthesis of information was
used. Most of the studies included in the analysis were published in the last 20 years.

RESULTS: In patients with pectus excavatum, severity of cardiorespiratory dysfunction depends on the degree of chest de-
formity. According to obtained data, the pulmonary function test in patients with pectus excavatum in the majority of cases
revealed restrictive pattern (formed vital capacity <80% of the norm, with normal ratio of forced expiratory volume in 1 min-
ute to forced lung capacity). In most cases, echocardiography showed compression of the right heart chambers. Comparative
analysis of the pre- and postoperative study of cardiorespiratory system in most cases indicated improvement and adaptation
of the cardiopulmonary system to stress after surgical intervention.

CONCLUSIONS: Funnel chest is an aesthetic problem wherein a severe degree of deformity leads to impaired respiratory
mechanics and dysfunction of the cardiovascular system. Surgical restoration of the volume of the retrosternal space allows
improvement of the functional capabilities of the heart and lungs.

Keywords: pectus excavatum; cardio-pulmonary syndrome; pulmonary function test; echocardiography; cardio-pulmonary
exercise testing.
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HayuHbIi 0630p

Bnuanue BopoHkoo6bpasHou aedopmauuu
rPYAHOU KJIETKU Ha CepAeYHO-NEero4Hyl0 CUcTeMy
(0630p nuTepatypbi)

A.M. Xopoposckas, [.B. Poikukos, b.X. lonrnes

HauvoHanbHbIN MEAVLIMHCKIIA MCCNEA0BATENbCKUIA LIEHTP AETCKOW TpaBMatonorumn u optoneamu umenm [N. TypHepa, CaHkT-leTepbypr, Poccus

AHHOTALMA

06ocHoeaHue. BopoHKoobpasHas fedopMaums rpyoHOi KNeTKn — Haubonee pacnpocTpaHeHHbIN NOPOK pasBUTMSA MPyLHOM
KneTku. B HacTosiee Bpems y XMpyproB W UccnefoBaTenen fLaHHOW NpoGieMbl OTCYTCTBYET eAMHOE MHEHWE OTHOCUTENBHO
TOro, SIBNSIETCA I BOPOHKO0OPa3Has fedopMaLms rpyAHON KNETKU UCKITIOYMTENBHO 3CTETUYECKO NpobieMoii, Mnu BOpPOHKO-
obpasHas gedopMaums rpyaHoOH KNeTKN HapyLuaeT GYHKLMIO CepLeYHO-TIEr04YHON CUCTEMBI.

Llese — npoaHanusupoBaTtb NybnMKaLmm, NOCBSLLEHHbIE BIUAHUIO BOPOHKOObpa3sHoi fedopMaLmm rpyaHOI KeTKK Ha cep-
AEYHO-IEr04HYI0 CUCTEMY, a TaKKe PYHKLUMOHaNbHBIM 0CO0OEHHOCTAM CepAeYHO-NEr0YHOM CUCTEMbI Y NALMEHTOB C BOPOHKO-
obpasHoii fedopMaumen rpyaHON KITETKM MoCne TOPaKoMIacTUKK.

Mamepuaner u memodel. Touck AaHHBIX OCylecTBNAnM B 6asax HayyHoi nutepatypbl PubMed, Google Scholar,
Cochrane Library, Crossref, eLibrary 6e3 s3blkoBbIx 0rpaHuyeHmii. B npouecce HanucaHus cTaTbu UCMOb30BaNM METOA, aHa-
nn3a W cuHTe3a MHdopMaumn. bonbluas YacTb pabort, BKNKYEHHbIX B aHanu3, onybamkoBaHa 3a nocnegHue 20 fer.
Pesynemamel. Y nauueHToB ¢ BOpoHKoobpasHoi fedopMaumeid rpyaHONA KNETKU BbIPaXKEHHOCTb AUCHYHKLMM CepLeyHO-
NIEr04YHOM CUCTEMbI 3aBUCUT OT CTeneHn gedopMaumnu rpyaHoi knetku. CornacHo AaHHbIM NpoaHan3MpoBaHHOW JITepaTypbl
Nnpu nccnefoBaHuM GYHKUMK BHELLHEr0 AbIXaHWS Y NaUMeHTOB C BOPOHKOOOpa3HoM aedopMaLmen rpyaHoii KNeTku B bob-
LUMHCTBE CNy4aeB BbISBNANM PECTPUKTUBHBIN TUN HapyLLEHUS AbixaHWs (chopMUpoBaHHas Xu3HeHHast eMKocTb <80 % HopMbl
C HOpMaJlbHbIM COOTHOLLEHWEM (OPCMPOBAHHOM BbIAOXA 3@ MUHYTY K (hOPCMPOBAHHOM EMKOCTU NETKWX), a Npu npoBefe-
HWM 3x0Kapanorpadum B 6ONBLUMHCTBE Cy4aeB ONpenensnack KOMNPeccus npaeblx Kamep cepaua. CpaBHUTENbHbINA aHanmu3
“CCnefoBaHUs NapaMeTpPOB CepAEYHO-NIEroYHONM CUCTEMBI B 0- W NOCNEonepaLUMoHHOM nepuoge B 6onbLIMHCTBE CryyaeB
CBUAETENbCTBOBAN 06 UX yNyyLIEHUM W afanTaumn cepLeyHO-NIeroYHON CUCTEMBI K Harpy3Ke Moc/e XMpypruyeckoro BMeLua-
TeNbCTBa.

3aknoyerue. BopoHkoobpasHas pAedopMauusi TpyAHOA KIETKM He TONMbKO NPEACTaBAsET 3CTETMYECKY npobnemy,
HO W MpM BbIpaXKEHHOI cTeneHn fedopMaLym NPUBOANUT K HApYLUEHWIO MEXaHUKU AbIXaHUS U AMCHYHKUMW CEpAeUHO-COCYAM-
CTOM CUCTEMBI. XMPYpPru4ecKoe BOCCTAHOBNEHUE 06bEMA PeTPOCTEPHANBHOMO NPOCTPAHCTBA MO3BOMSAET YNYULLMTL (YHKLMO-
HanbHble BO3MOXHOCTM CepALa U Nerkux.

KnioueBble cnoBa: BopoHK0O0Opa3Has fedopMaums rpyaHOM KIeTKK; KapaMopecnupaTopHbli CMHAPOM; QYHKLMA BHELIHErD
AbIXaHus; IX0KapArorpadus; Harpy3o04Hoe KapanonynbMOHabHOe TeCTUPOBaHMe.
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BACKGROUND

Pectus excavatum (PE) accounts for approximately
90% of all chest wall deformities, with prevalence rates
varying across populations [1-3]. This disease may occur
an isolated deformity or as a manifestation of various genetic
syndromes, such as Marfan syndrome, Ehlers—Danlos
syndrome [4], Poland-Moebius syndrome [5], and other
hereditary diseases. It is estimated that approximately every
second patient with PE has a family history of chest wall
deformity. Most genetic studies of familial cases evidenced
the presence of multifactorial inheritance, with the specific
contributing factors remaining unknown [6].

Males are reported to be affected 3-5 times more often
than females. There is no known direct racial predisposition,
however PE appears to be more prevalent in Whites compared
to African Americans, Hispanics, or Asians [7, 8]. The literature
reports an incidence of 4-8 cases per 1000 births [8, 9].
However, the actual incidence and prevalence of PE remain
uncertain and may be much higher than current estimates,
since no large population-based studies have been
conducted so far [10]. The lack of clearly defined PE criteria
(borderline, combined deformities) and the reliance on visual
examination as a primary diagnostic tool, which is heavily
influenced by the professional experience of an orthopedic
surgeon in diagnosing anterior chest wall deformities,
present a significant challenge in making an evidence-based
assessment of the prevalence [11].

There is ongoing debate as to whether PE is an essentially
aesthetic problem or whether it impairs the cardiopulmonary
function. Similarly, it is unclear whether the cardiopulmonary
function can be improved in PE patients by thoracoplasty or
whether thoracoplasty has any effect on the cardiopulmonary
system [12-14]. It is also debatable whether the symptoms of
shortness of breath, chest pain, and heart rhythm disorders
are primarily psychological in nature and whether an aesthetic
surgery procedure, such as the approach proposed by Dupuis
et al. (reconstruction with silicone implants) [15], may be
effective.

The study aimed to review published literature investi-
gating the impact of pectus excavatum on the cardiopulmo-
nary system and evaluating the cardiopulmonary functions in
patients with pectus excavatum after thoracoplasty.

MATERIALS AND METHODS

The data search was performed in the scientific litera-
ture databases PubMed, Google Scholar, Cochrane Library,
Crossref, eLibrary, with no language restrictions, using
the keywords: “pectus excavatum,” “thoracoplasty,” “pulmo-
nary function testing,” “echocardiography,” “cardiopulmonary
exercise testing,” “exercise stress testing,” “minimally in-
vasive repair of pectus excavatum,” “Nuss procedure,” and
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“Ravitch procedure.” In preparing the article, the method of
data analysis and synthesis was used. Most of the stud-
ies included in the review were published within the past
20 years.

RESULTS AND DISCUSSION

The cardiovascular function of PE patients has been
investigated over the past 90 years. In 1932, Eideken and
Wolferth first described electrocardiographic (ECG) findings in
PE patients [16]. According to the literature, ECG abnormalities
are common in PE patients, the most significant of which
are incomplete and complete right bundle branch block,
poor R-wave progression, changes in P-wave morphology,
and ECG signs associated with Brugada syndrome [17, 18].
However, these changes are nonspecific, and most of children
and adolescents with PE have no ECG abnormalities [9].
Echocardiography (EchoCG) is a more specific method than
ECG, which was first demonstrated by Mocchegiani et al.
Compared to healthy volunteers, PE patients exhibited typical
EchoCG abnormalities, including compression of the right
heart and significant narrowing of the right ventricular (RV)
outflow tract (with a decrease in the RV end-diastolic and
end-systolic areas) [19]. Jaroszewski et al. demonstrated that
deformity of the ribs and sternum can cause compression
of the right heart, decreased atrial filling and venous
return, resulting in diastolic dysfunction and a reduction in
the cardiac output [20].

The degree of cardiac compression is correlated
with the severity of chest deformity (the depth of sternal
depression at the apex of the deformity), as demonstrated
by Chu et al. Moreover, the cardiac rotation angle and
pulmonary vein angle had a positive correlation with
the depth of sternal compression [21]. Sarioglu et al.
showed that the cardiac rotation angle correlated with Haller
index [22]. It is noteworthy that the cardiac left lateral shift
with associated with the progression of PE often contributes
to the development of right-sided asymmetric PE, which is
a common type of deformity [20].

Malek et al. conducted a meta-analysis of preoperative
and postoperative assessments of the cardiovascular
function in 169 patients who underwent a surgical repair
of PE (radical or minimally invasive thoracoplasty) [23].
The authors reported a statistically significant postoperative
improvement in the cardiovascular function. This finding
negates the hypothesis that thoracoplasty for PE is primarily
an aesthetic procedure, offering only minimal physiological
improvement. However, Guntheroth and Spiers [24] identified
methodological shortcomings in the meta-analysis. A more
rigorous selection of the studies revealed that the reviewed
literature lacked sufficient data to draw a conclusion regarding
the postoperative improvement of the cardiovascular function.
Meanwhile, further studies evaluating the effect of PE on
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the cardiac function corroborated the findings reported by
Malek et al. [9, 25, 26].

An analysis of preoperative and postoperative computed
tomography images showed that at 1 month after
thoracoplasty, the heart shifted significantly in the anterior
and rightward directions [27].

Coln et al. assessed ECG findings (before and after
the Nuss procedure) of 123 patients (a mean age of 13 years)
and demonstrated that preoperative cardiac compression
was observed in 95% of PE patients, while postoperative
ECG results were normal in 93% of the study subjects.
Moreover, the authors reported that among the 54 patients
with a mitral valve abnormality diagnosed by preoperative
EchoCG, only 7 patients had minor mitral valve prolapse
postoperatively [28].

It should be noted that the diagnosis of mitral valve prolapse
is significantly more prevalent in PE patients compared to
the general population [29]. Lain et al. hypothesized that mitral
valve prolapse was attributable to the heart compression by
the deformed chest, and that the elimination of compression
would result in the prolapse regression. To confirm their
preliminary hypothesis, the authors performed intraoperative
transesophageal EchoCG in pediatric patients with PE and
revealed that the valve configuration had changed to normal
intraoperatively immediate to the sternal elevation during
the Nuss procedure [30].

Previous studies have reported that a postoperative
increase in the RV stroke volume and cardiac output [31, 32].
An increase in the RV ejection fraction as early as 2 weeks
after the Nuss procedure was confirmed by magnetic
resonance imaging data, and the left ventricular (LV) ejection
fraction was normal before surgery, however showed
a further improvement at the 1-year follow-up [33].

In the study by Krueger et al., transesophageal EchoCG
demonstrated an improvement in the LV ejection fraction in
17 patients with PE with a mean age of 28 years [34]. However,
other authors have reported that the LV parameters do not
demonstrate a decline in response to cardiac compression in
PE patients [20, 35].

The LV is normally located more posterior to
the RV and has a thicker muscular wall. This suggests that
the LV is more effectively protected from compression by
the deformed anterior chest wall, which likely explains
minor improvements observed in the LV after surgery, as
reported by most authors [36]. While many studies suggest
that the repair procedure promotes the functional recovery of
the cardiac system in PE patients [20, 26, 37], the potential
for the respiratory function improvement after surgery has
persistently been a topic of debate amidst the conflicting
results of the respiratory function assessments before and
after surgery. Additionally, the use of non-uniform diagnostic
criteria and methods for the lung dysfunction assessment
has contributed to this uncertainty [12, 14, 38].
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Lung compression is undoubted in young children with
severe PE, who experience paradoxical breathing, which
occurs when the sternum and ribs are retracted backward
during inhalation. This type of breathing is associated with
chest wall motion dysfunction and limited expansion of
the lungs, primarily in the upper lobes. These results may result
in frequent and prolonged respiratory diseases. Pulmonary
compression, respiratory dysfunction, and retention of
bronchial secretions contribute to the development of
dyspnea and a persistent cough. These clinical symptoms are
frequently associated with tracheitis, bronchitis, pneumonia,
which predominantly affects the lower lungs [39].

However, in most young children with a mild chest
deformity, PE does not cause any symptoms due to better
chest wall compliance than in adults and progresses
slowly, with only 22% of cases diagnosed before 10 years
of age [40]. As the child grows, the chest wall elasticity and
compliance gradually decrease, leading to cardiopulmonary
dysfunction associated with decreased exercise tolerance,
shortness of breath, chest pain, and heart rhythm disorders
[31, 41, 42]. The onset or aggravation of clinical symptoms
mainly occur in adolescence as the anterior chest wall
deformity progresses [43].

In the study by Ramadan et al., dyspnea on exertion and
chest pain at rest were reported by 13.3% and 20% of PE
patients, respectively (@ mean age of 13.8 + 2 years) [44],
which was consistent with the other published data [37, 45].

The pulmonary function assessment conducted by
Ramadan et al. demonstrated a restrictive pattern (forced
vital capacity <80% of the reference with a normal ratio of
the forced expiratory volume in the first second to the forced
vital capacity) in 23% of PE patients. However, there was
no correlation established between these symptoms and
reduced pulmonary function parameters [44] compared
to the reference values [46]. In most cases, PE is not
associated with chronic lung diseases [38]. PE does not
affect the airways or lung parenchyma, except by mechanical
compression, which has an adverse effect on pulmonary
ventilation [9, 27, 47].

Katrancioglu et al. evaluated 31 pediatric patients with
PE and established a negative correlation between the Haller
index and each of the forced expiratory volume in the first
second and the forced vital capacity of the lungs [45]. This
was consistent with the findings of the multicenter study
conducted by Kelly Jr et al. [38]. A restrictive pattern was
4 times more likely in patients with a Haller index of >7 [45].

To assess symptoms, such as difficulty breathing
and the feeling of being unable to take a deep breath,
Redlinger Jr et al. performed optoelectronic plethysmography
on 119 individuals (63 patients with PE, 56 healthy controls).
The study results demonstrated a chest wall motion
dysfunction in the area of the anterior chest wall deformity
and increased abdominal contributions to respiration in
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PE patients compared to the control group. At the level of
the umbilicus, PE patients had a 147% increase in marker
excursion compared to the control group (P < 0.01) [48].
This study was a significant advance in understanding
the pathogenesis of respiratory disorders in PE patients.

Binazzi et al. used an optoelectronic plethysmography
technique to assess the pulmonary function in 13 patients
who underwent the Nuss procedure and established that
an average 11% increase in chest volume was accommodated
within the upper chest (P =0.0001) and to a lesser extent
within the abdomen and lower chest [49].

However, the results of pulmonary function assessments
after PE repair are also highly conflicting and vary considerably
depending on multiple factors, such as the severity of the PE
deformity, the type of surgical procedure, the homogeneity of
the analyzed group, and the time of follow-up assessments
(36, 50, 511.

In their meta-analysis, Malek et al. reported no significant
improvement in the pulmonary function after PE repair [14],
but their study included the outcomes of thoracoplasty
performed using both the Ravitch and Nuss procedures.

The analysis of pulmonary function parameters suggestive
of a decline in the pulmonary function or the absence of
any postoperative changes was largely based on small
samples and performed in the early postoperative period.
Sigalet et al. presented preliminary results of the analysis
of pulmonary function parameters in 11 PE patients (a mean
age of 13.5 + 3.1 years) at 3 months after Nuss thoracoplasty.
A significant decrease in forced vital capacity and vital capacity
was documented after surgery [52]. Jeong et al. [53] analyzed
the results of pulmonary function assessments in 18 patients
with PE under 18 years of age before and 4-6 months post-
surgery, which was consistent with the findings from Sigalet
et al. [52].

Borowitz et al. demonstrated that at 6-12 months,
the Nuss procedure caused no adverse effects on
the pulmonary function, and no significant differences were
seen before and after surgery [54].

Juki¢ et al. reported a decline in the pulmonary function
in the early postoperative period, which was associated with
prolonged pain syndrome. The authors found that up to 81.5%
of patients required analgesics for 1 day to 6 months post-
surgery [55].

M. Noguchi et al. suggested that a decrease in pulmonary
function parameters after PE repair was associated with
the reduced usage of respiratory muscles. In their study,
the authors demonstrated that early respiratory rehabilitation
can significantly improve the inspiratory volume at 3 months
after the Nuss procedure as compared to the inspiratory
volume of patients who did not receive a respiratory
rehabilitation and to the preoperative baseline values [56].

However, the implantation of one or two correction plates
presents an additional factor contributing to the reduction
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of the chest wall motion function. Moreover, a decrease in
the chest elasticity may be worsened by the patient’s growth.
Additionally, the time interval between the implantation and
removal of the plate is several years [57]. Large cohort studies
demonstrate a significant improvement in the pulmonary
function after the plate removal compared to preoperative
results [58, 59]. Most authors advise that a comparative
analysis of pre- and postoperative results of the pulmonary
function assessment should be conducted after the removal
[27, 36, 601.

O’'Keefe et al. reported a significant increase in vi-
tal capacity, forced vital capacity, total lung capacity, and
forced expiratory volume in the first second at 3—6 months
after the plate removal in patients with a mean age of
13.9 + 2.3 years [35]. The study by Szydlik et al. demonstrated
a statistically significant increase in the pulmonary function
parameters (such as forced expiratory volume in the first
second and forced vital capacity) after the plate removal
compared to the values before the Nuss procedure. Howev-
er, there was no statistically significant differences between
the severity of the initial chest deformity and spirometric im-
provement. Moreover, no statistically significant correlations
were found between the patient’s age, height, and weight
and the spirometric improvement [57]. This is consistent with
the findings of the meta-analysis by Wang et al., who have
not observed a significant correlation between the mean age
of patients at the time of surgery and the functional recovery
of the lungs [61]. However, these results could have been af-
fected by the fact that the age of patients was similar in all
13 studies included in the meta-analysis. The age in 13 stud-
ies ranged from 10.4 to 16.9 years, and from 13 to 14 years
in 6 of 13 studies.

Dreher et al. presented the pulmonary function parameters,
such as total airway resistance and total specific airway
resistance, in 114 patients before and after repair surgery.
The findings have demonstrated that the plate removal was
associated with an improvement in the parameters, reaching
normal values, including in those patients who had been
diagnosed with obstructive and emphysematous patterns in
the preoperative period [60].

The pulmonary function is typically evaluated at
rest; however, PE patients experience their symptoms
during physical exertion. A physiological explanation for
the improved exercise tolerance cannot be provided on
the basis of separate assessments of the cardiac and
pulmonary systems separately at rest. Cardiopulmonary
exercise testing (CPET) offers more comprehensive diagnostic
and prognostic details regarding the cardiopulmonary system
function than functional assessments at rest. CPET is
a widely accepted tool for the clinical assessment of exercise
tolerance. It provides an analysis of complex pulmonary,
cardiovascular and musculoskeletal responses to physical
activity [31, 36]. A comparative analysis of CPET results in
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PE patients before and after surgery reveals a considerable
degree of heterogeneity. This is attributable to a number of
factors, including different methodologies, small samples,
varying ages of patients and times to the postoperative
assessment [50, 62].

Wynn et al. [63] and Castellani et al. [64] analyzed
the CPET results before and after thoracoplasty in pediatric
patients with PE and did not find significant differences
in the CPET parameters. However, Maagaard et al., who
compared the CPET results in 49 adolescents with PE before
and after thoracoplasty to the values measured in 26 healthy
volunteers (control group), demonstrated a statistically
significant reduction in the cardiac index in PE patients
compared to the control group. At 3 years post-surgery,
the cardiac index statistically significantly increased and did
not differ from the values in the control group. However,
there was no significant difference in maximum oxygen
consumption between PE patients and the control group [51].
The multicenter study by Kelly Jr et al. demonstrated
a 10.1% and 19% increase in maximum oxygen consumption
(P=0.015) and stroke volume (P =0.007), respectively,
in the postoperative period [38]. This was consistent with
the findings from Das et al. [65] and Sigalet et al. [52].

The cardiovascular and respiratory systems are
closely interrelated, such that an effect on one system will
inevitably impact the other [20]. However, most studies
demonstrate that the change in the breathing pattern in PE
patients after the correction plate removal does not provide
an explanation for the improvement in exercise tolerance
[9, 20, 50]. Humphries et al. suggested that during exercise,
additional cardiac output is required, and the compressed
right ventricle is unable to generate a greater stroke volume
due to limited diastolic filling. This results in a compensatory
increase in heart rate to meet oxygen demands. As soon
as the maximum heart rate is reached, there is no further
increase in cardiac output and the PE patient experiences
dyspnea and, consequently, limited exercise tolerance.

REFERENCES

1. Fokin AA, Steuerwald NM, Ahrens WA, et al. Anatomical, his-
tologic, and genetic characteristics of congenital chest wall de-
formities. Semin Thorac Cardiovasc Surg. 2009;21(1):44-57.
doi: 10.1053/.semtcvs.2009.03.001

2. Goretsky MJ, McGuire MM. Complications associated with the
minimally invasive repair of pectus excavatum. Semin Pediatr Surg.
2018;27(3):151-155. doi: 10.1053/j.sempedsurg.2018.05.001

3. Westphal FL, LimaLC, LimaNeto JC, etal. Prevalence of pectus carina-
tum and pectus excavatum in students in the city of Manaus, Brazil. J Bras
Pneumol. 2009;35(3):221-226. doi: 10.1590/s1806-37132009000300005
4. Billar RJ, Manoubi W, Kant SG, et al. Association between pec-
tus excavatum and congenital genetic disorders: a systematic re-
view and practical guide for the treating physician. J Pediatr Surg.
2021;56(12):2239-2252. doi: 10.1016/j.jpedsurg.2021.04.016

Tom 12, N 3, 2024

OpTonenys, TpaBMaTonora
V1 BOCCTAHOBYTESbHAA XVPYpriAa AETCKOMO BO3pacTa

Elimination of the RV compression leads to an increase in its
volume [66], as demonstrated in many studies [58, 60, 65].

CONCLUSION

Over the past decades, there has been a shift in un-
derstanding of PE, moving away from the exclusive focus
on its aesthetic aspect. Evidence has emerged to suggest
an association between the chest deformity and the heart
compression or changes in the respiratory biomechanics.
Comparative analysis of the pulmonary function parameters
and EchoCG at rest in the pre- and postoperative period
demonstrates a postoperative improvement in the car-
diopulmonary function. As evidenced by previous studies,
an important aspect in the evaluation of surgical outcomes
is the time of assessments, especially in the case of spi-
rometry. The published literature presents limited and het-
erogeneous data on CPET following retrosternal repair.
However, the studies demonstrate improved load adaptation
of the cardiopulmonary system after surgery. Thus, surgical
repair of the retrosternal space volume improves the car-
diopulmonary function.
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