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ABSTRACT

BACKGROUND: Pectus excavatum is a malformation characterized by deformities of the cartilaginous parts of the ribs
and sternum of varying severity and accounts for 75%-91% of all chest wall deformities. Surgical treatment of pectus ex-
cavatum in children remains an urgent issue, despite the considerable number of existing surgical correction techniques.
These techniques are not universally applicable, especially for asymmetric and rigid forms, requiring ongoing madification
and improvement.

CASE DESCRIPTION: A 17-year-old patient underwent surgical correction of a severe pectus excavatum complicated by a his-
tory of cardiac surgery, namely, median sternotomy and mitral valve prosthesis placement. The surgical procedure involved
the release of major vital anatomical structures, the use of an external fixation device providing high corrective force during
surgery, and gradual intraoperative correction under cardiac function monitoring.

DISCUSSION: Correction of severe pectus excavatum following prior median sternotomy is associated with a high risk of com-
plications, including fatal events such as asystole or massive hemorrhage. In such cases, a minimally invasive thoracoplasty
with an additional subxiphoid approach and sternal elevation using an external fixation device is recommended. Conventional
sternal elevation techniques (e.g., bone hooks, sutures, and clamps) have been found to be not advisable for pronounced
rigid deformities owing to the risk of sternal injury. Moreover, isolated thoracoscopy using the standard MIRPE technique does
not ensure the integrity of intrathoracic structures, and traditional bar-flipping maneuver for immediate and forced correction
of pectus excavatum is inappropriate.

CONCLUSION: Patients with pectus excavatum exceeding the threshold for severe deformity, particularly those with previous
cardiac surgery, require a treatment different from standard thoracoplasty. The presented approach, involving the release
of major vital anatomical structures and gradual intraoperative correction under cardiac monitoring with an external fixation
device, is recommended for managing such complex clinical cases.

Keywords: pectus excavatum; minimally invasive thoracoplasty; median sternotomy; congenital heart defect; children;
Grand Canyon deformity.
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Xupypruyeckoe nevyeHue BOPOHKOO6GpasHOM
AedopMaLummn rpyaHON KNETKU KpanuHe TSXKenou
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06ocHosaHue. BopoHkoobpasHas medopMaums rpyaHoi KNeTku — 310 ManbdopMaums, nposersiowasncs gepopMaumusamm
XPALLEBBIX Y4aCTKOB pebep W rpyauHbl pasnuyHol CTeNeHN BbIPaXKEHHOCTH W, COIMIAacHO IUTEPATYPHBIM AaHHBIM, COCTaB/IET
ot 75 o 91% obwwero uucna aedopMauui rpynHomn Knetku. OnepaTBHOe neyeHue LeTelt ¢ BOPOHKooOpasHoli aedopMaument
TPYAHOW KNETKM Ha JaHHbIA MOMEHT — aKTyanbHas npobneMa, TpebyioLias peLleHns, HECMOTPA Ha 3HAUMMOE KOJIMYECTBO
cnocoboB xupypruyeckon Koppekumu. CyluecTBytolme METOAMKU He YHWUBEPCasbHbI, 0COOEHHO B OTHOLLEHUM aCUMMETpUY-
HbIX, pUrUAHBIX OPM AAHHOTO MOPOKA Pa3BUTUSA, U NMO3TOMY WX HEMPEPbIBHO MOAUMULMPYIOT U COBEPLLEHCTBYHOT.
Knunuyeckoe Habniodenue. MaumenTy 17 neT NpoBeLEHO XMPYPruYecKoe BMELLATENbCTBO B CBA3M C KpalHe TSKENoM cTe-
NneHbl BOPOHKO06pa3HoM AedopMaLym rpyLHON KNETKW, OTATOLLEHHOW paHee NpOBELEHHBIM KapAMOXUPYPTUYECKUM IEYEHM-
€M MOpOoKa CepALa C UCMoNb30BaHWeM NMPOLOSIBHON CTEPHOTOMUW M MPOTE30M MUTPanbHOro KnanaHa. OnepaTuBHoe NeyeHue
BKJ/IIOYaN0 Pefi3 MarucTpasnbHbIX, XU3HEHHO BaHbIX aHAaTOMUYECKWX 00pa30BaHMiA, UCMOMb30BaHWe anmnapaTa BHELUHEW
(GUMKCaLMM C BLICOKUM KOPPUr1pYHOLLMM MOMEHTOM B X0Z€ OnepaLym, NOCTENEHHYH MHTPAONePaLMOHHYH KOPPEKLIMIO MO MO-
HWUTOPUHIOM (YHKUMM cepaLa.

06cyxcdenue. Koppekums BopoHKoobpasHoii fedopMaLmm rpyaHON KNETKW TAXKENOW cTeneHu Ha GoHe paHee NpoBeAEHHOM
NPOLONbHON CTEPHOTOMUM — OMepaLMs MOBLILIEHHOTO PUCKA OCIOKHEHWI, B YMCNe KOTOPbIX (aTanbHble (acucTonus, Mac-
CMBHOE KPOBOTEYEHUe). ABTOpbI JaHHOMO HabMIOAEHUSA CUMTALOT YMECTHOW CNELYIOLLYI0 XMPYPrUYECKYH TEXHUKY ANS LaHHbIX
K/IMHUYECKMX CNy4aeB: MasloMHBA3WBHYH TOPAKONNACTUKY C AOMONHUTENBHBIM CyOMeUYeBUAHBIM JOCTYNOM W 3neBaLuent rpy-
OVHbI C NMPUMEHEHWEM annapaTa BHeLLHel GuKcaumn. Kak cuuTaloT aBTopbl, B JaHHOM Cilyyae HewenecoobpasHo npuMeHsTb
CTaHAAPTHble METOAbI 3/1eBaLMM TPYAMHBI (LUTOMOP, LUOBHBIA MaTepuar, 3aXWMbl), KOTOpble MOrYT NPUBECTU K NOBPEKAEHUIO
Tena rpyavHbl Npy BbipaXKeHHOW pUrnaHoi fedopMaumm, He peKOMEHA0BaHO MCMO/b30BaTh M30IMPOBAHHYI0 TOPAKOCKOMMIO
cTaHgaptHoi MIRPE, He rapaHTMpYIOLLYIO COXPaHEHMS LENOCTHOCTW OPraHoB FPYAHON KNETKWU, HEYMEeCTeH TPaAMLMOHHbIN
NepeBopoT MNacTUHbI A1S OAHOMOMEHTHOMO (POpCMpOBaHHOMO) AOCTUMEHMSA KOPPEKLUMM BOPOHKO0DpasHoi aedopMaumm
TPYAHOW KNeTKu.

3axmoqenue. MauneHTbl ¢ BOPOHKOODOPa3HoW AedopMaumen rpynHOW KNETKMW, 3HAYMTENBHO MPEBOCXOAALLEN MOKasaTenm
TAXKENOW CTENEHM, a TaKKe C MOCNeCTBUAMM paHee NPOBeLEHHbIX KapaMOXUPYPriieckux BMeLLaTesbCTB HYXAaloTcs B 06b-
eMe JleYeHus], KOTOpbIW OTIMYAeTCA OT CTaHOAPTHOW TOPAKOMIACTMKW NMpU BOPOHKO06pa3HoW fedopMaummn rpyaHoN KNETKM.
PaccMoTpeHHbI BapUaHT NeyeHus, BKIKYaOLLMIA Pei3 MarucTpanbHbIX, U3HEHHO BaXHBIX aHaTOMUUYECKWUX 00pa30BaHui,
MCMoNb30BaHWe anmnapara BHELUHel (uKcaummn Ans NocTeneHHOM MHTPaonepaLmoHHO KOpPPEKLMM MO MOHUTOPUHIOM (YHK-
UMM CepLLa, MOXKET BbITb PEKOMEHAO0BAH B CNOXHbIX KITMHUYECKUX CUTYaLMUSX.

Kniouesble cnoBa: BopoHKooGpa3Hasa nedopMalus; TOPaKONIacTMKa MaiouHBa3WBHas; CTEPHOTOMUSA NPOAONbHAsA; NOPoK
CcepaLa; AeTH; rpaHA-KaHbOoH.
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CLINICAL CASES

BACKGROUND

Pectus excavatum (PE) is a common orthopedic
condition marked by a chest wall deformity, which in more
severe cases, can lead to reduced respiratory and cardiac
function [1]. A notable decrease in the anterior mediastinal
volume results in the heart shifting leftward, placing additional
stress on the right chambers. Reduced pleural cavity space
also impairs breathing and limits physical performance
in children. These issues are often most noticeable during
emotional stress [2].

In the last 25 years, two main approaches have emerged
for correcting PE. The first is conservative treatment
for children with mild, flexible chest wall deformities.
The second involves surgical intervention, which has evolved
to include minimally invasive techniques for addressing
moderate to severe PE. This group of procedures
is now known as MIRPE (minimally invasive repair of pectus
excavatum) [3].

In recent years, the surgical correction of moderate
and severe PE with a typical, localized, symmetrical form
has become a widely accepted method in clinical practice.
However, it is important to note that even when these
procedures are performed with appropriate indications
and technique, there remains a risk of complications in cases
with extremely severe deformities or certain anatomical
variations [4, 5].

Several factors increase the surgical risk for this patient
group, including the severity and extent of the deformity [6],
as well as the significant asymmetry and rigidity of the chest
wall curvature [7]. Additionally, a history of prior surgery
involving the sternocostal complex notably raises
the likelihood of unfavorable outcomes in patients undergoing
treatment for chest wall deformities [8].

Existing classifications of PE pathology do not
account for deformity grades that exceed severe cases
by a considerable margin (e.g., four or five times). However,
such extreme cases are encountered by surgeons treating
these patients. These cases require special attention
and a customized approach during preoperative planning,
along with precise surgical techniques, continuous
monitoring, and active rehabilitative care during the early
postoperative period [9]. Rigid, asymmetrical chest wall
deformities complicate treatment due to the need for more
complex and invasive reconstruction of the anatomical
contour in the affected area.

In cases of previous surgeries involving the sternocostal
complex, the most common scenario involve patients
who underwent median sternotomy in early childhood
for cardiac reconstruction. These patients often have scar
tissue in the anterior mediastinum, which increases the risk
of complications such as bleeding or cardiac arrhythmias
resulting from cardiac injury.
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A key factor in severe chest wall deformities is the position
of the heart. For example, in cases of significant leftward
displacement of the heart (residual space), procedures aimed
at restoring the retrosternal space carry not only standard
surgical risks but also the risk of the heart shifting back
toward the midline, potentially leading to rotation and cardiac
arrhythmias. This condition may result from compromised
patency of the major vessels due to their displacement
and deformation, causing myocardial ischemia or impaired
sympathetic innervation [10]. However, in some clinical
scenarios, the formation of scar tissue in the retrosternal
space after previous cardiac surgery can result in a fixed
pericardium that keeps the heart in a central position, while
progressive PE leads to a cardiogenic syndrome. In these
cases, pericardial release may be necessary but is often
not feasible during the thoracoscopic stage of MIRPE due
to the increased risk of cardiac injury. Some authors
highlight the importance of preparing for significant bleeding
and the potential need for cardiac reconstruction by a cardiac
surgeon in the event of intraoperative heart injury in this
patient group [11].

The combination of these factors, along with underlying
conditions (such as genetic disorders or chronic comorbidities),
raises the likelihood of an atypical and complex clinical
scenario in patients with PE. These cases require careful
consideration in developing an individualized surgical plan
and its precise execution, including preventive measures
to avoid complications.

Given these factors, the clinical case presented here
represents a complex, rare, and atypical situation that
demands a personalized treatment approach and careful
execution of the surgical plan.

CASE DESCRIPTION

In 2024, a 17-year-old male patient, B., sought
consultation at the H. Turner National Medical Research Center
for Children’s Orthopedics and Trauma Surgery, presenting
with complaints of chest wall deformity, a noticeable
cosmetic defect, shortness of breath with minimal physical
activity, dizziness, palpitations, and occasional near-syncope.

Since birth, the patient had been under nephrological care
for right-sided hydronephrosis and chronic pyelonephritis,
for which he had surgery at 3 months of age. PE and mild
spinal deformity were diagnosed during the first year of life,
along with benign intracranial hypertension. These conditions
were managed conservatively and monitored until the age
of 3. At 1 year, the patient was diagnosed with grade Il mitral
valve prolapse with myxomatous degeneration of the leaflets
and stage | chronic heart failure. Follow-up with a cardiologist
was advised, including regular ECG and echocardiographic
evaluation. At 12 years old, genetic testing revealed
a pathogenic heterozygous nucleotide substitution in exon 45
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of the FBNI gene: NM_000138.4:c.5470T. A diagnosis
of Marfan syndrome with autosomal dominant inheritance
was confirmed, and the patient was classified as disabled.
At 13 years old, due to worsening mitral valve prolapse, which
included grade IIl mitral insufficiency and dilation of the aortic
root at the sinus of Valsalva, the patient underwent cardiac
surgery via median sternotomy. The surgery involved
complex mitral valve repair, including quadrangular resection
of the posterior leaflet, suturing of the anterior leaflet cleft,
and ring annuloplasty.

Over the next 2 years, during periods of rapid skeletal
growth, progression of PE and scoliosis was noted, along
with worsening cardiac function, including increased
hemodynamic stress on the repaired mitral valve. The patient
continued to be monitored and received conservative
treatment from various specialists, including a pediatrician,
gastroenterologist, cardiologist, orthopedic surgeon,
and ophthalmologist, who noted moderate mixed astigmatism
consistent with the underlying syndrome.

Despite ongoing conservative treatment, the next 4 years
were characterized by significant progression of chest
wall and spinal deformities, a decline in overall health,
and reduced physical activity. The patient was repeatedly
referred to specialized medical centers by cardiac surgeons,
where surgical correction of the chest wall deformity
was recommended. However, surgery was declined due
to the high risk of irreversible and potentially life-threatening
intraoperative complications.

In 2024, after a consultation with a specialist at our
institution, the patient was referred for elective surgery
to correct the chest wall deformity, based on the confirmed
signs of decompensated PE.

Physical Examination

Upon admission for inpatient treatment at the H. Turner
National Medical Research Center for Children’s Orthopedics
and Trauma Surgery, the patient underwent a thorough
evaluation to assess the feasibility of elective orthopedic
surgery.

The patient had a proportionate asthenic body type,
with a height of 193.5 cm and an arm span matching his
height. His body weight was 49.9 kg. He was fully oriented
to time and place and communicative but showed a negative
attitude toward his condition and the need for treatment.
The initial assessment (using institutional questionnaires
developed at H. Turner National Medical Research Center
for Children’s Orthopedics and Trauma Surgery to evaluate
baseline status and postoperative satisfaction after
thoracoplasty) revealed significant psychoemotional stress
and a cardiorespiratory syndrome. The epidemiological
history was unremarkable, with a past history of varicella
at age 4. The skin appeared clear, pale, and normally
pigmented. The patient was able to walk independently,
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without the use of assistive devices or limping. His head
was centered along the body'’s axis and in a neutral position.
Cervical spine mobility was full and painless. Notable
shoulder asymmetry (up to 20 mm) and unequal height
of the inferior scapular angles (up to 20 mm) were observed,
as well as waist triangle asymmetry. The trunk alignment
was decompensated, with a leftward shift of up to 15 mm,
accompanied by a pronounced left lumbar curve, torsional
component, and a compensatory right thoracic curve.
The traction test showed limited spinal deformity mobility.

The chest wall exhibited severe deformity (see supple-
mentary material; DOI: 10.17816/PTORS654520-4252264),
with a right-sided PE. The deformity area was rigid,
with a sternal depression depth of up to 92 mm (measured
in the standing position during inspiration at the deformity’s
apex). The transverse diameter of the anterior chest wall
measured 300 mm. The deformity was extensive, asymmet-
rical, and eccentric, with the apex located low at the level
of the fifth intercostal space. The cranial extent of the PE
involved the first rib. A prominent apical cardiac impulse
was observed on the left side. The patient reported chest
pain on palpation in the cardiac triangle area, although
it was not well localized. A postoperative scar, approximately
14 cm long, was present over the sternum, extending from
the inferior border of the manubrium to beyond the base
of the xiphoid process. The overlying skin was adhered
to the underlying tissues; the scar was immobile and showed
no signs of inflammation.

Examination of the upper and lower limbs revealed
symmetrical absolute and relative lengths on both sides.
The range of motion in the upper limb joints showed
no functionally significant limitations. No neurological
or hemodynamic disturbances were noted in the distal
segments of the extremities.

Diagnostic Assessment

Echocardiography: Left ventricular end-diastolic
diameter, 43 mm; end-systolic diameter, 28 mm; ejection
fraction, 63%; fractional shortening, 34%; interventricular
septum thickness in diastole, 7 mm; posterior wall thickness
of the left ventricle in diastole, 7 mm; relative left ventricle
wall thickness, 0.33%; indexed end-diastolic dimension,
25.29 mm/m? Left atrial index, 19.41; right atrial index,
17.65. Mitral valve: Leaflet thickening with regurgitation;
peak flow velocity, 1.3 m/s; diastolic function E/A ratio,
1.2. Aorta: Sinus of Valsalva diameter, 35 mm; ascending
aorta, 28 mm. Aortic valve: Mild regurgitation; peak flow
velocity, 1.0 m/s. Tricuspid valve: Mild regurgitation; tricuspid
regurgitation pressure gradient, 25 mmHg. Pulmonary
artery: Trunk diameter, 22 mm; valve leaflets normal; peak
velocity up to 0.8 m/s. Pericardium: No effusion. Conclusion:
Status post-mitral valve repair; mitral insufficiency
and fibrosis; aortic root dilation.
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Electrocardiography: Marked left-axis deviation; heart
rate, 71 bpm; alpha angle, 77°; incomplete right bundle
branch block. Emergency ECG monitoring may be necessary.

Pulmonary function testing: Severe restrictive ventilatory
impairment.

Abdominal ultrasonography: Ultrasound findings suggest
gallbladder shape anomaly and dilation of the right renal
pelvicalyceal system.

Stabilometry: Leftward and posterior displacement
of the body's center of mass; grade Il dysfunction
of the statokinetic system with signs of subcompensation.

Chest computed tomography: Chest wall deformity
with an asymmetric PE component. Haller index, 15.170;
compression index, 0.154; right-sided sternocostal angle, 34°.
Evidence of prior sternotomy with cerclage wire at six
levels. The distal edge of the sternum is closely positioned
to the ventral surface of the spine and major vessels (aorta,
inferior vena cava). A mitral valve support ring (post-mitral
valve repair) was observed.

Chest radiography: No additional findings compared
to the chest CT. Spinal deformity confirmed, showing a primary
left-sided lumbar curve peaking at the second lumbar
vertebra and measuring up to 78°, and a compensatory right-
sided thoracic curve of up to 34°, observed in the standing
position (Fig. 1).

Additional specialist evaluations:

« Ophthalmologist: Moderate mixed astigmatism

« Endocrinologist: Protein-energy deficiency, constitutional
tall stature

- Cardiologist: Marfan syndrome, grade Il mitral valve

prolapse with myxomatous degeneration; grade Il mi-

tral regurgitation; dilation of the aortic root at the sinus

of Valsalva; previous multicomponent mitral valve repair
with support ring

Following a comprehensive evaluation in the specialized
department, the decision was made to proceed with elective
surgical correction of the severe PE. The goal of the procedure
was to restore the retrosternal space, alleviate right heart
overload (including strain on the previously repaired mitral
valve), reduce the severity of the cardiorespiratory syndrome
linked to the underlying condition, and prevent further
progression of the deformity.

Interventions

After standard preoperative preparation, the patient
underwent surgery under endotracheal anesthesia combined
with continuous regional paravertebral block. The procedure
was performed with the patient in a supine position, arms
abducted to 90° and elbows flexed to 45°. The surgery
included minimally invasive thoracoplasty with an additional
subxiphoid approach and osteosynthesis of the sternocostal
complex using a fixation system developed at the H. Turner
National Medical Research Center for Children’s Orthopedics
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Fig. 1. Full-length standing anteroposterior radiograph of the spine
showing left-sided lumbar scoliosis with an extended compensatory
thoracic curve; sternal cerclage wire following median sternotomy;
mitral valve support ring.

and Trauma Surgery (Patent RU No. 2828751C1; Registration
Certificate RU No. P3H 2024/22790, “Sternocostal fixation
system for surgical correction of asymmetrical chest wall
deformity,” manufactured by Anatomica Innovation Center,
Kazan).

The surgery was performed through three access points:
two lateral incisions, each 40 mm long, along the right
and left anterior axillary lines at the level of the fifth rib,
and one subxiphoid incision up to 65 mm in length. Due
to near-complete fusion of the costal arches in this area,
a 40-mm segment of the seventh rib from the left costal
arch was partially resected through the subxiphoid access.
Additionally, a portion of the right fourth costal cartilage
was resected through the same access. A retrosternal
tunnel was then created at the level of the resected costal
cartilages. This space was filled with scar-altered tissues
anchoring the pericardium of the right heart chambers, aorta,
and inferior vena cava to the dorsal surface of the sternum.
An external fixation device was assembled on the operating
table, consisting of a support plate mounted on a threaded
rod, allowing for gradual sternal elevation using a distraction
screw mechanism (Fig. 2). With the external fixation device
in place and under direct visualization using standard
surgical instruments, the retrosternal space was carefully
released to accommodate the support plate. Gradual release
of the dorsal surface of the sternum was performed up
to the second intercostal space (Fig. 2).

Sternal elevation was carried out gradually over a 40-min
period, with the procedure intermittent pauses to address
episodes of bradycardia. Additional release of scar-altered
tissues in areas of tension within the retrosternal space was
performed as necessary (Fig. 3).

Once optimal correction of the sternocostal complex
was achieved, an introducer was inserted from left to right
through the previously created lateral approaches under
direct visual guidance. Two plates were then positioned within
the retrosternal space to stabilize the correction. The plates
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Fig. 2. Stage of retrosternal release and sternal elevation using
the external fixation device (EFD) Release of the aorta, pericardium,
and inferior vena cava. The EFD was used intraoperatively
for 40 min.

were secured using a left-sided stabilizer and two M5 locking
screws. The osteosynthesis of the sternocostal complex was
stable. The external fixation device used for sternal elevation
was removed, and drainage was placed in both pleural
cavities and the retrosternal space along the ventral surface
(Fig. 4).

Total operative time: 170 minutes. Intraoperative blood
loss: 120 mL

Fig. 3. Transition from elevation of the sternocostal complex using
an external fixation device to osteosynthesis with two plates.

Fig. 4. Follow-up postoperative chest X-ray, anteroposterior view,
2 days after surgery.
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After surgery, the patient was transferred to the intensive
care unit in a supine position. On postoperative Day 1,
mobilization in a seated position was initiated. Multimodal
analgesia was used in the early postoperative period,
combining the previously administered regional anesthesia
with a microjet infusion of fentanyl. Starting from postoperative
Day 2, as the patient progressed with mobilization, therapy
was supplemented with nonsteroidal anti-inflammatory
drugs for 2 days, and opioid analgesics were gradually
reduced and discontinued. The patient was able to stand
on postoperative Day 3.

Scheduled postoperative imaging included standard
anteroposterior chest radiography on postoperative Days 1, 5,
and 10 and chest CT on postoperative Day 3. After the chest CT
and verticalization, two drains were removed; the right pleural
drain was removed on Day 5 after additional radiographic
control (Figs. 5 and 6).

Gradual mobilization continued for the patient for up
to 10 days postoperatively until basic daily activities were
fully regained. The patient was then discharged for outpatient
follow-up. Over 6 months after surgery, physical activity
(excluding strenuous physical activity and sports) has been
fully restored, pain symptoms have resolved, and overall
health is reported as good.

DISCUSSION

Correcting severe PE following a prior median
sternotomy is a highly complex surgical procedure with risks
of complications, including life-threatening events such as
asystole and massive hemorrhage. Currently, there is no
consensus on the best treatment approach for this patient
group. Published data suggest several approaches can be
considered for addressing this issue. One option is repeat
sternotomy followed by release of the retrosternal space,
allowing osteosynthesis of the sternum in the corrected
position. This method is relatively safe in terms of dissecting
mediastinal structures from scar-altered tissues, but it often
requires osteosynthesis of the sternum in a corrected position,
which can be challenging, especially when the sternum
is already fixed during surgery. This approach also carries
the risk of delayed union or nonunion of the sternocostal
complex.

The second option is radical thoracoplasty, involving
dissection and resection of the costal cartilage segments
contributing to the deformity to achieve mobility of the sternum.
After releasing the retrosternal space, the sternum is fixed
in the corrected position. In this method, the rib cage’s
stability is restored along the preserved perichondrial tissues
that were not resected. This technique is more traumatic
and less frequently used than the alternative methods.

Standard minimally invasive thoracoplasty MIRPE was not
deemed suitable for this clinical case due to the previously
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Fig. 5. Chest CT scans before and after surgical correction: g, initial retrosternal space size before surgery; b, control examination

on postoperative Day 5.

mentioned risks of severe and potentially fatal complications.
Although rare, these complications cannot be ignored because
of their seriousness. A multicenter study of this patient group
reported an accidental cardiac injury rate of up to 7% among
other complications [12].

The surgical approach described in this article for this
patient group involves minimally invasive thoracoplasty
with an additional subxiphoid access. This technique
minimizes surgical trauma, considering the prior cardiac
surgery, while maintaining the stability of the sternocostal
complex. It also allows access to scarred tissues
at the deformity's apex and provides better control
of the retrosternal space during instrument manipulation
and implant placement during osteosynthesis. Importantly,
this approach addresses two key challenges: ensuring
optimal visualization of the retrosternal space (both visually
and manually) and correcting the sternum, which can be
particularly rigid in cases of extreme, eccentric deformity
following sternotomy.

Given the intraoperative challenges in this case, we
successfully corrected the retrosternal space without
causing significant cardiac arrhythmias. This was achieved
through very gradual distraction using an external fixation
device, which allowed adequate visual and manual
control from two access points: the subxiphoid entry into
the retrosternal space and the site of the resected costal
cartilage on the right side. We believe that conventional
sternal elevation techniques (such as bone hooks, sutures,
or clamps) should be avoided in such cases due to the risk
of damaging the sternum from its marked rigidity. Similarly,
isolated thoracoscopy with the standard MIRPE technique
is not recommended due to the risk of internal organ
injury. The traditional bar-flipping maneuver for a single,
forceful correction of PE is also inappropriate in this
situation. It is crucial to note that the controlled, time-based
correction of the chest wall deformity created favorable
conditions to prevent cardiac rhythm disturbances during
the procedure. We consider this correction technique

Fig. 6. Chest CT scans before and after surgical correction:
a, preoperative; b, postoperative Day 5.

a feasible option for managing asymmetric forms of PE
that significantly exceed the typical threshold for severe
deformity, especially in patients with a history of cardiac

surgery.

CONCLUSION

Patients with PE that significantly surpasses the threshold
for severe deformity, especially those with a history
of cardiac surgery, require an alternative treatment strategy
to standard thoracoplasty protocols. The approach outlined,
which involves releasing major vital anatomical structures,
using an external fixation device for high corrective force,
and performing gradual intraoperative correction while
monitoring cardiac function, may be suitable for managing
complex clinical cases.
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