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ABSTRACT

Background; Pectus excavatum (PE) is the most common congenital chest wall deformity in
children and adolescents-and may be associated with cardiopulmonary:-‘compromise as well as
psychosocial distress. Several surgical techniques have been developed to correct this deformity,
including open and minimally{invasive approaches. Comparative evaluation of these methods
remains essential for optimizing outcomes.

Objective: This study. aimed to assess and compare the short- and long-term outcomes of
three different surgical techniques for PE correction in pediatric patients: Ravitch thoracoplasty,
modified thoracoplasty, and-the minimally invasive Nuss procedure:

Methods: A total 0f-183 patients aged 3—18 years who underwent surgical correction for PE
between 1997 and 2018\ were retrospectively analyzed. Patients were divided into three groups:
Ravitch thoracoplasty (n=76), modified thoracoplasty.(h=77); and Nuss procedure (n=30). Operative
parameters, early postoperative complications, duration of pain,-hospital stay, and long-term
outcomes including relapse and cosmetic results were compared.

Results: The Nuss procedure demonstrated the shortest operative time (55 + 5.8 minutes),
while Ravitch thoracoplasty was associated with greater intraoperative blood loss (46.4 + 12.5 mL).
The modified thoracoplasty group had significantly shorter postoperative pain duration (2.1 £ 0.7
days, p<0.05). Pneumothorax occurred in 5.2% of Ravitch cases and 10% of Nuss cases. Excellent
cosmetic results were highest in the modified thoracoplasty group (94.8%), followed by the Nuss
group (93.3%). Relapse was predominantly observed in the Ravitch group.

Conclusion: Modified thoracoplasty and the Nuss procedure demonstrated superior cosmetic
and long-term outcomes with lower relapse rates compared to the classical Ravitch technique.
Effective postoperative pain management, particularly via intercostal blockade, significantly
improved recovery.

Keywords: Pectus excavatum; pediatric chest wall deformity; thoracoplasty; Ravitch
procedure; Nuss procedure; minimally invasive surgery; surgical outcomes; postoperative
complications; relapse; cosmetic results.

258



TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI
JANUBIY OROLBO“YI TIBBIYOT JURNALI

2 - TOM, MAXSUS SON. 2026
14.00.00 - TIBBIYOT FANLARI  ISSN: 3093-8740

OIIEPATUBHOE JIEYEHUE BOPOHKOOBPA3HOM JIE@OPMAIIAU I'PYTHOM
KIIETKN Y JETEU: KIMHUNYECKHUE U ®YHKIIMOHAJIBHBIE PE3YJIbTATBI

AHHOTAIUSA

AKTyajbHOCTh: BoponkooOpasnas paedopmarus rpyaHot kietku (BJI'K) sBasercs
HaunboJsee pacrpocTpaHEHHOHN BpOXKAEHHOU tehopManvell rpyAHOI CTEHKH y AeTel U MOAPOCTKOB U
MOXXET CONPOBOXKJATHCS HApyLICHHEM KapAHOpPEeCHUpaTopHOd (PyHKIMHU, a TakKe BBIPAKEHHBIM
MICUXO3MOIIMOHATIBHBIM ~ TUCKOMpopToM. [l KOppeKuuMu JaHHOH MaTONOTHH pa3padoTaHbI
pasiuyuHble XHUPYPrHUECKUE METOJAbI, BKIIOYas OTKPBITBIE M MAaJOMHBA3UBHBIC IOAXOJIBI.
CpaBHUTENIbHASL OIICHKA 3TUX METOJOB HWMEET MNPUHIMIHAIBLHOES 3HAUEHHUE JJIs ONTUMHU3ALNU
PE3yJIbTaTOB JICYCHHUS.

Lesas ucciaenoBanus: OLeHUTD H-COTIOCTABUTE KPATKOCPOUHBIEC U OTAANEHHBIE PE3yJIbTaThl
TpEX pa3IUnYHbIX XUPYPruueckix MeToiuk koppekuuu BAIK y nereii: Topakomtactuiku o Ravitch,
MOIU(DHUIIMPOBAHHON TOPAKOTLIACTUKH 1 MAJIOMHBA3UBHOM onepain, 1o NUsS.

Marepuansl u MeTobl: [ IpoBen€H perpociexktuBHbIN aHa)Iu3, 183 nanueHToB B BO3pacTe OT
3 nmo 18 ner, nepenécumix xupypruueckyro koppekuuro BAUK B/ mepuon ¢ 1997 no 2018 rr.
[Manmentsl ObUTH pacupeiesieHbl Ha Tpu TPYImbl: TOopakOmiacThka, mo Ravitch (n=76),
MoauduipoBanHas /Topakomiactuka (N=77) n omepamus 10, NUSS (n=30). CpaBHHUBAIUCH
MHTpPaoNepallMOHHbIE HOKa3aTe1, pAHHKUE HOCIEeOIepallMOHHbIE OCIQKHEHUS, TPOJOKUTEIbHOCTh
00JIeBOTO CUHIPOMA, CPOKHU I'OCTITATU3AINN, & TAKKE OTAAJICHHbIC PE3YIIbTAThI, BKIIOYas PeLUINB
Y KOCMETHUYSCKH 3P HEKT.

PesyabraTnl: Haumensiias HpoaoKUTEIbHOCTL OMEepauy OTMEYEHAa MPH BBIMOJTHEHUU
mpoueaypsl o Nuss (55 £ 5,8 mMuH), Toraa kKak HauOOJIbIIAsE HHTPAOMEPAMUOHHAS KPOBOIIOTEPS
3aperucTprupoBaHa MpHU TopakoriacTuke mo Ravitch (46,4 £ 12,5 mu). B rpyiimne moauduipoBaHHO#M
TOPAKOIUIACTUKH OTMEHEHO . JIOCTOBEPHOE COKpAlIEeHHE JUIUTEIBHOCTH II0CIEONEePalliOHHOIO
6onesoro cunapoma (2,1 £0,7 cyrok, p<0,05). [laeBMOTOpaKkc BHIBIEH Y 5,2% MallMEHTOB MOCTE
oneparmu o Ravitch my 10% moene nporenypsl mo NUss. Hannyfiine, KoeMeTH4IeCKUe pe3yTbTaThl
OTMEUCHBI B IPYIIe MOTUPHIANPOBAHHON TopakomtacTuku (94,8%),3atem B rpyme Nuss (93,3%).
PenuauBeI mpenMyIiecTBEHHO HaOMIOAaHCh ITociie ornepaui no-Ravitch.

3akaouenue:  Monu@uilnpoBaHHAS wwTOPAKOIIACTHKA 1 omeparuss 1o NUSS
MIPOJIEMOHCTPUPOBAIM JIydIlIne “KOCMETHYecKe M| OTHali€HHble” pe3yibTaThl ¢ 0Oojee HU3KOU
YaCTOTON PEIUIMBOB IO CpPaBHEHMIO. €  KIacCHUeckou~MeTtoaukoi Ravitch. Dddexrusnoe
rocJieornepauoHHoe 00e300IMBaHNe, B YaCTHOCTH MexkpéOepHasi 0yiokana, crocoOCTByeT Oosiee
OBICTPOMY BOCCTAaHOBIICHUIO MAI[EHTOB.

Kurouesble ciioBa: BoponkooOpasHas aedopmarius rpyIHOM KIETKH; nedopmaiius rpyiHou
CTCHKH Yy JIETEH; TopakoIruiacTuka; onepaius Ravitch; oneparus NUSS; ManouHBa3uBHAs XUPYPTHS;
XHPYPTUYECKHUE PE3YIIbTATHL; IIOCICONEPANIMOHHBIC OCIIOKHEHHS; PEIIUINB; KOCMeTHYeCKHid (P PeKT.

BOLALAR VA O‘SMIRLARDA GIRDOBSIMON SHAKLIDAGI KO‘KRAK QAFASI
DEFORMATSIYASINING JARROHLIK DAVOLASH USULLARI: KLINIK VA
FUNKSIONAL NATIJALAR

ANNOTATSIYA
Dolzarbligi: Girdobsimon shaklidagi ko‘krak qafasi deformatsiyasi (PE) bolalar va o‘smirlar
orasida eng ko‘p uchraydigan tug‘ma ko‘krak devori nugsoni hisoblanadi va yurak-gon tomir hamda
nafas olish tizimi faoliyatining buzilishi, shuningdek psixologik noqulaylik bilan kechishi mumkin.
Ushbu patologiyani tuzatish uchun ochiq va minimal invaziv jarrohlik usullari ishlab chigilgan.
Mazkur usullarni giyosiy baholash davolash natijalarini optimallashtirish uchun muhim ahamiyatga
ega.
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Tadgigot magsadi: Bolalarda PE ni tuzatishning uch xil jarrohlik usuli — Ravitch
torakoplastikasi, modifikatsiyalangan torakoplastika va minimal invaziv Nuss operatsiyasining gisga
va uzoq muddatli natijalarini baholash va taggoslash.

Materiallar va usullar: 1997-2018 vyillar davomida PE sababli jarrohlik amaliyoti
o‘tkazilgan 3—18 yoshdagi 183 nafar bemor retrospektiv tahlil gilindi. Bemorlar uch guruhga ajratildi:
Ravitch torakoplastikasi (n=76), modifikatsiyalangan torakoplastika (n=77) va Nuss operatsiyasi
(n=30). Operatsiya davomiyligi, erta operatsiyadan keyingi asoratlar, og‘riq davomiyligi,
shifoxonada qolish muddati hamda uzog muddatli natijalar (gaytalanish va kosmetik natija)
solishtirildi.

Natijalar: Eng qisqa operatsiya vaqti Nuss usulida kuzatildi (55 + 5,8 daqiqa), eng katta qon
yo‘qotish esa Ravitch torakoplastikasida gayd etildi (46,4 + 12,5 ml). Modifikatsiyalangan
torakoplastika guruhida operatsiyadan keyingi-ogrig davemiyligi sezilarli darajada qisqa bo‘ldi (2,1
+ 0,7 kun, p<0,05). Pnevmotoraks Ravitch guruhida 5,2%, Nuss'guruhida esa 10% holatda kuzatildi.
Eng yuqgori kosmetik natijalar-modifikatsiyalangan torakoplastika guruhida (94,8%), undan keyin
Nuss guruhida (93,3%) qayd etildi, Qaytalanish-asosan-Ravitch usulida kuzatildi.

Xulosa: Modifikatsiyalangan torakoplastika va Nuss, operatsiyasi klassik Ravitch usuliga
nisbatan yaxshiroq kosmetik va uzoq muddatlimnatijalarni, shuningdek pastroq gaytalanish darajasini
ko‘rsatdi. Aynigsa, interkostal blokada yordamida samarali 0g‘riqni boshqgarish bemorlarning tezroq
tiklanishiga xizmat giladis

Kalit so’zlar: Girdobsimon ko‘krak  .qafasi deformatsiyasi; belalarda ko‘krak devori
deformatsiyasi; torakoplastika; Ravitch operatsiyasi;"Nuss operatsiyasi; minimal invaziv jarrohlik;
jarrohlik natijalari; operatsiyadan keyingi asoratlar; gaytalanish; kosmetik natija.

INTRODUCTION

Pectus excavatum.(PE) represents the most prevalent congenital deformity of the anterior
chest wall and is characterized by posterior depression of the sternum and adjacent costal cartilages.
The condition may range from. mild cosmetic indentation to severe,deformities associated with
cardiopulmonary compressien, and“functional* impairment .[1;2]...In" addition to physiological
consequences, adolescents\frequently experience signifieant ‘psychosocial distress related to body
image concerns.

Surgical correction remains the definitive treatment for moderate to severe PE, particularly in
cases with a Haller index >3.25 or decumented cardiopulmonary dysfunction. Historically, open
techniques such as the Ravitch procedure have been'widely employed. With advancements in surgical
technology, minimally invasive methods—maost notably the Nuss procedure—have gained popularity
due to reduced tissue trauma and improved cosmetic results [3,4].

Nevertheless, open approaches continue to be refined. Modified thoracoplasty technigques aim
to preserve structural stability while minimizing complications and postoperative pain. Despite
widespread use of these methods, direct comparative data on their short- and long-term outcomes
remain limited, especially across extended follow-up periods [5].

This study presents over two decades of institutional experience, comparing three distinct
surgical strategies for PE correction in children and adolescents. Emphasis is placed on operative
parameters, complication profiles, relapse rates, and cosmetic outcomes [6].

MATERIALS AND METHODS

Study Design and Population

This retrospective study analyzed 183 pediatric patients aged 3-18 years who underwent
surgical correction for PE between 2020 and 2025 in two tertiary pediatric centers in Uzbekistan.

Group Allocation

Patients were divided into three groups:

v Group | (Ravitch thoracoplasty): 76 patients (41.5%)
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v Group Il (Modified thoracoplasty): 77 patients (42.1%)

v Group 11 (Nuss procedure): 30 patients (16.4%)

There were no statistically significant differences between groups in terms of age or sex
distribution (p>0.05).

Preoperative Evaluation

Clinical examination included physical assessment and radiographic analysis. The degree of
deformity was evaluated via lateral chest radiography, and in severe cases, the Haller index was
calculated using computed tomography. Surgical indication included:

4 Haller index >3.25

v Significant cardiopulmonary dysfunction

Surgical Techniques

Ravitch Thoracoplasty

Involved resection of deformed-costal cartilages and sternal osteotomy with external traction
fixation (Marshev device) maintained for 3045 days:

Modified Thoracoplasty

Included parasternal chondrotomy, T-shaped wedge osteotomy of the sternum, and
stabilization using Ilizarov needles;One or two'needles were inserted depending on age and severity
[7.8]. Hardware was removed after 12=18 months.

Nuss Procedure

Performed thoracoscopically using a pre-bent metal bar inserted retrosternally and removed
after 24 months.

Postoperative Management

All patients received standardized anesthesia and postoperative care. Intercostal Novocain
blockade was performed only in the modified“thoracoplasty group, resulting in reduced analgesic
requirements.

Outcome Measures

Short-term Outcomes (<10 days)
Operative\duration
Blood loss
Hospital stay
Pain duration
Seroma
Pleural effusion
Atelectasis/pneumonitis
Pneumothorax
ong-term Outcomes (<2 years)
Cosmetic results
Relapse (partial or complete)
Migration of metal structures
Keloid scar formation
Mortality

Statistical analysis was performed using SPSS v24. Student’s t-test was used; significance set
at p<0.05.

Demographics

Among 183 patients:

> 124 (67.8%) male

> 59 (32.2%) female

Age distribution showed majority between 6-8 years (30.6%).

Asymmetric deformity was most common (50.3%).

VVVVVIZCVVVVVYVYVVY
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Table 1. Operative and Postoperative Continuous Variables

Variable Ravitch (n=76) | Modified Nuss (n=30) p-value
(n=77)
Operative time | 96 £ 8.6 75+ 8.9 55+£5.8 <0.05
(min)
Blood loss | 46.4+£12.5 No significant | No significant | >0.05
(mL) difference difference
Pain duration | 5.2+ 1.3 2.1+0.7 532+1.5 <0.05
(days)
Hospital stay | Comparable Comparable Comparable >0.05
(days)
‘Table 2. Early Postoperative Complications
Complication Ravitch (n1=76) Modified (n=77) Nuss (n=30)
Pneumothorax 4 (5.2%) 0 3 (10%)
Pleural effusion 4(52%) 0 3(10%)
Atelectasis Present 0 Present
Pneumonitis Present 0 Present
Table 3. Long-Term Outcomes (Up to 2 Years)
Outcome Ravitch (n=76) | Modified Nuss (n=30) p-value
@=77)
Excellent 73.5% 94.8% 93.3% <0.05
cosmetic result
Partial relapse '\ | 4:1% 1.3% 3.3% <0.05
Complete 2.7% 0% 0% <0.05
relapse
Metal 0% 0% 3.3% —
migration
Mortality 0% 0% 0% —
DISCUSSION

The evolution of PE surgery reflects ongoing efforts to reduce morbidity while improving
cosmetic outcomes. Although the Ravitch technique remains historically significant, it demonstrated
higher relapse and complication rates in this series [9].

The Nuss procedure provided shorter operative time and favorable cosmetic outcomes,
consistent with contemporary literature. However, pneumothorax incidence was slightly higher,
possibly reflecting thoracoscopic manipulation [10,11].

The modified thoracoplasty method demonstrated superior pain control and cosmetic results.
The use of llizarov needle stabilization offers a cost-effective alternative to metal bars and may reduce
hardware-related complications.

Pain control is critical in preventing pulmonary complications. Intercostal blockade
significantly reduced analgesic requirement and may explain absence of atelectasis in this group.

Hospital stay duration was similar across groups, though longer than reported internationally,
likely reflecting institutional and socioeconomic factors.

Relapse rates were lowest in the modified technique, highlighting structural stability

advantages.
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CONCLUSION
Modified thoracoplasty and the Nuss procedure demonstrate superior cosmetic and long-term
outcomes compared with classical Ravitch thoracoplasty. The modified technique offers additional
benefits including reduced postoperative pain and minimal hardware-related complications.
Early surgical correction, careful technique selection, and optimized postoperative pain
management are key determinants of successful outcomes in pediatric PE surgery.
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