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Aim of the study. The article compares the method of surgical treatment using a crossing wire construction
with the modified Ravitch operation for recurrent pectus excavatum.

Methods. Between 2010 and 202, in our center twenty-four patients with recurrent pectus excavatum
were operated. 15 patients underwent modified Ravitch technique with sternocostal plate and 9 patients were
operated by open toracoplasty with crossing wire construction. The primary end point was Haller index change
after operation. The secondary end points included length of stay after operation, short-term and long-term
complications.

Results and discussion. The mean patient age was 19.1+2.87 years. The mean Haller index was 4.45+2.78,
the Gizhitskaya index — 0.7+£0.1. A toracoplasty with cross wire construction was performed in 9 patients. There
was no perioperative death. The Haller index reduced to 2,9+1,76 after the operation. During the follow-up,
there were 1 patient who developed wound marginal necrosis; hemothorax in 2 patients and pneumothorax in

1 patient.

Conclusions. Reoperation for recurrent pectus defects is a challenging undertaking. The results of our
study showed that patients with recurrent pectus excavatum can safely undergo reoperation by toracoplasty
with cross wire construction, and achieve satisfactory results
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INTRODUCTION

Pectus exavatum (PE) is the most common
anomaly of the anterior chest wall. This anomaly is
characterized by depression of the sternum and
adjacent ribs. The main method of correcting this
deformity is surgical treatment. Nowadays a huge
number of surgical techniques have been described,
the main of which are the open Ravitch «technique»,
the Nuss procedure and their modifications [9]. The
frequency of recurrence of pectus excavatum after
operative interventions is about 5-37% [4, 10, 11,
12]. Currently there are no guidelines regarding the
management of recurrent PE. The most common
causes of recurrence of chest deformity are insufficient
mobilization of the sternocostal complex during the
Ravitch operation, displacement of the plate, as well
as excessively early removal of the bar after the Nuss
procedure. In case of recurrence of PE 2 or more
sternocostal plates are placed substernally for better
stabilization. Which leads to excessive tension of
the anterior sternocostal panel and associated pain
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syndrome. Open operation according to Ravitch,
although it is the optimal method of surgical treatment
for complex deformity of the rib cage, nevertheless,
this operation is not aesthetic. When using a wire
construction to stabilize the sternum and ribs during the
open thoracoplasty, one of the possible complications
can be a breakdown of the wire structure with its
further migration.

In this study, we review our institutional experience
in the surgical treatment of recurrent PE in adults with
the modified Ravitch operation and crossing wire
construction.

Aim of the study — the comparison of the method of
surgical treatment using a crossing wire construction
with the modified Ravitch operation for recurrent
pectus excavatum.

MATERIAL AND METODS
Retrospective review of 302 patients undergoing
repair of recurrent PE in our hospital between
2010 and 2022 was performed. Included in the
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excavatum

302 patients with pectus

Excluded 274 patients
with primary PE and

4 patients with
heredity disease
associating with chest
deformity

24 patients with recurrent PE

16 patients after Nuss 8 patients after Ravitch

/\.

Reoperation with open
Ravitch technique
(15 patients)

thoracoplasty with crossing

Reoperation with open

wire construction
(9 patients)

Figure 1 — Distribution of patients by groups

analysis were patients requiring surgical revision
of recurrent PE who had their initial repair during
childhood or adolescence. Excluded were patients
with recurrent another chest deformity, patients with
heredity disease associating with chest deformity
(Poland syndrome, Marfan syndrome, Ehlers-
Danlos syndrome). According to the inclusion and
exclusion criteria, 24 patients with recurrent pectus
exavatum chest deformity were selected from them
(fig. 1). All 24 patients were divided into 2 groups: 15
patients underwent modified Ravitch technique with
sternocostal plate and 9 patients were operated by
open toracoplasty with crossing wire construction.
Preoperative workup. Preoperative examination
of patients with relapses is similar to that of patients
undergoing primary thoracoplasty. Examination
includes chest X-ray, chest CT, lung spirography.
Surgical procedure. Regardless of the group,
the onset of surgery was the same: the patient
was placed in the supine position using general
anesthesia and orotracheal intubation. After routine
disinfection a three-ray skin incision was made for
better visualization. The soft tissues were mobilized
to the outer boundaries of the deformation. After
skeletonization from IIl to VII of the rib on both sides
to the outer boundaries of the deformity, parasternal
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resection and mandatory costotomy of the same
ribs are performed. The sternum is corrected in the
lll intercostal space by an incomplete transverse
sternotomy with a fracture of the posterior plate.

After elevation and mobilization of the sternum, the
patients of the first group underwent a forming a tunnel
under the sternum, through which the sternocostal
plate is then passed, the ends of which are brought
out through the intercostal spaces and placed on the
bone parts of the ribs, where 2 transverse plates are
fixed on the plate with locking screws to avoid bar
rotation (fig. 2).

After the incision soft tissues (skin, subcutaneous
fat, muscles and perichondrium and periosteum)
exfoliate from the ribs and sternum by blunt way
to the outer boundaries of the deformation. The
xiphoid process of the sternum is cut off and the
sternum is mobilized in a blunt way with the help of
sebsternal hydropreparation (0.25% solution of 20.0
ml of Novocaine is first introduced into the retrosternal
space). Then, segmental wedge-shaped resection
of the deformed costal cartilages, parasternal
resection of the same ribs for 20-30 mm is performed
along the outer boundaries of the deformation. The
sternum is corrected by an incomplete transverse
wedge osteotomy in the second intercostal space,
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Figure 2 — Sternocostal plate under sternum.

Intraoperative view

Figure 4 — The X-rays of patient with crossed wire construction

the posterior cortical plate is partially fractured. To
stabilize the sternocostal complex, 2 thick wires with a
diameter of 2-2.5 mm are used, which are held under
the sternum, crossing at the top of the deformity.
The ends of the spokes are brought out through the
intercostal spaces to the surface of the ribs beyond
the limits of the mobilized rib-sternal panel. The ends
of each spoke are bent at right angles in opposite
directions, immersing them in the thickness of the
soft tissues so that the spokes rest on the above and
underlying ribs (fig. 3).

Finally, the operation was the same in both groups:
rib stumps are sutured to the sternum with interrupted
sutures. The wound was washed and sutured tightly
in layers leaving a drainage tube.

Rehabilitaton. Drainage tubes were removed on
the second day after the operation. The next day after
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the surgical intervention, rehabilitation measures
began to be carried out (verticalization and activation
of the patient, breathing exercises, inhalations).
Statistical analysis. X-ray assessment of the
results was carried out by calculating the Haller and
the Gizhitskaya indecies. The Mann — Whitney U-test
was applied for comparing the two groups. IBM SPSS
Statistics 20.0 and STATISTICA 10 were used for
statistical analysis of the research results. A p-value
less than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION
The average age of patients with PEwas 19.1+2.87
years. Among them were 18 men (75%) and 6 women
(25%). Surgical interventions for primary deformity
of the chest were as follows: Nuss operation — in 16
patients (66.6%), Ravitch operation — in 8 patients
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Table 1 — Demographic and hospitalization information of all group

Index After Nuss After Ravitch Total
Number of patients 16 8 24
Age 17+2,74 20+2,45 19,1+2,87
Gender male 75% 80% 75%
female 25% 20% 25%
Haller index 459 +1.25 421+1.12 4,45+278
Gizhitskaya index 0.7+0.2 0.7+£0.1 0,7+0,1
Time after first thoracoplasty 3.1£1.52 3.5+£1.02 3,2+1,43

Table 2 — Hospitalization information of two group

Operation technique Open Ravitch Crossing wire construction
Number of patients 15 9
before after before after
Haller index
3,8+1,24 2,7£1,84 3,7+1,19 2,9+1,76
before after before after
Gizhitskaya index
0,7+0,18 0,9+0,08 0,7+0,15 0,9+0,07
Intraoperation blood loss 428+70,63 428+75,46
Duration of operation 126+10,3 124+12 .4
Hemothorax 20% 22%
Pneumothorax 13,3% 11,1%
Wound complication 6,7% 11,1%
Day of hospitalisation 7,6+£0,98 7,4+0,88

(33,3%). The mean Haller index was 4.45+2.78, the
Gizhitskaya index — 0.7+0.1 (table 1).

All patients were followed up for 29.32+12.45
months (range 24 to 43 months). The Haller index
in first group was 3,8+1,24 before operation and
2,7+1,84 after operation, in second group the Haller
index was 3,7+1,19 before operation and 2,911,76
after operation. The early complications and Haller
index are shown in table 2.

Patients were followed up every 6 months after
the operation. A general examination of the patient
and a chest X-ray are performed (figure 4).

Removal of metal structures was performed in the
interval from 2 to 4 years from the moment of the last
surgical intervention (fig. 5, 6).

Surgical repair of pectus deformities is most
commonly performed during childhood, early
adolescence and rarely in adult in order to minimize
cardiac or respiratory impairment, as well as to
diminish significant psychological consequences.
The standard open repair for PE has been the
Ravitch technique for long time [13], which involves
extensive resection of deformed costal cartilages,
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anterior osteotomy and stabilization of the sternum. In
spite the success of the techniques described above
some patients still face recurrent deformity [2]. The
reasons for recurrence were varied: age at the time,
extensive resection of ribs cartilage, displacement
or premature removal of the metal support bar and
local infection [8, 13]. During Nass surgery, there is
a higher frequency of relapses due to migration of
the sternocostal plate, as well as the age of patients
(in adult patients, the results of correction are less
satisfactory) [1, 6]. Most recurrences are seen
within the first 1-3 years after operation [5]. Patients
with connective tissue disorders such as Marfan
syndrome have a higher incidence of recurrence after
repair [10]. Most of our patients required reoperation
because they presented with symptoms such as
psychosocial reasons for repair, assassinating
with psychological inferiority. We thought the
indications for reoperation should be based on the
patient’'s age, symptoms, chest wall appearance
and psychosocial impairments. Correction of
recurrent pectus is much more difficult and complex
than primary repair. With the first procedure of
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Figure 6 — Removed crossed wire construction

correction, the irregular fusion and ossification of
the regenerated costal cartilages often adhered to
the pericardium and lung. The intrathoracic dense
adhesions between the sternum and mediastinal
structures increase both the difficulty and the
potential risks of reoperative procedures [7].
Blood loss and postoperative hospitalization were
similar between groups. The disadvantage is the
location, being a cosmetic visible anterior incision,
but the subxiphoid incision is small and worthwhile
compared with the cardiac complications.

The recurrence rate in our research center was
7.94%. According to the authors, the frequency of
recurrences of pectus excavatum after the Ravitch
operation and the minimally invasive Nass technique
ranges from 2 to 37% [3]. Thus, the frequency of
recurrence of PE is within the reference values.

Early postoperative complications of both groups
are presented in table 2. One patient of second group
had a pneumothorax (11,1%) requiring a chest tube
aspiration at the time of the operation. Two patients on
second group (22%) had ahemothorax postoperatively
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and one patient had (11,1%) wound complication
(marginal necrosis). No one of the patients had
pericarditis postoperatively and pneumonia. There
were no deaths or cardiac perforations.

Some studies reported a slight increased rate of
early complications such as pleural effusion requiring
drainage (6%), hemothorax (8%), pericarditis (4%),
and increased rate of pulmonary parenchymal
laceration and myocardial injuries.

We think that recurrence of PE may present
mainly due to either technical faults during the primary
surgical correction (incomplete mobilization of anterior
chest wall, insufficient rib cartilage resection and
costotomy, bar displaysment) or early bar removal.
Also we think that the rate of recurrence of the PE after
Nuss procedure more higher than Ravitch operation.

We believe that the method of surgical correction
of pectus excavatum recurrence using a crossing
wire construction is a worthy alternative to the
Ravitch operation. This method is simple and cheap
to use. Along with the advantages, there are also
disadvantages, such as, for example, the lower rigidity
of the metal structure compared to the sternocostal
plate.

CONCLUSIONS

Reoperation for recurrent pectus defects is a
challenging undertaking. The results of our study
showed that patients with recurrent pectus excavatum
after open repair can safely undergo reoperation
by modified Ravitch procedure with cross wire
construction, and achieve satisfactory results.
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CPABHUTENbHbIA AHANU3 3®®EKTUBHOCTU TOPAKOMJIACTUKA C WUCMNONb30OBAHUEM
KOHCTPYKUUM  CKPELUMBAKOLLIMXCA cCnUl W ONEPAUMM  PABMHA Y TNALUUEHTOB
C PELULMONBAMU BOPOHKOOOBPA3HOU AE®OPMALIUU TPYOHOW KIETKAU

'PIT1T Ha MXB «HauMoHanbHbIA Hay4YHbIA LEHT TpaBMaTtonorMM W opToneaMmM WMEHW akagemuka
H. . bBatneHosa» (010000, Pecnybnuka KasaxcrtaH, r. AcTaHa, np. Abnainxana, 15a; e-mail: info@nscto.kz)
’Kadbegpa TpaBmaTonorun n optoneamm HAO «MegnumHckuii yHueepcuteT ActaHa» (010000, Pecny6nvka
KasaxcTaH, . AcTtaHa, yn. benoutwmnuk 49/A; e-mail: mail@amu.kz)

*AbnanxaH bonartynbl KazbekoB — PIT1 Ha MXB «HaunoHanbHbIA HayYHbIA LEHT TpaBMaTonorm n opTo-
neavn umenun akagemuka H. [1. batneHoa»; 010000, Pecnybnuka Kasaxctah, r. ActaHa, np. AbnawxaHa, 15a;
e-mail: ablaikhankazbekov@gmail.com

Llenb uccnedosaHusi. cpaBHUTb 3¢pHEKTMBHOCTb TOPAKONMACTMKN C MCMOMb30BaHMEM KOHCTPYKLUMK nepe-
KpeLumBarLwmuxcs cnuy, n moanduuupoBaHHon onepauun PaBuya npu peuugnee BOpoHKooOpasHon aedop-
Mauun rpygHON KNETKW.

Mamepuarnbsl u memods. B nepuog ¢ 2010 no 2022 roabl B «HaunoHanbsHOM Hay4YHOM LIEHTpe TpaBma-
TONorMK 1 opToneamMn umeHn akagemuka H. 1. batneHoBa» (Pecny6nuka KasaxctaH, r. ActaHa) 6binv npo-
onepupoBaHbl 24 nauueHTa ¢ peuMaMBoM BOPOHKOOOpa3HOW rpygHon knetku. 15 nauueHtam 6bina Bbinos-
HeHa MoamduUMpoBaHHas MeToavka PaBuya ¢ ncnonb3oBaHveM rpyguHo-pebepHor NnacTuHel, 9 naumeHTam
npoBefeHa TopakonnacTyka C UCMONb30BaHUEM CMNLIEBOM KOHCTPYKLUMK. [1epBUYHOM KOHEYHOW TOYKOW ObINo
n3meHeHne nHgekca lannepa nocne onepauuun. BTopuyHble KOHEYHbIE TOYKM BKIOYanu B cebst Npogornku-
TENbHOCTb NPebbiBaHMSA B CTauMOHape, KPaTKOCPOUYHbIE U JONTOCPOYHBIE OCITOXHEHMS.

Pesynbmambi u obcyxd0eHue. CpegHuin Bo3pacT naumeHToB cocTaBun 19,1+2,87 r. CpegHun nngekc lan-
nepa cocrasun 4,45+2,78, nngekc MNixknukon — 0,7+0,1. MNepuonepaunoHHon cMepTu He 6bino. MNocne one-
pauun vHaekc Mannepa cHuaunca go 2,9+1,76. 3a Bpems HabnogeHns y 1 nauneHTa pasBuIiCa KpaeBoW
HEKPO3 paHbl, ¥ 2 NauneHToB ObiN 3aperncTpMpoBaH reMoTopakc, y 1 naumMeHTa BO3HWK MHEBMOTOPAKC.

Bbigodbi. Koppekumsi peunavBoB BOPOHKOODOpasHOM gedopmauumn rpyaHOn KIeTKM SIBASIETCS CIOXHOW
3agaven. Pesynbratbl uccrnegoBaHusi Mokasanu, YTO TopakonmnacTuka C MCMONb30BaHWEM KOHCTPYKLMU C
nepekpeLLMBalLLMMNCa cnuuammn no3BonseT AoOUTbCS yOOBNETBOPUTENbHBLIX Pe3yrnbTaTtoB Yy MauueHToB C
peuvaMBaMy BOPOHKOOOpa3Hon aedopmaunm rpyaHON KNeTKu.

Knroueesbie criosa: TopakonnacTuka; BOpoHkoobpasHas fecbopmauunsi rpyaHon KneTku; onepaumsa PaBuya;
cnuueBast KOHCTPYKUUS

O. C. bekapucos’, M. T. AbunbmaxuHoe?, K. b. TaxuH', A. b. Kazbekog’ ?’

KEYOE KYbICbIHbIH LWY¥HKbIP TOPI3AI AEPOPMALUACHI KAATANAHFAH HAYKACTAPOA
AUKACNANbI cnuy AOUW3AMHbI MEH PABUY OMNEPALUUACBIH KOJNOAHA OTbIPbIN,
TOPAKOMNACTUKAHbBLIH TUIMAINITIH CANbICTbIPY

'«Akagemuk H. [1. BatneHoB aTbiHOafbl ¥NTTblK TpaBMaTONOMNs XeHe opToneaus fbifbiMU opTanbiFbly LXK
PIT1 (010000, Kasakctan Pecnybnukackl, ActaHa k., AbbinarxaH gaHrbinbl, 15A; e-mail: info@nscto.kz)
2«ActaHa meagumuuHa yHuBepcuTeTi» KEAK TpaBmaTonorus xeHe optoneams kadeapacsl (010000, KazakctaH
Pecnybnukacol, ActaHa K., benbitwinik k-ci, 49/A; e-mail: mail@amu.kz)

*AbnanxaH Bonatynbl KaszbekoB — «Akagemuk H. [1. BatneHoB aTbiHAafbl ¥NTTblK TpaBMaTonorus
XoHe opTtonegus foibiMu  opTanbifbly  LLDKK  PITI; 010000, KasakctaH Pecnybnukacbkl, AcTaHa K.,
AbbinarixaH gaHrbinbl, 15A; e-mail: ablaikhankazbekov@gmail.com

3epmmeydiH makcambl. TopakonnacTukaHblH TUIMAINITIH KMbINbICATbIH CNWL AU3alHbIH XXeHe Keyae Kybl-
CbIHbIH LUYHKbIPD Topi3ai AedopMauMAChIHbIH KanTanaHyblHAa e3repTinireH PaBuy onepauusicbiH KongaHa
OTbIPbIN CanbICTbIPbIHbI3.
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Mamepuandap meH adicmep. 2010-2022 xbingap apanbifbiHaa «Akagemuk H. [1. batneHoB aTbiHAaFbl
¥nTTbiK TpaBMaTOsOrMs XXaHe OpToNneans FbiNibIMU OpTarnbIfbiHAA» LUYHKbIP Topi3ai Keyae KybICbiHbIH, KanTa-
naHybl 6ap 24 Haykacka onepauus xxacangbl. 15 naumMeHTKe CTepHOKOCTanbAbl NITAaCTMHAHbI KondaHa OTbIpbir,
PaBunuTiH, e3repTinreH apgici xacangpl, 9 nNauMeHTKe Cnuy, KypbiNbIMbIH KONgaHa OThIpbIN TOpakonfacTuka
Xacangbl. bactankbl COHFbl HYKTE onepauusgaH keniH Fannep MHAEKCIHIH e3repyi 6onabl. EKiHLWINIK COHFbI
HyKTenep aypyxaHaga 0oy y3aKTbIfblH, KbiCka Mep3iMai XkeHe y3aK Mep3iMai ackblHynapabl kKamTblabl.

Hamuxenep xsHe marskbinay. MauneHTTepaid optawa xacbl 19,1+2,87 xacTtbl Kypagbl. annepgin
opTawa uHgekci 4,45+2,78, Nmxuukas nngekci 0,7+0,1 6ongbl. MNMepronepatueTi enim 6onfaH xok. Onepauun-
saaH KeniH Mannep wHaekci 2,9+1,76 geniH TemeHaeni. bakbinay kesiHge 1 naumeHT WeTKi XKapa HeKpo3blH
OaMbITTbl; 2 NAUMEHT reMOTOpake angbl XkeHe 1 nauneHT NHeBMOTOpPAaKC angbl.

KopbimbiHObInap. Keyae KybICbIHbIH LUYHKbIP Topisai AedopMauMsaCbiHbIH KahTanaHyblH TY3€TY KWbIH.
bisgiH 3epTTey HaTwKenepimia TopakonsacTuka amMkacnansl Cnuy An3alHbIH KordaHa OTbIpbin, Keyae Kybl-
CbIHbIH, LUYHKbIP Topi3ai AedopMaLMsAChIHbIH KanTanaHybl 6ap HaykacTapga KaHaraTTaHaprblK HOTWXKenepre
Kon XeTKidyre MyMKiHAiK 6epeTiHiH kepceTTi.

Kinm ce3dep: TopakonnacTuka, keyae KybICbiHbIH, LUYHKbIP Topi3ai Aedopmauuscel, PaBny onepauuscsl,
cewney KypbinbiMbl
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