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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Pectus excavatum, also called sunken chest, is the most
common deformation of the sternum (90%). The deformation
is caused by the depression of the sternum and costal cartilages,
which causes reduction of the chest cavity and dysfunction of
cardio-pulmonary systems in it. Sunken chest is more common
in males than females, prevalence is 5/1. Most of the cases
appear in the first year of life, however severity of the pathology
is formed during puberty. Etiopathogenesis, genetic factors,
and associated diseases of Pectus Excavatum are various and
are still the subject of study. The manifestation of the disease
is determined by the degree of chest deformation, which is
calculated using the “Haller index”. Providing that a high
degree of deformation can lead to pathological functioning
of the cardiovascular and respiratory systems. The treatment
of this condition is an urgent, complex, and developing issue.
The main method of treatment for sunken chest is surgical
intervention, However, in cases of mild degrees of the
mentioned deformation, different approaches are used. Our
goal is to discuss contrasting treatment techniques and present
our improved repairing technique for sunken chest, which is
performed in Georgia.

Key words. Pectus Excavatum, treatment methods, surgery,
modified surgery technique.

Treatment methods for Pectus excavatum.

Over the past two centuries, many surgical techniques have
been developed, and some of them are still used today.

Invasive interventions: Ravitch’s technique (1949) - modified
by Eric W. Fonkalsrud is an open surgical method of treatment
[1-4]. Tt is described 375 patients over 30-year period. The mean
pectus severity score was 4.65. Repair was performed with
subperiosteal resection of the abnormal cartilages, transverse
wedge osteotomy of the anterior sternum, and internal support
with a steel strut for 6 months. Repair was performed on
177 children before age 11 years (47.2 %) All patients with
preoperative respiratory symptoms, exercise limitations and
chest pain experienced improved results without fatal outcomes.
The main intraoperative complication was pneumothorax,
while post-operative complications included hypertrophic scar
formation in 9.3%, atelectasis or pneumonitis in 3.2%, pleural
effusion in 3.4%, recurrent depression in 1.3%, protrusion of
the second or third costal cartilages in 5.6%, within 6 years
after surgery, and pericarditis in 0.5%. Surgical technique has
provided excellent results in more than 97% of patients. It is
important to note that this technique involves massive invasive
approach to treatment, requiring more time, personnel, and
medication resources. Additionally, patients typically require
an extended recovery period after the operation. The extensive
invasive interventions in infants and preschool-age children have
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led a notably rigid and corrugated chest wall, along with damage
to growth centers. Consequently, this has been associated with
the onset of acquired asphyxiating chondrodystrophy in later
years [5].

Minimally invasive intervention: Nuss technique [6]. In
the mid 1980°s Donald Nuss pioneered an improved operative
approach for treating pectus excavatum. Recognizing the
pliability of young children’s chests, he introduced a surgical
innovation that involved inserting a bar beneath the sternum
without cartilage resection or sternal osteotomy. The surgical
technique includes the thoracoscopic insertion, sternal elevation,
and the creation of bilateral skin incisions at the predetermined
sites delineated between the anterior and mid-axillary lines.
Subcutaneous tunnels are meticulously crafted superior to the
origin of the pectoralis muscles, ensuring subsequent passage
beneath this muscle. A retractor is carefully inserted into the
tunnel and the introducer is gradually advanced upward along
the tunnel with its tip oriented posteriorly. Subsequently, the
introducer is gently maneuvered through the intercostal muscles
and into the intercostal space. Once the introducer is positioned,
it is lifted on both sides in an anterior direction to raise the
sternum out of its depressed position. This maneuver achieves
chest wall elevation. Following this step, umbilical tape is affixed
to the introducer, which is then gradually withdrawn from the
chest cavity under thoracoscopic guidance. Once the introducer
is removed from the chest, the tape is severed and fastened to
the pectus bar. Subsequently, the bar is carefully drawn through
the mediastinal tunnel with its convexity oriented posteriorly,
all under thoracoscopic supervision. Following this, rotation
of the pectus bar is executed. Finally, the metal bar is securely
affixed in place using non-adsorbable suture. The removal of the
bar should be scheduled between 2 to 4 years post-implantation.

Early complications observed prior to discharge from hospital
in 1,463 primary repairs conducted between 1987 and 2012
include: Pneumothorax (3.8%), Drug reaction (2.9%), Suture
site infection (1.9%), Pneumonia (0.9%), Pleural effusion (req
drainage) (0.9%), Pericarditis (0.6%), Hemothorax (0.3%),
Temporary paralysis (0.1%).

Late post-operative complications: Bar displacements
requiring revision (3.7%), Over-correction (3.1%), Bar allergy
(2.7%), Wound infection (1,5%), Recurrence (0.9%).

Total number post bar removal is 1,385 (n) patients. Excellent
result in 90.5% (n=1,254) [7].

The non-invasive intervention known as the Vacuum Bell was
introduced by engineer E. Klobe in 1992 [8]. This technique
involves the utilization of an aspiration cup placed on the chest.
Connected to a hand pump, the device allows the patient to
control pressure. By applying a vacuum, the pressure is reduced
by 15% compared to the atmospheric pressure, resulting in chest
elevation. In 2005, Schier and Bahr in cooperation with Klobe,
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Figure 1. Case N1: Patient J.K. Picture before surgery. Figure 4. Case N2: Patient A.A. Picture before surgery.
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Figure 2. Case NI: Patient J.K. Picture after surgery. Figure 5. Case N2: Patient A.A. Picture before surgery.

Figure 3. Case N1: Patient J.K. X-ray picture with metal implant after Figure 6. Case N2: Patient A.A. Complication: Rotated implant. X-ray.
surgery.
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tested vacuum technique on 60 patients, with an average age of
14.8 years. The technique requires a minimum of 30 minutes
of vacuum application twice a day, with a maximum of 5 hours
daily (averaging 90 minutes). Within one month of treatment
initiation, chest elevation of 1 cm was observed in 85% of
cases. After 5 months, the sternum was lifted to a normal level
in 12 patients (20%) when evaluated immediately after using
the suction cup. All patients exhibited moderate subcutaneous
hematoma, although the skin was not injured. Transient paresthesis
in the right arm and leg (0.6%). Orthostatic disturbances during the
first application of the suction (1.2%) [9].

Figure 8. Case N2: Patient A.A. Complication: Rotated implant. X-ray.
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Figure 9. Case N2: Patient A.A. Picture after surgery.

Further studies indicated that patients, on average 11 years old,
with a concavity depth of 1.5 cm and a flexible chest, are ideal
candidates for this technique [10].

Modification of a minimally invasive surgical technique for
pectus excavatum, which is performed in Georgia.

In Georgia, surgical interventions for sunken chest are
performed at the I. Tsitsishvili Children’s Clinic. The treatment
method represents an advancement in minimally invasive
surgical technique. It is a modified version of the operative
intervention proposed by Nuss. In 2016-2024, over a period of
8 years, we had a total of 76 patients with pectus excavatum:
35 underwent surgery, 4 refused despite medical indications,
and 37 were treated conservatively using the vacuum technique.
35 patients were operated on. 80% of these patients are male
(28 patients), 20% are female (7 patients). Average age of the
patients are 14 years. Patients before puberty are recommended
to use a vacuum device under the supervision of a doctor,
based on the degree of chest deformation. The patient with
the mentioned deformity undergoes evaluation by a doctor.
This evaluation typically includes studies such as spirometry,
ultrasound examination of the heart, and computed tomography
of the chest. A Haller index is calculated, and a score of 3.2 or
above typically indicates the need for surgery.

Operative technique: The operation is conducted under general
anesthesia, with an average duration of surgical intervention
ranging from 40-50 minutes. A small transverse incision of
approximately 2-3 cm is made in the chest area between the
anterior and mid-axillary lines on both sides. A Smm video
port is placed in the 8"-9" intercostal space. A metal plate is
positioned in the chest cavity between the sternum and the
pericardium, starting from the highest point at the front of the
chest. It is then anchored to the right side of the rib by passing a
metal implant. The fixation wire is placed in a silicone sleeve, so
as not to damage the surrounding soft tissue during fixation. The
need for repeated surgery to remove the metal plate typically
arises after 3-4 years.



Result: The average hospital stay for patients is 5 days, with
a relatively short postoperative recovery period of 2-3 days
following repeated surgery. Indications and recommendations
include avoiding heavy lifting, managing pain with analgesics if
necessary, scheduling a chest X-rai in 5-6 weeks, and initiating
swimming activities after 3 months.

Intraoperative complications included mechanical damage to
the organs within the chest cavity (0.35%), with subsequent
mechanical damage to the pericardium. Fortunately, this injury
did not necessitate additional intervention.

Post-operative complications included fixation wire breakage
1-2 years after surgery in 1.1%, although there was no dislocation
or rotation of the implant. No wound infection was observed.

A contraindication to surgery includes the presence of another
serious medical condition that might heighten the risk of
surgical complications. Additionally, a lack of sufficient patient
motivation to adhere to postoperative recommendations, such
as physical rehabilitation and pain management, is considered
a contraindication. Furthermore, the absence of consensus
between the patient and their healthcare provider regarding the
suitability of surgery as the best solution for the case is also a
factor to be considered.

Case N1.

Patient J.K. At the age of 16, he sought treatment at the
Tsitsishvili Children’s Clinic for sunken chest. Pre-operative
studies were conducted, and surgery was subsequently planned.
On May 5, 2022, the first operation was successfully performed
without complications. Rehabilitation is progressing well. The
second operation is scheduled to take place in three years.

Case N2.

Patient A.A. sought treatment at the Tsitsishvili Children’s
Clinic on February 11, 2020, for sunken chest. Her initial
operation occurred at the age of 11, and it proceeded without
complications. Two years later, on July 21, 2022, a follow-up
operation was necessary due to the breakage of the fixation wire
and a slight rotation of fixator. The patient remains under the
supervision of a doctor. Post-operation follow-up appointments
were scheduled for three months, sic months, and we anticipate
a final visit one year after the last appointment. The patient's
condition is satisfactory.

Conclusion.

Sunken chest is the most prevalent among chest deformities
globally. The reduction of the chest cavity and displacement of
organs within, it can lead to the development of cardiovascular
and respiratory system disorder. Beyond physical discomfort,
even mild deformities can cause psychological distress due to
the associated cosmetic defect. The treatment of this defect is
of paramount importance. To date, many treatment methods
have been developed to eliminate this problem. Despite the
surgical popularity of the Ravitch technique for 40 years, a
few surgeons recognized the necessity to develop alternative
techniques that avoid the removal of costal cartilages and re-
evaluate the optimal age for repairing these malformations.
In 1996, Haller and colleagues published a paper that was
titled: ,,Chest Wall Constriction after too extensive and too
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early operations for pectus excavatum®. Recognizing the
pliability of young children’s chest, Nuss introduced a surgical
innovation involving the insertion of a bar beneath the sternum
without the need for cartilage resection or sternal osteotomy.
When comparing the Ravitch invasive method to MIRPE —
Minimally Invasive Repair of Pectus Excavatum, significant
differences were observed. Following the invasive method, scar
hypertrophy occurred in 9.3%, protrusion of costal cartilages in
5.6%, atelectasis in 3.2% and recurrent surgery in 0.8% of cases.
However, with the introduction of the Nuss intervention, all
these complications were completely eliminated. The frequency
of pleural effusion after performing MIRPE is reduced by 11 %
compared to invasive surgical intervention.

The minimally invasive technique, initially developed by Nuss
and subsequently updated and refined, has become the gold
standard for the treating sunken chest. In the Children’s Clinic
named after [.Tsitsishvili in Tbilisi, Georgia, pediatric surgeon
Erekle Mosidze performs a modified version of this technique.
In the article, “Advances in Minimally Invasive Surgery for
Pectus Excavatum: Enhancing Outcomes and Patient Care”,
we explore both surgical (invasive and minimally invasive) and
non-surgical approaches used worldwide today. The primary
focus of this article is to introduce the improved and modified
version of the minimally invasive technique utilized in Georgia.
It is noteworthy that there were very few complications both
during and after the operation. One of the main advantages of
our method compared to others is the safe passage of the metal
fixation wire into the chest cavity. This technique, characterized
by a positive prognosis, offers significant benefits for patient
safety and recovery.
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