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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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]. It 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 

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 3. Case N1: Patient J.K. X-ray picture with metal implant after 
surgery.

Figure 2. Case N1: Patient J.K. Picture after surgery.

Figure 4. Case N2: Patient A.A. Picture before surgery.

Figure 5. Case N2: Patient A.A. Picture before surgery.

Figure 6. Case N2: Patient A.A. Complication: Rotated implant. X-ray.
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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].

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 5mm video 
port is placed in the 8th-9th 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.

Figure 7. Case N2: Patient A.A. Complication: Rotated implant. X-ray.

Figure 8. Case N2: Patient A.A. Complication: Rotated implant. X-ray.

Figure 9. Case N2: Patient A.A. Picture after surgery.
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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 

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 I.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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