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Technology of minimally invasive surgical correction
funnel-shaped deformation of the chest in children

M. O. Kaminska, V. A. Dihtiar
Dnipro State Medical University. Ukraine

The most common method surgical treatment of pectus excavatum
(PE) is thoracoplasty according by D.Nuss at the moment. But seri-
ous complications associated with trauma to the pericardium, blood
vessels, and bleeding are known. Objective. Development of a mod-
ified technology surgical correction of pectus excavatum, which
involves exclusively extrapleural passage of the plate, according
to the individual size and shape of the deformation of the patient’s
chest, in order to prevent intraoperative complications. Methods.
81 patients aged 10 to 17 years were involved in the study. A modi-
fied technology of extrapleural surgical correction of PE was per-
formed. The plate was carried level of the VI-VII sternocostal joints
through the formed through submuscular-extrapleural retrosternal
tunnel from right to left under control of right-sided thoracoscopy.
The plate was modeled according by individual deformation param-
eters chest. The analysis was carried out according to the follow-
ing criteria: age, gender, type of deformity, Haller index, duration
of surgery, intraoperative and early postoperative complications
according by Clavien—Dindo classification. Results. The median
age of patients was (13.8 £ 1.9) years, of which there were 65
(85.25 %) boys, 16 (19.75 %) girls. 48 (59.3 %) children were diag-
nosed with type I (symmetric) deformity, and 33 (40.7 %) with type
11 (asymmetric) according to the classification. The median Haller
was (4.07 + 0.62), which corresponds to 2-3 degrees. Differences
in the degree of deformation in children of different sexes were not
determined (p = 0.828). Impaired lung function was diagnosed in
55.55 % (n = 45), impaired heart function — 40.74 % (n = 33).
The duration of the operation was on average (70.6 + 15.4) minutes,
from 50 to 110 minutes. Early postoperative complications were
Sfound in 5 (6.17 %) patients classified as grade I (mild) according to
the Clavien—Dindo classification, which did not require additional
medical or surgical correction. After the operation, the correction
of chest deformation was on average (2.35 + (0.22) according by
Haller index, which was statistically significantly (p = 0.001) dif-
ferent from the initial level. Conclusions. The use of modified tech-
nology surgical correction of PE meets safety requirements and
minimizes postoperative complications.

Hapas3zi naubinew po3nogcio0xceHuM Memooom Xipypeiunozo
JKYBAHHA 8PO0X*CEHOI NiLIKONOJIOHOI Oepopmayii epyOHoi Kim-
xku (BJIATK) y oimeii € mopaxkonnacmuka 3a D. Nuss. I[Ipome
8100MO NpoO ceplio3ni YCKIAOHEHHs, AKI NO8’a3aHi 3 mpasmy-
BAHHAM nepukapoy, cyouw, kposomeuer. Mema. Pozpooumu
mooughikosany mexuonozito xipypeiunoi kopexyii BJIII'K, saxa
nepeddauae BUKIIOYHO NO3ANJIEEPATIbHE NPOBEOCHHs NIACHU-
HU 8IONOBIOHO 00 THOUBIOVANLHUX PO3MIPIE I (hopmu deghopma-
yii' epyoHol KIimKu 3 Memoi 3anodieanHs IHMpPaonepayitiHux
yeknaouens. Memoou. YV docnioocenns zanyueno 81 nayienm
gikom 6i0 10 0o 17 pokis. Buxonano mooughixosany mexwono-
2ito nosannespanvhoi xipypeiunoi kopexyii BJII'K. [Inacmuna
npogoounace Ha pisui VI-VII epyounno-pebepnux cyenobie no
CPOPMOBAHOMY HACKPIZHOMY NIOM A3080-N03ANNEEPATLHOMY
3a2PYOUHHOMY MYHEN0 CRPA6d HANIBO N0 KOHMPOLeM Npaeo-
oiunoi mopaxockonii. Ilnacmuny 3M00e1b08aHO 3210HO 3 THOU-
gidyanvuumu napamempamu depopmayii. Ilposedeno amaniz
30 HACMYNHUMU Kpumepiamu: ik, cmambs, mun oepopmayii,
indexc Haller, mpusanicme empyuanus, inmpaonepayiiini
ma pauui nicasionepayiuni yckaaouenus 3a Clavien-Dindo.
Pesynomamu. ¥ 48 (59,3 %) dimeii diacnocmogano oeghopmayiro
I muny (cumempuuny), y 33 (40,7 %) — Il muny (acumempuu-
Hy) 3eiono 3 kracugpixayicto Park. Cepeonitl indexc depopmayii
sa Haller cmanosus (4,07 + 0,62), wo 6ionogioac 11-111 cmyne-
nam. [iaenocmosano nopyuienns Qynkyii: necens — 6 55,55 %
(n = 45), cepys — 40,74 % (n = 33). Tpusanicms onepayii cma-
Hosuna 6 cepeonvomy (70,6 + 15,4) xeé, 6i0 50 0o 110 x6. Panni
nicasonepayiini ycknaonenus eusgneni 6 5 (6,17 %) nayicumis,
aki 3a knacugixayiero Clavien-Dindo eioneceni 0o I cmynens
(neexi) ma He nompebyrOmMv 000AMKOBOI MEOUKAMEHMOZHOT
uyu xipypeiunoi kopexyii. Ilicna euxkonanns onepayii Kopek-
yis Oepopmayii epyonoi KAIMKU CMAHOBULA 6 CEPeOHbOMY
(2,35 £ 0,22) 3a inoexcom Haller, wo cmamucmuuno snauyujo
(p = 0,001) siopizusanocey 6i0 nouamrkoso2o pieHs. Buchosku.
3acmocysanns mooughikosanoi mexnono2ii xipypeiunoi kopexyii
BJIITK ionogioae sumocam 6esneunocmi ma MiHIMI3ye nic-
naonepayitini yckaaouenua. Knouosi crnosa. Jlilikonodiona oe-
¢opmayia, mopakoniacmuxa, yCKIAOHEHHS, OiMU.
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Introduction

Today, the commonly accepted method of surgi-
cal correction of congenital pectus excavatum (CPE)
in children is the D. Nuss method [1-5]. The closed
operation is performed with two skin incisions,
a tunnel is formed through the pleural cavity behind
the sternum, through which the plate is passed, its
rotation is carried out and the deformation is cor-
rected [6].

During the period of spread of the technique,
there were reports of serious complications, namely
damage to the heart and vessels of the mediastinum,
traumatic damage to the diaphragm and the forma-
tion of a diaphragmatic hernia, injuries to the liver,
lung parenchyma [7, 8]. Despite the rare cases of their
fixation, it should be taken into account that there is
a threat to the patient's life [9, 10].

Surgical CPE correction according to the D. Nuss
method requires thorough surgical intervention dur-
ing sternum elevation. This method has proven itself
not only as the most widely used, but also low-trau-
matic, with sufficient deformation correction and
reliability of the obtained result. The safety of pa-
tients with CPE is a key condition, as it involves
avoiding complications associated with damage to
the anatomical structures of the mediastinum (peri-
cardium, heart, main vessels, etc.) and the contents
of the pleural cavity (lungs, bronchi) during the el-
ements of the sternum elevation procedure. For
the surgeon, the safety of CPE correction operation
is determined, first of all, by experience, knowledge
of possible options for conducting the conductor and
installing the plate, visualization of actions with
the help of thoracoscopy, which allow to prevent
these complications.

Purpose: to develop a modified technology of sur-
gical correction of CPE, which involves exclusively
extrapleural passage of the plate in accordance with
the individual dimensions and shape of the pa-
tient's chest deformation to prevent intraoperative
complications.

Material and methods

The study included 81 patients aged 10 to 17 years
who underwent surgical intervention using a modi-
fied technology based on the D. Nuss operation from
January 2017 to June 2024. The research was per-
formed in accordance with the principles of Helsinki
Declaration. The study was approved at the meet-
ing of the commission on biomedical ethics at Dni-
pro State Medical University (Protocol No. 1 dated
18.01.2015). Informed consent for examination and
treatment was obtained from all patients' parents.

This work included a retrospective analysis of ob-
servations. The following parameters were analyzed
for each patient: age, sex, type of deformity, Haller
index, duration of surgery, intraoperative and early
postoperative complications according to the Clavi-
en-Dindo classification [11].

Examination of the patients included clinical
blood and urine tests, blood type and Rhesus factor
determination, biochemical blood assay, ultrasound
examination of the heart, electrocardiography, spirog-
raphy, radiography (direct and lateral projections) and
computed tomography of the chest.

An indication for surgical intervention was
the presence of chest deformation with a Haller index
> 3.25, significant compression of the heart or lungs
with a violation of their indicators in Haller index
<3.25.

Operation technique

Surgical intervention was performed under com-
bined endotracheal anesthesia in combination with
epidural analgesia. On the operating table, anthropo-
metric measurements of the dimensions of the fun-
nel-shaped deformity were carried out using a ruler,
namely, the width was determined as the distance
between the protruding parts of the ribs at the level
of maximum depth (Fig. 1, a). The optimal length
of the plate (L) was calculated individually, which
was twice the width of the deformation (D), accord-
ing to the formula: L = 2D (Fig. 1, b). Further, during
the preparation of the plate for modeling, its mark-
ing was carried out, the width of the sternum and
the places of attachment to the most protruding parts
of the ribs on both sides were noted (Fig. 1, c).

The depth of the funnel-shaped depression was
measured using a ruler (Fig. 2, a). Then the plate
was modeled using a special tool (Fig. 2, b). It was
bent in such a way that the retrosternal part re-
mained horizontal to the width of the sternum and
had the form of a platform that fully corresponds
to the dorsal surface of the sternum. The side parts
of the plate are bent at the level of the maximum
width of the deformation above the supporting ribs,
this allows a tight fit to the sternum and ribs and im-
proves stability. At the same time, the bending value
of the plate for correction should be 2 more than
the determined depth of the funnel-shaped defor-
mation (Fig. 2, ¢). This was necessary to receive
the planned correction of the chest.

Preliminary studies of the mechanical properties
of the plate showed that it could withstand correc-
tive loads, but in the lateral sections, its inconsis-
tency with the restored form of the chest due to an
increase in the anterior-posterior size was revealed.
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The mathematical modeling of the newly formed
shape of the chest during thoracoplasty according to
D. Nuss established the relationship between the depth
of deformation and the size in the frontal plane. In
this way, the coefficient of restoration of the shape
of the chest was calculated, which is 2 (2A = h), where
h is the depth of deformation of the chest. For this,
the distance between the lateral ends of the plate,
which reproduces the shape of the chest and adheres
to the ribs, was reduced by ' the depth of the fun-
nel-shaped deformation for full adherence to the ribs
in the postoperative period. Also, these actions in-
crease the area of contact of the plate with the chest
and reduce the level of tension in the “sternum-ribs-
spine” system [12].

After the preoperative modeling of the shape
of the plate, the modified technology of surgical cor-
rection of CPE was performed (Utility Model Pat-
ent of Ukraine No. 133541. Bulletin No. 7, 2019).
Then the operating field was marked with a marker
(Fig. 3, a). The positions of the sternocostal joints
of the 6"—7" ribs, as the points of entry and exit
of the plate from the retrosternal space, and the pro-
jection of dissections on both sides were marked. Dis-
sections up to 3 cm long were made, through which
submuscular tunnels are formed in the directions to
the sternum on the right and left (Fig. 3, b). Access
for right-sided thoracoscopy was established along
the front axillary line of the chest above the skin inci-
sions on one rib to pass the plate (Fig. 3, c).

A conductor was inserted through the submuscular
tunnel formed on the right and advanced to the ster-
num, between the sternocostal joints of the 6'"—7"ribs.
Placing the plate at this level causes the least tension
in the “sternum-ribs-spine” system and contributes to
the stability of the location [13]. Then, under the con-
trol of thoracoscopy, the conductor was extrapleurally
immersed in the retrosternal space, moved forward
from right to left along the back surface of the ster-
num extrapleurally, to the exit between the sterno-
costal joints of the 6"-7" ribs on the opposite side
of the chest, and was brought out through the inguinal
tunnel (Fig. 4, a, b, c).

A plate was attached to the conductor, orienting
its concave part to the sternum (Fig. 5, a). Traction
of the plate was carried out while pulling the conduc-
tor via the created through submuscular-extrapleural
tunnel in the opposite direction to the exit of the end
of the plate from the opposite side. The plate was dis-
connected from the conductor and rotated by 180°,
thereby correcting the deformation of the sternum
(Fig. 5, b). At the end, the plate was fixed to the adja-
cent ribs with mylar threads. The lungs were actively

inflated and air was removed from the chest cavity
through the port. Wounds were sutured in layers
(Fig. 5, c).

The technology differs from the well-known tech-
nique of D. Nuss in that the length of the plate is first
determined individually (according to the formula,
it is twice the width of the funnel-shaped deforma-
tion), then the plate is modeled according to the ana-
tomical dimensions of the sternum, width and depth
of the deformation, determining the supporting ribs.
The plate has a horizontal platform for the width ster-
num and three fixed bending points on each side. Then
a through-muscular-extrapleural tunnel is formed at
the level of the 6™—7™ sterno-costal joints through
which the plate is passed extrapleurally. Control of its
placement is performed with the help of right-sided
thoracoscopy, the access is located along the front ax-
illary line of the chest above the skin incisions on one
rib for conducting the plate.

Results

This technique was applied during surgical cor-
rection of CPE to 81 patients, of whom 65 (85.25 %)
were boys, 16 (19.75 %) were girls. The average age
of the patients was (13.8 = 1.9) years. 48 (59.3 %)
children were diagnosed with type I (symmetric)
deformity, and 33 (40.7 %) with type II (asymmet-
ric) deformity according to the Park classification
[14]. The average deformation index according to
Haller was (4.07 £ 0.62) from 2.87 to 5.30, which cor-
responds to grades 2-3. However, the difference in
the grade of deformation in children of different sexes
was not determined (p = 0.828). Violations of the fol-
lowing functions were diagnosed: lungs in 55.55 %
(n = 45), heart — 40.74 % (n = 33). The duration
of the operation was on average (70.6 £ 15.4) minutes,
from 50 to 110 minutes.

According to the results of postoperative obser-
vations, complications related to traumatization
of the heart, mediastinal structures, or anatomical
formations of the pleural cavities were not detected.
Early postoperative complications were diagnosed in
5 (6.17 %) patients, according to the Clavien-Dindo
classification, they were classified as grade 1 (mild)
and did not require additional medical or surgical
correction. Pneumothorax was recorded in 3 (3.7 %)
cases, they were treated conservatively, pleural punc-
ture was not used.

To eliminate this complication in other patients,
we started using pleural drainage during the first
day. Infection of the postoperative wound occurred
in 1 (1.2 %) person. Within one month after the inter-
vention, 2 (2.5%) patients were found to have atelectasis
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Fig. 1. Measurements
of the dimensions
of the deformation of the chest
and preparation of the plate
for modeling: a — the width
of the pectus excavatum;
b — optimal plate length; ¢ —
marking of the plate

Fig. 2. Preparation and
modeling of the plate:
a— determination of the depth
of the pectus excavatum; b —
plate modeling using a special
tool; ¢ — determination
of the bending value
of the plate

Fig. 3. Initial stages
of thoracoplasty: a— marking
of the operative field; b —
formation of submuscular
tunnels on both sides; ¢ —
right-sided thoracoscopy

Fig. 4. Extrapleural stages of thoracoplasty
under the control of thoracoscopy:
a — immersion of the conductor into
the retrosternal space; b — formation
of extrapleural tunnel; ¢ — carrying out
the corrective plate

Fig. 5. Final stages
of deformation correction:
a — the conductor is attached
to the plate; b — plate rotation
by 180° c¢ — deformation
correction
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S10 of the left lung, and in another case, emphysema-
tosis of the lower segment of the left lung with a size
of 827 mm without clinical signs. Neither required
additional medical or surgical treatment.

After the operation, the correction of chest defor-
mation was on average (2.35 £ 0.22) according to
the Haller index, which was statistically significantly
(p = 0.001) different from the initial level.

At the time of writing the article, 47 (58.02 %)
patients completed treatment. The correction period
was on average (2.6 £ 1.0) years, from 1.7 to 5.0 years.

Discussion

The original technique of thoracoplasty according
to D. Nuss, which included the elevation of the ster-
num due to the retrosternal correction plate, without
resection of the costal cartilages, was proposed in
1998.

Given the “blind” insertion of the plate, there was
a high risk of damage to the mediastinal organs, pri-
marily the heart and pericardium, which prompted
modifications aimed at increasing the safety of surgi-
cal intervention.

The first modification, which consisted in the use
of thoracoscopy for evaluation of the pleural cav-
ity, visualization of the mediastinum, tunnel forma-
tion and control of the plate, was recommended by
D. Nuss in 2002 [15]. Another monocenter study on
the use of thoracoscopic control, which lasted from
2005 to 2015, in 95 patients, proved that the fre-
quency of serious complications decreased from 16.1
to 3.16 % [16]. We agree with the authors regarding
right-sided thoracoscopy that its performance is suf-
ficient for safe passage of the conductor, formation
of the extrapleural channel behind the sternum, in-
stallation of the plate and its rotation with elimination
of deformation. In our opinion, artificial pneumotho-
rax with the help of inflation of the lungs, the use
of low parameters of their ventilation during standard
intubation of patients with one endotracheal tube al-
low to sufficiently visualize the operative access to
the retrothoracic space, the location of the heart, me-
diastinum, lungs and diaphragm. But in the literature
there are cases of heart damage during right-sided
thoracoscopy in the case of severe asymmetric defor-
mations and after open operations on the chest for
heart malformations. 1 (0.2 %) heart perforation and
8 (1.3 %) pericarditis were detected during surgical
correction of CPE in 639 patients [17]

K. Pawak et al. performed the procedure ac-
cording to D. Nuss with left-sided thoracoscopy in
1,006 patients with CPE. In their opinion, most of
the heart is located in the left pleural cavity, so cor-

rect intraoperative assessment is crucial for correct
insertion of the conductor, which subsequently pre-
vents mediastinal injury. Left-sided thoracoscopy has
an advantage over right-sided thoracoscopy but does
not reduce the risk of cardiac injury [18]. Bilateral
thoracoscopy according to P. Lo et al. gives a possi-
bility to monitor the passage of the plate at all stages
from both sides and helps determine its location [19].
However, other authors (S. O. Senica) report on heart
perforation in a 12-year-old girl with severe asym-
metric CPE using bilateral thoracoscopy. This proves
that the latter has no advantages over one-sided, due
to the possibility of heart damage. The literature de-
scribes 16 cases of heart injury during surgery ac-
cording to D. Nuss [20].

Thoracoscopic extrapleural modification proposed
by K. Schaarschmidt includes bilateral thoracoscopy,
exclusively extrapleural placement of the plate and
its fixation with at least 10 pericostal sutures [21].
We agree with the author that this arrangement
of the plate has advantages, because there is no direct
contact of the plate with the visceral pleura, lungs
and pericardium, which can contribute to the devel-
opment of secondary pneumothorax or effusion in
the pleural cavity and pericardium. The result of us-
ing this modification is the absence of secondary
pneumothoraxes, seroma, effusion in the pleural cav-
ity and a reduction in the number of pericarditis cases
to 0.65 % compared to the original method (2.43 %).
In our study, we did not observe these complications
from the side of the lungs and pericardium. We be-
lieve that the location of the plate in the extrapleu-
ral tunnel is better, it is more physiological and safer,
which makes it possible to prevent life-threatening
complications.

The appropriate place for the introduction
of the thoracoscopic camera and its location at an an-
gle of 30° or 45° is another component of the safety
of surgical correction of CPE. D. Nuss et al. [15] and
N. Mennie et al. [16] recommended placing the tro-
car in the midaxillary line, that is, behind the stan-
dard approach, but, in our opinion, under such con-
ditions, visualization is insufficient, the heart, lungs,
and diaphragm are obstructed, especially in the case
of significant asymmetric deformations. We intro-
duce the trocar in the anterior axillary line above
the skin incision, which allows us to avoid damage
to the anatomical structures of the mediastinum,
to obtain enough free operating space and to have
a good visualization of the guide and the plate for
their passage.

Surgical complications in CPE are determined ac-
cording to the Clavien-Dindo classification. K. Pawak
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et al. indicated early postoperative complications in
35.6 % of cases, which belonged to grades 1 and 2,
life-threatening complications were observed in 2 pa-
tients who required repeated interventions [18]. J. Han
et al. early postoperative complications of the first
degree were diagnosed in 17.4 % [22]. Complica-
tions observed in our center are classified as grade 1
(6.17 %), which indicates the sufficient safety of us-
ing the modified technology of surgical correction
of CPE.

Conclusions

The results showed that all patients had no
life-threatening complications, and early postopera-
tive complications in 6.17% of cases had no clinical
significance because they did not require surgical
correction.

Thus, the obtained results of the monocenter clin-
ical approbation of the proposed modified surgical
correction technology make it possible to recom-
mend it as meeting the safety requirements for im-
plementation due to the high efficiency and reliability
of the obtained result during the surgical treatment
of congenital pectus excavatum in children.
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