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ABSTRACT

Introduction: Children have signs of chronic hypoxia, metabolic disorders. decreased appetite. Against this background, surgi-
cal treatment, which includes reconstruction of the chest, presents a certain risk. Based on these provisions, special attention
was paid to the preoperative preparation of patients.

Objective: 1) Optimization of preoperative preparation and methods of surgical correction of funnel chest pectus excavatum(
PE); 2) Improvement of postoperative management of sick children with funnel chest.

Method: We operated 44 sick children in our hospital who were admitted to the surgical department with a diagnosis of PE.
After preliminary examination, these patients underwent surgical correction of the chest according to Bairov and Ravich-Gross.

Results: In sick children aged 3-6 years after the Ravich-Gross operation, compared with the Bairov operation, the intensity
of the pain syndrome was expressed as according to the VAS scale (7.55 + 0.24 versus 6.0 + 0.52 points, p <0.01) and on the
VRS scale (2.2 + 0.12 versus 1.5 + 0.18 points, p <0.01). This plate provides more reliable fixation of the SCC than Marshev’s
tire, is convenient to use.

Conclusion: The methods of thoracoplasty with the use of external fixators are acceptable for children of the younger age group
since these methods are safer in the long term than a metal plate inside the chest due to excessive motor activity of children.
Good treatment outcomes are observed mainly in children operated on at the age of 3-6 years.
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INTRODUCTION

As shown in the review of the literature with the age of the
child, functional disorders become more pronounced, and
against the background of frequent colds, tonsillitis, en-
largement of the palatine tonsils, phenomena of chronic in-
toxication occur.”!! Children have signs of chronic hypoxia,
metabolic disorders decreased appetite. Against this back-
ground, surgical treatment, which includes reconstruction of
the chest, presents a certain risk. Based on these provisions,
special attention was paid to the preoperative preparation of
patients.>?

MATERIALS AND METHODS

It seems to us that the surgical treatment of sick children
should include two components: preoperative and opera-
tional. Preoperative (conservative) treatment is carried out
for a long time (within 1-2 months, on an outpatient basis),
including the sanitation of chronic foci of nasopharyngeal
infection, general and extended chest massage with elements
of breathing exercises. When patients were admitted to the
hospital, clinical and laboratory, instrumental, and X-ray ex-
aminations were necessarily carried out and were also re-
examined by narrow specialists (cardiologist, paediatrician,
ENT).%S
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RESULTS AND DISCUSSION

We operated 44 sick children in our hospital who were admit-
ted to the surgical department with a diagnosis of PE. After
preliminary examination, these patients underwent surgical
correction of the chest according to Bairov and Ravich-
Gross, the distribution of which is presented in Table 1.

Table 1: Distribution of sick children by different
methods of surgical intervention

Methods of surgery 3-6 years
6 (23,1%) -
20 (76,9%) 18 (100%)

26 (100%) 18 (100%)

7-15 years
According to Bairov
According to Ravich-Gross
TOTAL

As can be seen from the table, the smallest number of chil-
dren - 6 (23.1%) underwent surgical intervention according
to Bairov in the younger age group (3-6 years), since this
method is characterized by low trauma and cosmetic prop-
erties. The Ravich-Gross operation was performed in 20
(76.9%) children aged 3-6 years and in 18 (100%) children
aged 7-15 years, respectively. A characteristic feature of
PEin older children is the progression of the disease, which
is closely related to the growth and age of the child.

In this regard, the children of the older age group underwent
the Ravich-Gross operation, taking into account the need for
wide access to the SCC, additional incisions in the sternum,
and ribs with the aim of effective correction and fixation of
the SCC. For corrective thoracoplasty according to the Bai-
rov and Ravich-Gross method, we used some modified ver-
sions of these operations, which will be indicated below (in
the description of the operation).

These methods are based on resection of costal cartilage at
the level of deformity, T-shaped sternotomy, traction for the
body of the sternum using Marshev’s splint. Both methods
involve external fixation. The Marsheva splint is a light-
weight, durable construction made of vinyl plastic and easy
to sterilize. The tire is made taking into account the bounda-
ries of the “funnel” before the operation (Figure 1).

Figure 1: Marsheva splint (front and top view).

The immediate preparation of the patient for the opera-
tion began with premedication, the purpose of which is to
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potentiate the action of the main narcotic substance and
conduct a neuro-vegetative blockade. Premedication was
achieved by intramuscular injection in 30-40 minutes. be-
fore the operation, a solution of 0.1% atropine and 1% di-
phenhydramine in an age-specific dosage.

All operations were performed under total intravenous an-
aesthesia using artificial ventilation in a controlled breathing
mode using Drager EV-801 and Blease Frontline 560 anaes-
thesia machines. We used a 5% ketamine solution at a dose
of 5-6 mg/kg as induction anaesthesia. which, to provide
supportive drug therapy and infusions, a subclavian Seld-
inger catheter was installed in the modification of the staff
of the Department of Pediatric Surgery with the course of
anesthesiology at ASMI (Rational proposal No. 524 of June
14, 2005, by ASMI). For monoplegia, a 0.4% solution of
pancuronium hydrobromide was used at a dose of 0.05 mg/
kg. After preoxygenation of 100% O,, the patients were in-
tubated and transferred to apparatus breathing, O, saturation
was maintained at a level of 90-100%, thereby creating a fa-
vourable condition for the surgeon to work on the chest wall.
In children, we do not use gas-narcotic mixtures to maintain
anaesthesia, given the functional disorders of the respiratory
system, which is fraught with the development of complica-
tions in the respiratory system in the immediate postopera-
tive period. To this end, a bolus of ketamine and an intrave-
nous drip of propofol at a dose of 10 mg/kg was performed.
As the main anaesthesia, 0.005% fentanyl was used at a dose
of 1 ml/kg, followed by the introduction of half the dose after
40 minutes. Intraoperative blood loss was replenished with
a high-molecular-weight plasma substitute - Refortan 40 at a
dose of 10 ml/kg. After the completion of the operation and
the appearance of spontaneous breathing, all patients were
extubated on the operating table followed by O, insufflation
and transferred to the post-anaesthetic ward of the intensive
care unit under the supervision of an anesthesiologist.

Operation technique according to Bairov
According to this method, 8 children aged 3-6 years were
operated with some modifications, which are as follows:

The position of the patient on the back, a flat roller was
placed under the shoulder blades. At the edge of the impres-
sion, 4 small longitudinal skin incisions (3-4 cm) were made
in such a way that each wound could be processed above and
below the rib. Slightly shifting the skin wound to the apex of
the rib curvature and stupidly stratifying the muscles above
it, trying not to damage the pleura and blood vessels, the nec-
essary segment of the rib was resected, which was calculated
on the contourogram, without affecting the growth zone (the
place of transition of the bone part into the cartilaginous one)
and immediately the ends of the resected ribs are sutured
lavsan threads. After that (4-5 cm), an incision was made in
the skin and subcutaneous tissue over the base of the xiphoid
process, which, unlike the traditional method, was not cut
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off from the sternum. At the same time, the retrosternal liga-
ment was revealed - a dense cord running from the posterior
surface of the xiphoid process to the diaphragm. After mobi-
lization of the retrosternal ligament, a Z-shaped excision of
the latter was performed, with the calculation of the required
distance (determined on the contourogram), which is equal
to half this value.

Then, bluntly (with a finger) peeled off from the inner sur-
face of the sternum adjacent sheets of the parietal pleura and
pericardium. After that, we proceed to mobilize the deep
section of the sternum. Above the beginning of the curva-
ture of the sternum, a T-shaped sternotomy was performed
with a thin chisel or scalpel (under the control of a finger
inserted behind the sternum), and the inner plate was frac-
tured by applying pressure from the inside. After sternoto-
my, the mobility of the sternocostal was checked, if tensions
were noted, additional incisions were made in the tension
area. Under the control of a finger, the mobilized sternum
was percutaneously held with a fishing line for subsequent
stretching and fixation. The previously excised retrosternal
ligament was sutured end-to-end (Figure 2).

Figure 2: Mobilization of the Sterno-phrenic ligament, Z-
shaped excision, end-to-end stitching.

Then the wounds were sutured in layers, the withdrawn trac-
tion threads were passed through the corresponding holes of
Marshev’s special vinyl plastic splint and tied over gauze
balls with a tension sufficient to hold the aligned part of the
sternum and ribs. The splint was placed on a foam or rub-
ber sponge, created for constant stretching and fixation, the
structure was closed with a light gauze bandage on a cleola.
The average duration of the operation ranged from 1 hour
to 1 hour. 20 minutes. Immobilization was carried out de-
pending on age for 20-30 days, followed by replacement of
Marshev’s splint with a plate.

Operation technique according to Rawicz-Gross
A transverse wave-like (submammary) incision was made
for 15-20 cm. The tissues were dissected in layers and the
skin and subcutaneous tissue were mobilized on both sides
of the incision, within the limits of deformation after hydrau-

lic dissection by the introduction of 0.25% Novocain. The
length of the resection was established before the operation
by contouring calculation. Immediately after resection, the
edges of the ribs were connected with separate lavsan su-
tures. Then, in the region of the xiphoid process, a semilunar
incision was made, mobilizing the retrosternal ligament, and
a Z-shaped excision of the latter was performed. The pleura
and pericardium were mobilized from the inner surface of
the deformed sternum. A T-shaped sternotomy was per-
formed with excision of the wedge at the transverse intersec-
tion of the anterior plate (we break the posterior plate) under
the control of a finger. Through the body of the sternum in
the middle part, 2 threads (fishing line) were passed for sub-
sequent stretching. Z-shaped excised retrosternal ligament
was sutured end to end with a nylon thread. The defect over
the ligament was sutured with nylon thread. The superim-
posed traction threads were passed out through separate skin
punctures. The wound surface was treated with an antibiotic
solution. The subcutaneous tissue and skin were sutured.
The withdrawn traction threads were fixed to Marshev’s
splint after achieving the visual correction of the breast.®’

The two modified methods of surgical correction of funnel
chest used by us are effective in cosmetic terms and in terms
of eliminating cardiorespiratory disorders, are less traumatic
with a low risk of intraoperative complications in the form
of damage to the pleura and pericardium. To ensure less
trauma in the intra-, postoperative period when performing
these operations, we have optimized and modified the fol-
lowing points:

Firstly, when mobilizing the sternum during the operations
of Bairov and Ravich-Gross, we did not resort to exfoliation
of the parietal pleura and pericardium from the inner surface
of the deformed ribs, but limit ourselves only to exfoliating
them from the inner surface of the sternum, which prevents
damage to the pleura and the occurrence of pneumothorax
during the operation eliminates the need for X-ray control.

Secondly, in contrast to traditional methods, with both meth-
ods, we performed a complete resection of curved ribs along
the edge of the “funnel”. In our opinion, subperichondral
resection may lead to further growth at the junction of the
resected ribs (exostosis), caused by the infringement of the
perichondrium in the attachment area. Also, children with
PE have a hereditary predisposition to exostosis associated
with dysplasia of connective tissue elements.

Thirdly, we immediately sew the ends of the resected ribs
with lavsan threads. This stage of the operation, in our opin-
ion, has a fundamental character, because, after the mobili-
zation of the SCC, some displacement of the resected ribs is
noted, which can lead to their erroneous stitching.

Fourthly, unlike the traditional method, the xiphoid process
together with the retrosternal ligament was not cut off from
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the sternum. We believe that cutting off the xiphoid process
together with the retrosternal ligament can lead to hypercor-
rection in the long-term postoperative periods; also, the ret-
rosternal ligament helps to keep the SCC in a fixed position
from the inside when pulling on Marshev’s bus, which en-
sures the prevention of overcorrection.’!°

Fifth, after mobilization of the retrosternal ligament, a Z-
shaped excision of the latter was performed, with the calcu-
lation of the required distance (determined on the contouro-
gram), which is equal to half of this value, which was sutured
end to end, which prevents hypercorrection and recurrence
of deformity in the postoperative period. The average dura-
tion of the operation ranged from 1 hour 20 to 1 hour. 40
minutes.”®

Numerous studies have shown 8 that insufficient postopera-
tive pain relief leads to negative changes in the emotional
state of the child and increases the number of complications.
So, hypoventilation in children after thoracoplasty is asso-
ciated with the development of pain. Pain syndrome is an
integral part of the postoperative illness and is often the root
cause of a variety of disorders and deviations in the condition
of patients. Therefore, an effective fight against pain in the
postoperative period should be considered not only as a de-
sire to alleviate the patient’s physical suffering, improve his
psycho-emotional state, but also as a prevention of hemody-
namic, gas exchange, and metabolic disorders. Assessment
of the pain factor in the postoperative period is complicated
to a large extent by the fact that for a certain time the factor
of post-anaesthetic depression acts, the degree of blood loss,
disturbance of CBS, temperature balance, and several other
factors matters. In this regard, in our clinic, to assess the
intensity of acute pain, the Visual Analog Scale (VAS) and
the four-digit categorical verbal scale (Verbal Rating Scale,
VRS) are used, which are equally sensitive for determining
acute postoperative pain.

At the same time, it was found that in sick children aged
3-6 years after the Ravich-Gross operation, compared with
the Bairov operation, the intensity of the pain syndrome was
expressed as according to the VAS scale (7.55 + 0.24 ver-
sus 6.0 = 0.52 points, p <0.01) and on the VRS scale (2.2
+ 0.12 versus 1.5 = 0.18 points, p <0.01). Pain syndrome
in sick children who underwent surgery at the age of 7-15
years was characterized by a lower severity compared with
children aged 3-6 years - VAS (6.15 + 0.31 versus 7.55 +
0.24,p <0,01) and VRS (2.1 £0.10 versus 2.2 + 0.72 points,
p> 0.05). Consequently, the intensity of the pain syndrome
is more pronounced after the Ravich-Gross operation than
the Bairov operation, as well as at the age of 3-6 years due to
their high emotional lability, pain sensitivity.

It is known that the use of traditional narcotic analgesics
(promo, fentanyl, morphine, etc.) for postoperative analge-
sia in children, especially the younger age group, leads to

several side effects and undesirable reactions of these drugs
such as sedation, respiratory depression and dyspeptic disor-
ders (nausea, vomiting).

Based on the above provisions, for postoperative analgesia,
we used the drug Ketonal (Lek Company, Slovenia) at a dose
of 50 mg per administration. The indications for use were
strong and moderate pain syndrome. The severity of the pain
syndrome determined the frequency of administration of ke-
tonal, but no more than three times per day. When develop-
ing a plan for pharmacotherapy for pain, we proceeded from
two key principles: 1) The principle of an individualized
approach: the analgesic efficacy of drugs can vary widely
in the same patient. In this regard, the dose, the route of
administration, as well as the dosage form were determined
strictly individually, taking into account the intensity of pain
and based on regular monitoring; 2) The principle of timeli-
ness of administration: The interval between injections of the
drug should be determined by the severity of pain and the
pharmacokinetic characteristics of the drug and its dosage
form. Doses should be given regularly to prevent pain, not
relieve it after it occurs.

Comparing the quality and analgesic efficacy of pain relief
by traditional narcotic analgesics with a non-steroidal non-
narcotic analgesic - ketonal, as well as the severity of their
side effects, it was found that in the group of children who
received ketonal as postoperative analgesia, the effective-
ness of analgesia was recognized as good. There were no
hemorrhagic disorders characteristic of non-steroidal anti-
inflammatory analgesics. There were also no characteristic
dyspeptic disorders (nausea and vomiting) and - sedation,
respiratory depression.

Thus, ketonal, combining sufficient analgesic activity and
the absence of disadvantages inherent in narcotic analgesics,
provides adequate postoperative pain relief in children oper-
ated on for chest deformities.

On the second day of the postoperative period, management
and observation were carried out in the department of surgery.
The process of postoperative management of sick children is
conditionally divided by us into two stages: the early (inpa-
tient) stage - the period of hospital stay (8-9 days), the late
(outpatient) stage - the observation of patients after discharge
home until the removal of internal and external fixators. In the
stationary stage of the postoperative period, the management
of sick children before discharge was as follows:

Day 1: Toilet of the wound, treatment of sutures, traction
threads with 3% tincture of iodine and alcohol after opera-
tions of Bairov, Ravich-Gross, allow a sitting position, con-
tinue antibacterial therapy, and anaesthesia.

Day 2: Toilet wounds, treatment of sutures, traction threads,
allow walking, a continuation of antibiotic therapy, and pain
relief.
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Day 3: Toilet wounds, treatment of stitches, traction threads,
anaesthesia according to indications.

Day 4,5,6: Toilet wounds, treatment of sutures, traction
threads, antibacterial therapy, pain relief according to indica-
tions.

Day 7: Wound toilet, treatment of stitches, traction threads,
removal of stitches with alternation. Cancellation of antibi-
otics.

Day 8: Wound toilet, treatment of stitches, traction threads,
removal of stitches. Extract.

Figure 3: General view of the patient with an external fixator
(Marshev’s splint).

Re-examination of the patient after operations according to
the Bairov and Ravich-Gross method was carried out ten
days later, the condition of the wound, external fixator, and
GRC in a fixed position was assessed. In the presence of a
weakening of the traction threads, stretching was carried out,
and in case of a tendency to overcorrection, weakening of
the traction threads, wound treatment, the imposition of an
aseptic bandage (Figure 3).

According to domestic and foreign researchers, Marshev’s
splint allows us to reliably hold the sternocostal complex
after thoracoplasty, and early activation of the patient and
reduces hospital stay. Immobilization was carried out de-
pending on age and was 20-30 days. Ultrasound studies of
costal cartilage in the area of resection show that the process
of cartilage regeneration is accompanied by the development
and involution of blood vessels in the resection area.® From
2-3 months. after thoracoplasty, the involution of blood ves-
sels begins, which ends by 4-6 months. These scientific pre-
requisites provide a basis for the fact that the timing of the
immobilization of the SCC using external traction is insuf-
ficient. Nevertheless, thoracoplasty with the use of exter-
nal traction of the SCC can be accompanied by the eruption
and detachment of traction devices and infection of the chest
wall tissues along the threads and strings.'>'* Moreover,

o leeee——

prolonged use of the external splint leads to discomfort, dis-
placement of the retainer when changing the position of the
body due to its significant size, and prevents the patient from
returning to normal life as soon as possible. Considering
the above, for long-term and sufficient immobilization of the
GRC in terms of time, we use a flat, plastic arcuate plate,
prepared to depend on the age and size of the chest (rational
proposal No. 2117 dated 02.06.2008 by ASMI) (Figure 4).
The plate is installed from 3 to 4 months, under supervision
every 20 days.

Figure 4: Arcuate plate (top and side view).

This plate provides more reliable fixation of the SCC than
Marshev’s tire, is convenient to use, does not restrict the
movement of the child, does not require additional help from
parents when changing the position of the body, also, such
undesirable phenomena as displacement of the plate, erup-
tion of threads, detachment of traction devices, wound infec-
tion along the threads,'*'* as well as is convenient for moni-
toring the state of the sternocostal complex in a corrected
position (Figure 5).

Figure 5: View of the patient after 3 months with the plate and
after removal.
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In the immediate postoperative period, complications were
noted, such as hemodynamic disturbances in 32.1% (pop
<0.001), secondary healing in 21.1% (pe <0.001) cases,
as well as recurrence of deformity in 25.0% (pe <0.001),
hypercorrection of the sternocostal complex in 10.7% (pep
<0.003) and keloid scarring of the wound surface in 14.3%
(pe> 0.05) of sick children in the late postoperative period.

The above complications were observed much less fre-
quently during treatment and management according to our
method. They were observed in the form of pneumothorax
in 2.63% (pp <0.013), intraoperative bleeding in 5.26% (pp
<0.004), prolonged surgery in 5.26% (p¢e <0.001), hemo-
dynamic disorders in 2.63% (pp <0.001), recurrence of de-
formity in 2.63% (p¢ <0.001) and formation of keloid scars
in 5.26% (pe> 0.05), respectively.

Consequently, during the traditional version of the Ravich-
Gross operation before using our version of the operation,
intra- and postoperative complications were observed in
29.5% of the operated children, and after using the proposed
optimized version of the Ravich-Gross operation, this figure
decreased to 3.95% ( pp <0.001), i.e., by more than 7 times.

CONCLUSION

The methods of thoracoplasty with the use of external fixa-
tors are acceptable for children of the younger age group
since these methods are safer in the long term than a metal
plate inside the chest due to excessive motor activity of chil-
dren. Good treatment outcomes are observed mainly in chil-
dren operated on at the age of 3-6 years. This age is consid-
ered optimal for the surgical correction of this malformation.
Z-shaped lengthening of the retrosternal ligament makes it
possible to avoid the recurrence of deformity in the long term
after the operation. The use of a modified plate makes it pos-
sible to extend the sternum for a longer period, i.e., a more
durable fusion of the resected ends of the ribs.
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