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The integrated approach in the treatment of soft
tissue sarcomas in children and adolescents at vari-
ous stages includes conservative methods and tac-
tics of surgical removal of neoplasms.

The main tasks of the surgical stage of treatment
are to remove the tumor in a single block without
damaging it, to ensure maximum functionality of
the affected organ and to prevent local recurrence.
However, in connection with the need for radical tu-
mor removal, significant tissue defects requiring re-
constructive manipulation are often formed during
surgery. Determining a sufficient resection width is
an important aspect of ensuring adequate volume
of surgical intervention.

According to the literature, over 300 histological
types of soft tissue sarcoma have been described.
These tumors are of mesodermal and less often neu-
roectodermal origin, and are localized in different
parts of the body. The morphological classification
developed by WHO experts comprises 15 types of
tumor process in terms of histogenesis. According
to statistics, among all bone and soft tissue tumors,
malignant neoplasms in the foot and ankle region
account for about 4% of cases [1]. Soft tissue sarco-
mas are rare tumors and in most cases are localized
in the extremity region [1].

These neoplasms are represented by a hetero-
geneous group of malignant tumors that are created
from primitive mesenchymal tissues and account for
7% of all childhood tumors [2].

According to statistics, among all bone and soft
tissue tumors, malignant neoplasms in the foot and
ankle region account for about 4% of cases [1]. Soft
tissue sarcomas are rare tumors and in most cases
are localized in the extremity region [1]. These neo-
plasms are represented by a heterogeneous group
of malignant tumors that are created from primitive
mesenchymal tissues and account for 7% of all child-
hood tumors [2].

Table 1. Histogenetic classification of soft tissue
sarcomas
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Diagram 1. Distribution of histological variants of
soft tissue sarcomas by frequency of occurrence
in children
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Rhabdomyosarcoma is a tumor of the striated
muscles. It is the most common soft tissue sarcoma in
children aged 0 to 14 years and comprises 50% of all
tumors in this age group [3]. The remaining soft tissue
sarcomas in children account for approximately 3% of
the total number of soft tissue sarcomas [4], and in-
clude neoplasms of: connective tissue (e.g. desmoid
fibromatosis), peripheral nervous system (e.g. ma-
lignant tumors of peripheral nerve sheaths), smooth
muscle (e.g. leiomyosarcoma), vascular tissue (blood
and lymphatic vessels, e.g. angiosarcoma) [5].

Non-rhabdoid soft tissue sarcomas are more
common in adolescents and adults [5]. Most of the
information on the treatment of young patients was
based on the tactics of conducting adult patients.
Such soft tissue sarcomas can develop in any part
of the body, but more often occur in the extremi-
ties and upper body [6-8] and are rarely localized
in the brain [9]. The clinical presentation can be as-
ymptomatic or, for example, with the involvement
of nerve structures in the process, accompanied by
pain syndrome. Systemic symptoms in the form of
fever, weight loss, increased night sweats are practi-
cally not found [10].

From the point of view of the histological pic-
ture, rhabdomyosarcoma and Ewing sarcoma can be
easily distinguished from other sarcomas. However,
other soft tissue sarcomas are more difficult to dif-
ferentiate. To make an accurate diagnosis, a biopsy
is necessary. The use of fine needle biopsy is not
desirable in view of the low informative nature of
the sample. An open biopsy is crucial for the com-
plete histological characterization of the sample,
for performing immunohistochemical, cytogenetic
analysis, fluorescence [11, 12], cryoconservation in
biobanks, etc. Longitudinal sections are used on
the extremities for surgical access, which allows to
a greater extent to preserve the skin and to reduce
the irradiation zone. The use of trepanobiopsy may
be accompanied by the formation of a hematoma,
which complicates the subsequent resection of the
tumor. To plan an informative biopsy of the affect-
ed area, ultrasound diagnosis, CT, or MRT studies
are needed [13]. Excisional biopsy is suitable only
for small superficial neoplasms (<3 c¢cm in diameter)
and is not standard [14, 15]. Execution of excisional
biopsy is associated with a greater risk of non-radical
surgery. Further, on the background of chemoradio-
therapy, it is difficult to distinguish scar tissue from a
possible residual tumor. Therefore, in the beginning
it is advisable to perform a nonexcisional biopsy, to
conduct further therapy followed by a radical oper-
ation. The criteria for successful treatment are the
histological form, the size and location of the neo-
plasm, the degree of malignancy, the presence of
local and distant metastases, the stage of the dis-
ease, the response to polychemotherapy and radi-
ation therapy. Treatment of soft tissue sarcomas is
poorly effective without a surgical stage. The ability
to perform complete neoplasm resection is the most
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important prognostic factor for survival [16-24].

The interrelation between the resection margin
and the recurrence of the disease is an important
issue in oncology surgery. Despite a large number
of scientific developments in this direction, at pres-
ent there are no clear criteria for estimating the suf-
ficient resection width [25].

Children with an unplanned resection of non-
rhabdomyosarcoma soft tissue sarcoma need a
re-excision of the postoperative cicatrix. In such
patients, tumor cells are often found in scar tissue,
since initially it is fairly difficult to remove a tumor
radically, and unplanned resection is associated with
suspected benign neoplasm and is performed with-
out taking into account the possible malignancy of
the process [26, 27]. In the research by Qureshi Y.A.
et al. the retrospective analysis showed that an un-
planned initial excision of soft tissue sarcoma leads
to an increased risk of local recurrence, metastasis
and fatal case. For tumors of a high degree of malig-
nancy, these parameters were the highest [28]. For
some types of children’s nonrhabdomyosarcoma
soft tissue sarcomas, the prognosis is more favor-
able. For example, infantile fibrosarcoma, which is
most often found in infants and children under the
age of 5, has a good prognosis, is sensitive to poly-
chemotherapy, and as a rule, is resectable [4].

Children with localized unresectable forms of
nonrhabdomyosarcoma soft tissue sarcoma have an
unfavorable outcome. Only about one third of pa-
tients who receive therapy regain their health [29-
32].

In the analysis of American and European cen-
ters, it was established that those patients, whose
planned removal of soft tissue sarcoma was per-
formed fully, have better survival rates compared to
patients who underwent non-radical resection. The
best results were noted in cases where radiothera-
py was also performed [31]. Therefore, each patient
needs an individual approach. Therapy planning
should be carried out before the start of treatment
[7, 33-37].

The tasks of surgical treatment of extremity soft
tissue sarcomas are to remove the tumor in a single
block, to prevent local recurrence, and to provide
maximum functionality [38].

Over the past decades, approaches to treating
sarcomas have undergone significant changes, pri-
mary amputations are increasingly being replaced by
organ preservation surgeries [39]. But in cases where
central vessels and nerves are involved in the tumor
process, or there is severe bleeding from the tumor
tissue, which can not be stopped conservatively, am-
putation remains the only correct treatment option
[40]. When resecting soft tissue sarcomas with dam-
age to bone structures, modern methods of pros-
thetics help to achieve good functional results.

Peripheral nerves, as a rule, are not involved in
the tumor process or are easily isolated with preser-
vation of the nerve sheaths. In cases where the nerve
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is diseased, it is necessary to resect it altogether
with the tumor in a single block. In adult patients,
neural grafts often do not function, which is prob-
ably related to age, but can be successfully used in
children. In complete resection of the sciatic nerve,
the extremity functionality is preserved [41]. In the
postoperative period, due to the risk of decubitus
formation, knee orthoses should be used with cau-
tion, among other things because of the reduced
sensitivity of the extremity [42].

If possible, it is necessary to avoid removing the
periosteum, especially in the femur, since its exci-
sion with subsequent radiation therapy increases the
risk of pathological fractures [43]. The periosteum
should be resected in cases where it is likely to be in-
volved in the tumor process. In this case, the area of
bone resection is recommended to be fixated [44],
however, there is no reliable data on the stabiliza-
tion efficiency in this case [45, 46]. The frequency of
occurrence of pathological fractures in such patients
is extremely small and is associated with the dose of
radiation therapy, most often they occur in the femur
[47]. In some cases, bone fixation may be supple-
mented with a pedicled fibular graft [48].

In successful surgical treatment of patients an
important point is a wide excision of the primary
tumor (of the whole block without damage to the
tumor, with sufficient margin of healthy tissue). Re-
section should be performed outside the pseudo-
capsule of the tumor, through normal unaffected
tissue. Intraoperative damage to the tumor structure
(i.e., intralesional surgery or resection) leads to an
increase in the frequency of local recurrences [38].

The presence of tumor cells in the resection mar-
gin also affects the frequency of local recurrences
[38, 49-55], increases the risk of distant metastases,
and decreases survival rates [54, 56]. The resection
margin is positive if the tumor cells are histologically
determined in the edge of the tissue being resect-
ed. For intraoperative evaluation it is reasonable to
use express histological diagnostics, which reduces
the risk of non-radical surgery. Its technique is a re-
moval of the tumor, followed by a small resection
of surrounding tissues and their urgent histological
evaluation.

In case of patients with non-radical resection, if
possible, it is necessary to perform a resection with
complete excision of the remaining tumor edges
[57]. It is necessary to take into account the volumes
of repeated surgery, the possibility of traumatizing
the neurovascular structures, and also the fact that
in patients with R1 resection, the frequency of lo-
cal recurrences was 30% greater as compared to RO
resection, where the frequency of local recurrences
was 5-10% [58, 59].

When a tumor is resected, healthy tissue should
encircle the pathological area. The required thick-
ness of the resected noninvolved tissue remains
debatable. According to literature data, it is recom-
mended to remove at least 1 cm margin from the
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tumor edge or the resection margin should include
a fascial barrier [52, 60]. In practice, it is not always
possible to remove a tumor with a margin of 1 cm,
especially when large vessels are involved in the tu-
mor process [60]. A combination of reconstructive
surgery and adjuvant radiotherapy helps to achieve
good results, which is associated with a good tumor
sensitivity to radiation therapy [61, 63, 64]. Tumors
of high degree of malignancy are the ones most
prone to local recurrence [62, 63, 64], which reason-
ably worsens the prognosis of the disease.

In patients with locally advanced form of extrem-
ity soft tissue sarcoma, it is advisable to use isolated
chemotherapeutic perfusion. Performing this pro-
cedure with the use of alpha-tumor necrosis factor
allows to preserve the extremity in 81% of cases [65].

In the study by Kandel R. et al. it was shown that
the size of the surgical margin from the tumor edge
does not significantly affect the overall survival of pa-
tients [39]. From the point of view of the operating
surgeon, it is safer to make a sufficient margin, but in
some cases the possibility of maintaining the func-
tionality of the operated region is possible only with
a microscopic margin from the tumor border that is
confirmed by express histological diagnostics. De-
spite a large number of scientific developments, at
present there are no clear criteria for assessing the
sufficient width of the resection.

However, major surgery with a wide surgical
margin, which is accompanied by significant de-
fects in soft and bone tissues, is often appropriate
for patients with locally advanced form of extremity
soft tissue sarcoma. The use of plastic reconstructive
surgery techniques, for example, closure of defects
with a local advanced flap, free fasciocutaneous
flap, musculocutaneous flap, osteocutaneous flap or
split-skin grafts can reduce functional disorders even
with large resection volumes or in cases of tumor lo-
calization in close proximity to anatomically import-
ant structures, which is accompanied by a significant
improvement in the quality of life of such patients.

For plastic surgery, the defects that arise after
extensive resection of the neoplasms, notably in the
back and side surfaces of the foot, are of particular
complexity. This is due to the anatomical features
of this area and the direct participation of the foot
in the movement of the body and the wearing of
shoes [66-69]. One of the common options for clos-
ing such defects is the use of a local advanced flap.
It is possible to use a free split-skin graft, however,
during walking in the postoperative period this tis-
sue, as a rule, does not withstand a significant load.
The cosmetic result and innervation in the area of
the transplanted graft are also impaired, the intra-
operative interval time increases. The technique of
performing a local advanced flap requires speciall
skills which not all children’s surgeons possess [70].

For resections larger than 3 cm? and without in-
volvement of bone structures in the tumor process, it
is practical to use a free fasciocutaneous or musculo-
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cutaneous flap, as well as to close defects with local
tissues. When bone tissue is involved in the tumor
process, it is also possible to perform replacement
of defects with free flaps, including osteocutaneous
grafts. Defects of large sizes can be closed in several
stages of reconstructive surgeries [71, 72].

The use of plastic surgery techniques to close
large defects in the area of the distant neoplasm al-
lows rapid healing of the surgical wounds and re-
covery of the patient in the postoperative period,
provided that sufficient blood supply to the tissues
is preserved, which increases the effectiveness of
treatment due to the timely delivery of adjuvant ra-
diation and/or chemotherapy.

The use of the fasciocutaneous sural flap has
positively proved itself for the closure of defects in
the heel and ankle area due to its plasticity and good
blood supply [73-76]. The inflow of blood to this flap
is due to the artery of calf, which, descending be-
tween the heads of gastrocnemius muscle, is a con-
tinuation of the popliteal artery. It is accompanied
by veins and medial sural cutaneous nerve, which
branches from the tibial nerve. Its formation should
be started at least 5 cm proximal of the lateral mal-
leolus, which is a favorable condition for preserving
adequate anastomosis of the flap with the peroneal
artery [77-79]. Mendieta et al. report on the success-
ful recovery of sensitivity in the sural flap due to the
connection of the transected nerve of the graft with
the cutaneous branch of the superficial fibular nerve
[80]. Tan et al. report on a series of such success-
ful reconstructions of nerves with the preservation
of the overall viability of the sural flap [81]. These
works are of particular interest from the point of view
of restoring the sensitivity of the flap, especially in
cases of large resection volumes, and require further
observation. A medial plantar flap is used to close
small defects of the foot soft tissues with the preser-
vation of innervation of the graft [82, 83].

Special attention should be paid to rotation-
al axial pedicled flaps with the ability to rotate the
graft from 90 to 180 degrees. Dong et al. reported
on similar successful operations in 20 patients with
extensive defects in the shin and foot area. All the
flaps remained viable, the size of soft tissue defects
ranged from 2 x 8 cm to 10 x 20 cm. In 12 patients
the places of graft harvesting were closed with local
tissues, in 8 cases a split cutaneous thigh flap was
used [84]. In some cases free microvascular grafts
may be used to close large volumes of resection,
for example, a fasciocutaneous flap from the antero-
lateral surface of the thigh or from the parascapu-
lar area, as well as a flap from the latissimus dorsi
with or without a cutaneous area. After taking the
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flap from the anterolateral surface of the thigh, de-
pending on the age and volume of the thigh, with a
flap width of up to 10 cm, it is possible to close the
defect with local tissues, whereas in case of larger
grafts the defects should be closed with split-skin
grafts. If it is necessary to use a free graft to close a
foot defect, preference should be given to the flap
from the front surface of the thigh, which is connect-
ed with a more favorable functional and cosmetic
result due to the well-developed subcutaneous fat,
as compared to the flap from the parascapular area.
The blood supply of the parascapular fasciocutane-
ous flap occurs due to the branches of the arteria
circumflexa scapulae emerging from the triangular
space between major and minor teres muscles and
the long head of the triceps muscle of arm. Depend-
ing on the age and body surface area of the child,
the flap width can vary up to 12 cm wide and 25 cm
long, which allows closing the defect of the donor
wound with local tissues [85-87].

While using locally advanced flaps, there is a
probability of spreading the tumor process to the
graft harvesting area due to possible contamination
of healthy tissues by tumor cells [88], however, ac-
cording to the literature, such cases are isolated, and
the positive effect of plastic reconstructive surgery
significantly exceeds the possible risks [89]. The ad-
vantage of closing defects with local tissues is also
the absence of the need for intensive postoperative
control of the flap. In such cases postoperative ther-
apy, in particular the use of anticoagulants, may be
more sparing. In other situations the advancement
of local flaps can be technically a more complex and
risky manipulation as compared to using a free mi-
crovascular flap, the practice technique of which has
become more accessible and significantly simplified
thanks to modern technologies [1].

In some cases a more detailed preoperative
planning of the operation with a clear assessment
of the width of resection margins is necessary. The
base of the defects after removal of neoplasms can
be tendons and articular surfaces, which significantly
worsens wound healing, leading to delayed radia-
tion or chemotherapy. In this situation it is neces-
sary to apply a combination of plastic reconstructive
surgery methods to close the surgical defect and to
prevent infection of the wound and nearby struc-
tures - tendons, bones, and muscle tissue. The use
of a free microvascular flap pertains to high-tech
medical care; despite the more sophisticated tech-
nique of execution, this variant of reconstruction can
be considered the only correct tactic for a particular
patient.
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