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Abstract

Background. Open fractures of the lower limb bones associated with extensive soft tissue defects are among the
most challenging in trauma surgery.

Aim of the study is to demonstrate the possibilities of modern reconstructive surgery in the treatment of severe
polystructural trauma of the lower limb using a unique clinical example.

Case description. An 18-year-old patient sustained a polytrauma which included head and extremities injuries
as a result of a fall under a moving train. Due to the signs of uncompensated ischemia of the left lower limb
at the first stage of treatment the patient underwent emergency left tibial artery thrombectomy, repeated
debridement of the left lower leg wound, remounting of the external fixator, and lumbar sympathectomy. The
second stage of surgical treatment included free transplantation of a vascularized anterolateral flap of the right
thigh. The third stage included staged necrectomies; replacement of the soft tissue defect of the posteromedial
surface of the distal lower leg with a sural fasciocutaneous vascularized flap on the distal vascular pedicle from
the contralateral tibia; the fourth stage included cutting off the fasciocutaneous cross flap. At the follow-up,
2 years after the end of the treatment the patient complained of persisting swelling of the foot, which occurred
during prolonged standing in the upright position and required elastic compression of the ankle joint. The
cause of the swelling was impaired lymphatic outflow due to the damage to all venous collaterals in the injury
area. She walks with full load on the injured limb without additional support. There is no pain syndrome, foot
sensitivity is fully preserved.

Conclusion. Presented clinical case demonstrates the possibility of successful replacement of an extensive
circular defect of the distal lower limb using sequentially free and non-free vascularized tissue complexes.

Keywords: extensive soft tissue defect, free vascularized anterolateral thigh flap, flap necrosis, non-free sural
flap, microsurgical transplantation of tissue complexes.
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LWMPKYNSIPHBbIM AeEeKTOM MSArKMX TKaHe HUKHEN TPETU FOJIeHMU:
KNIMHUYECKUI Cny4van
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Pedepar

AxkmyansHocme. TlocTpamaBiiye ¢ OTKPLITBIMU IEPEIOMaMy KOCTeli TOJIeHM, COTTPOBOKIAIOIIMMMUCST OOIINUP-
HbIMM TedeKTaMM MSITKUX TKaHei, OTHOCSITCSI K OJHOM M3 CaMbIX CJIOKHBIX KaTeropuit MalnyeHToB B TpaBMa-
TOJIOTUM.

Ilenv — Ha YHUKAJIbHOM KJIMHMUYECKOM IIpMMepe MoKa3aTh BO3MOXKXHOCTYM COBpPeMEHHOJ PeKOHCTPYKTUBHOM
XUPYPIUY TIpU JIeUeHUM TSKENI0M MOANCTPYKTYPHOM TPaBMbl HUKHEY KOHEUHOCTH.

Onucanue cayuas. TlanyieHT 18 neT MoMyun COYETAaHHYIO TPAaBMY TOJIOBbI M KOHEUHOCTeN B pe3y/ibTaTe Ia-
IeHUsT TIOM, ABVDKYIIMICS TIoe3[. B ¢BSI3u ¢ HajnuuueM IMPU3HAKOB HEKOMIIEHCHMPOBAHHON MIlIeMUM JIeBOi
HIDKHE KOHEUHOCTM Ha MepBOM 3Tarle Je4eHMs MOCTPaJaBIIeMy B SKCTPEHHOM ITOPSIKe GbUIM BBITIOIHE-
HBI TPOMOIKTOMMSI U3 JIEBOII OOJIBIIIEOEPIIOBOIL apTepun, ITIOBTOPHAS XUpyprudeckas 06paboTKa paHbl JIEBOi
TOJIeHM, IEPEMOHTAK CTEP;KHEBOTO allapara, MOSCHUYHAs CYMITaTIKTOMMS. BTOpOii sTam Xupypruuyeckoro
JledeHusT BKJIIOUAI CBOOOMHYIO Iepecajiky KpOBOCHAGKaeMOoro IMepemHeraTepaabHOTO JIOCKyTa IIpaBoro be-
Ipa. Ha TpeTbeM 3Tarme — 3TaliHbie HEKPIKTOMMUM; 3aMelileHNe JedeKkTa MATKMX TKaHel 3afHeMeaalbHO
TTOBEPXHOCTY HUKHE! TPeTU roJieHM HeCBOGOAHBIM CYpabHBIM KOXKHO-(acIaJbHbIM KPOBOCHA6KaeMbIM
JIOCKYTOM Ha AMCTAJIbHOM COCYAMCTOM HOXKe C KOHTpaiaTepa/ibHOV TOJeHN; YeTBepThIii 3Taml BK/I0Uasl OT-
ceueHMe TepeKpPecTHOr0 KOxKHO-dacIMaabHOTO JOCKyTa. [Ipy KOHTPOJIBHOM OCMOTpe uepe3 2 rofa mocjie
OKOHYAHUS JieueHMs TalYeHT MPeIbsBISI Kamo0bl Ha COXpaHEHMe OTeYHOCTU CTOIbI, BO3HUKAIOIIEN TPy
IJIVUTEIbHOM HaXOXIEHUM B BEPTUKATHLHOM ITOJIOXKEHUM U TPeOYIOIIeii 971aCTUUeCKOi KOMITPeCCUM TOJIeHO-
CTOITHOTO CyCTaBa. [IpMUMHO OTEUHOCTH SIBJSJIOCh HapylieHue JMM@aTuIeckoro OTTOKA B CBSI3M C TIOBPEK-
IeHMeM B 06/IaCTY TpaBMbI BCEX BEHO3HBIX KoJlaTepasieit. XoIuUT ¢ TOHOI Harpy3Koil Ha TpPaBMYPOBAHHYIO
KOHEYHOCTh 6€3 JOIMOJIHUTEIbHBIX CPEICTB OMOPbI. Bo/IeBOi CMHAPOM OTCYTCTBYET, YYBCTBUTEIBHOCTD CTO-
I1bI MOJTHOCTHIO COXPaHeHa.

3akniouenue. TIpencraBieHHOEe KIMHMYECKOE HAOIOMeHMEe JEMOHCTPUPYET BO3MOKHOCTD YCIEIIHOTO 3aMe-
HIeHMs OOLMIMPHOTO HYPKYISIPHOTO AedeKTa HUKHEN TpeTy roJIeH! C UCITOIb30BaHMeM ITOCIeI0BATEbHO CBO-
60HOT0 ¥ HECBOOOIHOTO KPOBOCHAGKaeMbIX KOMITJIEKCOB TKaHEIA.

KiroueBble cJ10Ba: OOIIMPHBIN HedeKT MITKUX TKaHei, CBOOOIHbI/I KPOBOCHAOKAaeMblii ITepegHeaTepalb-
HBIIi JIOCKYT 6e/ipa, HeKPO3 JIOCKYTa, HECBOOOIHBII CypasIbHBIN JIOCKYT rOJIEH, MUKPOXMPYpruieckas mepe-
cajJKa KOMIIJIEKCOB TKaHel.
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BACKGROUND

Patients with open fractures of the lower leg
bones associated with extensive soft tissue
defects rightfully belong to one of the most
difficult categories of patients in traumatology
and reconstructive surgery of the limbs [1].
The most frequent cause of such injuries are
high-energy traumas that occur in everyday
life as a result of road and railway accidents,
and in wartime as a consequence of mine blast
and gunshots. Extensive damage to tissues,
significant contamination of wounds, vascular
and nerve damage are high-risk factors for
delayed fracture healing and development of
infectious complications [2]. To save the limb, it
is necessary to evacuate the patient as soon as
possible to a specialized medical care center, to
cooperate the work of specialists in the field of
traumatology and orthopedics, vascular, plastic,
septic and neurosurgery. At the same time, the
problems of surgical wound treatment and its
stages, preparation of the wound surface for
plastic closure, choice of tissue complexes are
priorities in the struggle for limb salvage. It
should be noted that knowledge of the entire
arsenal of reconstructive surgery methods,
including the use of microsurgical techniques,
allows to successfully restore the integrity of
damaged tissues even in conditions of wound
infection [3].

This clinical case illustrates the result of
a complex treatment of a patient with severe
trauma of the lower third of the leg resulting
from a collision with a wagon wheel bogie.

Aim of the study is to demonstrate the
possibilities of modern reconstructive surgery
in the treatment of a patient with severe
polystructural trauma of the lower limb.

CLINICAL CASE DESCRIPTION

An 18-year-old patient sustained a polytrauma
of head and limbs as a result of falling under a
moving train. He was taken to a district hospital,
where he was diagnosed with craniocerebral
injury, concussion, closed fracture of the body
of the left clavicle without displacement of
fragments, severe mechanical trauma to the
left lower limb with open dislocation of the left
foot, comminuted fracture of the left medial
malleolus, extensive degloving wound of the

anteromedial surface of the left tibia, circular
skin detachment of the lower third of the leg
(4% of the body area), damage to the anterior
and posterior tibial arteries, tibial and peroneal
nerves, uncompensated ischemia of the left leg
(Fig. 1).

After physical examination the patient
underwent wound debridement of the left lower
limb. External fixation was performed on the day
of admission.

Fig. 1. Patient’s left lower limb fixed with an external
fixator:

a, b — general view;

¢, d — X-ray images of the left lower limb and foot in
two views
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The next day the patient was transferred
to the Clinic of Military Traumatology and
Orthopedics for further treatment. The general
condition on admission was assessed as severe
and corresponded to 24 points according to the
MS-COA scale, 9 points — MS-D (MT), 4 — AIS,
8 — MESS [4, 5, 6]. The diagnosis was made:
polytrauma of the head, limbs (02.03.2020).
Craniocerebral trauma; cerebral concussion;
severe mechanical trauma of the left lower limb
— open dislocation of the left foot, comminuted
fracture of the left medial malleolus, fixed with
a KST external fixator. Extensive wound of the
anteromedial surface of the left tibia, circular
skin detachment of the lower third of the leg (4%
of the body area). Interruption of the anterior
tibial artery with a 10 cm defect. Thrombosis
of the posterior tibial artery. Rupture of the
deep branch of the peroneal nerve throughout.
Contusion of the tibial nerve. Mosaic necrosis
of the anterior and posterior muscle groups of
the left leg. Uncompensated ischemia of the left
lower limb. Moderate acute blood loss.

Due to the signs of uncompensated ischemia
of the left lower limb, the patient underwent
emergency thrombectomy of the left tibial artery;
repeated debridement of the leg wound, remount
of external fixator, and lumbar sympathectomy

(Fig. 2).

Fig. 2. Stages of posterior tibial artery
thrombectomy:

a — isolation of the posterior tibial artery;

b — insertion of the Fogarty catheter into the
posterior tibial artery

A stable blood flow was achieved in the left
tibial artery system with restoration of blood
supply to the distal parts of the left lower limb.
In the following 2 weeks, the patient received
complex therapy aimed at restoring homeostasis
and preventing infectious complications. Local
treatment included changing aseptic dressings,
necrectomy with subsequent negative pressure
wound therapy (NPWT). Later, the 400 cm?
soft tissue defect of the lower third of the leg
with exposure of the underlying tendon and
neurovascular structures developed. In this
regard, a free transplantation of a vascularized
anterolateral flap of the right thigh was planned
(Fig. 3). In the preoperative period, the patient
underwent ultrasound Doppler examination
of the anterolateral surface of the right thigh
to clarify the localization of the perforating
vessels, which are branches of the descending
branch of the lateral femoral circumflex artery
(a. circumflexa femoris lateralis).

Fig. 3. The wound after staged necrectomies

Initially, after excision of the scar wound edges,
the anterior tibial artery and the great saphenous
vein were isolated in order to anastomose
with the flap vessels, then a free vascularized
anterolateral femoral flap was formed on the
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right thigh and transplanted to the defect area
(Fig. 4). The end-to-end suture of the flap vessels
with the pre-selected vessels of the tibia was
performed. The total anoxia time of the flap was
95 min. Osteosynthesis of the lower leg bones was
performed with hybrid external fixator bridging
the ankle joint. In the postoperative period,
vasoactive and antibacterial therapy, a course of
hyperbaric oxygenation were administered.

However, within 18 days after the surgery,
partial (40%) flap necrosis gradually developed
due to the venous insufficiency (Fig. 5). As a result
of stage debridement, the necrotized part of the
flap was excised, and the inner and posterior
surfaces of the ankle joint were deprived of skin
cover.

Due to the exposure of the posterior tibial
artery and tibial nerve, as well as the tendons
of the inner and posterior surfaces of the ankle
joint, it was decided to replace the soft tissue
defect of the posterior medial surface of the lower
third of the leg with a non-free sural skin-fascia
vascularized flap on the distal vascular pedicle
from the contralateral leg.

Fig. 4. Marking of the anterolateral flap on the right
thigh (a); view of the left lower limb on the 1t day
after the transplantation of the vascularized tissue
complex in the device (b)

The flap was started to be formed in the upper
third of the lower leg from the separation of the
axial vessels along the calf nerve. The flap width
at this level was the maximum and made 12 cm.
Following subfascially in the distal direction, the
graft separation was continued up to the place
of the exit of the vessels supplying the tissue
complex from the intercostal membrane — 6 cm
above the medial malleolus. The length of the
flap was 22 cm. The formed sural skin-fascia flap
was able to replace up to 80% of the soft tissue
defect. The rest of the wound with a granulating
base as well as the donor area were closed with
a split skin autograft from the outer surface of
the left thigh. The lower limbs were externally
fixed using the KSVP external fixator, which
also protects the transplanted flap from external
compression (Fig. 6).

In the postoperative period, uncomplicated
complete engraftment of the transplanted flap
and split skin autograft was achieved. Three weeks
later, the flap pedicle was cut off under local
anesthesia, the Ex-Fix was removed, and the legs
were separated (Fig. 7).
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Fig. 5. Left lower limb from the inside (a) and from
the back (b) of the left tibia (b) with a partially
necrotized transplanted anterolateral flap

114 2024;30(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS

Fig. 6. Lower limb view after transposition of a vascularized sural flap from a healthy limb (a); fixation of both
lower limbs in a frame-type external fixator in suspension (b)

Fig. 7. View of the lower limb and foot after cutting off the pedicle of the sural flap:

a — external surface; b — internal surface

After immobilization was discontinued, the
patient started walking on crutches with partial
weight bearing on the operated limb. Within
4 weeks, the patient started full weight bearing,
which allowed him to completely stop using
additional means of support.

At the follow-up examination 2 years after
the end of the treatment, the patient complained
of persisting swelling of the foot, which occurs
when standing upright for a long time and
requires elastic compression of the ankle joint.
The swelling was caused by impaired lymphatic
outflow due to the damage to all venous
collaterals in the area of the injury. He walks with
full weight bearing on the injured limb without
any additional means of support (Fig. 8). Pain
syndrome is absent, sensitivity of the foot is fully
preserved.

Fig. 8. View of the operated lower limbs 2 years after
the surgery
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DISCUSSION

Traumatic injuries of the lower limb with
extensive soft tissue defects are the result
of a high-energy external impact. Due to
contamination of the wound surface, as well as the
damage to the main vessels, septic inflammation
and decompensation of blood supply to the
distal parts of the limb become the main causes
leading to limb amputation [7, 8, 9]. Before the
Industrial Revolution, lower limb injuries were
predominantly sustained on the battlefield
[10, 11]. The high mortality rate due to infection
made primary amputation the standard of care in
the management of such injuries [11, 12].

Invention and introduction of penicillin
into clinical practice in the 1940s allowed
to successfully control wound infection.
These developments opened a new era and
demonstrated the prospect of the possibility of
limb salvage [12]. As a result, amputation was no
longer mandatory, shifting the surgical goal to
limb preservation. Development of plastic tissue
replacement techniques during the 20" century,
and in particular, introduction of microsurgical
transplants of tissue complexes made limb
saving a realistic and pragmatic option for the
most complex cases. It should be noted, however,
that lower limb defect replacement surgeries,
especially on the lower leg bones, despite the
progress made in the more than a 50-year history
of microsurgery, are still technically the most
challenging ones [13].

According to the literature, the probability
of uncomplicated engraftment of transplanted
free tissue complexes remains lower than in
other defect localizations [14]. Thus, according to
different authors, reconstructive operations on
the lower leg had a favorable outcome in only 80%
of patients, while after free flap transplantation
in other defect localizations the success was
achieved in more than 95% of patients[15, 16].Itis
noteworthy that patients with polytrauma are in
a state of hypercoagulability, which also worsens
the conditions for successful microsurgical
reconstruction. Partial or complete necrosis of
the transplanted tissue complex, in turn, may
lead to the need for limb amputation [17, 18].
Such treatment outcome leads, on the one hand,

to a decrease in the patient's quality of life and,
on the other hand, to significant health care costs
for further treatment, including the need for limb
prosthetics[19].Thus, partial or complete necrosis
of the transplanted flap requires the search for
alternative reconstructive approaches. However,
there are still few publications on the treatment
strategy after failed limb reconstruction [20, 21].

The list of surgical strategies to solve this
problem includes the use of the second free flap
as well as less complex solutions such as local
flaps, NPWT, dermatome grafts or amputation.
According to G.G. Hallock, reuse of a vascularized
tissue complex ends up developing necrosis
8-10% more often than after the primary surgery,
with venous thrombosis being the most common
cause of failure [22].

Partial necrosis of the free flap we transplanted
was most likely also the result of venous outflow
insufficiency from the graft. Accordingly,
repeated transplantation of the tissue complex
with anastomoses to the posterior tibial vessels
was associated with an increased risk of the
steal syndrome or thrombosis of the recipient
vascular bundle. In both cases, this could cause
decompensation of the blood supply to the foot
and its necrosis. In case of partial flap loss, some
authors suggest considering the use of a split skin
graft as an option with a high overall probability
of success [23]. In our clinical case, the presence
of exposed vessels, nerve and tendons excluded
the possibility of using both dermatome graft
and NPWT.

Several authors consider skin grafting with
local tissues to be a reliable alternative to free
flap. One of the most frequently used non-free
tissue complexes for replacing defects of the distal
parts of the lower limb is a sural skin-fascia flap
on the distal pedicle, first described by P. Donski
and I. Fogdestam in 1983 [24]. Later, in 1992,
A. Masquelet et al. performed a topographic and
anatomical justification of the use of the sural
flap on the distal vascular pedicle [25]. The
generally recognized advantages of this tissue
complex are the technical simplicity of its
isolation, a long pedicle, a wide rotation arch,
minimal damage to the donor area, preservation
of the main arteries, and the possibility of
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including a large part of the posterior surface
of the lower leg in the skin-fascia flap. The
combination of these features makes it the flap
of choice for replacing extensive defects of the
lower leg or foot when transplantation of free
tissue complexes is impossible [26]. However, in
our case, the presence of a primary circular defect
of the lower third of the leg excluded its formation
on the same limb. At the same time, there was
an option of a non-free flap transplantation
from the contralateral healthy limb. The first
mention about the use of a cross flap dates to
1854, when the American surgeon F.H. Hamilton
used it for the first time to treat a persisting
wound of the lower leg [27]. Later this method
of reconstructive surgery was successfully
applied to replace defects of the distal parts of
the lower limbs, especially in the treatment
of the injured during World War II. In 1952,
R.B. Stark summarized previously obtained
treatment results and reported the advantages
of this type of plastic surgery in lower limb
reconstruction [28]. The implementation of
microsurgery in the 1970s significantly narrowed
the indications for a cross-dermal grafting.
In most cases, they are caused either by general
factors (age, diabetes, long history of heavy
tobacco smoking, etc.) or local factors (obstructive
disease or damage to the main vessels, radiation
therapy of the limb, etc.) [29].

In our case report, the use of a cross-sural skin-
fascia flap on the distal pedicle with a damage to
a part of the main great vessels and an extensive
soft tissue defect allowed to restore the skin and
preserve the limb of a young patient.

CONCLUSIONS

This clinical case demonstrates the possibility
of successful replacement of an extensive
circular defect of the lower third of the leg using
sequentially free and non-free vascularized
tissue complexes. The use of a cross non-free
sural skin-fascia flap to close the defect that
appeared after partial necrosis of the previously
transplanted vascularized anterolateral thigh
flap allowed to completely restore the skin of the
lower third of the leg. The main advantages of
this variant of grafting are the relative technical
simplicity of the surgical intervention, short time
of the operation. The main disadvantage is the
necessity to observe strict bed rest with forced

position of the legs during 3 weeks before the
flap cutting. Thus, the main indication for its
application is the failure of previously performed
reconstructive surgeries on the distal parts of the
lower limb.
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