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P A A

The purpose of the study was to determine indicators for the soft tissue perfusion evaluation in the scheme of gunshot
defects “closure” using a variety of flaps from V=Y and Keystone till “propeller” and free flaps. A thermal imaging camera FLIR
C2 with an integrated temperature gauge was used to obtain thermometric images together with a digital photograph of the scanned
anatomical area. Microcirculation in damaged tissues plays an important role in wound substrate and the future flap in certain
anatomical structure viability ensuring. That’s why its important to determine the features of the soft tissues perfusion fire
transformation and the place of the corresponding blood supply from where it is possible to “raise” the flap in the future. The
original dynamic multimodal concept using DDT and sonographic evaluation of soft tissue perfusion allows to look at the specific
gunshot wound changes in a new way and to plan strategically the optimal path of reconstructive-plastic recovery. The
thermographic and sonographic criteria uniqueness for soft tissue perfusion assessing in the context of large gunshot defects closing
are reliable and objective, allow to assess the condition of the future wound bed and edges. They can be used not only to evaluate
the wound before closing the defect but also to correct further tactics in the large defects or wounds treatment that do not heal for
a long time.

Key words: dynamic digital thermography, sonographic evaluation of soft tissue perfusion, perforator vessels, gunshot
wound reconstruction.
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L.IL. Xomenko, I.A. Jlypin, B.B. Heroayiixo, C.B. Teprumnnii,0.M. Ilonosa,
P.C. BactbsinoB, b. Baiic

AJITOPUTM OIIIHKHU MEP®Y3Ii M'SIKUX TKAHUH Y CXEMI «3AKPUTTSI»
BOT'HEITAJIBHUX JTE®EKTIB

/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

Mertoto mocniKeHHS € BU3HAYCHHS TIOKa3HUKIB TIep(y3il M'IKMX TKAHMH B CXEMi «3aKPUTTS» BOTHETIABHUX JIC(EKTIB i
4yac BUKOPHCTaHHS PI3HOMaHITHMX KianTiB Big V-Y Tta KelictoyHa mo mpomenepHMX Ta BUITBHMX KianTiB. st oTpuMaHHS
TEPMOMETPHYHIX 300pakeHb pa3oM i3 IMQPOBOIO Qororpadico CKAHOBAHOI AHATOMIYHOI IUISHKH aBTOPH BHKOPHCTOBYBAIH
TeroBiziiiHy kamepy FLIR C2 3 BOynoBaHMM aT4MKoM TemrepaTypy. MiKpOLMPKYJIALIis B yIIKOPKEHNX TKAHHHAX BIJIIrPa€e BaYKIIUBY
poutb y 3a0e31eueHHI JKUTTE3IaTHOCTI PAaHOBOTO CyOCTpaTa Ta MaiiyTHBOTO KIIaNTsl y BKa3aHiil aHaTOMI4HIH CTPYKTYpi, 1 TOMy icHye
HEOOXiZHICTh BH3HAYUTH OCOONHMBOCTI BOTHENaTbHOI TpaHchopmamii mepdy3ii B M’SKHMX TKaHWHAX, MICII BiOIIOBITHOTO
KPOBOIIOCTa4aHHs, 3BIIKM B MailOyTHbOMYy MOJKJIMBO «ITiIHIMATH» KJIanoTh. 3alpONOHOBAaHA HAMH OpHIiHAIbHA JWHAMIYHA
MyJIBTUMO/IAJIbHA KOHIenis 3a paxyHok JILIT Ta coHorpadiqHO1 ouiHky nepdys3ii M’ IKHX TKaHUH JI03BOJISIE TO-HOBOMY MOANBHUTHCH
Ha crieru(ivHi 3MiHM, IPUTAMaHH] BOTHETIAILHOMY YPa)KeHHIO Ta CTPATETiqHO CIUIAHYBAaTH ONTUMAITBHUN IIIIX PEKOHCTPYKTUBHO—
TUIACTUYHOTO BiJTHOBJICHHS. Y HIKaIBHICTh TepMorpadivHuX Ta COHOrpadiqHUX KPUTEPIiB OLHKH rep(y3il M'SIKHX TKAaHUH B KOHTEKCTi
3aKPHTTS BEJIMKUX BOTHENAILHUX Je()eKTIiB € HaJiHHUMU Ta 00’ €KTUBHUMH, JO3BOJISIOTH OLIHUTH CTaH MaiOyTHBOTO JI0XKa Ta KpaiB
pasu. Born MOXXyTh OyTH 32CTOCOBaHI HE TUIBKHU IJISI OLIIHKH paHH Tepe/1 3aKpUTTAM JeeKTy, ane i Iuist KOPEKIii MOAaNbIIo] TAKTHKA
TIPY JIIKYBaHHI BEUKHX JIe(eKTiB a00 paH, 110 IOBrO HE 3arOl00ThCS.

KurouoBi cioBa: nuHaMivHa 1udposa Tepmorpadis, coHorpadiyna orinka nepdysii M’Ikux TKaHHH, nepdopaTopHi
CYIVHH, PEKOHCTPYKIIisl BOTHETIAILHOI paHH

///////////////////////////////////////////////////////////////////////////////////////////

The study a is fragment of the research project “Development of modern methods of diagnosis and treatment of purulent-
septic complications in combat surgical trauma”, state registration No 0120U101834

The damaged anatomical area restoration after a gunshot wound is a difficult task due to the lack
of adequate blood supply to the damaged area and the secondary changes present in the surrounding tissues.
Comorbid pathology presence in the form of diabetes mellitus, cardiovascular diseases, micro- and
macroangiopathies can worsen sometimes the conditions for subsequent reconstruction. Surgical options
may be limited even in young persons due to anatomical features in cases of large extremity defects where
skin-subcutaneous or skin-fascial flaps may be limited by the anatomical arch of rotation and the general
principles of a 2:1 flap length-to-base ratio [3, 8]. This tohether with blood supply decrease reduces the
resistance of “transferred” tissues to the bacterial flora of the wound during the postoperative period [6].

© I.P. Khomenko, I.A. Lurin, 2023
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The flaps proposed by plastic surgeons for restoration were raised superficially in relation to the
deep fascia during surgical interventions on the limbs [7]. The vascular plexuses peculiarities diagnostics
using a dye on anatomical preparations demonstrated that fascial plexuses have connections with
subcutaneous plexuses and sometimes with vascular plexuses below the level of the deep fascia. This
opinion confirmed that the reconstructive base — the vascular component — can be located below the deep
fascia [7, 11]. Knowing this surgeons developed a large number of flaps for the lower extremities with
perforating vessels as the “keys” for them. To identify the perforating vessels soft tissue perfusion
sonographic evaluation was used.

The basic step in the perforant identification was a portable Doppler system which initially allowed
to make the preoperative planning and intraoperative control. But among the portable unidirectional
Doppler fluorometric analysis advantages there was also a disadvantage in the form of their preferential
use on the body [3, 5]. One colud succeed to establish the blood flow direction during diagnostic monitoring
but it was impossible to determine the vessel’s diameter and calculate the blood flow voluminar and
velocities characteristics which is extremely important before surgery. Such an optional misadvantages in
the flaps’ “key” led to postoperative complications rate increase [5, 11].

The use of ultrasound systems with the ability to assess low-speed blood flow can avoid a number
of complications and risks [10] but this imposes a number of requirements in ultrasound diagnostics for the
specialist qualification [5, 7]. The next stage in the evolution of the diagnostic plan for perforating vessels
is CT angiography which gives a clear idea of the spatial anatomical location, the size of the vessel, its
direction and relationship with the surrounding anatomical structures [15].

The purpose of the study was to determine indices for the soft tissue perfusion evaluation in the
scheme of gunshot defects “closure” using a variety of flaps from V-Y and Keystone till “propeller” and
free flaps.

Materials and Methods. 76 wounded servicemen with the limbs soft tissues gunshot defects were
treated at the bases of the Military Medical Clinical Centers (MMCC) of the Northern, Eastern and
Southern regions of the Command of the Medical Forces of the Armed Forces of Ukraine. These patients
were randomized into 2 groups — the control group consisyed of 44 people (58 %) in which diagnostic,
therapeutic and post-operative observations were performed according to generally accepted protocols. The
second clinical group consisted of 32 people (42%) with limbs soft tissues gunshot defects in which
diagnostic procedures we involved the technique of dynamic digital thermography (DDT).

We used the following indications for patients inclusion into the clinical group: by time —up to 4
hrs from the moment of injury; according to the ambient temperature — not lower than 20 oC; according to
the temperature in the room 20-22 oC (in the warm and transitional period of the year); by humidity — in
the range from 17.375 mm Hg till 19.927 mm Hg; lack of a directed source of artificial heat aimed at the
human body. For full reliability of the temperatures’ characteristics the temperature measurements were
done at 6 or more points. Thermometers were placed on tripods along the diagonal section of the room at
3 points at a height of 0.2 m from the floor and at 3 points at a height of 1.5 m from the floor with a
thermographic survey of the room.

DDT technique was used in the wounded treatment at the 11 level of medical support (advanced
surgical group — dressing room for the wounded with soft tissues gunshot defects of small size —up to
2 cm2 and the anti-shock ward for the wounded with medium (up to 125 cm2) and large defects (125
1000 cm2) and for wounded of severe and moderate severity), the 11l and the 1V levels of medical
support (MMCC and National Military Medical Clinical Center Main Military Clinical Hospital,
respectively).

An additional requirement for DDT was scanning together with contralaterally located (usually
intact) anatomical structures and without outer clothing. The working distance of diagnostic observation
was 25 cm and 50 cm from the wound.

A thermal imaging camera FLIR C2 (“Flir Systems Inc”, USA) with an integrated temperature
gauge was used to obtain thermometric images together with a digital photograph of the scanned anatomical
area.

We scanned wound surfaces and surfaces of surrounding soft tissues, performed comparative
thermography with a control assessment of an undamaged adjacent anatomical site at all levels of medical
support in the Armed Forces of Ukraine. The perforant both final location or “exit” on the wound surface
was confirmed by a temperature fluctuation with indices of +0.75—1.27 oC. The wound surface has a
temperature range from 33.2 oC to 27.2 oC. The color palette from the wound surface was within the
classical established limits of the FLIR C2.
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Results of the study and their discussion. Uring DCT it was easy and convenient to identify
temperature patterns for venous (white) and arterial perfusion (red) as it was noted in the case where the
fasciotomy was performed. A clinical example of patient K.’s wound surface thermographic background
change is given (fig. 1).

A B

Fig. 1. Remote thermal imaging observation in the anti-shock advanced surgical group before surgery: A - the side projection of
right forearm thermal imaging observation (working distance 25 cm), B - thermography of the left forearm (working distance 25 cm).

In the conditions of the anti-shock advanced surgical group after a gunshot fragment blind wound
of the flexor surface of the distal third of the right shoulder and the right forearm proximal part the primary
surgical treatment of gunshot wounds of the right shoulder and right forearm, fasciotomy of the shoulder
and forearm was performed under general anesthesia. Thermal imaging control after the end of the surgical
intervention showed a temperature increase in the right upper limb distal parts at the level of the palm
flexor surface from 23.1 °C to 33.1 °C (fig. 2).

A B

Fig. 2. Remote thermal imaging observation in the anti-shock advanced surgical group after surgery: A - photo of the lateral

projection thermal imaging observation of the right forearm (working distance 25 cm) after surgery; B - thermography of the left
forearm (working distance 25 cm) after surgery.

The thermographic transformation of venous and arterial perforants “islands’ on the wound surface
of the right upper extremity was immediately noticeable. The segment of the upper extremity was divided
into three areas during observation: shoulder, forearm and hand. The perforants of the brachial segment
correspond to the first anatomical zone, the perforants of the radial and ulnar arteries correspond to the
second anatomical zone (forearm), the perforants of the palmar and dorsal vascular plexuses correspond to
the third anatomical zone (hand). Each anatomical zone had interconnected vascular plexuses (clusters).
The cluster at shoulder level was set within 20-25 cm, forearm 12—17 cm, within the hand 5-10 cm.

When comparing the efficacy of the reconstructive surgical interventions we carried out in patients
of two selected groups, the advantage was revealed in the patients of the second — clinical — group which
was expressed in an affected limb functional activity faster recovery, in a significant reduction in the
frequency of postoperative complications, in a significant reduction in the postoperative period duration as
well as in reducing the time and cost of treatment during the postoperative period.

Microcirculation in damaged tissues plays an important role in wound substrate and the future flap
in certain anatomical structure viability ensuring. That’s why its important to determine the features of the
soft tissues perfusion fire transformation and the place of the corresponding blood supply from where it is
possible to “raise” the flap in the future. The original dynamic multimodal concept using DDT and
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sonographic evaluation of soft tissue perfusion allows to look at the specific gunshot wound changes in a
new way and to plan strategically the optimal path of reconstructive-plastic recovery (fig. 3).

Thus, our original comple-
mentary concept of the algorithm
based on the actual results of
observation can be considered as a
new definition of the soft tissues
viability. With an additional analysis
of previous observations of perforant
vessels identification our results
agree with the data [12, 13] who
studied perforant vessels of the lower
extremities. In  the presented
algorithm and established sequence,
a useful, new substantiated method

Fig. 3. Schematic representation of the dynamic multimodal concept of DDT ~ Of monitoring and staged control
and sonographic evaluation of soft tissue perfusion. during the reconstruction of soft
tissues gunshot defects at all levels of medical care in the Armed Forces of Ukraine were proved.

Our concept of DDT using and sonographic monitoring of the gunshot wounds microcirculation is
a modern approach to the problem. It reveals more effective comparing with the only diagnostic
thermometry using in soft tissue gunshot damages [2]. Its use may help to consider an alternative to the
classic attitude approach in the surgical treatment of soft tissues gunshot defects [9]. In this aspect, let us
emphasize the fact that determining the objective sonographic index of gunshot damage with soft tissue
defects and the deadline for plastic surgery of such defects is a difficult task, especially considering that the
bulk of classifications and criteria were developed for this purpose based on burn defects and damage. At
the same time, gunshot defects have a number of specific features that are often not taken into account, but
they play a key role in the flap integration, the potential complications development and therefore determine
the success of the entire reconstruction process. We consider the following features among all above-
mentioned: (a) a zone of molecular shock formed during a gunshot wound which makes ineffective tissue
respiration for a long time after receiving the injury; (b) long-term spasm of precapillary sphincters as a
result of endothelial dysfunction which is formed as a result of kinetic energy one-moment transfer; (c)
microthrombosis extending to a considerable depth from the site of immediate injury which is associated
with microcavitation that occurs in a gunshot wound. As a result, there is a discrepancy between the clinical
picture and the real tissue perfusion which requires a more careful assessment.

The original DDT combination with soft tissue perfusion sonographic monitoring may not only be
new but also in most cases — the most optimal factor for making a decision on the soft tissues gunshot
defects further “closure” especially of medium and large sizes according to [1].

Our technique is considered portable, cheap and adapted for all levels of medical care in the current
conditions with X-ray control of the vascular bed [4, 14]. It is easy to use during the pre-, intra-, and
postoperative periods as it does not depend on the central power supply and allows examination of all
anatomical structures of the human body. An additional advantage of our algorithm is that it can be applied
to all parts of the human body taking into account individual anatomical variations.

We should note that this technique use as a single study requires not only experience but also the
postulates of reconstructive and plastic surgery understanding. This technique during the diagnostic
observation of the gunshot wound surface allows to remotely identify the “keys” — perforant arteries and
veins, to reduce the time of surgical intervention due to dynamic screening and, as a result of the obtained
positive thermal imaging indicators, to preserve a larger volume of the wound substrate by 20+5%. The
clinical example of the upper limb gunshot wound is an element of a new “alternative” view on the gunshot
wound evaluation with soft tissue defects formation, which in the future, with the acquisition of experience,
will allow to implement these results in other fields. Another diagnostic component — the assessment of
perfusion in transformed soft tissues — should be added to confirm the multimodal concept hypothesis
relevance during the diagnosis and soft tissue defects reconstructive restoration.

Therefore, the thermographic and sonographic criteria uniqueness for soft tissue perfusion
assessing in the context of large gunshot defects closing are reliable and objective, allow to assess the
condition of the future wound bed and edges. They can be used not only to evaluate the wound before
closing the defect but also to correct further tactics in the large defects or wounds treatment that do not heal
for a long time.
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1. The developed original complementary concept of DDT using and sonographic monitoring of
gunshot wounds microcirculation represents a new definition of soft tissue viability.

2. Such an integrative approach to soft tissue gunshot defects restoration has the following advantages
— its use allow the reach the affected limb functional activity faster recovery, to decrease the frequency of
postoperative complications, to decrease the postoperative period duration and to reduce the time and cost of
treatment during the postoperative period.

3. The original method of DDT combination with soft tissue perfusion sonographic monitoring
may not only be new but also in most cases — the most optimal factor for making a decision on the soft
tissues gunshot defects further “closure” especially of medium and large sizes. An additional advantage of
our algorithm is that it can be applied to all parts of the human body.

4. The thermographic and sonographic criteria uniqueness for soft tissue perfusion assessing in the
context of large gunshot defects closing are reliable and objective, allow to assess the condition of the
future wound bed and edges.

5. They can be used not only to evaluate the wound before closing the defect but also to correct
further tactics in the large defects or wounds treatment that do not heal for a long time

Prospects for furthers researches include a comprehensive clinical investigation of the proposed original method of DDT
together with soft tissue perfusion sonographic monitoring efficacy in patients with large squre of wound defects and in long-
persisting soft tisues wound defects
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