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Combuat-related limb injuries in modern warfare are characterised by high-energy tissue destruction, extensive
soft-tissue defects, and a high risk of infectious complications. Evidence from previous military conflicts in Iraq
and Afghanistan, as well as civilian trauma centres, indicates that optimal management of such patients requires
not only appropriate surgical tactics but also timely routing to specialised orthoplastic centres. Early radical
debridement and definitive wound coverage within the orthoplastic «fix and flap» concept and BOAST standards
are associated with reduced infection rates, fewer reoperations, and avoidance of delayed amputations. Despite
the central role of evacuation pathways, quantitative data on how different evacuation models influence clinical
outcomes in contemporary war conditions remain limited.

OBJECTIVE — to assess the effectiveness of two medical evacuation models — mass (stepwise) and targeted (selec-
tive) — in patients with combat-related injuries based on the length of hospital stay and surgical burden.

MATERIALS AND METHODS. A retrospective cohort study was conducted among patients admitted to a special-
ised orthoplastic centre. Patients were stratified into two groups: targeted evacuation (direct transport to the
reconstructive centre <72 hours post-injury) and mass evacuation (stepwise transfer through >2 intermediate
hospitals). The primary endpoints included the length of hospital stay and the number of surgical procedures
per patient. Time from injury to admission was analysed as a key factor. Statistical methods included descriptive
analysis and intergroup comparison using the t-test/Mann-Whitney U test (p <0.05).

REesurts. The mean time from injury to hospital admission in the targeted evacuation group was 1.77+0.32
days (range: 0—6), compared with 11.84+1.45 days (range: 3—53) in the mass evacuation group — a sevenfold
increase. Mean length of hospital stay was significantly longer in the mass group: 37.03+3.68 vs. 27.27 +2.47
days in the targeted group (p=0.03). The average number of surgical procedures per patient was 2.78+0.33 vs.
2.36+0.38, respectively (p=0.41), excluding prior operations performed before referral. No delayed amputations
related to infectious complications or reconstruction failure were observed in either group.

Concrusions. Targeted evacuation enables a significantly shorter time to specialised surgical care, leading to
reduced hospital stay and a more predictable clinical course. Although differences in surgical burden were not
statistically significant, a consistent trend toward fewer interventions was observed with targeted routing. Opti-
mising medical evacuation systems is a critical determinant in the management of limb combat injuries and may
be scaled to healthcare systems operating in wartime or resource-limited environments.
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The full-scale invasion of Ukraine by the Russian
Federation on 24 February 2022 presented unprec-
edented challenges to the national healthcare sys-
tem. Intense hostilities, particularly in the eastern
and southern regions, led to a significant increase
in military personnel suffering from mine-blast and
gunshot injuries, polytrauma, massive blood loss,
and a high risk of infectious complications [5, 7].

Frontline healthcare facilities have been operat-
ing under conditions of critical overload due to lim-
ited human resources, equipment, and infrastruc-
ture [5, 12]. Shortages of medical equipment, medi-
cations, and transport, along with the presence of
multidrug-resistant pathogens (Acinetobacter bau-
mannii, Klebsiella pneumoniae, MRSA), have further
complicated the provision of adequate care [2, 7].

During the initial phase of the war, the absence of
a clearly established patient routing system posed
a substantial challenge. Casualties were often evac-
uated to the nearest healthcare facilities, regardless
of their specialization. This practice led to over-
crowding and elevated infectious risks [7], under-
scoring the need for a formalized medical evacua-
tion system.

Two primary approaches to medical evacuation
can be distinguished:

Mass (non-specific) evacuation — transporta-
tion to the nearest healthcare facility regardless of its
profile; typical for critical situations but associated
with facility overload and repeated hospitalizations.

Targeted (selective) evacuation — routing to
specialized centers based on injury severity and re-
source availability.

Targeted evacuation has been implemented in
Ukraine since the second half of 2022. An example
is evacuation by rail in cooperation with interna-
tional organizations: between March and November
2022, more than 2,400 patients were successfully
transported using specially equipped medical trains
[12]. Appropriate patient routing enables delivery
times of 2—8 hours from the moment of injury to
a specialized facility, which significantly reduces
complication rates [2]. The experience of the Lviv
Military Hospital confirmed that early transfer and
a multidisciplinary approach reduce infection rates
and improve reconstructive outcomes [9].

International data also confirm the critical role
of timing and a multidisciplinary approach in in-
fection prevention. An analysis of combat injuries
(Timing of Wound Coverage in Extremity War In-
juries, JAAOS, 2006) demonstrated that delayed
wound closure substantially increases the risk of
infectious complications and amputations [8]. Cur-
rent standards of the British Orthopaedic Associa-
tion (BOA) and the British Association of Plastic,
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Reconstructive and Aesthetic Surgeons (BAPRAS)
for trauma care, document number 4 (BOAST 4) —
joint guidelines of the British Orthopaedic Asso-
ciation and the British Association of Plastic, Re-
constructive and Aesthetic Surgeons for the man-
agement of open fractures—emphasize the need for
radical debridement and orthoplastic defect cover-
age within the first 72 hours [6]. These principles
underpin our protocol for targeted evacuation and
reconstructive treatment in wartime conditions.

OsJECTIVE — to evaluate the effectiveness of two
medical evacuation models — mass (non-specific)
and targeted (selective) — in patients with combat-
related extremity injuries, using treatment duration
and the number of surgical interventions as out-
come measures.

To assess the effectiveness of two medical evacu-
ation models — mass (stepwise) and targeted (selec-
tive) — in patients with combat-related injuries based
on the length of hospital stay and surgical burden.

Materials and methods

A total of 59 patients requiring surgical treatment
were included in the study. They were evacuated to
the medical center of the Charitable Organization
«Superhumans» between October 2024 and June
2025. The majority of patients sustained severe
mine-blast injuries to the extremities that necessi-
tated multistage reconstructive management.

Depending on the medical evacuation pathway,
patients were stratified into two groups:

Targeted (selective) evacuation — 22 pa-
tients — direct transportation to a reconstructive
center within <72 hours after injury, with early rad-
ical debridement (< 24 hours after admission) and
definitive wound closure within 5-7 days.

Mass (general) evacuation — 37 patients —
staged transportation through two or more interme-
diate medical facilities prior to admission to the re-
constructive center.

Although allocation to evacuation pathways was
not randomized, transportation routes were deter-
mined primarily by geographic and logistical fac-
tors rather than injury severity or wound charac-
teristics that could influence treatment outcomes.
Both groups included patients with comparable
injury mechanisms and anatomical patterns, mini-
mizing the risk of significant systematic bias when
assessing the impact of evacuation models on clini-
cal outcomes.

The results were analyzed using descriptive sta-
tistical methods. The Student’s t-test was applied
to compare mean values between the two samples.
Data are presented as M £ m, where M denotes the
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Table. Comparative characteristics of treatment outcomes depending on the medical evacuation model

P Targeted Mass

arameter : . P
evacuation evacuation

Time from injury to admission to a specialized center, days 1.77+0.32 11.84+145 _ 0.001

(M £m (min—max)) (0-6) (3-53) ’

Length of inpatient treatment, days (M +m) 27.27+2.47 37.03+3.68 0.03

Number of surgical interventions in the specialized center per patient (M +m) 2.36+0.38 2.78+0.33 0.41

Cases of delayed amputations 0 0 -

arithmetic mean and m the standard error of the
mean, reflecting the precision of the mean estimate.
Differences were considered statistically signifi-
cant at p<0.05.

Artificial intelligence tools were used exclusive-
ly for linguistic editing and stylistic improvement
of the text. The authors bear full responsibility for
the content, data analysis, and conclusions present-
ed in the article.

Results

At the first stage of the study, the organization of
medical evacuation and the duration of transporta-
tion to the specialized reconstructive center were
evaluated. Analysis of evacuation routes revealed
significant differences between targeted and mass
(staged) evacuation models in the time required for
patient transport to the center of definitive surgical
care (Table).

In the targeted evacuation group, patients were
transported directly to a specialized orthoplastic
center after injury. Transportation time in this group

ranged from 0 to 6 days, with a mean interval from
injury to hospitalization of 1.77 £0.32 days. The con-
ceptual features of targeted routing and the opportu-
nity for early primary surgical debridement upon ad-
mission to a specialized center are illustrated in Fig. 1.

In the mass (staged) evacuation group, patients
were transported through several intermediate
medical facilities. The interval between injury and
admission to the reconstructive center ranged from
3to 53 days, with amean of 11.84 + 1.45 days, which
was nearly seven times longer than in the targeted
evacuation group.

The characteristics of combat-related injuries re-
quiring early orthoplastic planning upon admission
to the specialized center are demonstrated on pri-
mary radiographs (Fig. 2).

Further analysis of clinical parameters revealed
differences in the length of hospital stay between
the groups. Patients evacuated via the mass (staged)
pathway had a mean inpatient treatment duration
of 37.03+3.68 days, compared with 27.27 +2.47
days in the targeted evacuation group. This differ-
ence was statistically significant (p =0.03).

Figure 1. Primary surgical debridement performed 48 hours after a mine-blast injury following targeted
evacuation of the patient to the specialized orthoplastic center «Superhumans»
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Figure 2. Primary intraoperative radiograph demonstrating a comminuted fracture resulting from a mine-
blast injury and the pattern of damage requiring early orthoplastic planning after targeted evacuation to

a specialized center

Figure 3. Reconstruction with a free fibular flap performed on day 5 after injury following targeted
evacuation of the patient and within the framework of early orthoplastic planning

The mean number of surgical procedures per
patient in the mass (staged) evacuation group was
2.78 £0.33, excluding at least one surgical inter-
vention performed in general-profile facilities prior
to admission to the specialized center. In the tar-
geted evacuation group, the mean number of sur-
gical procedures was 2.36 £0.38. No statistically
significant difference was identified between the
groups for this parameter (p=0.41).

The feasibility of early definitive reconstructive
intervention following targeted evacuation and

General Surgery 3azansnaxipypezin * 2025 ¢ Ne4 (15)

early orthoplastic planning is illustrated by a clinical
example of free fibular flap reconstruction (Fig. 3).

In both groups, a proportion of patients under-
went amputations that were a consequence of the
severity of the primary injury at the time of trauma.
No cases of delayed amputations related to infec-
tious complications, progression of tissue necrosis,
or failure of reconstructive treatment were record-
ed in either group.

The mass (staged) evacuation group showed
greater heterogeneity in clinical outcomes, as
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evidenced by variability in wound healing rates
and postoperative course. In contrast, the clinical
course in the targeted evacuation group was more
uniform and stable.

Discussion

Our findings demonstrate fundamental organi-
zational differences between targeted and mass
(staged) models of medical evacuation, primarily in
the time required to transport wounded patients to
a specialized orthoplastic center. The significantly
shorter interval between injury and hospitalization
in the targeted evacuation group facilitates early
radical surgical debridement and timely planning
of definitive reconstructive treatment, as dem-
onstrated by the clinical examples presented (see
Fig. 1-3).

The reduced length of inpatient treatment observed
in patients after targeted evacuation may reflect a more
controlled and predictable course of wound-healing.
Early routing to a specialized center minimizes delays
between treatment stages and helps avoid repeated or
interim procedures that are often performed in non-
specialized facilities during staged evacuation.

Although no statistically significant difference
in the number of surgical interventions between
groups was identified, this analysis included only
procedures performed at the specialized recon-
structive center «Superhumans». At the same time,
patients evacuated via the mass (staged) model
typically underwent additional surgical interven-
tions at earlier stages of evacuation, including
staged debridements and other urgent procedures,
which were not included in the present count. This
limitation should be considered when interpreting
results on the number of operations. Comprehen-
sive assessment of the total surgical burden, includ-
ing interventions performed at all stages of medical
evacuation, represents a promising direction for
future research.

Infection control was assessed indirectly us-
ing clinically relevant surrogate markers, includ-
ing length of hospital stay, stability of the clinical
course, and absence of delayed amputations. This
approach is consistent with established practices
for analyzing infectious risks in complex combat
trauma settings, where standardized microbiologi-
cal endpoints are limited or not feasible.

The observed findings are consistent with interna-
tional data. In particular, the study Timing of Wound
Coverage in Extremity War Injuries (JAAOS, 2006)
demonstrated that delayed wound closure is associ-
ated with an increased risk of infectious complica-
tions and amputations, while the multicenter TIDOS
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study confirmed the substantial impact of infection on
clinical outcomes in military patients [10]. Current
BOA—-BAPRAS standards (BOAST 4) emphasize the
necessity of early debridement and orthoplastic defect
coverage within 72 hours [6], which underpins the «fix
and flap» concept proposed by S. Gopal et al. [1].

Our data indicate that these principles remain ap-
plicable even in the context of full-scale hostilities.
However, given the high-energy nature of mine-
blast injuries, the interval to definitive defect clo-
sure may be safely extended to 57 days, provided
that BOAST 4 recommendations are followed and
a multidisciplinary orthoplastic team is involved.

The prevalence of multidrug-resistant pathogens
among Ukrainian military patients is among the
highest in Europe. Under these conditions, the key
factor in preventing infectious complications is not
prolonged antibiotic therapy, but rapid routing of
wounded patients to specialized centers capable of
providing early orthoplastic treatment.

Formalized injury severity scoring systems (ISS,
NISS) were not applied in this study due to its ret-
rospective design and the lack of complete stan-
dardized data across all stages of evacuation, which
should be considered a limitation. Nevertheless, the
comparability of groups in terms of injury mecha-
nisms and anatomical patterns allows the observed
differences to be interpreted primarily in the con-
text of the organizational model of medical evacu-
ation rather than the severity of the primary injury.

Conclusions

Targeted evacuation ensures rapid patient trans-
port to a specialized reconstructive center (mean
time: 1.77 £0.32 days versus 11.84 + 1.45 days un-
der mass (staged) evacuation), facilitating early
radical wound debridement and reducing clinical
variability during treatment.

Mass (staged) evacuation is associated with
a longer inpatient treatment duration (37.03 £ 3.68
days versus 27.27 + 2.47 days in the targeted evacu-
ation group, p=0.03) and greater heterogeneity in
clinical outcomes.

The mean number of surgical interventions
did not differ statistically significantly between
groups (2.78£0.33 in the mass evacuation group
and 2.36 £0.38 in the targeted evacuation group,
p=0.41), excluding procedures performed in gen-
eral-profile facilities before admission to the spe-
cialized center. Although this difference did not
reach statistical significance, the clinical trend sug-
gests fewer interventions with targeted evacuation,
consistent with the concept of early routing to spe-
cialized centers.
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Opranizariis eBaKyaiii IOpaHeHUX B YMOBAX BiMTHU:
SIK MAPUIPYTHU3ALLif BIUIMBAE HA JIIKYBAHHS TA iH(PEKIIiIMHI pU3HUKN

I. Typkesuu 12, C. KyuaGepkmit > 2, 0. Meaginp 12, A. Binencokuii !, M. ®apmara -2, C. Takep*

! Biaropiiina opranisauis «Barogiiinmii dong ,Cynepaoau“s, JIbsis

2 JIpBiBCHKMIA HALlOHAIBHUIT MequuHIi yHiBepcuTeT iMeni Janumna Tamuibkoro

3 TepHOMIIBCHKMI HaIliOHATBHIN MeMYHKI yHiBepcuTeT iMeni IBana [op6ayeBchkoro

4 YuiBepcurercoki mikapui Okcdopaa, Oxcdopa, Benmuka Bpuranis

BOMOBi MOMKOPKEHH KiHIIIBOK B YMOBAX Cy4dCHOI BiTHH XAPAKTEPU3YIOTHC BUCOKOIO EHEPIETHUKOIO YPAKEH-
H$1, 3HAYHUM /I€(DEKTOM TKAHUH i BUCOKUM PU3UKOM iHMEKIIHHUX YCKIAJHEHD. 34 JAHUMU, OTPUMAHUMH ITi/]
4aC BiIHCbKOBUX KOH(MJIIKTIB B Ipaky Ta A(praHiCcTasi, a TAKOXK 3TiIHO i3 IOCBIIOM ITUBIIBHUX TPABMATOJOTYHUX
LIEHTPIB, €(DEKTUBHE BEJCHHS TAKUX MAIi€EHTIB NOTPEOYE HE JHIIEC 4ACKBATHOI XipypridHOI TAKTHUKH, 4 ¥ CBO-
€44ACHOI MApLIPYTU3aLil JO CIELiali30BAHOIO OPTOIUIACTUYHOIO LEHTPY. PAaHHE IIPOBEAEHHA PaAHUKAIBHOL

HEKPEKTOMII T4 OCTATOYHOT'O 3aKPHUTTS Je(PEKTiB BiIOBITHO O KOHIIEMII{{ OPTOIUIACTUYHOTO mijxofy «fix and
flap» i crangapriB BOAST acOIiIO€TbCA 31 3HIDKEHHAM YaCTOTH iH(PEKIIFTHUX YCKIAIHEHD, HOBTOPHUX ONEPALIii
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i moTpebu y BiACTPOUYECHUX aMITyTaLlisX. [IONPpH KII0YOBY pOJIb MEIMYHOI €BAKYyallil, KJIBKICHI 1aHi IIOJIO BIUIMBY
1l pisHUX MOJEIEN Ha KIiHIUHI PE3YJIBTaTH B YMOBAX CYy4aCHOI BIHHH OOMEKCHI.

MeTa — OLHUTH €PEKTHUBHICTD ABOX MOJEJEN OPIaHi3allil MEAMYHOI €BAKyallil — MACOBOI (€TAIHOI) i IIpu-
LUIBHOI (CEJIEKTHUBHOT) Y NALIEHTIB i3 60MOBOIO TPABMOIO 34 IIOKA3HUKAMHU TPUBAJIOCT] I'OCHiTANi3a1lii Ta Kijlb-
KOCTi XipypriyHux BITPy4YaHb.

Marepiagau Ta METOOH. [IpOBE/ICHO PETPOCIEKTUBHE KOTOPTHE JOCTIPKEHHS MAIliE€HTIB, TOCHITATI30BAHUX
y CHELiaTi30BAaHUI OPTOIVIACTUYHUN LeHTP. TTalieHTiB pO3NOAUIMIM HA /ABi TPYIM 3AJICKHO Bi/l MAPIIPYTY
€BaKyallii: NpuIlIbHA (6E3M0CEPETHE TPAHCIIOPTYBAHHA 10 PEKOHCTPYKTUBHOI'O 1LIEHTPY) Td MACOBA (€TAIlHa
yepes > 2 NPOMKHI MeAnyHi 3aK1aau). [TepBUHHI KiHIIEBi TOYKU — TPUBAIICTD CTAIIOHAPHOTO JIKYBAHHA T4
KUIBKICTb ONEPATUBHUX BTPyYaHb HA OJHOTIO IALIEHTA, JOAATKOBA — 4YaC Bif] ITIOPAHEHHA O IOCIITAIi3aLlil.
CTaTUCTUYHUI aHAJIi3 TIepe/10aYaB OMUCOBY CTATUCTHKY T4 MOPIBHAHHS I'PYII i3 BUKOPUCTAHHAM t-KPUTEPIIO
a60 U-Tecty Manna — ViTHi (p <0,05).

Pesynaprarn. CepeHill 4ac Bil MOMEHTY TPABMU [0 I'OCIITA/I3AL|l B I'PYII IPULIVIBHOI €BAKyallil CTAHOBUB
(1,77+0,32) nobu (0—6 gi6), y rpymi MacoBoi eBakyarii — (11,84+1,45) nobu (3—53 n1o6u), mo B 7 pasis
Josire. CepefHsa TPUBAICTb CTALIOHAPHOTIO JIKYBAHHA Oy/a CYTTEBO OUIBIIOIO B I'PYI MACOBOi €BaKyarlii
((37,03£3,68) i (27,27+247) nobu, p=0,03). CepeaHs KUIbKICTb Orepariiii craHosmwia 2,78+0,33 y rpymi
MACOBOI eBaKyarlii ta 2,36+ 0,38 y rpyrii npuIiiibHOI eBakyarttii (p=0,41) 6e3 ypaxyBaHHs BTPy4aHb, BAKOHAHUX
y NOEPEAHIX CTAL[iOHAPAaX. BUITAKiB BiICTPOYEHUX AMITyTALlilf, TOB’A3aHUX 3 iH(PEKUIMHUMHN YCKIAAHEHHAMU
2400 HEE(PEKTUBHICTIO PEKOHCTPYKTUBHOT'O JIIKYBAHHS, HE 3aPEECTPOBAHO.

BucHOBKH. [IpulliibHA €BaKyallig 3a0€3Mevdye 3HAYHO KOPOTHIMI 4acC IO CHELiaTi30BaHOIO XipypriyHoro
BTPYYaHHA, IO ACOLHIOETHCA 31 CKOPOYEHHAM TPHUBAIOCTI I'OCIIITAII3ALI] Ta NPOTrHO30BAHIIINM KIiHIYHUM
nepebirom. He3paxkaroun Ha BiICYTHICTb CTATUCTUYHO 3HAYYIINX BiIMIHHOCTEN 34 KUIBKICTIO ONEPATUBHUX
BTPY4Y4Hb, KJIiHIYHA TEHAECHLA CBiIYUTD IIPO MEHIIE XipypridHe HAaBAHTAKECHHA 34 IIPULIUIbHOI eBaKyaLil. OrTu-
Mi3arig MapIIpyTy MEJIUYHOI €BAKYALlii € KDUTUYHUM YMHHHUKOM JIIKYBAHHA OOHMOBUX TPABM KiHIIiBOK i MOXeE
OyTH BIIPOBA/DKEHA B CUCTEMY OXOPOHH 3[JOPOB’S B YMOBAX BOEHHHX [Iilf 400 PECYPCHUX OOMEKEHD.

Kiro4oBi croBa: OOMOBA TPaBMa, MEJUYHA €BAKYALisl, IUIbOBA (CEJIEKTHBHA) €BAKyallis, OPTOILIACTUYHA
Xipypris, pPEKOHCTPYKTHUBHA Xipypris, (piKcalis Ta KIAITEBE IOKPUTTS, TPUBAIICTb IEPEOYBAHHS B JIIKAPHI, IIPO-
(piakTrKa iIHPEKIIIH, pAHHE PAJAUKAIIBHE BUJIAJICHHS HEKPOTUYHUX TKAHWH, OPIaHi3allis CHCTEMU TPABMATOO-
TiYHOI JOIIOMOT'H, ITTACTUYHA Xipypris, TpaBMa OOINYYs], TPABMA KiHIIiBOK.
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