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ABSTRACT

BACKGROUND: Earthquakes frequently result in high-energy extremity injuries requiring complex soft-tissue reconstruction. Per-
forming microsurgical free-flap procedures in the acute post-disaster setting poses significant challenges due to resource limitations
and logistic constraints.

METHODS: This retrospective study reviewed patients who underwent free-flap soft-tissue reconstruction in our tertiary university
hospital, located within the disaster zone, during the acute phase of the 2023 Kahramanmarag earthquake (February 06-21, 2023). Of
145 patients hospitalized in our plastic and reconstructive surgery service during this period, 14 underwent free-flap reconstruction
and were included. Demographics, flap types, recipient vessels, perioperative details, and outcomes were analyzed.

RESULTS: Fourteen consecutive free flaps were performed over 14 days. The mean patient age was 32.8 years (range: 6—60 years);
50% were female. Twelve reconstructions (86%) involved the lower extremity, and two (14%) involved the upper extremity. The an-
terolateral thigh flap was the most frequently used flap (71.4%), followed by the latissimus dorsi flap (28.6%). In 75% of lower-extremity
cases, the anterior tibial vessels of the injured limb were used; cross-leg anastomoses were required in three patients. Flap survival was
achieved in 13/14 patients (92.8%). One total flap loss resulted in amputation.

CONCLUSION: Early free-flap reconstruction can be successfully integrated into acute trauma care even under disaster conditions
when resources are organized efficiently, and surgical teams are coordinated. Our results support incorporating microsurgical capabil-
ity into disaster-preparedness planning.
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INTRODUCTION tion of earthquake-related trauma and represent the second

most common type of injury after life-threatening conditions
Earthquakes are among the most devastating natural disasters, have been addressed.Il Early recognition and prompt surgi-
causing a wide spectrum of injuries and considerable morbidity. cal intervention are crucial to prevent infection, preserve limb
Soft-tissue and extremity injuries account for a major propor- function, and minimize the risk of amputation. In the acute
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post-disaster period, emergency fasciotomy plays a vital role
in preventing irreversible ischemic muscle necrosis in crush
and compartment syndromes. Thorough surgical debridement
is essential for removing devitalized tissue, reducing bacterial
load, and lowering the risk of sepsis and late amputations.!
When limb salvage is impossible, timely amputation may be
life-saving by preventing systemic complications.'! After these
life- and limb-saving measures, the next priority is early soft-
tissue coverage to protect exposed structures, prevent chron-
ic infection, and restore function. In selected earthquake-re-
lated injuries, soft-tissue defects can be reconstructed using
skin grafts or local flap techniques;®! however, extensive or
complex defects often require microsurgical free-flap recon-
struction. Free-flap reconstruction has become a cornerstone
in managing complex extremity injuries, and performing it in
the acute post-disaster setting can reduce the number of ad-
ditional procedures, shorten hospital stay, and improve both
functional and esthetic outcomes for earthquake survivors.
This study aims to present our experience with free-flap re-
constructions performed during the acute phase of the 2023
Kahramanmaras earthquake.

MATERIALS AND METHODS

On February 06, 2023, two major earthquakes of 7.7 and 7.5
magnitude struck Kahramanmaras province in Tiirkiye, and
these were followed by two additional earthquakes of 6.4 and
5.8 magnitude on February 20, severely affecting eleven cities
with a combined population of more than |6 million.[! Adana,
the city where our hospital is located, was among the prov-
inces affected by the Kahramanmaras-centered earthquakes.
Following the disaster, all elective surgeries were immediately
canceled, inpatients were discharged, and our hospital was
rapidly converted into a trauma center. Surgical interventions
commenced on the Ist day. Two weeks after the initiation
of medical treatment for earthquake victims, two significant
aftershocks occurred on February 20, 2023, at 20:04 and
20:07 local time, with epicenters in the Defne and Samandag
districts and magnitudes of 6.4 and 5.8, respectively.”? Dur-
ing inspections conducted the day after the aftershocks, on
February 21, two main blocks of the hospital housing inpa-
tient services were classified as “moderately damaged,’ lead-
ing to the suspension of surgical operations and the transfer
of existing patients to nearby hospitals. By February 23, all
patients had been safely transferred to nearby hospitals, and
the evacuation process was fully completed.®

In this retrospective study, patients who underwent free-flap
soft-tissue reconstruction during the acute post-earthquake
period, between February 06 and 21, 2023, when our hospi-
tal was still functioning as a trauma center, were reviewed.
Fourteen consecutive patients operated on within this pe-
riod were included in the study. Demographic data, flap types
used, recipient vessels, post-operative complications, and flap
survival rates were analyzed, and perioperative management
was described in detail.
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To place these reconstructions in context, the overall surgi-
cal workload of our service during the same period was also
recorded. During this acute operational window, 145 patients
were admitted to our plastic and reconstructive surgery ser-
vice, the majority referred from the severely affected prov-
inces of Hatay and Kahramanmaras. These patients required
a wide range of interventions — including debridement, split-
and full-thickness skin grafting, fasciotomy, locoregional flap
reconstruction, and maxillofacial fracture repair—of whom
14 underwent microsurgical free-flap reconstruction and
form the subject of the present report.

Free-flap reconstruction was not undertaken during the
initial emergency phase, with the exception of one patient
who underwent reconstruction on the |st day following the
earthquake. Patients first received resuscitation and, where
indicated, fasciotomy and serial debridement; definitive mi-
crosurgical coverage was performed only once the patient’s
general condition had stabilized and the wound bed was
judged suitable for free-tissue transfer, generally after several
days of repeated debridement. On average, reconstruction
was undertaken approximately 5 days after admission to our
hospital. Over the 14-day operational period, 14 free flaps
were performed, corresponding to | flap per operative day.

This study was approved by the local ethics review board
(Approval No: 136/28, Date: September 01, 2023) and con-
ducted in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from all
individual participants included in the study.

RESULTS

Demographic characteristics, flap types, recipient vessels, and
complications of the patients are shown in Table |.

The mean age of the |4 patients included in the study was
32.8 years, with a median age of 32 years. The youngest pa-
tient was 6 years old (Fig. 1), and the oldest was 60 years old
(Fig. 2). There were seven female patients (50%) and seven
male patients (50%). All reconstructions were performed for
extremity injuries caused by crush trauma. Twelve of these
reconstructions involved the lower extremity (86%), while
two involved the upper extremity (14%).

The most frequently used flap type was the anterolateral

L

Figure 1. A 6-year-old patient who underwent anterolateral thigh
free-flap reconstruction for coverage of a foot amputation stump.
(a) Preoperative view; (b and c) intraoperative views.
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Table |I. Demographic Characteristics, Flap Types, Recipient Vessels, and Complications of the Patients

# Age Gender Recipient Area Flap Recipient Artery Recipient Vein Complication

I 42 Female LE ALT ATA GSV -

2 23 Female LE LD + SA Cross-leg PTA VC (x2) serratus muscle necrosis

3 16 Female LE ALT ATA vC -

4 39 Male LE ALT Cross-leg PTA VC (x2) -

5 38 Male LE ALT ATA vC -

6 60 Male LE LD ATA vC donor site suture dehiscence

7 26 Female UE ALT + VL RA vC Venous thrombosis/revision at 2™
postoperative hour/flap salvaged

8 58 Male LE ALT ATA VC -

9 20 Male LE ALT + VL ATA \'/® Superficial skin necrosis

10 58 Female UE LD RA vC Flap loss/amputation

Il 42 Male LE ALT ATA VC -

12 22 Female LE ALT ATA VvC -

13 Male LE ALT ATA vC -

14 9 Female LE LD Cros-leg PTA vC -

LE: Lower extremity; UE: Upper extremity; LD: Latissimus dorsi; SA: Serratus anterior; VL: Vastus lateralis; ATA: Anterior tibial artery; PTA: Posterior tibial
artery; RA: Radial artery; VC — Vena comitans; GSV: Great saphenous vein.

Figure 2. A 60-year-old patient who underwent latissimus dorsi free-flap reconstruction for coverage of calcaneal and dorsal foot defects.
(a and b) Preoperative views, (c) medial, (d) posterior, and (e) lateral views at 1-year follow-up.

thigh (ALT) flap, which was performed as a fasciocutaneous
flap in eight patients (57%) and as a myocutaneous flap in-
cluding the vastus lateralis muscle in two patients (14%). A
latissimus dorsi flap was used in four patients (29%), one of
which was designed as a chimeric flap including the serratus
anterior muscle (Fig. 3).

In nine of the |2 patients who underwent lower-extremity
reconstruction (75%), the anterior tibial artery and, in all but
one case, the anterior tibial vein of the same limb were used
as recipient vessels. In the patient in whom the anterior tibial
vein was unsuitable for anastomosis, the great saphenous vein
was used as the recipient vein.

In three patients in whom suitable recipient vessels were not
available in the same limb, the anastomoses were performed
to the posterior tibial vessels of the contralateral leg. For
these cross-leg reconstructions, each branch of the flap ar-
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Figure 3. Distribution of flap types among 14 patients.

tery’s Y-configuration was anastomosed to the proximal and
distal segments of the recipient artery, ensuring both ade-
quate flap perfusion and preservation of the recipient artery’s
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Figure 4. Cross-leg anterolateral thigh (ALT) flap reconstruction. (a) Incision made for exploration of the anterior tibial artery. (b) Y-configu-
ration of the flap pedicle. (c) Anastomosis of the ALT pedicle to the proximal and distal segments of the contralateral posterior tibial artery,
ensuring both adequate flap perfusion and preservation of the recipient artery’s continuity.

Figure 5. Chimeric latissimus dorsi + serratus anterior muscle flap
reconstruction. (a) Flap anastomosed to the contralateral posterior
tibial vessels. (b) Y-configuration of the thoracodorsal artery to the
proximal and distal segments of the contralateral posterior tibial
artery.

continuity. This technique was successfully applied to both
ALT (Fig. 4) and latissimus dorsi flaps (Figs. 5 and 6) without
the need for end-to-side anastomosis.

Among the two patients who underwent upper-extremity re-
construction, the pedicle of the ALT flap was anastomosed to
the radial artery and vein in one case.

The other upper-extremity injury resulted in flap loss and
ultimately amputation. The radial artery was defective. The
surgical plan aimed to restore hand vascularization and cover
the defect using a flow-through latissimus dorsi myocutane-
ous flap combined with a saphenous vein graft. The thora-
codorsal artery and vein were anastomosed to the proximal
stumps of the radial artery and vein. Distally, the radial artery
stump was identified at the wrist level, and a 20-cm vein graft
was interposed between the serratus branch of the flap and
the distal radial artery stump (Fig. 7). Despite revasculariza-
tion efforts, flap and hand perfusion failed in the early post-
operative period, resulting in amputation.

Major complications occurred in two patients (14.2%). One
patient developed venous thrombosis, which was successfully
managed with early post-operative revision surgery, resulting
in flap salvage. The other patient experienced total flap loss,
and the treatment course ultimately ended with amputation.

Overall flap survival was achieved in |3 of 14 patients (92.8%).
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Figure 6. Chimeric latissimus dorsi + serratus anterior muscle flap
reconstruction. (a) Flap after completion of arterial and venous
anastomoses, before inset. (b) Latissimus dorsi muscle used to
reconstruct the anterior crural defect. (c) Serratus anterior muscle
used to reconstruct the Achilles region defect.
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Figure 7. Flow-through latissimus dorsi myocutaneous flap with
interposed saphenous vein graft, designed for both soft-tissue cov-
erage and restoration of arterial flow to the hand. Flap and hand
perfusion failed in the early post-operative period, necessitating
amputation.

DISCUSSION

One may reasonably question whether there was a crucial
need for lengthy microsurgical procedures during a period
when an overwhelming number of patients were waiting for
emergency operations such as fasciotomies, amputations, and
maxillofacial trauma. Importantly, none of the emergency sur-
gical interventions for these patients were postponed or de-
layed to perform free-flap reconstructions. Despite the high
patient load, none of the patients were referred to another
medical facility, as all necessary surgical interventions were
performed within our hospital.

The capacity to sustain both microsurgical and non-micro-
surgical procedures during the disaster period was made
possible by a deliberate reorganization of departmental re-
sources. Inpatient capacity was expanded from approximately
20 to more than 100 beds through the reassignment of wards
from other specialties, and the operating-room availability
allocated to our department increased from 2 to 5 rooms/
day. Our team comprised |16 residents and 3 faculty mem-
bers, reinforced by the voluntary support of plastic surgeons
— both from private practice in Adana and from other prov-
inces, coordinated through the national society — who joined
our team. Within the hospital as a whole, all 23 operating
theaters remained operational day and night for the manage-
ment of earthquake-related injuries, supported by a continu-
ously available anesthesia team. As one of the first points of
evaluation for arriving patients, our team also participated
in emergency-department triage, consistently assigning one
and often two physicians to the emergency department and
increasing this number as patient volume required, so that
timely operative decisions could be made in coordination
with anesthesia and the other surgical branches. Within this
organizational framework, free-flap reconstruction was inte-
grated into a staged workflow in which emergency stabiliza-
tion, fasciotomy, and serial debridement preceded definitive
microsurgical coverage. This demonstrates that timely micro-
surgical reconstruction can be integrated into acute trauma
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care without compromising life-saving procedures, provided
that hospital resources are efficiently organized and surgical
teams are well-coordinated.

The patients in this series were managed under physiological-
ly demanding conditions. All had sustained high-energy crush
trauma, and many had been extricated from collapsed struc-
tures after prolonged entrapment, with the attendant risks
of crush syndrome, rhabdomyolysis, and acute kidney injury.
A number had undergone fasciotomy — frequently performed
at referring centers — before transfer; and several required
revision fasciotomy or extensive debridement of non-viable
tissue before reconstruction. Free-flap reconstruction was
therefore undertaken only after the patient’s systemic condi-
tion had stabilized and the wound bed had been adequately
prepared, an approach that influenced both the timing of sur-
gery and the choice of flap.

Several disaster-specific challenges complicated the post-
operative course. Microsurgical flaps require close, frequent
monitoring for the early detection of vascular compromise,
yet nursing and physician resources were stretched across an
exceptional patient volume, and standard monitoring ratios
could not always be maintained. The single episode of venous
thrombosis in our series — salvaged by prompt re-exploration
within the early post-operative hours — illustrates both the
value of vigilant flap monitoring and the narrow margin avail-
able when resources are constrained. The risk of infection
was heightened by contaminated crush wounds, delayed pre-
sentation, prolonged entrapment, and the austere environ-
ment; rigorous serial debridement, early soft-tissue coverage,
and culture-directed antimicrobial therapy were central to
mitigating this risk. Equally important, and often overlooked,
was the toll on the surgical team itself: staff had also lived
through the earthquake, some having lost relatives or homes,
and worked extended shifts — including through major af-
tershocks — under considerable physical and psychological
strain. We believe that explicit provision for post-operative
monitoring capacity, infection control, and staff welfare and
rotation should be incorporated into disaster-preparedness
planning for reconstructive services.

The ALT flap was the most frequently used flap in our series,
accounting for 71.4% of reconstructions. This preference is
consistent with the existing literature, as the ALT flap of-
fers several advantages for post-traumatic reconstruction. It
provides a long and reliable vascular pedicle and a large skin
paddle with relatively low donor-site morbidity, with the op-
tion of including the vastus lateralis muscle for myocutaneous
coverage when additional bulk or obliteration of dead space
is required. A practical advantage of the ALT flap in this set-
ting is that, with the patient supine, two teams can readily
work in parallel — harvesting the flap while the recipient site
is prepared — without repositioning, thereby reducing opera-
tive time and minimizing anesthesia-related risks. We recog-
nize that, with appropriate positioning (for example, a lateral
decubitus or modified position that exposes both the donor
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and recipient sites), the latissimus dorsi flap can likewise be
harvested without a separate repositioning step, as is the
routine practice at some centers; the relative convenience of
simultaneous two-team access is therefore partly center- and
preference-dependent. Nonetheless, in the specific context
of high-volume, time-critical disaster surgery, we found the
supine ALT approach particularly efficient.

In selected cases, the latissimus dorsi flap was preferred, pri-
marily for larger defects requiring a greater surface area or
volume of vascularized tissue, or where its muscle compo-
nent was advantageous for contouring complex three-dimen-
sional wounds. Historically, muscle flaps were considered su-
perior for the coverage of contaminated or infected wounds;
however, a growing body of comparative evidence has shown
no significant difference between muscle/musculocutaneous
and fasciocutaneous flaps with respect to flap survival, com-
plication rates, or the control of infection in lower-extremity
reconstruction, while fasciocutaneous flaps may offer advan-
tages in donor-site morbidity and ease of secondary revision.
P19 Accordingly, our flap selection was driven primarily by
defect dimensions, the need to obliterate dead space, and
the available recipient anatomy, rather than by an assumed
antimicrobial advantage of muscle. Our decision to use the
latissimus dorsi flap in 4 of 14 patients thus reflects an indi-
vidualized, defect-specific approach.

In the study by Clover et al.!'"! which reported the surgi-
cal treatments performed in a field hospital established on
a tennis court following the Haiti earthquake, 18 of 158 pa-
tients (I 1%) with complex defects were referred to other
centers due to the lack of equipment and suitable facilities for
post-operative care. Twelve (66.7%) of these 18 cases subse-
quently underwent successful free-flap reconstructions. The
authors also noted that, of the four lower-limb amputations,
two might have been salvageable with free-tissue transfer.

In our series, we achieved a flap survival rate of 92.8%,
which is comparable to previously reported rates[2,12] for
2023 Kahramanmaras earthquake victims. Almost all of the
reports on free-flap reconstructions in victims of the 2023
Kahramanmarag earthquake originate from hospitals out-
side the disaster zone, where patients were transferred after
initial stabilization. This indicates that surgical interventions
were generally performed in centers with more controlled
conditions and greater resource availability. Our series is dis-
tinct in that all procedures were performed during the acute
post-disaster period in a university hospital located within
the disaster zone. Achieving a comparable flap survival rate
under these challenging conditions — characterized by limited
resources, logistical difficulties, and a high patient load — high-
lights the critical importance of multidisciplinary coordina-
tion and the experience of the surgical team.

Despite these promising results, our study has several limita-
tions. Flap survival rate alone is not a sufficient indicator of
surgical success; functional outcomes, complication rates, and
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long-term patient quality of life should also be evaluated to
comprehensively assess the effectiveness of early free-flap re-
construction. Due to the evacuation of our hospital, the pa-
tients were lost to follow-up; when the hospital resumed its
operations, most of them had already continued their treat-
ment at other centers. This situation resulted in insufficient
long-term follow-up data, which represents an important lim-
itation of our study. Future multicenter prospective studies
with extended follow-up are needed, with a particular focus
on functional outcomes, rehabilitation progress, complication
rates, and long-term quality of life in earthquake survivors
undergoing free-flap reconstruction.

Another limitation of this study is the suboptimal quality of
some of the photographs. Although it was a chaotic period,
careful documentation remains essential.

CONCLUSION

Our experience demonstrates that early free-flap reconstruc-
tion is feasible and can be successfully integrated into acute
trauma care even under disaster conditions, provided that re-
sources are organized efficiently and surgical teams are well-
coordinated. Therefore, disaster-preparedness plans should
include dedicated microsurgical teams, adequate equipment,
and clear protocols to enable timely and effective limb-sal-
vage procedures in future mass-casualty events.
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ORIJINAL CALISMA - 0Z

2023 Kahramanmarag depreminde ezilme yaralanmalarinin rekonstriiksiyonunda 14 giin
icinde gerceklestirilen 14 ardisik serbest flep: Afet bolgesindeki bir iiniversite hastanesi
deneyiminin retrospektif analizi

AMAC: Depremler, siklikla kompleks yumusak doku rekonstriiksiyonu gerektiren yiiksek enerjili ekstremite yaralanmalarina yol agar. Afet sonrasi
akut dénemde mikrocerrahi serbest flep uygulamalari, kaynak kisitliliklari ve lojistik engeller nedeniyle 6nemli zorluklar tasir.

GEREC VE YONTEM: Bu retrospektif calismada, 2023 Kahramanmaras depremi sonrasi akut dénemde (6-21 Subat 2023) afet bolgesinde yer
alan Uglincti basamak Gniversite hastanemizde serbest flep ile yumusak doku rekonstriiksiyonu yapilan hastalar degerlendirildi. Bu dénemde plastik
ve rekonstriiktif cerrahi servisimize yatirilan 145 hastadan [4’iine serbest flep rekonstriiksiyonu uygulandi ve bu hastalar galismaya dahil edildi.
Demografik veriler, flep tipleri, alict damarlar, perioperatif ayrintilar ve sonuglar analiz edildi.

BULGULAR: On dort giin icinde toplam 14 ardisik serbest flep operasyonu gerceklestirildi. Hastalarin ortalama yasi 32.8 (dagilim: 6-60 yil) olup,
%50’si kadindi. On iki rekonstriiksiyon (%86) alt ekstremitede, iki rekonstriiksiyon (%14) ise iist ekstremitede gergeklestirildi. En sik kullanilan flep
anterolateral uyluk (ALT) flebi (%71.4) olup, bunu latissimus dorsi flebi (%28.6) izledi. Alt ekstremite olgularinin %75’inde yarali ekstremitenin
anterior tibial damarlari alici damar olarak kullanildi; g hastada gapraz bacak anastomozlar gerekti. Flep yasama orani 13/14 (9%92.8) idi; bir total
flep kaybr amplitasyonla sonuglandi.

SONUC: Afet kosullarinda bile, kaynaklarin etkin bicimde organize edilmesi ve cerrahi ekiplerin koordinasyonu saglandiginda, erken dénemde
serbest flep rekonstriiksiyonu akut travma bakimina basariyla entegre edilebilir. Bulgularimiz, mikrocerrahi yeteneginin afet hazirlik planlamalarina
dahil edilmesi gerektigini desteklemektedir.

Anahtar sozciikler: Deprem; ekstremite; mikrocerrahi; rekonstriiksiyon; serbest flep; uzuv korunmasi.
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