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Comparison of subacute and delayed free flap reconstruction
in the treatment of open lower extremity fractures
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ABSTRACT

BACKGROUND: Although early free flap coverage for lower extremity traumatic defects has been recommended by several
au-thors, it is often not practical due to associated patient injuries or logistics. The aim of this study was to evaluate the impact of
suba-cute and delayed surgical timing on flap success.

METHODS: A retrospective analysis of adult patients who underwent a microsurgical free flap operation between 2007 and
2012 following lower extremity trauma was performed. The patients were divided into 2 groups according to the time period
between the injury and the free flap operation: a subacute group (flap performed 10 to 29 days after injury) and a delayed repair
group (>30 days after injury). The details of patient demographics, the mechanism of injury, timing from operation to discharge,
minor and major complications, and flap failure rates were evaluated and compared.

RESULTS: The study included 35 patients who underwent 37 free flap operations. A total of 20 patients were operated on 10 to
29 days after the injury (subacute repair group), and |5 patients were operated on more than 30 days after the injury (32-92 days)
(de-layed repair group). No significant correlation was found between the timing of the reconstruction, flap failure, and complication
rates.

CONCLUSION: Both subacute and delayed reconstruction for lower extremity traumatic defects can be performed with
favorable results with appropriate wound preparation and precise preoperative planning.

Keywords: Delayed period lower extremity reconstruction; fracture; free flaps; free flap reconstruction in the treatment of open lower
extremity fractures; injury; open lower extremity reconstruction with free flap; subacute free flap reconstruction.

The aim of this study was to find whether an optimal recon-
structive timing exists beyond “early” in clinical practice and
to evaluate the results of subacute and delayed period recon-
struction procedures for lower-extremity soft tissue defects.

INTRODUCTION

Microvascular free-flap coverage is one of the most com-
monly employed methods of reconstruction for lower-ex-
tremity defects.! Although the earlier flap coverage con-
cept has been favored widely in the last decades of the 20*"
century,>® in daily practice, receiving these patients and
preparing them for surgery within the first 3 days following
injury is usually impossible. There have been several reports

MATERIALS AND METHODS

We conducted a retrospective review of adult patients, older
than |5 years, who underwent microvascular reconstruction

investigating the effect of surgery timing on the complication
and flap failure rates, and they conclude that with appro-
priate wound preparation and good planning, it is possible
to get results similar to early surgery with delayed or late
reconstruction procedures.l-8

of traumatic lower-extremity defects between 2007 and 2012
in a single institute. Patient records were reviewed for de-
mographics, the mechanism of injury, the time from injury to
flap repair and from flap repair to discharge, minor and major
complications, and flap failure.
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Table |I. Etiology of trauvma and free flap characteristics

Subacute Delay Total

Mechanism of injury
Motor vehicle 14 8 22
Pedestrian injury |
Motorcycle 5 |

Gunshot wound - | |

Concomitant injury 9 12 21
Flap choice

Latissimus dorsi 17 6 23

Gracilis 4

Rectus abdominis - 2

Anterolateral thigh flap 3 3

Cohorts were formed according to the time interval from
injury to flap repair; 10-29 days was described as subacute
and more than 30 days (32-92 days) was described as delayed
repair. Other variables were evaluated in each group, and they
were compared.

Statistical analyses were performed using MedCalc for Win-
dows, version 15.0 (MedCalc Software, Ostend, Belgium).
Descriptive statistics were summarized using frequencies,
percentages, mean, and standard deviation (SD). The chi-
squared test or Fisher’s exact test was used to determine
differences between the sets of categorical data, and the t
test was used for continuous data. Continuous data were
expressed as the meanxSD. Categorical data were expressed
as a frequency and percentage of the total. Significance was
defined as p<0.05.

RESULTS

A total of 37 free-flap repair procedures were performed
for lower-extremity reconstruction of 35 patients (29 male,
six female). The mean age was 30.5 (15-67) years. The most

common cause of injury was passenger injuries in motor vehi-
cle accidents (n=22) followed by pedestrian injuries in motor
vehicle accidents (n=6), motorcycle accidents (n=6), and gun-
shot wound (n=1) (Table I).

The patients in the subacute reconstruction group were
significantly younger than the delayed reconstruction group

(p=0.003).

All patients were consulted for reconstruction at least 3 days
after injury. All patients had the Gustilo type llIB and IlIC frac-
tures of the tibia, fibula, calcaneus, and metatarsal and were
treated with negative-pressure wound therapy from the day
of admission until the free-flap coverage surgery.

Twenty patients were operated between 10 and 29 days after
injury (subacute repair group), and |5 patients were oper-
ated 30 days after injury or later (delayed repair group). The
mean time between injury and free-flap reconstruction was
35.6 days (10-92 days) overall, 20.7 days (10-29 days) for the
subacute reconstruction group and 55.5 days (32-92 days)
for the delayed reconstruction group (Table 2). The mean
time between the free-flap reconstruction and discharge was
37.3 days (1 1-90 days) overall, 29.5 days (I 1-90 days) for the
subacute reconstruction group and 47.6 days (15-90 days)
for the delayed reconstruction group. The hospital stay of the
patients in the delayed reconstruction group was significantly
longer (p=0.028).

Thirty-one muscle flaps were performed in 29 patients; 23
were the latissimus dorsi (Fig. 2), six were the gracilis, and
two were the rectus abdominis muscle flaps (Table 1). An-
terolateral thigh flap was the fasciocutaneous flap of choice
in six patients (Fig. I).

Postoperative complications were seen in |9 patients (54.3%).
Eleven patients in the subacute reconstruction group (55%) and
eight patients in the delayed reconstruction group (53.3%) had
postoperative complications. There was no significant differ-
ence regarding overall complication rates between the groups

Figure 1. A 21-year-old woman who was involved in a high-speed motor vehicle crash sustained a right ankle metatarsal and calcaneal
fracture, extensive degloving injury of complete heel, and plantar area and sacral fracture. Appearance of the right ankle, heel, and medial
and lateral plantar wound at initial examination, 24 hours after injury (a, b). Appearance 2 years postoperatively, following anterolateral

thigh free-flap surgery (c, d).
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Figure 2. A 32-year-old man who was involved in a motorcycle accident sustained a right tibia fracture with extensive soft tissue and
craniofacial injury. Appearance of the right lower extremity at last debridement and 45 days after injury (a, b). Appearance 4 weeks postop-

eratively, following the latissimus dorsi muscle free-flap surgery (c, d).

(p=0.922). Infection requiring intravenous antibiotics was seen
in 3 (15%) and 2 (13.3%) patients, partial skin graft failure was
seen in 4 (20%) and 2 (13.3%) patients, and hematoma was
seen in | (5%) and | (6.7%) patients in the subacute and de-
layed reconstruction groups, respectively (Table 2).

Six patients were re-operated because of impaired perfusion
of the flap; four of these belonged to the subacute recon-
struction group (20%), while the other two belonged to the
delayed reconstruction group (13.3%). Four of the re-ex-
plored flaps, two from each group, were lost. One patient
in the subacute reconstruction group had serious infection
on the operation site, which caused the loss of flap after
postoperative 7 day. Five patients overall had total flap loss.
One of these patients underwent limb amputation. A sec-
ond free-flap reconstruction was performed for two of these
patients. Other two patients were treated with skin grafts
after debridement and wound care. There was no significant
difference of flap loss rates between the two groups (p=1.0).
In all patients with the Gustilo type IlIB and IlIC fractures,
initial fixation was performed using an external fixator. One

patient from each group had non-union that required bone
grafting. The mean follow-up period was 32 months. Nine
patients (25.7%) had normal ambulation, while 16 patients
(45.7%) needed a supportive device such as crutches/cane
for ambulation. Ten patients (28.6%) were routinely wearing
orthotic footwear.

DISCUSSION

The timing of reconstruction procedures for lower-extremity
injuries has become controversial.”’! Following the report by
Godina favoring early reconstruction, multiple publications
have demonstrated a successful delayed soft tissue coverage
in recent years due to advances in the accessibility and quality
of medical imaging and using advanced techniques, including
the negative-pressure wound therapy and refined microsur-
gical techniques.["'¥! Early reconstruction of lower-extremity
defects is usually not feasible due to a delayed referral from
the trauma centers, concomitant traumatic injury, medical in-
stability, or operative logistics.['”? Thus, data obtained in the
1970s, 1980s, and early 1990s do not reflect significant clini-
cal advancements and are limited in their applicability to the

Table 2. Outcomes by group
Subacute Delay Total p

No. of patients 20 15 35
Age, years” 25.45 37.13 0.003"
No. of days between injury and flap 20.7 555
Overall complication, n (%) I'l (55) 8 (53.3) 19 (54.3) 0.922
Flap failure, n (%) 3 (15) 2 (13.3) 5 (13.5) 1.000
Pedicle thrombosis/re-exploration, n (%) 4 (20) 2 (133) 6 (17.1) 0.6
Serious infection, n (%) 3 (15) 2 (13.3) 5(14.2) 1.000
Partial skin graft failure, n (%) 4 (20) 2 (13.3) 6 (17.1) 0.6
Hematoma, n (%) I (5) 1 (6.7) 2(5.7) 0.83
Non-union, n (%) I (5) 1 (6.7) 2 (5.7) 0.83
Postoperative length of stay, days, meant+SD* 29.5+4.4 47.616.9 373 0.028"
Functional result

Normal ambulation 5 (25) 4 (26.6) 9 (25.7)

Ambulatory with crutch/cane 9 (45) 7 (46.6) 16 (45.7)

Ambulatory orthotic footwear 6 (30) 4 (26.6) 10 (28.6)

*P<0.05. SD: Standard deviation.

190

Ulus Travma Acil Cerrahi Derg, March 2019, Vol. 25, No. 2



Arslan et al. Comparison of subacute and delayed free flap reconstruction in the treatment of open lower extremity fractures

modern day. Moreover, recent review articles confirmed that
a higher number of flaps continue to be performed within the
“delayed” time frame (publications from 2008 to 2018).*!%
Likewise, in our study, the wound management and recon-
struction in our series of 35 patients began exclusively in the
subacute and delayed reconstruction period beyond 10 days
since the initial trauma, due to the concomitant traumatic in-
jury, medical instability, and delayed referral from the trauma
center at a mean interval of 35.6 days.

In literature, the reconstructive timing was usually defined as
“delay” in a period 3-90 days after injury, and cohorts were
labeled as “later” if the reconstructions were done after 90
days post-injury. In our report, we defined the subacute pe-
riod as 10-29 days and delay period 30-92 days after injury
to find whether there is an optimal time for reconstruction
within the delay period (3-90 days). Hill et al.,®! reported
21.7% and 15.8% flap failure rates in the first 30 days and
between 31 and 90 days, respectively, with the overall failure
rate of 13.3%. Francel et al.'¥! reported a 15% flap failure rate
0-176 days post-injury. On the other hand, recent review
articles found the failure rates 8.8%—9.6% in delayed recon-
structions. Our overall flap failure rate of 13.5% (5 flaps lost
in 37 free flaps) was comparable with the previous literature.
[8-1015] |n the subacute reconstruction group, a slightly higher
failure rate was seen compared to the delay group (15% vs.
13.3%) without any statistical significance.

The infection is the most important complication for the trau-
matic lower-extremity reconstructions. It may affect not only
flap success, but also functional outcomes. A recent meta-
analysis of only free-flap reconstruction for lower-extremity
injury revealed that the infection rate was 12.7% within the
delay time frame of 3—90 days in 36 articles including a total
of 862 free flaps. In another recent systematic review of trau-
matic lower-extremity wound reconstruction with both free
and local flaps, the infection rate was found at |11.6% within
the same time frame. In our study, we found a 13.5% infection
rate in the total group, which is comparable with the previous
articles. And it was seen that the infection rate did not signifi-
cantly change whether the free-flap reconstruction was done
within the subacute or delay time frame (15% vs. 13.3%, p=1).

The length of hospital stay is commonly used for calculating
the cost efficiency. However, differences in countries and in-
jury types can limit its benefits and usefulness. Haykal et al.
reviewed the literature regarding of lower-extremity recon-
structions and found that only seven articles mentioned the
hospitalization time with an average of 43 days within the
delay time frame of 3-90 days, which was comparable with
postoperative hospitalization time (37.3 days). Differences
between the postoperative length of stay in our subacute
versus delay reconstructions (29.5 vs 47.6 days, p=0.028)
may reflect the younger age in the subacute cohort (25.45 vs.
37.13 years, p=0.003) and the presence of more concomitant
injuries in the delay cohort (Table | and 2).
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Muscle flaps were the most common types of free flaps in
this study. Although fasciocutaneous perforator free flaps
provide similar functional results with less donor site mor-
bidities, the practical use of these flaps became more fre-
quent rather recently.l'é!”] The retrospective nature of the
study was a limiting factor over the flap type preference,
which is thought to carry a higher percentage of perfora-
tor flaps if performed in a prospective fashion. Nevertheless,
considering the previous studies revealing the similar results
of perforator flaps compared with muscle flaps,!'>'® this flap
type manner is not thought to be an effective factor in our
study.

Conclusion

Nowadays, the majority of free flaps for traumatic lower-
extremity reconstruction continue to be performed within
the delayed time frame of 72 hours to 3 months worldwide.
Patient’s general condition, additional injuries, and wound op-
timization should be considered to designate the timing of
reconstruction. There was no optimal reconstruction time
frame found in our series, whether it was done within the
subacute or delayed reconstruction period after injury.

Conflict of interest: None declared.
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AMAC: Alt ekstremite travmatik defektler icin erken serbest flep kapsami birkag yazar tarafindan onerilmesine ragmen, hasta veya lojistik ile iliskili
yaralanmalara bagli olarak genellikle pratik degildir. Bu galismanin amaci, subakut ve geg cerrahi zamanlamanin flep basarisi lizerindeki etkisini de-

gerlendirmektir.

GEREC VE YONTEM: 2007-2012 yillari arasinda alt ekstremite travmasini takiben mikrocerrahi serbest flep operasyonu gecirmis eriskin hastalarin
geriye donuk analizi yapildi. Hastalar, yaralanma ve serbest flep operasyonu arasindaki zaman dilimine gore subakut (yaralanmadan 10 ila 29 giin
sonra yapllan flep) ve gecikmis onarim gruplarina (yaralanmadan 30 giin sonra) ayrildi. Demografik 6zellikler; yaralanma mekanizmasi, operasyondan
taburculuga kadar gegen siire, mindr ve major komplikasyonlar ve flep basarisizlik oranlari degerlendirildi ve iki grup arasinda karsilastirildi.

BULGULAR: Calismaya 37 serbest flep operasyonu gegiren 35 hasta alindi. Yirmi hasta yaralanmadan sonra 10 ila 29 giin arasinda (subakut onarim
grubu), |5 hasta ise 30 gilin sonra (32-92 giin) yaralanma veya sonrasinda (geg onarim grubu) ameliyat edildi. Rekonstriiksiyon zamanlamasi, flep
basarisizligi ve komplikasyon oranlari arasinda anlamli bir iliski bulunamadi.
TARTISMA: Alt ekstremite travmatik defektleri igin subakut veya gecikmeli rekonstriiksiyon yapilabilinir ve uygun yara hazirligi ve iyi ameliyat 6ncesi

planlama ile iyi sonuglar alinabilinir.

Anahtar sozciikler: Agik kirikli alt ekstremite yaralanmalari; free flepler ile agik kirik onarimlari; geg dénem alt ekstremite onarimlari; serbest doku ile alt
ekstremite onarimlari; serbest doku onarimlari; subakut dénem serbest doku onarimlari.
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