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ABSTRACT
Morbidity associated with the donor site after harvesting free fibula flaps is generally considered low and most commonly related to complications associated with the healing of split skin graft closures. The occurrence of donor site ischemia following the harvesting of a fibula flap is
uncommon, but if the event occurs, it may have catastrophic consequences. In this paper, the authors present a case study describing an ischemic
lower limb following a free fibula harvest for head and neck reconstruction. A postoperative angiography revealed occlusion of the remaining
anterior tibial and posterior tibial vessels, with only collateral circulation supplying the lower leg. In order to restore circulation to the leg, endovascular angioplasty of the anterior tibial artery was performed. Upon healing of the free osseocutaneous fibula flap at the recipient site (without
complications), the patient was discharged and scheduled for outpatient follow-up. As a result of unfavorable wound healing at the donor site
despite endovascular interventions, the patient's lower limb was later amputated below the knee. The authors present an overview of the preoperative, intraoperative, and postoperative strategies for diagnosing and managing complications associated with free fibula flap harvests.

INTRODUCTION

CASE REPORT

Osseous free flaps are considered the gold standard for the reconstruction of

We describe here the case of a patient who developed critical ischemia in the
lower extremity following free fibula flap reconstruction of the mandible at
Uppsala University Hospital in Sweden. A written consent was obtained for
the use of the patient's images for publication, and data was handled according to our institution's research ethics policies (ethical approval number DNR
2017/207).
The patient was an 84-year-old woman who had a history of hypertension, hyperlipidemia, arrhythmias, and chronic obstructive pulmonary disease. She presented with pT4aN0M0 gingival squamous cell carcinoma involving the right hemi-mandible. A multidisciplinary tumor board recommended
resection of the hemi-mandible, a unilateral neck dissection, and a free fibula
flap reconstruction. In the preoperative clinical assessment of the lower leg,
no palpable pulses were found. A handheld doppler however, demonstrated
adequate flow in the dorsalis pedis artery. Due to the high blood creatinine
levels, a computerized tomographic angiography was not recommended.
After the successful completion of the surgery, a mandibular reconstruction was performed with the right fibula, and the donor site was closed with a
split skin graft. The ischemia time during the surgery was less than 90 minutes.
In accordance with the established protocol for our department, the patient
was given low-molecular-weight-heparin as a prophylactic dose prior to surgery and acetylsalicylic acid and low-molecular-weight-heparin as a follow-up
dose following surgery.
The right foot showed reduced circulation on day one following surgery
along with diminished capillary refill. The patient subsequently developed necrosis of the medial aspect of the forefoot with additional necrotic patches
developing over the foot and lower leg. In an urgent postoperative angiography, it was found that the remaining anterior tibial and posterior tibial vessels
had been occluded, leaving only collateral circulation supplying the lower leg
(Figure 1A). After consulting with the vascular surgery department, an attempt
was made to restore circulation of the leg by performing an endovascular an-

larger osseous defects due to head and neck cancer, as its success rate is over
95% in most centers [1,2]. Free osseocutaneous fibula flap, described by Wei
et al. [3] and later popularized by Hidalgo [4], is often referred to as the most
commonly used flap to reconstruct the mandible. Among its benefits are a
long pedicle with wide diameter vessels, a long bone suitable for osteotomies,
and an ability to be harvested simultaneously with tumor removal [5,6]. There
are also other osseous flaps that are less frequently used for a variety of reasons: the osseous radial forearm flap was long ago abandoned due to the risk
of fractures and sensory disturbances; the iliac crest flap has an ideal bony
stock, but has a substantial skin paddle, which makes it unsuitable for intraoral lining and increases the risk of herniation; and typically the scapula flap
requires intraoperative repositioning of the patient and is difficult to harvest
simultaneously with tumor removal [7-12]. The use of the scapula in osseous
head and neck reconstruction is slowly gaining momentum. However, it has
yet to take over from the free fibula flap, which still dominates this procedure.
Free fibula flaps have earned a stellar reputation; however, they do not
always disclose significant donor site complications that may complicate the
surgery. Various studies have revealed that chronic ankle pain and mobility
issues can be unpredictable and potentially debilitating [13-16]. In contrast,
compartment syndrome and vascular ischemia are not often mentioned in
the literature, but their occurrence is possibly preventable. By predicting and
preventing donor site complications, free flap surgery can more readily measure success based on donor site morbidity. The presented case illustrates
the unfortunate consequences of lower limb ischemia resulting from vascular
stenosis following a free fibula flap harvest. Furthermore, the authors discuss
preoperative, postoperative, and intraoperative strategies for identifying and
managing at-risk limbs.
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Figure 1. (A) An angiography of the lower leg postoperatively shows collateral circulation and occlusion of the remaining anterior and posterior tibial
vessels. (B) A clinical observation at the donor site postoperatively indicates necrosis of the first and second toes, as well as the dorsum of the foot. (C)
A postoperative photograph demonstrates necrotic muscles in the lateral compartment.

gioplasty of the anterior tibial artery. As the Doppler signal in the tibialis anterior was restored after the procedure, no additional intervention was needed.
Following serial debridement, it was discovered that the patient had necrotic muscles in the lateral compartment, which were also debrided along
with the necrotized great toe (Figure 1B-C). With the use of negative pressure
wound therapy and skin grafting, the resulting defects were covered. Furthermore, during the patient's hospital stay, the patient suffered from chest pains,
for which a diagnosis of myocardial infarction was made, which was treated
medically. In the end, the free osseocutaneous fibula flap healed into the recipient site without complications (Figure 2), and the patient was discharged
and scheduled for follow-up in the outpatient clinic. Following the initial surgery, the patient experienced an unfavorable healing response in the lower
limb and was therefore required to undergo a below knee amputation of the
affected leg.

DISCUSSION

ularly in the elderly population), and tight closure of the donor site are known
factors which can lead to ischemia in the lower leg following a fibula flap harvest [19-22]. In the following discussion, we analyze their occurrence and suggest strategies for identifying and managing them (Table 1).

Management of Vascular Anomalies
There have been several vascular variations and dominance patterns described for the lower limb, which may limit the harvesting of the fibula flap.
Kim et al. reported three main types of infra-popliteal arterial variations (types
I-III) based on varying branching patterns [23]. For a free fibula flap harvest,
the most critical subgroup is type IIIC, which represents the dominant peroneal artery as the only contributing artery to the foot. As a result of hypoplastic
and/or aplastic anterior and/or posterior tibial arteries, the peroneal artery
becomes the only artery to supply blood to the foot, a condition known as
peronea arteria magna, whose prevalence has been reported to range from
0.2% to 8.3% [24-27]. Based on a systematic review of 5790 limbs from 26
studies, Abou-Foul and Borumandi found that critical infra-popliteal vascular

Complications related to the donor site following free fibula flap harvests
are frequently attributed to delayed wound healing during the early phase
of the postoperative course. However, chronic pain and/or gait disturbances
have been reported as a result of donor site complications in the long-term
[13-16]. The risk of serious complications following an ischemic event is rare
[7,8,17,18]. However, vascular anomalies, peripheral vascular disease (partic-
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anomalies are present in 10% of the population, with a predominance of the
peroneal artery in 5.2% [26]. The same group reviewed 18 articles with 26 cases of free fibula harvests in patients with known peroneal artery dominant
lower limbs in a subsequent article [24]. It was found that five cases (one of
which was a true type IIIC peronea arteria magna variant) had undergone successful harvests after intraoperative clamping had revealed adequate distal
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Figure 2. (A) A postoperative photograph demonstrating satisfactory wound healing without complications at the recipient site. (B) The free osseocutaneous fibula
flap heals into the recipient site and provides the recipient with the full shape of the mandible.

perfusion, as well as two cases that were not radiologically evaluated prior to
surgery and did not display intraoperative suspicion of peronea arteria magna. Following surgery, these two patients both developed severe ischemia and
needed interposition vein grafts to re-establish blood flow. Another rare vascular variant on the lower limb is the low division of the tibio-peroneal trunk
[28], which might require the sacrifice of the posterior tibial artery as well as
the placement of a vein graft to bridge its gap.
Even though the peronea arteria magna is described as a relative rather
than an absolute contraindication for fibula flap harvest, it would be helpful to
be aware of its presence before the surgery in order to make an informed surgical decision [29]. When an unexpected intraoperative finding is determined
to be associated with a peronea arteria magna, it can be attempted to diagnose the condition by clamping the peroneal artery at the distal portion of the
fibula in order to determine if perfusion is available to the foot. When there is
a suspicion of ischemia, an oximeter can be placed on the great toe to assess
the blood flow. If diminished perfusion is evident, the surgeon should abandon the flap or use a long vein graft to bridge the peroneal artery gap if it is to
be used. The presence of a low tibio-peroneal division would also necessitate
the use of a vein graft to bridge the resulting gap in the posterior tibial artery.
Although one could consider harvesting the fibula as a non-vascularized bone
graft, grafting larger than 5 cm is not recommended [30].

Management of Vascular Stenosis
Atherosclerosis-induced vascular stenosis can have devastating effects on the
flap and the donor site. Old age and/or diabetes are risk factors for atherosclerosis, which should alert the surgeon to possible complications [31].
There should be a combination of examinations performed prior to surgery. Palpable pulses can lead to confusion, as retrograde arterial flow is capable of causing palpable pulses as well as concealing proximal stenosis. Allen's
test may be useful in determining the degree of proximal perfusion to the foot
from non-compressed vessels. Handheld dopplers are often used, but until
the user is familiar with the meaning of the waveform and the functions they
perform, they may present similar problems to manual palpation. Waveforms
can be characterized as triphasic, biphasic, or monophasic, with monophasic waveforms indicating significant stenosis [33]. In the lower limb, the ankle-brachial-pressure index is commonly used to determine if a patient has
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atherosclerosis, but the results can be inaccurate due to the incompressibility
of stiff vessels. It is preferred to measure great toe pressure rather than ankle
pressure since the great toe digital vessels are less prone to atherosclerosis.
During a preoperative vascular clinical evaluation, it is imperative to recognize
that the clinical examination may lead to an unjustified sense of security when
it comes to interpreting the vascular supply to the lower extremity. Even normal palpable pulses and audible Doppler signaling cannot guarantee the presence of a sufficient blood supply.
To prevent misinterpretation, a radiologic examination of the perfusion
and/or flow pressure is imperative. A computed tomography angiography is
often performed, however magnetic resonance imaging or color duplex ultrasound are more appropriate for patients with poor renal function [34]. Alternatively, intravenous fluid infusions can be applied before and after the computer tomographic angiography to prevent renal impairment. There has been
debate over the utility of preoperative imaging prior to the harvesting of a
fibula flap, but most studies have shown that clinical examination alone is not
sufficient to identify vascular anomalies, whether congenital or acquired, in
the lower limb [26,35,36]. Even experienced surgeons can be misled by more
complex vascular anomalies and can unnecessarily delay the operation and
endanger the reconstruction. A preoperative assessment of the lower limb's
vascular system could benefit the surgeon both at the planning stage and
during surgery, since preoperative interventions far outweigh postoperative
salvage from the point of view of patient safety and medical liability.
An individual should always be informed about the possibility of harvesting vein grafts, of abandoning the flap intraoperatively, or of using an alternative flap option intraoperatively. Scapula free flaps are a viable alternative
to fibula flaps since they can be harvested in a prone position and have been
found to have fewer complications at the donor site [37]. Moreover, the scapular vessels are less susceptible to atherosclerotic changes than the lower limb
vessels, making them a more suitable option for elderly patients [38].

Complications and Management of Donor Site Closure
Compartmental syndrome has been reported as the primary cause of ischemia after fibula harvesting [19-21,39-46]. This issue relates to the primary
closure of the donor site under tension. When a skin paddle is more than four
to six centimeters wide, the donor site should be closed with split thickness
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Table 1. Management Suggestions for Vascular Issues Observed Preoperatively, Intraoperatively, and Postoperatively
Stage

Finding

Potential issue

Management suggestion

Preoperative

Palpable pulses

Despite palpable pulses, reversed flow can mask a
true patency.

A pedal Allen's test can be performed. A radiologic
examination should be performed to confirm that
there are no vascular anomalies.

Normal ABPI

The metric should not be solely relied upon due to the
possibility of false pressure values resulting from atherosclerotic vessels.

Perform a toe-brachial index pressure measurement, perform a radiologic examination, and if
necessary, consider vascular intervention prior to
surgery.

Weak or no palpable
pulses

An audible Doppler ultrasound may not be able to
guarantee a definitive response in these circumstances.

Obtain radiological evidence of adequate flow and
consider vascular intervention if necessary.

A monophonic sound on
Doppler

It is critical to identify the characteristics of the doppler
waveform, such as monophasic waves, that indicate
stenosis.

Refer patients for vascular intervention after a radiological evaluation.

Vascular anomaly on
radiographs

Complications related to harvesting and donor site
healing may occur.

An alternative flap or contralateral leg should be
considered.

Insufficient renal function
to perform CTA

The risk of missing vascular anomalies/stenosis may
exist.

The administration of intravenous fluids both before
and after CTA should be considered. Alternatively,
magnetic resonance angiography or color duplex
ultrasound could be utilized.

Peronea arteria magna
observed intraoperatively

If the fibula is harvested from a peronea arteria magna, the remaining vessels may compromise the blood
supply to the lower extremity.

The peroneal artery should be clamped intraoperatively to ensure adequate remaining perfusion. In
case the level of perfusion is insufficient, a vein graft
can be used to bridge the peroneal artery gap, and
the fibula may also be harvested as a graft.

Low tibio-peroneal
division

The posterior tibial artery gap remains in order to add
more length to the pedicle.

A greater saphenous vein can be utilized to bridge
the gap.

The presence of necrotic
patches

An impending ischemia of the lower extremity

Saturation should be measured in the great toe.
There is an urgent need for a radiological examination and a vascular consultation.

Signs of compartment
syndrome

Hypoperfusion of soft tissues due to tight closure

Even in non-tight conditions, it is advisable to close
the donor site with a split skin graft in order to eliminate the risk of subsequent swelling. If compartment syndrome is suspected, it is recommended to
open the closure. Postoperative anesthetic blockade
of the lower limbs should be avoided.

Intraoperative

Postoperative

ABPI, ankle-brachial-pressure index; CTA, computed tomography angiography.

skin graft [47]. However, Saleem et al. [48] and Sun et al. [46] report cases in
which a donor site was considered to be closed under high tension despite a
minimally wide skin paddle. As a result, split thickness skin grafting should always be considered for closing the donor site regardless of the size of the skin
paddle [18,49]. Additionally, postoperative vigilance should be maintained to
detect early clinical signs of compartment syndrome, which can be masked
especially when local anesthetic blocks are used [39]. If there is a suspicion of
postoperative compartment syndrome, the wound closure should be opened
as soon as possible.
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