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Rare Mucor circinelloides and Fusarium 
infection in latissimus free flap 
reconstruction after devastating foot injury 
in non-neutropenic patient

Holoubek J.1, 2, Knoz M.1, 2, 3, Lipový B.1, 2, Bartošková J.1, Kocmanová I.4, Hanslianová M.4, 
Krtička M.2, 5, Kubek T.2, 3

SOUHRN
Holoubek J., knoz M., lipový B., Bartošková J., kocmanová I., Hanslianová M., krtička M., kubek T.: Vzácná invazivní fungální
infekce Mucor circinelloides a Fusarium u imunokompetentního pacienta po devastačním poranění dolní končetiny 
s rekonstrukcí volným lalokem m. latissimus dorsi
V současné době patří rekonstrukce volným lalokem k zlatému standardu léčby devastačních poranění dolní končetiny. Jedním 
z hlavních faktorů přímo ovlivňujících úspěšnost léčby je riziko infekčních komplikací. Kolonizace a následná infekce vláknitými 
houbami patří i v dnešní době v případě imunokompetentních pacientů k raritně se vyskytujícím. Jejich nízký výskyt je nicméně 
kompenzován fulminantním a často podceňovaným průběhem. Charakteristickými rysy je rychlá lokální destrukce tkáně, která spolu 
se silným angio-invazivním potenciálem snadno vede k diseminaci do organismu. V této případové studii prezentujeme případ 
devastačního poranění dolní končetiny, kde bylo k záchraně končetiny využito přenosu volného svalu latissimus dorsi. Stav byl dále 
komplikován v důsledku invazivní infekce vláknitými houbami zástupci Mucor circinelloides a Fusarium. V závěrečné části článku se 
rovněž stručně věnujeme výskytu podobných případů v literatuře v podobě krátkého literárního review.
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ABSTRACT
Nowadays, free flap reconstruction in devastating lower limb trauma is a standard procedure in reconstructive surgery. The greatest 
factor directly affecting limb salvage is still the risk of infectious complications, whether local or systemic. Fungal wound infections are 
not among the most common infection complications in surgery, but their low incidence is compensated for by their fulminant and 
serious course, as well as severe local tissue destruction and strong angio-invasive potential together with the possibility of dissemina-
tion. In this case study, we present an example of a devastating lower leg injury, solved using latissimus free flap reconstruction, with 
subsequent difficult and prolonged healing, due to an invasive filamentous fungi infection. In the final part of the article, we focus briefly 
on the occurrence of similar cases in the literature. 
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INTRODUCTION

Th e foot and ankle are prone to injuries and diseases be-
cause of insufficient soft tissue [1]. Complex soft tissue 
defects of the foot and ankle, caused by trauma, infec-
tion, tumorous cancers or diabetes, are common and 
can be accompanied by exposed tendons, neurovascular 
bundles and bone [2]. Microsurgical free-tissue transfer 
is the standard care option for open fractures of the lower 
extremity accompanied by significant soft tissue trauma. 

Th ese microsurgical techniques have enabled the sal-
vage of limbs previously managed by amputation, with 
reported free flap success rates of 91–92% in traumatic 
lower limb injuries [3, 4].
Although there exist a number of factors likely to contri-
bute to the increased incidence of complications in lower 
extremity free flaps, one particular area of controversy 
involves infection. For decades, infectious complications 
have been one of the major complications of surgical 
wound healing, and although bacteria are still among 
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Figure 1. 5th day after free flap reconstruction, newly created defect in heal region
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the most dominant infectious complications, we have 
recorded a year-on-year increase in the number of iso-
lated micromycetes [5]. We present herein a case of 
post-traumatic filamentous fungi wound infection in 
an immunocompetent patient and discuss the diagnosis 
and treatment with a review of the relevant literature.

CASE REPORT

In this case study, we present a 50-year-old previously 
healthy man who was admitted for a devastating left foot 
injury due to a car accident. Th e primary image was domi-
nated by subluxation in the ankle joint, luxation in the 
Chopart’s joint and a multiple fracture of cuboideum bone. 
All of this was accompanied with significant axial limb 
deformity and extensive soft tissue damage in the crural 
and tarsal areas. Th e patient was operated on acutely, to 
stabilise and reposition the fracture, using an external 
fixator. During initial treatment, the surrounding tissues 
began to show signs of tissue ischemia, and their vitality 
was considerably controversial. As a result of the magni-
tude and location of the injury, the maximum restraining 
procedure was chosen to minimise further limb trauma.
In the next few days, repeated revisions and necrectomy 
of the demarcating necrosis of skin and soft tissue were 
performed. Due to the progression of tissue devitalisa-
tion, a CT angio was undertaken, which did not show 
pathology in the vascular supply of the distal limb.

Surgical care
Eleven days after the injury, the patient was transferred 
to our clinic, where we continued with revisions and the 
necrectomy of devitalised tissues. On the nineteenth day 
following the injury, the affected area was stripped of all 
devitalised tissue and the resulting defect reconstructed 
using a latissimus free flap. Th e reconstructive part of 
the surgery was preceded by external fixator correction. 

A Schantz pin from the calcaneus was removed to allow 
flap application to the injured area. Two Kirschner wires 
were then inserted from the calcaneus to the distal tibia, 
in order to maintain the talocrural joint in the right po-
sition. Next, the flap was harvested along with the skin 
marker, and the tibialis posterior artery and vein were 
dissected as recipient vessels. Shortly after suturing the 
anastomosis, there was a repeated thrombotic closure 
at the site of the arterial anastomosis, which required a 
shortening of the vessel and suture end-to-side anasto-
mosis in the proximal direction. After reperfusion flap 
showed good signs of vitality and the skin marker had a 
positive capillary return.
On the fifth day after the operation, the vitality of the 
flap was still suitable, but unfortunately there was a 
further devitalisation of the edge of the tissue in the 
heel area, which required further necrectomy in this 
area (Figure 1). 

Microbiology
Following admission, a prophylactic triple combination of 
antibiotics was applied to the patient (methicillin 1 g every 
6 hours + gentamicin 240 mg every 24 hours + metronida-
zol 500 mg every 8 hours) as a standart truama protocol. 
Th is was adjusted according to the results of precise mi-
crobiological surveillance during each surgical procedure.
All microbiological tests were performed in Department 
of Microbiology, University Hospital Brno. Collected ma-
terials from the wound were cultured aerobic, anaerobic 
and fungal (Sabouraud’s agar, incubation temperature 
– 25, 30 and 37 °C). Based on routine clinical practice, 
specimens were collected by a print and swab method, so 
direct microscopy could not be performed.
On the fifth day after free flap reconstruction, we ob-
served the first positive isolation of filamentous fungi. 
Th is finding was confirmed by further culture positive 
sampling (positive at day 5, 8 and 21 of post-operative 
hospitalization) and histopathologically. Th e first iso-
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Figure 2. A – Mucor circinelloides (left), B – Fusarium sp. (right) both under microscope Enlarged 40x.

Figure 3. Local sign of invasive fungal infection 
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late was categorized as Mucor circinelloides by macroscopic 
and microscopic appearance (Figure 2). Samples from 
the twenty-first day of hospitalization reveald a mixed 
culture – beside Mucor sp. Fusarium sp. was identified. 
Samples from following days identified only this Fusarium 
sp. Additional identification at species level at that time 
was not clinically relevant.
In both isolates, MIC (minimum inhibitors of concentra-
tion) was determined for selected antifungal agents using 
the Etest method (with RPMI agar 1640 containing MOPS 
and 2% glucose and were read after incubation at 34–36 °C 
for 24 h for Mucor sp. and 24–48 h for Fusarium sp.). For Mucor 
sp. were MICs for amphotericin B and posaconazol 0.064 
and 2.0 µg/ml, respectively. For Fusarium sp. were MICs for 
amphotericin B and voriconazol 0.5 and 0.25 µg/ml, re-
spectively. Unfortunately, the MIC gradually increased for 
Fusarium sp. (MICs for amphotericin and voriconazol were 
8.0 and 2.0 µg/ml, respectively). Based on the new MIC 
results and previous therapy, voriconazol (200 mg every 
24 h) was chosen as the most suitable systemic antifungal 
agent. Breakpoints have not been established for Fusarium 
spp., so we used epidemiologic cut-off values (ECV). ECV 
of voriconazol is 4–16 µg/ml, according Fusarium species, 
however, the epidemiological cut-off values will not cate-
gorize a fungal isolate as susceptible or resistant [6].
Invasive fungal infections led to further devitalisation of 
the tissue and the formation of a large defect in the heel 
region (Figure 3). Applied systemic antimycotic therapy, 
along with effective local antisepsis (combination alcohol 
and PVP-Iodine solution) and thorough surgical debride-
ment, led to the eradication of the micromycetes. Antigen 
testing (galactomannan and glucan) was not performed.
Unfortunately, prolonged healing of the newly developed 
defect in the heel region required re-hospitalization 
of the patient, further surgical therapy using the VAC 
system and more necrectomy of the defect (Figure 4). 
Systemic therapy by voriconazol (200 mg every 24 h) 
togehert with local wound care with amphotericin B was 
used. Th e concentration of amphotericin B was 50 mg in 
500 ml of aqua purifica (0.1 mg in 1 ml). Th e resulting 
solution was then applied to the defect in the form of wet 
drapes and changed once every 24 hours. After successful 
eradication of the pathogen, the defect was closed by 
autotransplantation.

DISCUSSION

Moulds such as Mucorales, Aspergillus spp., Fusarium spp. 
and Scedosporium spp. are the main opportunistic fila-
mentous fungi (FF) that can cause serious and rapidly 
fatal infections in immune-compromised patients such 
as those receiving chemotherapy for malignancies, the 
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recipients of bone marrow or solid organ transplants 
and patients with neutrophil defects, especially chronic 
granulomatous disease [7, 8]. Lately, increasing numbers 
of fungal infection have been reported in burns patients, 
due to the loss of skin cover continuity along with the 
presence of necrotic tissue, thereby creating an ideal en-
try point for a bacterial or a mycotic infection [5]. On the 
other hand, only a few reports have described FF skin and 
soft tissue infections complicating post-surgical [9–11] 
or post-traumatic wounds [12–14] in non-neutropenic 
adult patients. 
Recently there has been several major publication deal-
ing with severe invasive fungal infection in trauma 
patients. Zahoor et al. in 2016 published broad literature 
review focusing on surgical treatment and antimycotic 
treatment of severe mucormycosis as a result of pene-
trative trauma. In total they went through 36 reports 
which 18 were case based. The conclusion of their work 
is clear that only radical and early surgical approach, 
even at the expense of disfigurement, is necessary to 
reduce mortality in the setting of cutaneous mucor-
mycosis that results from penetrating trauma [15]. In 
2017 Kroner et al. presented paper dealing with invasive 
fungal infections secondary to traumatic injury focusing 
epidemiology, natural history, mycology, risk factors, 
diagnosis, treatment, and outcomes in military and 
civilian populations. Mucorales is the major pathogen 
in both groups, and the risk factors are, of course, very 
different due to battlefield injuries and field conditions. 
Similarly, diagnosis and therapy are often very limited 
in the event of a war conflict, and this must also have 
an impact on mortality. Here again, however, there is 
a clear conclusion that only adequal surgical therapy 

along with effective antimycotic medication can yield a 
satisfactory result [16]. Last report from Loganathan et al. 
published in 2018 dealing with Invasive fungal infection 
in 5 patients with open fractures. The conclusion of all 
the work is quite similar and the greatest emphasis is 
placed on correctly timed and adequate surgical therapy. 
An important part of treatment is then targeted antifun-
gal treatment. Amphotericin B is nowadays still the most 
used preparation, but it is more and more necessary to 
treat the newer broad spectrum antimycotics of the II. 
generation of triazole. In all these works, the need for 
further research and data collection such as further illu-
mination of risk factors, improved diagnostic methods, 
and optimal treatment regimens is strongly emphasized 
for future time [17]. 
However, in post-traumatic FF infections, acidosis due 
to severe soft tissue damage and lack of tissue viability, 
associated with local immune-depression, could explain 
the pathogenicity of fungal infections in patients with-
out underlying conditions, as described by Wichmann 
et al. [18]. In addition, the presence of large amounts of 
spores in soil contributes to wound contamination and 
the development of infection. Finally, a key feature of 
wound-related fungal infection is the direct entry of 
the fungi into the skin. The characteristic feature of 
filamentous fungi infection, especially in the case of 
Mucorales, is their local angiovinase, which can lead 
easily to dissemination throughout the body. As a result, 
it is essential to prevent fast progression by performing 
rapid diagnostics, appropriate surgical debridement and 
antifungal therapy [19]. 
Since there was repeated isolation of the fungi from 
the same site during surgical procedures (including 

Figure 4. Defect after repeated debridement and necrectomy before final autotransplantation
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necrectomy), local infection in the patient was highly 
suspected. The only way to distinguish these two was to 
perform a histopathological examination (skin biopsy), 
in order to detect fungal invasiveness. Direct mycological 
examination is based on the cultivation and microscopy 
of sterile materials such as blood, normally sterile body 
fluids, deep tissue and organs. According the EORTC/
MSG (European Organization for Research and Treatment 
of Cancer/Mycoses Study Group) criteria, we identified 
this case as a proven fungal infection (positive fungal 
culture with histopathological evidence and with clinical 
signs of infection) [20]. However, in some cases these 
criteria are not particularly applicable. In some cases 
we have to rely solely on cultivation capture and clinical 
picture, because further material collection would lead 
to further devastation of the affected area [21].
Until 2002, the only option to counter the threat of 
systemic filamentous fungal infection was to use am-
photericin B and itraconazole. Newly discovered drugs, 
such as voriconazole and posaconazaloze, as well as new 
echinocandins, such as caspofungin, have brought new 
therapeutic options into systemic micromycetal infec-
tions, especially on Aspergillus-invasive infections [22]. 
However, therapeutic options for the remaining FF con-
tinue to be limited in the form of liposomal amphotericin 
B and posaconazole for Mucorales and voriconazole for 
Fusarium spp. and Scedosporium spp. Therapy consists of 
initial, adequate surgical debridement and then ade-
quate antifungal therapy. As a result of the large variety 
of possible agents, and their changing sensitivities to 
different antifungal agents, empirical therapy is hard 
to identify. Therefore, the identification of the fungus, 
using a culture or polymerase chain reaction (PCR), is 
necessary. The choice of antifungal therapy is dependent 
on the fungal species, the condition and immune status 
of the patient and the extent of the infection [23].
We were able to find ten articles linking to a total of 
11 patients with free flap reconstruction who had also 
presented with filamentous fungi infection [24–32] since 
2001. These observations are of cases with mucormycosis 
infection or retrospective studies of reconstruction by 
free flaps, in which some of the indications concerned 
zygomycosis [24]. In total, six patients were evaluated as 
immune-competent, and the infection was a result of a 
high-energy trauma. The remaining five patients were 
enrolled in different stages of immune-compromisation 
(haematological malignancy, extreme burning and an 
advanced stage of autoimmune disease). All patients 
required serial debridement of the necrotic tissue, accom-
panied by significant morbidity and the loss of soft tissue 
or even bone. All patients survived. In total, there were 
three maxillectomies, two exenterations, one mandi- 
bulectomy and one complete loss of a limb. The range of 
free flaps used varied. The only multiple-use flaps were 
anterolateral thigh flaps (ALT) and latissimus dorsi flaps, 
both of which were used twice. Three osteocutaneous 
free flaps were used in reconstruction (capular osteocu-
taneous free flap, a serratus anterior combined with the 
seventh rib and a vascularised fibular osteocutaneous 
flap). All reconstructions were successful, and there was 
zero flap mortality. Only in one case, as well as in our 
case, was there a complication with thrombosis or ana- 
stomosis. The most frequently used antimycotic agent 
was amphotericin B alone (six cases). In other cases, it 

was supplemented with or replaced by posaconazole or 
voriconazole. 
Adequate and sufficiently long antimycotic therapy 
is essential for successful defect closure, especially 
when taking into account vascular tropism caused by 
Zygomycetes, which is a source of thrombosis and vas-
cular dissections [24]. In summary, on the diagnosis and 
treatment of rare fungal infections, we can refer to the 
European Society of Clinical Microbiology and Infectious 
Diseases (ESCMID) of the Fungal Infection Study Group 
(EFISG) and the European Confederation of Medical 
Mycology (ECMM) 2013 Emerging fungal diseases [33].

CONCLUSION

Fungal post-traumatic infections after extensive soft 
tissue damage are a rare but severe complication. All 
clinical cases require significant surgical debridement 
and extensive surgical reconstruction. Early and accu-
rate identification of the fungus is also important to 
minimising the consequences and overall survival of 
the patient. The high risk of dissemination and any as-
sociated increasing lethality should always be a signal 
of aggressive surgical and systemic therapy. Research 
concerning mucormycosis, secondary to penetrating 
trauma, is in its infancy. High quality non-anecdotal 
studies have yet to be performed or reported. We should 
foster the development of new targets for intervention, 
including surgical treatment protocols and additional 
pharmacological therapies in addition to possibly re- 
-examining endeavours of therapy that have failed pre-
viously. Greater clinical suspicion in trauma patients 
is strongly suggested to identify and manage invasive 
fungal infection expediently and satisfactorily [15].
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