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Background: Cutaneousmucormycosis, while less common than sinonasal or pulmonary infections, can cause widespread tissue
necrosis after seemingly innocuous encounters. The most common location of cutaneous mucormycosis is the extremities, and
extensive infection has been reported after trauma or orthopedic procedures.
Case Report: A 60-year-old female with poorly controlled type 2 diabetes mellitus sustained an open patella fracture after a fall.
She underwent washout and internal fixation with cannulated screws and cable tension band wiring. The patient’s recovery was
complicated by asymptomatic coronavirus disease 2019 (COVID-19) infection and repeated wound dehiscence, with growth of
Mucor species initially presumed to be a contaminant. Despite serial washout and debridement, repeat dehiscence and patella
exposure were noted. Free tissue transfer to the genicular vessels was selected for coverage of the extensor tendon, patella, and
fracture line. In repeat skin cultures,Mucor indicus and Staphylococcus epidermidis grew from the wound. Topical voriconazole and
a 6-week course of intravenous isavuconazole and oral doxycycline were started when theMucor cultures were identified.
Conclusion: This case highlights an approach to an indolent mucormycosis infection in the skin over a patella fracture in a patient
with poorly controlled diabetes mellitus, including the sequence of surgical care, debridement, and selection of antimicrobials.
Major amputation and orthopedic revision were avoided. This patient also underwent successful free tissue transfer after testing
positive for COVID-19.

Keywords: COVID-19, diabetes mellitus, extremities, free tissue flaps,mucormycosis, patella, reconstructive surgical procedures

Address correspondence to Kristopher M. Katira, MD, Department of Plastic Surgery, Intermountain Medical Center, 5121 S. Cottonwood St.,
Murray, UT 84107. Tel: (337) 278-5064. Email: kmk3361@gmail.com

INTRODUCTION
Mucormycosis is a rare but serious opportunistic fun-

gal infection caused by the mold mucormycetes. Immuno-
compromised individuals, including those with poorly con-
trolled diabetes mellitus, are vulnerable to this infection,
although mucormycosis can also affect immunocompetent
hosts.1,2 Rhinocerebral mucormycosis is perhaps the most
well-known disease process involving mucormycetes, char-
acterized by rapidly progressive necrotizing infections of the
sinuses that are associated with high mortality. Most of the
surgical literature on mucormycosis focuses on the morbid-
ity and mortality of rhinocerebral infections in immunocom-
promised patients, although the cutaneous variety is also a
surgical and medical emergency because of its fulminant
presentation.2,3 As such, mucormycosis infections of the
skin should not be overlooked in the differential diagnosis
of delayed healing in the diabetic or immunocompromised
patient.2

Cutaneous mucormycosis is only the third most com-
mon subtype of this invasive fungal infection.1,2 The lesions
can appear as macules or papules.1,2,4 While the course
of mucormycosis skin infections is usually indolent, necro-
tizing processes have been described, including life- and
limb-threatening scenarios.4,5 The most common risk fac-
tor, which has been implicated in up to 88% of cases, is
penetrating trauma, with soil most commonly serving as
the source of inoculation.1,2 Additional risk factors include
burns, surgery, persistent maceration, and subcutaneous
or intramuscular injections. Cutaneous mucormycosis may
also arise as a nosocomial infection.1,2,6 The cornerstone of
treatment for any manifestation of cutaneous mucormycosis
is early surgical debridement and antifungals.3,7 When crit-
ical structures are exposed in such wounds, reconstructive
solutions such as pedicled or free flaps may be required for
coverage.3 Potent antifungals, such as amphotericin B, have
historically been used to treat these infections but have poor
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Figure 1. Cable screw construct for internal fixation of a
transverse patella fracture before and after wire removal.

side effect profiles involving multiple organ systems.7 This
side effect profile has led to reports of new pharmacologic
therapies, in particular triazoles and topical amphotericin B.7

The following case illustrates a multidisciplinary approach
to addressing cutaneous mucormycosis in a patient who
sustained an open patella fracture. Hardware preservation,
fracture healing, and avoidance of amputation and major
orthopedic revision were achieved.

CASE REPORT
A 60-year-old female with poorly controlled type 2

diabetes mellitus (HbA1c 8.4%) on insulin without evidence
of complications sustained an open patella fracture after a
fall from standing onto moss-covered ground. She under-
went washout and internal fixation with cannulated screws
and cable tension band wiring (Figure 1).8,9 The patient had
no acute postoperative complications; however, 6 weeks
after initial presentation, she developed wound dehiscence
(Figure 2) that was treated with washout and debridement
followed by primary closure. Intraoperatively, the cables
were exposed and removed, but the screws were not visi-
ble, and the decision was made to leave them in place as
the relative risk of infection was considered low compared to
the risk of patellar nonunion. Per recommendations from the
orthopedic and infectious disease teams, she underwent a
6-week course of intravenous (IV) cefepime 2 g every 8 hours
and vancomycin with a trough goal of 15-20 μg/mL for sus-
pected infected hardware. After discharge, bacterial cultures
collected in the operating room demonstrated rare growth of
Mucor species, which was presumed to be a contaminant.
Eight weeks after initial presentation, the patient tested

positive for coronavirus disease 2019 (COVID-19). The
patient was at home on a 2-week quarantine and was mon-
itored virtually; she did not develop symptoms associated
with the COVID-19 infection and did not require any treat-
ment. A second dehiscence (Figure 3) occurred at this time,

Figure 2. Incisional dehiscence after initial open reduction
and internal fixation.

Figure 3. Repeat dehiscence after washout and wire re-
moval.
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Figure 4. Cellulitis noted on magnetic resonance imaging
corresponds with the wound shown in Figure 3.

unrelated to the COVID-19 infection. Magnetic resonance
imaging (MRI) revealed mild cellulitis circumferential to the
knee joint, but the MRI showed no signs of deep mus-
cle involvement or any bone marrow edema to suggest
osteomyelitis (Figure 4).
Thirteen weeks after initial presentation, the patient had

not responded to antibiotic therapy and was taken again
for serial washout and debridement with 1 g of topical van-
comycin powder placed in the wound and closure with
localized tissue advancement. She was discharged after
the procedure with instructions to resume vancomycin and
cefepime infusions. At her clinic follow-up 1 week postoper-
atively, she was switched to oral doxycycline 100 mg twice
daily per infectious disease for prophylaxis, as intraopera-
tive cultures came back negative and she had completed a
7-week course of IV antibiotics.
Despite these efforts, a third dehiscence was noted at

her 2-week clinic follow-up, now with patella exposure,
requiring radical debridement of the violaceous knee skin
(Figure 5). She was admitted to the hospital, and free tis-
sue transfer to the genicular vessels was performed for
coverage of the extensor tendon, patella, and fracture line
(Figures 6 and 7). On postoperative days (POD) 1 to 3,
the patient required an insulin drip and adjustment of long-
acting insulin to treat episodes of hyperglycemia ranging
from 200 to 370 mg/dL. She progressed appropriately and
was transferred out of the intensive care unit. On POD 4, with
abundance of precaution given previous Mucor growth, the
patient was started on dual therapy with oral isavuconazole
186 mg daily and oral doxycycline 100 mg twice daily for
14 days. On POD 7, she started the dangling protocol and
tolerated it well. On POD 9, cultures collected in the operat-
ing room again demonstrated growth ofMucor species. Fun-

Figure 5. Patella exposure after fasciocutaneous flap eleva-
tion and complex closure.Wide skin discoloration surrounds
the lower two-thirds of the knee incision.

gal operative cultures took this amount of time to be reported
as final. On POD 12, the patient met all milestones for dis-
charge and was discharged home with home health. The
patient received 1 month of aspirin 81 mg and enoxaparin
40 mg daily until she was no longer bedbound.
At 2-week follow-up, the flap was viable, but healing was

delayed with notable dehiscence along the suture lines. The
patient was taken for a fourth washout and debridement
of the flap the following week. Mucor species was noted
from the skin cultures, andStaphylococcus epidermidis grew
from the wound. The Mucor sample was sent for fungal cul-
ture and sensitivity. A 6-week course of oral isavuconazole
372 mg daily and oral doxycycline 100 mg twice daily was
started when the Mucor cultures resulted from this latest
washout. After 4 weeks, the fungal culture identified Mucor
indicus, and the patient was switched to a 6-month course
of oral posaconazole 100 mg 3 times daily based on sus-
ceptibility testing. A 1-month course of topical voriconazole

Figure 6. The genicular vessels were exposed along the me-
dial thigh for free tissue transfer. The saphenous nerve was
preserved.
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Figure7. Anterolateral thigh freeflapclosureofkneewound
after radical debridement of soft tissues.

was added to her therapy whenmarginal necrosis was noted
around the flap in the postoperative period (Figure 8). After
6 weeks, all sutures were removed, and she started bearing
weight 6 weeks postoperatively with a brace (Figure 9). She
completed a 6-month course of oral posaconazole 100 mg
3 times daily.

DISCUSSION
This case highlights the difficulty of recognizing a cuta-

neous mucormycetes infection. The mechanism of sustain-
ing a wound after a fall onto soil, poorly controlled diabetes
mellitus, and the discoloration and ulceration seen along
the patient’s incision line are characteristic of this infection.
Repeated wound healing difficulties despite wire removal,
customary empiric antimicrobial therapy, and meticulous
local soft tissue closures indicate unusually poor healing
reserves. In any patient with this scenario, possible etiologies
include peripheral vascular disease, diabetic hyperglycemia,
active or chronic nicotine use, inadequate immobilization,
atypical infection, or hardware infection. Given the contin-
ued strength of the hardware construct and stable inflam-
matory markers, hardware infection was deemed unlikely.
Mucor growth in multiple separate sets of cultures ultimately
suggested a fungal etiology of delayed healing. Multiple cul-
tures were required to tailor antifungal therapy, highlight-
ing the importance of prolonged therapy and the need for
extended antibiotics to eradicate this infection. When fun-
gal skin infections are suspected, skin specimens should
be sent to pathology for tissue evaluation in addition to
the standard microbiology studies to confirm a diagnosis
of mucormycosis.2,3 Our patient had an indolent course of
cutaneous mucormycosis and not the necrotizing variety.10

The need for serial debridements and washouts in this case
highlights the need to make a prompt diagnosis, as well as
the importance of keeping fungal infection in the differen-
tial diagnosis of infection or delayed wound healing. Specific
treatment strategies for mucormycosis include aggressive
debridement of necrotic tissues, stabilization of glycemic
control and nutrition, culture-directed antimicrobials, and
well-vascularized soft tissue coverage.
Orthopedic care for this patient’s open transverse patella

fracture was critical for salvage. Percutaneous cannulated
screw fixation with tension band wiring permitted stabi-
lization of the knee extensor mechanism.11 Wire removal
allowed for elimination of a potential cause of delayed heal-
ing after the first episode of dehiscence. Consultation with
plastic surgery was appropriate after attempting complex

Figure 8. Topical antifungalswere placed along theflap inci-
sion lines to facilitate healing in the postoperative period.

closure because the patella was not well covered. If bone
necrosis, joint infections, or necrotizing soft tissue processes
had been present, amputation or major revision may have
been the only options in this case.

While the gastrocnemius flap is a reliable option for small
to moderate peripatellar defects, larger wounds require free
tissue transfer for coverage.3,12 The decision to proceed with
free tissue transfer was further confirmed after interrogation
of the genicular vessels revealed that these vessels were
suitable. Free tissue transfer permitted a more controlled
inset of soft tissues over the critical area of concern in the
patella and distal thigh. A large-caliber artery and vein were
present at the knee from the descending genicular system.
At least 9 other cases of free tissue transfer to reconstruct
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Figure 9. The flap was healing well 4 months after transfer.
The patient demonstrated knee range of motion and used
compression therapy for edema control.

soft tissue defects resulting from cutaneous mucormycosis
infection have been published.3

Adding to the complexity of this case, this patient was
in the convalescent phase of a COVID-19 infection dur-
ing the last 2 surgeries. This patient was our first experi-
ence with free tissue transfer in a patient with COVID-19.
As shown in this case and other reports, free tissue trans-
fer is possible for select patients, despite the hypercoag-
ulability associated with COVID-19.13,14 Our intention was
to attempt conservative wound coverage strategies in the
early stages of COVID-19 infection. One report of COVID-19
free tissue transfer recommends delaying reconstruction,
and another report of lower extremity free tissue transfer in a
patient with COVID-19 and a pilon fracture recommends an
extended period of anticoagulation postoperatively, includ-
ing 3 months of antiplatelet therapy and 6 months of thera-
peutic anticoagulation.13,14 Given the asymptomatic course
of this patient’s COVID-19 infection and the fact that she was
more than 6 weeks past her initial positive result, a more con-
servative regimen consisting of 1 month of aspirin 81 mg and
enoxaparin 40 mg daily chemoprophylaxis during bedrest
was administered. Our patient’s postoperative course was
not complicated by sequelae of her COVID-19 infection, and
the conservative regimen was successful in preventing any
thromboembolic event. While infection with COVID-19 is an
important consideration in patients undergoing free tissue
transfer, our case suggests that the convalescent phase of a
COVID-19 infection does not necessarily preclude definitive
surgical management. More evidence is needed to deter-
mine the safety of free tissue transfer in the acute noncon-
valescent stage of COVID-19 infection.
Antimicrobial selection was also critical to the final healing

of the patient’s soft tissues. Infectious disease narrowed her
antimicrobials based on fungal culture sensitivities. Ampho-
tericin B was avoided, given its toxicity profile, in favor of
isavuconazole, which recent literature (2016, 2019) has pro-
posed to be an effective first-line option for mucormycetes
infection.15,16 Topical voriconazole was also administered

along healing wound edges, with minimal systemic toxic-
ity, and topical amphotericin B could also be considered.17

Extended IV antimicrobials may be indicated beyond initial
soft tissue healing in orthopedic settings to avoid sequelae
of deep space reinfections and fracture nonunions.18 Hyper-
baric oxygen and tight glycemic control are also adjunctive
medical strategies in scenarios of delayed healing supported
in the literature for cutaneous mucormycosis.19

CONCLUSION
Aggressive soft tissue debridement, antifungals, and com-

bined orthopedic and plastic surgery intervention are crit-
ical to achieving limb salvage in a patient with cutaneous
mucormycosis and an open fracture. Submission of skin
cultures to pathology should be considered when fungal
infections are suspected or should be ruled out. Antifun-
gal empiric antimicrobial therapies should be considered in
patients with risk factors for a fungal infection, including
patients with poorly controlled diabetes mellitus, immuno-
compromised patients, and patients with a soil inoculation
mechanism. Free tissue transfer should be considered as an
option when radical debridement leaves a large soft tissue
defect involving the superior part of the patella exposed. This
case also highlights that free tissue transfer is possible in a
patient with COVID-19. When possible, delay of a free tis-
sue transfer procedure in patients with COVID-19 should be
strongly considered to ensure that the patient is medically
stable or in the convalescent phase of the disease, thus min-
imizing risk of hypercoagulability. Multispecialty care is criti-
cal to achieving limb salvage success in cases of cutaneous
mucormycosis.
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