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Pedal gangrene in a patient with COVID-19 treated with

prone positioning and extracorporeal membrane

oxygenation
Amanda Siegel, DPM,a Ammar Al Rubaiay, DPM,a Andrew Adelsheimer, MD, MBA,b John Haight, DPM,a

Scott Gawlik, DPM,a and Alisha Oropallo, MD,b,c Lake Success and Hempstead, NY
ABSTRACT
Many patients hospitalized with coronavirus disease 2019 are treated with venovenous extracorporeal membrane
oxygenation and prone positioning to optimize oxygenation. However, this combination can result in lower extremity
tissue necrosis, especially without adequate offloading. We report the case of a 31-year-oldman who requiredmechanical
ventilation and venovenous extracorporeal membrane oxygenation secondary to complications from coronavirus disease
2019, and subsequently developed pedal dry gangrene. The patient was discharged and healed without requiring an
amputation. Our institution has since revised the prone positioning protocol to address offloading the lower extremities
and feet. (J Vasc Surg Cases and Innovative Techniques 2021;7:357-60.)
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Although most patients with coronavirus disease 2019
(COVID-19) experience mild symptoms, some progress
to develop severe acute respiratory distress syndrome,
requiring mechanical ventilation and prolonged stays in
the intensive care unit.1 Those with hypoxemia refractory
to mechanical ventilation and prone positioning might
be considered for venovenous extracorporeal membrane
oxygenation (VV-ECMO), which provides temporary pul-
monary support via gas exchange.2,3 The combination
of prone positioning, VV-ECMO, and vasopressors can
result in lower extremity tissue necrosis, especially
without adequate offloading. In this report, we present
the case of a 31-year-old man who required mechanical
ventilation and VV-ECMO secondary to complications
from COVID-19, and subsequently developed pedal dry
gangrene. The patient provided verbal consent to the
publication of the case details and clinical images.
CASE REPORT
A 31-year-old man presented to the emergency depart-

ment with a 5-day history of fevers and a 2-day history of
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dry cough. Past medical history included hypertension
and obesity. On presentation, he was found to be febrile,
hypoxic, and tachycardic. Physical examination revealed
bilateral pulmonary crackles and a computed tomogra-
phy scan of the chest showed peripheral bilateral diffuse
ground glass opacities. He was admitted to the general
medicine floor and started on empiric ceftriaxone and
azithromycin. A nasal swab was positive for COVID-19,
and therapy with chloroquine, thiamine, vitamin C, and
anakinra was started. He continued to have persistent fe-
vers (maximum temperature 104.5�F), and developed
acute hypoxemia, for which he was intubated and trans-
ferred to the intensive care unit. The patient was hypo-
tensive, requiring vasopressor support. For deep venous
thrombosis prophylaxis, he was placed on continuous
heparin infusion, with goal activated partial thrombo-
plastin time of 50 to 70 seconds, as per hospital
COVID-19 treatment guidelines.
Despite high ventilator settings, medical therapy, and

prone positioning for an average of 15-hour intervals
over 6 days, he remained with severe acute respiratory
distress syndrome and respiratory acidosis, so he was
placed on extracorporeal carbon dioxide removal. He
was subsequently transitioned to VV-ECMO for refractory
hypoxemia and was started on methylprednisone. The
ECMO cannulas were placed in the right internal jugular
vein and the right femoral vein. Once ECMO was initi-
ated, anticoagulation therapy was transitioned to arga-
troban continuous infusion, as per hospital protocol.
Dosing was therapeutic with a goal activated partial
thromboplastin time of 50 to 90 seconds. The patient’s
intensive care unit course was complicated by new-
onset atrial fibrillation, with emergent successful cardio-
version. He was treated with amiodarone. ECMO was
successfully decannulated on day 24, and the patient
was extubated on day 34.
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Fig 1. Partial thickness gangrene in bilateral feet on hospital day 35. All necrotic areas were dry and stable in
appearance with no associated fluctuance or crepitus, no malodor, no surrounding edema or erythema, and no
signs of infection.
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Podiatry was consulted on day 35 for concern of new-
onset pedal gangrene. Vascular examination revealed
palpable femoral, popliteal, dorsalis, pedis and posterior
tibial artery pulses bilaterally. Epicritic sensation was
intact to the toes bilaterally. There was partial thickness
dry gangrene on the plantar aspect of the right hallux,
plantar distal aspect of the right second digit, plantar
distal aspect of the left fifth digit, and the plantar aspect
of metatarsal heads 3 to 5 of the left foot. The left plantar
forefoot skin was slightly dusky and mottled in appear-
ance (Fig 1). No signs of infection were present. It was
noted that the patient’s feet were firmly pressed against
the footboard of the hospital bed and not properly off-
loaded. Z-flow boots for offloading of the feet were
placed on at this time, and local wound care with beta-
dine paint every other day was started. The plan was to
await demarcation of the gangrene to determine if the
skin would become viable or ultimately require an
amputation.
Throughout the hospital course, increased necrosis was

noted to the left plantar forefoot (Fig 2). Based on the sta-
ble nature and partial-thickness depth of the gangrene,
the prognosis for healing and prevention of limb and
toe loss was favorable. The patient was discharged to
acute rehabilitation after a 55-day duration of stay. The
plan was to continue wearing offloading boots, wound
care with betadine paint every other day, and regular
follow-up with podiatry to monitor demarcation. Unfor-
tunately, the patient was lost to follow-up. The patient
was called for follow-up, and family revealed that he
had moved to the Dominican Republic and that his
foot wounds healed without requiring amputation.

DISCUSSION
The cause of pedal gangrene in this patient was likely

multifactorial, including the use of ECMO and vasopres-
sors, prone positioning without proper offloading, and
the hypercoagulable nature of COVID-19. Here, we delve
further into the role of prone positioning and ECMO in
the development of pedal tissue necrosis and discuss
the other contributing factors.
Prone positioning can optimize oxygenation in pa-

tients with worsening hypoxemia.4 However, necrosis
can develop at pressure points without proper offload-
ing. Intubated patients typically remain prone for 12 to
16 hours per day, increasing the probability of devel-
oping pressure wounds.4 Risk factors for the develop-
ment of prone-related pressure injuries include high
body mass index, male sex, and age greater than
60 years, two of which pertain to this patient.5,6

Although the dorsal feet and toes are main pressure
points in the prone position, no studies have detailed
lower extremity wounds secondary to prolonged prone
positioning.
Patients who remain hypoxic despite prone positioning

may require ECMO support. The use of ECMO throughout
the pandemic has steadily increased with promising re-
sults.7,8 However, patient selection is stringent and is
reserved for those younger than 65 years, with a bodymass
index of less than 40, who are not immunocompromised,



Fig 2. Partial thickness gangrene in bilateral feet on hospital day 45. Increased necrosis of the left plantar
forefoot gangrene, which was dry and stable in appearance.
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and who have been on mechanical ventilation for fewer
than 10 days.7,9 Therefore, this patient was an ideal candi-
date. Limb ischemia can result from ECMO owing to vessel
damageduringcannulation,preexistingatheroscleroticdis-
ease, and prolonged vasopressor use.10 Prior case series on
pedal complications after ECMO show gangrene occurring
more readily in younger patients, possibly secondary to
smaller caliber vessels and fewer collaterals.10-12 Patients
are typically on ECMO for 1 to 3 weeks, and the risk of
ischemia increases with prolonged duration (13 days in this
patient).3,13

Coagulopathy and limb ischemia in the setting of
COVID-19 is widely recognized.14-16 Studies have reported
on the hypercoagulable effects of COVID-19 resulting in
the development of acute limb ischemia and digital
gangrene despite anticoagulation.15-17 Low-intensity hep-
arin infusion is recommended in critically ill patients with
COVID-19 and has been associated with survival
benefit.16,18,19 This finding is reflected in our hospital’s
anticoagulation protocol.
Vasopressors are associated with the development of

digital gangrene, because they create peripheral vaso-
constriction to perfuse organs during hemodynamic
instability.20 This patient was on vasopressors (epineph-
rine injection, phenylephrine, and norepinephrine infu-
sions) for 30 days. Vasopressor-induced digital necrosis
is a known side effect reported in the literature, often re-
ported as being bilateral and symmetrical in the toes.21-23

Atrial fibrillation has also been associated with toe necro-
sis owing to showering of microemboli, although less
likely in this patient owing to the short duration of
arrhythmia.24
The lack of adequate offloading perhaps played the
largest role in the development of pedal gangrene in
this patient. Constant pressure to an area creates capillary
occlusion, ultimately leading to tissue ischemia owing to
inadequate oxygenation.25 Therefore, proper offloading
in the bed is of great importance. Heel offloading boots
have been found to decrease heel contact forces and
can alleviate pressure from the footboard.25 Placing a pil-
low underneath the shins or positioning the feet off the
end of the bed can alleviate pressure on the dorsal feet
and toes when the patient is prone. Pressure redistribu-
tion support surfaces and prophylactic silicone dressings
over bony prominences as well as frequent repositioning
can also prevent these injuries.4 At our institution, the
podiatry, vascular, and wound care teams have since
revised the prone positioning protocol to address offload-
ing of the lower extremities and feet.

CONCLUSIONS
We have presented this case to highlight the impor-

tance of proper offloading to decrease pressure necrosis
injuries from occurring in patients with COVID-19. In pa-
tients who are prone positioned and on ECMO and vaso-
pressor support, the risk of developing these wounds is
only exacerbated. Efforts to decrease lower extremity
pressure wounds are paramount in decreasing the rates
of partial and total limb loss.
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