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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a syndrome caused by the
novel coronavirus, SARS-CoV-2, which presents with a wide variety
of clinical manifestations affecting numerous organ systems. As
COVID-19-related hospitalizations continue around the world,

Abstract

Retiform purpura has been described as a relatively frequent cutaneous finding in
patients with coronavirus disease 2019 (COVID-19). The etiology is hypothesized to
be related to thrombotic vasculopathy based on lesional biopsy specimen findings,
but the pathogenesis of the vasculopathy is not completely understood. Here, we
present a case of a retiform purpuric patch on the sacrum/buttocks in a hospitalized
patient prior to subsequent diagnosis of COVID-19 and an eventual fatal disease
course. Two lesional biopsy specimens at different time points in the disease course
revealed thrombotic vasculopathy, despite therapeutic anticoagulation. Detailed his-
topathologic evaluation using immunohistochemical markers suggest the etiology of
the vasculopathy involves both persistent complement activation and platelet aggre-
gation, which possibly promote ongoing thrombus formation. This case highlights
that sacral/buttock retiform purpuric patches may be a presenting sign of infection
with SARS-CoV-2 virus and may represent an ominous sign supporting a future
severe disease course. In addition, biopsy specimen findings at separate time points
demonstrate that cutaneous vasculopathy may persist despite adequate systemic
anticoagulation, possibly due to the combination of persistent complement and plate-
let activation. Finally, occlusive thrombi in sacral/buttock retiform purpuric patches
may contribute to future ulceration and significant cutaneous morbidity in patients
who survive COVID-19.
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identifying dermatologic signs that predict current infection and/or
portend poor prognosis are critical for limiting transmission and ade-
guate treatment. Retiform purpura and livedo reticularis have been
reported in patients with COVID-19.22 To our knowledge, however,
these dermatologic findings have been exclusively described in

patients following confirmation of COVID-19 diagnosis and at a single
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time point during the disease course. Here, we present a patient who
developed a retiform purpuric patch on the sacrum/buttocks during
hospitalization for another condition and prior to other COVID-

19-related symptoms and diagnosis.

2 | CASEREPORT

A 66-year-old woman with hypertension, diabetes, end-stage renal
disease requiring hemodialysis, chronic obstructive pulmonary disease
(COPD) and coronary artery disease was hospitalized at our institution
for an ST-elevation myocardial infarction. She had successful coronary
artery stent placement, but developed ulnar artery occlusion second-
ary to balloon angioplasty and was anticoagulated with clopidogrel
75 mg daily, aspirin 81 mg daily, and a continuous heparin infusion
(500 units/h).

On Day 5 of hospitalization, she complained of buttock pain and
was noted to have a new, nonindurated, retiform purpuric patch
involving her buttocks (Figure 1B). On Day 6 of hospitalization, the
dermatology team was consulted due to concern for calciphylaxis.
During examination, the patient was comfortable, talkative, and able
to easily move herself. A lesional punch biopsy of the purpuric patch
was performed. The same day, the patient underwent a nasal swab
test for COVID-19, as she developed a low-grade fever and had
recently been in close contact with two sons newly diagnosed with
COVID-19. On Day 7, the patient's COVID-19 polymerase chain reac-
tion test resulted positive. Within 24 hours of COVID-19 diagnosis,
she developed acute respiratory distress requiring transfer to the
intensive care unit and mechanical ventilation.

Histopathologic sections of the buttock biopsy specimen rev-
ealed full-thickness epidermal necrosis with minimal underlying
(Figure 2A). thrombotic
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vasculopathy was noted, despite the patient being fully anti-
coagulated at time of biopsy (Figure 2A,B). To better understand the
thrombotic process, phosphotungstic acid hematoxylin (PTAH),
CD41, CDé61, and C4d immunohistochemical stains were performed
(Figures 2C-F). The PTAH stain revealed intravascular thromboses
composed largely of fibrin. CD41 and CDé61 stains revealed numer-
ous vessels with peripheral luminal platelet aggregations, with some
vessels being completely occluded by platelets. Vessel lumina sta-
ined positive for C4d, an important downstream effector of the
complement cascade.® A von Kossa stain was performed and did
not reveal intravascular or extravascular calcium deposition sugges-
tive of calciphylaxis (not shown). Serologic evaluation was negative
for the presence of anti-platelet factor 4 (PF4)/heparin antibodies,
arguing against heparin-induced thrombocytopenia. The dermatol-
ogy team relayed their opinion that the purpuric patch was consis-
tent with a cutaneous manifestation of COVID-19.

Over the next few days, the patient remained intubated and the
purpuric sacral/buttocks patch worsened. Because of this progression,
the dermatology team was again consulted on Day 12 to evaluate for
possible calciphylaxis. The patient's p-dimer levels increased from
5140 ng/mL (normal <500 ng/mL fibrinogen-equivalent units on the
day of biopsy to 11 740 ng/mL 3 days later (on Day 10 of hospitaliza-
tion) (Table 1). On examination, the purpuric patch was notably more
violaceous and had progressed to superficial ulceration in some areas
(Figure 1C). A second lesional punch biopsy was performed and rev-
ealed histopathologic findings similar to the first biopsy, including per-
sistent thrombotic vasculopathy with fibrin-rich thromboses
highlighted by PTAH stain, occlusive or peripheral luminal platelet
aggregations in numerous vessels highlighted by CD41 and CD61
stains, and vessel lumina positive for C4d (Figure 3). A von Kossa stain
again demonstrated the absence of calcium deposition suggestive of
calciphylaxis. The patient remained on anticoagulation therapy, with

Evolution of the patient's sacral/buttocks retiform purpuric patch during her COVID-19 disease course. A, Baseline sacral skin
photograph documented per standard protocol by the wound care team after consultation for intergluteal hyperpigmentation. The wound care
team assessed that the hyperpigmentation was normal and there was no evidence of pressure injury or purpura. B, Retiform purpuric patch on
Day 6 of hospitalization at time of initial dermatology evaluation; C, worsening of the purpuric patch with superficial ulceration on Day 12 of
hospitalization at time of second dermatology evaluation. Arrows in panels B and C indicate branching retiform purpuric areas at the periphery of
the wound edge, indicative of a thromboembolic process
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FIGURE 2 Histopathologic findings of a lesional biopsy specimen on hospitalization Day 6. Of note, biopsies from Days 6 and 12 revealed
the same features: A, H&E sections reveal epidermal necrosis and papillary dermal vessels with intraluminal thrombi despite current therapeutic
anticoagulation (x200). B, A deep dermal/subcutaneous vessel with extensive thrombosis admixed with inflammatory cell debris (x400). C,
Phosphotungstic acid hematoxylin (PTAH) stain highlights fibrin-rich thrombi staining blue within the vessels (x400). Platelet markers, D, CD61
(x400) and, E, CD41 (x400) reveal platelet aggregation within vessel lumina, with predominant aggregation at the vessel periphery. F,
Complement split product C4d is diffusely present along the walls of vessel lumina (x400)

TABLE 1 Hematologic laboratory data throughout patient's hospital course

Biopsy 1 Biopsy 22 Expired
Lab (reference range) Admission date Day 4 Day 7 Day 10 Day 13 Day 15
aPTT (2.3-3245) 38.2 120.9 93.8 383 >139 50
PT (9.7-13 s) 15.1 14.9 274 12.1 NR NR
INR (0.9-1.3) 14 1.4 2.6 1.1 NR NR
Platelets (150-400k/pL) 86 114 84 149 175 241
p-dimer (<500 ng/mL) NR NR 5140 11740 NR 34 100
Hgb (11.5-15.5k/pL) 8.5 6.9 7.5 8.0 7.9 8.6
WBC (3.7-11k/pL 4.3 4.8 5.8 16.2 12.9 229

Abbreviations: aPPT, activated partial thromboplastin time; Hgb, hemoglobin; INR, international normalized ratio; PT, prothrombin time; WBC, white blood
cells.
?Biopsy 2 was performed on Day 12 of hospitalization; however, data were not reported on Day 12.

an activated partial thromboplastin time (aPTT) >139 seconds (target and vasopressor support. On Day 15, the patient's p-dimer levels
on anticoagulation 2100 seconds) and normal platelet levels (Table 1). increased to 34 100 ng/mL, she developed bradycardia and hypoten-

On Day 14, after failing extubation, the patient required reintubation sion unresponsive to vasopressors, and expired.



McBRIDE ET AL

(D)

FIGURE 3

Histopathologic findings of second lesional biopsy specimen on hospitalization Day 12. The biopsy displays features similar to

those seen on the patient's initial biopsy: A, H&E sections reveal epidermal necrosis and dilated papillary dermal vessels with intraluminal thrombi
despite current therapeutic anticoagulation (x 100). B, A deep dermal vessel with thrombosis admixed with inflammatory cell debris (x400).

C, Phosphotungstic acid hematoxylin (PTAH) stain highlights fibrin-rich thrombi staining blue within a vessel (x400). Platelet markers, D, CD61
(x400) and, E, CD41 (x400) reveal platelet aggregation within vessel lumina with predominant aggregation at the vessel periphery.

F, Complement split product C4d is diffusely present along the walls of vessel lumina (x400)

3 | DISCUSSION
COVID-19 has been associated with numerous dermatologic manifes-
tations, including purpuric skin lesions such as pernio-like changes of
the fingers/toes, macular purpuric rashes on the extremities, palpable
purpura, and retiform purpura.*® Our patient presented with a new
purpuric patch on the sacrum/buttocks prior to development of other
symptoms or diagnosis of COVID-19. Retiform purpura on the but-
tocks has been reported in patients with known COVID-19, but to
our knowledge this case is the first suggesting retiform purpura can
be a presenting sign of COVID-19. Development of retiform purpura,
including purpuric patches on the buttocks, has mainly been reported
in critically ill COVID-19 patients, supporting it is a poor prognostic
indicator.*° Underscoring this, cutaneous thrombotic purpura is
thought to be a risk factor for thrombotic events in other organs.?
Histopathologic features suggest our patient's purpuric patch
resulted from thrombotic vasculopathy that involves complement
activation and platelet aggregation resistant to standard anti-
coagulation. COVID-19-associated vasculopathy in critically ill

patients appears to be associated with a minimal type-| interferon

immunologic response, excessive viral replication, and extensive
complement activation.” An adequate type-I interferon immunologic
response has been recognized as important in patients with COVID-
19, with patients developing severe respiratory distress syndrome
typically having minimal type-l interferon activity.” Its importance is
further underscored by the finding of inborn immunologic errors
impairing type-l interferon responses in some patients with severe
COVID-19.2 With respect to skin manifestations, a robust type-I inter-
feron response has been suggested to be present in patients with
perniosis-like lesions, who reportedly have minimal clinical symptoms
of SARS-CoV-2 infection. Alternatively, those with retiform purpura
are suggested to have minimal type-I interferon responses, leading to
severe COVID-19 symptoms.®

Complement activation may also be involved in COVID-19-associated
vasculopathy. Although there is still limited evidence supporting systemic
complement activation occurs early in COVID-19 patients, it is hypothe-
sized that SARS-CoV-2 spike protein may be able to directly activate com-
plement, causing endothelial cell injury and thrombosis.>>? Once initiated,
complement activation can promote coagulation, resulting in platelet acti-

vation, intravascular platelet aggregation, and fibrin thrombi formation.'©
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C4d is a complement product representative of the classical/lec-
tin pathway.? In addition, elevated C4d levels have been associated
with increased oxygen demand in COVID-19 patients.* Magro et al
previously demonstrated C5b-9 and C4d in lung and cutaneous micro-
vasculature of five COVID-19 patients.® As C4d is a sensitive indicator
of complement activation, its persistent deposition on endothelial
cells in our patient's biopsies may indicate continued complement
activity that amplifies thrombus formation.}? This could explain why
thromboses persisted in our patient's biopsies over time and despite
therapeutic anticoagulation. Furthermore, the presence of SARS-
CoV-2 RNA in platelets has been previously documented.'® Although
we were not able to evaluate for SARS-CoV-2 RNA in our patient's
platelets, if present it may have contributed to persistent thromboses
in the face of therapeutic anticoagulation.

In contrast to reports highlighting fibrin-rich clots without signifi-
cant platelet aggregation, our patient's vasculopathy was associated
with both intravascular fibrin-rich thrombi and platelet aggregations.*
To our knowledge, platelet aggregations within thrombosed cutane-
ous vessels in COVID-19 patients have not yet been reported.
Although complement activation has been a focus of study, there is
accumulating evidence that platelet dysfunction also plays a role
in COVID-19 coagulopathy.’* Platelets in patients with severe
COVID-19 are hyperactivated, contribute to the degree of systemic
inflammation, and have increased pro-thrombotic potential.'? Also,
platelet aggregation appears to occur at lower thrombin levels than
expected in COVID-19 patients.'? Furthermore, elevated p-dimer
levels are seen as a by-product of the coagulation cascade in essen-
tially all COVID-19 patients with thrombotic complications, including
our case.’® Thus, both complement activation and platelet dysfunction
likely contributed to our patient's persistent vasculopathy despite
therapeutic anticoagulation.

Notably, our patient's normal platelet levels throughout most of
her COVID-19 course are in contrast to what would be expected in
disseminated intravascular coagulation (DIC) and are more reminiscent
of complement-mediated thrombotic microangiopathy (TMA) syn-
dromes, as may be seen in severe systemic lupus erythematosus (SLE)
and catastrophic antiphospholid antibody syndrome (APS).1¢7
Coagulopathy in APS results from the presence of autoantibodies that
recognize phospholipid-binding proteins (such as beta-2-glycoprotein)
alone or in combination with anionic phospholipids (such as cardi-
olipin).Y” This antibody-antigen interaction is thought to activate
platelets and endothelial cells via mechanisms similarly proposed in
patients with severe COVID-19.2417 In both APS and severe COVID-
19-related thrombosis, tissue factor is elevated and thought to play an
important role in promoting the extrinsic arm of the coagulation cas-
cade.?®'7 In patients similar to ours, it may be valuable in the future
to assess whether von Willebrand factor and thrombomodulin expres-
sion is altered, as mortality in COVID-19 patients has been found to
significantly correlate with levels of both.1®

It is also noteworthy that our patient developed thromboses
despite being fully anticoagulated. The development of microvascular
and macrovascular thromboses in COVID-19 patients is well

established, leading to efforts in developing optimal prophylactic

antithrombotic regimens.'? In the INSPIRATION clinical trial, patients
were randomized to standard (40 mg daily) and intermediate (1 mg/kg
daily) doses of enoxaparin to determine if more aggressive
anticoagulation could decrease thrombotic events. Unfortunately,
intermediate enoxaparin doses failed to significantly decrease throm-
botic events.?° Although our patient received unfractionated heparin
infusions, its use as antithrombotic prophylaxis in COVID-19 patients
must be balanced against risk of bleeding. Nevertheless, a clinical trial
exploring its use for this purpose is planned.?! Currently, however,
our patient's persistent thromboses despite full anticoagulation, in
addition to failure of various anticoagulation strategies to decrease
thrombotic events, support that a refractory pro-thrombotic state
develops in COVID-19 patients. Furthermore, our patient's African-
American ethnicity and multiple medical comorbidities, including car-
diovascular disease, renal disease, COPD, and diabetes, are known to
promote a prothrombotic state and may also have contributed to a
refractory vasculopathy.??

Finally, persistent and refractory thrombotic vasculopathy and
clinical progression of our patient's purpuric patch with initial signs of
skin breakdown suggest these lesions may evolve to sacral ulcerations
over time.2® Although our patient's purpuric patch had only superficial
ulceration at time of death, diffuse thrombotic occlusion of deep der-
mal blood vessels on both biopsies suggest cutaneous necrosis could
have become more significant. Indeed, we and others have seen
numerous COVID-19 patients who have developed large sacral ulcers
in the setting of severe COVID-19 and signs of significant hyp-
ercoagulability.2®2?* Recognizing that these lesions may contribute to
sacral/buttocks ulceration is important, as these ulcers can lead to sig-
nificant morbidity or even mortality as portals of infection entry.
Addressing such patches with either improved systemic treatments,
supportive maneuvers, or pressure offloading devices may help mini-
mize risk of significant cutaneous necrosis.

Although, in our patient, the first biopsy specimen was obtained
before her COVID-19 diagnosis and while she was still mobile, it is
possible that clinicians could assume purpuric sacral/buttocks patches
first observed after patients have already been bedbound for pro-
longed periods with severe COVID-19 are secondary to pressure
injury and not COVID-19-associated thrombotic events. Although the
histopathologic features of decubitus/pressure ulcers have not been
extensively studied, a small body of literature does exist. In one of the
largest studies, biopsies performed from pressure injuries in
59 patients were examined.?® Histopathologic features in stage |
ulcers (intact skin, nonblanchable erythema localized over bony promi-
nences), which would correlate with our patient's initial presentation,
included tissue eosinophilia with epidermal erosions and superficial
crusts.?> Subepidermal bulla formation and/or epidermal necrosis
were present in some sections, while others displayed follicular
degeneration and hemorrhage.?®> Features in stage Il ulcers (partial
thickness loss of dermis and pink wound beds, without slough), which
would be consistent with our patient's clinical findings at time of her
second biopsy, included profound loss of dermal papillae, changes in
superficial dermal collagen fibers, necrosis of adnexal structures, and

abundant dermal and subcutaneous inflammation.2>2¢
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While major histopathologic features reported in biopsy speci-
mens from pressure ulcers do not correlate with features seen in
our patients' biopsies, it is important to note that some studies sup-
port that microthrombi play an important role in pressure-induced
injuries and can be seen as a histopathologic feature in pressure
ulcer biopsy specimens.?”2? Thus, in COVID-19 patients who have
been bedbound by the time they are initially evaluated for sacral/
buttocks purpura, it is unclear whether histopathologic evaluation
of lesional biopsy specimens can distinguish between COVID-
19-associated vasculopathy and pressure-induced injury. With this
in mind, we cannot entirely rule out the possibility that pressure-
induced changes contributed to the persistence of vascular throm-
boses seen on our patient's second biopsy and their refractoriness
to anticoagulation. We are currently comparing histopathologic fea-
tures in biopsy specimens taken from a cohort of COVID-19
patients with sacral/buttocks purpura to those from biopsy speci-
mens from a control cohort with pressure ulcers to explore whether
unique features exist that may reliably distinguish between poten-
tial etiologies. We hope to report results of this study in the near
future.

In summary, we report development of sacral/buttock retiform
purpura on the buttocks as an ominous presenting sign of severe
COVID-19. Clinicians should be highly suspicious of COVID-19 if this
cutaneous abnormality is observed. Our case further supports
retiform purpuric patches are secondary to thrombotic vasculopathy
that is resistant to therapeutic anticoagulation. Immunohistochemical
findings suggest this vasculopathy is reminiscent of complement-
mediated TMA syndromes, as may be seen in severe SLE and APS, as
opposed to DIC. Aligning with our patient's clinical course, anti-
coagulation is known to be insufficient in TMA syndromes related to
SLE and APS.*° Identifying sacral/buttocks retiform purpura and its
possible association with severe COVID-19 course may allow aggres-
sive early treatment that minimizes end-organ damage and death.
Additional work to better understand the contributions of comple-
ment activation and platelet dysfunction in the pathogenesis of
COVID-19-associated coagulopathy is needed before optimally effec-
tive treatments can be developed. Furthermore, research is needed to
determine the role of pressure-induced injury in sacral/buttocks pur-
pura that arises after COVID-19 diagnosis and a prolonged bedbound
state.
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