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Abstract

Background: In 2012, a nephrologist reported the development of a multiorgan thrombotic syndromic complex resembling
thrombotic thrombocytopenic purpura (TTP) in patients who were abusing long acting oxymorphone hydrochloride; all patients
had hemolytic anemia and thrombocytopenia.

Objective: Herein, we report another case involving a 31-year-old woman who self intravenously administered dissolved oral
oxymorphone resulting in thrombotic sequelae resembling Degos disease.

Methods: Formalin-fixed and paraffin embedded skin biopsies were prepared according to standard protocols for H&E and
immunohistochemistry.

Results: The clinical presentation and biopsy findings were held to be indicative of Degos disease/malignant atrophic papulosis
(MAP) but with unusual clinical features including renal failure and severe respiratory insufficiency. Given the efficacy of
eculizumab in the treatment of the acute thrombotic phase of Degos disease/MAP, the patient received this drug, resulting in rapid
resolution of signs and symptoms associated with her multiorgan failure. Although she developed recurrent cutaneous ulcers
despite complete complement inhibition with eculizumab., her other extracutaneous manifestations did not recur. The patient’s pre
and post eculizuamb skin biopsies showed a striking pauci-inflammatory thrombogenic vasculopathy associated with marked
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endothelial cell injury along with deposits of C3d and C4d within the cutaneous vasculature; the C5b-9 deposits were limited to
the pre-eculizumab biopsy. We discovered that her syndromic complex was a self-inflicted one related to the localized
administration of dissolved oxymorphone.

Conclusion: Our patient’s biopsy along with the rapid response to eculizumab indicates that this distinct thrombotic
microangiopathy is another complement mediated thrombotic microangiopathy syndrome. Opioid thrombotic microangiopathy
has a varied clinical presentation and can mimic other catastrophic microangiopathy syndromes, all of which have in common a
responsiveness to complement inhibition.

Keywords: Opioid drug abuse, Degos Disease, Malignant atrophic papulosis

Introduction

Acute microvascular thrombosis has a variety of etiologies and, when involving multiple organs is associated with significant
morbidity and high mortality. The more common medical conditions associated with catastrophic microvascular thrombosis
comprise those related to infection, specifically disseminated intravascular coagulation and purpura fulminans, autoimmune based
thrombosis best typified by catastrophic antiphospholipid antibody syndrome, and thrombotic conditions induced by certain
genetic abnormalities in hemostasis-most notably atypical hemolytic uremic syndrome (atypical HUS) and thrombotic
thrombocytopenic purpura (TTP) [1-6].

On August 13" 2012, a nephrologist reported to the Tennessee State Department of Health the development of a multiorgan
thrombotic syndromic complex resembling TTP in 3 patients who were abusing long acting oxymorphone hydrochloride. This
particular report led to a statewide investigation in Tennessee uncovering fifteen other cases. More cases have since been
described. The cases to date have not been fatal despite significant hemolytic anemia and thrombocytopenia. All of these patients
with this unusual TTP-like complex had injected dissolved tablets of Opana ER (Endo Pharmaceuticals), an extended-release form
of oral oxymorphone. The mechanism of vascular thrombosis related to the utilization of long acting opioids is unclear [7-10].

Herein, we report a very unusual case in which the overall clinical presentation resembled another catastrophic microangiopathy
syndrome, specifically Degos disease/malignant atrophic papulosis (MAP). The patient initially withheld information concerning
intravenous drug abuse. Given the efficacy of eculizumab in the treatment of Degos disease/MAP, the patient received this drug,
resulting in rapid resolution of signs and symptoms associated
with her multiorgan failure. We describe in detail the
distinctive clinical features and address the pathogenic basis of
opioid associated thrombotic microangiopathy. We review the
literature addressing other cases of opioid associated
thrombogenic vasculopathy and present an espousal regarding
its pathogenetic basis.

Case synopsis

In December of 2013, a 31-year-old woman presented for a
second opinion regarding a recent diagnosis of Degos
Disease/MAP. Prior to this consult, she had been seen at other
tertiary care academic medical centers. Her immunological
work up was negative. She had been treated with
hydroxychloroquine and steroids for 6 months with no
substantial benefit. Her illness first became apparent in 2010
when she was noticed to develop crops of skin lesions along
with severe myalgias and arthralgias. There was a short lived
but predictable positive response to corticosteroids. Following
the development of abdominal pain, a diagnosis of Degos
disease/malignant atrophic papulosis was made in the setting
of probable lupus erythematosus. Treatment in October of

Figure 1. The patient developed striking overlapping concentric
rings of cutaneous necrosis exhibiting a sharp pattern of localization
to the dorsum of the hand. The lesions proved to be refractory to
eculizumab therapy.




2013 ensued with rituximab. The patient was referred for treatment of Degos disease. At that time she was on paroxetin,
intramuscular methylprednisolone, transdermal lidocaine, morphine sulfate, pantoprazole, hydroxychloroquine, and dapsone.

We suggested admission to the hospital for expedited eculizumab (monoclonal C5 inhibitor) treatment on a compassionate basis.
Eculizumab was started in the hospital with rapid improvement in her skin lesions. She also reported that her abdominal pain
subsided enabling us to rapidly taper the steroids. As the steroid dose was tapered the patient reported severe myalgias and
requested more narcotics for pain.

Eventually she was discharged on sevelamer, hydrocortisone, lidocaine patch, Vitamin D, short acting morphine sulfate, and
pantoprazole for Gl prophylaxis. Within 12 hours of discharge, the patient was readmitted in shock; she had acute renal failure,
oxygen desaturation, and obtundation. Temporary hemodialysis was required. She improved while in the hospital setting initially
on stress dose corticosteroids and eculizumab was continued.

She was once again discharged and was rapidly readmitted with the same complications. Despite continued eculizumab, she had
multiple episodes of respiratory distress and hypotension. High-resolution computerized tomography of the chest revealed a
predominantly centrilobular reticular nodular pattern. A lung biopsy was performed and revealed intra-arterial occlusion by talc
with an attendant foreign body reaction. She subsequently admitted to utilizing her peripherally inserted central catheter line
(PICC) line to inject crushed opioid preparations, which commenced prior to her initial arrival. The PICC line was subsequently
removed. Her oral pain medications were tapered. She then started to have worsening of her skin lesions on the dorsum of the
hands despite continued eculizumab therapy.

Physical examination demonstrated a concentric geometric pattern of cutaneous necrosis. The biopsy of skin lesions was
performed again. A dermatopathologist reviewed all her data including skin photos and histopathology samples and was provided
with a full account of the patient's medical history.

Material and Methods

Formalin-fixed and paraffin embedded skin biopsies were prepared according to standard protocols for H&E and
immunohistochemistry. The immunohistochemical stain protocols are described in table 1 (Table 1).

Tablel. Description of various immunohistochemical stains

IHC Stain Company  Concentration Clone Host Reactivity Control Protocol Retrieval Dilution Storage
C3d Cell Marque 2.96 ug/ml Polyclonal Rabbit Human Skin 158 8 RM H220 1:100 4°C
C4d Quidel 1.2 mg/mL N/A Murine Human Placenta, 158 8 RM H220 1:50 4°C

Tonsil
MxA Santa Cruz 200 ug/ml C-1 Mouse Human, Skin 158 8 RM H130 1:2000 N/A
Mouse
C5b-9 Dako 95 mg/L a#11l Mouse Human Placenta 158 8 RM E110 1:250 4°C
Caspase-3 Cell N/A Polyclonal Rabbit Human, Tonsil 251525 H130 1:50 -20°C
Signaling Mouse, RM
Rat,
Monkey,
Bovine,
Dog, Pig

N/A, not available

Pathology Reports

The patient had two sets of skin biopsies owing to progressive, albeit localized, disease involving the dorsum of the hands. In
addition, she had endoscopic biopsies prompted by significant abdominal pain. The earlier skin biopsy that presaged the
administration of eculizumab showed a superficial ulcer with superficial pauci-inflammatory thrombosis.
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Figure 2. This low power view of the skin biopsy shows striking cutaneous necrosis. There is ulceration with marked degenerative alterations
of the subjacent dermis. Extensive hemorrhage due to vascular compromise is identified (Hematoxylin and Eosin, 100x).

The post-eculizumab biopsy of the recurrent ulcerated skin showed striking cutaneous necrosis. The necrosis was most dramatic
superficially where there was also an admixture of polarizable exogenous material. The necrotic zone was flanked by viable
epithelium. The vessels in the immediate vicinity of the ulcer demonstrated severe endothelial cell injury and occlusive thrombi.

Figure 3A, 3B. Peripheral to the area of epidermal and dermal necrosis there is abrupt necrolytic alteration of the eccrine coil in a fashion

almost reminiscent of barbiturate induced eccrine coil necrosis (3A). The vessels in the immediate vicinity of the ulcer demonstrated severe
endothelial cell injury with frank endothelial cell detachment and intraluminal thrombus formation (3B). (Hematoxylin and Eosin, 400x)

There was eccrine coil necrosis in a fashion almost reminiscent of barbiturate induced eccrine coil necrosis. The small bowel
biopsy showed a pauci-inflammatory thrombotic vasculopathy involving vessels of the lamina propria.

Immunohistochemical and direct immunofluorescent assessment

The paraffin embedded formalin fixed tissue of her skin was assessed immunohistochemically. Unlike classic Degos disease, there
was no evidence of an upregulated type | interferon microenvironment as revealed by the lack of staining for MXA in any of the
biopsies either pre- or post-eculizumab. In the post-eculizumab biopsy, the caspase 3, an apoptotic marker [11-13], was



surprisingly negative despite the extensive degenerative changes of the endothelial cells, suggesting abrupt necrosis rather than
controlled apoptosis.
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Figure 4A, 4B. The C3d and C4d stains show extensive staining within vessels throughout the cutaneous vasculature (A. C3d, B. C4d, 400x).

In the pre-eculizumab skin and gastrointestinal biopsies there was striking deposition of C3d, C4d and C5b-9 within the
microvasculature. In the post-eculizumab biopsies there was marked deposition of C5b-9 within the thrombosed vessels primarily

comprising capillaries and venules and the necrotic straight eccrine duct and eccrine coil.
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Figure 5. In the post-eculizumab biopsies, vessels without vascular thrombosis were relatively devoid of C5b-9 deposition (400x).

However, vessels without vascular thrombosis were relatively devoid of C5b-9 deposition.

In the post-eculizumab biopsy, the direct immunofluorescent studies on her skin biopsy were notable for a relative lack of
immunoreactant deposition for all classes of immunoglobulin. Although there was focal intense staining for C3d and C4d, the
C5b-9 preparation was essentially negative. Pre-eculizumab biopsy material was not available for direct immunofluorescent

studies.

Discussion



There is now an emerging body of literature describing a severe thrombotic microangiopathy syndrome associated with acute
renal failure and exhibiting in some cases atypical TTP- like features attributable to the intravenous administration of an oral
formulation of the opioid oxymorphone hydrochloride [14-17]. All of the reported patients were in their twenties and presented
with severe kidney injury and peripheral blood hemolysis; thrombocytopenia was a frequent feature in the cases reported. In one
previously reported patient there was a concomitant positive antinuclear anti-neutrophilic cytoplasmic antibody even though she
did not have other features of Wegener’s granulomatosis [18].

We have presented a patient who injected intravenously opioid oxymorphone in whom thrombotic microangiopathic
complications ensued but the clinical presentation lead physicians initially to conclude she had Degos disease.

Skin manifestations resulting from prolonged and habitual subcutaneous self-injection (skin-popping) of opioids and other related
narcotics are distinctive although the pathogenetic mechanisms underlying the striking clinical picture have not been elucidated
until now. Although the overall clinical presentation in this patient suggested a true idiopathic microvascular injury syndrome,
namely Degos disease, this case serves to emphasize the potential for diverse clinical features associated with skin-popping
reflective of the effects of the cutaneous injected narcotics at other distant critical organ sites. The putative agent gains
extracutaneous systemic access through its passive absorption into the arborizing cutaneous microvasculature. The skin lesions of
skin-popping are typically multiple and range in size from 0.5 to 3 cm, exhibiting a sharply demarcated oval to rounded depressed
punch-out appearance. Areas on the body that provide easy access including the extensor surface of arms and dorsal surface of the
hands, as well as abdomen and thighs, are preferentially involved. The clinical lesions in Degos disease/MAP also have a very
circumscribed rounded depressed appearance reflecting the sequeale of microvascular compromise similar to the complement
mediated thrombotic vasculopathy that appears to underly skin popping at least according to our studies. Unlike skin-popping, the
lesions are not agminated clustered ones involving a particular region of the body but rather exhibit a widely spread distribution
most commonly on the extremities. In our patient the clinical diagnosis of Degos disease was based on the unusual combined
cutaneous and gastrointestinal manifestations of pauci-inflammatory thrombotic small vessel compromise accompanied by
prominent vascular deposits of C5b-9. When her hemodynamic compromise responded dramatically to eculizumab similar to that
seen in other gravely ill patients with classic Degos disease, the discrete and unusual skin ulcers were simply held to represent a
divergent clinical presentation from conventional Degos disease.

We have encountered very similar and striking changes of ischemic cutaneous disease in the context of the iatrogenic counterpart
of skin-popping, namely Nicolau’s syndrome. Varieties of drugs are implicated and include non-steroidal anti-inflammatory
agents, analgesics and barbiturates. As with this case, the morphology is a pauci-inflammatory thrombogenic vasculopathy with
eccrine coil necrosis and prominent complement deposition within the microvasculature. In Nicolau’s syndrome the area of
iatrogenic cutaneous necrosis resembles purpura fulminans, warranting the designation of Nicolau’s livedoid dermatitis. Many
drugs are implicated including non-steroidal anti-inflammatory agents, penicillin, diclofenac, and gentamycin. At least one
hypothesis relates to the administration of the drug within an artery. However, an intra-arterial localization of the drug is not
always implicated. Other postulates include paraneural and periarterial extravasation with resultant reflux arterial vasospasm and
direct compression of the injected area. In cases where the drug is injected more superficially the pathogenetic events are likely
similar to the infarctive sequelae observed in the setting of skin popping. Regardless of whether a self-induced or iatrogenic
scenario of perivascular superficial drug administration is implicated a localized cutaneous morphology simulating a catastrophic
thrombotic microvascular injury syndrome is seen [19].

Even though she did not admit to directly injecting her skin with opioids, there are certain exogenous agents when injected locally
evoke a very dramatic acute thrombotic event such as heparin, morphine, interferon alpha, and/or interferon beta resulting in
severe vascular thrombosis and necrosis [14, 20-22]. The striking necrosis of the eccrine coil could be ischemic but it is also
highly reminiscent of the changes noted in drug induced coma, barbiturate toxicity, and fatal theophylline intoxication [23-26].

From a histomorphologic perspective, the incipient lesion of classic Degos disease/MAP is characterized by florid mucin with
angiocentric lymphocytic infiltrates in a fashion reminiscent of tumid lupus erythematosus. There is gradual vascular thrombosis
eventuating into ischemic dermopathy changes [27] the latter is characterized by vascular dropout, fibrosis, and epidermal
thinning resulting in the characteristic porcelain plaque. In contrast, the findings on the biopsy of our patient were all extremely
acute whereby the insult was of such a magnitude that it resulted in abrupt necrosis of the eccrine coil and microvasculature. Her
gastrointestinal biopsies were also unusual for Degos disease given the presence of vascular thrombi in the lamina propria. In
classic Degos disease/MAP, the brunt of vascular changes affects small and medium sized arteries of the subserosa with
endoscopic biopsies being characteristically normal [28-30].

Immunohistochemically, the skin and gastrointestinal biopsies in our patient did not demonstrate any staining for MXA, a type |
interferon marker; the caspase 3 stain was negative as well, indicating that the endothelial cell injury was truly an acute event that
had caused necrosis as opposed to a more controlled apoptotic pattern of endothelial cell degeneration. In virtually all patients
with Degos disease, there is striking upregulation of MXA reflective of a type | interferon rich microenvironment. In addition,



caspase 3 endothelial cell staining is reflective of apoptosis as opposed to abrupt necrosis and is typical of Degos disease or other
immunologically mediated forms of endothelial cell injury as noted in the setting of dermatomyositis and systemic lupus
erythematosus. Over and above the lack of staining for MXA and caspase 3, immunofluorescent findings in our patient also did
not support an immunologically mediated phenomenon.

The role for complement in the pathogenesis of opioid associated endotheliopathy has been further corroborated by the activation
of the complement cascade by repeated injection of morphine with the generation of the highly potent C5a [31]. It has been shown
that there is upregulation of C5a and C5a receptor (C5aR) in morphine tolerance and withdrawal-induced hyperalgesia. The
authors demonstrated that the C5aR antagonist PMX53 blocked the development of these phenomena, a finding supportive of the
effects of morphine exposure on the generation of C5a. A direct effect of C5a generation is one of intracellular activation of NF-
kB, which in turn enhances apoptosis [31].

One might suggest that an adulterant could be implicated. However, in the majority of cases the opioid is obtained from a drug
clinic where adulterants would not be used. The polyethylene oxide could be causative. However, in other drugs using this agent
a similar thrombotic diathesis has not been identified. Although microcrystalline particles were not detected in previously reported
cases, we were able to find a talc-like substance in both her skin and lung biopsies.

Conclusion

We have presented a very dramatic example of the microvascular complications attributable to illicit intravenous opioid use. The
mechanism of tissue injury is one induced by microvascular complement activation leading to endothelial cell injury and vascular
thrombosis. It would appear that injected opioids are capable of creating disease states that closely recapitulate catastrophic
multiorgan thrombotic syndromes. This unusual case emphasizes the grave microvascular complications of intravenous oral
opioid injections. In this regard intravenous oral opioids must be considered in the differential diagnosis of catastrophic
microvascular injury syndromes including thrombotic thrombocytopenic purpura, catastrophic antiphospholipid antibody
syndrome, atypical hemolytic uremic syndrome, and Degos disease. The microscopic findings reflect the permissive effects of
opioids on microvascular complement activation with resultant endothelial cell injury. Although the mechanism of microvascular
complement deposition is different in idiopathic Degos disease, the end result in either scenario i.e. intravenous oral opioid
injection versus Degos disease is identical. In our patient the administration of eculizumab likely saved her life. We feel that this
case emphasizes the critical role of complement activation in the thrombotic complications of intravenous and local cutaneous
opioid injection and serves to emphasize the efficacy of short-term eculizumab as an effective treatment option in patients with
significant vascular compromise associated with intravascular oral opioid injection.
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