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ABSTRACT — Background: Cryofibrinogenemia (CF) is a rare systemic condition characterized by reversible precipita-
tion of circulating plasma components such as fibrinogen, fibrin, or fibronectin at cold temperatures that resuspend upon
rewarming to body temperature.

It is crucial to consider the possibility of CF in the differential diagnosis of patients with purpura or ischemic skin
lesions. PLEX may serve as an effective salvage treatment for severe CF manifestations, such as refractory skin ulcers
or limb digital ischemia that do not respond to conventional immunosuppressive treatment. Unfortunately, randomized
controlled trials are lacking, and no guidelines exist. Our current knowledge is based on case reports and case series.

Case Series: \We report a case series of three patients treated at IRCCS Policlinico San Matteo, Pavia, Italy, who pre-
sented with different clinical manifestations of CF refractory to conventional immunosuppressive therapies and were
successfully treated with plasmapheresis (PLEX).

Conclusions: Management of CF includes glucocorticoids, whereas azathioprine, rituximab, cyclophosphamide, antico-
agulants, and intravenous fibrinolysis have been reported to be effective in more severe cases. The proposed maintenance
therapy for moderate disease is corticosteroids and low-dose aspirin or stanozolol. Treatment of refractory symptomatic
CF remains challenging. Plasmapheresis (PLEX) has been reported in a few cases in the literature as a useful treatment for
CF. The contribution of our cases highlights the importance of considering CF in the differential diagnosis among patients
with purpura or ischemic skin lesions and PLEX as an effective salvage treatment for severe CF manifestations, such as
refractory skin ulcers or limb/digital ischemia that do not respond to conventional immunosuppressive treatment.
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1t is crucial to consider the possibility of Cryofibrinogenemia in the differential diagnosis
of patients with purpura or ischemic skin lesions.

PLEX may serve as an effective salvage treatment for severe and refractory CF manifestations, such as
skin ulcers or limb/digitis ischemia that do not respond to conventional immunosuppressive treatment.

.

We present three cases of refractoy Cryofibrinogenemia treated with PLEX.

Case 1: (a) palpable purpuric eruption on the lower limbs resistant to
colchicine and azathioprine therapy; (b) after 24 hours of PLEX treat-
ment; (¢) recurrence of purpuric rash 15 days after PLEX treatment.

A

Case 2: (a-c) ischemic necrosis of the fourth
finger of the right hand and necrotic ulcer of the
malleolar area of the right foot; (b-d) resolution
of necrosis of the fourth finger and partial resolu-
tion of the malleolar ulcer after one PLEX cycle.

- :

Case 3: (a) extremely painful ulcers recurring
after steroid tapering; (b) resolution of skin le-
sions after 3 PLEX sessions (one each month).

| :

In all three cases the skin ulcers resolved after PLEX tretament

Graphical Abstract. Treatment of refractory symptomatic Cryofibrinogenemia (CF) remains challenging: Plasmapheresis (PLEX)
has been reported in a few cases in the literature as a useful treatment for severe, organ-threatening and therapy-refractory CF.
Here, we present three cases from our experience where PLEX was necessary and permitted control of CF.

INTRODUCTION

Cryofibrinogenemia (CF) is a rare systemic condi-
tion characterized by reversible precipitation of
circulating plasma components such as fibrinogen,
fibrin, or fibronectin at cold temperatures that re-
suspend upon rewarming to body temperature'2.
The cryoprecipitate develops only in anticoagulat-
ed plasma but not in serum, which — unlike plas-
ma — is devoid of clotting factors?. In vivo, cryofi-
brinogen deposits tend to form in the extremities,
causing small- and medium-vessel occlusion in
the acral regions, vasospasm, and hyperviscosity,
leading to ischemic damage to downstream or-
gans and tissues. CF is often asymptomatic. When
clinically manifest, it may present with cold intol-
erance, acrocyanosis, Raynaud’s phenomenon,
livedo reticularis or microlivedo, purpura, skin ul-
cers up to extensive gangrene, superficial or deep

vein thrombosis as well as arterial thrombosis,
hemorrhage, arthralgias or myalgias, mononeu-
ritis multiplex, and, less frequently, glomerulone-
phritis™4.

CF pathogenesis is largely unknown, and ther-
apy indications are missing in the literature; idio-
pathic cases are defined as “primary (or essential)
CF”, while “secondary CF” indicates the presence
of an underlying trigger such as neoplasia, infec-
tion, autoimmune diseases, cryoglobulinemia,
and chronic inflammation. In some cases, mono-
clonal gammopathy of undetermined significance
(MGUS)>®. Given the lack of established therapeu-
tic recommendations for CF, we aimed to explore
the potential role of plasmapheresis (PLEX) in the
management of refractory disease by describing
three patients with distinct clinical manifestations
who had failed conventional immunosuppressive
therapies.
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CASE REPORT
Casel

A 44-year-old Caucasian woman, a former smoker
with a history of arthromyalgia in her lower limbs
for about one year, presented to our attention with
pomphoid, non-puritic macular lesions in her up-
per limbs. She then developed a palpable purpu-
ric eruption on the lower limbs gradually spread-
ing up to her buttocks. Laboratory investigations
showed lymphopenia, mild elevation of ESR and
CRP, and hypergammaglobulinemia with a 12%
immunoglobulin G (IgG) kappa (IgGk) monoclo-
nal component. Cryoglobulin test showed only
a modest serum deposit, whereas an abundant
plasma cryoprecipitate appeared 48 hours later.
Immunofixation showed monoclonal cryoglobulin
type 1 IgGk (serum cryocrit 1%) and cryofibrinogen
(plasma cryocrit 10%). The bone marrow biopsy
revealed an inhomogeneous trilinear cellularity of
40%. High-dose prednisone and azathioprine were
administered without partial amelioration of skin
lesions. Azathioprine was thus replaced with col-
chicine; no significant improvement was observed.
She underwent plasma exchange (PLEX) therapy
with complete resolution of the skin rash within 24
hours, followed by reappearance after about two
weeks (Figure 1). The patient underwent monthly
PLEX to avoid the recurrence of skin lesions.

Case 2

A 77-year-old Caucasian female with a person-
al history of IgGk MGUS presented in 2012 with
bilateral lower extremity dysesthesias, livedo re-

ticularis, and necrosis of the left first toe requir-
ing amputation. Blood tests revealed increased
inflammatory markers, and the autoimmune
panel, including antiphospholipid antibodies and
cryoglobulins, was negative. Electroneurography
revealed axonal sensorimotor polyneuropathy of
the upper and lower limbs. She was diagnosed
with cutaneous polyarteritis nodosa and treat-
ed with high-dose steroids with regression of
the cutaneous manifestations. After a few years,
she developed bilateral ulcers in the lower limbs
and necrosis of the right fourth finger. She un-
derwent an extensive laboratory workup, and a
diagnosis of CF was confirmed. She was treated
with high-dose prednisone and, subsequently, cy-
clophosphamide, followed by maintenance with
azathioprine. Pain due to digital necrosis and leg
ulcers persisted despite maximal opioid analgesic
therapy; in fact, an indication for amputation had
been placed. However, after a course of PLEX, the
ischemic pain and leg ulcers disappeared (Figure
2), and the patient avoided amputation surgery.

Case 3

A 62-year-old Caucasian woman, an active smok-
er, without a remarkable medical history, de-
veloped bilateral dysesthesias of the four limbs.
Electroneurography revealed axonal sensorimo-
tor polyneuropathy of the upper and lower limbs.
Infective, autoimmune and neoplastic causes of
neuropathy were ruled out after a thorough inves-
tigation. Three months later, she developed Ray-
naud’s phenomenon, livedo reticularis on the low-
er limbs, and painful skin ulcers on the knees and
ankles. Laboratory studies showed neutrophilic

Figure 1. Patient in case 1: (a) palpable purpuric eruption on the lower limbs resistant to colchicine and azathioprine therapy; (b)
after 24 hours of PLEX treatment; (c) recurrence of purpuric rash 15 days after PLEX treatment.



Figure 2. Patient in case 2: (a-c) ischemic necrosis of the fourth finger of the right hand and necrotic ulcer of the malleolar area of
the right foot; (b-d) resolution of necrosis of the fourth finger and partial resolution of the malleolar ulcer after one PLEX cycle.

leukocytosis and increased inflammatory mark-
ers. Autoimmune tests were negative, except for
positive rheumatoid factor and the presence of
a cryoprecipitate. The deposit was analyzed and
identified as cryofibrinogen. The patient started
high-dose glucocorticoids with little improvement
of the ulcers, which relapsed as soon as the ste-
roid was tapered. She then underwent 3 cycles of
PLEX, with consistent improvement of lower limb
dysesthesia and almost complete resolution of
the skin ulcers (Figure 3).

DISCUSSION

The clinical and therapeutic management of pa-
tients with refractory CF is complex. This may
partly explain why only a few cases describing the
use of apheresis in CF have been reported in the
literature®®,

Case reports and retrospective case series have
been published and dated more than ten years ago”?.
The evidence supporting refractory CF treatment
with PLEX is limited, as reported in some reviews®.
PLEX has been considered as the last therapeutic op-
tion in severe refractory or fulminant CF with severe
organ involvement and limb amputation risk®.

Consistent with the literature, we found de-
layed CF diagnosis in all three patients, primari-
ly due to its misleading clinical presentation. CF
differential diagnosis encompasses systemic vas-
culitis, especially ANCA-associated vasculitides,
rheumatoid vasculitis, panarteritis nodosa, IgA
vasculitis, cryoglobulinemia, antiphospholipid
syndrome, as well as infection, neoplasia, purpura
fulminans or other systemic autoimmune diseas-
es®. While the cryofibrinogen test is easy to per-
form, it is not routinely administered to patients
presenting with peripheral ischemic symptoms
and is not usually performed in clinical labs.



361 'CRYOFIBRIN(.)GENEM'IA'— AN OF‘TEN-.NEGL!.ECTED.RARE DISEASE: A CASE SERIES

Figure 3. Patient in case 3: (a) extremely painful ulcers recurring after steroid tapering; (b) resolution of skin lesions after 3 PLEX

sessions (one each month).

Complications such as sepsis, disseminated
thrombosis and bleeding, a poor prognosis, and
refractory disease to steroids and immunosup-
pressive therapies in aggressive CF are described
in the literature®.

Moreover, systemic infection and sepsis are
PEX contraindications.

Treatment of refractory symptomatic cryofibrin-
ogenemia remains challenging; no guidelines or ran-
domized controlled trials are reported in the litera-
ture, and CF remains a rare and orphan pathology.

All patients started high-dose glucocorticoids,
resulting in partial improvement of their condi-
tions. However, symptoms relapsed as soon as
the steroid was tapered. First-line immunosup-
pressants such as azathioprine, rituximab and cy-
clophosphamide proved to be ineffective. Unal et
al'® reported the effectiveness of stanazolol in CF.
Unfortunately, stanazolol was not an option for
our patients, as it is not marketed in Italy.

PLEX emerged as the most effective therapy,
promptly removing cryofibrinogen through filtra-
tion. All manifestations of CF in our patients, from
mild to severe, responded readily to PLEX-mediat-

ed removal of cryofibrinogen, although symptoms
usually recurred after a few weeks. Of particular
note was the reduction of ischemic pain in the
patient in case 2, which led to the cancellation of
scheduled finger amputation surgery.

We believe our manuscript may contribute to
the discussion of the importance of considering
cryofibrinogenemia in the differential diagnosis in
patients with purpura or ischemic skin lesions and
PLEX as an effective salvage treatment for severe
CF manifestations, such as refractory skin ulcers
or limb/digitis ischemia that do not respond to
conventional immunosuppressive treatment.

CONCLUSIONS

It is crucial to consider the possibility of CF in the
differential diagnosis of patients with purpura or
ischemic skin lesions. PLEX may serve as an effec-
tive salvage treatment for severe CF manifesta-
tions, such as refractory skin ulcers or limb digital
ischemia that do not respond to conventional im-
munosuppressive treatment.
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