
Learning objective

After completing this

infectious causes of

recognize potential

Disclosures

Editors

The editors involved

commercial interest(

Authors

The authors involve

Planners

The planners involv

with this journal-bas

From the Univers

Dermatologyb

sion of Hemato

State Universit

Funding sources:

IRB approval stat

Accepted for pub

Reprints not avai

Correspondence

Department o

Center, 1328

E-mail: Benjam

0190-9622/$36.00

� 2021 by the A

https://doi.org/10

Descargado para
2021. Para 
In vitro diagnostics for the medical
dermatologist. Part II:

Hypercoagulability tests
Kelsey B. Nusbaum, BS,a Abraham M. Korman, MD,b Kelly H. Tyler, MD,b Jessica A. Kaffenberger, MD,b

John C. Trinidad, MD,b Steven Dean, DO,c Spero Cataland, MD,d and Benjamin H. Kaffenberger, MD, MSb

Cincinnati and Columbus, Ohio
s

learning activity, participants should be able to discuss the strengths and weaknesses of various laboratory tests used to test for hypercoagulability disorders and

skin disease; become familiar with new laboratory tests for detecting and diagnosing hypercoagulability disorders and infectious causes of skin disease; and

sources for discordant laboratory testing.

with this CME activity and all content validation/peer reviewers of the journal-based CME activity have reported no relevant financial relationships with

s).

d with this journal-based CME activity have reported no relevant financial relationships with commercial interest(s).

ed with this journal-based CME activity have reported no relevant financial relationships with commercial interest(s). The editorial and education staff involved

ed CME activity have reported no relevant financial relationships with commercial interest(s).
The skin often provides initial clues of hypercoagulability with features such as livedo reticularis, livedo
racemosa, retiform purpura, necrosis, and ulcerations. Because these cutaneous manifestations are nonspecific,
laboratory testing is often needed to evaluate for underlying causes of hypercoagulability. Importantly, these
disorders are reported to be the most common mimicker, resulting in an erroneous diagnosis of pyoderma
gangrenosum. Understanding inherent properties of, and indications for, available tests is necessary for
appropriate ordering and interpretation of results. Additionally, ordering of these tests in an indiscriminate
manner may lead to inaccurate results, complicating the interpretation and approach to management. This
second article in this continuing medical education series summarizes information on methodology, test
characteristics, and limitations of several in vitro laboratory tests used for the work up of hypercoagulability and
vasculopathic disease as it pertains to dermatologic disease. ( J Am Acad Dermatol 2021;85:301-10.)
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Abbreviations used:

ELISA: enzyme-linked immunosorbent assay
IFE: immunofixation electrophoresis
Ig: immunoglobulin
FLC: free light chain
SPEP: serum protein electrophoresis
VTE: venous thromboembolism
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INTRODUCTION
After blood vessel injury, the complex process of

hemostasis is initiated with the formation of a platelet
plug, followed by activation of clotting factors and
formation of a fibrin mesh to stop the bleeding
(Fig 1).1 Although typically tightly regulated, disrup-
tion at any step in the process can lead to pathologic
thrombosis or bleeding. Excess activity of thrombo-
genic factors or a deficiency of antithrombogenic
factors predispose to the development of a hyperco-
agulable state, which alongwith stasis and endothelial
injury comprise the Virchow triad.2,3 Ranges of un-
derlying inherited and acquired conditions are known
to be associated with hypercoagulability and subse-
quent risk of thrombosis (Table I).1,3-5

This article focuses on cutaneous manifestations
of hypercoagulability, including livedo reticularis,
livedo racemosa, retiform purpura, necrosis, and
ulcerations, often with severe and disproportionate
pain. Skin findings are often variable and nonspe-
cific, which may result in misdiagnosis. Highlighting
the variability of appearances, hypercoagulable dis-
ease is the most common underlying etiology for
misdiagnosed pyoderma gangrenosum.6,7 Due to
the nonspecificity of these cutaneous manifestations,
the ordering of select laboratory tests is necessary to
facilitate the diagnosis of underlying causes of
hypercoagulability. We provide a guide for the
work up of cutaneous hypercoagulability, discussing
D-dimer, antiphospholipid antibodies, hereditary
thrombophilia, monoclonal gammopathy, cryoglo-
bulinemia, and cryofibrinogenemia.

SCREENING WITH D-DIMER
Scenario: A 55-year-old man is transferred to your

hospital in respiratory failure secondary to COVID-
19-related multifocal pneumonia. On presentation,
purpura, necrosis, and bullae are noted on
his bilateral upper and lower extremities.
Hypercoagulability work up is pending. Which rapid
test could be ordered to screen for small- or large-
vessel thrombosis (Fig 2)?
Key points
d Patients with severe COVID-19 are at risk for a
multiorgan vasculopathy mimicking an antiphos-
pholipid antibody-like state.
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d Scenario interpretation: Although nonspecific,
D-dimer is an inexpensive, rapid test that screens
for thrombosis in multiple diseases but is not
specific for any particular diagnosis.

Although well established as a screening test for
pulmonary embolus and deep vein thrombosis,
D-dimer has been investigated as a screen for
hypercoagulability in other medical conditions. With
the onset of COVID-19, a broad hypercoagulable
response has been reported to cause an antiphos-
pholipid antibody-like state, resulting in necrosis,
gangrene, stroke, and kidney injury, as well as arterial
and venous thrombosis.8 As in our case, critical
patients are screened with D-dimer and prophylactic
anticoagulation is considered.9,10 D-dimer has also
been found to identify the emergence of a hyperco-
agulable state in systemic lupus erythematosus and
systemic sclerosis with a high sensitivity for predicting
small- or large-vessel thrombosis, regardless of
antiphospholipid antibody status (Table I).11,12

Time-consuming enzyme-linked immunosorbent
assays (ELISAs) have been replaced by rapid,
automated antibody-based assays that target epitopes
on cross-linked D-dimer fragments.13 Sensitivity is
reduced in patients receiving anticoagulation.14-16

Additionally, specificity of D-dimer for detecting hy-
percoagulable states is low. Common causes of false-
positive results include increasing age, malignancy,
pregnancy, recent surgery, and connective tissue
disease.17 Elevated D-dimer can also be observed in
venous disease with or without ulceration.18

Recommended approach to ordering
D-dimer is a rapid, inexpensive test that may be

used as an initial screen to rule out small- and large-
vessel thrombotic events, such as unilateral extrem-
ity swelling, livedo racemosa, purpura fulminans,
and ulcerations in the presence of livedo or purpura.
Factors known to cause false-positive results should
be considered when interpreting a positive D-dimer.
Interpretation should be age-adjusted for patients
older than 50 years of age, with the normal cut off
estimated at age in years times 10 mcg/L.19

ANTIPHOSPHOLIPID ANTIBODIES
Scenario: A 28-year-old woman with a history of

late-term pregnancy loss presents with a 3-week
history of persistent leg discoloration. On examina-
tion, she has a reticulated, net-like, violaceous
discoloration of the legs with necrotic eschars. An
antiphospholipid antibody panel returns positive for
lupus anticoagulant and anticardiolipin antibodies.
When should testing be repeated? What is the
significance of this patient’s antibody profile (Fig 3)?
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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Fig 1. Extrinsic and intrinsic pathways converge on the common pathway with the activation
of factor X to Xa. Factor Xa facilitates conversion of prothrombin to thrombin, which in turn
facilitates the conversion of fibrinogen to fibrin. Fibrin is cross-linked to form a fibrin mesh that
acts to stabilize the platelet plug and stop the bleeding. Inhibitory steps are in green, including
the natural anticoagulants protein C, protein S, and antithrombin. Increased activity of
coagulation factors or decreased activity of anticoagulants predispose to the formation of
pathologic thrombi. Reprinted with permission from Chang Y, Dabiri G, Damstetter, et al:
Coagulation disorders and their cutaneous presentations: Pathophysiology. J Am Acad
Dermatol. 2016;74(5):783-792. TAFI, thrombin activatable fibrinolysis inhibitor; TFPI, tissue
factor pathway inhibitor.
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Key points
d Antiphospholipid antibody testing should be
limited to patients with clinical features of anti-
phospholipid syndrome and not performed dur-
ing an acute thromboembolic event or while on
anticoagulation therapy.

d Scenario interpretation: To fulfill a diagnosis of
antiphospholipid syndrome, testing should be
repeated at least 12 weeks after a positive
test and should include an assessment of lupus
anticoagulant, anticardiolipin, and anti-b2 glyco-
protein I to differentiate this diagnosis from tran-
sient antiphospholipid antibodies, which may
appear with an acute thrombotic event. The pres-
ence of multiple antiphospholipid antibodies is
associated with a higher risk of future thrombosis.
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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The diagnosis of antiphospholipid syndrome re-
quires at least 1 laboratory criterion: presence of
lupus anticoagulant, [99th percentile titer of anti-
cardiolipin, or anti-b2 glycoprotein I antibodies.20

Diagnosis also requires 1 clinical criterion: unpro-
voked venous thromboembolism (VTE) in patients
younger than 50 years of age, thrombosis at unusual
sites, late pregnancy loss, or pregnancy loss in
patients with known autoimmune disease.21

Lupus anticoagulant
There are 3 phases to lupus anticoagulant testing:

screening, mixing, and confirmation. Screening is
performed with 2 phospholipid-dependent assays,
diluted Russell viper venom time22-24 and activated
partial thromboplastin time, which detect the
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.



Table I. Inherited and acquired causes of
hypercoagulability

Inherited Acquired

Anticoagulant deficiency Smoking
Protein C* Obesity
Protein S* Pregnancy
Antithrombin III* Oral contraception

Factor V Leiden* Immobilization
Prothrombin G20210A* Malignancy
Hyperhomocysteinemia Calciphylaxis
Methyltetrahydrofolate
reductase deficiency

Disseminated intravascular
coagulation

Cystathione-b-synthase
deficiency

Antiphospholipid
syndrome*

Elevated factor VIII Cryoglobulinemia*
Plasminogen deficiency Cryofibrinogenemia*
Tissue factor pathway
inhibitor deficiency

Thrombotic
thrombocytopenic
purpura

*Discussed in the current manuscript.

Fig 2. A middle-aged man with COVID-19-related pneu-
monia who developed purpura, necrosis, and bullae
involving his upper and lower extremities.

Fig 3. A young woman with a history of pregnancy loss
who presented with new onset livedo racemosa.
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prolonged clotting time expected with lupus anti-
coagulant.24 Failure to correct prolonged clotting
time with added normal plasma signifies that the
prolonged test is due to an inhibitor as opposed to a
factor deficiency. Finally, confirmation testing is
performed by adding phospholipids to patient
serum; correction of clotting time confirms that an
antiphospholipid antibody is responsible for the
abnormal test.

Anticardiolipin and anti-b2 glycoprotein I
antibodies

Testing for anticardiolipin and anti-b2 glycoprotein I
antibodies is performed with ELISAs and multiplex
immunoassays. ELISA assays are more widely
used with commercially available kits, but have
variable sensitivity and specificity (Table II).25-28

Multiplex immunoassays are automated with the
advantage of being able to test for both antibodies
simultaneously. Sensitivity and specificity are generally
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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higher with multiplex assays.25,29 Although both assays
can test for immunoglobulin (Ig)G, IgM, and IgA
anticardiolipin, only the IgG isotype has been shown
to be strongly associated with increased thrombotic
risk.30

Recommended approach to ordering
In a patient with suspected antiphospholipid

syndrome, all 3 tests are recommended: lupus
anticoagulant, anticardiolipin, and anti-b2 glycopro-
tein I to characterize antibody profile.20,31 Patients
with more than 1 positive test, particularly those with
triple-positive results, have the greatest risk of
thrombotic and obstetric complications.32,33

If any test is positive for antiphospholipid anti-
bodies, the same test should be repeated after
12 weeks to distinguish patients with persistent
antibodies from those with transient antibodies,
which may appear during acute thrombotic
events.20,31,34 Furthermore, test results during an acute
event are subject to interference from acute phase
reactants.34 Interpretation of lupus anticoagulant is
difficult in patients on anticoagulation therapy.35,36

Anticoagulation generally does not interfere with
testing for anticardiolipin and anti-b2 glycoprotein I.34

HEREDITARY THROMBOPHILIA
Scenario: A 48-year-old man with strong family

history of VTE presents for evaluation of pyoderma
gangrenosum after previously undergoing amputation
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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Table II. Summary of test characteristics and costs

Test Sensitivity Specificity

Reference standard test for

comparison*

2017 Medicare

national limit

D-Dimer 93% 74% Work up for small- and large-vessel
thrombosis in lupus cohorty

$13.80

Lupus anticoagulant 96% 78%-98% Abnormal screening, mixing, and
confirmation tests in patients
with clinical symptoms of
antiphospholipid syndrome

$21.38 (screening) 1
additional cost if
reflex to mixing and
confirmatory tests

Anticardiolipin ELISA 50%-94% 36%-96% Previously detected anticardiolipin
on any serologic assay

$34.91
Multiplex 86%-100% 73%-93%
Anti-b2 glycoprotein I 20%-90% 87%-98% Previously detected anti-b2 glyco-

protein I on any serologic assay
$34.91

ELISA Multiplex 88%-89% 93%-95%
Protein C activity assay 80%-95% 75%-97% Molecular confirmation of genetic

mutation
$18.98

Protein S antigen assay 98%-100% Up to 100% $21.02
Antithrombin activity assay dx dx $16.26
Serum protein electrophoresis 79% 92.5% Positive M protein, including

monoclonal gammopathy of
undetermined significance,
multiple myeloma, plasmacy-
toma, and Waldenstr€om macro-
globulinemia detected by any
serologic assay

$19.76
Serum immunofixation 87% 100% $68.93
Serum-free light chains 74% 96%-98% $37.30
Serum immunofixation 1 serum-
free light chains

97% dx $106.23

Cryoglobulins immunofixation 54%z dx Identification of cryoglobulins in
patients with clinical symptoms
of cryoglobulinemia on any
qualitative or quantitative assay

$8.87

ELISA, Enzyme-linked immunosorbent assay.

*Reference standard tests were defined as the best available diagnostic test or benchmark used in the cited studies to determine sensitivity

and specificity of the discussed tests.
yLarge-vessel assessment included duplex venous scan of lower extremities and computed tomography angiography for suspected

pulmonary embolism. Small-vessel assessment included testing for thrombotic microangiopathic hemolytic anemia (thrombocytopenia,

schistocytes, reticulocytes, and serum lactic dehydrogenase), pulse oximetry in patients with dyspnea, and renal biopsy in patients with

unexplained increase in creatinine.
zSensitivity for full identification and characterization of cryoglobulins.
xInformation not available.

Fig 4. A middle-aged man with a history of deep vein
thrombosis and recurrent shallow ulcerations despite
anticoagulation and a family history of protein S deficiency
presented to the clinic for wound evaluation and
management.
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of distal toes for nonhealing wounds. He reports his
first deep vein thrombosis occurred in his 20s. He has
multiple areas of porcelain white scars in addition to a
new irregular shallow ulceration on the ankle. A factor
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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V Leiden mutation is identified. Does this impact his
management (Fig 4)?
Key points
d Hereditary thrombophilia testing should be
limited to patients with clinical risk factors sug-
gestive of a heritable disorder and ordered only
when results will guide clinical management.

d Scenario interpretation: The patient’s history of
unprovoked and recurrent thrombotic events at a
young age, recurrent ulceration, and strong family
history of VTE are suggestive of hereditary throm-
bophilia. Diagnostic work up should include
testing for protein C, protein S, and antithrombin
III deficiency due to the strong risk of recurrent
thrombosis. However, testing for factor V Leiden
and prothrombin gene mutations is not routinely
recommended, due to only modest increased risk
for recurrent thrombosis, which does not impact
the decision for anticoagulation.
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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Protein C, protein S, and antithrombin III
Testing for protein C, protein S, and antithrombin

III may be performed by activity and antigen assays
(Table II).37-45 Activity assays are typically performed
first due to the ability to detect both low quantity and
decreased functioning of anticoagulants.37-39

Antigen assays utilize immunologic methods to
quantify levels of protein C, protein S, and anti-
thrombin III. Thus, because they are only able to
detect low quantity, but not decreased activity, of
anticoagulants, they are typically reserved as a sec-
ondary test to distinguish between quantitative and
qualitative deficiencies. Results of activity assays may
be impacted by lupus anticoagulant and factor VIII,
as well as anticoagulation therapy.46-50

Factor V Leiden and prothrombin G20210A
Factor V Leiden and prothrombin G20210A muta-

tions are present in about 5% and 2%-3% of the general
population, respectively, making these disorders much
more common than anticoagulant deficiencies.51,52

Although detected in up to 25% of patients presenting
with VTE, relative risk for thrombosis is low (;3- to 7-
fold) compared to anticoagulant deficiencies, which
increase thrombotic risk up to 50-fold.53 Given the
modest increased risk for recurrent thrombosis, detec-
tion of factor V Leiden or prothrombin G20210A is
unlikely to merit an extended duration of anticoagula-
tion following an initial VTE.52-54 Testing for these
mutations is not routinely recommended for VTE,
let alone cutaneous vasculopathy.52,53,55,56

Recommended approach to ordering
Thrombophilia testing is generally not recom-

mended except in exceptional vasculopathic cases.
The validity and value of these tests in a dermato-
logic patient population is unclear and should only
be considered in cases highly suggestive of a genetic
disorder, such as those with unprovoked hyperco-
agulability at a very young age, those with a known
family history of anticoagulant deficiencies, or those
with recurrent, extensive cutaneous involvement
without an obvious etiology.57 Protein C and protein
S levels can also be tested in neonatal purpura
fulminans and warfarin-induced skin necrosis,
which are highly suggestive of congenital or ac-
quired protein C or S deficiency.58-60

Testing should only be performed in cases of
anticipated impact on clinical management, such as
to guide decisions regarding future VTE prophy-
laxis.57,61,62 Similar to antiphospholipid antibody
screening, testing for hereditary thrombophilia
should generally not be performed during an active
clotting event but rather delayed until after
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completion of anticoagulation, as these circum-
stances interfere with test accuracy.57

Causes of acquired anticoagulant deficiency
should be considered prior to ordering diagnostic
testing. These causes include anticoagulation ther-
apy, consumption, pregnancy, oral contraceptives,
and age.46,49 If a genetic cause of hypercoagulability
remains probable, selective ordering of protein C,
protein S, or antithrombin III may be performed.
Genetic testing for factor V Leiden and prothrombin
G20210A is not routinely recommended.52,53,63
MONOCLONAL GAMMOPATHY
Scenario: A 50-year-old woman presents with

several months of fatigue, arthralgias, and palpable
purpura of the lower extremities with shallow jagged
ulcerations and fibrinous base. An M-spike is not
observed on serum protein electrophoresis (SPEP)
and the test does not reflex to immunofixation. Does
this exclude the possibility of a clinically significant
paraproteinemia (Fig 5)?
Key points
d Serum protein electrophoresis may miss clinically
significant minor paraproteins.

d The combination of serum immunofixation or
protein electrophoresis with serum-free light
chains has a high sensitivity for detecting a
monoclonal protein.

d Scenario interpretation: This patient had a
recurrent and persistent small-vessel vasculitis. A
monoclonal protein of dermatologic significance
was only established with a specific order for
serum immunofixation. After several years of
disease persistence despite immunosuppression,
her paraprotein and skin cleared after initiation of
IVIG.

Cutaneous manifestations of monoclonal gammo-
pathies are diverse, including scleredema, scleromyx-
edema, pyoderma gangrenosum, necrobiotic
xanthogranuloma, and Schnitzler syndrome, among
manyothers.64 Screening formonoclonal gammopathy
has traditionally consisted of protein electrophoresis
but with the recent development of additional assays,
new diagnostic approaches have emerged.

SPEP is performed by loading proteins onto an
agarose gel and separating by electric current based on
charge and size. Amonoclonal (M) protein appears as a
sharppeak,most often in theg region. SPEPhas overall
sensitivity and specificity of 79% and 92.5%, respec-
tively, for monoclonal gammopathy.65 This is the most
commonly used test, as it is low cost, widely available,
and easy to perform.66,67 However, SPEP lacks sensi-
tivity for low-burden disease that may occur in
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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Fig 5. A middle-aged woman with recurrent crops of
palpable purpura and shallow irregular fibrinous ulcera-
tions over the lower extremities presented for concern of
vasculitis versus pyoderma gangrenosum.

Fig 6. A middle-aged woman with hepatitis C presented
for evaluation of her chronic palpable purpura and
extensive lower extremity dyspigmentation.
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monoclonal gammopathies of dermatologic signifi-
cance with a detection limit for M protein of 0.3-0.5 g/
dL in the g region and up to 0.7 in theb region, limiting
its use.66 Additionally, SPEP is unable to identify the
type of M protein present; however, as long as an M-
spike, hypogammaglobulinemia, or hypergammaglo-
bulinemia are detected, it will generally automatically
prompt subsequent performance of serum immunofix-
ation (reflex to immunofixation).

Serum immunofixation electrophoresis (IFE) in-
volves gel electrophoresis followed by application of
antibodies against heavy and light chains of immu-
noglobulins onto the surface of electrophoresed
lanes. Serum IFE has higher sensitivity and specificity
compared to SPEP, 87% and 100%, respectively, and
a lower detection limit of 0.1 g/dL.65,66 This test is
able to characterize the type of M protein. IFE is
widely available but more expensive than SPEP.66

The serum-free light chain (FLC) assay involves
application of antibodies against epitopes hidden in
intact immunoglobulins to detect k and l FLCs. The k
to l ratio allows the determination of clonality, with a
normal ratio between 0.26 and 1.65.68 This assay has a
sensitivity and specificity of 74% and 96%-98%, respec-
tively, for a monoclonal protein.65 Notably, specificity
is reduced in chronic kidney disease due to asymmetric
reduction of k and l light chain filtration66; the use of a
modified reference range between 0.37 and 3.1 can
improve specificity.69 The serum FLC assay is commer-
cially available and automated.66

The addition of serum FLC to serum IFE increases
overall sensitivity to 97% for any laboratory-
confirmed monoclonal protein.65 Urine protein elec-
trophoresis or immunofixation do not significantly
alter sensitivity of the tests.65

Recommended approach to ordering
A diagnostic panel of serum IFE and FLC is a

sensitive and cost-effective approach for screening
high-risk patients for monoclonal gammopathies of
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dermatologic significance. A simplified panel of
SPEP and FLC provides an efficient, cost-effective
alternative but requires the additional serum immu-
nofixation for an abnormal study.65,67,70,71 Urine IFE
generally will not increase the sensitivity unless there
is clinical suspicion for light chain deposition disease
or amyloid light chain amyloidosis.65,70,71

CRYOGLOBULINS AND CRYOFIBRINOGENS
Scenario: A 35-year-old woman with a history of

hepatitis C presents with chronic, recurrent palpable
purpura of the lower extremities and painful pares-
thesias. Testing for cryoglobulins is negative. Several
months later, after seeing a different physician and
lab, cryoglobulins are identified.What could account
for the discrepancy (Fig 6)?
Key points
d Testing for cryofibrinogens should be considered
in the diagnostic work up for cryoglobulins, given
the similar clinical presentation and prognostic
value of simultaneous cryoglobulinemia and
cryofibrinogenemia.

d Scenario interpretation: The patient had high-titer
rheumatoid factor and ultimately mixed cryoglo-
bulinemia was confirmed. Improper specimen
handling is the most common reason for false-
negative results and should be considered if
clinical suspicion remains high for cryoglobuline-
mia despite negative testing.

Cryoglobulinemia is classified into 3 categories
according to type of immunoglobulin.72,73 Type 1 is
simple cryoglobulinemia characterized by a single
monoclonal immunoglobulin, which can be IgG,
IgM, IgA, or Bence Jones protein, typically seen with
B-cell lymphoproliferative diseases. Types 2 and 3
are mixed cryoglobulinemia, with type 2 involving
both monoclonal and polyclonal immunoglobulins
and type 3 involving 1 or more classes of polyclonal
immunoglobulins. Mixed cryoglobulins are seen
with infectious diseases, most notably hepatitis C,
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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and autoimmune diseases.72,73 Cryofibrinogens are
composed of an insoluble complex of fibrin, fibrin-
ogen, fibrin split products, and immunoglobulins;
their presence is frequently associated with cryoglo-
bulinemia and may be indicative of a more-severe
disease phenotype.74,75

Laboratory evaluation of cryoglobulins and cry-
ofibrinogens is multifaceted and requires appro-
priate processing prior to qualitative and
quantitative analysis. Strict conditions are required
during sample collection and processing to prevent
premature precipitation; improper specimen
handling is the most common reason for false-
negative results.76,77 Blood should be collected into
prewarmed tubes to maintain the temperature at
378C for collection, transport, and centrifugation.76

The sample is stored at 48C for 7 days to allow
sufficient time for precipitation.77 Type 1 cryoglobu-
lins tend to precipitate within hours, and type 2 and 3
cryoglobulins and cryofibrinogens can take several
days.78,79 If cryoprecipitate is identified, reflexive
quantitative and qualitative tests are performed.

For quantitative analysis, manual estimation of
cryoprecipitate is performed, known as the cryocrit.
This is a rapid, convenient, and inexpensive test but
is only able to provide a gross estimate.76,80 Further
quantification can be deduced by calculating area
under the curve on electrophoresis during qualita-
tive analysis.81

Qualitative analysis characterizes isotype and
clonality of cryoglobulins and components of cry-
ofibrinogen precipitate.76 IFE is most often used,
which has sensitivity of 54%.82

Immunoelectrophoresis is not often used, due to
low sensitivity of 28% for detecting cryoproteins.82

Immunoblot has the best sensitivity (98%) but is not
widely available in clinical laboratories.82,83

Because the detection of cryoglobulins is techni-
cally difficult, the use of rheumatoid factor and
complement proteins as surrogate markers can pro-
vide additional evidence for cryoglobulinemia.76,84

Rheumatoid factor activity is often present in types 2
and 3 cryoglobulinemia but is rarely seen in type 1.
Decreased levels of complement C1q, C2, and C4
with relative preservation of C3 also supports the
diagnosis of mixed cryoglobulinemia.

Recommended approach to ordering
Although there is no standardized approach,

testing for cryoglobulins and cryofibrinogens should
include reflexive quantitative and qualitative analysis
following the identification of a cryoprecipitate.76,77

Given the stringent requirements for cryoprotein
handling, if testing is negative despite high clinical
suspicion, the laboratory should be contacted to
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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inquire about collection and processing protocols.76

Rheumatoid factor and complement are useful
surrogate markers for the diagnosis of mixed cry-
oglobulinemia.76,84 The presentation of cryofibrino-
genemia is similar to that of cryoglobulinemia with
the possibility of simultaneous occurrence; thus,
testing for cryofibrinogens should be considered as
part of the work up for cryoglobulins.76,79
CONCLUSION
Cutaneous manifestations of hypercoagulability

are critical to recognize early and require laboratory
testing for further characterization. Laboratory tests
should be selected according to pretest probability,
determined by the history and physical examination
with consideration of test utility on subsequent
treatment course. Results should be interpreted in
the context of test characteristics and accompanying
clinical picture.
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