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Bar code reader — an algorithmic
approach to cutaneous occluding
vasculopathies? Part I: small vessel
vasculopathies

Summary

Aims: The classifications of occluding vasculopathies may present some difficulties.
Firstly, classifications may follow different principles, e.g. clinicopathological findings,
etiology or pathomechanism. Secondly, authors sometimes do not distinguish bet-
ween vasculitis and vasculopathy. Thirdly, vasculopathies are often systemic diseases.
Organ-specific variations make morphologic findings difficult to compare. Moreover,
subtle changes may be recognized in the skin, but be invisible in other organs. Our
aim was to use the skin and subcutis as tools and clinicopathological correlation as the
basic process for classification.

Methods and results: In the first step, we differentiate between small and medium
vessel occluding vasculopathies in the skin, and focus in this part on small vessel oc-
cluding vasculopathies. In the second step, we differentiate among subtypes of small
vessels. In the final step, we differentiate according to the time point of the coagu-
lation/reorganization process and the involved inflammatory cells/stromal features.
Applying the same procedure to the various entities and visualizing the findings with
bar codes makes the similarities and differences more apparent, both clinically and
with histopathology.

Conclusion: Occluding vasculopathies are often not separate entities, but reaction
patterns and epiphenomena. Distinguishing them from vasculitides is crucial because
of differences in pathogenesis, therapeutic approach and prognosis.

most commonly by coagulopathies with occlusion by throm-
bi. Coagulopathies differ from vasculitides in their initiation

Vasculopathies are diseases evolving in and around vessels.
There are two large groups: vasculitides and occluding va-
sculopathies. With vasculitis (discussed previously in an al-
gorithmic context [1]), the pathogenetic process starts in the
vessel wall. We find increased numbers of inflammatory cells
in and/or around the vessel wall accompanied by vascular da-
mage [2-10]. Damage can be recognized by leukocytoclasia,
endothelial and smooth muscle necrosis, as well as fibrin and
connective tissue degeneration. Thrombi can also be obser-
ved, but they are a secondary phenomenon caused by damage
to the vessel wall. Occluding vasculopathies [11] can be cau-
sed by proliferations such as malignancies, by embolization of
different materials (cholesterol, oxalate, microorganisms) or

by abnormal blood coagulation. We find partial or complete
occlusion of one or more vessels due to hypercoagulability, in
particular by thrombi and emboli. Inflammatory cells in and/
or around the vessel wall appear as a secondary phenomenon.

Distinguishing between primary vasculitis and primary
vasculopathy can be difficult, because the two pathological
processes are often intertwined. On the one hand, vasculitis
may not be recognized because it may trigger vaso-occlusive
events that dominate the clinical and histopathological pic-
ture, e.g. in septic vasculitis (primary vasculitis due to activa-
tion of endothelial cells is often subtle, while vascular occlusi-
on due to disseminated intravasal coagulation is dominating).
On the other hand, vasculopathies may be misinterpreted as
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vasculitis because they may show a secondary inflammatory
infiltrate as the dominant feature in due course.

We have already reported our view on vasculitides (and
their classification based on clinicopathological correlation)
as illustrated by the “vasculitic wheel” [1]. We now aim to
apply similar criteria to occluding vasculopathies.

Comparison of previous classifications [2-6, 8-10,
12-15], of vasculopathies is difficult. Firstly, classifications
may follow different principles, including clinicopathologi-
cal findings, etiology, pathomechanism, prognosis or thera-
peutic options. Unfortunately, all widely used current and
past classifications confuse different features such as size of
the vessels, etiological factors and pathogenetic considera-
tions. Secondly, colleagues often fail to distinguish clearly
between the primary event as vasculitis or vasculopathy,
which has important therapeutic consequences [16, 17];
classical vasculitides benefit from immunosuppressive and
anti-inflammatory therapies; microorganism-associated vas-
culitides (septicemia) need specific antimicrobial agents; and
coagulopathies require anticoagulant therapy (acetylsalicylic
acid, heparin, coumarin, new oral anticoagulants). Thirdly,
a vasculopathy may be a relatively benign, single-organ (e.g.
cutaneous) disease or a systemic multiorgan disease (CNS,
kidney, lungs) with a poor prognosis [15, 18-20]. The dif-
fering conditions from organ to organ modify the patho-
logical process (for example, a proclivity to hemorrhage in
loose lung tissue or accumulation of capillary loops make
glomeruli a predisposed focus of vascular processes) and
make morphological findings difficult to compare. Moreo-
ver, subtle changes are easily recognized in the skin and may
be reflected in CNS symptoms, but changes are sometimes
asymptomatic or invisible in other organs, as in patients with
Sneddon syndrome.

Our approach focuses on clinical signs and histopatho-
logy. Etiological and pathogenetic data are not primarily
used in our approach. However, pathogenetic evaluation is
crucial. Laboratory tests (Table 1a) [21, 22], and imaging

Table 1a Diagnostic laboratory procedure.

=

CRP, sedimentation rate

2. Blood count, differential white blood count

3. Liver enzymes, serum creatinine

4. AT lll, Protein C, Protein S, Factor V Leiden, lupus anti-
coagulant, antiphospholipid antibodies

5. ANA, ANCA, anti-ds DNA, anti SSA and SSB, C3, C4,
rheumatoid factor

6. Immunoelectrophoresis

7. Cryoglobulins, cryofibrinogen, cold agglutinins

8. Hepatitis B and C serology

9. Syphilis serology, HIV

Table 1b Diagnostic imaging procedures.

1. Abdominal ultrasound SLE, APS
2. Cerebral MRI Sneddon syndrome, SLE, APS

3. PET-CT PAN, GP, EGP, MPA, Takayasu
syndrome

Abbr.: SLE, systemic lupus erythematosus; APS, anti-pho-
sholipid syndrome; PAN, polyarteritis nodosa; GP, granu-
lomatosis with polyangiitis; EGP, eosinophilic granulomat-
osis with polyangiitis; MPA, microscopic polyangiitis.

(especially in medium vessel vasculopathies; Table 1b), are
necessary and used to verify or falsify diagnoses, based pri-
marily on clinical and histopathological data. In addition,
other specialties, in particular cardiology, pneumology,
nephrology, rheumatology, neurology and ophthalmology,
must frequently be included in a multidisciplinary approach
to optimal patient management.

We use the skin and subcutis as a tool and clinicopatho-
logical correlation as the basic process for classification. We
apply an algorithmic approach with pattern analysis, which
allows consistent and reliable reporting of microscopic fin-
dings. With an approach similar to that of the International
Chapel Hill Consensus Conference on the nomenclature of
vasculitides from 1994 [13], 2012 [14] and 2018 [23], we first
differentiate between small and medium vessel coagulopa-
thies (there are no large vessels in the skin). In part I of our
review, we focus on small vessel vasculopathies (Figure 1). In
the second step, we differentiate the subtypes of small ves-
sels (capillaries versus postcapillary venules). Capillaries are
found in dermal papillae, in the perifollicular and periglan-
dular connective tissue, between collagen fibers in reticular
dermis and within the lobules of the panniculus; in contrast,
postcapillary venules contribute to the superficial and deep
perivascular plexus — the former at the border between the
papillary and reticular dermis, the latter at the border bet-
ween the reticular dermis and subcutis. Other venules inclu-
de the interconnecting venules between superficial and deep
plexus and the septal venules. In the final step, we differenti-
ate according to the life cycle of the event. All vasculo/coagu-
lopathies have a characteristic life cycle of histopathological
events. Early stages are dominated by fibrin thrombi without
significant inflammation. This process can favor capillaries
(e.g. livedo vasculopathy, coumarin/heparin necrosis, septic
vasculitis), postcapillary venules (e.g. systemic lupus erythe-
matosus, anti-phospholipid syndrome) or larger vessels (e.g.
Sneddon syndrome, calciphylaxis, cholesterol emboli), espe-
cially when the intensity of the process increases (Figure 1).
At this early stage, there is frequently prominent hemorrhage,
usually presenting as non-inflammatory retiform purpura,
probably due to ischemia with hemorrhage prior to complete
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Figure 1 Association of entities/reaction patterns with vessel size.

Abbr.: SLE, systemic lupus erythematosus

Emboli (small): fat, air, gas; emboli (large): cholesterol, oxalate, embolia cutis medicamentosa.
*All inflammatory and even proliferative/neoplastic processes may be associated with coagulation disorders and thus with fibrin

thrombi that can lead to lymphocytic vascular reorganization.

occlusion. According to the extent of disease, one will find
necrotic lesions with erosion to ulceration, cellular debris
with crust formation, and granulation tissue with a mixed
infiltrate of neutrophils, lymphocytes and macrophages. In
due course, degradation of these thrombi leads to “lympho-
cytic vascular reorganization”, a process dominated more or
less by a dense perivascular lymphocytic infiltrate that inva-
des the walls of thrombosed or damaged vessels to a variable
extent. This is a histopathological reaction pattern that is re-
ferred to as lymphocytic vasculitis by some dermatopatholo-
gists. The term is misleading as it is not vasculitis and is not
consistently used, so it should be avoided. Finally, there is
healing with complete reconstitution of vessels with lumina,
and/or partial to complete occlusion of vessels by fibroblasts
and collagen. Deep erosions (in particular ulcers) heal with
scars, as seen for example in atrophie blanche.

This life cycle of histopathological events in occluding
vasculopathies is seen in a variety of instances. Any erosion,
ulceration or necrotic lesion (Figure 2) causes hypercoagula-
bility with fibrin thrombi in the surrounding tissue. The clue
to differentiation from vasculitis is the distribution around
capillaries and accentuation around postcapillary venules.
The process is accentuated near and/or closer to erosions/
ulcers in the case of occluding vasculopathies and decreases
gradually with increasing distance. Nuclear dust is present
in both instances and does not help with differentiation. Ho-
wever, the accentuation of the process helps: vasculopathy
will focus the process towards the epidermis while vasculi-
tis will focus on dermal vessels, usually postcapillary venu-
les — another important clue. This histopathological process

caused by occluding vasculopathies has been referred to as
“secondary vasculitis”. As it is not vasculitis, we recommend
that this term also be avoided. The histopathological presen-
tation does not always allow one to differentiate between the
various causes of occluding vasculopathies, which must be
done by clinicopathological correlation.

In our algorithmic approach, we use tables and shading
to highlight the different features, in order to facilitate com-
parison between the different manifestations and to grade
the importance of certain features (Tables 2—5). We mark the
least common denominators in black, prominent characteri-
stic findings in dark gray, variable findings in light gray and
missing features in white. By applying the same procedure to
the various entities, the overlaps and differences, based on
the clinical picture as well as histopathology, become more
apparent. We try to visualize these in the form of bar codes;
this helps to simplify the findings and render them compara-
ble. However, we are aware that this method of classifying
vasculopathies has its limits until clear molecular tools are
discovered.

Livedo vasculopathy

Although many aspects of its pathogenesis have not been cle-
arly delineated, we regard livedo vasculopathy as a characteri-
stic clinically and histopathologically defined process [24, 25],
caused by a variety of coagulation disorders [11, 22], (such
as AT-III deficiency, protein-C and protein-S deficiency, APC
resistance, cryoglobulinemia, cold agglutinin disease, cryofi-
brinogenemia), even though one cannot always detect or define
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such a defect. Clinical appearance and histopathological fin-
dings (Table 2) are characteristically independent of etiology
and pathomechanism. However, when the cause is identified,

Table 2 Livedo vasculopathy.

CLINICAL PICTURE

* purpura, petechiae, ecchymoses, suffusions

* livedo pattern

* necrotic lesions

HISTOPATHOLOGY

» predominantly postcapillary venules

Figure 2 Occluding vasculopathy
secondary to infection. Acute parony-
chia on the right big toe with erythe-
ma, swelling, erosion and crusting (a).
Histology of Nicoladoni surgery shows
eroded epidermis with dense mixed
inflammatory infiltrate that is periva-
scular and diffuse (b). Fibrin thrombi
surrounded by lymphocytes, neutro-
phils and nuclear dust. Arrows indicate
corresponding areas of Figure 2b

and 2c (c).

the therapeutic approach can be correlated and be more suc-
cessful. Locoregional factors such as stasis, high blood pressu-
re in the veins of the lower leg, as well as perforator veins and

Table 3 “Lymphocytic vascular reorganization”.

CLINICAL PICTURE

* livedo pattern

¢ necrotic lesions

® scars

HISTOPATHOLOGY

» predominantly postcapillary venules

* predominantly arterioles and arteries

* predominantly arterioles and arteries

* predominantly veins
* fibrin thrombi

* erythrocyte extravasates

¢ fibrosis and sclerosis

e predominantly veins

* lymphocytic infiltrate

e fibrosis and sclerosis
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Table 4 Necrosis induced by anticoagulants.

CLINICAL PICTURE

* purpura, petechiae, ecchymoses, suffusions

¢ livedo pattern

¢ necrotic lesions

® scars

HISTOPATHOLOGY

* predominantly capillaries

» predominantly postcapillary venules

» predominantly arterioles and arteries

e predominantly veins

« fibrin/platelet thrombi

* erythrocyte extravasates

* lymphocytic infiltrate

¢ fibrosis and sclerosis

thus blood flow problems are also important. Some features of
livedo vasculopathy can also be observed complicating other
diseases (for example chronic venous insufficiency, anti-phos-
pholipid syndrome, lupus erythematosus, Sneddon syndrome,
hepatitis B or C infections, multiple myeloma, paroxysmal
nocturnal hemoglobulinemia, polycythemia, thrombocytosis,
leukemia, lymphoma) or can be caused by drugs such as hy-
droxyurea.

Table 5 Septic vasculitis.

CLINICAL PICTURE

* purpura, petechiae, ecchymoses, suffusions

¢ necrotic lesions

® scars

HISTOPATHOLOGY

* predominantly capillaries

* predominantly postcapillary venules

» predominantly arterioles and arteries

e predominantly veins

 thrombi/emboli (microbes, fibrin, platelets)

* erythrocyte extravasates

* lymphocytic infiltrate

¢ fibrosis and sclerosis

Clinic: The triad of livedo racemosa, very painful ulcers
(acute phase) and atrophie blanche (scarring regeneration) is
highly characteristic of this process (Figure 3a, b) [26].

Synonyms: Livedo vasculitis, livedoid vasculitis, (idio-
pathic) atrophie blanche, atrophie blanche vasculitis, livedo
reticularis with winter ulcerations, livedo reticularis with
summer ulcerations, segmental hyalinizing vasculitis, PPUR-
PLE (painful purpuric ulcers with reticulated patterning of
lower extremities).

Histology: Occluding thrombi of capillaries and post-
capillary venules are sparsely surrounded by lymphocytes.
We suggest the term “lymphocytic vascular reorganization”,
previously known as “lymphocytic vasculitis” (Figure 3c).
So-called “hyalinized” vessels in the superficial dermis sho-
wing thrombi as well as fibrin in/around the vessel walls
(mostly without involvement of muscular vessels) are typical.

Comment: Livedo vasculitis suggests a vasculitic pro-
cess. This is due in part to the histopathological presentation
with “lymphocytic vasculitis”. However, this is mostly due to
the report of Richard Winkelmann and others in the 1970s
[27-29], who described immunofluorescence findings of IgG,
C3, C4 and fibrinogen in these disorders and equated these
with vasculitis; thus, he introduced the term livedo vasculi-
tis for this disease, which was previously known as atrophie
blanche. In our interpretation, this process is primarily ba-
sed on coagulopathies mimicking vasculitis. Thus, the term
livedo vasculopathy seems more appropriate.

“Lymphocytic vascular reorganization”
(previously known as lymphocytic vasculitis)

In lymphocytic vascular reorganization (referred to by some
histopathologists as lymphocytic vasculitis) (Table 3) we see
a characteristic histological reaction pattern in a variety of
instances [30] (Figure 2). The least common denominator is
a coagulopathy with fibrin thrombi. The coagulation casca-
de must keep a balance between coagulation and fibrinoly-
sis. Slight dysregulation can cause fibrin thrombi on the one
hand or varying degrees of blood extravasation on the other.
Thus, clinical pictures can be broad and may vary between
purpura (i.e. pigmented purpura [Schamberg disease], previ-
ously also known as capillaritis) [31] and livedo pattern (i.e.
malignant atrophic papulosis, Degos disease). In our view,
every inflammatory and proliferative neoplastic disease that
shows imbalance of coagulation resulting in the formation
of fibrin thrombi can be followed by lymphocytic vascular
reorganization.

Comment: Although some authors see “lymphocytic
vasculitis” as an authentic form of vasculitis [3, 4, 12, 32],
in our experience it is mostly a consequence of a basic pa-
thological process and not itself a fundamental pathological
process [19, 30]. Thus, we suggest that it be referred to as
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Figure 3 Livedo vasculopathy. Painful bizarre ulcers with
hemorrhagic to livid-brown livedo racemosa in a characteri-
stic location around the ankle (a). Late scarring regeneration,
“atrophie blanche” (b). Occluding thrombi of capillaries and
postcapillary venules surrounded by lymphocytes (the his-
tology of septic vasculitis is mostly identical, except for the
presence of neutrophils in the area around primary damage
due to septicemia/bacteremia) ().

Figure 4 Coumarin necrosis. Hematoma, ecchymoses and
necrosis after initiation of anticoagulation therapy with
acenocoumarol (Sintrom®).

“lymphocytic vascular reorganization”. We find lymphocy-
tes indicative of regenerative “secondary vasculitis”, i.e. due
to coagulopathies. In a T-cell mediated process, lymphocytic
vasculitis would be an appropriate term, but to the best of
our knowledge this has not been described so far.

Necrosis induced by anticoagulants (heparin,
coumarin)

Clinical picture: These forms of disease/coagulopathy
(Table 4) are usually associated with prominent hemorrhage.
Patients develop ecchymoses, suffusions and large hemato-
mas (Figure 4). With heparin they occur primarily in areas
of subcutaneous injection [33]; with coumarin, they occur
mainly in areas rich in subcutaneous adipose tissue, e.g. the
gluteal region [34].

Histology: In our experience, thrombi predominantly
occlude capillaries, but can also affect all vessels of the su-
perficial and deep dermal plexus. Heparin tends to induce
platelet thrombi, while coumarin (as a vitamin K antagonist)
tends to induce fibrin thrombi.

Comment: It is a paradox that therapies initiated to pre-
vent coagulation cause hypercoagulation with hemorrhage
and necrotic tissue [35].

Septic vasculitis

Septic vasculitis (Table 5) presents another paradox [3, 36,
37]. The pathomechanism starts at the vessel wall as clas-
sic vasculitis. However, coagulopathy often dominates the
histopathological picture. The process appears clinically as
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vasculitis, while histopathologically mimicking a coagulo-
pathy. Although the coagulopathy is not the primary event,
it is dominant. Septic vasculitis is therefore included in this
section.

Bacteremia, septicemia or sepsis are by definition the
presence of microorganisms within the vascular system.
This causes an intravascular reaction via coagulatory pro-
teins such as von Willebrand factor, with inflammation,
activation of endothelial cells and fibrin, which can be fol-
lowed by thrombus clot formation [38-40]. Consequently,
septic emboli mainly occlude capillaries, and with time the
progressing coagulation cascade will carry the process far
beyond the focus of disease and affect larger vessels with
fibrin thrombi. While the initial septic emboli will include
microorganisms (Figure 5c), the following events will re-
sult in a histological picture identical to that of other coa-
gulopathies, with fibrin thrombi, erythrocyte extravasates
and necrotic tissue (Figure 5b). Some microorganisms may
be more prominent, such as bacteria in ecthyma gangreno-
sum in Pseudomonas septicemia [37], or fungi in systemic
aspergillosis or Aspergillus septicemia. In many instances,
the septic core of the process can be difficult to find, for
example in meningococcemia, gonococcemia or subacute
or smoldering sepsis due to staphylococci associated with
subacute bacterial endocarditis. For histopathologists, it is
often like looking for needles in a haystack, with the needles
representing the microorganisms surrounded by exaggera-
ted hypercoagulation. In other cases, not a single bacterium
can be found in sections or cultures, as endotoxins such as

lipopolysaccharides (LPSs) (at least in murine models of va-
sculitis) may destroy vessels and cause vasculitis by activa-
ting endothelial cells, followed by adhering neutrophils that
release toxic products in immediate proximity to the vessel
wall while initiating an uncontrolled coagulation cascade;
this is usually the scenario in meningococcal meningoen-
cephalitis. With or without bacteria in the blood, this pro-
cess is known as disseminated intravascular coagulopathy
(DIC) or one of its synonyms such as consumption coagu-
lopathy, Schwartzman-Sanarelli phenomenon, purpura ful-
minans or Waterhouse-Friderichsen syndrome, although
strictly speaking it is not correct to list the latter processes
as septic vasculitis without histological evidence of bacteria
or positive blood cultures.

Clinical picture: There is a wide variety of presentations.
According to the size of the involved vessels and the severity
of the process, the clinical picture may be asymptomatic or
show (frequently with acral accentuation) hemorrhagic ma-
cules to nodules, splinter hemorrhages of nails, necrotic tis-
sue or a livedo pattern (retiform purpura) (Figure 5) as well
as concomitant migratory arthritis and tendovaginitis. The
mechanism and coagulatory outcome depend on the causa-
tive toxins, bacteria or fungi. There may be intravascular
plasmatic coagulation, platelet activation [41] or endothelial
cell damage or endothelial cell activation with the release of
coagulatory proteins. Although the clinical appearance can
differ, histopathology can only distinguish between bacteria
and fungi if the responsible agents can be identified (Gram or
fungal staining).

Figure 5 Septic vasculitis. Hemorrhagic, partially livedo-like macules with acral predilection (retiform purpura) (a). Occluding
thrombi of capillaries and postcapillary venules surrounded by lymphocytes (b). Inset indicated by arrow in 5b: neutrophils
accentuated and clustered around area with intravascular cocci, also seen in surrounding tissue (arrows) (c).
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Table 6 Vasculo/coagulopathies — systematic approach and comparison reminiscent of a bar code reader.

CLINICAL PICTURE HISTOPATHOLOGY

Step 2: vessel type Step 3: cells and stroma

Predominantly

Erythrocyte extravasates

post-capillary venules
arterioles and arteries
Lymphocytic infiltrate
Fibrosis and sclerosis

Purpura, petechiae,
ecchymoses, suffusions
Livedo pattern
Necrotic lesions

Scars

Step 1: size

capillaries

veins

Fibrin thrombi

Livedo vasculopathy

Lymph. vasc. reorgani-
zation*

Necrosis due to
anticoagulants

Small vessel
occl. vasculoptahies

Septic vasculitis

Livedo reticularis

Sneddon syndrome

Large vessel
occluding
vasculopathies

APS/SLE/MAP

Calciphylaxis

Emboli

Thrombophlebitis

Arterio- and
arteriolosclerosis

Vasculopathy in
neurofibromatosis

Abbr.: APS, Antiphospholipid syndrome; SLE, systemic lupus erythematosus; MAP, malignant atrophic papulosis; lymph. vasc.
reorganization, lymphocytic vascular reorganization.

Least common denominators black; prominent characteristic findings dark grey; variable findings light grey; missing features
white.

*All inflammatory and even proliferative/neoplastic processes can be associated with coagulatory disorders and thus with
fibrin thrombi that can lead to lymphocytic vascular reorganization.
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Distinguishing entities in the spectrum of small vessel
coagulopathies/vasculopathies can benefit from an algorith-
mic approach. Applying the same questions makes the clini-
cal and histopathological findings clearer. The same method
of bar codes can also be applied to medium vessel coagulopa-
thies (Table 6), which is presented in detail in Part IT of our
review. There is no sharp border between small and medium
vessel coagulopathies, but a continuum. Small vessel coagu-
lopathies can also involve medium vessels and medium vessel
coagulopathies may affect small vessels.

The use of bar codes simplifies the results and may lead
to inaccuracy, because it is rarely possible to describe biology
in the form of tables. However, it can help in making these
entities more understandable and comparable.
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