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Granuloma annulare (GA) is a poorly understood condition characterized by a set of clinical morphologic
variants with 2 predominant histopathologic patterns of inflammation. This review provides a compre-
hensive overview of the available information about the clinical variants and histopathologic features,
current epidemiologic data, and potential genetic underpinnings of GA. Much of the current understanding
of GA is based on retrospective studies, case series, and case reports; this review aims to synthesize the
available information and present it clearly for practicing dermatologists. (J Am Acad Dermatol
2016;75:457-65.)
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ranuloma annulare (GA) is a relatively com- remains unknown, HIV, diabetes, dyslipidemia,
mon skin disorder of uncertain etiology. malignancies, thyroid disease, and other conditions
Thomas Colcott Fox first described the have all been described as potentially connected to
entity in 1895 as “ringed eruption,” and over the GA with varying levels of evidence. GA is often
next decade additional similar reports were localized to the hands and feet, is minimally symp-
described. In 1902, Radcliffe Crocker used the term tomatic, and frequently self-resolves. However,
GA, and a review by Graham Little in 1908 described because of the appearance, tendency to recur, and
previous cases of the entity under this name, which occasional widespread presentation, patients often
became the standard term describing this condition. ' desire treatment. While there are many treatment
Over the past century, many case reports and small options, limited data are available to guide clinical
studies have been published further characterizing management. This review will serve to describe the
different aspects of this condition. While the cause clinical and histologic features of the different
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Fig 1. Localized granuloma annulare. Erythematous annular plaques may be singular (A) or
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multiple (B). Localized granuloma annulare may also present as papules coalescing into

circular plaques (O).

subtypes of GA and to describe available data on the
epidemiology, genetics, pathogenesis, disease asso-
ciations, triggers, and treatment options.

CLINICAL VARIANTS

The term GA appropriately describes the classic
variant characterized by ringed erythematous
plaques with granulomatous inflammation seen
histologically. However, GA now encompasses a
spectrum of disease. The most common variant of
GA is localized GA (LGA), and other well defined
forms include generalized GA (GGA) and
subcutaneous GA (SGA). Over time, clinicians have
described more atypical, rare variants. These
descriptions are frequently presented as isolated
case reports or small case series, making a synthesis
of the clinical morphologic variants a challenge.
Nevertheless, this section will work to clarify the
different subtypes and clinical variants of GA.

LGA is the prototypical subtype of GA, and is
characterized by pink to red nonscaly papules and
plaques often in an annular configuration on the
extremities. The hands and feet in particular are
commonly involved (Fig 1).*" This subtype is often
cited as characterizing around 75% of the reported
cases of GA, and has a tendency to remit within
2 years.z’“’7

In 1989, Winkelmann published a study of 100
cases of patients with GGA.” This represents one of
the largest series of patients with this entity, and is
quite helpful in describing the clinical pattern and
morphology. Generalized GA was defined as
“affecting at least the trunk and either upper or
lower, or both, extremities” (Fig 2). Patients were
divided into 2 morphologic groups: 67 patients
with predominately annular lesions comprised of
individual coalescing papules arranged in ring-like
configurations, and 33 patients with predominately

nonannular lesions consisting of symmetrically
scattered, often coalescing papules favoring the
chest and back (Fig 3). Over time, many published
reports of GA have described patients’ eruptions as
“generalized GA” without strictly adhering to the
definition used by Winkelmann in his report. This
lack of consistency among subsequent reports of
“generalized GA” makes analysis of the available
data difficult. Adding further confusion to the
literature is the term “disseminated GA.” In their
1989 paper on GGA, Winkelmann and Dabski’
rejected 15 cases of patients with extensive
involvement of the extremities only, considering
them “disseminated, but not truly generalized.”
This seems to be an informal use of the English
word “disseminated,” rather than Winkelmann’s
consideration of “disseminated GA” as a separate
and distinct variant of GA. Unfortunately, this term
has subsequently been used loosely in the literature,
ranging from case reports seemingly using
disseminated to mean the same as generalized™” "'
or as a description of cases characterized by
nonannular papules (which Winkelmann had
considered in his original definition of GGA).°
Given the confusion since Winkelmann’s 1989
paper, GA with extensive involvement of the
extremities is likely better considered a form of
generalized GA rather than its own subtype.
Additional studies would need to be conducted to
determine whether this difference has any clinical
significance, which might justify use of both
disseminated and generalized in describing GA.

A particularly noteworthy subtype of granuloma
annulare is the subcutaneous variant (SGA). Painless,
firm subcutaneous nodules characterize this entity,
also known as pseudorheumatoid nodule. SGA is
seen nearly exclusively in children, often on
the lower extremities (Fig 4), although cases with
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Fig 2. Generalized granuloma annulare. Patients may present with annular plaques on the

trunk (A) and extremities (B).

Fig 3. Generalized granuloma annulare with disseminated papules coalescing into plaques on
the posterior arm of one patient (A) and forearm of another (B). Photograph A courtesy of
Dr Kathy Schwarzenberger.

forehead and scalp involvement have also
published. Similar to the other subtypes of GA, the
lesions show a tendency to regress with time but may
recur.'” "

While LGA, GGA, and SGA are the most widely
recognized clinical phenotypes of GA, a number of
rare variants have been reported. Of these less
common forms, perforating GA (PGA) is perhaps
the best described. PGA seems to have been first
reported in 1971, and can present either localized to
the extremities or generalized to involve the trunk
and extremities.”’ The primary lesion in most reports
is an umbilicated papule with a central crust or
hyperkeratotic core (Fig 5).”*" The lesions may
become pustular®” or ulcerate.” Large flat patches of
GA have also been reported””*® (“patch” or
occasionally “macular” GA), but given the overlap
between this condition and reactive granulomatous
eruptions, such as interstitial granulomatous
dermatitis, it may be challenging to distinguish
between these 2 entities. Extremely rarely reported

variants of GA include palmoplantar, blaschkolinear,
pustular, and visceral.”” " In addition, depending on
the author, annular elastolytic giant cell granuloma
(AEGCG), also known as actinic granuloma, may~"*’
or may not" represent a photoinduced subtype of
GA, or simply GA appearing on sun-damaged skin
(Fig 6). One case of GGA on predominately
photoexposed areas resolved with features of
anetoderma after 5 to 6 months."" Descriptions of
the clinical variants of GA appear in Table 1.

EPIDEMIOLOGY

There have been no large-scale, population-
based studies documenting the overall incidence or
prevalence of GA, although 1 review article
published in 1980 reported that 0.1% to 0.4% of
new patients presenting to dermatologists were
diagnosed with GA.” Overall, the condition is most
commonly reported in patients in the first 3 to
5 decades of life, with a female to male ratio of
around 1-2:1.2%7%" However, it is important to
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Fig 4. Subcutaneous granuloma annulare is more
common in children and presents as a firm, painless
nodule. Photograph courtesy of Dr Melinda Jen.

Fig 5. Perforating granuloma annulare is a rare subtype
and can present with umbilicated papules with central
plugs of keratinaceous material. Photograph courtesy of
Dr William D. James.

note that by not differentiating between clinical
variants of GA, these data may be skewed, because
SGA tends to occur more commonly in children, ' * %
while GGA is often reported in elderly patients.
One study of Korean patients presenting with GGA
described a bimodal distribution in age (44% pre-
sented within the first decade of life, and 44%
presented over the fifth decade of life)."" This
bimodal age distribution of GGA has been reported
before,” but is not always replicated.

As noted above, SGA is reported almost
exclusively in children, with an age range of around
1to 14 years of age.'*'"'¥ One patient was reported
as having lesions present at birth."” PGA has been
reported to be more common in children,”** but it
may also affect adults.””*"*>* Patch GA is typically

8,46,47
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Fig 6. Annular elastolytic giant cell granuloma is
considered by some a distinct entity, but shares some
clinical and histologic features of granuloma annulare.
Annular elastolytic giant cell granuloma typically presents
with photoexposed annular plaques with central pallor
and atrophy.

described in women between 40 and 74 years of
age 27,28,49

GENETICS

A relative paucity of data exists on the genetics of
GA. In 1987, Winkelmann reported that there were
<20 cases of GA described in at least 2 immediate
family members.” An additional familial case of
generalized PGA was reported 1 year later.”’ GGA
and human leukocyte antigen (HLA)-Bw35 may
have an association.”” HLA-Bw35 has also been
associated with thyroid disease,”” which is in itself
reported to be associated with GA.”* Further
evidence for a familial association comes from the
first published report of adalimumab use in GA, a
67-year-old woman with disseminated (based on the
authors’ description, this seems consistent with
generalized) GA received 40 mg of adalimumab
per week for 3 months with marked improvement
in her disease. After her identical twin sister
experienced similar results, the patients were found
to harbor the HLA-AHS8.1 genotype, which has been
associated with increased production of tumor
necrosis factor—alfa by peripheral blood mono-
nuclear cells.”

HISTOLOGY

Histologically, mucin coupled with a palisading or
interstitial pattern of granulomatous inflammation
represents the principal finding in all subtypes of GA,
but other patterns may rarely be seen. %! The
palisading pattern is characterized by a central zone
of necrobiotic collagen surrounded by palisading
histiocytes and varying numbers of lymphocytes
(Fig 7). The interstitial pattern is characterized by
collections of histiocytes scattered between and
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Table 1. Clinical variants of granuloma annulare
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Type Classic description Estimated frequency Note
Common
Localized Annular plaques, limited, +++++ Most common and well-recognized form of GA
classically on the hands
or feet
Generalized Annular plaques or papules, +++ Extensive involvement of the extremities probably
diffuse, classically on the fits into this subtype, and given the confusion
extremities and trunk in the literature, “disseminated” GA is likely
best thought of as a form of GGA in the
absence of better data
Subcutaneous Subcutaneous nodules +++ Almost exclusively seen in children
Uncommon

Perforating Umbilicated papules with

keratotic core

AEGCG Sun-exposed lesions, atrophic
white center
Patch Red-brown or violaceous

patches, extremities > trunk

Palmoplantar  Acral papules

May be more common than reported given the
difficulty of histologically locating the area of
perforation. Probably associated with HIV,
especially when disseminated

Considered by some to represent a distinct entity,
AEGCG shares many overlapping clinical and
histologic features with GA

Can be localized or generalized. There have been
few reports in the literature, but almost
exclusively described in women

Typically painful, and more often seen on
the palms

AEGCG, Annular elastolytic giant cell granuloma; GA, granuloma annulare; GGA, generalized granuloma annulare.
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Fig 7. A and B, Palisading granuloma annulare. Lymphohistiocytic inflammation surrounds

A

= LA

central altered collagen with palisades of histiocytes. Mucin is prominent. (Hematoxylin—eosin

stain; original magnification: A, X40; B, X100).

around collagen bundles and blood vessels in the
papillary and mid dermis (Fig 8). A recent study of 35
cases of GA described these 2 patterns in addition to
sarcoidal granulomas and a mixed variant, although
correlation with clinical morphology was lacking.”®
Winkelmann characterized 207 cases of GA and
found that 71% showed the interstitial pattern,
while 26% showed palisading granulomas.” This
study also described mononuclear perivascular
inflammation in all cases, and upon electron
microscopy revealed histiocytic and macrophagic
vasculopathy with small-vessel degeneration in
areas of well-developed GA.* Multiple clinical and

histologic morphologies in the same patient have
also been described.”!

While many studies group all clinical variants of
GA together,”® a paper by Yun et al”* studied 54
patients in Korea with GGA using the clinical
definition put forth by Winkelmann. They found
that the 2 predominate histologic patterns were
nearly equal in numbers (52% were characterized
as palisading; 48% were characterized as interstitial).
Mucin was seen in 94% of cases, an eosinophilic
infiltrate in 44%, and nuclear dust in 33%. No
vasculitis was seen. In 1 paper comparing GGA
with LGA, only minor differences were seen on
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Fig 8. Interstitial granuloma annulare. Histiocytes intercalate
between the collagen bundles singularly or in small aggre-
gates. Mucin is again a prominent feature. Distinguishing
interstitial granuloma annulare from reactive granulomatous
processes, such as interstitial granulomatous dermatitis,
may be challenging. (Hematoxylin—eosin stain; original
magnification: X100).

histologic examination, and no specific findings to
allow for a diagnosis of GGA versus LGA based solely
on histology were found.”

The typical findings seen in patients with SGA
consist of multiple nodules in the subcutaneous layer
and reticular dermis with degenerated collagen
surrounded by palisading histiocytes and a
peripheral zone of lymphocytes. Mucin is also seen
in these deeper lesions.'*” Occasionally, histiocytes
are more dispersed in the reticular dermis and
subcutaneous layer, without the classic palisading
pattern.m SGA in particular can mimic sarcoidosis
clinically, and the presence of sarcoidal (or
epithelioid nodules) histologically can make the
diagnosis particularly difficult.”" Eosinophils can be
seen, and may be more common in SGA than in other
variants of GA."” A comparison of LGA and SGA
showed classic palisading granulomas in all cases
(13 LGA and 8 SGA).”"

Perforating GA is characterized by mucinous
collagen degeneration surrounded by palisading
granulomas, with transepithelial elimination of
altered collagen.””*****° This entity may be more
common than is reported, given that transepidermal
elimination of collagen may be missed without
careful examination of serial histologic sections.”"**
Histologic findings in the patients with patch GA
described by Mutasim and Bridges”’ were consistent
with the interstitial pattern of GA.

Other granulomatous disorders can mimic
GA histologically. Necrobiosis lipoidica (NL) in
particular can appear similar to GA under the micro-
scope, because both entities are characterized by
altered collagen. Despite this, the simultaneous
occurrence of NL and GA is only rarely reported.“'(’/‘
Several studies have been designed to differentiate
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between these conditions, including a 1986 study
that showed 12 of 13 cases of GGA and 15 of 32 cases
of LGA had intracellular elastin noted on
hematoxylin—eosin staining, as opposed to 0 of 20
cases of NL.°7 Lysozyme staining has been
reported as present in lesions of GA as opposed to
NL and rheumatoid nodules (RN), which may also be
confused with GA histologically.”® The monoclonal
antibody PG-M1 (a member of the CD-68 cluster) has
been suggested as a reliable marker of histiocytes in
lesions of GA, though more recently CD-123
staining was found to be denser in lesions of GA
than RN or NL. This suggests a greater role for
plasmacytoid dendritic cells in GA than previously
thought.””*® A novel immunohistochemical stain for
adipophilin has been shown to be a potentially
useful marker for distinguishing GA, NL, and
sarcoidosis. Staining for this marker in GA showed
patterns corresponding to the distribution of
histiocytes, with both intracellular and extracellular
staining. Interstitial GA demonstrated more focal
adipophilin expression than cases of palisaded
GA.”” GA and other granulomatous conditions,
including NL and sarcoidosis, have been shown to
have strong positivity for gli-7, which has been
suggested as a potential target for therapeutic
inhibition in patients with these conditions.”’ Other
reactive granulomatous dermatoses, such as pali-
sading neutrophilic and granulomatous dermatitis
(PNGD), interstitial granulomatous dermatitis (IGD),
interstitial granulomatous drug reaction (IGDR),
and sarcoidosis can also mimic GA, and the
characteristics that may distinguish these entities
are described in Table II.

AEGCG shares significant clinical and histologic
overlap with GA. While it may best be thought of as a
variant of GA, AEGCG is felt by some to be a distinct
entity. The histology of AEGCG demonstrates a
nonpalisading granulomatous infiltrate of histio-
cytes, foreign body—type multinucleated giant cells,
and lymphocytes in the mid to papillary dermis.
Altered collagen, mucin, and lipid deposition are
often absent.”' Elastophagocytosis can be seen,
characterized by elastic fibers highlighted within
giant cells. Given that GA may also show
elastophagocytosis and elastic fiber reduction,*’
that histologic feature alone may not reliably
distinguish the 2 entities.

In conclusion, this review has discussed the
historical context of GA, provided an overview of
the different clinical and histologic subtypes of GA,
and discussed the relatively limited data on the
epidemiology and genetics of the condition. The
accompanying continuing medical education article
addresses the pathogenesis, disease associations and
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AEGCG
plaques with atrophic centers
Histiocytes grouped in aggregates
and small granulomas around

altered connective tissue.

Photodistributed annular

IGD

Scattered interstitial histiocytes in small
aggregates with rare giant cells, often
surrounding “rosettes” of altered

Palpable cords on the trunk

PNGD

Papules on the elbows

Varies by chronicity. Intense
neutrophilic inflammation,
with or without signs of

GA
surfaces of the hands and feet
of altered homogenized collagen

Annular plaques on the dorsal
Palisading variant—central zone

morphology

Histology

Table II. Histopathologic comparison of the most common presentations of granuloma annulare, palisaded neutrophilic and granulomatous dermatitis,

interstitial granulomatous dermatitis, and annular elastolytic giant cell granuloma

Classic

with mucin, surrounded by palisaded

histiocytes and varying numbers
of lymphocytes and neutrophils;

Elastophagocytosis may be

collagen, which may be “detached”
and “floating.” Vasculitis is absent.

Mucin is minimal to absent

leukocytoclasis and vasculitis,
altered collagen, sparse

evident on routine histologic

sections or special stains. Elastic

palisades of histiocytes,
and small granulomas.
Mucin is minimal to absent

interstitial variant—aggregates

fibers are reduced or absent on

of histiocytes intercalating between

special stains. Mucin is minimal

to absent

and around collagen bundles with

interstitial mucin

AEGCG, Annular elastolytic giant cell granuloma; GA, granuloma annulare; IGD, interstitial granulomatous dermatitis; PNGD, palisaded neutrophilic and granulomatous dermatitis.
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triggers, and potential therapeutic options for
patients with GA.

REFERENCES

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Little EG. Granuloma annulare. Br J Dermatol. 1908;20:317-335.
Muhlbauer JE. Granuloma annulare. J Am Acad Dermatol.
1980;3:217-230.

. Cyr PR. Diagnosis and management of granuloma annulare.

Am Fam Physician. 2006;74:1729-1734.

. Dabski K, Winkelmann RK. Generalized granuloma annulare:

histopathology and immunopathology. Systematic review of
100 cases and comparison with localized granuloma
annulare. J Am Acad Dermatol. 1989;20:28-39.

. Smith MD, Downie JB, DiCostanzo D. Granuloma annulare. Int

J Dermatol. 1997;36:326-333.

. Thornsberry LA, English JC 3rd. Etiology, diagnosis, and

therapeutic management of granuloma annulare: an update.
Am J Clin Dermatol. 2013;14:279-290.

. Wells RS, Smith MA. The natural history of granuloma

annulare. Br J Dermatol. 1963;75:199-205.

. Dabski K, Winkelmann RK. Generalized granuloma annulare:

clinical and laboratory findings in 100 patients. J Am Acad
Dermatol. 1989;20:39-47.

. Jain S, Stephens CJ. Successful treatment of disseminated

granuloma annulare with topical tacrolimus. Br J Dermatol.
2004;150:1042-1043.

Patrascu V, Giurca C, Ciurea RN, Georgescu CV. Disseminated
granuloma annulare: study on eight cases. Rom J Morphol
Embryol. 2013;54:327-331.

Granjo E, Lima M, Lopes JM, et al. Response to cyclosporine
in a patient with disseminated granuloma annulare
associated with CD4+/CD8+(dim)/CD56+ large granular
lymphocytic leukemia. Arch Dermatol. 2002;138:274-276.
Davids JR, Kolman BH, Billman GF, Krous HF. Subcutaneous
granuloma annulare: recognition and treatment. J Pediatr
Orthop. 1993;13:582-586.

De Aloe G, Risulo M, Sbano P, Pianigiani E, Fimiani M.
Congenital subcutaneous granuloma annulare. Pediatr
Dermatol. 2005;22:234-236.

Felner El, Steinberg JB, Weinberg AG. Subcutaneous
granuloma annulare: a review of 47 cases. Pediatrics. 1997;
100:965-967.

Grogg KL, Nascimento AG. Subcutaneous granuloma
annulare in childhood: clinicopathologic features in 34 cases.
Pediatrics. 2001;107:E42.

Letts M, Carpenter B, Soucy P, Davidson D. Subcutaneous
granuloma annulare of the extremities in children. Can J Surg.
2000;43:425-430.

Requena L, Fernandez-Figueras MT. Subcutaneous
granuloma annulare. Semin Cutan Med Surg. 2007;26:96-99.
Rubin M, Lynch FW. Subcutaneous granuloma annulare.
Comment on familial granuloma annulare. Arch Dermatol.
1966;93:416-420.

Whelan JP, Zembowicz A. Case records of the Massachusetts
General Hospital. Case 19-2006. A 22-month-old boy with the
rapid growth of subcutaneous nodules. N Engl J Med. 2006;
354:2697-2704.

Owens DW, Freeman RG. Perforating granuloma annulare.
Arch Dermatol. 1971;103:64-67.

Lopez-Navarro N, Castillo R, Gallardo MA, et al. Successful
treatment of perforating granuloma annulare with 0.1%
tacrolimus ointment. J Dermatolog Treat. 2008;19:376-377.
Lucky AW, Prose NS, Bove K, White WL, Jorizzo JL. Papular
umbilicated granuloma annulare. A report of four pediatric
cases. Arch Dermatol. 1992;128:1375-1378.


http://refhub.elsevier.com/S0190-9622(15)01499-1/sref1
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref2
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref2
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref3
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref3
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref4
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref4
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref4
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref4
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref5
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref5
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref6
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref6
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref6
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref7
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref7
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref8
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref8
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref8
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref9
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref9
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref9
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref10
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref11
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref12
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref12
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref12
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref13
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref13
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref13
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref14
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref14
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref14
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref15
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref15
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref15
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref16
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref16
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref16
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref17
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref17
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref18
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref18
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref18
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref19
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref19
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref19
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref19
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref20
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref20
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref21
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref21
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref21
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref22
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref22
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref22

464 Piette and Rosenbach

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Samlaska CP, Sandberg GD, Maggio KL, Sakas EL. Generalized
perforating granuloma annulare. J Am Acad Dermatol. 1992;
27(2 pt 2):319-322.

Ratnavel RC, Norris PG. Perforating granuloma annulare:
response to treatment with isotretinoin. J/ Am Acad Dermatol.
1995;32:126-127.

Gamo Villegas R, Sopena Barona J, Guerra Tapia A, et al.
Pustular generalized perforating granuloma annulare. Br J
Dermatol. 2003;149:866-868.

Shimizu H, Harada T, Baba E, Kuramochi M. Perforating
granuloma annulare. Int J Dermatol. 1985;24:581-583.
Mutasim DF, Bridges AG. Patch granuloma annulare:
clinicopathologic study of 6 patients. J Am Acad Dermatol.
2000;42:417-421.

Coelho R, Carvalho R, Rodrigues A, Afonso A, Cardoso J.
Patch-type granuloma annulare. Eur J Dermatol. 2009;19:
285-286.

Brey NV, Malone J, Callen JP. Acute-onset, painful acral
granuloma annulare: a report of 4 cases and a discussion of
the clinical and histologic spectrum of the disease. Arch
Dermatol. 2006;142:49-54.

Gutte R, Kothari D, Khopkar U. Granuloma annulare on the
palms: a clinicopathological study of seven cases. Indian J
Dermatol Venerol Leprol. 2012;78:468-474.

Morice-Picard F, Boralevi F, Lepreux S, et al. Severe linear
form of granuloma annulare along Blaschko's lines preceding
the onset of a classical form of granuloma annulare in a child.
Br J Dermatol. 2007;157:1056-1058.

Thomas DJ, Rademaker M, Munro DD, Levison DA,
Besser GM. Visceral and skin granuloma annulare, diabetes,
and polyendocrine disease. Br Med J (Clin Res Ed). 1986;293:
977-978.

Vargas-Diez E, Feal-Cortizas C, Fraga J, Fernandez-Herrera J,
Garcia-Diez A. Follicular pustulous granuloma annulare. Br J
Dermatol. 1998;138:1075-1078.

Stewart LR, George S, Hamacher KL, Hsu S. Granuloma
annulare of the palms. Dermatol Online J. 2011;17:7.

Hsu S, Lehner AC, Chang JR. Granuloma annulare localized to
the palms. J Am Acad Dermatol. 1999;41(2 pt 2):287-288.
Imamura S, Ohnishi R, Kawasaki Y, Yoshida M. Long-standing
solitary granuloma annulare on the palm of a patient with
dermatomyositis. J Dermatol. 2008;35:304-305.

Takeyama J, Sanada T, Watanabe M, Hatori M, Kunikata N,
Aiba S. Subcutaneous granuloma annulare in a child’s palm: a
case report. J Hand Surg. 2006;31:103-106.

Happle R. Superimposed segmental manifestation of
polygenic skin disorders. J Am Acad Dermatol. 2007;57:
690-699.

Ackerman AB. Vasculitis: the true and near-true. Am J
Dermatopathol. 2002;24:521-522. author reply 522-523.
Al-Hogqail IA, Al-Ghamdi AM, Martinka M, Crawford RI. Actinic
granuloma is a unique and distinct entity: a comparative
study with granuloma annulare. Am J Dermatopathol. 2002;
24:209-212.

Ozkan S, Fetil E, Izler F, Pabuccuoglu U, Yalcin N, Gunes AT.
Anetoderma secondary to generalized granuloma annulare. J
Am Acad Dermatol. 2000;42(2 pt 2):335-338.

Wallet-Faber N, Farhi D, Gorin |, et al. Outcome of granuloma
annulare: shorter duration is associated with younger age
and recent onset. J Eur Acad Dermatol Venereol. 2010;24:
103-104.

Dahl MV. Granuloma annulare: long-term follow-up. Arch
Dermatol. 2007;143:946-947.

. Yun JH, Lee JY, Kim MK, et al. Clinical and pathological

features of generalized granuloma annulare with their

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

] AM AcAaD DERMATOL
SEPTEMBER 2016

correlation: a retrospective multicenter study in Korea. Ann
Dermatol. 2009;21:113-119.

Tan HH, Goh CL. Granuloma annulare: a review of 41 cases at
the National Skin Centre. Ann Acad Med. 2000;29:714-718.
Muhlemann MF, Williams DR. Localized granuloma annulare
is associated with insulin-dependent diabetes mellitus. Br J
Dermatol. 1984;111:325-329.

Tak CP. Granuloma annulare: review of cases in the Social
Hygiene Service and a case-control study of its association with
diabetes mellitus [dissertation]. Hong Kong: Hong Kong
College of Physicians; 2003.

Penas PF, Jones-Caballero M, Fraga J, Sanchez-Perez J,
Garcia-Diez A. Perforating granuloma annulare. Int J
Dermatol. 1997;36:340-348.

Victor FC, Mengden S. Granuloma annulare, patch type.
Dermatol Online J. 2008;14:21.

Friedman SJ, Winkelmann RK. Familial granuloma annulare.
Report of two cases and review of the literature. J Am Acad
Dermatol. 1987;16(3 pt 1):600-605.

Abrusci V, Weiss E, Planas G. Familial generalized perforating
granuloma annulare. Int J Dermatol. 1988;27:126-127.
Friedman-Birnbaum R, Haim S, Gideone O, Barzilai A.
Histocompatibility —antigens in granuloma annulare.
Comparative study of the generalized and localized types.
Br J Dermatol. 1978;98:425-428.

HLA antigens in autoimmune thyroid diseases. Arch Intern
Med. 1978;138:567-570.

Vazquez-Lopez F, Pereiro M Jr, Manjon Haces JA, et al.
Localized granuloma annulare and autoimmune thyroiditis in
adult women: a case-control study. J Am Acad Dermatol.
2003;48:517-520.

Knoell KA. Efficacy of adalimumab in the treatment of
generalized granuloma annulare in monozygotic twins
carrying the 8.1 ancestral haplotype. Arch Dermatol. 2009;
145:610-611.

Chaitra V, Inchara YK, Rajalakshmi T, Antony M. Granuloma
annulare - histology reconsidered. Indian J Dermatol Venereol
Leprol. 2010;76:568-569.

Friedman-Birnbaum R, Weltfriend S, Munichor M, Lichtig C. A
comparative histopathologic study of generalized and localized
granuloma annulare. Am J Dermatopathol. 1989;11:144-148.
Gunes P, Goktay F, Mansur AT, Koker F, Erfan G. Collagen-
elastic tissue changes and vascular involvement in granuloma
annulare: a review of 35 cases. J Cutan Pathol. 2009;36:838-844.
Longmire M, DiCaudo DJ, Dahl MV. Nerve involvement in
granuloma annulare. J Cutan Med Surg. 2012;16:428-432.
Stefanaki K, Tsivitanidou-Kakourou T, Stefanaki C, et al.
Histological and immunohistochemical study of granuloma
annulare and subcutaneous granuloma annulare in children.
J Cutan Pathol. 2007;34:392-396.

Cohen PR, Carlos CA. Granuloma annulare mimicking sarcoid-
osis: report of patient with localized granuloma annulare
whose skin lesions show 3 clinical morphologies and 2
histology patterns. Am J Dermatopathol. 2015;37:547-550.
Umbert P, Winkelmann RK. Histologic, ultrastructural and
histochemical studies of granuloma annulare. Arch Dermatol.
1977;113:1681-1686.

Schwartz ME. Necrobiosis lipoidica and granuloma annulare.
Simultaneous occurrence in a patient. Arch Dermatol. 1982;
118:192-193.

Laymon CW, Fisher I. Necrobiosis lipoidica (diabeticorum?) a
histologic study and comparison with granuloma annulare.
Arch Dermatol Syphilol. 1949;59:150-167.

Burket JM, Zelickson AS. Intracellular elastin in generalized
granuloma annulare. J Am Acad Dermatol. 1986;14:975-981.


http://refhub.elsevier.com/S0190-9622(15)01499-1/sref23
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref23
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref23
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref24
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref24
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref24
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref25
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref25
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref25
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref26
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref26
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref27
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref27
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref27
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref28
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref28
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref28
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref29
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref29
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref29
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref29
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref30
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref30
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref30
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref31
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref31
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref31
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref31
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref32
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref32
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref32
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref32
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref33
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref33
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref33
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref34
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref34
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref35
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref35
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref36
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref36
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref36
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref37
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref37
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref37
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref38
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref38
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref38
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref39
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref39
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref40
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref40
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref40
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref40
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref41
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref41
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref41
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref42
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref42
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref42
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref42
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref43
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref43
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref44
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref44
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref44
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref44
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref45
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref45
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref46
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref46
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref46
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref47
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref47
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref47
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref47
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref48
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref48
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref48
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref49
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref49
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref50
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref50
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref50
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref51
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref51
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref52
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref52
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref52
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref52
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref53
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref53
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref54
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref54
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref54
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref54
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref55
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref55
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref55
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref55
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref56
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref56
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref56
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref57
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref57
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref57
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref58
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref58
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref58
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref59
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref59
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref61
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref61
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref61
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref61
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref62
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref62
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref62
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref62
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref63
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref63
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref63
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref64
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref64
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref64
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref65
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref65
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref65
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref66
http://refhub.elsevier.com/S0190-9622(15)01499-1/sref66

] AM ACAD DERMATOL
VoLume 75, NUMBER 3

66.

67.

68.

Padilla RS, Mukai K, Dahl MV, Burgdorf WH, Rosai J. Differential
staining pattern of lysozyme in palisading granulomas: an
immunoperoxidase study.J Am Acad Dermatol. 1983;8:634-638.
Groisman GM, Schafer |, Amar M, Sabo E. Expression of the
histiocytic marker PG-M1 in granuloma annulare and rheu-
matoid nodules of the skin. J Cutan Pathol. 2002;29:590-595.
Chavan RN, Lehman JS, Flotte TJ. Dendritic cells are
prominent in granuloma annulare. J Am Acad Dermatol.
2014;71:1020-1022.

69.

70.

71.

Piette and Rosenbach 465

Schulman JM, LeBoit PE. Adipophilin expression in
necrobiosis lipoidica, granuloma annulare, and sarcoidosis.
Am J Dermatopathol. 2015;37:203-209.

Macaron NC, Cohen C, Chen SC, Arbiser JL. gli-1 Oncogene is
highly expressed in granulomatous skin disorders, including
sarcoidosis, granuloma annulare, and necrobiosis lipoidica
diabeticorum. Arch Dermatol. 2005;141:259-262.

Tock CL, Cohen PR. Annular elastolytic giant cell granuloma.
Cutis. 1998;62:181-187.

[

Answers to CME examination

Identification No. JA0916

September 2016 issue of the Journal of the American Academy of Dermatology.

Piette EW, Rosenbach M. ] Am Acad Dermatol 2016;75:457-65.

oks)


http://refhub.elsevier.com/S0190-9622(15)01504-2/sref67
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref67
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref67
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref68
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref68
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref68
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref69
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref69
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref69
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref70
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref70
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref70
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref71
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref71
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref71
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref71
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref60
http://refhub.elsevier.com/S0190-9622(15)01504-2/sref60

	Granuloma annulare
	Clinical and histologic variants, epidemiology, and genetics
	Clinical variants
	Epidemiology
	Genetics
	Histology
	References


