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ABSTRACT

Background and Objectives: Pulse granuloma (PG), or giant cell hyaline angiopathy, is an immune-mediated reaction often
following the implantation of plant-derived food particles. PGs are primarily found in the oral cavity and gastrointestinal tract
and may represent a histopathological pitfall, being mistaken for other granulomatous conditions or tumors. This study is the
first to compare oral to extraoral PGs, aiming to clarify the “hyaline angiopathy” seen in PGs by developing a detailed histochem-
ical and immunohistochemical profile of oral and colonic PGs.

Methods: A computer search of 135,972 surgical pathology cases was conducted. PG histopathological slides, along with demo-
graphic and clinical data, were reviewed. Stains including Congo red, Masson trichrome, PAS, and immunostains CD31, ERG,
and D2-40 were applied.

Results: Sixteen cases (11 oral, 5 extraoral) were identified, ranging from 7 to 81years of age. Oral PGs were linked to odonto-
genic cysts, while extraoral PGs were associated with intestinal inflammation and perforation. Angiolymphatic marker expres-
sion was limited to the inflamed connective tissue surrounding PG.

Conclusions: Our findings suggest that PGs reflect a granulomatous response to edible components and support surgical exci-
sion. The absence of vascular markers indicates that the term “angiopathy” is misleading, proposing that these “wormy” struc-
tures are fibrocollagenous responses.

1 | Introduction

Pulse granuloma (PG) is a rare and distinctive form of foreign-
body granulomatous reaction characterized by a histological
response pattern comprised of eosinophilic or hyaline mate-
rial that is often associated with multinucleated giant cells and
macrophages, forming granulomatous structures within af-
fected tissues (Kimura et al. 2021). PG derives its name from
the food debris it is most commonly associated with, that is, an
edible seed from a legume plant known as a “pulse” (DeRoche
et al. 2017; Head 1956). Also, the “giant cell hyaline angiopathy”

described in PG occurs in lesions from the beginning (mouth)
and ending (colonic) of the digestive tract. Most cases of PG do
arise in the oral cavity, however it may also affect the lungs, in
and around the gastrointestinal tract, and other sites (Rosen
et al. 2022).

The clinical presentation of PG varies depending on the anatom-
ical site. In the oral cavity, PG often presents as a localized man-
ifestation associated with chronic inflammation and typically
linked to odontogenic cysts or secondary to sites of previous den-
tal extraction (Datar et al. 2017; Kotrashetti et al. 2011; Talacko
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and Radden 1988). In contrast, extraoral PG, particularly in the
gastrointestinal tract, may be associated with a history of intes-
tinal injury or disease, such as diverticular disease, perforations,
fistulas, or inflammatory bowel disease (Nowacki et al. 2015).
These diverse clinical scenarios highlight the importance of a
thorough clinical and pathological examination to accurately
diagnose PG and differentiate it from other conditions.

The pathogenesis of PG has been hypothesized to involve the
introduction of foreign material, such as food particles, into
the tissue, which then elicits a granulomatous inflammatory
response (Nowacki et al. 2015). This is consistent with the his-
tological findings of PG, where the eosinophilic/hyaline mate-
rial typically shows positivity for periodic acid-Schiff (PAS) and
Masson's trichrome stains. These staining characteristics are in-
dicative of the presence of complex carbohydrates and collagen,
which are common in foreign body reactions.

Despite its distinctive histological features, PG may represent
a histopathological pitfall and be mistaken for other granulo-
matous conditions or tumors (Hayat and Rumman 2022). The
presence of hyaline material within PG may also mimic amyloid
deposits or vascular involvement (Kimura et al. 2021; Scivetti
et al. 2009). Therefore, the aim of this study is to demystify this
“hyaline angiopathy” that is described in PG. A comprehensive
analysis of PG by examining a series of cases diagnosed over
the past 20years is provided. In addition, a histological and im-
munohistochemical analysis of both oral and extraoral PG cases
provides insights into their pathogenesis and clinical behavior,
also better characterizing the nature of the hyaline material and
vasculoinflammatory response in PG.

2 | Materials and Methods

Pathology reports that contained the words “pulse granuloma” or
“giant cell hyaline angiopathy” or “seed storage cell granuloma”
or “hyaline ring granuloma” were retrieved from the Anatomic
Pathology Service from the last 20years and out of a total 0of 135,972
surgical signed out cases 24 cases were retrieved. Out of those 24
cases, 16 cases qualified for this study, being the respective demo-
graphic data of patients such as age, gender, as well as the anatom-
ical site of lesions, clinical impression, radiographic findings, and
final diagnosis retrieved from their respective records.

The histopathological slides (hematoxylin and eosin—HE) to-
gether with their demographic data and clinical findings were
reviewed. Congo red (CR), Masson trichrome (MT), periodic
acid-Schiff (PAS), and immunostains [CD31, ERG, and D2-40
(podoplanin)] were performed on a representative formalin-fixed
paraffin-embedded tissue block for each case with appropriate
positive and negative controls. All tissue specimens had been fixed
in 10% buffered formaldehyde for at least 24h, and routine labora-
tory procedures followed until paraffin embedding. Sections (4 um
thick) were obtained from the paraffin-embedded blocks, mounted
on slides, and treated with 3-aminopropyltriethoxy-silane (Sigma
Chemical Co., St. Louis, MO, USA). Slides were then deparaf-
finized and hydrated. For immunohistochemistry, antigen re-
trieval was performed, and staining was carried out using a
Roche BenchMark ULTRA PLUS (Roche, Basel, Switzerland).
Primary antibodies used included anti-CD31 (Clone JC70, mouse

monoclonal, Roche), anti-podoplanin (Clone D2-40, mouse
monoclonal), and anti-ERG (Clone EPR3864, rabbit monoclonal,
Roche). Primary incubation was followed by peroxidase blocking
using 3% H,0,, incubation with biotin-labeled anti-mouse second-
ary antibody, and peroxidase-conjugated streptavidin (Roche).
Counterstaining was done with Mayer hematoxylin.

Histological, histochemical, and immunohistochemical analyses
were interpreted descriptively for each slide. The histochemical
and immunohistochemical staining was evaluated at different
magnifications (low, medium, and high), and the stained fields
were classified based on the area of the PG they represented
(center, immediate periphery or surrounding tissue). Two expe-
rienced pathologists (one anatomical surgical pathologist and
one oral and maxillofacial pathologist) independently reviewed
each slide with consensus building for final interpretation.

3 | Results

A total of 16 cases (11 oral and 5 extraoral) were identified. The
clinical data is presented in Table 1. These lesions occurred
in children and adults ranging from 7 to 81years with a male
predominance in oral cases, while the extraoral cases were all
females. The majority of oral PGs were associated with an in-
flamed odontogenic cyst or non-healing extraction socket. Two
oral cases recurred within 5months and 11years after the ini-
tial diagnosis and were both related to the recurrence of the
primary pathosis, that is, glandular odontogenic cyst and odon-
togenic keratocyst. The extraoral cases were seen in: Appendix
(3); Peritoneum (1) and cecum (1) associated with inflammation
and perforation.

Histologically, PG was characterized by small concentric col-
lections of a cerebriform/wormy hyalinized material intimately
circumscribed by histiocytes and multinucleated giant cells;
these joint circular structures were surrounded by a primarily
lymphoplasmacytic inflammatory infiltrate (Figure 1a); Russell
bodies and red blood cell extravasation were often seen in the
surrounding areas of PG as well. The wormy ‘hyaline angiopa-
thy’ expressed MT: 100% of the cases stained positive; the cen-
tral areas of PG showed blue staining compatible with collagen
fibers, whereas the outlining periphery of PG was highlighted
with a fine hyalinized pink coloration that corresponded to the
cytoplasm of encircling histiocytes/multinucleated giant cells
(Figure 1b). The central part of PG structures was also strongly
positive for PAS; the PAS-positive central component corre-
sponded exactly to the MT-positive blue staining (Figure 1c).
CR was negative in all cases. There was no expression of the
angiolymphatic markers ERG, D2-40, or CD31, with the latter
outlining the surrounding vasculoinflammatory response of the
pulse granuloma (Figure 1d). No differences were seen in the
histochemical or immunohistochemical profile of oral and ex-
traoral cases.

4 | Discussion
PG has been widely characterized in the literature as a type of

foreign-body granulomatous reaction/histological response pat-
tern that is marked by eosinophilic or hyaline material often
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FIGURE1 | Histochemical and immunohistochemical staining profile of PG: (a) Hematoxylin and eosin staining showing wormy hyaline struc-
tures of PG amongst multinucleated giant cells. (b) Masson's trichrome (MT) staining highlighting collagen fibers within PG. (c) Periodic acid-Schiff
(PAS) positive staining in PG. (d) CD31 negative immunostaining in PG; however, positive immunostaining in the surrounding tissue.

associated with multinucleated giant cells and macrophages
(Kimura et al. 2021). Consistent with this characterization, PG's
eosinophilic/hyaline material typically demonstrates positiv-
ity for PAS and Masson's trichrome stains (Acharya et al. 2015;
Datar et al. 2017; Henriques et al. 2013; Kimura et al. 2021;
Martin-Hernan et al. 2019; Patil et al. 2017), and it is generally
negative for CD34 (Henriques et al. 2013; Kimura et al. 2021;
Scivetti et al. 2009).

Our study aligns with these established findings in several as-
pects. Specifically, we observed that the eosinophilic/hyaline
material within the PGs in our cases was constantly positive for
PAS and MT, consistent with most reported studies (Acharya
et al. 2015; Datar et al. 2017; Henriques et al. 2013; Kimura
etal. 2021; Martin-Hernan et al. 2019; Patil et al. 2017). This con-
firms the histopathological consistency of PG's hallmark stain-
ing features. However, there are notable additions in our results
compared to the published literature. Our findings revealed that
all cases tested negative for Congo red staining, which is used to
identify amyloid deposits. This result is consistent with the gen-
eral understanding that PG does not feature amyloid (Nowacki
et al. 2015), but could be interestingly contrasted with reports
showing true Congo red-positive eosinophilic hyaline-rich de-
posits within certain granulomas and their periphery in tuber-
culosis patients (Ghosh et al. 2022).

A key finding of this study is the dual positivity for PAS and MT
in both oral and extraoral PGs, providing insight into their struc-
tural composition. The PAS and MT staining patterns described
herein are typically seen in tissues containing glycoproteins,
mucins, and collagen, or structures like basement membranes,
such as those found in kidneys, lungs, and intestines. Notably,
the epithelial basement membranes of the oral mucosa can also
be PAS-positive due to glycoproteins like laminin and collagen
IV (Juneja et al. 2006; Pujar et al. 2015). In fact, PAS specifically

stains carbohydrates and glycoproteins, while MT highlights
collagen fibers in blue/green (Vasanthi et al. 2022). These find-
ings offer a better understanding of PG's composition, potentially
revealing structural elements that align with the characteristics
of these other well-studied tissues.

Furthermore, our study found that the “wormy” hyaline angiop-
athy within the PG did not express angiolymphatic markers such
as ERG, D2-40, or CD31. Remarkably, CD31, which outlines en-
dothelial cells and vasculature, was observed in the surround-
ing vasculoinflammatory response of PG in our cases, rather
than within the granuloma itself. This differentiation is crucial,
as it suggests that while PG itself lacks certain angiolymphatic
markers, the adjacent inflammatory environment displays these
markers, highlighting a distinct histological feature of PG com-
pared to other vascular or lymphatic lesions.

In that way, this study helps us elucidate that an angiopathy is
not truly present in PG and most likely does not participate in
its etiopathogenesis. In fact, when the term angiopathy is used,
it may lead to misinterpretation, as it usually relates to forms
of vasculitis or angiitis, generally linked to rare conditions
known to cause damage to blood vessels by causing inflam-
mation or swelling, and are classified depending on the size
and type of blood vessel they affect; that is, giant cell arteritis
(Rebello and Joshi 2022) (affects large vessels), polyarteritis no-
dosa (Hernandez-Rodriguez et al. 2014) (affects medium ves-
sels), granulomatosis with polyangiitis (Fillingim et al. 2023)
(previously known as Wegener granulomatosis (Rahilly and
Rahilly 2000); affects small vessels), and Behget disease (Mumcu
et al. 2006) (affects variable-sized vessels).

Notably, the patient's quality of life is usually significantly af-
fected by any of these forms of vasculitis. In Behget disease,
for instance, patients will typically present with recurrent oral
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ulcerations plus at least two of the following clinical manifes-
tations: recurrent genital ulcerations, eye lesions, skin lesions,
and positive pathergy test. As a consequence, both oral and
general quality of life are impaired in Behget disease (Mumcu
et al. 2006). Interestingly, besides not finding any signs of an-
giopathy in the tissue biopsies analyzed herein, the included
patients did not present with any known systemic findings or
any additional tissue biopsies that could indicate involvement
by some sort of granulomatous or vasculitic-type disease at the
time of PG diagnosis or up to 1year of follow-up.

It is very important to make a distinction between PG and true
angiopathic pathoses as the former can simply be treated by
simple excision of the local inflammatory reaction, whereas the
latter would usually require significantly more extensive treat-
ment, usually involving systemic immunomodulating agents
(Escudier et al. 2006). Given that this study is, to the best of our
knowledge, the first to compare oral and extraoral PG, we are
confident that our results confirm that distinction. Accordingly,
PG has been successfully treated in all cases presented herein.
Two recurrences were reported; however, the PG recurrence
was associated with the recurrence of the primary pathosis, that
is, glandular odontogenic cyst and odontogenic keratocyst; this
raises a question of whether certain patients are predisposed to
developing PG reactions in the presence of an inciting factor.

By comparing oral and extraoral PG cases, this study demon-
strates they share great similarities from a histopathological,
histochemical and immunohistochemical perspective. In that
way, oral and colonic PG formation appear to reflect an immune
response that is triggered by the presence of certain components
in legumes/food in some individuals, and that is consistent
with food, in agreement with the pertinent literature (Nowacki
et al. 2015). The consistent presence of Masson trichrome and
lack of vascular markers positivity within the granuloma sug-
gest that the term “angiopathy” is not an appropriate descriptor
for these lesions, and we support the recommendation that this
misnomer is replaced by the previously suggested term “seed
storage cell granuloma” to more precisely reflect its etiology.

The clinical presentations of extraoral PG found with this study
align with those reported in the literature, which may involve
a history of various intestinal injuries, including abdominal
trauma, diverticular disease, perforations, and fistulas. Other
relevant medical histories may include adenocarcinoma, in-
flammatory bowel disease, appendicitis, complications at an
anastomotic site, or stent leakage (Nowacki et al. 2015). Oral
lesions, on the other hand, were mostly associated with odonto-
genic cysts or non-healing extraction sockets. In fact, oral PG has
been found in association with post-extraction tissue reactions
(Talacko and Radden 1988) and different kinds of odontogenic
cysts and tumors, such as odontogenic keratocyst (Kotrashetti
et al. 2011) and ameloblastoma (Datar et al. 2017).

Although a reactive etiopathogenesis for PGs is consistently sup-
ported in the literature (often linked to the presence of certain
food components or plant materials in susceptible individuals)
PGs have also been found in association with entirely intraos-
seous lesions, including odontogenic cysts like the odontogenic
keratocyst (Kotrashetti et al. 2011) and ameloblastoma (Datar
et al. 2017). The exact pathophysiology of PGs in these cases

remains poorly understood and has not been fully explored in
the literature. Additionally, we would like to emphasize that the
odontogenic and non-odontogenic cysts that were seen in asso-
ciation with PGs in our study had not undergone prior surgi-
cal interventions, such as decompression or marsupialization.
While our results confirm many aspects of PG's histopatholog-
ical profile, they also highlight some particularities regarding
Congo red staining and the expression of angiolymphatic mark-
ers. This study contributes to a more nuanced understanding of
PG's histopathological features and their differential diagnosis
and supports the etiopathogenesis of oral and gastrointestinal
PGs to reflect a granulomatous response/histological response
pattern triggered by the presence of certain components in le-
gumes/seeds. The consistent positivity for MT with total lack
of vascular immunostaining within these “wormy” structures
proves there is no evidence of any ‘angiopathy’ in these granu-
lomas. We propose these “wormy” structures represent a var-
ied fibrocollagenous tissue response dependent on the legume/
seed present, and continued usage of this term is to be strongly
discouraged; for instance, “hyaline ring granuloma” or “seed
storage granuloma” are terms that better describe PG (Kimura
et al. 2021; Rosen et al. 2022) and are endorsed by this study.

In summary, this study helps clarify the distinction between PG
and true angiopathic conditions, which may require different
therapeutic approaches (Escudier et al. 2006). Understanding
the exact nature of the granulomatous response in PG could lead
to more precise diagnostic criteria and treatment protocols, ulti-
mately improving patient outcomes. This research also seeks to
contribute to the ongoing debate regarding the appropriate no-
menclature for PG, advocating for terminology that accurately
reflects the lesion's etiology and histopathological features.
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