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Abstract 

Pulse granuloma is a rare pathologic condition considered to be a benign inflammatory reac-

tion to foreign materials originated from ingested legume matter. As for pulse granulomas of 

the gastrointestinal tract, association with diverticular diseases is relatively common, but only 

a few pulse granuloma cases associated with appendicitis have been reported. This report pre-

sents histopathologic findings of pulse granuloma lesions observed in two appendectomy 

cases, with some histochemical examinations of cellulose matter which is reportedly a major 

component to provoke pulse granuloma reaction. Our patients in both cases were girls in their 

teens, and they underwent interval appendectomy for acute appendicitis. Both appendectomy 

specimens revealed ruptured walls with inflammatory granulation tissue with marked foreign 

body reaction including characteristic collections of ring-like, curled ribbon-like, and/or lobu-

lated nephrosclerosis-like hyaline structures and various foreign bodies, in which microorgan-

isms or amyloid deposition were not identified. The presence of cellulose matter was sug-

gested by Sirius red stain, the IKI (iodine potassium iodide)-H2SO4 method, and birefringence 
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by polarized light. Appendectomy materials due to acute appendicitis would include pulse 

granuloma reaction provoked by ingested materials with cellulose. Pathologists should be fa-

miliar with the concept and histopathologic features of pulse granulomas to avoid misinter-

preting them as vascular lesions and/or amyloid deposition, or any infectious organisms. 

 © 2018 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Pulse granuloma is a rare pathologic condition, which is reportedly a benign inflamma-
tory reaction to foreign materials originated from ingested legume substances. In addition to 
well-known oral lesions in edentulous patients or after dental procedures [1, 2], pulse granu-
loma lesions have been reported in the lung [3] and in various other organs and tissues which 
include the gastrointestinal tract, gallbladder, fallopian tube, skin, and mesenteric lymph 
nodes [4–8]. 

As for pulse granuloma lesions observed in the gastrointestinal tract, association with di-
verticular diseases is relatively common [4, 9]. However, only a few cases of pulse granuloma 
associated with appendicitis have been described up to today [4, 10, 11]. Herein, we report 
two additional cases of pulse granuloma lesions localized in the appendices, for which interval 
appendectomy (IA) were performed with a clinical diagnosis of acute appendicitis. In addition 
to describing the detailed histopathologic findings of those cases, we tried to identify cellulose 
matter, which has been reported to be a major component provoking pulse granuloma reac-
tion [3, 12], in the pulse granuloma lesions histochemically. 

Case Reports 

Case 1 
A girl in her early teens visited the emergency department of a community hospital com-

plaining of abdominal pain on the weekend. The next week, she was admitted to the hospital 
with a diagnosis of acute appendicitis (WBC 14,150/µL, CRP 6.03 mg/dL). She was treated 
conservatively with fasting, transfusion, and antibiotic medication for 3 days and was dis-
charged with the disappearance of the abdominal signs but a persistent elevation of her WBC 
count (11,440/µL, CRP 0.01 mg/dL). After additional antibiotic medication, her WBC count 
returned to the reference value (5,000/µL), and she underwent laparoscopic IA at the surgery 
department of the hospital on day 82 after her emergency department visit. Her postoperative 
course was uneventful. 

Case 2 
A girl in her mid-teens complaining of subumbilical and lower right abdominal pain which 

had persisted for a week was diagnosed as acute appendicitis with perityphlic abscess for-
mation (WBC 17,900/µL, CRP 13.9 mg/dL) at a community hospital and was transferred to 
the pediatric surgery department of a university hospital expecting IA. She was treated with 
antibiotic medication in the hospitals for a week and discharged with alleviated abdominal 
signs (WBC 7,100/µL and CRP 0.61 mg/dL). She underwent laparoscopic IA at the pediatric 
surgery department on day 92 after the onset of the abdominal pain. Her postoperative course 
was uneventful. 
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Materials and Methods 
The appendectomy specimens of the two cases were cut in round slices and/or longitudi-

nally, and almost every part of the specimens was submitted to the usual histologic examina-
tion. In addition to HE preparation, the representative sections were stained by PAS, Grocott 
methenamine silver, Elastica van Gieson, and Congo red. The same sections were also ana-
lyzed to see whether they included cellulose matter by Sirius red stain [13], the IKI (iodine 
potassium iodide)-H2SO4 method [14], and observation with polarized light for birefringence. 
By the IKI-H2SO4 method, in which the deparaffinized histologic sections were immersed in 
IKI solution for 15 min followed by dropping of 65% H2SO4, cellulose matter in the sections 
would change their color to blue. 

Pathologic Findings 
Both appendectomy materials showed ruptures and perforations of the wall. In Case 1, 

the inflammatory granulation tissue formed around the fibrously obliterative appendix was 
mostly composed of “pulse granuloma” lesions (Fig. 1a, b) whereas in Case 2, the “pulse gran-
uloma” lesions were focally observed in the suppurative inflammatory granulation tissue 
forming a perforated turbid mass (Fig. 1c, d). 

The “pulse granuloma” lesions were composed of inflammatory granulation tissue char-
acterized by collections of ring-like, curled ribbon-like, and/or lobulated nephrosclerosis-like 
hyaline structures with the infiltration of chronic inflammatory cells, macrophages, and many 
foreign-body-type multinucleated giant cells, but without epithelioid cell granuloma for-
mation (Fig. 2a, b). Various foreign materials were observed including: (1) cork-like or cell 
sheet-like structures surrounded by multinucleated giant cells, suggestive of vegetable matter 
(Fig. 2c), (2) basophilic globular or rod-like bodies engulfed by multinucleated giant cells (Fig. 
2d), and (3) yellowish-brown small fragments (Fig. 2e). 

Hyaline structures and foreign materials were variously reactive for PAS and PAS with 
diastase digestion. Basophilic globular or rod-like bodies, cork-like or cell sheet-like struc-
tures, and some hyaline ring-like structures were stained by Sirius red (Fig. 3a, b), and partly 
birefringent by polarized light (Fig. 3c). Hyaline structures and some foreign materials 
changed their color to blue by the IKI-H2SO4 method (Fig. 3d). Yellowish-brown small frag-
ments were negative for Berlin blue, although multinucleated giant cells contained stainable 
iron. Elastic fibers suggestive of vascular structures were not revealed in hyaline structures 
by Elastica van Gieson stain, and no amyloid deposition was identified with Congo red. Micro-
organisms such as fungi were not revealed with PAS and Grocott methenamine silver. 

Discussion 

The present appendectomy specimens had characteristic inflammatory granulation tis-
sue showing peculiar ring-like, curled ribbon-like, and/or lobulated nephrosclerosis-like hya-
line structures with foreign-body reaction. They were somewhat reminiscent of hyalinized 
vasculature with/without amyloid deposition, but no lamellar elastic fibers suggestive of vas-
cular structures nor amyloid deposition were identified by Elastica van Gieson and Congo red 
stains, respectively. Besides, PAS and Grocott methenamine silver stains did not reveal micro-
organisms such as fungi. Excluding those, the peculiar hyaline structures were consistent with 
lesions referred to as “pulse granuloma,” which has been well-known as oral lesions in eden-
tulous patients or after dental procedures [1, 2]. 
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Previous histologic and ultrastructural observations and studies using animal models 
have revealed that pulse granuloma lesions, including oral and extraoral lesions, are an in-
flammatory reaction to foreign materials originated from ingested legume matter [1, 3, 4, 10, 
12], especially to a cellulose component within them [3, 12]. Also, in the present cases, cork-
like or cell sheet-like figures suggestive of vegetable matter origin were identified with foreign 
body reaction. Those figures and other foreign materials showing basophilic globular or rod-
like figures were positive for Sirius red and birefringent by polarized light. Sirius red stain is 
one of the staining methods for amyloid, but it can reportedly identify cellulose components 
in various forms in tissue sections [13]. Besides, cellulose is the most plausible birefringent 
material of higher plant origin. In addition, the hyalinized components turned blue with the 
classical IKI-H2SO4 method, which is a sensitive histochemical method to identify cellulose 
[14]. Thus, foreign materials causing “pulse granuloma” reaction in the present cases could 
include cellulose matter. However, the positive finding sites were not always identical by 
every method to detect cellulose components, probably suggesting a variability of their deg-
radative and/or degenerative phases losing their original characteristics. Very recently, the 
presence of cellulose in oral pulse granuloma lesions has additionally been confirmed by stain-
ing with a biotinylated carbohydrate-binding module of exoglucanases which specifically bind 
cellulose [15]. 

Although the pulse granuloma reaction is generally considered to be a rare event, in ad-
dition to oral lesions, it has been reported in the lung [3] and in various other organs and 
tissues including the gastrointestinal tract, gallbladder, fallopian tube, skin, mesocolonic 
lymph node and fat, and prostate [4–8]. In any of the cases, vegetable matter needs to be in-
troduced into the tissues for the pulse granuloma reactions. Pulmonary lesions are believed 
to be caused by aspiration [3], and gastrointestinal tract lesions would require wall injury 
and/or rupture. Lesions of other organs are due to fistula formation between the gastrointes-
tinal tract [6–8]. One very rare prostate case was attributed to the needle biopsy which dis-
placed the vegetable matter transrectally to the prostate [7]. 

Considering the causative agents, the gastrointestinal tract seems to be a susceptible site 
for pulse granuloma lesions. However, it is not easy to determine the real incidence of pulse 
granuloma in the gastrointestinal tract because not all lesions with pulse granulomas can be 
histopathologically examined. A recent study reported an incidence rate of 9% in a retrospec-
tive review of gastrointestinal specimens resected for ulcerative and/or perforated lesions 
[9], which suggests that pulse granulomas would not be so rare and would be overlooked in 
routine pathologic examinations. Regarding that point, the most notable lesion seems to be 
diverticular disease, which has reportedly been the most frequent associated prior disease in 
pulse granuloma case series [4, 9]. 

On the other hand, only a few pulse granuloma cases associated with appendicitis have 
been reported [4, 10, 11], in which wall injuries such as ulceration [10] and rupture [4] would 
be required as well for the establishment of the lesion. The present cases also revealed the 
rupture of the appendiceal wall. Of note, in the present cases, both patients underwent IA. 
Considering that foreign body and/or granulomatous reactions are frequently observed in IA 
specimens [16, 17], it is plausible that pulse granulomas could be involved in some IA speci-
mens due to ruptured and/or abscess-forming acute appendicitis. It may be necessary to re-
evaluate those materials. 

Evaluating a relatively large number of pulse granuloma lesions of the gastrointestinal 
tract, Nowacki at al. [4] described two types of pulse granuloma lesions including “hyaline 
predominant” and “cellular predominant,” suggesting the former being relatively earlier and 
the latter relatively older chronologically. The present two cases were also different in 
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histologic figures, one being entirely “hyaline predominant,” and the other focally showing 
hyaline structures in suppurative inflammatory granulation tissue, probably corresponding 
to the classification by Nowacki et al. [4], respectively. However, the duration from the onset 
to the appendectomy was not so different between the two cases. Therefore, those differences 
in histologic figures might not be entirely attributable to the chronologic factor, but could be 
influenced by, for example, the quality and/or quantity of the causative materials, concomitant 
irritative factors, responsiveness to the antibiotic therapy, and so forth. 

By reporting the preset cases, we would like to stress that appendectomy specimens due 
to acute appendicitis could include pulse granuloma reaction provoked by ingested materials 
with cellulose. Pathologists should be familiar with the concept and histopathologic features 
of pulse granulomas to avoid misinterpreting them as vascular lesions and/or amyloid depo-
sition, or any infectious organisms. 
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Fig. 1. Appendectomy specimens of Case 1 (a, b) and Case 2 (c, d). a Gross appearance after longitudinal 

incision and formalin fixation measuring 6 × 1.5 cm, showing atrophy and hemorrhage with focal rupture 

of the wall. * Resection margin. b Low-power histologic view of the axial section, showing luminal fibrous 

obliteration (*) and peri-appendiceal inflammatory granulation tissue formation with fibrino-hemor-

rhagic exudate, the latter being consistent with “pulse granuloma.” Original magnification ×40. c Gross ap-

pearance after longitudinal incision and formalin fixation measuring 5 × 1.5 × 2.5 cm, showing enlargement 

of the distal two thirds with luminal dilation, turbid hemorrhagic mass, and perforation. * Resection mar-

gin. d Low-power histologic view of the axial section of the perforated turbid mass showing hemorrhagic 

inflammatory granulation tissue, including the “pulse granuloma” area indicated by arrow heads. * Mus-

cularis propria. Original magnification ×20. 
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Fig. 2. High-power histologic views of the “pulse granuloma” lesions. a, b Peri-appendiceal inflammatory 

granulation tissue of Case 1, showing collections of characteristic ring-like, curled ribbon-like, and/or lob-

ulated nephrosclerosis-like hyaline structures, and many foreign-body-type multinucleated giant cells. c–

e Various foreign materials in the inflammatory granulation tissue, including cork-like structures surround 

by multinucleated giant cells (c, Case 1), basophilic globular or rod-like bodies engulfed by multinucleated 

giant cells (d, Case 2), and yellowish-brown small fragments (e, Case 2). a, c–e Original magnification ×400. 

b Original magnification ×200. 
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Fig. 3. Results of special stains and birefringence by polarized light. a, b Sirius red staining showing the 

hyaline ring-like structures lightly stained red (right in a and center in b), and the cell sheet-like structure 

brightly stained red (left in a). c The cell sheet-like structure being birefringent by polarized light (the same 

structure as the one showing a bright red stain in a). d The hyaline ring-like structure turned to blue by the 

IKI-H2SO4 method (the same structure as the one showing a light red stain in b). a–c Original magnification 

×400. d Original magnification ×200. 
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