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Abstract 

Airway obstruction resulting from both malignant and non-malignant etiologies is a growing 

challenge in pulmonary diseases and critical care medicine, particularly after the COVID-19 

pandemic. Conventional silicone and metallic airway stents may be indicated in airway 

obstructions that lead to palliative relief, but they may lead to complications such as migration, 

inflammatory reaction to the adjacent tissue, and granulation tissue overgrowth. We conducted 

this animal pilot study to investigate the biocompatibility of a next-generation nanocomposite 

silicone airway stent, engineered with 3wt% hydrophobic nano-silica reinforcement. Innovative 

characteristics of the stent include improved biocompatibility and reduced mucus adhesion due 

to its hydrophobic properties. A refined stenting technique was applied to implant the stent in the 

trachea of two sheep models by assembling two endotracheal tubes, Ambu, and the stent. After 

a two-month follow-up, high-resolution computed tomography imaging, 3D virtual 

bronchoscopy, bronchoscopy, and biopsy of the tracheal wall were done. Histopathologic 

assessment demonstrated an inflammatory infiltrate dominated by lymphocytes, without stromal 

reactions, mucosal and submucosal thickening, or granulation, confirming a favorable tissue 

tolerance. These preliminary outcomes emphasize the stent's potential as a transformative 

therapeutic option; however, the study's limited sample size and absence of comparative controls 

highlight the necessity for further preclinical trials with quantitative airflow parameters to 

elucidate the clinical translatability of this innovative biomaterial solution for airway obstructions. 

Additionally, the findings of this study can address the unmet needs in managing complex airway 

obstructions, particularly for patients refractory to current therapeutic options in the future. 

 

Key words: nanocomposite silicone stent, airway stent, pilot animal study, hydrophobic nano-

silica, sheep trachea. 

 



Introduction 

Airway obstruction is an anatomic narrowing or occlusion that decreases the ability to exchange 

air properly in and out of the lungs.  The prevalence of airway obstruction is reported to be around 

10% in a community-based sample of adults according to the American Thoracic Society (ATS) 

criteria [1]. However, due to the COVID-19 pandemic, a growing number of patients who have 

been extubated suffer from airway obstruction caused by tracheal stenosis resulting from 

prolonged intubation [2]. Airway obstruction may result from different factors, including 

malignant and non-malignant causes [3,4]. Malignant causes include direct involvement of the 

airway by bronchogenic carcinoma, by extension of esophageal or thyroidal carcinomas, or by 

metastasis [3]. External compression of the airway by enlarged lymph nodes can also lead to 

central airway obstruction [3]. Non-malignant causes are mainly due to post-intubation or post-

tracheostomy stenosis, tracheomalacia, foreign bodies, benign endobronchial tumors, infectious, 

systemic, or autoimmune diseases, post-lung transplant stenosis, radiation lesions, 

esophagorespiratory fistulas, or idiopathic tracheal stenosis [4].  

In recent decades, airway stenting, also known as endobronchial prosthesis, has been investigated 

as an emerging treatment for airway obstruction. Most of the obstructions may benefit from 

multimodality palliative approaches, such as stenting, if they remain surgically incurable [3]. 

Stenting is indicated for extrinsic compression, residual obstruction after thermal therapy, mixed 

endobronchial and extrinsic tumors, cartilage loss from tumor destruction, or malignant 

tracheoesophageal fistula [5]. Also, stenting is indicated by strictures or stenosis longer than 4 

cm, inoperable benign obstructions, post-transplant airway stenosis, tracheobronchomalacia as 

a trial before tracheoplasty, and benign tracheoesophageal fistulas [5].  

Notably, stents made of different materials may cause inflammatory reactions in the adjacent 

tissue, mucus compaction, granulation, and displacement, which raises concerns about this 

intervention [6,7]. Based on the material compositions, different types of airway stents are 

silicone, bare metallic, and hybrid stents [8]. Silicon rubbers are polymers based on silicon, which 

exhibit various features including heat, wear, and flame resistance, transparency, gas 

permeability, chemical stability, and electrical insulation, in addition to hydrophobicity that 

shows minimal reaction to body fluids and reduction in the mucin adhesion and mucus plugging. 

However, pure silicone demonstrates insufficient mechanical features due to inadequate 

interaction and flexibility in the silicone matrix [9-11]. Silicone can be reinforced with various 

nanoparticles, such as silica, montmorillonite (MMT), and titanium oxide, to improve their 

mechanical, hydrophobic properties, and biocompatibility [12]. Silica nanoparticles have gained 



the attention of researchers due to their unique features for in vivo applications, good 

biocompatibility, and enhancement of the mechanical and hydrophobic properties of 

silicone/silica nanocomposites [13]. Adding nano-silica, as an inorganic nanoparticle, can 

enhance the Shore A hardness, tensile strength, and tear limit of silicone rubber, thereby 

improving the mechanical features of the silicone matrix [10,14,15]. However, the usage of 

nanoparticles leads to a reduction in transparency and an increase in viscosity [9]. Moreover, 

nanoparticles can change the surface roughness and hydrophobic properties [2]. 

The silicone stents used in this pilot study were manufactured by adding 3wt% nano-silica to the 

silicone matrix, a formulation that was previously shown to reinforce the mechanical properties 

of silicone in our earlier study [2]. Among different percentages of nanoparticles, adding 3wt% 

hydrophobic nano-silica leads to uniform distribution throughout the silicone matrix. We aim to 

conduct an animal pilot study to evaluate the histocompatibility of the stents in two bred sheep’s 

trachea after a two-month follow-up.  

 

Materials and Methods 

Stent preparation 

The silicone stent design was the classical stent proposed by Jean-François Dumon [16]. The 

dimensions of the stents were 5 cm in length, 20 mm in diameter, and 1.5 mm in thickness (Figure 

1A). Increasing the concentration of hydrophobic nano-silica particles above a threshold would 

significantly increase the viscosity of emulsions and decrease the precision and quality of the 

molding process [2]. Moreover, the hydrophobic properties of the stent led to a decrease in 

plaque mucus in the tubular stent. Silicone airway stents were reinforced with hydrophilic nano-

silica (NANO Company, Made in the United States), with a particle size of 20-35 nm. The 

selection of this particle size range was based on a previous study demonstrating that nano-silica 

particles in the 7–40 nm range significantly enhanced polymer properties [17]. Particles with an 

average size of approximately 20 nm, in particular, showed a high specific surface area, 

promoting stronger filler–matrix interactions and leading to improved ultimate strength, fracture 

toughness, and elongation at break of the composite [2]. Stents were prepared with silica 

concentrations of 3 wt% and room temperature vulcanizing-2 (RTV-2) silicone polymer (NuSil-

Avantor Company, Made in the United States), which has a 40 Shore A hardness. Before molding, 

the two RTV-2 silicone/silica components were mixed in equal portions and kept in a vacuum 

chamber to have a bubble-free emulsion (Figure 1A).  



The molding and curing procedures were the final steps for manufacturing the stents. To calculate 

the surface free energy, the contact angle of diiodomethane was measured as a nonpolar liquid. 

Adding 3wt% hydrophobic silica nanoparticles resulted in a slight change in the contact angle. 

The dispersion status of silica in the nanocomposites was evaluated by Scanning Electron 

Microscope (SEM) (MIRA3 TESCAN, MT-CH 502.06, Made in the Czech Republic) images, as 

shown in Figure 1B. SEM images confirmed that silica nanoparticles were homogeneously 

dispersed and distributed throughout the silicone matrix [2]. Also, the radial force of the nano-

silica-reinforced stents was 10% more than that of pure silicone stents [2].  

 

Pilot animal study 

As a pilot study, only two sheep were used, and planning for further studies with more samples 

is considered in the future. A comparative control group with stents such as conventional silicone 

or metallic airway stents was not included in this study due to the focus, which was primarily on 

the initial feasibility and safety assessment of the new stent design, as well as limitations in our 

available resources.  

Two Female genetically modified and certified sheep were prepared from a modern industrial 

livestock facility equipped with surveillance cameras and attended by a full-time veterinarian, 

and then transported to the animal house of the Tehran University of Medical Sciences. The two 

heterozygous Afshar sheep, which were 10 months old and weighed approximately 70 kg each, 

were used in this animal study (Figure 2A). Among laboratory animals, sheep's long neck provides 

an extended airway anatomy that allows for more evaluation of tracheal interventions. Therefore, 

given the similarity and complexity of the sheep trachea to that of humans, sheep are considered 

an ideal animal model for conducting pulmonary stent tests in the animal pilot phase [18,19]. 

The veterinarian examined the sheep before the procedure. The sheep received the necessary 

vaccine according to the schedule three months before the stenting (FMD on December 4, 2021, 

Pasteurellosis on September 19, 2021, Vira-Peste on September 6, 2021, Brucella on August 29, 

2021, Varicella on March 31, 2021, Agalactia on April 28 2021, Syva-Bax on March 15, 2022, 

Syva-Bax on February 7, 2022). Also, the sheep were sheared and washed with anti-tick shampoo 

to prevent the transmission of Crimean–Congo hemorrhagic fever (CCHF) disease. Screening for 

the absence of hydatid cysts was also performed.   

An experienced surgical team, certified in the principles of care and use of laboratory animals, 

was to perform and supervise the stenting procedure (Figure 2B). The animal surgery room was 

equipped with all the necessary facilities for administering appropriate anesthesia, including an 



animal ventilator, a cold light source, and an Ambu bronchoscope (Ambu® aView™, 

405002000, Made in Taiwan) (Figure 2B). Before the stenting, airway mucosal anesthesia was 

administered by the veterinary anesthesiologist to ensure that the sheep would not experience 

any pain or distress during the procedures. In each phase of this animal study, the approved 

principles for working with laboratory animals were observed according to the guidelines issued 

by the Research Ethics Committee of Imam Khomeini Hospital Complex—Tehran University of 

Medical Sciences, Approval ID: IR.TUMS.IKHC.REC.1401.032, Tehran, Iran. 

 

Stenting technique 

A practical and straightforward method with no limitations, such as the size or diameter of the 

rigid tools, was used in which stent placement, repositioning, and rotation could be easily 

performed in sheep [20]. However, this technique should be modified for implantation in human 

stenotic tracheal or bronchial segments due to stent compression through regions with a 

significantly reduced lumen. Two size 8.5 endotracheal tubes were connected and assembled to 

get longer tubes. The cuff of the first endotracheal tube was suctioned, and the stent was placed 

around the cuff of the second one. Then, the distal balloon of the silicone stent was inflated, 

located at the end of the endotracheal tube, to stabilize the stent during transfer into the trachea 

[20] (Figure 2 C-E).  

For simple stenting, a Xylocaine 2% Jelly was rubbed around the balloon surface. Stenting began 

with tracheal bronchoscopy to localize the target area. After the stent is placed at the desired 

location, the balloon is deflated and the stent is positioned in the target position. An Ambu 

bronchoscope was used to observe the stents. The large-sized Ambu tube was guided through the 

endotracheal tube, with some Xylocaine 2% Jelly applied to the endotracheal tube for improved 

movement of the Ambu. Due to the flexibility of the endotracheal tube, Ambu can also guide the 

tube. A bronchoscopy was immediately performed to confirm the position and condition of the 

stents, demonstrating proper stent positioning and well-placed to the tracheal wall (Figure 3A and 

B).  

After successful stenting, both sheep were kept in the animal house, where they underwent 

clinical examinations twice daily for two-month follow-up by the on-site veterinarian.  

 

Evaluation of outcomes  

Outcomes of the study were clinical tolerance, position fit of the stent, and histological 

biocompatibility. Clinical tolerance of stents was evaluated by using a standardized scoring 



system, shown in Supplementary Table 1, during a predefined follow-up period of 60 days after 

the procedure. Both sheep were monitored from the immediate post-procedural period until 

sacrifice at day 60, by the on-site veterinarian. The veterinarian examined both sheep twice daily 

at 10 am and 10 pm for two-month follow-up to score the following criteria: posture, alertness, 

appetite, pain symptoms, respiration, and temperature. Scores ranged from 1 to 5, yielding a 

maximum total of 30 at each assessment timepoint, with higher scores indicating better and lower 

scores indicating poorer clinical findings. Additional diagnostic findings or comments were also 

recorded. 

To assess the position fit of stent, both sheep were transferred to the Animal Laboratory 

Department, and a bronchoscopy was performed. The tracheobronchial tree can be visualized 

and reconstructed by using Virtual Bronchoscopy (VB). VB, as a non-invasive technique, is based 

on computed tomography (CT) scans to create high-resolution three-dimensional (3D) images 

down to the sixth or seventh bronchial subdivision, quantitatively measuring the geometry of the 

trachea and its branches, as well as the bronchial orifices [21].  

The histological evaluation was performed following a standardized scoring system, as shown in 

Supplementary Table 2, using Histology Pathology Lab Microscope (SUNNY, NE-600, Made in 

China) at the Pathology and Immunohistochemistry Laboratory at the Imam Khomeini Hospital 

Complex (Tehran University of Medical Sciences). Treated tracheal sections were compared with 

untreated areas distal to the stent. Sections were evaluated for biocompatibility by semi-

quantitatively assessing inflammatory cell infiltration—including polymorphonuclear cells, 

lymphocytes, plasma cells, and macrophages—as well as the presence of necrosis. Tissue 

reactions such as stromal reaction, mucosal or submucosal thickening, and granulation tissue 

were also analyzed. 

 

Results 

Clinical tolerance 

According to the standardized scoring system, both sheep had symptoms of reduced appetite and 

pain, receiving a score of 3 out of 5 during the first two days after stent placement. However, 

their appetite and pain improved at day 3, and neither animal showed symptoms of clinical 

intolerance throughout the observation period; thus, the sheep could finish the observation 

period. All the clinical symptoms are shown Supplementary Table 1.  

 
 



 

CT scans, 3D-virtual bronchoscopy  

As shown in Figure 3 C-F, CT scans reveal a linear radiolucent structure within the trachea at the 

level indicated by the blue arrow, corresponding to the nanocomposite silicon airway stent. The 

stent appears well-positioned along the middle posterior tracheal wall. The tracheal lumen is 

maintained with no evidence of collapse, displacement, or significant obstruction adjacent to the 

stent. The surrounding tracheal structures are preserved, and there is no evidence of surrounding 

mass or extrinsic compression on the trachea. 3D VB demonstrates the endoluminal view with a 

patent airway, and the stent maintains a luminal structure. The tracheal walls are smooth, 

suggesting a proper stent expansion interface between the airway and the stent’s surface. There 

are no signs of significant obstruction, granulation tissue, or mucosal irregularity. Tracheal 

bifurcation (carina) is visualized distally, confirming that the stent does not obstruct distal airways. 

Both CT and virtual bronchoscopy confirm adequate positioning and functional outcome post-

stenting, with the airway lumen remaining open and structurally supported. 

The stent site after the two-month follow-up is shown in Figure 3G and H. Multiple superficial 

erosions were present at the stent site. These erosions with irregular red borders are on the 

mucosal surface around the lumen, caused by friction or pressure from the stent. Therefore, a 

biopsy sample was taken from the erosion at the stent site in the trachea of the sheep. Then, 

samples were fixed in 10% Neutral buffered formalin (NBF) and sent to the pathology laboratory. 

  

Histological biocompatibility 

Generally, there was slight tissue reaction to the stent as compared to the untreated areas distal 

to the stent. Histopathologic evaluation of tissue taken from the stent site of the trachea shows 

that the submucosa of the bronchioles is filled with inflammatory cells (Figure 4). Lymphocytes 

are the predominant cells, with plasma cells and macrophages also present. There is no stromal 

reaction, mucosal and submucosal thickening, and granulation. A reaction to a foreign body 

cannot be detected in the biopsies, confirming a favorable tissue tolerance. Detailed scoring of 

histological biocompatibility is shown Supplementary Table 2. Each score shows the mean value 

for the entire sample and should be interpreted in the context of the localized changes that 

contributed to the higher average score, even though the overall appearance and tissue reaction 

remained tolerable.  

 

 



 

Discussion  

In this animal pilot study, a nanocomposite silicone airway stent was implanted which was 

reinforced with 3wt% hydrophobic nano-silica nanoparticles and RTV-2 silicone polymer using 

a modified technique that allowed for a practically controlled placement of the stent. Microscopic 

examination revealed an inflammatory reaction, with no evidence of stromal reaction, mucosal 

and submucosal thickening, granuloma formation, or foreign body reaction, indicating good 

biocompatibility in the short term. Comparing different types of stent composition, conventional 

silicone stents may migrate within the airway tissue and potentially induce a reaction in the 

airway mucosa, resulting in accumulation and occlusion [22]. Additionally, the fixed diameter of 

the silicone stents makes them unsuitable for unusual airway anatomies, which can lead to the 

collapse of some bronchi [22]. Metal airway stents may cause infectious complications and metal 

mesh breakage in the long term [22]. Additionally, the Food and Drug Administration (FDA) does 

not recommend the use of metallic stents unless no suitable alternative airway stents are available 

for benign obstructions [23]. Generally, rigid bronchoscopes are widely used in performing 

stenting by applying mechanical pressure to a folded stent in the rigid [24]. However, the usage 

of rigid bronchoscopy may be limited due to the rigid’s size, length, and inner diameter in 

addition to contraindications such as presence of cervical spine injury, airway or maxillofacial 

trauma, patient with aneurysm of the aorta, and contraindications for general anesthesia [25,26]. 

Therefore, an innovative procedure for stenting was applied by assembling two endotracheal 

tubes, Ambu, and the stent, which eliminates the need for rigid bronchoscopes [20]. However, 

this technique is not routinely employed in clinical practice and should be modified for 

implantation in human stenotic tracheal or bronchial segments. The findings of this study, along 

with the new stenting technique, will help in conducting well-designed animal studies. 

The use of sheep as an animal model for tracheal stenting is recommended due to their similar 

size to humans [27]; therefore, we have chosen sheep for our experiment to study the designed 

stents. Other animal pilot studies have been recently conducted to evaluate the newly developed 

airway stents in the treatment of tracheal stenosis. In our pilot study, a hydrophilic nano-silica 

silicone airway stent was used with a 40 Shore of A hardness. Increasing Shore A hardness, a 

silicone stent with 70-75 Shore A hardness and radiopaque barium sulfate was developed in a 

normal canine trachea [28]. The stent had a corrugated external surface with discontinuous and 

protruding arcs, a highly polished inner surface, and smooth extremities that resembled the 

tracheobronchial rings. After a two-month follow-up, the stent was well-positioned and 



biocompatible in the canine trachea and a mild submucosal inflammatory infiltrate was observed, 

accompanied by scattered granulation tissue, vascular neoformation, and the absence of 

microorganisms. The epithelial basal membrane was well-preserved [28]. In another pilot study, 

GINA stent, a radiopaque silicone airway stent, demonstrated good mechanical properties in a 

pig tracheal stenosis model [29]. This stent was characterized by an anti-migration design, a 

flexible and dynamic structure, and radiopacity achieved through the use of barium sulfate, which 

facilitates stent tracking. Neither mucus retention nor granulation tissue formation was observed 

during the short-term (3 weeks) follow-up. However, stent migration was observed in one of the 

four pigs with the GINA stent [29]. Moreover, a self-expandable polyurethane-covered stent was 

developed and placed in the trachea of Wistar rats [30]. This stent was made of nitinol mesh 

woven from a single strand and covered with polyurethane membrane. It demonstrated 

biocompatibility with the trachea, with no evidence of adherence of the stent to the tracheal 

mucosa. However, there was no difference in tracheal wall injuries, granulation tissue, 

inflammatory activity, and dilatation between the polyurethane-covered and non-covered stents 

[30]. In another animal pilot study, a bioresorbable tracheal stent, made of poly (D, L-lactide-co-

ε-caprolactone) metacrylates, was developed for use in a tracheal stenosis model of New Zealand 

White rabbits [31]. The stents demonstrated minimal migration, acceptable biocompatibility, and 

good clinical tolerance, which was because of the helix-shaped surface structure [31]. 

Regarding late complications such as granulation tissue formation, tumor regrowth, stent 

migration, and difficult stent removal, several innovative solutions have been addressed [32]. To 

prevent granulation tissue formation, several studies developed drug-eluting tracheal stents that 

release agents such as sirolimus [33], paclitaxel [34], ciprofloxacin [35], doxycycline [36], and 

vancomycin [37]. These agents decrease the release of inflammatory cytokines and prevent the 

proliferation of fibroblasts and bacterial colonization. Also, I125-loaded radioactive tracheal stents 

can avoid the regrowth of tumors in stenosis due to malignant airway obstruction [38]. To prevent 

difficult stent removal, biodegradable stents made of polydioxanone [39], silk fibroin-PCL [40], 

poly (lactic-co-glycolic acid) with polyisoprene [41], or magnesium alloys [42] have been 

developed. To prevent stent migration due to anatomical mismatch, 3D-printing stents with 

balanced mechanical properties is used to fabricate patient-specific tracheal stents, improving 

mechanical matching [43].  

Despite the promising results, limitations were not precluded in this study. The number of animals 

was limited to only two, which could prevent the generalizability of the results. However, this 

was a pilot study, and planning for further studies with more samples was considered. Also, the 



study was conducted exclusively in healthy sheep without airway stenosis–related anatomical 

alterations; therefore, the translational relevance of the proposed stenting technique to clinically 

stenosed airways may be limited in disease-specific models. The study did not include a 

comparative control group using conventional silicone or metallic airway stents due to the focus 

on the initial feasibility and safety assessment of the new stent, in addition to limitations in our 

available resources. The absence of a control group also prevented a direct comparison of the 

tissue reactions and biocompatibilities, which made it challenging to attribute the results solely 

to the nanocomposite formulation. Moreover, the presence of necrosis in some biopsies needed 

further histological assessment to determine whether this represented a localized injury, 

procedural artifact, or a material-related effect. Additionally, there was a lack of quantitative 

evaluation of functional outcomes such as airflow dynamics and mucus accumulation. Future 

studies should incorporate functional airflow assessments (e.g., quantitative airflow volume or 

airway resistance), mechanical assessments (e.g., migration testing), and head-to-head 

comparisons with conventional silicone and metal stents to evaluate clinical translatability. 

 

Conclusions 

This pilot study evaluates the feasibility and short-term biocompatibility of an innovative 

nanocomposite silicone airway stent reinforced with 3wt% hydrophobic nano-silica in the sheep 

model. Histopathological analysis revealed a lymphocyte-predominant inflammatory reaction, 

devoid of stromal reaction, mucosal and submucosal thickening, or granulomatous reactions, 

emphasizing its favorable biocompatibility profile. Also, reliable maintenance of airway patency 

was achieved without evidence of migration or significant tissue compromise. The findings of this 

study, along with the new stenting technique, will help in conducting well-designed animal 

studies. 
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Figure 1. (A) Nanocomposite airway stent with dimensions of 5 cm in length, 20 mm in diameter, 
and 1.5 mm in thickness, (B) SEM image of stent nanostructure at ×100k magnification (View 
field: 1.44 µm, Scale bar = 200 nm) with accelerating voltage of 15.0 kV, demonstrating the 
silica nanoparticles as small, bright, and roughly spherical particles (white arrows) scattered 
across the field of view, which are uniformly distributed and well-separated, with minimal 
aggregation throughout the silicone matrix. 
 

 
Figure 2. (A) Sheep were used during the anesthesia procedure, (B) the surgical team and the 
animal surgery room, (C) assembly of two endotracheal tubes, (D) endotracheal tube and 
silicone stent, and the balloon, (E) assembly of Ambu, the endotracheal tube, and stent.  
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Figure 3. Immediate bronchoscopy of the stent (white arrows) after stenting, demonstrating 
proper stent positioning and well-placed to the tracheal wall for (A) sheep No.1 and (B) sheep 
No.2; (C, E) 3D Virtual Bronchoscopy of a silicone airway stent in the trachea; (D, F) A CT scan 
of the chest reveals a linear radiolucent structure within the trachea at the level indicated by 
the blue arrow, corresponding to the location of the nanocomposite silicon airway stent. VB 
shows that the silicon airway stent is appropriately placed in the trachea. The stent effectively 
restores airway patency, with no visible signs of migration, tracheal obstruction, or associated 
mucosal overgrowth or irregularity at the time of imaging. (C and D) for sheep No.1 and (E and 
F) for sheep No.2; (G, H) Bronchoscopy shows the stent site after two-month follow-up, 
demonstration superficial erosions with irregular red borders are on the mucosal surface around 
the lumen, caused by friction or pressure from the stent for (G) sheep No.1 and (H) sheep No.2. 
These erosions (black arrows) and the biopsy site (white arrow) are labeled in the figure.   



 
Figure 4. Microscopic fields of view of the tissue sample obtained from the stent site two months 
post-procedure of sheep No.1 (A,B,C) and sheep No.2 (D,E,F), (A,D) ×4 magnification (Scale 
bar = 500 µm), (B,E) ×10 magnification (Scale bar = 200 µm), (C,F) ×40 magnification (Scale 
bar = 50 µm). Lymphocytes, plasma cells, macrophages, and necrosis are labeled with arrows 
in the field (C). 
 


