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CASE I:   
 
Signalment:  
12-year-old, male neutered, Havanese dog 
(Canis familiaris) 
 
History:  
A 12-year-old, male neutered Havanese dog 
has been managed through the Neurology 
Service over the course of 2 years for a right 
forebrain mass and cluster seizures. The dog 
was treated with radiation therapy 2 years ago 
and continued to have seizures. More re-
cently, the dog started showing progressive 
neurologic signs consistent with regrowth of 
the mass (more frequent seizures, circling to 
the right, dull mentation, decreased menace 
OS). The dog presented to the Neurology ser-
vice for cluster seizures and was hospitalized 
for seizure management. The seizures could 
only be controlled with a valium CRI. His 
owners elected euthanasia given the persis-
tent breakthrough seizure activity and pro-
gressive neurologic dysfunction.  
 
Gross Pathology:  
The right frontal lobe has a focal, firm, tan, 
irregular mass that is adhered to the regional 
dura and measures 2.3 x 3 x 3.3 cm. The re-
gional cerebral gyri are expanded (edema). 
Impression smears are obtained. 
 
The fixed brain is sectioned. In the right 
frontal lobe, there is an irregular, firm, tan 
mass with a midline shift and regional paren-
chymal expansion. 
 

Laboratory Results: 
Impression smear cytology of brain mass: 
Smears are highly cellular and contain large 
numbers of round, oval and polygonal cells 
with abundant cytoplasm and well-defined 
cell borders. Cells contain large amounts of 
finely granulated, eosinophilic to ampho-
philic or basophilic cytoplasm. Nuclei are 
frequently eccentrically placed, round to oval 
and monomorphic with single or indistinct 
nucleoli. There is marked anisocytosis and 
mild anisokaryosis.   
 
Microscopic Description:  
One section of rostral cerebrum is examined. 
Extending from and expanding the lep-
tomeninges, infiltrating into the regional cer-
ebral cortex, there is a plaque-like, irregular, 
unencapsulated, mildly infiltrative neoplasm 
measuring approximately 1.8 x 1.0 cm. The 
neoplasm is comprised of large round, oval 
and polygonal cells forming sheets and sup-
ported by a scant, fibrovascular stroma. Neo-
plastic cells have well defined cell borders 
and contain abundant cytoplasm with densely 
packed eosinophilic granules. Nuclei are fre-
quently eccentric, round, oval and sometimes 
angular, exhibiting mild pleomorphism (up to 
2-fold) with finely stippled chromatin and an 
indistinct or single central nucleolus. There 
are zero mitoses in ten 40x (2.37 mm2) high 
power fields. The leptomeninges within and 
around the tumor undergoes fibrosis, with 
multifocal regions of chondroid metaplasia. 
The regional infiltrated cortex exhibits paren-
chymal rarefaction, vacuolation, increased 
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numbers of small caliber vessels lined by hy-
pertrophied endothelial cells, increased num-
bers of glial cells comprised of microglial (in-
cluding Gitter cells) and astrocytes. Multifo-
cally, dilated, eosinophilic axons are ob-
served (spheroids). Occasional foci of kar-
yorrhectic debris, amorphous eosinophilic 
material and hemorrhage are present (necro-
sis). Rare perivascular aggregates of inflam-
matory cells are observed throughout the pa-
renchyma and leptomeninges, comprised of 
lymphocytes, plasma cells and fewer macro-
phages containing golden brown, granular 
pigment (hemosiderin). Small vessels are in-
frequently mineralized. 
 

Contributor’s Morphologic Diagnoses:  
Brain (rostral cerebrum): Granular cell tumor 
with regional infiltration, edema, gliosis, and 
leptomeningeal fibrosis with chondroid met-
aplasia 
 
Special stains: Cytoplasmic granules are PAS 
positive and diastase resistant  
 
Contributor’s Comment:  
Granular cell tumors (GCTs) are most com-
mon in the meninges of the cerebrum in 
dogs.2 In dogs, these tumors are typically su-
pratentorial and extra-axial, plaque-like and 
infiltrative, however, can also cause diffuse 

 
Figure 1-1. Cerebrum, dog.  A plaque-like mass centered on the rostral surface of the right frontal lobe extends caudally along 
the parietal lobe and medially along the falx cerebri (Fig 1,2). The right frontal lobe has a firm tan, mass that is adhered to the 
dura and measures 2.3 x 3 x 3.3 cm. The regional cerebral gyri are expanded (edema).  (Fig 3-5). 
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thickening of the meninges.2 GCTs are typi-
cally unilateral, which can result in midline 
shifts caused by cerebral edema (as in this 
case). There are few reports of GCTs in the 
peripheral nervous system of dogs.4 These tu-
mors are characteristically comprised of large 
cells with abundant, granular eosinophilic cy-
toplasm.2 The granular appearance of the cy-
toplasm is thought to be due to the presence 
of abundant lysosomes.2 The cell of origin is 
unknown and is disputed in the literature.2,5 It 
has been suggested that GCTs represent a 
common phenotype expressed by a variety of 
tumor cells.1,3 Tumors that can exhibit granu 
lar changes are many and include meningio-
mas and other primary tumors of the CNS, 
paragangliomas, schwannomas, neurofibro-
mas, leiomyomas, hibernomas, fibroxan-
thomas and rhabdomyomas.4 In humans, pe-
ripheral GCTs are of Schwann cell origin, 
while intracranial GCTs are derived from as-
trocytes and pituicytes,5 commonly occurring 
within the infundibulum or neurohypophy-
sis.3 Granular cells are frequently observed in 
other types of primary brain tumors,2 which 
may reflect a nonspecific metabolic transfor-
mation.3 A granular cell component has been 
reported in some human astrocytomas, men-
ingiomas, and oligodendrogliomas.3,5  
 

The imaging appearance of this tumor is 
characterized by strong, uniform, contrast en-
hancement and T1 weighted hyperintensity, 
as observed in this case.2 The presence of T1 
weighted hyperintensity in GCTs is consid-
ered a useful diagnostic feature.2 These tu-
mors can also be hyperintense on T2 
weighted and FLAIR images,1,2 however, this 
mass was predominantly T2 isointense to 
faintly hypointense with patchy FLAIR hy-
perintensities. Additional useful imaging fea-
tures include a plaque-like distribution pat-
tern, peritumoral edema with a mass effect, 
meningeal involvement and an absence of 
bone involvement.1 These characteristics are 
not unique to the GCT, thus must be inter-
preted with caution, as GCT represents an ex-
tremely rare neoplasm of the canine central 
nervous system.1 
 
Granular cell tumors typically stain strongly 
with PAS and are diastase resistant.1-5 With 
immunohistochemistry, the granules are im-
munoreactive for ubiquitin,2,3 with variable 
immunoreactivity for Vimentin, S-100, α 1-
antichymotrypsin and α 1-antitrypsin.2,3 
GCTs are consistently negative for GFAP, 
pancytokeratins, leukocyte and macrophage 
markers.3 The uniform positive ubiquitin 
staining may indicate cytosolic proteosome 
degradation activated by ubiquitin dependent 

 
Figure 1-2. Cerebrum, dog.  Impression smears of the mass. (Photo courtesy of:  Animal Medical Center, 510 East 62nd St. New 
York, NY 10065. http://www.amcny.org) 

http://www.amcny.org/
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processes or breakdown of proteins facili-
tated by protein-ubiquitin conjugates medi-
ated by the endosome-lysosome system.3 
Staining of granules with anti-proteinases (α-
1 antitrypsin and chymotrypsin) was initially 
thought to reflect a possible histiocyte origin, 
however, these findings are of limited speci-
ficity and histiocytic origin is not considered 
likely.3 Ultrastructural evaluation reveals that 
the granular cytoplasm contains densely 
packed autophagosomes containing residual 
and dense bodies, irregular and membrane 
bound granules, multivesicular bodies, empty 
vesicles and membrane-like whorls.2,3 Lyso-
somal accumulation is thought to be second-
ary to cellular degeneration, lysosomal en-
zyme defects and autophagy.5 Schwann or 

meningeal cell origin is considered less likely 
due to the lack of desmosomal or gap junc-
tions as well as peripheral basal lamina.2 
 
Fibrosis was prominent in the regional lep-
tomeninges in this case, and the presence of 
abundant collagenous tissue has been previ-
ously reported in canine GCTs.3 In one case 
series, spindle shaped cells entrapped within 
collagenous tissue were hypothesized to tran-
sition to the large granular cells outside of the 
collagenous extracellular matrix.3 GCTs 
grow slowly and rarely metastasize,4 and in 
this case, the tumor was documented to be 
present for a period of 2 years following ra-
diation therapy. These tumors are described 
in numerous other species, including people, 

 
Figure 1-3.  Cerebrum, dog.  The neoplasm is comprised of large round, oval and polygonal cells in sheets. (Figs. 8,9) Cytoplasmic 
granules are PAS positive (Fig 10) and diastase resistant (Fig 11) (Photo courtesy of:  Animal Medical Center, 510 East 62nd St. 
New York, NY 10065. http://www.amcny.org) 

http://www.amcny.org/
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horses, rats, cats, ferrets and birds.5 Common 
locations include the lungs in horses, the 
tongue in dogs and the meninges in rats.5 In 
rats, GCTs are the most common primary 
CNS tumor.1,3,4 Ultrastructural and morpho-
logical evidence in rats suggests that intracra-
nial GCTs originate from arachnoid cells of 
the meninges.1,3  
 
Contributing Institution:  
Animal Medical Center, 510 East 62nd St. 
New York, NY 10065.  
http://www.amcny.org 
 
JPC Diagnosis: 
Leptomeninges and cerebrum:  Granular cell 
tumor.  
 
JPC Comment:   
There are a few recent publications on this 
uncommon neoplasm in novel species. This 
week’s moderator, MAJ Daniel Finnegan, 
described a meningeal granular cell tumor in 
a green tree python.2 Reifinger et al. docu-
mented another case of granular cell tumor in 
the abdominal cavity of a snake.6 These cases 
both had PAS positive and diastase resistant 
cytoplasmic granules, confirmed to be phag-
olysosomes on electron microscopy. These 
were the first two documented granular cell 

tumors in snakes, and granular cell tumors 
are rarely reported in non-mammalian spe-
cies. 
 
Granular cell tumors are characteristically 
compressive and non-infiltrative neoplasms.  
This case is unique in its infiltrative growth 
pattern; the moderator and participants dis-
cussed that this might be due to the chronicity 
or size of the neoplasm. 
 
The contributor described the common 
presentations of granular cell tumors in mam-
malian species. A recent study demonstrated 
the propensity for rabbits to develop testicu-
lar granular cell tumors.7 In 52 rabbits with 
testicular tumors, 63% were granular cell tu-
mors, and 11 of 36 had bilateral granular cell 
tumors.7 While other studies cite interstitial 
cell tumors as the most common testicular tu-
mor in rabbits, this study suggests that gran-
ular cell tumors may be more common. 
 
References: 
1. Anwer, C.C., Vernau, K.M., Higgins, 

R.J., et al. Magnetic resonance imaging 
features of intracranial granular cell tu-
mors in six dogs. Vet Radiol Ultrasound 
2013; 54:271–277. 

 
Figure 1-4. Cerebrum, dog.  There is fibrosis of the lep-
tomeninges which extends into the neoplasm (Fig. 12)  
(HE, 400X) (Photo courtesy of:  Animal Medical Center, 
510 East 62nd St. New York, NY 10065. 
http://www.amcny.org) 

 
Figure 1-5. Cerebrum, dog.  At the advancing edge of 
the neoplasm, there is parenchymal rarefaction and 
gliosis.  (HE, 400X) (Photo courtesy of:  Animal Medical 
Center, 510 East 62nd St. New York, NY 10065. 
http://www.amcny.org) 

http://www.amcny.org/
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CASE II:  
 
Signalment:  
7-month-old, female spayed, boxer dog (Ca-
nis familiaris) 
 
History:  
The patient presented to their veterinarian for 
a 3-month history of pollakiuria character-
ized by voiding small volumes of urine every 
30-60 minutes. Cystocentesis of the patient’s 
bladder yielded small quantities of foul-
smelling urine which upon urinalysis, con-

tained markedly increased numbers of leuko-
cytes (pyuria) and erythrocytes (hematuria). 
Aerobic bacterial culture of the urine isolated 
large numbers of Escherichia coli. Despite 
antibiotic therapy for several weeks, pollaki-
uria persisted. Ultrasonographic and radio-
graphic assessment of the urinary bladder re-
vealed a severely and irregularly thickened 
bladder mucosa; there was no overt evidence 
of cystoliths. An incisional biopsy of the uri-
nary bladder was taken and submitted for his-
topathology. 
 
Gross Pathology:  
The bladder mucosa was markedly thickened 
by multifocal-to-coalescing, poorly demar-
cated, firm, pale tan, polypoid masses. 
 
Laboratory Results: 
No laboratory results reported.  
 
Microscopic Description:  
Urinary bladder: Expanding the superficial 
aspect of the urinary bladder lamina propria 
and elevating the overlying urothelium is a 
large, poorly demarcated, densely cellular, 
plaque-like mass composed of dense sheets 
of large macrophages. These large macro-
phages have abundant cytoplasms that are 
packed with innumerable coarse eosinophilic 
granules and frequently contain one to three, 
5-15 μm, pale eosinophilic, finely granular 
intracytoplasmic inclusions. Multifocally 
scattered throughout the dense sheets of mac-
rophages are small aggregates of lympho-
cytes, plasma cells, and neutrophils. The 

 
Figure 2-1.   Urinary bladder, dog.  A section of urinary 
bladder contains a mildly hyperplastic mucosa overly-
ing a markedly expanded submucosa.  (HE 6X) 
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urothelium overlying the mass is multifocally 
eroded and has small-to-moderate numbers 
of lymphocytes and neutrophils percolating 
throughout. The lamina propria underlying 
the mass is moderately expanded by clear to 
pale eosinophilic wispy fluid (edema). 
 
100% of the large macrophages comprising 
the plaque-like mass exhibit strong cytoplas-
mic and membranous immunolabelling with 
Iba1. 
 
The intracytoplasmic granules and inclusions 
within the macrophages are all strongly PAS-
positive. The granules and inclusions do not 
stain positively with Toluidine blue, Luxol 
fast blue, Giemsa, Von Kossa, or Prussian 
blue stains. There is no overt evidence of 
acid-fast organisms within these macro-
phages upon application of Ziehl-Neelsen 
and Fite-Faraco stains. 
 
Contributor’s Morphologic Diagnoses:  
Urinary bladder: Severe, locally extensive, 
chronic, granulomatous cystitis with myriad 
intracytoplasmic PAS-positive granules and 

inclusions, lamina propria edema, and multi-
focal epithelial erosion 
 
Contributor’s Comment:  
Histopathology of the submitted urinary 
bladder mass revealed expansion of the lam-
ina propria by a large plaque-like aggregate 
of large macrophages filled with abundant in-
tracytoplasmic PAS-positive granules and in-
clusions. These microscopic findings, when 
viewed in conjunction with the signalment of 
the patient and the submitted clinical history, 
were deemed most consistent with a diagno-
sis of malakoplakia. Granular cell tumor and 
mycobacteriosis were also considered differ-
ential diagnoses prior to positive immuno-
histochemistry results for Iba1 (discounting a  
granular cell tumor) and the absence of overt 
acid-fast organism upon application of addi-
tional histochemical stains (discounting my-
cobacteriosis).  
 
Malakoplakia is an uncommon granuloma-
tous disease that has been reported in several 
veterinary species including dogs2,3,6,123 
cats1,4,10, pigs7,14, and a Cynomolgus ma-
caque (Macaca fascicularis)11. Malakoplakia 
typically manifests within the genitourinary 
tract (particularly the urinary bladder) but has 
been reported in a variety of other body sys-
tems7,14,15. In humans, most cases of mala-
koplakia occur in middle-aged women, with 
infrequent cases reported in children15. In the 
seven previously reported cases of mala-
koplakia in dogs, all seven cases occurred in 
females with ages ranging from 6-weeks-old 
to 8-months-old2,3,6,13. In all of the other 
spontaneously occurring veterinary cases in 
which the full signalment was reported, all 
animals were female4,9,14.  
 
While the exact etiopathogenesis of mala-
koplakia is still unclear, it has been putatively 
associated with recurrent bacterial infections, 
with the most commonly isolated bacteria be-

 
Figure 2-2. Urinary bladder, dog. The submucosal infil-
trate is composed of numerous macrophages (HE, 
400X). (Photo courtesy of: Cornell University School of  
Veterinary Medicine; https://www.vet.cornell.edu/de-
partments/biomedical-sciences/section-anatomic-pa-
thology).  
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ing E. coli (as in the present case)15. It is pos-
tulated that females are over-represented in 
the current literature as they are more suscep-
tible to urinary tract infections than males 5. 
Immunosuppression has also been implicated 
as a contributing factor in the development of 
this disease as many human patients with ma-
lakoplakia are ailed by concurrent conditions 
that debilitate the immune system (e.g. ac-
quired immunodeficiency syndrome and ne-
oplasia) or are receiving immunosuppressive 
therapy15. 
 
Grossly, malakoplakia appears as firm tan to 
yellow-brown masses that vary in morphol-
ogy from focal plaques to multifocal-to-coa-
lescing nodules to locally extensive thicken-
ings of the affected organ(s). The typical his-
tological appearance of malakoplakia is exu-
berant granulomatous inflammation charac-
terized by dense sheets of large macrophages 
filled with abundant intracytoplasmic PAS-
positive granules and inclusions (so-called 
‘von Hansemann-type macrophages’)15. 
Many have postulated that the PAS-positive 

granules and inclusions within these macro-
phages are the result of defective macrophage 
phagolysosome function and subsequent ac-
cumulation of bacterial breakdown products 
within the cytoplasm15. While not present in 
all cases, small numbers of 3-8 μm basophilic 
intracellular and/or extracellular targetoid 
concretions termed ‘Michaelis-Gutmann 
bodies’ are scattered throughout regions of 
granulomatous inflammation; these concre-
tions are thought to be pathognomonic for 
malakoplakia9. ‘Michaelis-Gutmann bodies’ 
stain positively with both Von Kossa and 
Prussian blue stains and are postulated to rep-
resent concretions of organic matter, iron, 
and calcium derived from bacterial break-
down products9. Von Kossa and Prussian 
blue stains did not highlight the presence of 
‘Michaelis-Gutmann bodies’ in the present 
case. 
 
The histological appearance of the macro-
phages within malakoplakia lesions are strik-
ingly similar to those found in cases of gran-
ulomatous colitis of boxer dogs (GCB; also 

 
Figure 2-3. Urinary bladder, dog.  Macrophages contain 
numerous PAS-positive granules and inclusions (ar-
rows). (PAS, 400X). (Photo courtesy of:   Cornell Univer-
sity School of Veterinary Medicine; 
https://www.vet.cornell.edu/departments/biomedi-
cal-sciences/section-anatomic-pathology).   

 
Figure 2-4. Urinary bladder, dog.  Macrophages demon-
strate strong immunopositivity for IBA-1. (anti-IBA-1, 
400X). (Photo courtesy of:   Cornell University School of  
Veterinary Medicine; https://www.vet.cornell.edu/de-
partments/biomedical-sciences/section-anatomic-pa-
thology).   
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known as histiocytic ulcerative colitis. GCB, 
similar to malakoplakia, is also associated 
with an exuberant granulomatous inflamma-
tory response to E. coli 11. It is salient to note 
that all seven reported cases of malakoplakia 
in dogs (including the present case) occurred 
in brachycephalic breeds that have been 
known to develop GCB (Boxer, Pug, English 
Bulldogs, Staffordshire Bull Terrier, and 
French Bulldog) 2,3,6,13. The similarities be-
tween GCB and malakoplakia are intriguing 
and certainly strengthen the hypothesis that 
malakoplakia may arise in individuals that 
possess macrophages that are unable to elim-
inate certain E. coli pathotypes, resulting in 
persistent infections and macrophages be-
coming laden with PAS-positive bacterial 
products. 
 
In summary, malakoplakia is an uncommon 
granulomatous disease that typically affects 
the genitourinary tract. Females, brachyce-
phalic dog breeds, and young animals are 
over-represented in cases of malakoplakia 
within the current veterinary literature. While 
the exact etiopathogenesis of malakoplakia is 
unclear, both bacterial infection (namely E. 
coli) and immunosuppression are putatively 
associated with the development of this dis-
ease. Given the various similarities between 
malakoplakia and granulomatous colitis of 

boxer dogs (GCB), a genetic deficit that ren-
ders macrophages unable to eliminate certain 
E. coli pathotypes may also be involved in the 
development of malakoplakia. Malakoplakia 
should be considered a differential diagnosis 
for urinary bladder masses, especially in 
young female dogs with a history of bacterial 
cystitis. 
 
Contributing Institution:  
Department of Biomedical Sciences, Section 
of Anatomic Pathology 
College of Veterinary Medicine 
Cornell University 
Ithaca, NY 
USA 
 
https://www.vet.cornell.edu/departments/bi-
omedical-sciences/section-anatomic-pathol-
ogy 
 
JPC Diagnosis: 
Urinary bladder, lamina propria: Cystitis, 
granulomatous, diffuse, severe. 
 
JPC Comment:   
The contributor provides an excellent com-
ment on this uncommon condition in humans 
and select animal species. The term mala-
koplakia is derived from the Greek words for 
soft (malacos) and plaques (placos). The con-
dition was first described by Michaelis, Gut-
mann, and von Hansemann in 1902-1903, 
and the key histologic features of this condi-
tion still bear their names.8 Malakoplakia oc-
curs more commonly in humans than in ani-
mals, though it is still rare. In humans, the 
condition has been documented in the urinary 
tract, gastrointestinal tract, gall bladder, pan-
creas, skin, reproductive tract (prostate, tes-
tes, cervix, vulva), lungs, and other tissues.15 
In the gastrointestinal system, the most com-
monly affected sites are the colon and rectum, 
and its occurrence in the colon has been asso-
ciated with colon cancer.15 Cutaneous mala-
koplakia more commonly occurs in adult 

 
Figure 2-5. Urinary bladder, dog. Rare histiocytes con-
tain aggregates of bacilli in their cytoplasm.  (Giemsa, 
300X) 

https://www.vet.cornell.edu/departments/biomedical-sciences/section-anatomic-pathology
https://www.vet.cornell.edu/departments/biomedical-sciences/section-anatomic-pathology
https://www.vet.cornell.edu/departments/biomedical-sciences/section-anatomic-pathology
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males and in organ transplant recipients on an 
immunosuppressive regimen.8 Cutaneous le-
sions may present as papules, nodules, ulcers, 
or abscesses with draining tracts; occasion-
ally, cutaneous lesions are associated with 
nonhealing surgical wounds.8 While E. coli is 
the most commonly isolated organism in hu-
mans, certain types of patients may be prone 
to developing malakoplakia with a different 
organism. Rhodococcus equi, for instance, is 
commonly found in patients with acquired 
immunodeficiency syndrome.15   
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CASE III:   
 
Signalment:  
9-year-old spayed female canine (Canis fa-
miliaris) 
 
History:  
Patient presented 6 months before for a mass 
in the ventral neck. It was diagnosed as a pos-
sible abscess and Clavamox and Baytril were 
prescribed.  
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Today, patient presented for recheck with no 
improvement noted. She has difficulty walk-
ing, generalized weakness and is hesitant to 
move. She is painful (4/5) and anxious (4/5). 
Differential diagnosis includes IVDD.  
Gross Pathology:  
The submandibular lymph nodes are enlarged 
bilaterally and asymmetrically. The left 
lymph node (7 x 3 x 2 cm) starts at the man-
dibular ramus, is firm, movable and dark red 
in color. The right lymph node (4 x 1.5 x 1 
cm) has the same appearance. The cranial 
mediastinal lymph nodes are dark red in 
color, firm and enlarged (3 x 1, 5 x 4 cm nod-
ules). On cut section, all the affected lymph 
nodes are solid, firm, and diffusely red. The 
lymph node architecture is partially effaced.  
Severe degree of spondylosis T13-L1, L2-L3, 
L4-L5 and L-S junction, extending into the 
vertebral canal. The ventral thoracic verte-
brae also show a mild degree of spondylosis. 
No IVDD was found.  
 
Laboratory Results: 
No laboratory results reported.  
 
Microscopic Description:  
Lymph node, one section. Approximately 
90% of the entire architecture is effaced by 
an expansile area characterized by locally ex-
tensive proliferation of anastomosing, varia-
ble sized and dilated slit openings resembling 
vascular channels. These channels are lined 
by plump endothelial cells. There are small 

areas of necrosis, characterized by intense eo-
sinophilic, amorphous material, admixed 
with scattered macrophages, rare lympho-
cytes and plasma cells. These vascular chan-
nels are filled with RBCs and scattered clus-
ters of neutrophils and macrophages. Pig-
ment-laden macrophages are common 
throughout (hemosiderin). The remaining 
normal nodal architecture is compressed with 
cortex and paracortex characterized by coa-
lescing lymphoid follicles with starry sky ap-
pearance (tingible body macrophages). The 
lymphoid follicles have prominent germina-
tive centers. 
 
Contributor’s Morphologic Diagnoses:  
DDX: Lymph node: locally extensive vascu-
lar proliferation with lymphoid atrophy com-
patible with nodal plexiform vasculopathy.  
 
Contributor’s Comment:  
Benign, non-neoplastic and neoplastic vascu-
lar proliferations in the lymph nodes have 
been described in different animal species. 
 
The differential diagnosis for vascular prolif-
erations in a lymph node includes nodal angi-
omatosis, plexiform vasculopathy, nodal he-
mangioma, nodal vascular hamartoma, and 
nodal telangiectasis. All of them are of un-
known cause and usually present as inci-
dental, benign proliferations that will efface 
and replace the normal lymphoid architec-
ture.   
Plexiform vasculopathy, also known as vas-
cular transformation of lymph nodes, is an 
endothelial proliferation within lymph nodes 
and has been reported in humans, cats, and 
one dog with thyroidal carcinoma.5 It is an 
uncommon lesion, and it is still unknown 
whether the proliferating endothelial cells are 
of lymphatic or blood origin. The literature 
describes it as a lymphadenopathy with vas-
oproliferation and lymphoid atrophy.7 The le-
sions are usually focal but can involve most 

 
Figure 3-1. Mandibular lymph node, dog.  A single 
transverse section of lymph node is submitted for exam-
ination.  Approximately 50% of the node is effaced and 
markedly congested.  (HE, 6X) 
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of the lymphoid tissue. The lesions are dis-
tinct from more common findings such as 
lymphosarcoma, reactive lymphadenopa-
thies, and normal lymph nodes.  
 
The pathogenesis of this disease is unclear in 
both the human and animal literature.  
The description of plexiform vasculopathy 
has been limited to cats. The human equiva-
lent to this disease is nodal angiomatosis. 
There is one paper that describes a lymphad-
enopathy in a dog associated with thyroid 
carcinoma. The histological description was 
similar to that of nodal angiomatosis and 
plexiform vasculopathy.3 

 
Clinical signs are nonspecific and generally 
present as secondary signs to some sort of 
lymphadenopathy in the cervical or inguinal 
region. Lymph nodes are enlarged and in 
cross section they have a fleshy tan to purple 
appearance.7 Some of these signs include 
dyspnea, nonpainful masses, and difficulty 
swallowing. Histopathology shows severe 
loss of lymphoid tissue distributed through-
out the lymph node and replaced by accumu-
lations of erythrocytes within a capillary-like 

proliferation of endothelial cells. The endo-
thelial cells are characterized by small, elon-
gated, basophilic nuclei and inconspicuous 
cytoplasm. Mitotic figures were rare through-
out.5,7 

 
Cytoplasmic expression of CD31 and factor 
VIII-related antigens were found via im-
munohistochemistry in all proliferated in-
tranodal endothelial cells. A recent study 
used the lymphendothelial-specific marker, 
Prox-1, to determine the origin of the intran-
odal endothelial cells. The results of this 
study determined that the proliferative endo-
thelial cells were of lymphatic origin.5  
 
There are a variety of possible pathogenic ex-
planations for plexiform vasculopathy in-
cluding disturbances in drainage caused by 
tumors in the lymph node, thrombosis, severe 
congestive heart failure, or angiogenic fac-
tors released by a neoplastic process. A simi-
lar lesion of lymphatic proliferation has been 
experimentally induced in rabbits via incom-
plete occlusion of veins combined with com-
plete obstruction of lymphatics, or just by the 
complete obstruction of lymphatics.5 The 

 
Figure 3-2. Mandibular lymph node, dog.  Proliferations of endothelial cells form blood filled vascular channels within affected 
areas of the node.  (HE, 372X) 
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later stages of human Acquired Immune De-
ficiency Syndrome (AIDS) is characterized 
by progressive lymphoid atrophy with vascu-
lar proliferation. However, the vascular pro-
liferation associated with AIDS involves 
post-capillary venules with subsequent se-
vere immune deficiency which does not oc-
cur in plexiform vasculopathy.7 

 
Differentials should include other intranodal 
vascular proliferations such as angiomatous 
hamartoma, nodal lymphangiomatosis, he-
molymph nodes, and nodal hemangiomas. 
However, none of these have been described 
in dogs.  
 
Welsh et al. (1999) reported that complete ex-
cision of a retropharyngeal lymph node ap-
pears curative. Post-operative complications 
appeared to be limited to edema in the region 
of the excised lymph node. 
 
Contributing Institution:  
College of Veterinary Medicine, Western 
University of Health Sciences, 309 E. Second 
street 
Pomona, California 91766 
 
http://www.westernu.edu/xp/edu/veteri-
nary/staff.xml  
 
JPC Diagnosis: 
Lymph node: Vasculopathy and hemorrhage, 
severe, with marked fibrin deposition and ex-
tramedullary hematopoiesis.   
 
JPC Comment:   
Two major categories of non-neoplastic vas-
cular proliferations within lymph nodes are 
angiomyomatous hamartoma and vascular 
transformation of sinuses.8 In vascular trans-
formation of sinuses, there is capillary prolif-
eration within subcapsular and intermediate 
sinuses accompanied by variable amounts of 
fibrosis and lymphoid atrophy.8 Variants of 
vascular transformation of sinuses include 

plexiform vasculopathy, nodal angiomatosis 
in humans, and angiomatous hyperplasia in 
Wistar rats.8 While not completely known, 
vascular transformation of sinuses is thought 
to occur due to occlusion of lymphatic or ef-
ferent veins which causes edema in the drain-
ing region. Plexiform vasculopathy is most 
commonly documented in the cervical lymph 
nodes of cats,5,9 and in some cases, has been 
associated with malignant transformation to 
angiosarcoma.9 

 
Angiomyomatous hamartoma, which has 
been documented in humans, a cynomolgus 
macaque, and a dog, involves proliferation of 
vessels with muscular walls within the cortex 
of the lymph node. The pathogenesis of angi-
omyomatous hamartoma is unknown. A re-
cent report described the incidence of both 
angiomyomatous hamartoma within the hilus 
and vascular transformation within the sub-
capsular and medullary sinuses in the cranial 
mediastinal lymph nodes of a 1-year-old bea-
gle in a toxicity study.8 

 
This case generated significant discussion 
among the moderator and conference partici-
pants. In some regions of the node, the pres-
ence of well-defined plexiform channels is 
consistent with nodular plexiform vasculopa-
thy. In other regions, collagen and smooth 
muscle actin within vascular walls (con-
firmed via histochemical and immunohisto-
chemical staining) are more prominent than 
would be expected in plexiform vasculopathy 

 
Figure 3-3.  Mandibular lymph node, dog. Vascular pro-
liferation expands the subcapsular sinus.  The adjacent 
cortex is moderately hyperplastic with numerous tingi-
ble body macrophages.  (HE, 311X) 

http://www.westernu.edu/xp/edu/veterinary/staff.xml
http://www.westernu.edu/xp/edu/veterinary/staff.xml
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but not enough to be consistent with a diag-
nosis of angiomyomatous hamartoma. The 
moderator and conference participants also 
discussed another prominent feature of this 
case: hemorrhage and fibrin thrombi. Partici-
pants discussed how polymerized fibrin can 
induce endothelial proliferation and fibrosis, 
and in this case, might serve as a potential 
cause for secondary vasculopathy within the 
node. Thus, hypercoagulability (i.e. due to 
protein losing nephropathy) was discussed as 
a potential differential.  
 
Another differential considered less likely by 
the moderator and participants is neoplastic 
transformation. Hemangiomas are generally 
well circumscribed and expansile,8 features 
which are lacking in this case. Hemangioen-
dothelioma and hemangiosarcoma also fea-
ture a high mitotic rate, cellular atypia, and 
invasion.8 Additionally, primary vascular ne-
oplasia within lymph nodes is uncommon; in 
a study of 439 vascular tumors in dogs, only 
one primary tumor occurred in a lymph node, 
and only 2 of 63 angiosarcomas metastasized 
to lymph nodes.2 In a separate study of 175 
beagles that were controls in a toxicology 
study, however, hemangiomas were found in-
cidentally in 9 popliteal and 1 hepatic lymph 
node, demonstrating that these may not be as 
uncommon as the literature suggests.4 

 
Another feature discussed by the moderator 
and participants in this case is extramedullary 
hematopoiesis, consisting of lymphoid and 
erythroid precursors, megakaryocytes, and 
nurse cells. 
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CASE IV:  
 
Signalment:  
An 8-month-old spayed female Boxer dog 
(Canis familaris) 
 
History:  
The dog was referred by a practitioner to a 
specialist veterinary center for management 
of acute spontaneous pneumothorax. On 
presentation to the specialist clinic the dog 
was tachypneic (64 bpm), hypoxemic (pulse 
oximetry 66% without oxygen supplementa-
tion, 92% with oxygen supplementation), and 
had increased respiratory effort with an ab-
dominal component to the respiration. Lung 
sounds on the right side were dull on auscul-
tation. Initial bloodwork revealed a mixed ac-
idosis (pH 7.299; normal 7.35 – 7.45), with 
mild hemoconcentration (57%) and normal 
total solids (6.6 g/dl). Blood glucose was nor-
mal (4.7 g/dl), with no evidence of lactic aci-
dosis (1.9 mmol/L; normal < 2.5 mmol/L). 
 
Computed tomography (CT) showed multi-
ple variably sized bullae in the right middle 
lung lobe, and partial or complete atelectasis 
of all remaining lung lobes. The dog was 

anesthetized for surgery but died from cardi-
opulmonary arrest during pre-surgical thora-
cocentesis.  
 
Gross Pathology:  
Necropsy examination revealed severe bilat-
eral pneumothorax, with marked atelectasis 
of all lung lobes. The right middle lung lobe 
was small, pale and flaccid, with numerous 
collapsed, coalescing pleural bullae along its 
ventral and ventrocaudal margins; rupture of 
these bullae was presumed to be the source of 
the pneumothorax. The cartilage of the lobar 
bronchus supplying the right middle lung 
lobe was thin, flimsy and easily compressed 
when compared with bronchi supplying other 
lobes. In transverse section its lumen was slit-
shaped rather than circular. In addition, an 
aberrant right subclavian artery arose in com-
mon with the left subclavian artery, forming 
a bisubclavian trunk. The right subclavian ar-
tery passed dorsal to the esophagus and com-
pressed it. 
 
Laboratory Results: 
No laboratory results reported.  
 
Microscopic Description:  
This section from the right middle lung lobe 
is severely malformed and difficult to recog-
nize as lung. It consists predominantly of a 
thick fibrovascular trabecular network outlin-
ing collapsed; empty spaces lined by a simple 
cuboidal to simple squamous epithelium. The 
lining epithelium is multifocally lost (auto-
lytic artifact), and cystic spaces frequently 
contain rafts of sloughed epithelial cells. The 
fibrovascular trabeculae are variably thick, 
ranging in width from 20 to 300 microns, and 
contain many thin-walled blood vessels lined 
by mature endothelial cells, numerous miner-
alized areas, and scattered lympho-
plasmacytic foci.  
 

 
Figure 4-1. Right lung, dog.  There was bilateral pneu-
mothorax at autopsy, with atelectasis of all lung lobes.  
(Photo courtesy of: Department of Veterinary Clinical 
and Diagnostic Sciences, Faculty of Veterinary Medi-
cine, University of Calgary, 3280 Hospital Dr. NW, Cal-
gary, Alberta T2N 4Z6, Canada, http://vet.ucalgary.ca) 
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Multifocally, recognizable bronchiole-like 
structures are present. These are lined by sim-
ple cuboidal epithelium and have irregular 
bundles of smooth muscle in their walls. 
They are frequently adjacent to profiles of 
large arteries and veins (pulmonary vessels).  
 
The section also contains a malformed bron-
chus surrounded by a nearly continuous layer 
of smooth muscle. Cartilage plates in this 
bronchus are irregular and present only 
around one half of the airway's circumfer-
ence. The cartilage is immature, with small 
chondrocytes, less chondroid matrix and 
smaller lacunae (when compared with other 
lung sections from this dog and an age-
matched control dog). Bronchial glands are 
fewer in number (when compared with other 
lung sections from this dog and the control 
dog). 
 
Contributor’s Morphologic Diagnoses:  
Lung: Congenital pulmonary airway malfor-
mation (CPAM)-like lesion 
 
Contributor’s Comment:  
The differential diagnosis for a single mal-
formed lung lobe in a dog includes congenital 

lobar emphysema (CLE), a congenital pul-
monary sequestration, and congenital pulmo-
nary airway malformation (CPAM). Based 
on gross and histologic findings, the first two 
potential diagnoses can be ruled out in this 
dog. CLE requires overinflated alveoli or hy-
perplastic alveoli, whereas the affected lobe 
in this dog lacks alveoli. A congenital pulmo-
nary sequestration lacks, by definition, any 
connection with the tracheobronchial tree. In 
this dog the affected lobe had a lobar bron-
chus, although it was flattened. Therefore, a 
presumptive diagnosis of CPAM-like lesion 
was made based on the similarity of this 
dog’s lesions to described human lesions of 
CPAM and exclusion of other potential diag-
noses. 
 
The term CPAM refers to a spectrum of hu-
man airway malformations characterized by 
abnormal development of various portions of 
the tracheobronchial tree.16 Formerly called 
congenital cystic adenomatoid malfor-
mations, CPAMs are well-recognized and 
relatively common in people. All types of 
CPAM are characterized by multiple irregu-
lar pulmonary cystic structures lined by var-
ying types of epithelium. CPAMs in people 
are generally subdivided into five types based 

 
Figure 4-3. Right subclavian artery, dog.  The right sub-
clavian artery passes dorsal to and compresses the 
esophagus.  (Photo courtesy of: Department of Veteri-
nary Clinical and Diagnostic Sciences, Faculty of Veteri-
nary Medicine, University of Calgary, 3280 Hospital Dr. 
NW, Calgary, Alberta T2N 4Z6, Canada, http://vet.ucal-
gary.ca) 

 
Figure 4-2. Right lung, dog.  The right middle lung lobe 
was small, pale and flaccid. (Photo courtesy of: Depart-
ment of Veterinary Clinical and Diagnostic Sciences, 
Faculty of Veterinary Medicine, University of Calgary, 
3280 Hospital Dr. NW, Calgary, Alberta T2N 4Z6, Can-
ada, http://vet.ucalgary.ca) 
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on the anatomic site of the malformation.16 
These are the: proximal tracheobronchial tree 
(type 0); bronchial/proximal bronchiolar re-
gion (type 1); bronchiolar region (type 2); ter-
minal bronchiolar/alveolar duct region (type 
3); and alveoli (type 4). There may be overlap 
between different types, and other classifica-
tion systems have been proposed.11,13 
  
 
The malformations in the dog in this case re-
port shared overlapping features of human 
CPAM types 2 and 4. Type 2 CPAM is char-
acterized by the presence of numerous 2-15 
mm diameter parenchymal cysts. These con-
sist of dilated bronchiole-like structures lined 
by cuboidal to columnar epithelium but with 

mucus-producing cells generally absent. 
Other congenital abnormalities, including 
cardiovascular and renal malformations may 
be present in humans. (Interestingly, this dog 
had a malformation of the right subclavian ar-
tery, although the clinical significance of this 
was uncertain.) Type 4 CPAM is character-
ized by larger cysts, typically found toward 
the periphery of the lobe. These are lined by 
a mixture of flattened or rounded alveolar lin-
ing cells, and occasionally a low cuboidal ep-
ithelium. Both type 2 and type 4 human 
CPAMs typically affect a single lung lobe, as 
in this dog, and have a good prognosis after 
surgical resection.16,17  
 
Like CPAM, congenital lobar emphysema 
(CLE) is also a well-recognized congenital 
lung malformation in humans.7,8,17 It is char-
acterized by overinflation of a single lung 
lobe due to partial obstruction of the bron-
chus supplying that lobe.10 This obstruction 
can result from numerous causes, including 
malformation of the bronchus, external com-
pression of the bronchus by masses or vascu-
lar anomalies, or internal obstruction of the 

 
Figure 4-4. Right lung, dog. One section of the right lung 
is submitted for examination.  Normal alveolar archi-
tecture is not present.  (HE, 7X) 

 
Figure 4-5.  Right lung, dog.  The lobe is composed of airway-like structures lined by cuboidal epithelium separated by dense 
fibrous stroma.  There is no alveolar parenchyma.  (HE, 85X) 
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bronchial lumen by mucus plugs or granula-
tion tissue.8 Regardless of the cause, the re-
sult is significant lobar overinflation as the 
partially obstructed bronchus acts as a one 
way valve and traps air. In the dog described 
in this case report the lobar bronchus was 
malformed and partially collapsed, consistent 
with one cause of CLE. However, in human 
CLE, alveoli are distended but are otherwise 
histologically normal, and fibrosis, inflam-
mation or necrosis are rarely seen.8 This is 
significantly different from the histologic 
lung changes in the dog described in this case 
report.  
 
CLE has been previously reported several 
times in dogs,1,5,6,11,12,14,15,19,20 and the dog de-
scribed in this report has several features in 
common with many reported canine cases of 
CLE: the right middle lung lobe was affected; 
a bronchial structural abnormality was pre-
sent; bullae and pneumothorax were a fea-
ture; and the dog was less than six months 
old. However, this dog’s most significant his-
tologic lesions (absence of recognizable alve-
olar architecture, with marked interstitial fi-
brosis) were incompatible with the simple al-
veolar hyperinflation expected in CLE. 
Seven human pediatric pathologists were 
consulted on this case and all agreed that this 
dog did have a congenital lung malformation 
and that it was not CLE.  
 
This case highlights that there are multiple 
types of congenital lung malformations in 
dogs. It is possible that some reported canine 
cases of CLE may, in fact, represent CPAM-
like lesions. Among published canine CLE 
reports, two describe histologic features that 
are suggestive of CPAM type 24 or type 4.11 
It may be that these were cases of CPAM-like 
lesions that were interpreted to be CLE, or 
that forms of pulmonary disease that share 
features of both diseases exist in dogs. There 
are numerous reports of human congenital 
lung lesions fulfilling criteria for both CPAM 

and other congenital lung lesions,7 and this 
may also prove to be the case in dogs. 
 
It is important to recognize that not all con-
genital lung malformations in dogs are CLE, 
and that this diagnosis should not be made 
based solely on imaging or the gross appear-
ance of an affected lung lobe; CPAM and 
CLE must be distinguished histologically. In 
humans there are practical clinical reasons 
for making an accurate diagnosis of congeni-
tal lung lesions. Most importantly, CPAM 
may progress to malignant neoplasia while 
CLE does not.5,7 Lobectomy is generally in-
dicated for CPAM lesions, while CLE may 
resolve spontaneously and can often be man-
aged conservatively unless it causes medias-
tinal displacement or severe dyspnea.7 Be-
cause CPAM-like disease in dogs has not 
been reported previously it is not possible to 
compare its treatment or prognosis with those 
of CLE.  
 
Contributing Institution:  
Department of Veterinary Clinical and Diag-
nostic Sciences 
Faculty of Veterinary Medicine 
University of Calgary 
3280 Hospital Dr. NW 
Calgary, Alberta T2N 4Z6 
Canada  
http://vet.ucalgary.ca/ 
 
JPC Diagnosis: 
Lung: Congenital pulmonary airway malfor-
mation with mineralization. 

 
Figure 4-6.  Right lung, dog.  There is multifocal miner-
alization of the stroma surrounding airway-like spaces.  
(HE, 7X) 
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JPC Comment:   
The contributor provides an excellent review 
of congenital pulmonary airway malfor-
mations, congenital lobar emphysema, and 
the differences between the two diagnoses.  
 
This week’s moderator described the six 
stages of development of the lung: embry-
onic, pseudoglandular, canalicular, saccular, 
alveolar, and vascular maturation. Addition-
ally, the moderator described that TTF-1 and 
HNF-3 are important transcription factors for 
early lung development.  
 
Congenital pulmonary abnormalities in vet-
erinary species are rare, and one of the more 
common conditions is accessory lung devel-
opment in ruminants.2,9 Accessory lungs are 
found in extrapulmonary locations, such as in 
the abdomen and subcutis.2,9 These lobulated 
masses consist of haphazardly arranged and 
variably differentiated pulmonary elements, 
including bronchi lined by ciliated respira-
tory epithelium,  alveoli, cartilage, and blood 
vessels.2,9 While composed of similar ele-
ments, pulmonary hamartomas are different 
in that they are located within the lung. Pul-
monary hamartomas are the most commonly 
diagnosed benign lung tumor in humans, typ-
ically discovered as incidental findings on ra-
diographs, and are also occasionally seen in 
ruminants.2,3 A recent article described a pul-
monary hamartoma in a captive-bred, full-
term elk calf found dead. The mass replaced 
the left caudal lung lobe, encompassed ap-
proximately half of the thorax, and com-
pressed the remaining lungs.2 

 

The moderator and conference participants 
also remarked on the presence of mineraliza-
tion in this case; an explanation for minerali-
zation was not readily apparent on H&E ex-
amination.  
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