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A 12-year-old female peregrine falcon (Falco peregrinus brookei) from a private raptor

breeding facility that presented a good body condition, died suddenly without showing

previous symptoms. At necropsy, in the coelomic cavity, multiple cystic structures

demarcated by a thin transparent wall and filled with a serous content were observed.

They were firmly adhered to the cranial part of the epicardium and adjacent tissues

and occupied the entire thoracic area of the coelomic cavity. Microscopically, emerging

simultaneously from several areas the epicardium, multiple irregular channels and

cystic spaces, lined by a single endothelial cell layer and separated by fibrovascular

septa containing smooth muscle tissue, were observed. Immunohistochemical

examination revealed that the neoplastic endothelial cells positively immunolabelled

for the pan-endothelial marker factor VIII-related antigen but immunostained negative

for cytokeratins (PCK26) while strong positivity for sarcomeric α-smooth muscle

actin (α-SMA) was detected in the cystic walls. Based on the morphological and

immunohistochemical findings, lesions were determined as consistent with a multiple

cavernous pericardial lymphangioma, or pericardial lymphangiomatosis, a rare vascular

neoplasm. The animal also showed a diffuse chronic perihepatitis, a necrotic area in the

liver and foci of cartilaginous metaplasia and calcification in the aorta and vena cava.

Literature review, particularly on the epidemiology of lymphangioma, demonstrated the

rarity of this tumor in the different animal species and in this location, particularly in birds,

being the first report of this type of tumor in a peregrine falcon.
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BACKGROUND

The growing interest in wildlife is behind the increase in the number of reports of different
pathologies affecting these species, which is leading veterinary medicine to expand the range
of clinicopathological knowledge in this area. However, at present, the available information is
still very limited in comparison to domestic species. In the specific case of neoplastic conditions
of wild birds, studies on their nature and frequency are scarce and little is known about their
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etiology, pathogenesis or biological behavior. In addition, the
number of recent and updated studies is very limited and
those available are mainly focused on companion or aviary
birds (e.g., psittacine birds), with the result that incidence of
neoplasia is higher in these avian species compared to the rest
(1–6). In contrast, in birds of prey, tumors are considered
as relatively rare. Worldwide, neoplasms have been reported
in more than 40 species among the families Accipitridae,
Falconidae, Strigidae and Cathartidae, and a wide variety of
tumors have been described (7–12). Despite this, limited data
are available in relation to the prevalence of neoplasia, species,
sex or age predisposition. Tumor nomenclature is inconsistent
and etiology, oncogenesis, and biological behavior are basically
unknown. Furthermore, it is considered that the information
included in those reports does not correspond to the real
prevalence of neoplasia in these species due to the marked
shortage of cases documented in the literature. In the recent
decades, the number of birds of prey kept in long-term captivity,
for breeding with conservation purposes or for falconry activity,
has increased considerably. Greater longevity, inbreeding or
exposure to environmental or nutritional carcinogens (13)
may increase the risk of developing neoplasms, including
types of tumors not registered so far. This fact will allow
to improve the understanding and documentation of these
pathological conditions in these species. In this line, this
study describes the main pathological and immunohistochemical
findings of a multifocal pericardial lymphangioma (pericardial
lymphangiomatosis) in a 12-year-old captive peregrine falcon
(Falco peregrinus brookei), a rare vasoformative pathology of
neoplastic nature that, to the authors’ knowledge, has not been
reported to date in birds and is poorly documented in other
animal species.

CASE HISTORY

A 12-year-old female captive peregrine falcon was referred on
January 2020 to the Pathological Diagnostic Service of the Faculty
of Veterinary Sciences of the University of León, Spain, to
determine the possible cause of death. The bird was imprinted
on its owner and was part of a captive breeding program since
it was 2 years old. The animal died suddenly without showing
obvious clinical signs, apart from a loss of vocalization just
before death, and was immediately submitted for necropsy. The
animal had shown reproductive failure after the last artificial
insemination. Feeding was based on defrosted 1-day-old chicks
and quails, without extra food supplementation. The animal
showed a very good body condition at the time of death, with an
in vivo bodyweight of 980 gr. Given the rapidity of the process, no
previous hematological and biochemical analyses, neither other
clinical tests, were performed.

POST-MORTEM DIAGNOSIS

Necropsy and Gross Findings
At necropsy, the presence of abundant subcutaneous fat and
appropriate sizes of the skeletal muscles, which appeared normal,

was noticed. In the coelomic cavity, abundant cloudy free sero-
hemorrhagic content (50mL), that coagulated easily on contact
with air, as well as the presence of fibrin clots, was observed.
The liver was enlarged and showed a thickened, rough capsule,
firmly adhered to the parenchyma. A 2.5 cm in diameter area
of greenish caseous necrotic material, surrounded by a thin
fibrous capsule, was present focally adhered to the liver capsule.
In the coelomic cavity, multiple cystic structures, ranging from
0.3 cm to 2 cm in diameter, demarcated by a thin wall but easily
separated one from each other, and containing serous, clear
and transparent content, were observed (Figure 1A). These cysts
formed a single mass that was strongly adhered to the epicardium
and adjacent structures, hindering its separation from the heart
and related vessels (Figure 1B). The cystic mass extended up to
the bifurcation of the trachea and occupied the entire thoracic
area of the coelomic cavity. Among these cystic cavities, abundant
yellowish-white strands of a slightly elastic material, consistent
with fibrin, were noticed. The lungs were mildly congested and
the heart appeared normal, with no alterations in the size of
cardiac chambers or in the valves. No other gross lesions were
detected in the rest of the organs. Representative tissue samples
were collected from the lesions and the rest of the organs, for
histopathological examination.

Histopathological and
Immunohistochemical Studies
Tissue samples fixed in 10% buffered formalin were routinely
processed through a graded alcohol series and xylene, before
being embedded in paraffin wax. Tissue sections 2.5µm
thick were obtained from each sample and stained with
Harris’s haematoxylin and eosin (H&E). Additional stains
were performed, including Periodic acid-Schiff (PAS), Masson
trichrome or Gram and Ziehl-Neelsen stains. Moreover, two
direct smears, together with two others made from the
liquid extracted from the caelomic cavities after centrifugation
and sediment collection, were fixed in methanol, stained
using the May–Grünwald Giemsa method and mounted for
cytological examination.

To characterize the lesions, immunohistochemical tests were
performed from sections of the cystic structures observed in
the coelomic cavity. Antibodies against anti smooth muscle α-
actin (α-SMA) (Monoclonal; Clone 1A4; 1:100, Dako-Agilent R©

technologies, Santa Clara, USA), cytokeratins (Monoclonal;
Clone PCK26; 1:100, Dako-Agilent R©), factor VIII-related
antigen (polyclonal; 1:100; Dako-Agilent R©), and Prospero-
related homeobox gene-1 (Prox-1) (Monoclonal; Clone 5G10;
1:100, Thermo Fisher Scientific R©, Massachusetts, USA) were
used. The manufacturers had reported, through a verified
customer review, that the different antibodies showed cross-
reactivity in sections of formalin-fixed avian tissues (chicken);
however, they could not guarantee this reactivity in avian
species others than chicken. Heat mediated antigen retrieval was
performed by means of PT Link R© system, using the pH 9.0 and
pH 6.0 target retrieval solutions (Dako-Agilent R©) for 20min at
96◦C for α-SMA and factor VIII-related antigen, respectively,
and a trypsin antigen retrieval solution (Abcam, Cambridge, UK)
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FIGURE 1 | Multiple cystic cavities, filled with a clear fluid, are occupying the thoracic area of the coelomic cavity with presence of free fibrin clots (A). These cystic

structures engulfed the heart and are firmly attached to the epicardium (B).

for 15min at 37◦C in the case of the cytokeratin antibody. For
the Prox-1 antibody, different unmasking protocols, including

the use of pH 6.0 and 9.0 antigen retrieval solutions and trypsin,
as previously mentioned, were tested. After deparaffinization,
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rehydration and drying, sections were immersed into a 3%
H2O2 in methanol solution for 30min at room temperature and
darkness to block endogenous peroxidase. Immunolabelling was
performed using a ready-to-use kit EnVision System R© (Dako-
Agilent R©) where slides were incubated for 40min at room
temperature. After washing twice in PBS, antibody localization
was determined using 3,3-diaminobenzidine (Dako-Agilent R©)
as chromogenic substrate for peroxidase. Finally, slides were
counterstained with Harris haematoxylin. Appropriate species-
and isotype-matched immunoglobulins were used as control.
These included sections with an isotype control for the primary
antibody, and the omission of the primary antibody. As positive
controls, the same examined sections were used to determine
the antibody optimal dilution and incubation pH and included
several normal tissues from healthy chickens.

HISTOPATHOLOGICAL FINDINGS

Sections of the cystic mass revealed the presence of multiple
irregular cavernous or macrocystic spaces, consistent with
multiple dilated lymphatic channels, separated by thin to
moderately thick fibrovascular stromal septa, where the presence
of fusiform cells separated by an eosinophilic matrix, blood
vessels of different sizes, and a multifocal, mild, inflammatory
infiltrate composed of lymphocytes, plasma cells and occasional
foamy cells, were observed (Figure 2A). These spaces were
lined by a single endothelial cell layer that showed mild
pleomorphism, with a flattened cell shape, scarce basophilic
homogenous cytoplasm and oval to triangular, centrally located,
nuclei, mostly hyperchromatic (Figure 2B). These cavities were
frequently filled with a pale, slightly eosinophilic fluid with the
occasional presence of sloughed cells. All the cellular components
were generally well-differentiated and lacked cellular atypia or the
presence of mitotic figures. The origin of these cystic structures
was determined to be the epicardium where, histologically,
similar lymphatic vessels of more reduced size, were seen
multifocally arising from this layer (Figure 2C). By PAS staining,
the absence of a well-defined linear basal membrane was noticed
and the presence of a subendothelial muscle layer was detected by
Masson’s trichrome staining. Immunohistochemical examination
revealed that the neoplastic endothelial cells expressed the
pan-endothelial marker factor VIII-related antigen (Figure 3A)
but lacked immunoreactivity for cytokeratin, while a strong
positive immunolabelling to α-SMA was seen in cells located
in the septa, consistent with the presence of a layer of
smooth muscle in the cystic wall (Figure 3B). Based on these
findings, a final diagnosis of multiple cavernous pericardial
lymphangioma, or disseminated pericardial lymphangiomatosis,
was made. No immunolabelling for Prox-1 antibody was found
in the endothelial cells that lined the cystic spaces, or in any
of the lymphatic structures of the rest of the normal tissues
of the affected bird, in all of the immunohistochemical trials
performed. Meanwhile, sections of normal chicken tissue showed
positive immunostaining against Prox-1 in cell lining structures
consistent with lymph vessels.

FIGURE 2 | Cystic structures have different size and are separated by septa of

variable thickness (A). They are lined by endothelial cells surrounded by

fibrovascular tissue, where fusiform cells and occasional aggregates of

lymphocytes and plasma cells are seen (B). Two foci or lymphatic vessel

proliferation, arising from the epicardium, simultaneously at two different point

can be seen on the left and right pictures (C).

The aortic artery and cranial vena cava showed focal areas of
smooth muscle cell degeneration, with a vacuolated appearance,
at the level of the tunica media, moderate disruption of elastic
laminae, and the presence of calcification foci and areas of
cartilaginous metaplasia. On the wall of some bronchi there were
also areas of mineralization and cartilaginous metaplasia, as well
as proliferation of myxoid tissue between the bronchial layers.
Mineralized corpora amylacea were observed in some thyroid
follicles. The caseous and greenish focus grossly observed in
the liver was formed by an area of caseous necrosis affecting
the liver parenchyma, surrounded by an inflammatory infiltrate
composed of heterophils, foamy macrophages, foreign body
type giant cells as well as cholesterol crystals. In addition,
this organ showed a moderate diffuse perihepatitis where
lymphocytes, plasma cells and heterophils were infiltrating the
liver capsule, together with multifocal inflammatory foci of
heterophils scattered in the liver parenchyma. Bacteria were
not observed after Gram or Ziehl-Neelsen stains. No noticeable
microscopic changes were detected in the rest of the organs.

Frontiers in Veterinary Science | www.frontiersin.org 4 April 2021 | Volume 8 | Article 662157

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Espinosa et al. Case Report: Pericardial Lymphangiomatosis in a Falcon

FIGURE 3 | Positive immunolabelling for pan-endothelial marker factor

VIII-related antigen in the endothelial cells lining the cystic cavities (A) and for

smooth muscle actin (α-SMA) in the septum that separate the cysts (B).

The fluid extracted from the caelomic cavities was
characterized cytologically by presenting low cellularity, good
cellular preservation and the existence of a very low amount of
blood. Only mesothelial cells in different stages of activation were
observed, characterized by a central round nuclei and moderate
bluish cytoplasm, or the existence of more abundant vacuolated
cytoplasm and an eccentric nucleus, leading to the diagnosis of
a modified transudate. Cell atypia or other cytological features
consistent with neoplasia were not observed, neither the presence
of bacteria in any of the smears evaluated.

REVIEW AND DISCUSSION

Tumors of lymphatic vessels are rare in humans and domestic
animals but particularly in birds since, although they have
lymphatic channels, these are less developed than those in
mammals (14). After reviewing the available literature, only three
cases of avian lymphangiomas have been reported, and none
of them were similar in terms of their anatomical location and
clinical features (2, 15, 16). Moreover, in the rest of animal
species, we have not found references regarding lymphangiomas
with an origin at the pericardial level (see Table 1).

Lymphangiomas, as an isolated lesion, are benign, slow-
growing tumors of the lymphatic system and are regarded as
malformations arising from sequestration of lymphatic tissue
that fail to communicate with the lymphatic system (42, 43).
Traditionally, lymphangiomas have been classified according to
their histological appearance into capillary, cavernous, and cystic
(44). In the present case, the lesion reported was characterized
histologically by a cavernous appearance due to the presence of
widely dilated lymphatic channels, with fibrovascular adventitial
coats, as well as by its intrathoracic location inside of the
coelomic cavity. On the other hand, the term lymphangiomatosis
is used to describe the presence of multiple lymphangiomas

affecting soft tissue or parenchymal organs in a diffuse or
multifocal fashion (42, 45). The presence of multiple cavernous
lymphangiomas, arising multifocally from different pericardial
areas, was consistent with the condition reported in this case.

Basic knowledge that may help to explain the etiology of
these lymphatic lesions is missing. In general, it is accepted
that the main cause is a congenital failure of the lymphatic
system to connect with, or separate from, the venous system,
or an abnormal budding of lymphatic tissue from the cardinal
vein (46, 47). However, in humans, it has been observed that
there are stimuli that can trigger the proliferation of neoplastic
lymphatic endothelial cells, such as infections, trauma, chronic
inflammation or obstruction (48, 49). In birds, some types
of vasoformative neoplasms arise as sequelae of some viral
infections such as avian leukosis (11, 16). In the present case,
the etiology of the pericardial lymphangiomatosis reported is
unknown and we cannot conclude, from the pathological results,
whether this is a congenital or an acquired process. An area of
hepatic necrosis and the presence of inflammatory foci in the liver
parenchyma were found, for which their exact causes could were
not determined. However, it seems unlikely that this lesion has
triggered the development of pericardial lymphangiomas due to
its hepatic location and its subacute character. On the other hand,
a congenital origin cannot be completely ruled out despite the
adult age of the bird. Intrathoracic lymphangiomas may remain
asymptomatic for many years and only became apparent when
clinical signs derived from the compression of vital structures
appear (40, 50). In this case, an acute heart failure secondary to
the mechanical action of the large multicystic mass could be the
main cause of death. Moreover, the large amount of free fluid
into the coelomic cavities is consistent with hydrostatic disorders
associated with a progressive heart failure.

On the other hand, degenerative changes characterized by the
fragmentation and disruption of the elastic fibers, together with
foci of dystrophic calcifications and cartilaginous metaplasia,
were observed in the tunica media of the aortic artery and
cranial vena cava. These changes have been associated with
atherosclerosis, mainly in psittacine species and captive birds
of prey (51, 52); however, in this case, no histological changes
consistent with this condition were found. Other causes such as
copper deficiency or hypertension have also been associated with
these degenerative changes (53, 54). In this case, copper levels
and the existence of alterations in blood flow were not evaluated.
The mechanical effect of cystic masses over the great vessels of
the heart that might have contributed to the appearance of these
vessel wall lesions, could not be ruled out.

Lymphangiomas have to be distinguished from other
vascular cystic lesions such as multicystic mesothelioma,
haemangioendothelioma or lymphangiosarcoma. All of them
are rare vasoformative tumors and are difficult to differentiate
due to similarities in their macroscopic and histological
findings; therefore, immunohistochemical studies are necessary
for their differential diagnosis. As in this case, lymphangiomas
are characterized by the presence of endothelial cells with
immunoreactivity for endothelial marker factor VIII-related
antigen and lack cytokeratin expression, particularly cytokeratin
5 and 6 (recognized by the antibody employed), together with
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TABLE 1 | Number of cases of benign tumors of lymphatic vessels (lymphangiomas and lymphangiomatosis) in the different animal species, other than humans, reported

in the literature.

Animal species Neoplasm type (cases) Anatomical location (number of cases) References

Dog (Canis lupus familiaris) Lymphangioma

Cystic lymphangioma

Multiple invasive lymphangioma

Cutaneous (2), nasopharynx (1),

retroperitoneum (1), axilla (1), spleen (1), medial

aspect of thigh (1), mammary region and lymph

node (1), inguinolabial region (1)

(17–26)

Cystic lymphangiomatosis Liver (1), pelvic limb (1), cutaneous (1),

abdominal cavity (1)

Domestic cat (Felis silvestris catus) Multiple cavernous lymphangioma Liver (1), cutaneous (1) (27, 28)

Budgerigar (Melopsittacus undulatus) Lymphangioma Speen (1) (2)

Chimney Swift (Chaetura pelagic) Lymphangioma Skin (neck area) (1) (15)

Darwin’s Rhea (Pterocnemia pennata) Lymphangioma Mediastinum (1) (16)

Sprawe-Dawley rat (Rattus norvegicus) Lymphangioma Skin (3), liver (1) (29)

Horse (Equus caballus) Cystic lymphangioma Abdominal and retroperitoneal area (1),

cutaneous (2), submandibular area (1)

(30–34)

Cystic lymphangiomatosis abdominal cavity (1)

Jaguar (Panthera onca) Lymphangioma Omentum (1) (7)

Squirrel monkey (Saimiri sciureus) Cavernous lymphangioma Kidney (1) (35)

Leopard (Panthera pardus) Lymphangioma Mesentery (1) (7)

Lamb (Ovis aries) Bilateral lymphangioma Testicle (1) (36)

Mongolian gerbil (Meriones unguiculatus) Lymphangioma Liver (1) (37)

Mount carmel blind mole-rat (Spalax carmeli) Cystic lymphangiomatosis Abdominal cavity (1) (38)

Ongole bull (Bos tauro) Cystic lymphangioma Scrotal area (1) (39)

Tequila fish (Zoogoneticus tequila) Lymphangiomatosis Spleen (1) (40)

White-Tailed Deer (Odocoileus virginianus) Cavernous lymphangioma Liver (1) (41)

the lack of a clearly identified basal lamina and the existence
of a layer of smooth muscle in the cystic wall, as demonstrated
by the positive immunolabelling for α-SMA. These findings
can be used to differentiate lymphangioma from multicystic
mesotheliomas or haemangioendotheliomas (55–57). Prox-1
marker was tested since it is reported to be expressed by
lymphatic endothelium (58, 59). However, baseline studies in
birds are very scarce (58), with no previous results in raptors.
In our case, no positive immunolabelling was observed in
any of the lymphatic tissues of the affected bird, although
it was detected in chicken tissues used as positive controls,
reaching the conclusion that the marker used does not show
immunoreactivity in the peregrine falcon tissues. Thus, all
the histological and immunohistochemical findings support the
diagnosis of lymphangioma. This tumor and lymphangiosarcoma
only differ in their degree of cellular pleomorphism and mitotic
activity. In the present case, the neoplastic cells were mildly
pleomorphic and mitotic figures were not observed, features
highly consistent with a lymphangioma.

In conclusion, this appears to be the first report of a
multiple cavernous pericardial lymphangioma or pericardial
lymphangiomatosis in a peregrine falcon. This case is of
additional importance due to the scarcity of reports of this
condition at the heart level, not only in birds, but also in other
mammals including man. At present, few cases of neoplasms
in birds of prey continue to be reported, so that every effort
should be made to send suspected samples originating from
captive o free-living birds for pathological investigation and,

subsequently, improve the understanding of the prevalence of
neoplastic diseases in the different avian species.
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