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INTRODUC TION

Neoplastic mass lesions within the nasal and paranasal cavities are 
a relatively uncommon finding in horses, representing between 
2% and 19% of all sinonasal disorders (Boulton, 1985; Tremaine & 
Dixon, 2001a, 2001b). Differentiation of sinonasal neoplasia from 
non- neoplastic lesions, such as paranasal sinus cysts, ethmoid hema-
tomas or nasal polyps, is of vital importance to allow the formulation 
of an appropriate treatment plan and to inform prognosis. Cross- 
sectional imaging, and in particular, computed tomography (CT), is a 
useful tool for identification and assessment of disorders affecting the 
equine nasal and paranasal sinus systems. Having the advantage of ex-
cellent contrast and spatial resolution, without anatomical superimpo-
sition, CT provides greater information than radiography regarding the 
extent of a mass lesion and features of malignancy (Cissell et al., 2012).

Neuroendocrine neoplasms of the respiratory tract are rela-
tively rare and arise from either epithelial (neuroendocrine car-
cinoma) or neuroectodermal (esthesioneuroblastoma [olfactory 
neuroblastoma]) cells (Klöppel, 2017; Martí- García et al., 2023; 
Shah & Perez- Ordóñez, 2016). A small number of cases of nasal 
neuroendocrine neoplasia in horses has been reported, which de-
scribe their histopathological features (Döpke et al., 2005; Yamate 
et al., 2006) and their CT characteristics (Cissell et al., 2012; Tucker 
et al., 2016).

This report comprehensively illustrates the clinical presenta-
tion, CT and histopathological features of a case of neuroendo-
crine neoplasia with cribriform bone involvement and intracranial 
extra- axial extension in a 20- year- old horse. In this case, the use 
of standing CT proved to be of essential diagnostic and prognostic 
values.
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Summary
A 20- year- old Irish Sport Horse gelding was presented to the Royal Veterinary College 
Equine Referral Hospital for investigation of left- sided epistaxis, depression and gait ab-
normalities of approximately 1 month duration. Physical examination and cranial nerve 
evaluation were unremarkable. A small amount of haemorrhagic discharge was noted 
from the left nostril. Gait evaluation was suggestive of proprioceptive deficits. Computed 
tomography (CT) identified a mass lesion within the left conchofrontal and sphenopala-
tine sinuses extending through the cribriform plate into the calvarium. Histopathology 
of the mass revealed a neuroendocrine neoplasm, for which a diagnosis of esthesioneu-
roblastoma was favoured. This case highlights the usefulness of CT for the identification 
and extent of an intracranial mass and therefore its prognosis, however, histopathological 
examination was necessary to confirm the diagnosis.
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C A SE HISTORY

A 20- year- old Irish Sport Horse gelding was presented to the Royal 
Veterinary College Equine Referral Hospital for investigation of left- 
sided epistaxis, depression and gait abnormalities of approximately 
one month duration.

CLINIC AL FINDINGS

Upon presentation, the gelding was quiet and subdued but respon-
sive to stimulation. The horse was over- conditioned, with a body 
condition score of 7/9 (Henneke et al., 1983). Physical examination 
and cranial nerve evaluation were unremarkable. A small amount of 
haemorrhagic discharge was noted from the left nostril. A standing 
tail pull was suggestive of weakness. Gait evaluation identified oc-
casional stumbling and poor coordination in all four limbs, suggestive 
of proprioceptive deficits or generalised weakness. When walking in 
a straight line, the gelding drifted to the left. Blindfolding resulted 
in more pronounced placement deficits and drifting to the right. 
Based on the neurological examination, namely changes in menta-
tion, hypo- responsiveness, weakness and a tendency to drift to one 
side (interpreted as large- diameter circling), forebrain disease was 
considered most likely but a more diffuse disease process affecting 
brain and spinal cord could not be ruled out. The change in direction 
of the circling when blindfolded was unexpected and difficult to ex-
plain in conjunction with the other signs.

DIAGNOSIS

In accordance with the clinical signs, a lesion affecting the brain and 
sinuses was suspected, therefore, the gelding underwent CT ex-
amination of the head. An intravenous catheter was placed in the 
left jugular vein and following premedication with acepromazine 
(0.02 mg/kg bwt i.v., Dechra), sedation was administered to effect, 
using a combination of romifidine (0.05 mg/kg bwt i.v., Dechra) and 
methadone (0.1 mg/kg bwt i.v.). The CT examination was performed 
with the horse standing, using a 16- slice multidetector CT scan-
ner, 120 kV, 400 mA and a 65 cm variable field of view (GE Medical 
Systems, LightSpeed RT 16). Images were reconstructed in a bone 
window (slice thickness 0.6 mm, interslice interval 0.3 mm, WW: 
2800, WL: 800, bone kernel), soft tissue window (slice thickness 
3.75 mm, interslice interval 1.5 mm, WW: 350, WL: 80, soft tissue 
kernel) and brain window (slice thickness 5 mm and interslice interval 
2.5 mm, WW: 100, WL: 50, soft tissue kernel) in a 512 × 512 matrix. 
Images were viewed using a DICOM viewer (OsiriX, Pixmeo SARL) 
and multiplanar and three- dimensional reconstructions. A board- 
certified European College of Veterinary Diagnostic Imaging (ECVDI) 
diplomate and a third- year ECVDI resident reviewed the study.

Within the left conchofrontal and sphenopalatine sinuses, a 
large (78 × 99 × 53 mm, rostrocaudal × dorsoventral × laterome-
dial), heterogenous, irregularly marginated, soft tissue attenuating 

structure was identified. The Hounsfield units (HU) of this structure 
measured a mean of 40 HU, ranging from −10 to 55 HU. This struc-
ture was abutting the nasal septum and the frontal bone at the me-
dial aspect of the orbit, where there was mild bone thickening and 
irregular periosteal bone formation. This structure was exerting a 
mass effect, causing expansion and loss of the normal structure of 
the ethmoidal turbinates and sinus. This lesion was continuous with 
a moderate- sized (28 × 34 mm, lateromedial × dorsoventral) round 
geographic region of bone loss in the rostrodorsal aspect of the left 
half of the calvarium and cribriform plate (Figure 1). In the region of 
the rostral aspect of the left olfactory and frontal lobes of the brain, 
there was a focal, ill- defined, oval- shaped and mildly heterogeneous 
area of mildly increased attenuation with slightly undulating mar-
gins. Adjacent to this and extending caudoaxially to it, a large rel-
atively well- defined rim of hypoattenuation was noted within the 
left frontal lobe, which resembled the shape of the white matter 
tracts. Together this was causing left- to- right midline shift and mild 
displacement and compression of the lateral ventricles (Figure 2). 
The right medial retropharyngeal lymph node was mildly enlarged. 
An intravenous contrast (IVC) study was not performed for financial 
reasons.

In conclusion, CT of the head identified an expansile soft tissue 
mass rostral and caudal to the cribriform plate. This was causing 
bone lysis and periosteal reaction, suggestive of an aggressive lesion 
with an intra- cranial, extra- axial component. These findings were 
deemed to most likely represent a neoplastic mass which had in-
vaded the calvarium (differential diagnosis: neuroendocrine tumour, 
adenocarcinoma, squamous cell carcinoma). The hypoattenuating 
rim within the left frontal lobe likely represented perilesional, cere-
bral oedema.

The neurological abnormalities corresponded largely with a pre-
dominately left- sided forebrain lesion while the epistaxis was likely 
caused by the soft tissue mass affecting the cribriform plate.

OUTCOME

The CT findings were discussed with the owner and the gelding was 
euthanased due to the grave prognosis. A post- mortem examination 
was subsequently performed.

POST-  MORTEM FINDINGS

Gross examination identified an approximately 75 × 110 × 50 mm (ros-
trocaudal × dorsoventral × lateromedial) unilateral neoplasm within the 
caudal nasal cavity, with lysis of the cribriform plate and extension and 
invasion into the calvarium (Figure 3). There was displacement of the 
ethmoid turbinates and periosteal reaction of the frontal bone overly-
ing the mass. The brain was removed from the cranium with difficulty, 
suggesting local adherence and compression, or possible invasion of 
the left olfactory bulb. There was no gross evidence of metastatic dis-
ease in the thoracic or abdominal viscera or cavities. These findings 
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were consistent with an expansile malignancy originating from the 
nasal cavity with cribriform plate lysis and intracranial invasion.

Histopathological examination confirmed the nasal mass as a 
moderately cellular, well- demarcated, nodular, expansile, encapsu-
lated malignant neoplasm (Figure 4). Neoplastic cells were divided into 
loosely packed lobules of varying size by broad, anastomosing collage-
nous septa, which ranged from thin and fibrillar to thick and extensive. 
Neoplastic cells often showed a palisading pattern around the edge of 
lobules, and there were infrequent rudimentary rosettes. Neoplastic 
cells were round to polygonal and in places were slightly spindloid in 
morphology, with variably distinct cell borders, and a scant to a small 
amount of granular, eosinophilic cytoplasm, a single, often centrally 
located nucleus with finely stippled chromatin and, where visible, one 
to two nucleoli. There was moderate anisocytosis and anisokaryosis. 
There were 34 mitotic figures across 10 high- power fields (2.37 mm2), 
with rare, bizarre mitoses. At the centre of larger lobules of neoplastic 
cells focal areas of coagulative and lytic necrosis were present, with 
admixed haemorrhage and infiltration with neutrophils and foamy 
macrophages. Remodelling of sinus and turbinate bone within and 
surrounding the tumour was evident, with pre- existing bone lined by 
plump, reactive osteoblasts, and there were multifocal areas of new 
bone formation and bone lysis. Multifocally throughout the neoplasm 

were entrapped nerves, and in the caudal aspect of the neoplasm, 
there was direct apposition of the fibrous capsule of the neoplasm 
and meninges with the underlying neuroparenchyma, indicating ef-
facement and loss of the cribriform plate. There were multifocal per-
itumoral infiltrates of moderate numbers of lymphocytes and plasma 
cells, in addition to multifocal mild meningeal lymphoplasmacytic in-
filtration. The superficial grey matter of the left frontal lobe exhibited 
mild, multifocal rarefaction and pallor. These findings were consistent 
with a neuroendocrine neoplasm, for which a diagnosis of esthesio-
neuroblastoma (olfactory neuroblastoma) was favoured, but neuroen-
docrine carcinoma could not be excluded. Immunohistochemistry or 
electron microscopy to differentiate between these two neoplasms 
was not performed for financial reasons.

DISCUSSION

Clinical implications

While unilateral epistaxis was suggestive of nasal or sinus disease, 
the subdued mentation, weakness and possible wide circling indi-
cated an intracranial, likely fore- brain lesion. Blind- folding during 

F I G U R E  1  Dorsal (a, d), transverse (b, e) and sagittal (c, f) multiplanar reconstruction CT images in a bone (a–c) and soft tissue window 
(d–f). Within the left conchofrontal and the left sphenopalatine sinuses a large (78 × 99 × 53 mm, rostrocaudal × dorsoventral × lateromedial), 
markedly heterogenous, irregularly marginated, soft tissue attenuating structure was identified. This was exerting a mass effect, 
causing expansion and loss of the normal structure of the ethmoidal turbinates and sinus and was continuous with a large (28 × 34 mm, 
lateromedial × dorsoventral) round defect in the rostrodorsal aspect of the left half of the calvarium and cribriform plate.
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a neurological assessment is a useful tool to identify chronic ves-
tibular disease or to exacerbate subtle neurological deficits (Olsen 
et al., 2014). The reason for the change in direction of the wide cir-
cling when blind- folded was unexpected and has, to the authors' 
knowledge, not been described as a feature of forebrain or other 

neurological disease in horses. Severe sinus disease can lead to a 
quiet or subdued mentation, but true neurological deficits as seen 
in this case are highly unusual. Other signs suggesting sinus dis-
ease such as unilateral nasal discharge or distortion of the facial 
contours, as seen in more chronic cases, were absent. The change 
in mentation, weakness and possible circling suggested intracra-
nial, forebrain, disease, which is rarely associated with epistaxis. 
A thrombocytopaenia, platelet dysfunction or coagulopathy sec-
ondary to meningitis or intracranial mass would be possible but 
should present as bilateral epistaxis. An invasive process, affecting 
the sinus or nasal cavity with extension into the brain was there-
fore suspected.

Technical considerations: The use of cross- sectional 
imaging and IV contrast administration

Endoscopy only offers a limited assessment of the area, and head 
radiographs have low to moderate sensitivity for identification 
of sinonasal disease (Manso- Díaz, Garcia- Lopez, et al., 2015) due 
to superimposition of bony structures (Barrett & Easley, 2013), a 
CT offered the best chance of achieving a fast and accurate diag-
nosis. Either CT or magnetic resonance imaging (MRI) can be used 
to achieve a detailed examination of the equine head (Manso- Díaz, 
Dyson, et al., 2015). MRI is superior to CT for soft tissue depiction 
and is considered the gold- standard cross- sectional imaging modal-
ity for studying the equine brain as well as extracranial soft tissues 
and space- occupying lesions in the nasal and paranasal sinus system 
(Matiasek et al., 2007; Manso- Díaz et al., 2021). Conversely, CT is su-
perior for the evaluation of small bone details including the presence 
of bone lysis and periosteal reaction. Currently, MRI of the equine 
head can only be carried out under general anaesthesia, with in-
creased costs and risks compared to a standing procedure such as CT.

Intravenous contrast (IVC) media administration can help ac-
curately locate, depict the margination and characterise soft tis-
sue masses, providing increased attenuation in (neo)vascularised 
structures compared with the native CT images (Crijns et al., 2016). 
Alteration of contrast enhancement within tumoural tissues is 
caused by the process of angiogenesis, which increases perfusion 
and capillary permeability, promoting tumour growth and metastasis 
(Miles, 1999). In a recent study, 13 of 15 sinonasal tumours were 
difficult to distinguish from the adjacent tissues due to similar atten-
uation and IVC administered in two horses resulted in significant in-
creased intralesional attenuation (Cissell et al., 2012). However, the 
use of IVC in the standing horse is challenging. In fact, a large volume 
of contrast medium (200–600 mg of iodinated contrast/kg body-
weight [Carmalt & Montgomery, 2015; Manso- Díaz et al., 2021]) is 
required which considerably increases the cost of the procedure. 
Its administration must be fast; therefore, placement of bilateral 
large- bore intravenous jugular catheters is necessary, increasing 
the risk of catheter complications. Following administration, a short 
window of time is available for image acquisition and should the 
horse move during this time the study will be non- diagnostic. The 

F I G U R E  2  Dorsal multiplanar reconstruction computed 
tomography image in a brain window showing a large relatively 
well- defined area of hypoattenuation within the left frontal lobe, 
resembling the shape of the white matter tracts (arrow heads). 
This was causing mild right shift and compression of the lateral 
ventricles of the brain (asterisks).

F I G U R E  3  Sagittal section through the skull. In the caudal nasal 
cavity arising from the ethmoid turbinates is a locally infiltrative, 
multilobulated, firm, cream mass (white arrows) which extends into 
the cranial vault (black arrow, brain removed).
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use of intraarterial contrast in horses under general anaesthesia, 
leads to similar contrast enhancement with a smaller dose of con-
trast medium compared to the intravenous technique (Carmalt & 
Montgomery, 2015; Crijns et al., 2016). However, the applicability of 
this technique in standing horses has not been reported. Therefore, 
considering that in this case, the extent of the lesion was already 
appreciable on unenhanced images, the cost implication and the po-
tential risks of seizures, the use of contrast was declined.

Imaging features and DDx

Computed tomography showed a heterogeneous soft tissue mass, 
expanding from the cribriform plate and causing bone lysis and peri-
osteal reaction. Sinonasal neoplasia and non- neoplastic diseases in 
horses can have similar imaging features and the use of CT can help 
to differentiate between the two. In a recent study, perforation of the 
cribriform plate, calvarium or orbit seen on CT was always associated 
with malignancy (Tucker et al., 2016). Similarly, Cissell et al. (2012) 
reported that neuroendocrine/neuroblastoma originates consist-
ently from the retrobulbar space or from the ethmoid turbinates and 
they show cribriform bone involvement with intracranial extension. 
However, several other mass lesions have similar CT appearance, in-
cluding carcinomas and sarcomas, as well as benign neoplasms such 
as myxoma and ossifying fibromas (Cissell et al., 2012). Neoplasia of 
epithelial origin (squamous cell carcinoma and adenocarcinoma) has 

been reported as the most common pathological process involving 
the sphenopalatine sinus (Tucker et al., 2016). Squamous cell carci-
nomas are the most common nasal and paranasal tumours in horses 
and cause mild to severe, solid periosteal reaction and cortical lysis 
as well as frequent concurrent enlargement of the mandibular and 
retropharyngeal lymph nodes (Strohmayer et al., 2020). However, 
lymphomas can have similar MRI features to those of squamous cell 
carcinoma (Manso- Díaz, Dyson, et al., 2015). Adenocarcinomas are 
highly infiltrative masses, originating from the glands overlying the 
ethmoid turbinates and extending through the cribriform plate into 
the periorbital region and the olfactory bulb (Manso- Díaz, Dyson, 
et al., 2015). Bone disruption secondary to an expansile mass lesion 
in the equine sinonasal system is also a common feature of three 
reported cases of sarcoma (Veraa et al., 2009). Ossifying fibromas 
generally differ from other tumour types by their diffuse, hyperat-
tenuating opacity and extensive mineralisation, but this can vary 
widely depending on the degree of ossification present in different 
cases (Cissell et al., 2012). Equine sinonasal myxomas are very rare, 
benign neoplasms, that show mild intralesional mineralisation and 
ethmoidal localisation with mild cortical bone lysis.

Although bone involvement is a common feature of sinonasal 
tumours (Cissell et al., 2012), this cannot be considered a pathogno-
monic sign as other expansile masses, such as progressive ethmoid 
hematomas (PEH) or paranasal sinus cysts (PSC), can cause pressure 
necrosis of the surrounding bone and interruption of the cribriform 
plate (Frees et al., 2001; Ostrowska et al., 2020; Tremaine, 2013). 

F I G U R E  4  Histopathological features of the tumour, consistent with a neuroendocrine/neuroepithelial origin. Haematoxylin–eosin. 
(a) Subgross examination identifies a moderately cellular neoplasm divided into lobules by broad, anastomosing collagenous septa. ×4 
objective. Multifocally, within the centre of large lobules of neoplastic cells are areas of necrosis (inset, black asterisk). ×20 objective. 
(b) Neoplastic cells infrequently form rosettes (black arrow). ×40 objective. (c) Neoplastic cells are artefactually individualised due to 
autolysis and exhibit moderate anisocytosis and anisokaryosis, with frequent mitotic figures (black arrows). ×40 objective. (d) There is active 
bone remodelling associated with the tumour and moderate numbers of osteoclasts (black arrows). ×20 objective. Insert demonstrating 
multinucleated osteoclasts associated with the tumour. ×40 objective.
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However, in contrast to the relatively homogenous appearance 
and presence of bone reaction of most tumours described by 
Cissell et al. (2012), PEH show a characteristic mixed, hyperatten-
uating swirling pattern and do not cause periosteal reaction (Textor 
et al., 2012). Paranasal sinus cysts show a typical homogeneous in-
ternal attenuation with a hyperattenuating mineralised wall, in con-
trast with the heterogenous appearance of the lesion described in 
the current study, and often cause new bone formation, but this is 
only focal and mild (Ostrowska et al., 2020).

Prognostic information

Standing CT was able to identify the presence, location, and extent 
of the lesion, providing invaluable prognostic information. Based on 
the invasive nature of the mass extending through the cribriform 
plate into the calvarium, the mass was considered not operable and 
clinical signs were therefore non- reversible and likely progressive. 
This guided the management and clinical outcome. Forebrain dis-
ease can be associated with seizures and therefore represents a sig-
nificant risk to the horse and horse owner and handlers. The poor 
long- term prognosis and health risks associated with progressive 
neurological disease contributed to the decision for euthanasia.

Post- mortem diagnosis

Considering that CT alone cannot categorically determine the na-
ture of soft tissue masses in the nasal and paranasal sinus systems 
(Cissell et al., 2012; Tucker et al., 2016), histopathology was nec-
essary to reach a definitive diagnosis in this case. Microscopic ex-
amination identified a neuroendocrine tumour but differentiation 
between esthesioneuroblastoma and neuroendocrine carcinoma 
is challenging due to the overlap of histopathological features of 
these tumour types, and arguably these two tumours may represent 
different manifestations of the same entity. The presence and fre-
quency of rosettes are more indicative of esthesioneuroblastoma, 
although ultrastructural examination is required to provide a more 
conclusive diagnosis. These are rare malignancies in veterinary spe-
cies, arising from precursor cells of the nasal neuroepithelium. In a 
previous report on this tumour in a horse (Döpke et al., 2005), an 
extensive tumour involving the left ethmoid bone, maxillary sinus, 
superior turbinate and orbit, resulting in proptosis, and microscopi-
cally tumour emboli were present in the choroid and there was focal 
infiltration of the retina by neoplastic cells. Both esthesioneuroblas-
toma and neuroendocrine carcinoma can be locally aggressive (van 
Maanen et al., 1996), as seen in this case with lysis of the cribriform 
plate and extension into the cranial vault.

Post- mortem examination showed good agreement with the CT 
findings in regard to the size and location of the mass lesion, as well 
as the presence of bone involvement, however, post- mortem ex-
amination was superior to CT for assessment of the precise extent 
and margination of the lesion. The heterogeneous appearance of 

the mass on CT correlated well with the presence of focal necrotic 
areas (hypoattenuating on CT) at the centre of larger lobules of neo-
plastic cells and bone remodelling (hyperattenuating on CT) within 
and surrounding the mass seen on histopathology. The intra- axial 
area of hypoattenuation surrounding and caudal to the mass lesion 
was likely consistent with secondary vasogenic cerebral oedema. 
Histopathological examination of the left frontal lobe identified mild, 
superficial rarefaction of the grey matter neuropil, but given the 
delay between euthanasia and post- mortem examination, the degree 
of fixation delay artefact and autolysis in the neuroparenchyma may 
obscure or mimic true cerebral oedema. On CT examination, the hy-
poattenuating area was relatively well defined and was following the 
white matter tracts, which is the typical appearance and distribution 
of vasogenic cerebral oedema (Zhang et al., 2022).

CONCLUSIONS

This report described the imaging features of an aggressive mass, 
centred on the cribriform plate which on histology was determined 
to be a nasal neuroendocrine tumour. The use of standing CT was 
of crucial importance in informing the nature of disease, the extent 
of forebrain involvement, and prognosis. The location of this mass 
is compatible with a neuroendocrine neoplasm but is not unique 
to this tumour type. Therefore, a definitive diagnosis could only be 
achieved by histology.
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