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Abstract

Background: Lung tumors in dogs, significantly primary paragangliomas, are rare and have not been reported. This
report describes a dog with a lung tumor diagnosed as a primary paraganglioma.

Case Description: A 12-year-old spayed French bulldog presented with a left-sided pulmonary mass. The dog was
in good general condition and had no clinical symptoms. Computed tomography (CT) revealed a pulmonary mass
near the bifurcation of the posterior lobe bronchus of the left lung. The mass showed a strong contrast enhancement
effect that was subsequently attenuated. The dog underwent Surgery to remove the mass from the left lung. Abnormal
hypertension was observed during surgery, and hypertensive crisis was suspected. Based on the histopathology and
preoperative and postoperative urinary metanephrine and normetanephrine levels, the dog was diagnosed with primary
paraganglioma of the lung. Although the CT scan showed findings suggestive of the development of a neuroendocrine
tumor, it was difficult to suspect the development of a paraganglioma.

Conclusion: The possibility of catecholamine-producing tumors should be considered when we encounter a lung

tumor with no clinical symptoms and a neuroendocrine tumor-like contrast enhancement pattern on a CT scan.
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Introduction

The incidence of pulmonary tumors in dogs is rare, less
than 1% (Brodey and Craig, 1965; Moulton et al., 1981).
Carcinoma is the most common occurrence (87.1%)
(McPhetridge et al., 2021), and rare neuroendocrine
tumors have also been reported (Saegusa et al., 1994:
McPhetridge ef al., 2021). The neuroendocrine tumors
of the lung in dogs are few, and clinical information is
limited.

Canine neuroendocrine tumors generally include
catecholamine-producing tumors, the most common of
which are pheochromocytomas of the adrenal glands
(Barthez et al., 1997). Extra-adrenal catecholamine-
producing tumors are known as paragangliomas (Lunn
and Boston, 2020), and there have been few reports
on paragangliomas in dogs (Ilha and Styer, 2013;
Rodrigues et al., 2020; Park and Minamoto, 2021;
Hu et al., 2022). Although there have been reports
of pulmonary metastases from pheochromocytomas,
there have been no reports on the diagnosis of primary
paragangliomas of the lungs (Barthez et al., 1997).
In dogs, paragangliomas originating from the tongue,
heart, retroperitoneum, and urinary bladder have been
reported (Ilha and Styer, 2013; Rodrigues et al., 2020;

Park and Minamoto, 2021; Hu et al., 2022). Previous
paragangliomas in dogs have been reported to cause
clinical symptoms such as anorexia and lethargy (Hu
et al.,2022), but the clinical symptoms vary depending
on the location of the disease (Ilha and Styer, 2013;
Rodrigues et al., 2020; Wilson and Soto-Blanco, 2020;
Park and Minamoto, 2021; Hu ef al., 2022). Surgical
excision is the preferred treatment (Yanagawa et al.,
2014; Park and Minamoto,2021; Huetal.,2022; Tamura
et al., 2023). To the best of the authors' knowledge,
the maximum survival time for paragangliomas was
reported to be 670 days (Robat et al., 2016; Rodrigues
et al., 2020), while lung neuroendocrine tumors were
reported to be 11 months (Choi et al., 2008). This
report describes a dog with an incidentally found lung
tumor that was diagnosed as a primary paraganglioma.

Case Details

A 12-year-old spayed female French bulldog
weighing 12.2 kg was visited by a veterinarian for a
medical checkup. The dog had no clinical symptoms
and was in good general condition; however, chest
radiography revealed a mass in the left thoracic region.
The dog was referred to the Okayama University of
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Science Veterinary Medical Teaching Hospital for
close examination and treatments (day 1). The dog’s
temperature was 38.3°C, heart rate was 100 beats/
minute, and respiratory rate was 40 beats/minute.
The non-obstructive blood pressure was as follows:
systolic arterial blood pressure (SAP), 168 mmHg;
mean arterial blood pressure (MAP), 124 mmHg; and
diastolic arterial blood pressure (DAP), 119 mmHg.
No abnormal values were observed in complete
blood counts. Blood chemistry tests showed mild
hypercholesterolemia (474 mg/dl), mild elevation
of alkaline phosphatase (ALP; 629 U/l), and alanine
aminotransferase (86 U/l) levels, and a mild decrease
in blood urea nitrogen (7.5 mg/dl). The dog presented
with polyurea or polydipsia. In the ACTH stimulation
test, the postcortisol level was 27.8 pg/dl. Therefore, it
was determined that the case presented with Cushing's
syndrome as an underlying disease. Computed
tomography (CT) scan (Aquilion Lightning; Canon
Medical Systems Co., Otawara, Japan) performed in
general anesthesia. Iopamidol (Oypalomin 300, Fuji
Pharma, Japan) was used as a contrast medium [injection

volume; 2.5 ml/kg (750 mgl/kg), injection time; 15
seconds]. Precontrast (before the injection of contrast
medium), arterial phase (15 seconds after the start of
injection), venous phase (40 seconds after the start of
injection), the equilibrium phase (120 seconds after the
start of injection) scans were obtained. The mass (42
x 39 x 44 mm) showed in the basilar left caudal lobe.
The mass was in contact with the left cranial lobe, was
strongly contrast-enhanced in the venous phase, and
rapidly washed out in the equilibrium phase (Fig. 1).
The right middle tracheobronchial lymph nodes were
enlarged and showed a contrast-enhancement pattern
similar to that of the mass in the left caudal lobe
(Fig. 2). An incidentally enlarged right adrenal gland
is also observed. The right adrenal gland was enlarged
to 10 mm, spherical with a smooth limbus, contrast-
enhanced at the limbus, peaked in the venous phase,
and was attenuated in the equilibrium phase (Fig. 3).
Based on the CT findings, we tentatively diagnosed
the patient with a primary lung neuroendocrine tumor
with lymph node metastasis. The anesthesia was stable

Fig. 1. CT image of the chest. (A) Plain, (B) arterial phase, (C) venous phase, and (D) equilibrium
phase. The mass was in contact with the left cranial lobe, was strongly contrast-enhanced in the
venous phase, and rapidly washed out in the equilibrium phase.
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Fig. 2. CT image of the chest. (A) Plain, (B) arterial phase, (C) venous phase, and (D) equilibrium
phase. The yellow arrow indicates the right middle tracheobronchial lymph node. The lymph nodes were
strongly contrast-enhanced in the venous phase and rapidly washed out in the equilibrium phase. The
mean CT values of lung tumors were 72.01 HU in the arterial phase, 206.57 HU in the venous phase,

and 132.17 HU in the equilibrium phase.

during the CT scan, and no significant blood pressure
fluctuations were observed.

On day 51, the dog underwent a left caudal lobectomy
of the lung. The subject was premedicated with atropine
(40 pg/kg) injected subcutaneously and fentanyl (3 pg
/kg) and ketamine (0.5 mg/kg) intravenously (IV).
General anesthesia was induced with intravenous
propofol and maintained by propofol-based total
intravenous anesthesia accompanied by fentanyl and
ketamine infusions. The nerve stimulation-guided
paravertebral block was performed at the fifth to
seventh intercostal space of the left thoracic wall with
0.5% bupivacaine. A right dorsal pedal artery was
percutaneously cannulated with a 24-gage catheter for
invasive arterial pressure measurement. An indwelling
urinary catheter was placed to measure intraoperative
urine volume. The surgery was performed by opening
the left fifth intercostal space. After opening the
chest, the left caudal lobe mass was identified, and
the vascular system was processed in the following

order: the pulmonary artery, lobar bronchus of the left
cranial lung lobe, and pulmonary vein. The pulmonary
arteries and lobar bronchioles were examined
without any problems during processing. Sudden
severe hypertension (SAP, 275 mmHg; MAP, 212
mmHg; DAP, 181 mmHg) occurred during surgical
manipulation for vascularization of the pulmonary
veins. Suspecting the onset of a hypertensive crisis,
the dog was treated with a calcium channel blocker
nicardipine (Sawai Pharmaceutical Co., Ltd., Osaka,
Japan) 10 pg/kg IV for antihypertensive treatment;
this improved the blood pressure to SAP 132 mmHg,
MAP 94 mmHg, and DAP 75 mmHg and then the
surgery was continued. For the purpose of yielding
hemodynamic stability, a concomitant infusion of
medetomidine and nicardipine at the rate of 1 and 5
pg/kg/hr, respectively, was initiated. Nevertheless,
the antihypertensive rescue with nicardipine IV was
repeated, thereafter, required because of repeatedly
occurred hypertension (SAP, >200 mmHg) during the
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Fig. 3. CT image of the abdomen. (A) Plain, (B) arterial phase, (C) venous phase, and (D) equilibrium phase. The right
adrenal gland was spherical with a smooth limbus, contrast-enhanced at the limbus, peaked in the venous phase, and
attenuated in the equilibrium phase. The mean CT values of adrenal tumors were 22.23 HU in arterial phase, 87.58

HU in venous phase, and 48.21 HU in equilibrium phase.

procedure of the mass. As the vascular processing of
the mass progressed, the hypertension resolved, and the
blood pressure stabilized (SAP 111 mmHg; MAP 74
mmHg; DAP 58 mmHg).

There was no obvious bleeding or air leakage at the
resection surface. The chest was closed, and the surgery
was terminated. The dog was in good postoperative
condition and was discharged in the post-operative 3
day. Histopathological examination revealed cuboidal
to polygonal cells densely arranged in a cord-like or
band-like pattern. Proliferating cells had round-to-
oval nuclei and moderate cytoplasmic, acidophilic,
and basophilic granularity. Tumor cell infiltration was
observed in the blood vessels. Immunohistochemical
staining showed that the mass was strongly positive
for the neuroendocrine markers Synaptophysin and
Chromogranin A, diagnosed as a neuroendocrine
carcinoma (Fig.4).

The dog had a hypertensive crisis intraoperatively;
therefore, indwelling urinary metanephrine (MN)
and normetanephrine (NMN) levels (Hokkaido
University One Health Research Center; Hokkaido,

Japan) were measured utilizing urine sample
collected preoperatively from a urinary catheter. The
preoperative urinary MN/creatinine (Cre) ratio of 904
(reference standard range: 0—120) and the NMN/Cre
ratio of 6299 (reference standard range: 7-124) were
abnormally high. Urine samples were collected again
at the l-month postoperative check-up to measure
urinary MN and NMN levels. The MN/Cre ratio was
24, and the NMN/Cre ratio was 266, which was lower
than the preoperative values. Therefore, the resected
lung tumor was diagnosed as catecholamine-producing
neuroendocrine carcinoma. In this case, the lung tumor
was diagnosed as a primary paraganglioma.

The case is alive as of 580 days postoperatively,
but at the owner's request, aggressive postoperative
observation, including CT scans, has not been possible.
The dog continues to show symptoms of Cushing's
syndrome, but no respiratory symptoms.

Discussion

In this case, CT showed a left caudal lobar mass,
enlarged middle tracheobronchial lymph nodes, and a
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Fig. 4. High-power microscopic images of the pulmonary mass. (A) On H&E, the mass is composed of densely packed polyhedral
cells compartmentalized by a fibrovascular stroma. The neoplastic cells have round nuclei and moderately abundant, eosinophilic
granular cytoplasm. There is moderate anisokaryosis, and nuclear chromatin is coarsely granular with 1-2 small nucleoli. The
neoplastic cells are diffusely positive for Synaptophysin (B) and Chromogranin A (C).

right adrenal mass. The pulmonary mass was strongly
enhanced in the venous phase and was washed out in
the equilibrium phase. A previous study reporting the
CT findings of paragangliomas in 10 dogs showed
strong contrast enhancement in the arterial and venous
phases (Gombert et al., 2022). The strong contrast-
enhancing effect and subsequent washout of the left
caudal lobar mass seen in this case are characteristic
imaging findings that are suspicious for neuroendocrine
tumors and are also seen in insulinomas and carcinoids,
in addition to paragangliomas (Fukushima et al.,
2016; Kutara et al., 2017). The resected lung mass
was diagnosed as a neuroendocrine carcinoma by
pathological examination, which was consistent with
the imaging findings. In short, even in paragangliomas
of the lung, this characteristic contrasting finding
may help in decision-making. The enlarged right
tracheobronchial lymph node showed the same contrast
pattern as the mass and was suspected to be metastatic.
Although pathological evaluation of the right adrenal
mass was not performed in this case because it was not
removed, it has been reported that adrenal masses can
be diagnosed preoperatively using a triple-phase helical
CT scan (Yoshida ef al., 2016). In this case, the right
adrenal mass was 10 mm in size with a smooth limbus
and contrast enhancement at the limbus, peaking in
the venous phase and diminishing in the equilibrium
phase. Following previous reports, the right adrenal
mass was considered an adrenal adenoma rather than
a suspected pheochromocytoma. In this case, blood
tests revealed elevated ALP levels, possibly due to the
corticosteroids. Thus, based on these results, it was
unlikely that the left lung mass was a metastatic lesion
of the right adrenal mass and was considered a primary
lung mass.

Although the imaging findings in this case suggested a
neuroendocrinetumor,acatecholamine-producingtumor
was not suspected until a hypertensive crisis occurred
during left pulmonary mass removal. Hypertensive
crisis is a complication of pheochromocytoma and
paraganglioma (Galac and Korpershoek, 2017; Ng
et al., 2023). During mass removal, the dog suddenly

developed severe hypertension due to catecholamine
release. Nicardipine, a vasoselective calcium channel
blocker, was adopted for antihypertensive rescue
as an alternative to phenoxybenzamine, which was
not available at that time. Nicardipine is commonly
utilized for hypertensive urgency in the perioperative
period as well as controlling hypertension induced
by pheochromocytoma in human patients (Arai ef al.,
1986; Biassoni et al., 2020; Groeben et al., 2020). In
dogs, there have been reports of the use of nicardipine
for the antihypertensive treatment of experimentally
induced hypertension, which has shown usefulness
(Akashi et al., 2024). The present case indicated that
nicardipine may successfully alleviate hypertension
induced by catecholamine-producing neuroendocrine
carcinoma also in dogs. The blood pressure stabilized
after the removal was completed.

The patient is still alive 580 days postoperatively.
This is a survival time comparable to previous
reports of paragangliomas and longer than that of
pheochromocytoma of the lung.

The urinary metanephrine (MN) and NMN levels
measured in this case have been reported to help
differentiate pheochromocytomas (Sasaki et al.,
2021). The dog had a high MN/Cre ratio of 904 and
an NMN/Cre ratio of 6,299, suggesting that this lung
mass was a catecholamine-producing tumor. The dog
also had a right adrenal mass, and the possibility of
catecholamine release from the adrenal mass could
not be ruled out. However, this was unlikely based
on imaging findings. Therefore, the catecholamine
level decreased when the patient was rechecked at
the 1-month checkup after removing the lung mass.
Thus, the catecholamine release associated with this
intraoperative hypertensive crisis was thought to have
occurred in the left lung mass. Based on these findings,
the patient was diagnosed with primary paraganglioma
of the lung. Postoperatively, the NMN/Cre ratio
was mildly elevated to 266, which may reflect the
metastatic findings of a pulmonary mass in the middle
tracheobronchial lymph nodes. Regardless of their
subtype, pulmonary tumors are often asymptomatic
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(Ogilvie et al., 1989). However, when neuroendocrine
tumors are suspected on preoperative CT scans, urinary
MN, and NMN levels can be measured preoperatively
to evaluate catecholamine-producing potential.
These preoperative examinations may predict the
occurrence of hypertension due to intraoperative
procedures, suggesting that they may contribute to
safer perioperative management. Urinary MN and
NMN levels should also be measured postoperatively
to diagnose primary lung paragangliomas accurately.
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