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Abstract

Amelanotic malignant melanoma is a rare subtype of melanoma that can occur in any part of the body,

presenting in various forms and associated with a poor prognosis. Due to the absence of the pigment melanin, clinical

diagnosis is challenging, often leading to delays in treatment. The primary treatment is early surgical intervention,

which can be combined with radiotherapy, cryotherapy, and chemotherapy if necessary. To the best of the autho's

knowledge, this is the first report of an eyelid amelanotic malignant melanoma in a ferret (Mustela putorius furo).

A 5-year-old male ferret was presented with a small, irregular, protruding pinkish firm mass located in the medial of

the left lower eyelid, extending to the palpebral conjunctiva of the left eye. The mass did not respond to medical

treatment. Thoracic and abdominal radiographs revealed no abnormalities. Hematology and serum biochemistry

results were within normal limits. The left eyelid mass was surgically removed using the H-plasty technique for biopsy.

Histopathological examination and immunohistochemistry labeling with Melan-A confirmed a diagnosis of amelanotic

malignant melanoma. A recurrent mass was observed 14 weeks after the initial surgery. Pre-operative computed

tomography (CT) revealed that the left eyelid mass had extended into the left retrobulbar region, causing left

ocular compression and exophthalmos. A second surgical excision and enucleation were performed. Histopathological

evaluation confirmed the diagnosis of amelanotic malignant melanoma. Approximately 5 weeks after the second

surgery, the tumor recurred and invaded the oral cavity, with bone lysis at the zygomatic arch and maxilla. The ferret

was found dead at home approximately 8 months after the diagnosis. Amelanotic malignant melanoma appears to be

a highly aggressive type of tumor in ferrets, and surgical removal alone is not effective in preventing metastasis or

prolonging survival. Although uncommon, amelanotic malignant melanoma should be considered in the differential

diagnosis of eyelid neoplasms in ferrets.

Keywords:  Amelanotic malignant melanoma, Cancer, Eyelid, Ferret
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Introduction

Neoplastic diseases are commonly diagnosed in

domestic ferrets (Mustela putorius furo) (Williams and Wyre

2020). Ferrets can develop the same types of neoplasms

that occur in other species. The age distribution with the

highest tumor incidence is between 4 and 6 years (Williams

and Wyre 2020). In ferrets, adrenocortical tumor is the

most common, followed by lymphoma and pancreatic islet

cell tumor (Shiga et al., 2021). Melanoma in ferrets has

been reported in a limited number of cases over the years.

Tunev and Wells documented a case of spontaneous

cutaneous melanoma in a 4-year-old spayed female ferret in

2002. Additionally, d'Ovidio et al. (2016) described an

oral malignant melanoma in a 3-year-old intact male

ferret.

Melanocytic tumors are one of the most common

neoplasms of the integumentary system in dogs but are rare

in other domesticated species (Smedley et al., 2022; Abbate

et al., 2023; Polton et al., 2024). Melanoma is a melanocytic

tumor that arises from melanocytes in the skin, mucosa, and

indigenous melanocytes of various internal organs (Long

et al., 2023). Malignant melanoma accounts for 70% of all

melanin-producing tumors and 7% of all malignant tumors

(Polton et al., 2024). Amelanotic malignant melanoma is a

rare subtype that constitutes approximately 2% to 20% of

all melanomas in humans, that has little or no melanin

pigment and can occur in any part of the body, presenting

various manifestations related to the affected structure

(Osama et al., 2023). Amelanotic malignant melanoma has

a poor prognosis due to the absence of melanin pigment,

which makes clinical diagnosis difficult, often leading to

misdiagnosis and delayed treatment (Polton et al., 2024).

Diagnosis of malignant melanoma with melanin pigment is

straightforward, but the amelanotic form is much more

challenging (Polton et al., 2024). Histopathological

diagnosis may be difficult if the tumor does not contain

melanin; therefore, immunohistochemistry is important for

diagnosing amelanotic malignant melanoma (Mathewos

et al., 2020; Pérez-Santana et al., 2024). Surgical

resection with wide margins remains the primary treatment

for local control of melanomas and is often supplemented

by radiotherapy, immunotherapy, and chemotherapy, if

necessary (Williams and Wyre 2020; Long et al., 2023;

Kaminsky et al., 2023; Abbate et al., 2023). A limited

number of melanoma cases in ferrets have been reported.

Tunev and Wells (2002) documented a case of spontaneous

cutaneous melanoma in a 4-year-old spayed female ferret.

Additionally, d'Ovidio et al. (2016) described an oral

malignant melanoma in a 3-year-old intact male ferret.

The aim of the present study was to describe the

clinical manifestations and histological appearance of

malignant amelanotic melanoma in ferrets. To date, there

has been no documented evidence of amelanotic melanoma

in ferrets (Mustela putorius furo) in the veterinary literature.

This is the first published description of a clinical case and

the histopathological findings of amelanotic malignant

melanoma of the eyelid in this species.

Case description

A 5-year-old male ferret was presented to the

Animal Space Pet Hospital with a history of left eye

inflammation and ocular discharge for 2 weeks. Physical

examination revealed a small, irregular, protruding pinkish

firm mass located in the median area of the left lower

eyelid, extending to the palpebral conjunctiva of the left eye

(Figure 1). The remainder of the physical examination was

unremarkable.

Ophthalmic examination showed that the dazzle

reflex, menace response, palpebral reflex, and pupillary light

reflexes (both direct and consensual) were present in both
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eyes. The intraocular pressure (IOP) in both eyes was within

the reference range, and both eyes were negative for corneal

fluorescein staining. Nuclear sclerosis was present bilater-

ally. There was mild conjunctivitis in the left eye. A pro-

truding, solitary, well-defined, firm, pinkish mass measuring

0.5 x 0.3 x 0.2 cm in the palpebral conjunctiva and lower

eyelid region of the left eye was noted. The ferret was

started on topical eye ointment (MAXITROL® Ophthalmic

Suspension, Novartis Pharma AG, Basel, Switzerland) in a

0.5 cm strip, applied to the left eye (OS) every 8 hours,

marbofloxacin at 5 mg/kg orally (PO) every 24 hours, and

prednisolone at 0.5 mg/kg PO every 12 hours for 2 weeks.

The ferret did not respond to the treatment.

A presurgical clinical assessment of the patient's

health status was performed for an excisional surgical

biopsy. While anesthetized, blood was collected from

the cranial vena cava, and full-body radiographs were

performed. The complete blood count and serum

biochemical profile were unremarkable. Radiographic

evaluation did not reveal any evidence of distant metastasis.

The ferret was premedicated with ketamine at 7 mg/

kg intramuscularly (IM), midazolam at 0.5 mg/kg IM, and

atropine at 0.04 mg/kg IM. An endotracheal tube was placed

and maintained with isoflurane gas. Reconstructive surgery

was performed using the H-Plasty technique, which involves

an "H"-shaped incision to reconstruct tissue. This approach

successfully removed the mass from the lower palpebral

conjunctiva and eyelid margin (Figure 2). Monofilament

suture material (7-0) was used for intradermal closure.

The mass was fixed in 10% neutral buffered formalin for

histological examination at Vet Central Lab. The tissue was

embedded in paraffin, sectioned into 3 µm thick slice, and

stained with hematoxylin and eosin (H&E). Additionally,

immunostaining was performed using antibodies specific

to Melan-A proteins to immunohistochemical evaluation.

Figure 1. A 5-year-old male ferret was presented with a small, irregular, protruded pinkish firm mass located in the median

left lower eyelid area to the palpebral conjunctiva of the left eye (arrow) (A). The same mass in lateral view. Bar = 1 cm (B).

(A)
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      The ferret was discharged with chloramphenicol eye

ointment (1%) in a 0.5 cm strip OS every 12 hours,

marbofloxacin at 5 mg/kg PO every 24 hours, and meloxicam

at 0.5 mg/kg PO every 24 hours. The sutures were

removed 2 weeks after surgery, with no complications noted

at the surgical site. Approximately 14 weeks after surgery,

the ferret was presented with a recurrent raised, ulcerated,

reddish, irregular, firm mass measuring 1 x 1 x 0.5 cm

displacing the left eye laterally (Figure 3). Pre-operative

computed tomography (CT) was recommended for surgical

planning of the invasive mass. Skull CT showed the left

eyelid mass extended into the left retrobulbar region,

causing left ocular compression and exophthalmos. The left

eye was smaller compared to the right. No evidence of bone

reaction or destruction was detected. Mild swelling of the

left medial retropharyngeal lymph node was present; the

approximated size is 4.4 x 3.3 mm. (figure 4). Thoracic

CT revealed an unremarkable tracheal diameter and

alignment, with no evidence of airway collapse. The

pulmonary parenchyma and vasculature were also

unremarkable.

An extended enucleation of the left eye globe was

performed and submitted for histopathologic evaluation.

However, the protruding pinkish, firm tumor measuring

2 x 2 x 2.5 cm recurred 5 weeks after enucleation and

invaded the oral cavity (Figure 5). Radiographs of the skull

revealed a large soft tissue opacity on the left side of the

head, resulting in the loss of the left zygomatic arch and

bone lysis in the body of the mandible (Figure 6).

The owner requested palliative care, and the ferret was

found dead at home approximately 8 months after the

diagnosis.

Figure 2. The H-plasty reconstructive surgery was performed to completely remove the mass in lower palpebral conjunctiva

and eyelid margin of the ferret (A). Seven days after surgery, the sutures were removed (B).
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Figure 3. The ferret was presented with the recurrence mass displacing the left eye laterally approximately 14 weeks

after surgery. Bar = 1 cm.

Figure 4. Soft tissue window of dorsal view skull CT scan showed left eyelid mass extended into the left retro bulbar

region caused the left ocular compression and exophthalmos. Small size of left ocular (smaller compared to the right ocular).

No evidence of bone reaction and bone destruction was detected. Mild reactive of left medial retropharyngeal lymph node

(regional lymph node) (A). The same mass in transverse view skull CT scan (B).
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Figure 5.  The tumor was recurrent at 5 weeks after enucleation and invaded the oral cavity. Bar = 1 cm.

Figure 6. Radiographic examination of the skull dorsoventral view showing a large soft tissue opacity mass at left side of

head affected to loss of left zygomatic arch (A). Right lateral view showing a soft tissue opacity mass at the rostro dorsal area

with a bone lysis at rostal part of mandibular (B).
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Results

The surgically removed mass was fixed in 10%

neutral-buffered formalin and sent to Vet Central Lab, the

standard laboratory procedures, for histopathological

examination. The tissue sections were stained with

Hematoxylin and Eosin (H&E). Histopathological

examination revealed a section measuring 1 cm in size,

with a soft consistency and pink coloration, from the left

eyelid mass. It exhibited a well-demarcated, unencapsulated

melanocytic neoplasm within the upper and deep dermis,

dense palisading pattern of the epithelioid cell type of

melanocytic tumor cells supported by a fibrovascular

stroma. The neoplastic cells were pleomorphic, spindle and

epithelioid shaped to ovoid, with variably distinct cell

borders and moderate volume of pale basophilic cytoplasm.

Some neoplastic cells contained scant brown pigment

(melanin). The nuclei exhibited moderate anisokaryosis and

large pleomorphic ovoid nuclei with prominent nucleoli.

The histopathological diagnosis was amelanotic malignant

melanoma of the left eyelid mass (Figure 7a). Immuno-

histochemistry was recommended to confirm the tentative

diagnosis. Immunopositivity for Melan-A was characterized

by brown coloured staining in the cytoplasm of neoplastic

cells (Subapriya 2021). Immunohistochemical labeling with

Melan-A revealed that all tumor cells exhibited mild light

brown cytoplasmic expression of Melan-A. The failure to

demonstrate strong immunoreactivity of Melan-A was

caused by incompatibility of epitope antigen of ferret

species (Figure 7b).

Histopathological examination of the second surgical

mass showed the section of measuring 1-2 cm in size, firm

consistency, oval shape, pink to red in color, lower eyelid

mass with a suppurative lesion revealed a nonencapsulated,

dense palisading pattern of the epithelioid cell type of

melanocytic tumor cells supported by a fibrovascular stroma.

The neoplastic cells were pleomorphic, spindle and

epithelioid shaped to ovoid, with variably distinct cell

borders and moderate volume of pale basophilic cytoplasm.

A few neoplastic cells contained brown pigment (melanin).

Nuclei were large pleomorphic ovoid with prominent nucleoli.

Pathological diagnosis was amelanotic malignant melanoma

of the lower eyelid mass (Figure 7c).
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Figure 7. The eyelid; ferret. Amelanotic malignant melamona. The dense palisading pattern of the epithelioid cell type of
melanocytic tumor cells supported by a fibrovascular stroma. The neoplastic cells were pleomorphic, spindle cell and
epithelioid shaped to ovoid, with variably distinct cell border and moderate volume of pale basophilic cytoplasm. A few
neoplastic cells contained brown pigment (melanin) (Arrow). Nuclei were large pleomorphic ovoid with prominent nucleoli
(H&E stain, 40x) (A). All of tumor cells showed mild light brown cytoplasmic expression of Melan-A (Arrow) (IHC
Melan-A stain 40x) (B). The second surgical mass showed a dense palisading pattern of the epithelioid cell type of
melanocytic tumor cells supported by a fibrovascular stroma. The neoplastic cells were pleomorphic, spindle and epithelioid
shaped to ovoid, with variably distinct cell borders and moderate volume of pale basophilic cytoplasm; some neoplastic
cells contained scantly brown pigment (Arrow). The nuclei exhibited moderate anisokaryosis and large pleomorphic ovoid
nuclei with prominent nucleoli (H&E stain, 40x) (C).
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Diagnosis is based on detailed ophthalmological

exams and supported by pathological evaluation. The

differential diagnosis is neoplasms and inflammatory skin

diseases. Biopsy of the eyelid mass revealed the potential

utility of the diagnostic method in differentiating diagnosis

(Shiga et al., 2021; Long et al., 2023; Polton et al.,

2024). Due to the location and size of the mass in this

case, complete surgical removal with H-plasty for eyelid

reconstruction was the procedure of choice for both

diagnostic and therapeutic purposes. In this case, the left

medial retropharyngeal lymph node (regional lymph node)

showed mild reactivity; however, a lymph node biopsy was

not performed due to the deep location and the small size of

the retropharyngeal lymph node, which complicates access

and increase the risk of damaging surrounding structures,

such as blood vessels, nerves, and the trachea during the

procedure (Evans and An 2014).

Differential diagnosis for non-pigmented or

minimally pigmented neoplasms can be challenging. In this

case, histopathological investigation of the excised mass

confirmed the diagnosis of eyelid amelanotic malignant

melanoma. A study on canine cytology showed a sensitivity

and specificity of 100% for diagnosing pigmented melanocytic

neoplasms; however, both sensitivity and specificity decrease

for amelanotic melanocytic neoplasms (Smedley et al., 2022).

Immunohistochemistry is recommended for poorly

differentiated tumors and positive staining for melanocytic

markers such as S-100, tyrosinase and Melan-A can help

distinguish melanoma from other neoplasms (Smedley et al.,

2022; Polton et al., 2024). In canine studies, immuno-

cytochemistry for Melan-A may be useful in differentiating

between non-melanocytic tumors and diagnosing amelanotic

melanocytic neoplasms; Melan-A has been demonstrated

in more than 80% of primary or metastatic canine oral

melanomas (Smedley et al., 2011). Immunohistochemical

Discussion

Amelanotic malignant melanomas have been

described in various animals, including dogs (Oliveira

Junior et al., 2022), cats (Jajou 2020), rabbits (Brandao

et al., 2015), guinea pigs (Allnoch et al., 2020), and goats

(Patel et al., 2020). However, melanomas are uncommon in

ferrets and eyelid amelanotic melanoma is extremely rare. A

few cases of melanoma in ferrets have been reported. Tunev

and Wells (2002) documented a case of spontaneous

cutaneous melanoma in a 4-year-old spayed female

ferret. d'Ovidio et al. (2016) described an oral malignant

melanoma in a 3-year-old intact male ferret. In dogs,

malignant melanoma of the eyelid margin is reported in

less than 1% of cases (Grahn 2023). In horse, eyelid

melanomas are less commonly affected than other typical

sites such as the perineum, ventral tail, and prepuce (Rose

and Mair 2023). A survey of the literature found no

documented evidence of amelanotic melanoma in ferrets.

This is the first published case of amelanotic malignant

melanoma of the eyelid in this species.

Neoplasia is commonly diagnosed in middle-aged to

older ferrets, between 4 and 6 years old, with the average

age of affected ferrets being 4.6 years (Otrocka-Domagala

et al., 2022). Similarly, in this report the ferret was 5 years

old. Clinical signs of eyelid margin neoplasia can lead to

ocular complications including ocular pain, ocular discharge,

conjunctivitis, and even corneal ulceration. As the size of

the mass increases, clinical symptoms may be apparent

including eyelid movement may be affected, making

blinking difficult and leading to discomfort (Ahn et al.,

2023). In this case, the eyelid tumor showed mild

conjunctivitis and a protruding pinkish mass in the palpebral

conjunctiva and lower eyelid region; however, clinical

symptoms were not apparent.

~
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palisading pattern, while other reports described them as

being organized in nests. The neoplastic cells exhibited

pleomorphism, varying from spindle to epithelioid shapes

and ovoid forms, with variably distinct cell borders and a

moderate volume of pale basophilic cytoplasm. The nuclei

demonstrated moderate anisokaryosis and large pleomorphic

ovoid nuclei with prominent nucleoli, resembling findings

in the amelanotic melanoma of the rabbit, although the

neoplastic cells stained only mildly positive for Melan-A.

The lack of strong immunoreactivity for Melan-A may be

attributed to the incompatibility of the epitope antigen

specific to the ferret species.

A melanocyte containing melanin can be distinguished

from a melanophage by the latter's distinctive solitary

distribution around the papillary dermal capillaries.

Melanophages are typically larger than melanocytes and

have a bright, granular cytoplasm with a coarser texture,

whereas melanocytes tend to have a more uniform

appearance and are smaller in size (Busam et al., 2001).

In veterinary medicine, there are no established

clinical guidelines for treating amelanotic malignant

melanoma of the eyelid. Therapeutic plans are based on the

clinician's judgment, the patient's health, and the owner's

financial considerations (Guerra Guimaraes et al., 2021). In

this case, due to local recurrence after surgical excision, it

was concluded that eyelid amelanotic malignant melanoma

may have a high risk of recurrence and distant metastasis.

Consultation with an oncologist for adjunctive therapies

such as cryotherapy, radiotherapy, or laser therapy was

recommended. However, the owner declined due to the

long distance to the university clinic. Therefore, enucleation

was considered following the first recurrence of the

neoplasm for invasive tumors, with frequent monitoring

for further recurrence. A poor prognosis was given.

~

staining with Melan-A was used in the presented case to

confirm the diagnosis of amelanotic malignant melanoma.

Melan-A is a specific marker for melanocytes that

targets a cytoplasmic protein of melanosomal differentiation

recognized by cytotoxic T-cells (Ohsie et al., 2008). In

canine studies, immunocytochemistry for Melan-A may be

useful in differentiating between non-melanocytic tumors

and diagnosing amelanotic melanocytic neoplasms; Melan-A

has been demonstrated in more than 80% of primary or

metastatic canine oral melanomas (Smedley et al., 2011).

Additionally, the use of Melan-A markers to confirm the

amelanotic melanocytic origin in felines has also been

reported (Pittaway et al., 2019). Therefore, Immuno-

histochemical staining with Melan-A was used in the

presented case to confirm the diagnosis of amelanotic

malignant melanoma in this study.

Tunev and Wells (2002) reported on cutaneous

melanoma in a ferret, the mass was characterized by

closely packed large, atypical cells that were polygonal to

spindle-shaped, arranged in sheets, poorly formed nests, and

short bundles. Some cells contained varying amounts of

granular, brown to black intracytoplasmic pigment. Nuclei

were large, round to oval, and with a vesicular pattern of

chromatin dispersion. Most nuclei contained one and rarely

two large and round magenta nucleoli. The atypical cells of

the mass stained negatively Melan-A. In the case of

amelanotic melanoma in the rabbit, the cells exhibited densely

cellular neoplasm with cells arranged in sheets and nests

supported by a fine, fibrovascular stroma, a round

epithelioid morphology, characterized by abundant,

homogeneous, amphophilic cytoplasm. The nuclei were round

to oval, finely stippled, and centrally located, with one to

two prominent nucleoli. The neoplastic cells in this case

stained strongly positive for Melan-A (Brandao et al., 2015).

In this study, the neoplastic cells were arranged in a

~
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Conclusion

This report describes a case of eyelid amelanotic

malignant melanoma in a 5-year-old ferret presenting with a

rapidly growing mass on the eyelid. The case presentation

describes the clinical and histopathological features of

an eyelid amelanotic malignant melanoma in a ferret. A

presumptive clinical diagnosis of an eyelid tumor was

formulated based on history and clinical signs, but a

definitive diagnosis was confirmed through histopathological

and immunohistochemical examination of the mass after

surgical excision. A study indicated that surgical removal

alone in ferrets with eyelid amelanotic malignant melanoma

is not effective in preventing metastasis or prolonging

survival. Although uncommon, amelanotic malignant

melanoma should be considered in the differential diagnosis

of eyelid neoplasms in ferrets.
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Abstract

Peritoneopericardial diaphragmatic hernia (PPDH) is the most frequently encountered congenital defect

affecting the diaphragm and pericardium in cats. This report aimed to present the case of a 4-month-old intact male

Scottish Fold cat that was diagnosed with PPDH, focusing on the surgical technique for pericardial drain insertion

and the long-term outcome. The patient had a history of acute vomiting. Physical examination revealed abdominal

breathing and mild abdominal discomfort upon palpation, with no history of dyspnea or cyanosis. Thoracic

radiography confirmed the diagnosis of diaphragmatic hernia, while abdominal ultrasonography revealed

displacement of parts of the liver and gallbladder into the pericardial space, along with thickening of the intestinal wall.

Based on this investigation, congenital PPDH was diagnosed. Surgical repair of the PPDH was performed, and the

hernial contents included the liver and gallbladder in the pericardial sac. The PPDH was closed with nylon No.3-0

using a†simple continuous suture pattern. Air was aspirated from the pericardial sac to establish negative pressure

by a†pericardial tube. One year post-surgery, the cat exhibited normal breathing and regained overall health.

Keywords:  Cat, Pericardial tube, Peritoneopericardial diaphragm hernia, Surgical treatment
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Case Report
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Introduction

Peritoneopericardial diaphragmatic hernia (PPDH)

occurs when there is an abnormal connection between the

pericardial sac and the abdominal cavity (Nikiphorou et al.,

2016). In both cats and dogs, PPDH is linked exclusively

to congenital defects (Banz and Gottfried 2010). It is

hypothesized that incomplete midline fusion during

embryonic development or prenatal trauma may contribute

to the formation of PPDH (Margolis et al., 2018). As a

result of this formation, abdominal organs can move into

the pericardial space. The liver, gallbladder, and small

intestines are the most commonly herniated organs (Lohinger

et al., 2022). A thoracic radiograph is a common diagnostic

tool for identifying this condition. Additional imaging

techniques, such as positive contrast radiography using oral

barium, ultrasonography, echocardiography, and computed

tomography (CT), can also be used for diagnosis

(Campanile et al., 2024).

PPDH is typically discovered incidentally in cats,

often without specific clinical signs. In such cases, the

absence of symptoms makes it challenging to justify

surgical intervention (Linton et al., 2016). Surgical

intervention is recommended for patients showing clinical

signs and typically involves closing the congenital defect.

During surgery, a tear in the pericardium leading to

communication with the pleural cavity may result in

postoperative pneumothorax (Hunt 2012). Additionally, the

size of the diaphragmatic defect can affect the amount of air

that accumulates in the pericardial sac, potentially causing

postoperative pneumopericardium (Papazoglou et al., 2015).

However, Pneumopericardium associated with PPDH repair

has not been reported in the veterinary literature (Papazoglou

et al., 2015). A thoracostomy tube is inserted when the

pleural cavity is accessed and is typically removed either

shortly after the patient recovers from anesthesia or within

12 hours after surgery (Banz and Gottfried 2010).

Management of pneumopericardium is typically unnecessary

unless the cardiopulmonary function is compromised due to

significant air accumulation within the pericardial sac

(Papazoglou et al., 2015).

PPDH in Scottish Fold Cats is uncommon.

Normally, PPDH in cats is presented in long-haired breeds,

including Persians, Himalayans, Maine Coons, and domestic

long hairs (Margolis et al., 2018). In this case report,

the surgical technique showed the success of PPDH

management in cats using pericardial drain surgery. This

case report describes clinical presentations, preoperative

management, surgical technique, postoperative care,

long-term follow-up, and outcome.

Case descriptions

A 4-month-old intact male Scottish Fold cat

presented to the Kasetsart University Veterinary Teaching

Hospital (KUVTH), Faculty of Veterinary Medicine, Kasetsart

University, exhibiting acute vomiting. Physical examination

revealed abdominal breathing and mild abdominal

discomfort upon palpation, with no history of dyspnea or

cyanosis. The cat had a complete vaccination history

and lived in a closed-system environment. Hematology

examinations showed mild anemia and leukocytosis.

Blood chemistry showed increased alanine aminotransferase.

Thoracic radiographs revealed an enlarged cardiac

silhouette (Figure 1), while abdominal ultrasound showed a

discontinuous diaphragmatic line, with both the liver and

gallbladder located within the pericardial sac (Figure 2),

leading to the suspicion of PPDH. Supportive treatment was

administered continuously, including an omeprazole dose of

0.7 mg/kg was administered intravenously once daily, while

a maropitant citrate dose of 1 mg/kg was administered

subcutaneously once daily (Cerenia®, Zoetis), and an
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amoxicill in-clavulanic acid dose 20 mg/kg was

administered intravenously every 8 hours (Cavumox®, Siam

Bheasach). After two weeks of supportive treatment, a

repeat of hematology and blood chemistry examinations

showed improvement (Table 1). However, signs of

abdominal breathing persisted. From this problem, the

surgical correction of PPDH was recommended to the

owner.

A B

Figure 1. Thoracic radiographs of ventrodorsal (A) and lateral (B) views showing a severely enlarged cardiac silhouette with
discontinuing of the ventral diaphragmatic line at the ventral region concurrent with small hepatic volume at the cranial
abdomen.

Figure 2. Thorax and abdominal ultrasound revealed a part of the liver displaced into the pericardial sac. The white arrows
indicated the boundary of the pericardial sac.
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Hemoglobin 9.1 11.5 9.8-15.4gm%

Hematocrit 24 34 30-45%

RBC 6.61 8.66 5-10fL

WBC 13.77 21.65 5.5-19 x 103/µL

SEGS 49 30 2.5-12.5 103/µL

LYMPH 38 63 1.5-7 103/µL

RETICS 0.18 0.19 0-0.6%

Platelets 64 477 200-500 x 103/µL

Plasma protein 7.0 7.0 5.8-7.8 gm%

BUN 22 30 15-34 mg/dL

Creatinine 1.1 1.01 0.5-1.8 mg/dL

ALT 574 74 28-80 U/L

Albumin 3.1 3.3 2.3-4 gm%

Total protein 6.3 6.3 5.8-7.8 gm%

*Reference ranges used at the Laboratory of Veterinary Diagnostic Unit, Faculty of Veterinary Medicine, Kasetsart University,
Thailand; RETICS = Reticulocyte; RBC = Red blood cell; WBC = White blood cells; SEGS = Segmented neutrophils;
LYMPH = Lymphocytes.
*Reference ranges of serum parameters analyzed by IDEXX VetTest Chemistry Analyzer, BUN = Blood urea nitrogen;
ALT = alanine aminotransferase.

Table 1. Complete Blood Count and Serum Biochemistry results before and after supportive treatment.

Parameter
Before supportive

treatment

After supportive

treatment
Reference range

*
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Preoxygenation and electrocardiogram (ECG)

monitoring were performed. ECG revealed a normal

electrocardiographic pattern. For anesthetic induction,

propofol was administered intravenously at a dose of 8

mg/kg. Maintenance of anesthesia was achieved using

sevoflurane at 1.3-1.5% of the minimum alveolar

concentration (MAC = 2.6) via inhalation. Pain

management included morphine at a dose of 0.3 mg/kg

intramuscularly, followed by an intravenous loading dose of

fentanyl at 2 mcg/kg. Continuous rate infusion (CRI) of

fentanyl was administered intravenously at a rate of 10

mcg/kg/hr. The cat was positioned in dorsal recumbency for

the preparation of the surgical site, which included hair

clipping and scrubbing routinely with a 2% chlorhexidine

scrub and 70% isopropyl alcohol.

A laparotomy was performed by a longitudinal

incision along the cranial midline of the abdomen from

the xiphoid cartilage to the umbilicus. The peritoneum was

dissected away from the muscular part of the diaphragm

using Metzenbaum scissors (Figure 3). The gallbladder, right

lateral, and right medial liver lobes were found in the

pericardial sac as hernial contents and passed through the

opening of the ventral third of the diaphragm. The visceral

organs and pericardial sac showed no adhesion. The

herniated organs were returned to their original positions,

and herniorrhaphy was performed using a simple continuous

suture pattern with a monofilament, non-absorbable suture

(Dafilon® 3-0, B Braun, Spain).

After suturing, a pericardial drainage tube (silicone

oval-shaped DEK eyes, open-ended tube, non-toxic and

medical-grade materials, size 6 French; manufactured

by K.F. Medical Co., Ltd., Thailand) was placed into

the pericardium, passed through the ventrally of the

herniorrhaphy site, and exited externally through the

abdominal wall at the left paramedian (Figure 4). The

abdominal cavity was closed using a simple continuous

suture pattern with monofilament, absorbable sutures

(PDSTMII 3-0, Ethicon®, USA). Air from the pericardial sac

was aspirated to achieve negative pressure. The drainage

tube was left in place to enable postoperative air and fluid

removal.  The skin was closed with a monofilament,

non-absorbable suture, and cross mattress pattern (Dafilon®

3-0, B Braun, Spain). Postoperative radiographs of the

thorax in the ventrodorsal view and lateral view showed

no evidence of pneumopericardium and pneumothorax

(Figure 5). The pericardial drainage tube was removed

immediately after the thoracic radiograph. ECG monitoring

in the recovery room after tube removal showed no

abnormalities.

The cat was admitted to the critical care unit to

observe the clinical signs of respiration. Oxygenation

was provided continuously after recovery. The oxygen

support was discontinued for 48 hours postoperatively.

Amoxicillin-clavulanic acid dose of 20 mg/kg was

administered intravenously every 8 hours (Cavumox®,

Siam Bheasach) for infection control. This treatment was

continued for 1 week following a 2-week course of

supportive treatment. For pain control, a morphine dose of

0.2 mg/kg was administered subcutaneously every 8 hours,

and a gabapentin dose of 7 mg/kg was administered by

peroral route every 8 hours for 1 week. The cat was

discharged from the hospital 1 week after surgery. A

month after surgery, the cat showed normal vital signs and

maintained a good appetite. However, thoracic radiographs

revealed that the heart shadow remained enlarged, with a

vertebral heart scale (VHS) of 9.5. As a result, a

transthoracic echocardiographic examination was performed

using a phased array probe of Mindray M9 ultrasound

system with 12 MHz frequency to examine cardiac

function. Measurement was performed in parasternal long
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and short-axis views with the patient positioned in lateral

recumbency and without the administration of sedation.

The echocardiographic examination result is described in

Table 2. The left ventricular wall structure and function

were evaluated using two-dimensional and M-mode

echocardiographic measurements, which revealed a normal

left ventricular size and overall heart function. At the

six-month follow-up appointment, no complications were

noted, and the cat was living a normal life without any signs

related to the digestive or respiratory systems.

Figure 3. The white arrow highlights the adhesion between the peritoneum and the muscular part of the diaphragm (A), and
Metzenbaum scissors were used to cut and separate the adhesion (B; white circle).

Figure 4. The distal end of the pericardial tube exits through the abdominal wall at the left paramedian position (Black
arrow).

➡
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BA

Echocardiography Parameter Value Reference range

IVSs (mm) 7.5 mm 4.4-8.7 mm

IVSd (mm) 5.1 mm 2.9-5.1 mm

LVIDs (mm) 7.7 mm 5.7-13 mm

LVIDd (mm) 15.3 mm 12.7-19.8 mm

LVFWs (mm) 6.7 mm 5.4-8.1 mm

LVFWd (mm) 3.9 mm 2.2-4.4 mm

FS 49.51% 28-62 %

LA:Ao 1.22 0.88-1.43

LA 10.8 mm 8.2-14.5 mm

Ao 8.9 mm 7.5-11.9 mm

*Reference ranges used at the Cardiovascular center, Faculty of Veterinary Medicine, Kasetsart University, Thailand.

IVSs, interventricular septum systole; IVSd, interventricular septum diastole; LVIDs, left ventricular internal diameter systole;

LVIDd, left ventricular internal diameter diastole; LVFWs, left ventricular free wall systole; LVFWd, left ventricular free wall

diastole; FS%, fractional shortening; LA:Ao, left atrial to aortic ratio; LA, left atrial diameter; and Ao, aortic diameter.

Table 2. Echocardiography parameters after surgical repair of PPDH in a Scottish Fold cat.

Figure 5. Postoperative thoracic radiographs of ventrodorsal (A) and lateral (B) views showed no evidence of
pneumopericardium.
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Discussion

PPDH is one of the congenital defects that present in

cats over 2 years old. The prevalence of PPDH in cats

(0.062%) is significantly higher (P = 0.04) compared to

dogs (0.015%). More than 100 cases have been reported

in domestic cats, with approximately 50% being found

incidentally (Burns et al., 2013). A previous study

reported that Persians and other long-haired breeds

(domestic long-hair and Himalayans) have a higher

predisposition to PPDH (Reimer et al., 2004). Similar to

a report in 2004, the prevalence of PPDH was high in

long-haired cats, particularly Maine Coon, and Persians when

compared to domestic cats (prevalence = 0.062-0.59%)

(Margolis et al., 2018). However, PPDH in short-haired

cats such as Scottish Fold cats has rarely been reported in

the last decade (Burns et al., 2013). Clinical signs of PPDH

in short-haired and long-haired cats are similar signs.

The commonly reported clinical signs include asymptomatic

cases, muffled heart sounds, respiratory distress, and

gastrointestinal symptoms like regurgitation, anorexia, or

vomiting (Margolis et al., 2018). In this case, the cat

exhibited clinical signs including abdominal breathing and

gastrointestinal symptoms.

The liver is the most commonly herniated organ

in PPDH cases (Sicoe et al., 2019). When the liver

becomes trapped within the pericardial sac, it can lead to

inflammation, which may result in elevated liver enzyme

levels in blood tests (Linton et al., 2016). Additionally,

other organs such as the stomach, small intestine, and

pancreas can also herniate. Inflammation of these organs

may cause conditions such as leukocytosis and anemia

(Lee and Kim 2014). However, patients with PPDH do not

consistently exhibit anemia, leukocytosis, or elevated liver

enzymes. Blood test changes often depend on the specific

pathological conditions present at the time. In this case, the

elevated liver enzyme levels are likely due to inflammation

caused by the liver's displacement into the pericardial sac.

As for the anemia and leukocytosis, they may be related to

concurrent gastroenteritis or other underlying conditions

occurring simultaneously.

The treatment approach for PPDH can be either

surgical or conservative, with both options offering

good long-term survival rates (Morgan et al., 2020).

Conservative treatment is usually performed in asymp-

tomatic cases, while surgical intervention is recommended

for symptomatic patients. Surgical correction is generally

recommended for the treatment of PPDH and should be

performed as early as possible in young animals (Fossum

2018). In this case, the surgery was conducted at 4 months

old, which likely contributed to the absence of adhesions.

In terms of the PPDH surgical technique, the cranial

midline celiotomy approach is the most popular. In addition,

caudal median sternotomy can be performed when

adhesions are present between the liver or intestines and the

pericardium (Burns et al., 2013). In the final step of the

procedure, the air should be evacuated from the pericardial

cavity using a drainage tube to prevent the limited

expansion of the lung (Lohinger et al., 2022).

The incidence of pneumopericardium after surgical

correction of PPDH is not frequently reported in veterinary

literature. However, complications such as pneumothorax or

pneumopericardium may occur due to the surgical procedure's

invasive nature and manipulation of thoracic and pericardial

structures (Less et al., 2000). During surgery, accidental

tearing of the pericardium may occur, potentially leading to

pneumothorax. Therefore, placing a pericardial drainage tube

can help ensure that no air remains in the pleural cavity

postoperatively and confirm the integrity of the pericardium.

This technique is simple, requires minimal equipment,

and has relatively low complication rates. Potential
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complications include malposition, tube blockage, and

subcutaneous air leakage (Heier et al., 2022). In this

case, a pericardial drainage tube was inserted into the

pericardium, with the distal end routed through the

abdominal wall. The tube placement was intended to be

temporary, with the drain removed once postoperative chest

radiographs confirmed the absence of pneumopericardium

and pneumothorax. Exiting the tube through the abdominal

wall facilitated easier removal and minimized trauma

compared to routing the tube through the intercostal

muscles.

Severe injuries and significant intrathoracic trauma

during surgery can lead to delayed recovery from

anesthesia in animals (Imazio and Hoit 2013). These

injuries can increase the risk of postoperative complications

and contribute to higher mortality rates, ultimately resulting

in prolonged hospitalization (Legallet et al., 2017). In the

current case, no tears in the pericardium extending into the

thoracic cavity were observed during surgery. The surgeon

placed a pericardial drainage tube to remove the air

from the pericardial sac and maintained drainage until a

postoperative thoracic radiograph confirmed the absence

of pneumopericardium and pneumothorax (Figure 5). This

procedure can contribute to a shorter postoperative

hospitalization and a favorable long-term outcome.

In this case, one month after surgery, thoracic

radiographs revealed a persistently enlarged cardiac

silhouette. However, echocardiogram findings indicated that

the size of the cardiac muscle was within normal limits.

It might be because, after PPDH surgery, there might be a

shift of internal organs or residual tissue from the healing

process, which could create a silhouette resembling

cardiomegaly on radiographs without reflecting the actual

cardiac size (Fossum 2018). Additionally, thoracic

radiographs only provide a two-dimensional view, which

may not show the heart's structure as clearly as

echocardiography, which gives a three-dimensional view

of its function and anatomy (Haggstrom et al., 2016).

Long-term follow-ups of cats that underwent surgical

treatment indicated that owners were generally satisfied

with the outcomes of the procedure (Reimer et al., 2004).

Prognoses following surgical repair of PPDH are typically

favorable, with survival rates ranging from 86% to

97% (Burns et al., 2013). Most cats receiving surgical

intervention for PPDH displayed prominent clinical signs,

such as respiratory difficulties or other abnormalities, which

improved significantly after surgery (Reimer et al., 2004).

In this case, a year follow-up revealed that the cat showed

no respiratory or gastrointestinal symptoms and maintained

a quality of life comparable to that of a healthy cat.

In conclusion, the current case details the successful

surgical repair of a congenital peritoneopericardial

diaphragmatic hernia (PPDH) in a Scottish Fold cat,

utilizing a pericardial drain to prevent postoperative

pneumopericardium and verifying the integrity of the

pericardium. Using a pericardial drain technique ensured

the immediate evacuation of air from the pericardial space,

minimizing potential complications such as cardiac

tamponade. The surgical outcome was favorable, with no

respiratory or gastrointestinal symptoms observed during the

long-term follow-up. This case shows the importance of

careful postoperative management in PPDH cases and

demonstrates that the use of a pericardial drain may improve

recovery and prevent complications. Moreover, this report

adds to the limited information on PPDH in Scottish Fold

cats and provides evidence for the successful long-term

prognosis following surgical treatment.

.. ..
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Abstract

Skull fractures in fennec foxes (Vulpes zerda) are a serious issue that demands urgent intervention because of

the species' fragile cranial structure. Compressed fractures can cause brain injury, bleeding within the skull, and

neurological disability. Failure to promptly manage these complications can be fatal. A 1-month-old, 0.29 kg female

fennec fox suffered a traumatic bite wound to its head from a skunk. Panalai Veterinary Hospital received a referral for

the fennec fox, which showed signs of lethargy, ataxia, and left circling. The heart rate, respiratory rate, capillary refill

time (CRT), and rectal temperature were within normal range. Diagnostic imaging, including a computed tomography

(CT) scan, revealed collapse of the frontal and parietal bones, invading the left parietal-temporal lobe of the brain, and

a fracture of the vertical ramus of the left mandible. Surgical interventions were performed with frontal and parietal

bone decompression, as well as suturing the fractured skull using a tapered needle and a 4-0 polydioxanone suture in

a simple interrupted pattern, without the use of skull mesh. Postoperative care included intensive monitoring,

hyperbaric oxygen therapy, and acupuncture to promote brain healing, wound recovery, and neurological

improvement. The fox was administered amoxicillin-clavulanic acid, followed by a switch to cefovecin sodium for

infection control; pregabalin for neuropathic pain; meloxicam for inflammation management; vitamin B complex and

Aktivait dog® for nerve function support; and dimenhydrinate to alleviate vestibular signs. The wound, appetite, ataxia,

and left circling were gradually improving. The fox fully recovered within two months and returned to a normal

daily life, although it continued to exhibit mild circling before eating. This case highlights the importance of prompt

and comprehensive treatment for skull fractures in fragile species. The successful application of straightforward

surgical techniques demonstrates their practicality and adaptability for managing complex cranial injuries in small

animals. These methods could serve as a valuable reference for addressing similar challenges in other small exotic

mammals with delicate skull structures.
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Introduction

The fennec fox (Vulpes zerda), the smallest member

of the family Canidae, possesses a delicate and lightweight

skull adapted for its desert habitat (Merritt 2010). The

unique anatomy of the fennec fox presents several

challenges in the treatment of skull fractures. The fennec

fox's skull is characterised by its delicate and thin cranial

bones (Kingdon 2013), which are more susceptible to

fractures from even minor trauma and can suffer severe

consequences from head injuries. Additionally, the small

size of the fennec fox requires precise and delicate handling

during both diagnostic imaging and surgical procedures.

Surgical intervention in human head trauma focuses

on intracranial hemorrhage, midline shifts in computed

tomography (CT) scan), and intracranial pressure (ICP)

measurements, while it has traditionally been less common

in veterinary cases due to the perceived rarity of significant

hemorrhage. However, evidence suggests dogs and cats may

benefit from surgery for manageable hemorrhages. With

greater access to CT imaging, procedures like addressing

skull fractures, removing contaminated fragments, and

reducing ICP through craniotomy may gain importance in

veterinary practice (Dewey and Da Costa 2015). Skull

fractures and traumatic brain injury in dogs can range from

mild to fatal. Understanding brain and meninges anatomy

is crucial while working with the skull, especially the

calvarium, dorsal section, paired frontal, and parietal bones.

Cranial fractures can compress and harm the meninges'

major venous sinuses and cerebral cortical functioning.

Surgical techniques differ by skull fracture type and part.

In dogs, skull fractures are managed using a variety

of advanced stabilization techniques. Titanium locking plates

are commonly utilized due to their ability to provide strong

and durable support for complex fractures, particularly in

cases involving severe comminution (Illukka and Boudrieau

2014). Bioabsorbable implants offer an innovative

alternative, reducing the need for secondary surgeries to

remove implants and minimizing long-term foreign body

reactions (Salmina et al., 2023). The titanium plates

manufactured using 3D printing technology were used to

close the skull in dogs. These titanium plates were custom

designed for each patient to ensure a precise fit for the

cranial structure after craniectomy to remove tumors; in

addition, titanium mesh can also be used effectively in

similar cases (Dierckx De Casterlé et al., 2017; James

et al., 2020). If multiple linear fractures depress the brain,

causing depression fractures, and the brain was depressed,

surgery for calvarium elevation was required (Dewey and

Da Costa 2015). Calvarium depressions should be lifted

from underneath. Normally, elevating the lesion requires

multiple large burr holes. Fragment edges can lacerate

meninges, venous sinuses, and cerebral cortex. Surgeons

should remove highly comminuted fracture pieces. Calvarial

abnormalities might result from large comminuted areas.

The temporalis muscle protects most animals, but some

need rib or iliac crest onlay grafts (Nunamaker 1985).

Despite these advancements in canine skull fracture

management, there is a significant gap in research regarding

small mammals. Their unique anatomical and physiological

characteristics present considerable challenges, as most

existing surgical techniques and fixation devices are

incompatible with their fragile skulls. In cases where rigid

fixation is impractical, the simple interrupted suture method,

widely used in soft tissue applications, offers controlled

tension distribution, minimal disruption to vascular supply

and maintains independent stabilization at each suture point

compared to simple continuous suture method (Jarasviriyagul

and Chanasriyotin 2023) maybe useful for this challenge.

The suture method allows for precise adjustment at each

suture point, reducing the risk of excessive compression or
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ischemia while ensuring adequate fixation. Additionally, its

adaptability and minimal foreign body reaction make it a

viable alternative when rigid fixation is impractical. Given

the fragile skull of the fennec fox, this technique was

applied as a stabilization method to assess its effectiveness

in cranioplasty for such delicate structures.

Polydioxanone (PDS) suture is a monofilament,

synthetic absorbable suture widely used in orthopedic and

soft tissue surgeries. Its high tensile strength, prolonged

absorption time; the maximum retention of original tensile

strength after 28 days is 50%, and minimal tissue reactivity

make it particularly useful in procedures requiring extended

wound support. Unlike multifilament sutures, which may

harbor bacteria and increase infection risk, PDS provides a

smooth surface that reduces tissue drag and minimizes

inflammation. Its degradation occurs through hydrolysis,

ensuring a predictable absorption timeline without

significant foreign body reactions (AlSarhan 2019;

Anderson et al., 2020). Due to these properties, PDS was

selected in this case to provide stable temporary cranial

support, aligning with the skull healing timeline while

minimizing the risk of excessive compression, inflammation,

or foreign body reaction.

Case Description

A 1-month-old 0.29 kg female fennec fox was

referred to Panalai Veterinary Hospital to perform the

computerized tomography (CT-scan). The fennec fox was

bitten by a skunk on his head five days ago before being

presented at Panalai Veterinary Hospital. The previous physical

examinations at another veterinary hospital were stupor,

lateral recumbency, swollen head, and edema. After initial

stabilization included intravenous fluid normal saline rate 2

ml/hr for resuscitation, mannitol 1 g/kg, slow intravenous

(IV), q6h, transamin 10 mg/kg, IV, q8h, buprenorphine

0.02 mg/kg, intramuscular, q8h, amoxicillin-clavulanic acid

25 mg/kg, subcutaneous (SC), q24h, and meloxicam 0.3

mg/kg, SC, q24h. After treatment at previous veterinary

hospital for 6 days, fennec fox's mental status and swollen

head were gradually improved. Although she was responsive,

she still had left circling and loss of balance. When the

fennec fox presented at Panalai Veterinary Hospital, the

further investigations were approached immediately. There

was a puncture wound on the fennec fox's head, and the left

side of the head appeared depressed compared to the right.

Her vital signs were stable, with a heart rate of 120 bpm,

respiratory rate of 30 bpm, rectal temperature of 100oF,

and a capillary refill time of 2 seconds. She underwent

a neurological re-evaluation, and the findings were

summarized in the Tables 1-5. The pain score of the

fennec fox was estimated to be grade 2-3/4. However,

accurate pain assessment was challenging due to concurrent

neurological impairment, which may have blunted the

typical behavioral responses to pain. Hematological analysis

showed mild anemia, suspected to result from blood loss

due to the bite wound. As automated complete blood count

(CBC) analysis lacked species-specific reference values for

fennec foxes, a blood smear examination was performed

for differential blood count assessment. The smear revealed

leukocytosis as a response to trauma and hypochromic

normocytic anemia due to blood loss. The blood

biochemistry revealed hypoalbuminemia, likely due to

trauma-induced inflammation; hyperglycemia, attributed to a

stress response; and low BUN and low creatinine, resulting

from young age and reduced protein intake (Tables 6-8).

The CT scan revealed a skull fracture measuring

approximately 1.39 cm x 2.29 cm in the frontal and

parietal bones, with some displaced fragments compressing

the left parietal-temporal lobe of the brain. The skull

thickness was measured at 1.12 mm, highlighting its

fragility. Additionally, a fracture of the vertical ramus of the

left mandible was observed (Figures 1-5).
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Table 1.  Neurological examination of this patient: observation from Day 0 to Day 70.

Observation Day 0 Day 7 Day 18 Day 28 Day 35 Day 63 Day 70

Mentation Disorientation Obtunded BAR BAR BAR BAR BAR

Posture Head turn left Head turn left Normal Normal Normal Normal Normal

Gait Left circling Left circling Sometimes Sometimes Sometimes Sometimes Sometimes

left circling left circling left circling left circling left circling

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery.

BAR; Bright. alert and responsive.

Table 2.  Neurological examination of this patient: postural reaction results from Day 0 to Day 70.

Postural reaction Day 0 Day 7 Day 18 Day 28 Day 35 Day 63 Day 70

Proprioception

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Lt HL +1 +2 +2 +2 +2 +2 +2

Rt HL +1 +2 +2 +2 +2 +2 +2

Hopping

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Lt HL +1 +2 +2 +2 +2 +2 +2

Rt HL +1 +2 +2 +2 +2 +2 +2

Wheel barrowing

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Ext.post.thrust

Lt HL +1 +2 +2 +2 +2 +2 +2

Rt HL +1 +2 +2 +2 +2 +2 +2

Visual placing

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Tactile placing

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Lt FL +1 +2 +2 +2 +2 +2 +2

Rt FL +1 +2 +2 +2 +2 +2 +2

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery.

Lt FL: Left forelimb, Rt FL: Right forelimb, Lt HL: Left hindlimb, Rt HL: Right hindlimb, Ext.post.thrust: Extensor postural

thrust. Result: +1 = Decrease reflex, +2 = Normal reflex.
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Table 3.  Neurological examination of this patient: spinal reflex results from Day 0 to Day 70.

Spinal reflex Day 0 Day 7 Day 18 Day 28 Day 35 Day 63 Day 70

Flexor reflex

Lt FL +2 +2 +2 +2 +2 +2 +2

Rt FL +2 +2 +2 +2 +2 +2 +2

Lt FL +2 +2 +2 +2 +2 +2 +2

Rt FL +2 +2 +2 +2 +2 +2 +2

Ext.carp.radialis

Lt FL +2 +2 +2 +2 +2 +2 +2

Rt FL +2 +2 +2 +2 +2 +2 +2

Patella reflex

Lt FL +2 +2 +2 +2 +2 +2 +2

Rt FL +2 +2 +2 +2 +2 +2 +2

Perineal reflex

Lt +ve +ve +ve +ve +ve +ve +ve

Rt +ve +ve +ve +ve +ve +ve +ve

Cross extensor

Lt -ve -ve -ve -ve -ve -ve -ve

Rt -ve -ve -ve -ve -ve -ve -ve

Panniculus

Lt Present at T3-L3

Rt Present at T3-L3

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery.

Lt FL: Left forelimb, Rt FL: Right forelimb, Lt HL: Left hindlimb, Rt HL: Right hindlimb, Ext.post.thrust: Extensor postural

thrust. Result: +2 = Normal reflex, +ve: Positive result, -ve: Negative result. T3 = 3rd thoracic spine, L3 = 3rd lumbar spine.
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Table 4.  Neurological examination of this patient: cranial nerve reflex results from Day 0 to Day 70.

         Cranial nerve reflex Day 0 Day 7 Day 18 Day 28 Day 35 Day 63 Day 70

Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt

Smell (l) +ve +ve +ve +ve +ve +ve +ve

Menace (ll/Vll) +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Pupil size (ll/lll/Sympathetic)           Symmetry    Symmetry     Symmetry     Symmetry     Symmetry     Symmetry     Symmetry

Direct pupillary light reflex (ll/lll) Normal Normal Normal Normal Normal Normal Normal

Indirect pupillary light reflex (ll/lll) Normal Normal Normal Normal Normal Normal Normal

Oculocephalic reflex (lll/lV/Vl/Vlll) Normal Normal Normal Normal Normal Normal Normal

Nystagmus/Strabismus (lll/lV/Vl/Vlll) Normal Normal Normal Normal Normal Normal Normal

Cotton ball (ll/Vll) -ve -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Dazzle (ll/Vll) +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Palpebral (V/Vll) +1 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Corneal (V/Vl/Vll) +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Nostril sensation (V) +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Ear sensation (Vll) +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2 +2

Trigeminofacial reflex (V/Vll) +1 +2 +1 +2 +1 +2 +2 +2 +2 +2 +2 +2 +2 +2

Gag reflex (lX/X) +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Tongue (Xll) +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Trapezius (Xl) +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery. Lt: Left, Rt: Right. Result: +1 = Decrease reflex, +2 = Normal reflex,

+ve: Positive result, -ve: Negative result.
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Table 5.  Neurological examination of this patient: sensation result from Day 0 to Day 70.

Test Result

Superficial pain at forelimb Positive

Superficial pain at hindlimb Positive

Deep pain at forelimb Positive

Deep pain at hindlimb Positive

Hyperesthesia Negative

Self mutilation Negative

Table 6.  Complete blood count of the patient on Day 0.

Parameters Results Reference range
*

Unit

White blood cell 10.20 5.0-14.1 109/L

% Lymphocyte 15.31 8-21 %

% Monocyte 3.12 2-10 %

% Neutrophil 79.22 58-85 %

% Eosinophil 1.85 0-9 %

% Basophil 0.44 0-1 %

Red blood cell 5.05 4.95-7.87 1012/L

Hemoglobin 8.0 11.9-18.9 g/dL

Hematocrit 28.3 35-57 %

Mean corpuscular volume 56.2 66-77 fL

 Mean corpuscular hemoglobin 15.8 21.0-26.2 pg

Mean corpuscular hemoglobin 28.2 32.0-36.3 g/dL

concentration

Platelet 733 109/L

*Reference ranges in dog used at the Laboratory of Panalai Veterinary Hospital, Thailand.
*Reference ranges of automated complete blood count analyzed by URIT 5160 5-part diff hematology analyzer.

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery
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Table 8. Blood biochemistry of the patient on Day 0.

Parameters Results Reference range
1*

Reference range
2*

Unit

Albumin 1.8 2.5-4.4 3.0±0.5 g/dL

Alkaline phosphatase 81 20-150 54±55 U/L

Alanine transaminase 120 10-118 88±63 U/L

Amylase 134 200-1200 54.95±21.83 U/L

Total bilirubin 0.3 0.1-0.6 0.3±0.3 mg/dL

Blood urea nitrogen 16 7-25 78.54±28.56 mg/dL

Calcium 10.7 8.6-11.8 mg/dL

Phosphorus 8.0 2.9-6.6 mg/dL

Creatinine 0.2 0.3-1.4 0.7±0.18 mg/dL

Glucose 135 60-110 66.6±19.98 mg/dL

Sodium ion 155 138-160 mmol/L

Potassium ion 6.0 3.7-5.8 mmol/L

Total protein 4.7 5.4-8.2 5.6±6 g/dL

Globulin 2.9 2.3-5.2 2.5±0.6 g/dL

1*Reference ranges in dog used at the Laboratory of Panalai Veterinary Hospital, Thailand.
1*Reference ranges of blood biochemistry analyzed by VetScan VS2.
2*Reference ranges of blood biochemistry of fennec fox from International Species Information System (ISIS, March 2002).

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery

Table 7.  CompleteDifferential blood count from blood smear on Day 0.

Parameters Results Reference range
*

Unit

White blood cell estimates 10.0 5.96±2.33 109/L

Platelet counts 584.0+giant plt 471±222 109/L

% Band neutrophil 0 %

% Segment neutrophil 7.4 2.86±1.57 %

% Lymphocyte 2.3 2.40±1.43 %

% Monocyte 0.3 0.26±0.18 %

% Eosiophil 0 %

% Basophil 0 %

Red blood cell morphology Hypochromic normocytic anemia

*Reference ranges of blood biochemistry of fennec fox from International Species Information System (ISIS, March 2002).

Day 0 is the 1st visit at Panalai Veterinary Hospital and before surgery
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Figure 1. 3D volume rendering, dorsal view of skull, shows a fracture of frontal and parietal bones of the skull (A, B; red
arrow) and the vertical ramus of the left mandible (B; yellow arrow).

Figure 2.  The fracture, involving the frontal and parietal bones, measured approximately 1.39 cm x 2.29 cm.
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Figure 4. Soft tissue window CT: The transverse image shows no dilation of lateral ventricle, a fragmented piece of skull
folded back (red arrow), and penetrated the left lobe of brain (green arrow).

Figure 3. The skull thickness of this fennec fox measured approximately 1.12 mm.
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Figure 5. Bone window CT: The transverse image shows a fracture of the frontal and parietal bones of the skull (red arrow)
and a fracture of the vertical ramus of the left mandible (yellow arrow).

Based on the compressed frontal-parietal lobe,

surgical intervention was performed to elevate the fractured

bone. The fennec fox was assessed as ASA (American

Society of Anesthesiologists) score III, considering multiple

factors including its young age, controlled seizure activity,

responsiveness. The fennec fox was anesthetized using a

combination of intramuscularly administered drugs for

premedication and induction, consisting of medetomidine

(Sedator®, Dechra, United Kingdom) at a dosage of 0.02

mg/kg, zolazepam-tiletamine (Zoletil®, VALDEPHARM,

France) at 3.5 mg/kg, and butorphanol (Butodol®,

NEON LABORATORIES LIMITED, India) at 0.1 mg/kg.

Following anesthesia premedication and induction, an

intravenous catheter was placed, and the animal was

intubated using a 2.0-size endotracheal tube. Anesthesia

was maintained with sevoflurane inhalation. The patient

was positioned in sternal recumbency, and routine skin

preparation was performed (Figure 6). The surgical

procedure commenced with the decompression of the

affected area, guided by palpation of the dented frontal

bone. An elliptical incision on the skin affected area was

made along the fracture line of the skull to expose the

fractured skull, and careful blunt dissection was performed

around the bone fragment and associated blood clots. A

Lone Star® retractor system and elastic stay (CooperSurgical,

USA) was employed to provide better visualization and

access to the surgical site (Figure 7). The compressed bone

fragment was gently elevated and repositioned (Figure 8),

then sutured to the edge of the parietal bone using a tapered

needle and polydioxanone, absorbable suture (MonoPlus®

4-0, B Braun, Spain), for 6 stitches with simple interrupted

pattern suture (Figure 9). The subcutaneous tissue was

subsequently closed with polydioxanone, absorbable suture

(MonoPlus® 5-0, B Braun, Spain) with subcuticular pattern

suture. The bacterial culture was performed around the wound.

And the skin incision was sealed using tissue adhesive

(Figure 10). The bacterial culture showed no bacterial

growth at days 3 and 7.
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Figure 6. The patient was positioned in sternal recumbency, with preparation and monitoring prior to the operation.

Figure 7. A Lone Star® retractor system and elastic stay were employed to provide better visualization and access to the
surgical site.
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Figures 8.  The compressed bone fragment was gently elevated and repositioned (A, B).

Figure 9. The fractured skull fragment was sutured to the edge of the parietal bone using a tapered needle and 4-0
polydioxanone suture material (A), then sutured along the fractured line (B).

Figure 10.  The patient skin incision was sealed using tissue adhesive (A) and then bandaged (B).
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After the surgery, the fennec fox smoothly

recovered. The medicines in post-postoperative care were

Amoxicillin-clavulanic acid 25 mg/kg (Cavumox®, Siam

Bheasach Co., Ltd., Thailand), intravenous twice a day for

2 days, then Amoxicillin-clavulanic acid 25 mg/kg

(SynuloxTM, Haupt Pharma S.r.l.-Latina, Italy) subcutaneous,

once a day for 8 days. However, as the fennec fox showed

good clinical improvement but began resisting manual

restraint for oral medication administration, the antibiotic

was switched to cefovecin sodium (Convenia®, Zoetis Inc,

USA) at 8 mg/kg, SC, once. This change aimed to reduce

stress and handling time, minimizing the risk of increased

intracranial pressure that these problems could affect the

healing brain injury. Additional medications included

pregabalin 4 mg/kg (Toprelin®, Buymed Siam Co., Ltd.,

Thailand) peroral twice a day, vitamin B complex (B1 100mg,

B6 5mg, B12 50µg) (Bee Three®, Medicine Products

Co., LTD., Thailand) 5 tab combined with co-dergocrine

mesylate (1 mg) (Hydrine®, T.O.Chemicals (1979) LTD.,

Thaliand) 1 tab in multivitamin 10 ml give 0.3 ml twice a

day, Aktivait dog® (VetPlus Ltd, United Kingdom) 0.45 ml

peroral once a day, dimenhydrinate (H.K.Pharmaceutical

Co., LTD., Thailand) 8 mg/kg per oral twice a day for 11

days. Additional post-operative care included providing

sufficient nutrition with wet food, attended the hyperbaric

oxygen therapy for 2 hours twice a day, and restricted area.

Her mental status and neurological signs were gradually

improving each day. She came back to bright alert and

responsive on day 5 post-operative and expressed normal

behavior like digging. At first, she was circling in a small

circle, her circle was bigger consecutively (Tables 1-5). Her

wound was good and no exudate in day 7 post-operative.

Finally, the fox was discharged on day 11 post-operative,

her clinical signs were circling in a big area. The 1 week

recheck after discharging, she walked normally but circled

in the big area. Then, she was performed the dry needle

acupuncture once a week at GV-17, GV-20, GB-20,

An-shen, Long-hui (Figure 11). After 4 sessions of

acupuncture, the fennec fox did not continue an acupuncture

due to the family condition. Two months later, the owner

mentioned that she can live happily like a normal fennec

fox though she rarely a little circling sign before eating.

Figure 11.  The fennec fox was restrained to perform the acupuncture.
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Discussion

The application of CT-scan in evaluating the skull

fracture of this fennec fox underscores its versatility in

veterinary medicine, extending beyond common species like

dogs and cats. CT-scan imaging is essential for the precise

identification of the extent and complexity of traumatic

skull fractures in companion animals, which in turn informs

treatment decisions (Amengual-Batle et al., 2020). This

case illustrates that CT-scan can be effectively applied to

exotic species, such as the fennec fox, where anatomical

distinctions require precise preoperative imaging to plan

surgical interventions. CT-scan provides veterinarians with

the ability to customize surgical techniques, such as

elevating and suturing cranial bones, to the patient's specific

requirements by providing comprehensive visualisation of

fracture configurations. Moreover, the timely decision to

perform surgery to relieve brain compression significantly

increases the chances of survival compared to relying on

medical treatment alone.

Craniotomy is a routine procedure in human

medicine, but its application in veterinary practice remains

limited, particularly in small mammals like the fennec fox,

where no prior case reports exist. The severity of this case,

involving frontal and parietal bone fractures with significant

depression compressing the brain, along with an infected

wound from a skunk bite, made surgical intervention both

challenging and necessary to improve survival. Given the

lack of established guidelines for exotic species, the

decision to proceed was based on human neurosurgical

criteria for depressed cranial fractures, which recommend

surgery in cases of severe skull depression, dural

penetration, significant hematoma, frontal sinus involvement,

infection, or pneumocephalus (Bullock et al., 2006). In this

case, the fennec fox met multiple high-risk criteria,

neurological signs, infection risk, and significant skull

depression, surgical intervention was the most viable option

to prevent worsening brain injury, secondary complications,

and poor long-term prognosis.

The potential of minimalist approaches in species

with delicate cranial structures is demonstrated by the

effective use of decompression and suturing techniques in

the repair of a fennec fox's fragile cranium. Unlike dogs and

humans, the fennec fox's skull is exceptionally thin and

lightweight, an evolutionary adaptation to its desert

environment. Given the lack of species-specific fixation

techniques for exotic mammals, a suture-based approach

was chosen for stabilization. PDS suture was selected due to

its high tensile strength, prolonged absorption period, and

minimal tissue reactivity, making it well-suited for

stabilizing delicate cranial fractures. Unlike rapidly

degrading sutures, PDS maintains adequate tensile support

for up to 6 weeks before gradual absorption, which aligns

with the early phases of skull healing, providing structural

support while minimizing foreign body reactions (Wolfs

et al., 2022). In contrast, rigid fixation devices, such as

titanium plates, bioresorbable implants, or mesh, are

designed for larger species like dogs and humans, making

them disproportionately large and heavy for a fennec fox's

delicate skull. Their weight and stiffness could impose

mechanical stress, increasing the risk of pressure-related

complications and impaired healing (Dierckx De Casterlé

et al., 2017; James et al., 2020; Salmina et al., 2023).

Additionally, such implants require extensive soft tissue

dissection and may not conform well to the thin, curved

cranial anatomy of small exotic species. By using PDS in a

simple interrupted suture pattern, the fractured cranial

segments were secured with minimal additional weight

and preserved vascular integrity, promoting natural

osteosynthesis.
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The medical management of skull fractures and

traumatic brain injury (TBI) in fennec foxes remains largely

uncharted due to the lack of species-specific guidelines.

Given the absence of prior case reports, treatment in this

case was adapted from established protocols in dog and

human (Bullock et al., 2006; Dewey and Da Costa 2015).

The primary focus of medical stabilization was intracranial

pressure (ICP) management, utilizing osmotic therapy to

mitigate cerebral edema, along with fluid therapy to

maintain adequate cerebral perfusion. Pain control was

prioritized using opioid analgesia, which is critical in TBI

cases to prevent excessive sympathetic stimulation.

Antibiotic therapy was administered prophylactically to

prevent post-traumatic infections, particularly given the open

wound and skull compression. In addition to standard TBI

management, neuroprotective strategies were considered.

These interventions were chosen based on their proven

efficacy in canine patients with similar injuries.

In the postoperative treatment, there are articles

demonstrating the safety and tolerability of hyperbaric

oxygen therapy (HBOT) in dogs and cats with various

conditions, including head trauma, showing its capability to

enhance oxygen delivery, reduce inflammation, and improve

healing (Birnie et al., 2018). Similarly, the acupuncture's

efficacy in stimulating nerve regeneration and improving

neurological outcomes in dogs with severe head injuries that

were unresponsive to conventional treatments (Oraveerakul

2003). These therapies were effective in the recovery of

neurological functions, including balance and mobility, in

the case of a fennec fox, as they were in canine species. The

treatment was enhanced by acupuncture, which promoted

circulation and alleviated pain, while HBOT reduced

inflammation and facilitated healing in the fox's delicate

cranial tissues. These findings are consistent with the

known advantages of these modalities in small companion

animals, underscoring their adaptability and potential as

essential components of a multimodal approach to head

trauma rehabilitation.

This study presents several limitations due to the

unique challenges of treating an unusual pet species.

The lack of species-specific medical data for fennec foxes

necessitated adapting treatment protocols, drug dosages,

anesthetic management, and surgical approaches from

studies in dogs. While this method provided a practical

reference, physiological and anatomical differences between

species may affect the direct applicability of these

treatments. Additionally, assessing brain damage in skull

fractures would ideally require MRI, which offers greater

soft tissue contrast and more detailed visualization of

intracranial structures. However, MRI was not feasible in

this case due to limited equipment availability and the

prolonged anesthesia time required, which could increase

surgical risks in such a small exotic species. Although CT

imaging provided essential structural details, it lacks the

ability to fully assess soft tissue damage, hemorrhage, or

subtle brain injuries compared to MRI.

Conclusion

This case emphasises the effective management of a

skull fracture in a fennec fox by utilising a multidisciplinary

approach that was specifically designed for the animal's

unique anatomy. The precise decompression and suture-

based stabilisation of the vulnerable cranial structure were

made possible by CT imaging, which provided critical

insights for surgical planning. Wound healing and

neurological recovery were significantly enhanced by

postoperative care, which encompassed hyperbaric oxygen

therapy and acupuncture. The positive result shows the

potential of integrating diagnostics, delicate surgical

techniques, and comprehensive treatments to treat complex
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cranial injuries in fennec foxes. Notably, this is the first

reported case of cranioplasty suturing in a fennec fox,

paving the way for surgical decision-making in small exotic

mammals to improve survival rates through timely and

effective interventions.
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