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Case report: Surgical treatment of an astrocytoma in the thoracic spinal cord of a cat
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A 15-year-old spayed female domestic shorthaired cat was evaluated for chronic progressive paraparesis and proprioceptive ataxia. Neurological examination was consistent with a T3–L3 myelopathy. Plain thoracolumbar vertebral column radiographs and CT without intravenous contrast or myelography performed at another facility did not highlight any abnormalities. MRI of the thoracolumbar spinal cord identified an intraparenchymal space-occupying lesion extending from T10–T12. Surgery was performed to remove as much of the mass as possible, and to submit samples for histopathology. A dorsal laminectomy was performed over T9–T13. A midline myelotomy provided access to the mass, which was debrided with an intraoperative estimate of 80% removal. Histopathologic examination was consistent with a diagnosis of an astrocytoma. Post-operative treatment consisted of amoxicillin clavulanic acid, prednisolone, gabapentin, and additional analgesic medications in the direct post-operative period. Over the following 4 months, slow recovery of motor function was seen with continued physiotherapy. During the following 2 months, renal and cardiopulmonary disease were diagnosed and treated by other veterinarians. The cat was also reported to have lost voluntary movement in the pelvic limbs during this period, suggesting regression to paraplegia. Finally, 6 months post-surgery, the owner elected humane euthanasia. This is the second documentation of surgical treatment and outcome of an astrocytoma in the spinal cord of a cat.
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Introduction

The frequency of different types of feline spinal cord neoplasms varies according to the affected spinal cord compartment (1–5). While lymphomas are one of the most commonly diagnosed extradural tumors and is the most frequent type of neoplasia affecting the spinal cord of cats (1, 2), intradural/extraparenchymal neoplasms (such as meningiomas and nerve sheath tumors) and intraparenchymal neoplasms (including gliomas) are infrequently reported (4, 5). Spinal cord gliomas consist mainly of astrocytomas and oligodendrogliomas (5).

To the authors’ knowledge, there is only one case report of surgical treatment of feline spinal cord glioma (6, 7). As gliomas in the feline spinal cord are rare, it is unlikely that large case series discussing the outcomes of surgical treatment thereof will become available the near future. Therefore, single case reports may provide some information to help guide clinical decision-making regarding the surgical treatment of feline spinal cord gliomas. In this case report, we describe the clinical findings, diagnostic imaging features, surgical treatment, and outcome in a cat with an astrocytoma in the thoracic spinal cord.



Case description

A 15-year-old spayed female domestic shorthaired cat was evaluated for chronic progressive paraparesis and proprioceptive ataxia. Previous history included repeat tail-amputation surgery, initially indicated due to a traumatic tail wound, with wound infections 5 months earlier. At the time of referral, these issues had resolved. The paraparesis and ataxia were more recent in onset, having been noticed about a month earlier. Treatment with robenacoxib (1.5 mg/kg q24h per os) had been prescribed due to suspected thoracolumbar hyperesthesia, with some positive effect. However, neurological deterioration was noticed. Gabapentin (10 mg/kg q8h per os) was prescribed but discontinued due to sedation side-effects. Plain thoracolumbar vertebral column radiographs and computed tomography (CT) without intravenous contrast or myelography performed at another facility did not highlight any abnormalities.

Neurological examination revealed spastic ambulatory paraparesis, left worse than right, with proprioceptive ataxia. Crossed extensor reflexes and patellar hyperreflexia were evident in both pelvis limbs. The cutaneous trunci reflex was absent caudally from the thoracolumbar junction. Mild thoracolumbar hyperesthesia (caudal thoracic region) was noticed on palpation. These findings were deemed consistent with a T3-L3 myelopathy.

Hematology and blood biochemistry were unremarkable. The cat was anesthetized and positioned in dorsal recumbency for a magnetic resonance imaging (MRI) of the thoracolumbar spinal cord (1.5 T Canon Vantage Elan). The following sequences were performed: T2W sagittal, T1W sagittal, STIR sagittal, STIR dorsal, T2W transverse, T1W transverse, T2* GRE transverse, T1W sagittal post-contrast, T1W transverse post-contrast, and 3D T1W magnetization prepared - rapid gradient echo (MPRAGE).

MRI identified an intraparenchymal space-occupying mass extending from T10–T12 (Figure 1). The lesion was somewhat left-sided, well-defined, and elliptical (2.4 cm length x 0.4 cm height x 0.4 cm width). It was homogeneously hyperintense on T2-weighted (T2W) and short-tau inversion recovery (STIR) images, and isointense on T1W images. Moderate, thick ring enhancement was noted, with minimal to no enhancement of the lesion center. There was no evidence of meningeal enhancement nor other extradural or intradural lesions. Cranially and caudally to the mass, there was increased intraparenchymal T2W signal intensity, reaching the level of T1 cranially and L5 caudally. On the cranial aspect, there was also mild dilation of the central canal. No vertebral lesions were seen. The intervertebral discs were hypointense in T2W (mild to moderate degree), indicating some level of intervertebral disc degeneration. Based on these findings, the main differential diagnoses included inflammation (e.g., intraparenchymal abscess) or neoplasia (e.g., glioma, lymphoma, or ependymoma).
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FIGURE 1
 Magnetic resonance images of the thoracolumbar spinal cord and surrounding structures. (A) T2-weighted sagittal plane, (B) short-tau inversion recovery (STIR) sagittal plane, (C) T1-weighted sagittal plane, (D) T1-weighted post-contrast sagittal plane, (E) T2-weighted transverse plane at the level of T11, (F) T1-weighted transverse plane at the level of T11, (G) T1-weighted post-contrast transverse plane at the level of T11.


A cerebrospinal fluid (CSF) tap yielded a total nucleated cell count of 24 cells/μL (reference range < 5) and semiquantitative increased protein levels (on a urine dipstick, 100 mg/dL). Cytological examination was non-diagnostic due to poor cell preservation (impression of a mixed pleocytosis). A fine-needle aspirate was attempted at the site of the mass lesion (T11–12), but results were non-specific (granular eosinophilic material, red blood cells, neutrophils, and lymphocytes). Given the history of wound healing complications after tail-amputation with bacterial infections, treatment was initiated with amoxicillin clavulanic acid (15 mg/kg q12h per os) and prednisolone (0.7 mg/kg q24h per os). Meanwhile, CT images were reviewed and abdominal ultrasound was performed, but no evidence of neoplasia was found elsewhere. The patient had shown clear signs of deterioration over the following week. Treatment options were discussed and surgery was elected with the aim to remove as much of the mass as possible and to submit tissue samples for histopathology. Surgery was scheduled for 2 weeks after initial presentation. By that time, complete spastic paraplegia with intact nociception was evident. Urinary incontinence (upper motor neuron bladder) was present.

The cat was anesthetized and positioned and stabilized in sternal recumbency. Perioperative cefazoline (20 mg/kg, q6h IV) was administered for antibiosis. A midline incision was performed over the T9-L1 vertebrae. After removal of the T10, T11, and T12 spinous processes, a dorsal laminectomy was performed from the caudal lamina of T9 and cranial T13 with a burr and Kerrison rongeurs. The spinal cord contained within the dura mater at the location of T12 was darkened dorsolaterally on the left. Using a surgical microscope, a dorsal midline incision into the dura mater was performed. Stay sutures were positioned in the meninges, which were reflected to the sides. Specifically, the dura mater was incised in an H pattern, also aimed at relieving intradural pressure. The dorsal median sulcus was evident cranially and caudally to the lesion and a midline myelotomy was made along its course. Malacic looking tissue from the center of the mass was removed with careful suction, and the intraparenchymal mass was removed in small fragments that detached from the surrounding parenchyma. A poor plane of cleavage of presumably affected tissue from healthy tissue was noticed, suggestive of an infiltrative nature. Some tension was put on the dura mater stay sutures to facilitate careful exploration and removal of the intramedullary mass with microsurgical equipment, and the spinal cord was lifted slightly dorsally in the process. The dark red mass looked to be invasive into, and blending into normal tissue at the borders (Figure 2). Approximately 80% of the mass could be removed in a piecemeal fashion, from the inside-out based on color and consistency. This was done with care, making use of gelatin sponge spears and microsurgical instruments. Complete excision could not be performed, largely due to difficulty in distinguishing the margins between neoplastic tissue and edematous spinal cord parenchyma. There were no hemorrhages at the time of closure. The dura mater was not sutured. Routine closure of the epaxial musculature, fascia, subcutis, and dermis was performed.
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FIGURE 2
 Intraoperative photograph (via operating microscope) showing the macroscopic characteristics (color, margination) of the thoracic spinal cord astrocytoma. The green arrow points to the stay suture in the dura mater on the right side of the spinal cord. Cranial is left in the image.


Histological examination of hematoxylin and eosin stained formalin-fixed paraffin-embedded tissue section revealed a pleomorphic population of neoplastic cells with eosinophilic cytoplasm and indistinct cell borders (Figure 3). The most part of the neoplastic cell population was elongated and arranged in somewhat haphazardly arranged bundles (Figure 3A). The nuclei were oval-to-round, variable in size, and primarily eccentric, with 1–3 nucleoli and finely stippled chromatin. Throughout the tissue samples, mitotic figures were seen, with a highest density of 23 mitotic figures in 2.37 mm2 (Figure 3B). Glial fibrillary acidic protein (GFAP) immunohistochemistry (IHC) highlighted mild–moderate cytoplasmic positivity throughout the tissue samples. These findings were consistent with a diagnosis of an astrocytoma in the thoracic spinal cord. Based on these findings, it was concluded that previous tail amputation surgeries and wound healing complications were unrelated to the spinal cord pathology.
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FIGURE 3
 Histology of surgically acquired samples of the intraparenchymal mass lesion. Sheets of neoplastic cells, partly arranged in haphazardly oriented bundles (A). The neoplastic cells show moderate anisokaryosis. Mitotic figures (arrows) are frequently seen (B). Glial fibrillary acidic protein (GFAP) immunohistochemistry (IHC) highlighted mild–moderate cytoplasmic positivity throughout the tissue samples (C).


Post-operative treatment consisted of amoxicillin clavulanic acid (15 mg/kg q12h per os, discontinued a week later when histological report was available), gabapentin (10 mg/kg q8h), and prednisolone (0.7 mg/kg q24h per os). Methadone boluses were given as required based on pain scores (0.1–0.3 mg/kg). Ketamine continuous rate infusion was continued after surgery (employed as part of the anesthetic protocol) and discontinued 36 h later. The cat was discharged 4 days post-surgery.

Nociception was present in the right pelvic limb and tail 24 h after surgery. Nociception was present in the left pelvic limb after 48 h. Continued urinary incontinence necessitated manual bladder expressions in hospital and at home after discharge. The owners consulted an animal physiotherapist and started physiotherapy within 2 weeks after surgery. Slow progressive improvement in motor function was seen over the next 4 months. At reexamination during a follow-up consultation 1 month post-surgery, the cat was spastic, non-ambulatory paraparetic. Independent ambulation was not achieved over the next month, when another reexamination revealed similar findings.

Over the next 2 months, clinical deterioration and comorbidities including pyelonephritis and congestive heart failure were managed by another veterinarian. The cat was reported to have lost voluntary movement in the pelvic limbs at this point, suggesting regression to paraplegia. The patient was eventually euthanized 6 months post-surgery.



Discussion

This case report describes the clinical findings, diagnostic imaging features including plain radiographs, plain CT, and MRI, surgical treatment, and outcome in a cat with an astrocytoma in the thoracic spinal cord. To the authors’ knowledge, there is only one previous report that describes surgical treatment and outcome for a cat with a spinal cord glioma (6). In that case, an anaplastic cervical spinal cord astrocytoma was diagnosed after surgical removal of an elliptical intraparenchymal mass at C4. The outcome in that case was positive, with complete recovery of neurological function within 3 weeks after surgery. Eventually, 4 years and 11 months post-surgery, MRI revealed recurrence of the tumor and a second surgery was performed (7). Again, a satisfactory outcome was achieved and the cat died at the age of 16 of problems unrelated to the spinal cord tumor. The outcome in the case reported here was not satisfactory, even though progress was made over the 4 months post-surgery. This likely reflects the differences in invasiveness and consistency of the mass lesions, necessitating piecemeal removal as well as increased surgical manipulation (e.g., tension on the dura mater). The latter may have put additional stress on an already injured spinal cord, negatively influencing the outcome. In the previously reported case, the surgeons were able to remove the residual mass in a large bulk, after partial piecemeal removal at first instance. Tension on the dura mater or lifting of the spinal cord was not reported in that previous case (6, 7), likely reflecting differences between the anatomically affected site as well as consistency. Another difference between our case and the case reported by Tamura et al. (6, 7), was that MRI pre-surgery subjectively revealed more perilesional edema, likely negatively influencing outcome as well.

Despite the unsatisfactory outcome as judged by the surgeon, the owners were happy with the progress that was made over the 4 months post-surgery. Further evaluation of neurological recovery or deterioration was hampered by renal and cardiac problems that ultimately led to euthanasia 6 months post-surgery. However, as neurological function recovery was minimal over 4 months post-surgery, this report provides some information on outcome of surgical treatment of spinal cord astrocytoma in this cat.

Spinal gliomas are reported infrequently in cats and typically affect adult individuals. In one previous study that reported 7 cases, a median age of 8 (range of 4–12) years was noted, and 5/7 cases were female neutered cats (5). Combining other reported feline cases (6–13), an age range between 2 and 13 years and both males and females are represented without a clear sex predisposition. In our case, a 15-year-old female neutered cat is reported. Thus, based on current data, the age range of feline patients presented for spinal cord gliomas is very broad (2–15 years). Spinal cord glioma should be considered a differential diagnosis in cats presented for (mostly chronic progressive) myelopathies. The influence of age on the prognosis regarding surgical treatment cannot be evaluated solely based on the currently available two case reports.

Reported MRI characteristics of feline spinal gliomas include intraparenchymal localization, homogenous T2W-hyperintensity, ovoid or elliptical shape, and variable contrast enhancement (none, mild, rim or ring enhancement) (5–10). An extraparenchymal appearance on MRI should not exclude glioma from the list of differentials, as this has been reported in a feline oligodendroglioma affect lumbosacral spinal cord segments (14). Notably, the authors of that case attempted surgical treatment, but intraoperative findings suggestive of intraparenchymal involvement led to a decision of euthanasia (14). Ring enhancement is regarded as a fairly classical sign of some gliomas affecting the brain of dogs or cats, but not necessarily for astrocytomas. It was reported in 1/4 cases in a case series (5), and most of the other reported cases had mild homogenous contrast enhancement. Due to the limited number of cases reported, we cannot assess if ring enhancement have any bearing on the prognosis or if it is linked to histological grade or not. Based on literature so far, it seems that an intraparenchymal localization, T2W-hyperintensity, and an ovoid or elliptical shape are the most consistent findings. In our case, all these characteristics were present. Clear ring enhancement, combined with the history of bacterial infection of the tail stump after amputation surgery, prompted a differential of spinal cord abscessation. Since CSF results were inconclusive, antibiotic therapy was initiated.

Astrocytomas are the second most common type of spinal cord neoplasia in humans, mostly affecting children (15–17). MRI is considered useful for distinguishing types of neoplasia, but distinction between the most common type of spinal cord tumor (ependymoma) and astrocytoma cannot be made reliably (15–18). Astrocytomas are reported to commonly affect multiple segments, are T1W hypo- to isointense and T2W hyperintense, and show variable contrast-enhancement with unclear margins (15–18). Ring enhancement is not a consistent feature and is has not been linked to grade or malignancy. The role of surgery in high-grade astrocytomas is controversial, though resection was favored over biopsies in some studies. Gross total removal rates are low for astrocytomas compared to other types of spinal cord neoplasia (19). Recurrence rates of spinal cord astrocytomas of up to 48% are reported (20). Interestingly, astrocytomas in the cervical spinal cord were associated with a better resectability and functional outcome (21). Again, we cannot draw conclusions based on just two case reports, but the feline case with a cervical astrocytoma and feline case with thoracic astrocytoma discussed here mirrored these findings.

Of particular note is this section in a human review article regarding surgery of spinal cord astrocytomas (17): “Astrocytomas are more challenging than ependymomas surgically. Astrocytomas are infiltrating, have poor plane of cleavage, and blend imperceptibly with the spinal cord at the margins. Radical resection of these infiltrative lesions may result in a higher morbidity. A less radical intervention with minimal surgical morbidity is therefore preferred. In children, these tumors behave similarly to low-grade posterior fossa astrocytomas which are amenable for total resection. An “inside-out” removal is recommended based on the color and consistency of the tumor compared to the surrounding spinal cord.”

This quote reflects some of the findings in the case reported here, including the infiltrating nature of the astrocytoma, the poor plane of cleavage, and blending with the spinal cord at the margins. The ‘inside-out’ based on color and consistency was also employed. What ‘less radical’ exactly entails is unclear, but it underlines the importance of trying to minimize further damage to healthy tissue.

One way to address the risk of damaging healthy tissue is to employ intraoperative electrodiagnostic tests, such as somatosensory evoked potentials (SEP) or motor evoked potentials (MEP) (22, 23). Indeed, the use of intraoperative monitoring techniques like this are often used and deemed critical for safe surgery of intramedullary spinal cord tumors in humans (24–28). However, to the authors’ knowledge, while these techniques have been studied in experimental feline models, there are no reports of MEP or SEP during surgery for intramedullary neoplasia in clinical small animal patients, such as dogs or cats. There are reports that document the use of such techniques for removal of extradural lesions (e.g., intervertebral disc extrusion in dogs) (29). Future studies will hopefully provide more information on the usefulness of these techniques for small animal neurosurgery.

While surgery is often the preferred treatment modality in humans, consideration can be given to radiotherapy and chemotherapy as well. Other experimental therapies in humans focus on genetic alterations in specific types of tumors and neural stem cell therapy. The reader is referred to recent reviews on these treatments for human intradural spinal cord tumors, such as Abd-El-Barr et al. (30). The use of chemotherapy or radiotherapy for intramedullary spinal cord tumors in small animals is mostly reported on a case-by-case basis.

In our case, the diagnosis was achieved based on routine histological characteristics and GFAP IHC. A validated grading system for feline astrocytoma is not available and tumors are typically subjected to the World Health Organization classification and grading system for human CNS tumors (31). The high cellularity and mitotic count in this feline astrocytoma would suggest a high-grade tumor (WHO grade 3 or 4), but definitive grading could not be determined given the small tumor area available for histologic evaluation. There are several other limitations to this case report, including the lack of a post-surgery MRI study, lack of post-mortem histopathological examination of the spinal cord, lack of further IHC tests (particularly OLIG2), and limited follow-up with regard to the spinal cord glioma-related pathology as the cat was euthanized due to concurrent disorders of other organ systems.

Nevertheless and in conclusion, this is the second case reported documenting the surgical treatment and outcome of an astrocytoma in the spinal cord of a cat. The outcome in this case was unsatisfactory with regard to neurological outcome as judged by the surgeon.
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