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Transcallosal Removal of a Choroid Plexus Tumor From the Lateral Ventricle in a Dog. Case Report
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A 6-years-old female Staffordshire terrier was referred for periodic generalized seizures and asymmetric visual deficits. Magnetic resonance imaging revealed a 23.2 × 19.3 × 23.0 mm soft tissue mass within the right lateral ventricle and consequential dilatation of the lateral ventricles. Surgically, an interhemispheric approach was performed next to the marginal gyrus after a right parieto-parasagittal craniotomy, and a large choroid plexus tumor was transcallosally removed. After 3 days, the dog was discharged to home, and supportive treatment was continued. Histology revealed a choroid plexus papilloma, which was also confirmed by immunohistochemistry. One month after surgery, a control MRI showed that the ventricles were still dilated, but there was no sign of recurrent tumor. The dog had two additional seizures at home during the month following the intervention and one more grand mal episode was observed 4 months after the surgery. Nine months after the surgery, the dog showed no seizure activity, but her vision had not yet returned.
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INTRODUCTION

The choroid plexus (CP) is a vascular structure surrounded by ependyma. It projects into the ventricular cavities. The CP produces cerebrospinal fluid (CSF) by secretion and filtration (1, 2). Choroid plexus tumors (CPT) develop from the epithelium of the intracranial blood vessels. Based on literature, CPT are responsible for the 10% of all intracranial tumors in dogs, are usually benign tumors, and can be found in any ventricles (1–6). In humans, the most common location is the lateral ventricle in children and the fourth ventricle in adults (7–9). They account for 1–20% of brain tumors in children but only 0.5% in adults (10, 11). In dogs, CPT is observed frequently in the fourth ventricle, however, it may also appear in the third and lateral ventricles (1).

Depending on the size and location of the tumor, patients can show no clinical signs, and the neoplastic disorder is often only found in these asymptomatic cases with diagnostic imaging methods, as incidental findings (12). The clinical signs which can be observed in the patients are often the subsequent result of the hydrocephalus, which developed as a consequence of the obstruction and/or overproduction of the CSF (and the increased intracranial pressure). These clinical signs can include headaches, blindness, circling, seizures, ataxia, and behavioral changes (3, 13). In dogs, only 3% of intracranial tumors presenting with seizures are CPTs (14). Most CPTs occur in middle-aged dogs (average age 6 years, range 1–13 years) (5).

Definitive diagnosis of CPTs is achieved by histopathological assessment, although some of the masses can be identified using magnetic resonance imaging (MRI), where these tumors regularly show T2-hyperintensity and they enhance the contrast material homogeneously (5).

Ventriculomegaly occurs in 75% of the dogs with intraventricular tumors (5).

Conservative therapy or surgery is recommended following diagnosis of CPTs. Conservative therapy includes antiepileptics, steroids, pain killers, chemotherapy, and edema- and CSF production-reducing treatments (4). Based on the human recommendations when the presence of a CPT is confirmed by MRI and the patient has clinical symptoms, the primary management to be chosen is the surgical resection of the tumorous tissue, and the use of adjuvant therapy is only advised after the surgical intervention (15).

During the surgery, tumorous tissues removal is performed from lateral ventricles. The main technique is the interhemispheric-transcallosal approach in human medicine, but further interventions have been published (transcortical, neuroendoscopic approaches) where more side effects could be present (12, 16, 17). In dogs, fluorescein sodium (FS) can help determine the well-vascularized CPTs (18).

A CPP—similarly to the histological features of a normal choroid plexus—comprise bland cuboidal to columnar epithelial cells. As the CPC is usually malignant, it shows at least four of the following five characteristics: high mitotic activity, nuclear pleomorphism, necrosis, increased cellular density, and blurring of the papillary pattern (13).

According to the 2007 and 2016 World Health Organization (WHO) classification of tumors of the central nervous system, CPTs are classified as either CPPs (WHO grade I), atypical CPPs (aCPPs) (WHO grade II), or choroid plexus carcinomas (CPCs) (WHO grade III) (4, 5, 9, 10, 13, 19, 20). Using the WHO classification system to categorize human CPTs, it could be verified that the grade of a tumor can be considered as the most important postsurgical prognostic factor (5).

Following the human recommendations, we decided to perform surgical removal of a CPT, and as the inter-hemispheric approach was known to have fewer postoperative side effects (compared to the transcortical surgeries), we chose this way to expose the ventricular site. To the best of the authors' knowledge there are no reports on transcallosal lateral ventricular tumor removal with 9-months follow-up in the veterinary literature.



CASE DESCRIPTION

A 6-years-old female Staffordshire terrier was referred for periodic generalized seizures and asymmetric visual deficit. Due to her neurologic signs, the local vet recommended an MRI examination, which was performed using a 3 Tesla MRI scanner (Siemens Magnetom Prisma 3T with a Siemens Head/Neck 20 3T TIM coil, Erlangen, Germany).

Before scanning, the dog was sedated using a 22 G intravenous catheter (Vygonüle V Luer-Lock; Laboratories Pharmaceutiques Vygon, France) that was placed in the lateral saphenous vein of the right hind limb. The dog was premedicated with medetomidine-hidroklorid (0.5 mL Narco Start 1 mg/mL A.U.V., Le Vet B.V., The Netherlands). Following premedication, anesthesia was induced with 2 mg/bwkg propofol intravenously (Propofol 1% MCT/LCT, 5.5 mg/bwkg, Fresenius-Kabi). The following sequences were made: T2-weighted sagittal view of the head; FLAIR transversal; and pre- and post-contrast T1-weighted MPRAGE.

The MRI revealed that the lateral ventricles were moderately enlarged, and dorsal to the lateral ventricles at the midline, there were three fluid-filled cystic structures. The most caudal was 11.5 × 7.5 mm, the cranial was 4.3 mm, and the middle was 8.5 × 2.4 mm in diameter. The plexus choroideus almost completely occupied the middle region of the right lateral ventricle and invaded the left lateral ventricle. The plexus choroideus had irregular borders and a “cauliflower-like” appearance. The proliferating choroid plexus on T1- and T2-weighted images was isointense with the cerebral gray matter, while on FLAIR images, it was slightly hyperintense. On all sequences it contained well-circumscribed areas of low signal intensity. It was intensely enhanced on the post-contrast T1-weighted images. On the FLAIR images, there was a 5 × 6 mm area of increased signal intensity medial to the pars centralis of the right lateral ventricle (caudal to the largest cystic structure). The optic nerves with their surroundings and the cerebellum were normal (Figure 1). Presumed radiological differential diagnosis included the following diseases: choroid plexus papilloma, choroid plexus carcinoma, atypical choroid plexus papilloma, ependymoma, astrocytoma (subependymal giant cell or pilocytic).
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FIGURE 1. Preoperative MR images showing the intraventricular tumor (with yellow asterisk). (A) T2-weighted image, sagittal plane. (B) T1-weighted postcontrast image, sagittal plane. (C) T1-weighted image, transverse plane. (D) T1-weighted image, dorsal plane.


After the MRI, the dog was referred for neurologic examination and surgery. Neurologic examination revealed an absent menace response and direct pupillary reflex on the right. Other cranial reflexes were normal, mental state, behavior, body posture and gait did not show any abnormalities. Proprioception and hopping tests were unremarkable. All spinal reflexes were normal. Blood and urine tests revealed no abnormalities. Abdominal and heart ultrasound findings were normal. A survey chest radiograph showed no sign of metastasis. According to the neurological examination and history the neurological localization was left sided occipital lobe, multifocal lesions in the brain. Following differential diagnosis were presumed. Vascular (ischemic) event, inflammation (MUO/MUE), anomaly (hydrocephalus), idiopathic epilepsy, neoplasia with or without altered fluid circulation.

During the surgery, the dog was positioned in sternal recumbency, and the head was elevated to ensure blood outflow. Fentanyl (5 μg/bwkg, Richter Gedeon), dormicum (0.05 mg/bwkg, EGIS), and ketamine (CP Ketamin 10% injection AUV, Medicus Partner) injections were used for premedication. The induction drug was propofol (Propofol 1% MCT/LCT, 5.5 mg/bwkg, Fresenius-Kabi), and anesthesia was maintained with a mixture of isoflurane and oxygen gas (Isoflutek 1,000 mg/g, 1.5 v/v %, Laboratorios Karizoo). During the surgery, fentanyl-ketamine (Fentanyl: 5 μg/bwkg, Richter Gedeon, Ketamin: CP Ketamin 10% injection AUV, Medicus Partner) infusion was maintained with an infusion pump (1 mL fentanyl + 0.06 mL ketamine/100 mL infusion with a rate of 100 mL/10 bwkg/h). The hair on the head was shaved off, and the head was prepared by the aseptic method. Median skin incision was performed from the protuberantia occipitalis externa to the point of Bregma. The middle and caudal auricular muscle groups midline origine have been transsected, so does the temporal muscle, which was removed from the parieto-temporal area of the skull, starting the incision next to the external sagittal crest. A right parieto-parasagittal craniotomy was performed with an oscillating saw (Stryker TPX, Stryker Inc, Kalamazzo, USA) device. The craniotomy did not pass through the midline, we kept 14 mm distance paralel to the external sagittal crest. We made a quadrangular craniotomy with a size of 32 × 24 mm on the parietal bone. The separated bone fragment was placed immediately into saline solution.

After the craniotomy, a durotomy was made using an No. 11 blade to make a 4-sided flap. The opening of the dura mater revealed a part from the right marginal to ectomarginal gyrus. Fluid was drained off by 21G intravenous catheter (VasoFix Branüle, BBraun, Germany) from the trigonal region in order to relax the brain for dissection. With a careful approach between the falx cerebri and marginal gyrus (thus the dorsal sagittal sinus was not exposed and remained protected), then deeper between the left and right cingulate gyri, the corpus callosum was reached. The marginal and ectomarginal gyrus were bluntly dissected, and the gyri (including the cingulate gyrus) was held away with brain spatulas to maintain the field of view (Figure 2). The corpus callosum was then transected with the spatula and forceps at its midline in the midsagittal plane.
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FIGURE 2. Anatomical demonstration (A,B) and intraoperative images (C,D) showing the transcallosal approach. The blue circle shows the site, whilst the blue arrow shows the direction of the approach. (1) Corpus callosum. (2) Gyrus marginalis. (3) Gyrus ectomarginalis. (4) Gyrus postcruciatus. (5) Hippocampus. (6) Plexus chorioideus. (7) Nucleus caudatus dexter. (8) Falx cerebri. (9) Nucleus caudatus sinister. (10) Corpus fornicis.


After controlling subsequent bleeding with gelatine sponge (Spongostan Standard 7 × 5 × 1 cm, Ethicon Inc., New Jersey, USA) and bipolar electrocauter (Yasargil Coagulation Forceps, Aesculap Inc., Center Walley, USA), the surface of the tissue mass could be seen. The entire intracranial procedure was supported by an operation microscope (Topcon OMS-90, USA). The tumor was removed with 8- and 12-Ch Fergusson suction cannulas (Aesculap, USA) in multiple fragments until the point when there was no bleeding or visible residual tumor tissue.

The ventricle was filled with body heat sterile Salsol solution (Salsol infusion, TEVA, Hungary). The dura mater flaps were sutured with a 3/0 polyfilament suture (Surgicryl, SMI, St. Vith, Belgium), and the craniotomy fragment was attached to the neighboring bones by drilling one hole on each side of the fragment and the adjacent bones, and anchoring them with a 2/0 polyfilament suture (Surgicryl, SMI, St. Vith, Belgium). The temporal muscle and the superficial auricular muscles were sutured along the midline cut line to their other sided counterparts. The skin was closed in two layers with subcutaneous and cutaneous sutures.

After the surgery, methylprednisolone (Solu-MEDROL injection, 2 mg/bwkg, Pfizer, USA), cefazolin (Cefazolin-Sandoz, 30 mg/bwkg, Sandoz GmbH, Germany), morphine hydrochloride (Morphinum Hydrochloricum, TEVA 20 mg/mL injection, 2–4 mg/bwkg, TEVA, Israel), and mannitol (Mannisol TEVA infusion, 1 g/bwkg, TEVA, Israel) were administered. Strict observation was performed for 24 h, during which period body temperature, heart rate, respiratory rate, proprioception, cranial reflexes, and mental state were registered. During this observation period, there was an interval when the aforementioned parameters had a higher variance: arrhythmia, decreased heart and breath rate, salivation, absent pupillary light reflex, and absent palpebral reflex. As intervention for this emergency situation, epinephrine (Tonogen 1 mg/mL injection, 0.02 mg/bwkg, Richter Gedeon, Hungary) was administered, resulting in the majority of symptoms resolving except for the excited behavior, absent menace response, and twitching of the right upper lip. The excited behavior improved with midazolam (Dormicum 5 mg/mL injection, 0.5–1 mg/bwkg, EGIS, Hungary).

Neurologic examination on the following day showed an absent menace response on both sides and mild sign of weakness and the dog was dysphoric. The previously absent right sided direct PLR became normal. Mild ventrolateral strabismus was seen on the right side. Further cranial and spinal reflexes did not show any abnormalities. Mild confusion was observed. Behavior, body posture and gait were normal. Proprioception and hopping tests were unremarkable. Bilateral occipital lobe lesion was presumed according to the neurological examination. The dog was discharged after 3 days. During this period, the dog was dysphoric, but this improved with midazolam (Dormicum 5 mg/mL injection, 0.5–1 mg/bwkg, EGIS, Hungary).

At-home treatment was continued with prednisolone for 1 month (Prenisolon-Richter 5 mg tablet, 1 mg/bwkg BID, Richter Gedeon, Hungary), amoxicillin-clavulanic acid for 1 week (Augmentin 500 mg/125 mg tablet, 20 mg/bwkg BID, GlaxoSmithKline, UK), tramadol for 1 week (Tramadol LA tablet, 2–4 mg/bwkg BID, Aluid Pharma, Germany), and levetiracetam continuously (Levetiracetam TEVA 500 mg tablet, 10 mg/bwkg BID, TEVA, Israel).

Within 1 month of intervention, the dog had two tonic-clonic seizures lasting 5 min each. One month after surgery, control MR examination was performed with the aforementioned machine using the following sequences: T2-weighted sagittal, transversal, and coronal imaging of the head; FLAIR, SWI, and mIP transversal imaging of the brain; and pre- and post-contrast T1-weighted imaging of the cranium in the sagittal, transversal, and coronal planes. The lateral ventricles were moderately enlarged, as in the preoperative examination, but the three fluid-filled cystic structures dorsal to the lateral ventricles at the midline were no longer present. The proliferating CPT seen earlier was gone. The intravenously administered contrast agent appeared in the area of the surgery and vasculature on the right area of parieto-occipital region. On the T1- and T2-weighted sequences, ventral to the pars centralis of the lateral ventricles, the well-circumscribed hyperintense areas with a hypointense rim on the T2-weighted sequences were most likely late subacute hemorrhages. The cerebellum was normal (Figure 3).
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FIGURE 3. Postoperative MR images after the removal of the tumor, at the same levels as in Figure 1. (A) T2-weighted image, sagittal plane. (B) T1-weighted postcontrast image, sagittal plane. (C) T1-weighted image, transverse plane. (D) T1-weighted image, dorsal plane.


Three months after the surgery, the menace response was still absent, but no more epileptic events were observed, and the dog's general state was stable. Levetiracetam dosage was tapered to 5 mg/bwkg BID and prednisolone was tapered to 0.5 mg/bwkg and administration of steroid was stopped 1 month after the surgery. Four months after the intervention two grand mal episodes were observed. Due to reappeared epilepsy activity, Levetiracetam dosage was increased to 20 mg/bwkg. During the 9 months postoperative follow-up, no more epilepsy events were detected and her vision had not yet returned. Histopathologic examination showed fronds of the differentiated fibrovascular tissue covered by one layer of uniform cuboidal and columnar epithelial cells (Figure 4A). No nuclear, cellular atypia, intratumoral necrosis, apoptosis, or mitosis were seen. The tumor tissue did not infiltrate, but there was compressed adjacent, peritumoral neural tissue, where we could detect mild edema and hemorrhage. Multifocal microcalcification and xanthoma production, furthermore focal lymphocytic reactivation, were detected in the stroma of the tumor (Figure 4B). The epithelial cells showed intense, diffuse, homogeneous cytoplasmatic-pancytokeratin-positivity (Figure 4C). The Ki-67-labeling-index was 1–2%. A benign CPP was ultimately diagnosed.
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FIGURE 4. Histological sections from the intraventricular tumor. (A) Microscopic picture about the tumor which consisted of papillae lined by a single layer of cuboidal or columnar epithelium (Haematoxylin and eosin stain, 400x). (B) Lymphocytic reactivation, multifocal microcalcification and vasodilatation int he stroma of the tumor (Haematoxylin and eosin stain, 400x). (C) Diffuse, intense, pancytokeratin-positivity in the benign neoplastic epithelial cells of the choroid plexus papilloma (IHC, 400x).




DISCUSSION

To the best of the authors' knowledge, this is the first case report about a successful removal of a CPT from the lateral ventricle in a dog. Different surgical techniques for CPT removal have been described in the human literature. Historically, transcortical approaches have been favored over interhemispheric routes. More recently however, interhemispheric transcallosal approaches have gained popularity because, in this way, no cortical brain tissue should be damaged to provide direct access to the ventricular system (12, 16, 17). In humans the treatment of choice for CPTs is surgical removal. Complete resection is curative and can well be achieved, therefore palliative shunting to treat only raised intracranial pressure caused by hydrocephalus is not an option (15). In our case, a transcallosal technique was used.

The approach was through the corpus callosum, and it affected the middle third of the marginal gyrus. This region is adjacent to the visual and somatosensory cortices, comprising the secondary, association fields of these regions (21, 22). In the surrounding white matter, one can find the superior longitudinal fasciculus (connecting the occipital and frontal poles), the cingulum (running deep to the cingulate gyrus), and the subcallosal fasciculus (similar to the cingulum, but it also gives fibers to the caudate nucleus) (21, 22). Damage to the above-mentioned structures may result in altered sensation, psychic symptoms (due to the limbic system's involvement), or unilateral central visual impairment. The most important intraventricular structures that may be damaged during the surgery are the hippocampi. Unilateral damage is tolerable, but bilateral hippocampal loss leads to impair spatial memory (23, 24).

One interesting feature was regarding the change in the PLR. While before surgery the right eye did not respond to the direct PLR, but did respond to the indirect PLR, postoperatively this condition normalized, and both direct and indirect PLR were present. The left eye was unaffected throughout. As the right direct PLR has returned, it means that no irreversible change has happened in the optic pathway. Thus, due to the normal indirect PLR on both sides the optic nerves and the optic tracts had to be unaffected (and they are running on the basal and lateral aspect of the brain, so the tumor could not compress them directly either). The oculomotor nerve and its parasympathetic nucleus had to be also intact to convey the impulse arriving from both sides. Subsequently, a possible explanation for that phenomenon could be that the left sided pretectal nucleus was under an influence which affected its signal transmission to the right sided parasympathetic oculomotor nucleus. As the vast majority of the fibers to the Edinger-Westphal nucleus arrive from the contralateral pretectal nucleus, but a minor portion is conveyed through the ipsilateral pretectal area, it could explain why the direct PLR was absent (or severely reduced) initially, and normalized after the surgery. In addition, the neoplastic tissue is also located on the dorsal aspect of the brainstem, where the pretectal area can be found.

Prior the surgery on the right sided absent menace response was occurred by chronic asymmetrical dilated ventricles which may have caused alteration of left sided occipital lobe and optic radiation tract. These alterations have been observed in human medicine due to severe hydrocephalus-like main symptoms (13). Postoperative left sided menace response was absent due to the iatrogenic damage of optic radiation. These were also observed on the right parieto-occipital lobes on the postoperative MRI, and the subsequent visual deficit could be the consequence of the damage of the central visual pathway. On the right side the previously absent menace response remained because of the chronic dilatation effect of the hydrocephalus.

Perioperative mortality due to uncontrollable hemorrhage during resection ranges from 0 to 30% (8, 12). As in humans, the main intraoperative complication in our case was bleeding from the CPT (8). It was controlled with thermocoagulation and specific anticoagulation materials (8, 19). Observation is most critical in the 24 h following surgery, especially in cases of intraventricular tumor removal (12). The most prominent postoperative complications are subdural or epidural hemorrhage, intracranial pressure elevation, edema, or clot formation (12). Our assumption is that a clot caused a CSF outflow obstruction and secondary intracranial pressure elevation in the dog, resulting in her temporarily feeling unwell. In the 1st month, seizure activity may be the result of the change in the CSF circulation and the remodeling of vascular structures. Cortical incisions have more frequently lead to epileptic seizures than transcallosal incisions in human medicine (25–27). Levetiracetam was administered after the surgery to reduce the secondary effects of vascular damage and CSF circulation disturbance (28). We chose this antiepileptic because it can prevent the effects of scar formation caused by damaged nervous tissue, decreasing the chance of epilepsy (28).

According to the human data, total resection is the most effective treatment for CPTs, but it is challenging due to the major surgical risk caused by these tumors' high vascularity (11, 19, 29). The efficacy of the surgical removal of a CPT can be considered as the single most determinant factor for long-term survival (19). In one human study, tumor recurrence was observed in 25% of patients (19). Information about surgical risks and follow-up have not been published in veterinary literature. In one study, a 4-years-old female French bulldog was treated conservatively with prednisolone, a 10% glycerin, 5% fructose mixture, acetazolamide, and hydroxyurea for 1 month (4). At first the dog improved, but 15 months after presentation, it developed a coma and died despite intensive treatment.

Ventricular enlargement that develops secondary to a CPT will not change following intervention because dilation due to disturbed fluid outflow is chronic (19). Other signs of hydrocephalus and ICP elevation on MRI are periventricular edema in FLAIR sequences, dilatation of the olfactory recess, elevation of the corpus callosum and dorsoventral flattening of the interthalamic region, thinning of the cortical sulci and subarachnoid place, ventricle/brain index >0.6 on dorsal plane images (30). In our case, aforementioned signs of ICP elevation were not detected due to the chronic state of hydrocephalus. In certain cases, when chronic ventricular dilation causes neurologic signs, permanent ventriculoperitoneal shunt (VPS) placement is recommended following tumor removal (25).

In summary, the presented transcallosal approach in dogs appears to be a safe alternative to the transcortical approach. Its advantage is the better visualization and therefore safer radical removal of those intraventricular tumors that are located close to the midline, either in the lateral ventricles pars centralis or in the third ventricle. If asymmetric symptoms (e.g., visual deficit) are seen during preoperative examination, a surgical approach is recommended to be made on the same side where the cerebral lesion is presumed, in order to avoid the possible occurrence of bilateral cortical lesion and subsequent visual deficit. Our patient was monitored through a 9-months-long follow-up period, and at the time of the submission of the manuscript her state is stable and seizure-free. Further cases are needed to build a relevant conclusion from transcallosal technique.
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