

[image: image1]
Case Report: Detection of Transferrin in a Dog Suspected of Having Cerebrospinal Fluid Rhinorrhea
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A 12-year-old Yorkshire terrier was referred for epileptic seizures and nasal discharge. The fluid was clear and serous. Cerebrospinal fluid (CSF) rhinorrhea was suspected, based on clinical signs and MRI findings. In humans, analysis of nasal secretions to determine the concentration of glucose and brain-type transferrin has been widely used clinically in order to confirm the presence of CSF rhinorrhea. The glucose concentration in the nasal discharge was 74 mg/dL. Serum-type and brain-type isoforms of transferrin were detectable in the nasal sample. The concentration of glucose and brain-type transferrin could be useful for diagnosing CSF rhinorrhea.
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INTRODUCTION

Cerebrospinal fluid (CSF) rhinorrhea is a type of CSF leakage (1). CSF leakage requires presence of a communication between the subarachnoid and extracranial space through the skull base (2). Causes are classified as traumatic and non-traumatic, and traumatic causes are more common in humans (3–5). Non-traumatic causes in humans are associated with neoplasia, inflammation, or congenital skull malformation, or are classified as idiopathic. In humans, diagnostic imaging including computed tomography (CT) and magnetic resonance imaging (MRI) have been used, and diagnosis can be made through nasal inspection and laboratory tests of the fluid (6). Analysis of nasal secretions in order to determine the concentration of glucose and brain-type transferrin has been widely used clinically in order to confirm the presence of CSF rhinorrhea.

Suspected or confirmed CSF rhinorrhea has been reported only sporadically in dogs (7, 8). In contrast to human medicine, diagnostic criteria for CSF rhinorrhea have not yet been established for dogs. We describe a case of suspected CSF rhinorrhea in a dog of which discharge was shown to contain brain-type transferrin.



CASE PRESENTATION

A 12-year-old 1.5 kg entire male Yorkshire terrier was referred with a history of acute onset of seizures 1 day before admission. Generalized seizures occurred seven or eight times a day. Loss of consciousness was noted during seizure, and subsided in less than 1 min. After generalized seizures, post-ictal signs including transient circling and mild ataxia was observed. Nasal discharge was noted. The fluid was clear and serous. Hematology and serum biochemistry results were unremarkable. Mental status was alert during the neurological examination. Mydriasis of the right eye due to adhesion of the iris and the lens was observed. No other abnormalities were found upon neurological examination. Based on these findings, the differential diagnoses were neoplasia, inflammation, idiopathic, anomaly, or vascular disease. The lesion was localized to the cerebrum or diencephalon.

CT and MRI were undertaken to examine the cerebrum and diencephalon. Anesthesia was induced by propofol (MSD Animal Health, Tokyo, Japan) at a dose of 5.0 mg/kg and was maintained by isoflurane (MSD Animal Health). MRI was performed using a 0.4 T unit (APERTO Inspire version V5.0M; Hitachi Healthcare Systems, Osaka, Japan). The sequences included T2-weighted images (T2WI; TR, 2,800 ms; TE, 120 ms) of transverse and sagittal views, fluid-attenuated inversion recovery (FLAIR; TR, 6,900 ms; TE, 120 ms) of transverse view, T1-weighted images (T1WI; TR, 300 ms; TE, 14.3 ms) of transverse view, and postcontrast T1WI (gadoteridol, 0.2 mL/kg intravenous administration) of transverse view. Brain MRI revealed irregularities in the left cribriform plate compared to the right cribriform plate (Figures 1E,F). Also observed were the olfactory recess of the left lateral ventricular enlargement and irregular hyperintensity around the olfactory recess of the left lateral ventricle (Figures 1A–C). No signs of contrast enhancement were observed on postcontrast T1WI (Figure 1D). No other cerebral parenchymal lesion was observed. The CT scan (Activion16, Toshiba Medical Systems, Tochigi, Japan) was performed with a pitch of 0.9 mm, scan thickness of 0.5–2.00 mm, 100 mA, and 120 V. For contrast-enhanced imaging, the dog was administered with 2 mL/kg of non-ionic contrast medium (Ominipaque, GE Healthcare, Chicago, IL). Cranial CT revealed a defect of the left cribriform plate was observed (Figure 2A). No contrast enhancement was noticed. An irregular lesion in the left nasal cavity around the left cribriform plate was also observed (Figure 2B), for which the differential diagnosis was neoplasia, inflammation, or meningoencephalocele. No CSF tap was performed, because of malformation of the occipital bone. After CT and MRI examination, a sample of persistent nasal discharge was collected for cytological examination and for bacterial culturing. The bacterial culture results were negative, and cytologic evaluation showed non-infectious inflammation. Treatment was started with phenobarbital (4 mg/kg, BID).
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FIGURE 1. Brain magnetic resonance images of a 12-year-old Yorkshire terrier with epileptic seizures and nasal discharge (A–F). Transverse T2 weighted (A), T1 weighted (B), FLAIR (C), and T1 weighted post-contrast (D) images at the level of olfactory recess, and sagittal T2W1 image at the level of the right and left cribriform plate (E, F, respectively). Olfactory recess of the left lateral ventricular enlargement was observed (black asterisk) relative to the right lateral ventricle (A). A defect of the left cribriform plate was observed (white arrowheads, F) relative to right cribriform plate (E).
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FIGURE 2. Cranial CT images of a 12-year-old Yorkshire terrier with epileptic seizures and nasal discharge (A,B). On the coronal and sagittal bone condition images at the cribriform plate level (A,B, respectively), a defect of the left cribriform plate is noticeable (white arrowheads). On the coronal soft tissue images at the level of the optic nerve (A), an irregular lesion in the left nasal cavity around the left cribriform plate is observed (black asterisk).


No epileptic fits were observed in the 2 months after phenobarbital was started. No neurological abnormalities were detected. The serous nasal discharge persisted. On the 68th day, CT and MRI were repeated to examine changes in the olfactory recess. No remarkable changes were noted in a CT/MRI scan in the lesion, relative to the previous scan. Cytologic examination of the nasal discharge found many degenerated neutrophils and phagocyted cocci, indicating pyogenic infectious inflammation. Streptococcus sp. was detected in the bacterial culture test. Based on the examination of nasal discharge and on imaging suggesting destruction of the cribriform plate, CSF leakage and meningoencephalitis were suspected.

The glucose concentration in the nasal discharge of the dog was 74 mg/dL and CSF leakage was suspected, and further analysis was performed to check. Serum and CSF from a healthy dog (Beagle, 1 year old, female) were used as controls. This procedure was conducted with the approval of Osaka Prefecture University Animal Care and Use Committee (21–30). The sample was loaded on 1-mm thick sodium dodecyl sulfate polyacrylamide gels and was separated by electrophoresis. Proteins were then transferred on to 0.45 μm nitrocellulose membrane (Bio-Rad, Hercules, CA) and was probed with goat polyclonal anti-canine transferrin antibody (ThermoFisher Scientific, Waltham, MA). The membrane was washed and incubated with HRP-conjugated donkey anti-goat antibody (Peroxidase AffiniPure Donkey Anti-Goat IgG: Jackson ImmunoResearch Inc., West Grove, PA) Western blotting was performed to detect canine transferrin of serum and CSF of the normal dog, and also the leaked nasal fluid from this case. The characteristic pattern of transferrin is shown in Figure 3. Serum used as negative control showed only one band of transferrin, whereas two bands of transferrin were detectable in the CSF sample. In the leaked nasal fluid in this case, both bands were present.


[image: Figure 3]
FIGURE 3. Expression of transferrin detected using Western blot analysis. Distinct protein patterns are seen with serum (lane 1) and CSF (lane 2) of a control dog, and nasal leaked fluid from the present patient (lane 3). The black arrow indicates the approximate position of serum transferrin, and black arrowhead indicates the approximate position of brain-type transferrin. The molecular masses of the size markers are shown on the right.


After antimicrobial treatment (cephalexin; Riken Vets Pharma, Saitama, Japan, 25 mg/kg, BID, for 3 weeks), the cytologic evaluation showed non-infectious inflammation. The owner declined surgical treatment to stop CSF leakage. Over the following 5 months, the dog remained normal in its general condition, and epileptic seizures did not worsen. On the 167th day a sudden worsening of its general condition was observed without seizures, and the dog died. No pathological autopsy was performed after death, and the precise cause of death was not identified.



DISCUSSION

There have been only a few reports of diagnosis and treatment of CSF rhinorrhea in dogs and cats (7, 9). In the present case, CSF rhinorrhea was suspected based on clinical signs and MRI findings. Transferrin is an iron transport protein. Two isoforms of transferrin are known to exist. These are serum-type transferrin (β1) and brain-type transferrin (β2). The β1 isoform is present in serum and CSF, and the β2 isoform is found specifically in CSF (6, 10). Serum used as negative control showed only the β1 isoform, whereas β1 and β2 were both detectable in the CSF sample. In the nasal fluid leaked in this case, both isoforms of transferrin were suggestive for CSF rhinorrhea as the origin of the nasal discharge. These observations of transferrin isoforms in the nasal discharge suggested that CSF rhinorrhea was present.

In humans, commonly used modalities for confirming CSF rhinorrhea include CT, MRI, endoscopy, CT and MRI cisternography (4, 11, 12). High resolution CT reportedly has an accuracy of 92%, a sensitivity of 92% and a specificity of 100% in detecting CSF rhinorrhea in humans (3). Bony high resolution CT is valuable in identifying the site of a CSF fistula as a dural and osseous defect. This is believed to be effective in diagnosing acquired CSF rhinorrhea, due for instance to trauma. Induced partial defect of the left cribriform plate was observed in the present case, and this is regarded as useful in detecting CSF rhinorrhea. Mostafa et al. studied the role of MRI in the diagnosis of CSF leaks in humans. In their study of 20 human patients with suspected CSF rhinorrhea, T2-weighted MRI shows CSF as a bright signal, although spatial resolution is poor, as is the depiction of bony details. Fat-suppressed T2-weighted MRI detected a CSF-like density in 18 cases, with a sensitivity of 88.9%. Superimposition of the CTs and MRIs accurately localized the site of CSF leakage in 17 of 19 cases with a sensitivity of 89.7% (13). MR cisternography is a robust technique for demonstrating CSF leaks. It was first employed in 1986 by Dichiro (14), using cisternal injection of contrast material to enhance CSF in dogs. With advances in MR technology, however, the intrathecal injection is discouraged. Almost all studies of MR cisternography are performed using 1.5 tesla and high strength MRI scanners. MRI cisternography has an accuracy of 92%, a sensitivity of 89% and a specificity of 100% in humans (3, 15). Leakage of CSF was not clearly detected on MRI in the present case, because it is difficult to identify the irregular lesion in the nasal cavity around the left cribriform plate. The left cribriform plate was more irregular than the right cribriform plate, which may indicate a defect in the cribriform plate. The irregular lesion in the nasal cavity around the left cribriform plate may be due to CSF leaking into the left nasal cavity.

Detection of glucose in nasal fluid is a classical method for testing CSF leakage in humans. The normal concentration of glucose in nasal fluid is less than 10 mg/dL, and, a concentration greater than 30 mg/dL glucose suggests severe rhinitis or CSF leakage into the nasal cavity in humans (16, 17). The glucose concentration of CSF in dogs is normally 80% of the blood level (18). One study found that the glucose concentration of CSF varied from 53 to 104 mg/dL in healthy dogs (19). Unfortunately, this test has high false positive and negative rates in humans, depending on the patient's other medical conditions (20). With a sensitivity of 94–100% and a specificity of 98–100%, detection of brain-type transferrin assay has become the gold standard technique in diagnosis of CSF leakage in humans (21–23), verified by the detection of a further band distinct from serum-type transferrin (24, 25). No diagnostic criteria have been established for CSF leakage into the nasal cavity in veterinary medicine. In the present study, diagnosis of CSF rhinorrhea could usefully focus on the lesion cribriform plate, and glucose and β2 transferrin in nasal discharge.

The most common clinical signs in humans are a leak of clear and watery fluid from the nose and ear, with positional dependency (17). Most human patients with cerebral CSF leak complain of headache, neck pain, nausea, and vomiting. These conditions are believed to be related to CSF hypotension (26). Recurrent bacterial meningitis due to CSF rhinorrhea make the clinical signs worse (16, 27). Meningitis is found in patients with persistent CSF rhinorrhea, reportedly ranging from 10 to 37% (4). The most common pathogens of meningitis are Streptococcus and Hemophilus influenza. In the present case, epileptic seizure and continuous nasal discharge were observed. Meningitis in the forebrain region may be responsible for these clinical signs in view of the imaging results. The nasal discharge may have gone unnoticed or been considered unimportant for a fairly long time, and infection at this later age may have precipitated the problems. If dogs present with chronic nasal discharge, CSF leakage into the nasal discharge should be considered as a differential diagnosis.

There are two main ways of treating CSF leakage into the nasal cavity. These are conservative management and surgical repair. The treatment of CSF rhinorrhea in humans depends on its cause, and surgery is not indicated only in the acute phase after traumatic brain injury (16). The success rate of closure by endoscopic nasal reconstruction has reportedly improved in humans (12, 17). Other techniques include multiple closure using fat, fascia, cartilage, artificial dura mater, and nasal mucosa, and a closure technique using a stalked mucosal valve that takes nutritional blood vessels into account (16). In small animal medicine, some meningoencephalocele cases showed CSF rhinorrhea, and there are sporadically reports describing surgical repair of meningoencephaloceles (28–30). Further studies are needed to clarify what surgical option is best and under what conditions it should be performed. In addition, as there are currently no diagnostic criteria for CSF rhinorrhea, a pathological autopsy is necessary to confirm its diagnosis.



CONCLUSION AND CLINICAL RELEVANCE

CSF rhinorrhea should be included in the differential diagnosis when persistent nasal discharge and forebrain signs are observed. Detection of nasal glucose and brain-type transferrin would be useful for diagnosing CSF rhinorrhea in dogs.
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