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        Abstract


        Objective


        We evaluated our RP patients for signs and symptoms of increased intracranial pressure (ICP).


        Methods


        After history taking and complete eye examination, optical coherence tomography (OCT) of the optic nerve and retina, and then, laboratory tests and magnetic resonance imaging (MRI) of the brain and orbit were done. Those whose findings were in favor of increased ICP were sent to a neurologist for a lumbar puncture (LP). Forty- four patients were eligible to enter the study, but only 23 patients (10 males) completed the work-up and underwent LP.


        Results


        The mean age was 41 years. Only three patients (13%) were obese and 65% had a headache. All patients (100%) showed two or more signs of increased ICP in MRI. Three patients (13%) had an elevated level of vitamin A, but 56.5% and 48% of patients were deficient in vitamins D and B12, respectively. The checked mean ICP was 250 mmH2O in decubitus position.


        Conclusions


        In conclusion, we suggest that RP patients should have a worked-up for high ICP, and serum levels of vitamins D and B12, which deficiency of each of them may lead to secondary optic nerve damage.


        Keywords


        Retinitis pigmentosa, Intracranial pressure, Pseudotumor cerebri


        Abbreviation


        OCT: Optical Coherence Tomography; MRI: Magnetic Resonance Imaging; LP: Lumbar Puncture; SD: Standard Deviation; BMI: Body Mass Index; ICP: Intracranial Pressure; ng/ml: Nanogram/milliliter; pg/ml: Picogram/milliliter; RP: Retinitis Pigmentosa; NFL: Nerve Fiber Layer


        Introduction


        Retinitis pigmentosa is the name commonly given to a group of disorders characterized over many years by progressive loss of visual field, night blindness, and degeneration of the retina [1]. It is estimated that it affects about 1.6 million people worldwide [2]. The first manifestation of the disease, typically arising during early adolescence, is night blindness (nyctalopia) due to the impaired rod photoreceptors, followed by progressive death of these cells. Subsequently, patients experience a restriction of the visual field (tunnel vision), because of further loss of rods in the peripheral retina, where these cells predominate. Later, patients undergo a progressive decline of visual acuity in the central field, and impaired chromatic discrimination, due to the gradual demise of cones [1].


        Alternatively, visual acuity can remain normal, even in individuals with advanced retinitis pigmentosa with a small island of the remaining central visual field, or it can be lost early during the disorder. Acute vision loss was also reported in retinitis pigmentosa patients [3]. Other possible symptoms in retinitis pigmentosa patients include chronic light flashes, headaches, paresthesia, and vision, varying from day to day and under different situations [4].


        These symptoms were also reported in idiopathic intracranial hypertension [5]. Actually, the similarities in the symptoms between retinitis pigmentosa and idiopathic intracranial hypertension are very striking. Idiopathic intracranial hypertension, or pseudo tumor cerebri, is a challenging condition with raised intracranial pressure in the absence of an identifiable cause [6]. The most common symptom at the presentation in idiopathic intracranial hypertension patients is a headache [7]. It usually presents in around 93% of patients at the time of diagnosis, usually being constant or occurring daily or nearly daily [8]. Monocular or binocular transient visual obscurations varying from slight blurring to total loss of light perception are seen in up to 72% of patients with idiopathic intracranial hypertension [9]. Photopsia and continuous blurred vision with normal visual acuity are other frequent visual complaints [10]. Even acute visual loss has been reported in increased intracranial pressure [11].


        Pulse-synchronous tinnitus is another commonly reported symptom of idiopathic intracranial hypertension (58% of patients) and is often described as a unilateral "whooshing" sound by patients and may be exacerbated by positional changes and relieved by jugular compression [12]. Tinnitus is reported in 31.5% of retinitis pigmentosa patients [13].


        Visual loss, an only serious complication of idiopathic intracranial hypertension, usually has a good prognosis, but in untreated patients can lead to permanent visual loss [14].


        The optic disc elevation in retinitis pigmentosa has been reported before. David, et al. [15] reported a 19-year-old man, diagnosed with pseudo tumor cerebri due to the visual field defect, optic disc elevation, and intracranial pressure of 350 mmH2O; later, a diagnosis of retinitis pigmentosa was made according to the fundus examination and electroretinography finding. Although the authors claimed that the disc drusen was mistaken for papilledema, and the visual field defect was due to retinal degeneration, instead of high intracranial pressure, which was a spurious measurement. Another report of a 44-year-old man, a known case of retinitis pigmentosa, who had bilateral papilledema and his intracranial pressure, was 195 mm H2O [16].


        Previously, Sajjadi, et al. described specific optical coherence tomography patterns that were highly suggestive of increased intracranial pressure [17]. As they claimed, these patterns are useful in screening those patients who are suspected to have idiopathic intracranial hypertension. Because of similarities of signs and symptoms of retinitis pigmentosa and idiopathic intracranial hypertension, and importance of early detection of idiopathic intracranial hypertension to prevent irreversible visual loss, especially in retinitis pigmentosa patients, whose visions already are impaired, we conducted this study on patients with the previous diagnosis of retinitis pigmentosa to check if they are associated with idiopathic intracranial hypertension.


        Materials and Methods


        Study design and population


        This prospective study was conducted on consecutive patients with the previous diagnosis of retinitis pigmentosa, referred to the Ophthalmology clinic between 2018 and 2019. The study was approved by the local Ethical Committee and all participants signed an informed consent before enrollment.


        Inclusion criteria


        All patients with a retinitis pigmentosa diagnosis, with informed consent and optical coherence tomography in favor of raised intracranial pressure, were included in the study.


        Exclusion criteria


        A history of previous ocular trauma, ocular surgery (except for cataract surgery) or ocular co-morbidity except for retinitis pigmentosa, and presence of intracranial tumor or a history of an intracranial surgery.


        Methods


        After history taking, all patients received complete ophthalmologic examination, including visual acuity testing, slit-lamp, and fundus examination, color fundus photography, and optical coherence tomography imaging (Figure 1). Because all cases had optical coherence tomography in favor of raised intracranial pressure, after discussing the probability of pseudo tumor cerebri with them, they were asked to do a laboratory blood test (including vitamins A, D, and B12) and magnetic resonance imaging of the brain and orbit (without contrast). The compact disc of magnetic resonance imaging was reviewed by a neuro-ophthalmologist (Sajjadi, H.), and after calculating the signs of the raised intracranial pressure in magnetic resonance imaging, patients were referred to the neurologist for a lumbar puncture and a check of intracranial pressure. The intracranial pressure was checked in a lateral decubitus position. In those patients who had high intracranial pressure, the medication was started. The medications we prescribed included acetazolamide, topiramate and/or spironolactone. The patients were asked to come in the first follow-up after one month. During a follow-up visit, a complete eye exam was done and the patients were asked if medication they use has any side effects. Then, the patients asked to come for further follow-up every three months.


        Statistical analysis


        Data were presented using descriptive statistics such as mean, standard deviation, frequency, and percentage. Then, t-test and chi-square tests were used to estimate the population parameters. A P-value of < 0.05 was considered statistically significant. Data were analyzed using SPSS version 20.


        Results


        Forty-four retinitis pigmentosa patients were visited and completed the initial eye examination and optical coherence tomography imaging during an 18-month period. Despite a complete explanation of the probability of high intracranial pressure, according to the optical coherence tomography finding, 20 patients (45.5%) neither refer to the neurologist nor undergo lumbar puncture. In one patient, the lumbar puncture was unsuccessful. Finally, the study was completed with 23 cases (52%) and 21 cases (48%) were excluded.


        Ten patients (43%) were males. Mean age and mean body mass index of the patients were 41 ± 12.7 years (range, 26-67 year) and 27 ± 4.5 (range, 21.3-40.2), respectively. Only three patients (13%) were obese (body mass index more than 30), and nine (39%) had a body mass index in the range of 21-25. The rest of the body mass indexes were 25-30. Only 65% of the patients had a headache, which was relieved after starting the treatment (Table 1).


        
          Table 1: Demographics of Patients with Retinitis Pigmentosa. View Table 1

        


        In optical coherence tomography imaging, all patients showed the peripapillary nerve fiber layer thickening (Figure 1).


        
          [image: ] Figure 1: a) Fundus photos of a patient with retinitis pigmentosa; b) Optical coherence tomography (OCT) of the optic nerve heads of the same patient, showing significant thickening of the nerve fiber layer; c) OCT of the macula of the same patient. View Figure 1

        


        According to Sajjadi, et al., about 75% of the patients had patterns 1 or 2. Another optical coherence tomography finding was a ganglion cell layer loss, which was present in all patients. Also, two patients (8%) had cystoid macular edema in both eyes, which finally, when the patients were seen in follow-up visits, and after starting acetazolamide, cystoid macular edema was resorbed completely.


        Regarding the signs of increased intracranial pressure in magnetic resonance imaging, 100% of patients showed two or more of these signs, including posterior scleral flattening, empty or partially empty sella, optic nerve tortuosity, optic nerve head protrusion, increased optic nerve sheath diameter and descended cerebellar tonsil (Figure 2).


        
          [image: ] Figure 2: Some signs of increased intracranial pressure in MRI of study patients; a) Optic nerve head protrusion; b) Optic nerve sheath diameter increase; c) Posterior scleral flattening; d) Partial empty sella. View Figure 2

        


        Only three patients (13%) had elevated serum levels of vitamin A, and the others had normal levels. Alternatively, most of our patients had less than normal serum levels of vitamins D3 and B12. Mean levels of vitamins D3 and B12 were 21.4 ± 12.6 ng/ml (range 5.8-39) and 271 ± 150 pg/ml (range 45-573), respectively. About 56.5% of patients had a deficiency of vitamin D3 (serum level less than 20 ng/ml), 8.6% had insufficient vitamin D3 (serum level between 21-30 ng/ml), and 48% were deficient in vitamin B12 (serum level less than 180 pg/ml). Also, 30% of patients had a deficiency of both vitamins D3 and B12.


        The intracranial pressure was checked by lumbar puncture in lateral decubitus position by a neurologist. Mean intracranial pressure was 250 ± 81 mmH2O (range, 170-490). Nine patients (39%) had intracranial pressure in the range of 17-20 mmH2O. Also, the cerebrospinal fluid composition in all patients was normal.


        Discussion


        To our knowledge, this is the first objective study investigating raised intracranial pressure in retinitis pigmentosa patients. Almost 45.5% of our patients did not complete the work-up. Despite a complete explanation of the possibility of the raised intracranial pressure, and the need to do requested work-up, many of our patients referred to another physician (ophthalmologist and/or neurologist) to get a second opinion. Also, increased intracranial pressure in retinitis pigmentosa patients is not a well-known entity to our colleagues. During this process, as patients said, the possibility of the raised intracranial pressure is denied by physicians and some of them were dissuaded from doing work-up of the raised intracranial pressure, especially lumbar puncture. Perhaps, the main reason is that our patients lost to follow-up.


        Some authors use the mean age of diagnosis of retinitis pigmentosa, and some others use the patients' mean age of the time of the study. Because determining the exact age of onset is often difficult, [18] and our patients could not give a clear history of the disease onset; we used their age at the first exam and calculate the mean age. The patients mean age was higher than the patients mean age in the similar studies, [19] because we used age at the examination time, and our patients were known cases of retinitis pigmentosa, meaning the diagnosis was made years before, so it is acceptable that the mean age of the exam is higher than the mean age of diagnosis of the disease. Also, our patients' access to eye care centers may be affected by lower socioeconomic class and cultural status of patients. So, we believe that our patients referred to us with delay.


        To our knowledge, no study has checked body mass index in retinitis pigmentosa patients. In a study conducted on 33 Indian patients with a diagnosis of pseudo tumor cerebri, most of the patients were of ideal weight [20]. Sixty-five percent of our patients had a headache. In one study, the most common symptom of 500 retinitis pigmentosa patients was a headache, which was present in 53.3% of patients [4].


        All patients showed the peripapillary nerve fiber layer thickening in optical coherence tomography. Previous reports also confirmed the peripapillary nerve fiber layer thickening in papilledema or optic nerve head elevation [21]. Papilledema in idiopathic intracranial hypertension is a consequence of the increased perineural pressure with subsequent axonal optic nerve head swelling. Increased peripapillary nerve fiber layer thickness and total retinal thickness in optical coherence tomography are proposed as useful markers for quantifying papilledema severity [22]. Eren Y, et al. believed that optical coherence tomography can contribute to the diagnosis of idiopathic intracranial hypertension, by providing reliable data on optical cup volume, optical disc and rim area, and greater retinal nerve fiber layer thickness [23]. All patients had ganglion cell layer thinning. This finding in optical coherence tomography of retinitis pigmentosa patients has been reported in previous studies [24]. Also, in another report, the average ganglion cell-inner plexiform layer thickness in retinitis pigmentosa patients was less than normal controls [25].


        The cystoid macular edema frequency in retinitis pigmentosa has been reported as 10-50% [26]. In the present study, the cystoid macular edema frequency was only 8%, relatively low and closed to the lowest reported values compared to the previous reports. The reason for the cystoid macular edema low frequency in the present study may be due to differences in the study protocols and methodology compared with the previous studies. Besides, our patients were relatively older and less complicated compared to previous studies.


        All patients in their magnetic resonance imaging showed two or more signs of increased intracranial pressure. The findings included posterior scleral flattening, optic nerve tortuosity, empty sella, partially empty sella, the increased optic nerve sheath diameter, cerebellar tonsil descending and optic nerve head protrusion. There are many neuroimaging studies in retinitis pigmentosa patients, but, to our knowledge, no study investigated the increased intracranial pressure signs in the retinitis pigmentosa patients yet. In a study, [27] specific visual cortical gray matter loss in retinitis pigmentosa patients associated with their visual function profile was found. Kitajima, et al. found that the calcarine fissure increased in width in retinitis pigmentosa patients, notably within the anterior and middle regions that normally represent peripheral vision [28].


        Only 13% of patients had elevated vitamin A serum levels, but none of them had used a regular amount of supplementary vitamin A before. We checked vitamin A serum levels in our patients looking for any elevation of it because some authors found a relationship between high intracranial pressure and elevated serum level of vitamin A [29]. So, in our retinitis pigmentosa patients who had elevated intracranial pressure, vitamin A elevated serum levels are less likely to be the cause.


        A relatively high fraction of our patients (65%) had vitamin D3 deficiency or insufficiency. It is widely known that vitamin D receptors have been found in neurons and glial cells, and their highest expression is in the hippocampus, hypothalamus, thalamus and subcortical gray matter nuclei, and substantia nigra [30]. Sajjadi, et al. found a relationship between low vitamin D and high intracranial pressure. Zaki, et al. reported a case of a five-month-old female infant with vitamin D deficiency rickets, who presented with pseudo tumor cerebri [31]. Our finding regarding low vitamin D3 level and high intracranial pressure is consistent with above-mentioned studies.


        Vitamin D deficiency in older patients is associated with reduced mean ganglion cell complex thickness, indicating an early stage of optic nerve damage, before retinal nerve fiber layer loss [30]. Particularly, Annweiler, et al., have reported that vitamin D deficiency is associated with smaller volumes of optic chiasm in older adults [32]. The reduced mean of ganglion cell complex thickness and small optic chiasma can result in optic atrophy. Our patients were not checked for the optic chiasm size, but all of them had a ganglion cell loss, explaining why they had some degree of optic atrophy. Forty-eight percent of our patients had vitamin B12 deficiencies. Vitamin B12 deficiency is an important cause of optic neuropathy, [33] and some reports showed a vitamin B12 deficiency can present with optic disc edema and/or optic atrophy [34]. None of our patients had visible optic disc edema. About 30% had both vitamin D3 and B12 deficiency. Overall, a higher percentage of vitamin D and/or vitamin B12 deficiency in our patients could be a reason for the optic atrophy.


        We considered the upper normal limit of intracranial pressure as 200 mmH2O [35]. Thirty-nine percent of our patients had intracranial pressure in the range of 170-200 mmH2O. We believe that even these intracranial pressures are in the range of upper normal limit, but it may be considered too high in patients with already damaged optic nerve due to the damage of photoreceptors and/or optic atrophy secondary to vitamins D or B12 deficiency.


        In conclusion, most retinitis pigmentosa patients have high intracranial pressure, and vitamins D and B12 deficiency, affecting the function of the already damaged optic nerve in retinitis pigmentosa. So, every retinitis pigmentosa patient should have a work-up for the elevated intracranial pressure and serum levels of vitamins D and B12.
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