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Case Report

A case report with a literature review: cerebral meningioma diagnosed by convulsion and consciousness disorder on initiating hemodialysis
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Abstract
Background
Neurological symptoms sometimes occur in hemodialysis patients, with causes including cerebral infarction, cerebral hemorrhaging, meningitis, and encephalitis. Dialysis disequilibrium syndrome (DDS) is widely known as a complication of hemodialysis and is typically encountered in severe uremic patients newly started on hemodialysis. The pathogenesis of DDS is thought to be brain edema that manifests as neurological symptoms, including headache, nausea, confusion, seizures, and coma. However, the relationship between brain tumors and neurological manifestations during hemodialysis is poorly understood.

Case presentation
The patient was a 55-year-old man with severe renal dysfunction and uremia symptoms. Blood chemistry showed severe azotemia and acidosis. The patient was placed on short-duration hemodialysis (2 h) with a relatively small surface area, low blood flow (100 mL/min), and intradialytic glycerol infusion to prevent DDS. However, after his first hemodialysis treatment, he complained of disturbed consciousness. We diagnosed his neurological condition as DDS and observed the progress carefully. The next morning, his symptoms had completely resolved, so the patient was started on his second hemodialysis session with the same conditions. However, 2 h after starting the second hemodialysis session, he suffered convulsions accompanied by impaired consciousness. Brain computed tomography (CT) revealed a convexity meningioma and cerebral edema with a midline shift. Before starting the hemodialysis, he had shown no history of seizures, morning headache, or other neurological symptoms. In this case, meningioma was diagnosed based on an increase in the intracranial pressure which occurred after the initiation of hemodialysis.

Conclusion
We report this suggestive case to prompt physicians to consider the potential effect of hemodialysis introduction on the brain pressure.
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Background
Dialysis disequilibrium syndrome (DDS) refers to several neurological adverse effects that can occur as complications when introducing hemodialysis (HD). We herein report a severely uremic patient who developed DDS-induced cerebral edema and was diagnosed with meningioma. In this case, meningioma was diagnosed based on an increase in the intracranial pressure (ICP) which occurred after the initiation of hemodialysis.
DDS is a clinical phenomenon attributed to cerebral edema that occurs during or following HD. The precise incidence of DDS is unknown but appears to show a decreasing trend, most likely because patients today are set to start dialysis at lower urea concentrations than in the past and initiate HD using relatively advanced dialysis technology, with lower flow rates for both the blood and dialysate, a smaller dialysate volume, and more frequent dialysis sessions [1]. In the present case, an ICP surge induced after the initiation of HD increased the pressure to a greater degree than expected because of the existence of occult meningioma in addition to severe uremia, which also carried a risk of causing DDS.
This is the first reported case of DDS induced by meningioma in a patient that developed on the initiation of hemodialysis. We review the relevant literature concerning the association of DDS and ICP.

Case presentation
A 55-year-old man with obstructive nephropathy and dehydration was admitted for severe azotemia. He had a known history of hypertension (treated for 5 years) and benign prostatic hyperplasia (BPH). Despite having an appetite, he had been unable to eat or drink to satisfaction because of nausea for the past month. His urine volume and body weight had gradually decreased before admission in our hospital. On admission, he was very sick with progressive tachypnea, respiratory distress, and vomiting. And his urine volume decreased from 1 month ago. His serum creatinine and blood urea nitrogen were very high. We diagnosed the patient to have chronic kidney failure due to nephrosclerosis, and the acute exacerbation of chronic renal failure was caused by ureteral obstruction due to BPH and bladder hypertrophy.
Initial laboratory results are presented in Table 1. The findings from blood investigations were as follows: hemoglobin (Hb), 5.8 g/dL; hematocrit (Ht), 17.6%; sodium (Na), 150 mmol/L; potassium (K), 7.3 mmol/L; blood urea nitrogen (BUN), 287.2 mg/dL; creatinine (Cr), 32.98 mg/dL; C-reactive protein (CRP), 0.54 mg/dL; and blood glucose, 126 mg/dL. Arterial blood gas analyses showed a pH of 7.0, PaCO2 15.1 mmHg, PaO2 57.6 mmHg, HCO3 3.7 mmol, and lactate 3.3 mmol, which was consistent with high-anion-gap metabolic acidosis with respiratory compensation. Renal anemia was suspected because of his marked anemia and normocytic positive pigmented anemia without iron deficiency.
Table 1Laboratory findings on admission


	Blood gas analysis (room air)
	Chemistry
	Immunological tests

	pH
	7.004
	Total protein
	6.6 g/dL
	ANA
	<40

	pCO2
	15.1
	Albumin
	3.3 g/dL
	MPO-ANCA
	0.7 IU/mL

	PO2
	57.6
	BUN
	287.2 mg/dL
	PR3-ANCA
	0.7 IU/mL

	HCO3
	3.7
	Creatinine
	32.98 mg/dL
	Anti-GBM antibody
	2.2 IU/mL

	Base excess
	− 25.3
	Uric acid
	11.9 mg/dL
	Intact-PTH
	220 pg/dL

	Anion gap
	39.2
	Sodium
	150 mEq/L
	PSA
	2.8 ng/mL

	Lactate
	3.3
	Potassium
	7.3 mEq/L
	 	 
	 	 	Chloride
	114 mEq/L
	 	 
	Blood
	 	Calcium
	6.1 mg/dL
	 	 
	 WBC count
	9890/μL
	Phosphorus
	14.9 mg/dL
	 	 
	 RBC count
	197 × 104/μL
	AST
	17 U/L
	 	 
	 Hemoglobin
	5.8 g/dL
	ALT
	22 U/L
	 	 
	 Hematocrit
	17.6%
	LDH
	544 U/L
	 	 
	 MCV
	89.3 fL
	Fe
	166 μg/dL
	 	 
	 MCHC
	33%
	Ferritin
	736 ng/mL
	 	 
	 Platelet count
	18.8 × 104/μL
	CRP
	0.54 mg/dL
	 	 
	 	 	Glucose
	126 mg/dL
	 	 
	 	 	HbA1c
	5.1%
	 	 

ANCA antineutrophil cytoplasmic antibody, HbA1c hemoglobin A1c, MPO myeloperoxidase, PR-3 proteinase-3, PSA prostate-specific antigen, PTH parathyroid hormone, ANA antinuclear antibody, GBM glomerular basement membrane



The patient’s renal dysfunction was severe, with metabolic acidosis accompanied by an elevated anion gap and metabolic alkalosis, thought to be due to vomiting. The inflammatory response was reduced, and vasculitis markers able to induce rapidly progressive glomerulonephritis were negative. His changes in P, Ca, and intact PTH values were strongly suspected to be the result of chronic renal impairment, and the presence of anemia supported this notion. Hypoproteinemia from uremic malnutrition and hypernatremia due to dehydration were observed. A urinalysis was not conducted due to his anuria. Despite his hyperkalemia, he was not deemed to be in a severe medical condition because of no electrocardiogram abnormalities were observed.
On admission (day 1), he was alert without any other neurologic abnormalities. His height was 165 cm, and his body weight was 54.6 kg. He reported a weight loss of 10 kg over the past 2 months. His blood pressure was 118/60 mmHg, body temperature was 36.6 °C, and pulse rate was 98 bpm. He was severely dehydrated with tachypnea, and his respiratory rate was 30/min with SpO2 98%. Conversation was intermittent due to tachypnea. His palpebral conjunctiva was pale. He had poor skin turgor, axillary and tongue drying, and no extremity edema. He had no history of headache, including morning headache. Chest radiography was normal. Abdominal ultrasonography (AUS) and chest-pelvic CT revealed severe bilateral hydronephrosis as well as bladder wall thickening due to BPH. No urine accumulation in the bladder was observed. An echocardiogram revealed an ejection fraction (EF) of 62%, no wall motion disorder, and thickening of the myocardial wall with suspected hypertensive cardiomyopathy. An electrocardiogram showed a normal sinus rhythm and no QT time extension but a tented T wave.
After hospitalization, glucose-insulin therapy was started for his hyperkalemia. We diagnosed him with acute exacerbation of chronic renal failure due to ureteral obstruction and dehydration, where he had previously had nephrosclerosis. In his postrenal failure state, ureteral obstruction due to bladder wall thickening made it difficult to place a ureteral stent, so a right kidney fistula was made. After securing the outflow path of urine, follow-up was performed by increasing the replacement fluid volume in order to correct his dehydration caused by uremia. However, even after several hours of this treatment with the infusion of 2 L of normal bicarbonate solution, his anuria persisted.
Treatment with HD was therefore introduced to manage his refractory metabolic acidosis, hyperkalemia, and uremia symptoms and to ensure future transfusion spaces. We planned to perform HD every day for 3 days. The patient was placed on short-duration hemodialysis (2 h) with a relatively small surface area (cellulose triacetate; membrane area, 1.0 m2), low dialysate flow rate (500 mL/min without ultrafiltration), and low blood flow (80–100 mL/min) to prevent DDS. Progress was noted after starting dialysis.
At the end of the initial 2-h dialysis session, his acidosis and tachypnea were relieved. However, although the patient had been alert before the initiation of HD, during the session, he became gradually obtunded, with a Glasgow Coma Scale (GCS) of 13/15 (E3V4M6). He did not complain of a headache or paralysis, and we thought that he had somehow developed DDS. A mild disturbance of consciousness appeared about 1 h after starting HD and lasted throughout the treatment and beyond the session. We followed him with replacement fluid, and his consciousness became clear again by the next morning. Therefore, his consciousness disorder was not considered contradictory to the symptoms of DDS.
Dialysis was started again the second day as planned. However, less than 2 h after starting HD, the patient developed sudden generalized tonic convulsion, a consciousness level of GCS 3/15 (E1V1M1), and respiratory arrest. We treated him with intravenous anticonvulsant and intubation to relieve his respiratory distress.
We stopped the dialysis session and performed head CT. It showed a brain tumor of 5 cm with diffuse cerebral edema (Fig. 1). Additional enhanced CT for tumor scrutiny resulted in a diagnosis of meningioma morphologically. The cerebral edema had been exacerbated by dialysis, inducing convulsions when the brain pressure had been increased due to occult meningioma.
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Fig. 1Computed tomography image of the head. Approximately 5 cm of contrasting effect and brain tumor accompanied by calcification and midline shift by brain edema were recognized. a Plain. b Enhanced




We started treatment with mannitol® to reduce his cerebral edema. We planned to respond with continuous hemodiafiltration (CHDF) if the anuria had persisted after the following day. However, continued systemic management by replacement fluid, transfusion, and mannitol infusion fortunately resulted in urine being released from day 4 of the disease. The patient’s renal failure entered the diuretic phase, and gradually, his renal function ameliorated, after which dialysis became unnecessary.
With no new episodes of convulsions appearing, his consciousness and respiration condition gradually improved and returned to clear on day 8. We continued treatment to protect his kidneys from anemia, acidosis, and electrolyte correction. Two weeks later, the edema of the bladder wall had decreased, so the nephrostomy was removed and changed to ureteral stent placement. The renal function ultimately improved and stabilized around BUN 70 mg/dL and Cr 5 mg/dL (Fig. 2). The patient was discharged without any neurological deficits, and no further neurological disturbances were noted during 1 year of follow-up. Transurethral prostatectomy was performed roughly 1.5 months later, and the ureteral stent was removed. In addition, brain tumor removal surgery was performed 1 year later, and the lesion was pathologically confirmed to be meningioma. The patient’s renal function has been consistently stable.
[image: A41100_2020_257_Fig2_HTML.png]
Fig. 2Clinical course of the patients. After initial dialysis, GCS score reached 13 (E3 V4 M6), but it recovered the next day. Severe consciousness disturbance (E1 V1 M1) and convulsion occurred during the second dialysis. After that, dialysis did not need to be done and gradually improved his level of consciousness. GCS, Glasgow Coma Scale





Discussion
In our case, we initiated HD in a severely uremic patient whose renal profile showed creatinine 32.98 mg/dL and urea 287.2 mg/dL. We diagnosed the extremely high levels of uremia as being caused by ureteral obstruction due to BPH and bladder hypertrophy. The cause of acute renal failure is well known to be prostatic disease, including BPH [2]. Partial obstruction of the urinary bladder outlet, one of the major effects of BPH, induces a significant increase in bladder mass and detrusor smooth muscle hypertrophy [3].
The patient’s consciousness becomes gradually cloudy after HD. BUN increases the osmotic pressure, and the proper concentration of BUN helps to maintain the water balance in the body. Accordingly, a rapid change in the BUN concentration during HD results in a decline in osmotic pressure, causing water to move into the central nervous system [4]. We initially believed that he had developed DDS because of neurological symptoms observed.
DDS, defined initially in 1962, is an acute neurological complication of HD [5]. The pathogenesis remains debated and incompletely understood; however, several central hypotheses have emerged. The main theory is the “reverse urea effect,” in which uremic substances, mainly urea nitrogen, are rapidly removed from the blood by HD initiation, resulting in an osmotic concentration gradient with the intracranial area via the blood-brain barrier, resulting in cerebral edema and the development of DDS [6]. The fluctuation rate of BUN before and after dialysis increases as the pre-dialysis BUN value increases, and as a result, the osmotic pressure of the blood/central nervous system, which is the main cause of DDS onset, also increases. Patients with extremely high levels of BUN (above 175 mg/dL) are at a higher risk of experiencing first-time HD-related complications, particularly DDS, than those with lower levels [7].
Other clinical risk factors for DDS are starting HD for the first time, severe uremia, an older or younger age (e.g., elderly or children), pre-existing neurological disorders, and severe metabolic acidosis [8, 9]. In addition, patients with pre-existing conditions predisposed to brain edema (sepsis, hypercapnia, malignant hypertension, hyponatremia, hypoglycemia, and hepatic encephalopathy) are much more susceptible to DDS than those without such conditions. It is important to identify patients at high risk for developing DDS [1]. According to several reports, during HD, the plasma osmotic pressure level is reduced by 15–40 mOsm/kg, but the difference in the osmotic pressure between the plasma and brain intracellular space ranges from 5 to 20 mOsm/kg because the intracellular osmotic pressure level drops slowly [10]. This phenomenon always results in an increase in the ICP [11]. The mean ICP starts to increase after the first hour of HD and remains high during HD. The ICP increase during HD initiation is measured directly in some acute or chronic renal failure patients with intracranial hemorrhaging or head trauma who undergo craniectomy or craniotomy [9, 11–16].
Some case reports have evaluated the presence of brain hypertension before and after HD in order to clarify the condition of cerebral edema. Furthermore, MRI findings of end-stage renal failure patients with severe azotemia show a reduction in the apparent diffusion coefficient after dialysis [17]. There have also been reports that the density is reduced in head CT and MRI after dialysis in patients with uremia. This change is considered to reflect the increase in the water content in the brain [17, 18]. The predisposing factors for DDS in the present case were a high urea value, severe uremia symptoms, and severe metabolic acidosis. In our patient, even though we did not detect the brain tumor as a complication at the initial introduction of HD, we considered the patient to have a high risk of developing DDS due to the presence of multiple predicting factors. To prevent DDS, HD with reduced dialysis efficacy and a gradual urea reduction is recommended [9, 19, 20]. At the time of dialysis introduction, such patients should be placed on short-duration hemodialysis with low blood flow. The addition of mannitol, glycerol, or glucose to the dialysate or substitution of bicarbonate for acetate in the dialysate can also help reduce the risk of DDS. The initiation of continuous renal replacement therapy (CRRT) with a more gradual and stable clearance of urea should be considered as well in order to minimize the risk of DDS. Ideally, CRRT would have been used to treat the present patient. However, we unfortunately had no choice but to start short-duration HD due to a lack of adequate medical facilities.
Regarding the removal rate of BUN during effective dialysis to prevent DDS, some reports have suggested that the effective removal rate for patients with high BUN is less than 40% at 2 h or more [21]. However, there are reports of DDS developing in cases with BUN > 299 mg/dL even though the removal rate was 17% [7]. Therefore, it is necessary to pay close attention to the progress of dialysis in patients with markedly high BUN values who are prone to brain pressure elevation, even if DDS prevention measures are in place.
In the present patient, we tried to prevent DDS, but mild consciousness disturbance still occurred after the initial dialysis. Furthermore, despite the temporary relief of his symptoms, the second dialysis session the next day resulted in cramping, disturbance of consciousness, and breathing stoppage. At that time, the removal rate of BUN was relatively low at 28% (Table 2), and changes in blood sugar and serum sodium value considered unlikely to be a direct cause of the convulsions. Therefore, we considered the possibility that other pathological conditions had emerged and started scrutinizing the situation more carefully. Emergency head CT revealed a brain tumor and global cerebral edema around the tumor with a midline shift, and we diagnosed these as the causes of his convulsions.
Table 2Review of the literature on intracranial lesion in hemodialysis patients which were found to have dialysis disequilibrium syndrome


	Reference
	Age
	Sex
	Intracranial disorder
	Period of HD
	Type of blood purification
	Outcome

	[22]
	70
	Female
	Neoplastic meningitis
	3 years
	Maintenance HD
	Recover

	[23]
	5
	Male
	Medulloblastoma
	5 years
	Restart HD (PD→HD→transplant)
	Recover

	Our case
	55
	Male
	Meningioma
	First time
	Initial HD (mild and short duration)
	Recover




Of note, we did not perform close scrutiny in this case when cloudy consciousness was first noted after the initial dialysis session. Since this patient started emergency dialysis with numerous factors associated with a risk of DDS, we did not vigorously search for other causes when neurological abnormal findings appeared. Regarding the subsequent course of this case, 1 week after the onset of convulsions and consciousness disturbance, his consciousness became clear. However, the midline shift remained even 2 weeks later, although the cerebral edema had been alleviated, and the improvement on CT images was considered insufficient. The midline shift finally disappeared after about a month, and the cerebral edema improved on CT, being localized only around the tumor. After 1 month, no further improvements on images were noted (Fig. 3).
[image: A41100_2020_257_Fig3_HTML.png]
Fig. 3Temporal changes on the image in abnormal cerebral edema and midline shift. Head CT scan on day 28 revealed improvement in midline shift. FLAIR image that was performed on day 67 showed marked improvement in brain edema around tumor on the right temporal region. FLAIR fluid-attenuated inversion recovery




We examined whether the central nervous symptoms of this case were due to the changes in the brain pressure induced by dialysis or by the presence of the brain tumor itself in the course of dialysis withdrawal. The patient reported no history of early morning headache, which is said to be common when brain tumors are present. The patient was discharged without any neurological deficits, and no further neurological disturbances were noted after withdrawing HD. His neurological disturbances were noted during HD only. His nausea and vomiting, which he had complained of before starting HD, could also be explained generally by cerebral hypertension due to the brain tumor. However, his symptoms disappeared after we withdrew dialysis, and his renal function recovered. Therefore, his symptoms of nausea and vomiting were thought to be due to uremia. Given the above, we diagnosed the patient’s condition as being due to the existence of an occult brain tumor; his brain pressure had already been high and overlapped with a further increase in the brain pressure after the initiation of dialysis, which thus led to the onset of cerebral hypertension.

Literature review
The cause of DDS is considered by increased intracranial pressure from the exacerbation of cerebral edema. The hyperpermeability of the blood-brain barrier is known to increase in intracranial pressure and meningitis, and vasculitis, CNS tumors, hemolytic uremic syndrome, and thrombotic thrombocytopenic purpura are at the risk of hyperpermeability [24]. It has been reported that new-onset disease, such as intracranial bleeding, traumatic brain injury, neoplastic meningitis [22], and medulloblastoma [23], can cause DDS even in patients receiving maintenance HD.
Although there have been many cases in which DDS occurred after the treatment for intracranial lesions, there have been only three reports of DDS caused by dialysis as a key symptom by which asymptomatic intracranial tumors were diagnosed. The summary is shown in Table 2. With respect to meningitis that develops rapidly, DDS occurs during maintenance dialysis, but for slowly exacerbating neoplastic lesions, DDS occurs at the start of dialysis.
In the case reported by Dilena et al., a neurological symptom-suspected DDS has appeared from the beginning of the third dialysis session after the transplanted kidney loss.

Conclusion
We herein report a patient whose occult meningioma was diagnosed as being associated with severe DDS as a result of an increase in the ICP due to the initiation of HD. When DDS develops despite adequate preventive measures, scrutiny is necessary in order to evaluate the possibility of latent disease.
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