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Background: Acute necrotizing encephalopathy of childhood (ANEC) is a rapidly progressing encephalopathy characterized by fever, depressed level of consciousness, and seizures. Diagnosis depends on clinical presentation and characteristic neuroimaging findings of abnormal signal intensity involving the thalami as well as the supra and infra-tentorial areas. Treatment modalities are not well-established; empirical treatment with antibiotics and antiviral agents is the initial step, followed by steroids and immunoglobulin, as well as supportive care. Patients with ANEC have a variable prognosis, but mortality is very high.

Methods: A retrospective chart review of patients diagnosed with ANEC in five tertiary centers from January 2015 to October 2018 was performed. Clinical and radiological findings, as well as the therapeutic approach and outcomes, were described.

Results: Twelve children were included ranging in age from 10 months to 6 years. All patients presented with preceding febrile illness, altered level of consciousness, and seizure. Radiological features showed abnormal signals in the thalami, and five patients (41.7%) had brainstem involvement. All patients received empirical treatment with antibiotics and antiviral agents. Ten patients (83.3%) received intravenous immunoglobulin (IVIG) and IV Methylprednisolone therapy. Outcomes were variable ranging from good outcomes with minimal neurological deficits to poor outcomes and death in 25% of cases.

Conclusion: ANEC is a rare fulminant disease in children. The treatment is challenging. Early interventions with the use of IVIG and IV Methylprednisolone may change the outcome; however, further studies are needed to establish a consensus guideline for the management.
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INTRODUCTION

Acute necrotizing encephalopathy of childhood (ANEC) is a fulminant type of encephalopathy. Most reported cases occur in Asian children with the highest prevalence among patients between the age of 6 and 18 months (1). The most common clinical presentations are fever, rapid alteration in the level of consciousness, and seizures, in addition to characteristic findings in brain imaging that include, but are not limited to, bilateral thalamic lesions with supra and infra-tentorial lesions of variable dimensions (2). The diagnosis of ANEC was determined by specific diagnostic criteria as described by Mizuguchi (1) which consist of (1) encephalopathy preceded by viral febrile illness with rapid deterioration in the level of consciousness and convulsions. (2) Absent cerebrospinal fluid (CSF) pleocytosis. (3) Symmetric multifocal brain lesions. (4) Elevation in serum aminotransferase levels. (5) Exclusion of similar diseases. The most frequent etiologies are viral-related, but sporadic cases of non-viral ANEC have been reported (3). Influenza virus has an important role in causing ANEC. In 1994, it was noticed that the number of cases of ANEC in Japan increased after discontinuation of the influenza vaccine that year (4). It was observed previously that influenza-associated ANEC is characterized by an increase in serum cytokine concentrations (interleukin-6 and interleukin-10) as compared to controls (5). The association between RANBP2 gene pathogenic variants and susceptibility to ANEC has been addressed in previous studies (6–8). In this study, we aimed to present the clinical and radiological features, as well as treatment modalities and outcomes of 12 children with ANEC following viral infection in five tertiary care centers in Saudi Arabia.



METHODS

This was a retrospective review of patients who were diagnosed with ANEC in five tertiary centers in the Kingdom of Saudi Arabia from January 2015 to October 2018. The diagnosis of ANEC was determined by specific characteristic findings proposed by Mizuguchi (1) and Mizuguchi et al. (2). We included patients who were under 18 years and presented with clinical features consistent with ANEC in the form of altered level of consciousness, and seizures, preceded by viral illness with typical brain magnetic resonance imaging (MRI) findings of ANEC which include symmetrical, multifocal brain lesions involving mainly both thalami. Clinical characteristics and radiological features, as well as laboratory investigations, were collected. Other differential diagnoses were excluded based on clinical and radiological features as well as metabolic screening. All patients had normal serum ammonia, normal basic metabolic workup, including serum lactate, amino acids, and urine for organic acids. We described the outcome based on the follow-up visits in neurology clinics. The need to obtain informed consent was waived for a retrospective review of patient records.


Statistical Analysis

The mean standard deviation was used to describe continuous variables, categorically measured variables were described using frequency and percentage. The Pearson's correlation test (r) was used to assess the correlation between continuous variables and the Fischer's exact test and Chi Square tests were used for assessing the correlation between categorically measured variables. The multiple response dichotomies analysis was employed to assess the combined incidence of various signs and symptoms and presenting complaints of ANEC diagnosed patients at admission time due to the possibility of presenting with different combinations of symptoms and signs.

The study was approved by the institutional review board and ethical committee of the College of Medicine, King Saud University, Riyadh, Kingdom of Saudi Arabia (KSU-IRB Number 18/0683).





RESULTS


Clinical Presentation and Radiological Features

A total of 14 patients with ANEC were identified; two patients were excluded due to the inability to meet the ANEC radiological criteria. Patients' ages ranged from 10 months to 6 years (mean 30.92 months, median 22 months, standard deviation 20.63). Nine patients (75%) were female. All patients presented with preceding febrile illness in the form of upper respiratory tract infection (URTI) symptoms, or gastrointestinal symptoms in the form of vomiting or diarrhea, and altered level of consciousness. Seizures were the initial presentation in eight cases (66.7%). Brain imaging was carried out using Axial, Sagittal, and Coronal T1,T2, FLAIR, diffusion, and susceptibility weighted images which showed characteristic high signal intensity on axial T2 and FLAIR with variable degree of involvement of both thalami in all cases. Diffusion restriction was also seen, while the susceptibility sequence showed dark signal intensity with blooming, indicating hemorrhagic changes. Out of 12 patients, five (41.7%) had brainstem involvement. Follow up brain MRIs were done 2–3 months after the initial presentation, which showed signs of improvement on 33.3%, and 66.7% (n = 8) showed no signs of improvement. The clinical and radiological presentations are summarized in Tables 1, 2. Figures 1–4 show brain MRIs for selected patients.


Table 1. Clinical characteristics and radiological features of the patients (n = 12).
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Table 2. Clinical characteristics and radiological features of the patients.
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FIGURE 1. Brain MRI. Axial T2 (A), FLAIR (B), diffusion (C,D), and susceptibility (E) weighted images. There are swelling and abnormal high signal intensity of both thalami (A,B) with diffusion restriction (C,D) and dark signal intensity with blooming (E).
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FIGURE 2. Brain MRI. Axial T2 (A,B), diffusion (C,D), and susceptibility (E) weighted images. There are swelling and abnormal high signal intensity of pons, bilateral cerebellar white matter (A), both thalami, and bilateral putamen (B) with diffusion restriction (C,D) and dark signal intensity with blooming in the pons (E).



[image: Figure 3]
FIGURE 3. Brain MRI. Axial T2 (A–C) and diffusion (D–F) showing swelling and abnormal high signal intensity of pons, bilateral external capsule, and subinsular cortex, as well as both thalami with diffusion restriction.
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FIGURE 4. Axial T2 (A–C) and FLAIR (D–F) showing swelling and abnormal high signal intensity of both thalami, basal ganglia, and cerebellum.




Laboratory Investigations

All patients had a preceding viral illness. Nasopharyngeal aspirate (NPA) was positive for influenza A in 6 (50% of patients), whereas one patient had adenovirus, and the remaining (5 patients) had no isolated viral agents. A CSF polymerase chain reaction test for influenza A, enteroviruses and Herpes simplex virus was negative in the 10 tested patients.

Patients showed variable complete blood count (CBC) findings. Five patients (41.7%) had mild reversible thrombocytopenia and three developed leukocytosis. High levels of liver enzymes on initial presentation were detected in 66.7% of patients. All patients had a normal serum ammonia level. Basic metabolic workup, including serum amino acid, urine for organic acid, and serum lactate, were normal. CSF testing was done for all patients except two of them due to hemodynamic instability. Patients who underwent CSF testing had a normal cell count. Bacteriology culture studies were negative, Influenza virus and other viruses such as herpes simplex virus and human herpesvirus-6 were not isolated in the CSF, including patients with a positive nasopharyngeal aspiration (NPA) test for influenza A. CSF glucose and protein levels were variable, ranging from 3.2 to 5.6 mmol/L and from 0.19 to 1.65 g/dL, respectively. Laboratory findings are summarized in Table 3.


Table 3. Laboratory investigations.

[image: Table 3]



Genetic Testing

Genetic testing was done in five patients [whole exome sequencing (WES) in three and direct gene sequencing in two patients]. Genetic testing was not done for other patients either due to limited access to genetic testing or early deterioration and death in others. For the patients who had WES, the result was negative, while single gene sequencing for the RANBP2 gene revealed a missense heterozygous variant in two patients [c.3363G>T, p. (Lys1121Asn) and c.128A>T, p. (Asp43Val)]. Both variants were classified as a variant of uncertain significance according to the recommendations of the American College of Medical Genetics (ACMG).



Treatment and Outcomes

All cases were initially treated with antibiotics (mainly vancomycin and ceftriaxone) and antiviral (acyclovir) therapy. Intravenous methylprednisolone, 30 mg/kg daily for 3 days, and intravenous immunoglobulin (IVIG), 1 gm/kg daily for 2 days, was administered early in the course of the disease (within 72 h of presentation) in 10 cases (83.3%). The remaining two patients did not receive this regimen due to rapid deterioration and early death within the first 48 h. Tapering dose of oral steroids was used in six patients (50%). Plasma exchange (PLEX) was tried for two patients who did not show significant improvement. All patients underwent physiotherapy and speech therapy with variable responses.

Table 4 summarizes the treatment received. Outcomes were variable among our cases. Five patients had improvements in motor and cognitive functions; two patients had dystonia, two patients had speech delay, and early death in three patients (25%). Nine of the 12 patients had survived; all those survivors had received a combination of IVIG and IV methylprednisolone. Two patients who did not receive this combination of therapy died. However, statistical significance cannot be established due to singularity of the measured variables due to the small sample size. Table 5 shows prognoses and final outcomes. Survival was associated significantly with the use of IVIG and IV methylprednisolone combination (P = 0.043, Fisher's exact chi-squared test), demonstrated in Table 6.


Table 4. Treatments received.
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Table 5. Prognosis and final outcomes: n = 12.
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Table 6. The Bivariate association between IVIG and IV methylprednisolone use with the survival: (n = 10).
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DISCUSSION

ANEC represents a fulminant type of encephalopathy which was initially described among Japanese and Taiwanese patients (2, 9). It is believed that ANEC has similar behavior to that of metabolic and immune-mediated disorders (10), but the exact pathophysiology is still unknown. It has multiple presumed causes that include previous infection, predominantly by influenza, herpes simplex virus, and human herpesvirus-6 (10–14). The affected children are more commonly to be those who are under 2 years of age. However, it can also affect older children as evidenced in this series. In the present study, all patients had a preceding viral illness, as evidenced by clinical presentation and virology screening.

Mizuguchi proposed specific criteria to establish the ANEC diagnosis (1). All patients had the proposed diagnostic criteria. Yagishita et al. (9) mentioned that it is not uncommon for patients with ANEC to have a normal CSF cell count. Similarly, all patients in our retrospective series had normal CSF findings. In accordance with previous studies, all patients showed bilateral thalamic lesions with variable involvement of other areas of the brain, including the basal ganglia, brainstem, cerebral white matter, and cerebellum. All of our patients had normal serum ammonia levels, which is one of the criteria proposed in the literature and noticed in previously reported cases (1, 9). Differential diagnoses, such as acute disseminated encephalomyelitis (ADEM) and other metabolic disorders like Leigh disease, organic acidemia, and Reye syndrome, need to be ruled out (15). The affected individuals with ANEC in this study were previously healthy, and basic metabolic studies were done with negative findings, including the absence of hypoglycemia, hyperammonia, and lactic acidosis as well as negative WES testing in three tested patients. In addition to the fact that previously reported cases did not have recurrent episodes (16). Reye syndrome can be differentiated from ANEC since the former is accompanied by hypoglycemia and hyperammonia and predominantly develops in patients treated with Aspirin (17).

Multiple studies have shown an association between RANBP2 gene pathogenic variants and increased susceptibility to ANEC (6–8, 18–20). The RANBP2 gene is located on chromosome 2q12.1-q13 and is part of the nuclear pore complex. This complex facilitates protein import and export and plays an important role in neuronal energy maintenance (20, 21). Heterozygous pathogenic variants in RANBP2 gene and familial or recurrent ANEC have been reported in the literature, with the most common pathogenic variant being a missense, c.1754C>T, p.(Thr585Met). Those variants are inherited in an autosomal dominant fashion, and most of them have incomplete penetrance. On the other hand, there were cases in which no RANBP2 variants were found, which suggests the existence of other predisposing factors (22, 23). In this study, both patients had RANBP2 gene variants of uncertain significance according to the recommendations of the American College of Medical Genetics (ACMG).

The treatment of ANEC is not well-established and remains controversial. A previous study found that early intervention within 24 h of the presentation by IV Methylprednisolone 30 mg/kg/day for 5 days or dexamethasone 0.6 mg/kg/day divided into two to four doses for 2–4 days was associated with a good prognosis, while patients treated after 24 h had poorer outcomes. In the same study, patients who had brainstem lesions did not show significant recovery. On the other hand, IVIG administration was not shown to have significant prognostic value (24). Despite the prognostic value of administering IV Methylprednisolone within 24 h of presentation, the treatment of ANEC remains challenging as physicians hesitate to start their patients on IV Methylprednisolone early, since the condition may mimic herpetic encephalitis. The presence of characteristic neuroradiological features and initial negative CSF study may encourage treating physicians to consider the initiation of steroids early in the course of the disease. Nine of the patients in our study who received IV Methylprednisolone and IVIG had acceptable outcomes in motor and mental functions during their follow up. However, there were no standardized outcome measurements done for the patients. Survival was associated significantly with the use of IVIG and IV methylprednisolone combination. It is difficult to judge the efficacy of PLEX based on two patients. The prognosis of ANEC is generally variable; however, multiple studies have shown improvement over time (15). It is assumed that patients under 2 years old with increased liver enzyme levels and brainstem lesions have a poorer prognosis (9, 25–28). Liver function tests did not help determine vital prognosis. Liver enzyme levels were mildly to moderately increased in patients who died, while one case had a better prognosis despite the significantly higher aminotransferase levels. Brain edema and brainstem involvement, documented in five of our patients, led to variable outcomes, while the degree of severity of brainstem involvement may play an important role in determining prognosis.


Limitations of the Study

This study has some limitations. First, it was a retrospective study, which did not allow us to determine a causal relationship between the tested parameters and the prognosis of ANEC, or to have standardized outcome measures. Second, the sample size was small, which limits the statistical analysis and generalization of results. Thirdly, we could not conduct functional studies on the found RANBP2 variant, and there was no other data supporting pathogenicity.




CONCLUSION

ANEC is a rare fulminant disease. Optimizing treatment tends to be challenging, but early recognition and intervention and early use of IVIG and IV Methylprednisolone may help improve outcomes. Further studies are needed to establish a consensus guideline for the management of such cases.
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