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Abstract 

Influenza-associated encephalopathy (IAE) can perform as varying patterns 
of neuroimaging. Central brain herniation (CBH) secondary to IAE is rare; it 
may be a bad prognosis. Here, we presented a 4-year-old girl with influenza 
who had a pontocerebellar hypoplasia (PCH) history; she performed the 
second Magnetic Resonance Imaging (MRI) on Day 6 from onset, showed the 
diffuse edema and the occurrence of central herniation; the medulla was 
“Z-like” folded and the basal cisterns were obliterated completely. Finally she 
was declared dead. The imbalance between supratentorial and infratentorial 
pressure can lead to the occurrence of CBH. Severe edema relates to IAE and 
unstable structure of the posterior fossa might be the main reason for the 
herniation. MRI is helpful in early diagnosis. Early treatment of cerebral 
edema in patients with congenital abnormalities of the posterior fossa is vital 
for their management. 
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1. Introduction 

Influenza in children is a major cause of morbidity and mortality worldwide. 
Annual epidemics in adults and children are associated with about 290,000 - 
650,000 deaths. Neurological complications associated with influenza include 
febrile seizures, influenza-associated encephalitis/encephalopathy (IAE), etc. [1] 
[2]. IAE can perform as varying patterns of neuroimaging. Some patients mani-
fested as diffuse edema of the cerebral cortex and the involvement of basal gan-
glia. Though only rare cases are severe enough to cause central brain herniation 
(CBH) [3], the patients with cystic abnormalities or shunting history of posterior 
fossa might at higher risk of CBH. CBH caused by IAE is rare, but it can lead to 
high mortality. Central brain herniation (CBH), also known as bilateral trans-
tentorial herniation, may occur as a complication of bilateral supratentorial in-
tracranial expansive processes (often acute traumatic or vascular lesions) [4]. 
Compression of the respiratory and cardiac centers of the reticular substance 
may lead to irreversible coma or death. Central herniation is the end result of 
downward displacement of the cerebral hemispheres and the basal nuclei com-
pressing and displacing the diencephalon and the midbrain rostrocaudally 
through the tentorial notch. There may be herniation also of both temporal unci 
and parahippocampal gyri as well as the lingual gyrus and isthmus of the gyrus 
fornicatus into the tentorial hiatus [4] [5] [6]. The brain stem is compressed 
transversely and will appear elongated on its anteroposterior axis on axial imag-
ing. The basal cisterns may be obliterated completely, especially the perimesen-
cephalic (interpeduncular, quadrigeminal, ambient, and crural) and suprasellar 
cisterns [4] [6]. There may be downward shifting of the basilar artery and pineal 
gland [7]. 

2. Case Report 

We present a 4-year-old girl who got the type A influenza with high fever onset, 
rapidly developing frequent convulsions. On the 2nd day from onset, she had 
acute disorder of consciousness (ADOC), which led her emergency admission. 
She completed her first brain MRI on the same day and was diagnosed as pon-
tocerebellar hypoplasia (PCH) [8], no MRI sign of infection was noted (Figure 
1(a), Figure 1(c), Figure 1(e)). She had backward neurodevelopment history; 
she could not stand alone until being over 1 year old and walk alone until being 
over 2 years old, but there was no further exam until this admission. Table 1 
shows sociodemographic and clinical characteristics in this case. After admis-
sion, the patient was given Oseltamivir and intravenous immunoglobulin treat-
ment in accordance with the “Protocol for diagnosis and treatment of influenza 
(2018 revised version)” [9] issued by the General Office of the National Health 
and Health Commission. And she was given mannitol and hypertonic saline for 
dehydration when she was transferred into the pediatric intensive care unit, ad-
vanced life support in time when her condition changed. 

On the 5th day from onset, she suddenly had irregular breathing rhythm, 
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Table 1. Sociodemographic and clinical characteristics. 

Characteristics Data 

Nationality China 

Age (years) 4 

Gender Female 

Weight (kg) 15 

Mother’s Gravidity and parity history G4P4 

Delivery mode Caesarean 

Birth (full term/premature) full term 

Birth weight (kg) 3 

Clinical characteristics  

Consciousness Acute Disorder of Consciousness 

Glasgow Coma Scale 3 

Pupillary anisocoria 

Pupillary light reflex absent 

Breathing Rhythm irregular 

Heart Rate (beats per minute) 216 

Infarction 
territories supplied by the posterior cerebral, thalamoperforate,  

and superior cerebellar arteries (diagnosed by her 2nd MRI) 

Etiology of pharyngeal swab PCR Influenza A 

Routine blood test  

Hemoglobin (g/L) 100 

White blood cells (×109 /L) 9.6 

Neutrophils (×109 /L) 7.1 

Lymphocytes (×109 /L) 1.63 

Monocytes (×109 /L) 0.86 

Platelets (×109 /L) 288 

CSF test after admission  

White blood cells (×109 /L) 1 

C-reactive protein (mg/mL) 0.05 

Chloride (mEq/L) 126 

Glucose (mmol/L) 4.05 

MP (g/L) 0.12 

Lactate dehydrogenase (U/L) 221 

CSF pressure (mmH2O) 250 

Biochemistry  

ALT (U/L) 122 

AST (U/L) 363 
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Continued 

ALT/AST 0.34 

Lactate dehydrogenase (U/L) 1129 

Creatinine kinase (U/L) 4083 

Creatinine kinase MB (U/L) 169 

Ammonia (μM/L) 27.7 

 

 
Note: T: thalami; bs: brainstem; CY: cyst; ca: nucleus caudatus; ic: inner capsule; u: uncinate gyrus. 

Figure 1. Comparison before and after the occurrence of CBH secondary by IAE. (a) (c) 
(e) MRI on day 2, the hypoplastic of inferior vermis and pons, and the cystic space of the 
posterior fossa was seen, the fourth ventricle was large but less dilated than the classic 
Dandy-Walker malformation. No MRI sign of infection was noted. (b) (d) (f) MRI on day 
6, Bilateral thalami were downward shifted significantly (dashed arrow), the inner cap-
sule, temporal unci and parahippocampal gyri were herniated (curved arrow) and the 
medulla was “Z-like” folded (short arrow). The basal cisterns were obliterated completely, 
the volume of the posterior fossa cystic space (CY) decreased and the bilateral lateral ven-
tricles were expanded. The inferior sagittal sinus, internal cerebral vein were pushed 
downward (long arrow), the Galen vein was mildly expanded (*). 
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acute pulmonary edema, anisocoria and disappearance of pupillary light reflec-
tion, and then deep coma. She performed her second brain MRI on the next day 
(Figure 1(b), Figure 1(d), Figure 1(f)), showing that the diffuse edema of the 
cerebral cortex and basal ganglia, meanwhile the occurrence of central hernia-
tion. The diencephalon, midbrain, temporal unci and parahippocampal gyri 
were significantly displaced, and the medulla was “Z-like” folded and the basal 
cisterns were obliterated completely. Furthermore, infractions of right medial occi-
pital lobe were seen in the territory of posterior cerebral artery (Figure 2). The vo-
lume of the posterior fossa cystic space decreased from 776.86 mm3 to 197.76 mm3. 
Her biochemical and routine indicators of CSF were normal but CSF-pressure was 
as high as 250 mmH2O, which could be clinically diagnosed as central herniation 
secondary to influenza-associated encephalopathy (IAE) with intracranial 
hypertension. Despite treatment with dehydration, fluid restriction, antiviral, 
anti-infective and supportive therapy were given, the patient developed progres-
sive exacerbations and was finally declared brain dead by twice brain function 
evaluations by electroencephalogram and transcranial doppler. 

3. Discussion 

The imbalance between supratentorial and infratentorial pressure can lead to the 
occurrence of CBH. The common causes of pressure increasing include: cerebral 
edema secondary to infection or trauma, stroke, brain hemorrhage, brain tumor, 
other reasons include abscess, hydrocephalus, shunting or other brain surgery. 
Table 2 summarizes different possible etiology to explain this case. IAE can 
perform as varying patterns of neuroimaging. According to their different radi-
ographic features, Kimura S [10] divided them into five categories: normal (cat-
egory 1); diffuse involvement of the cerebral cortex (category 2); diffuse brain 
edema (category 3); symmetrical involvement of the thalamus (category 4); and 
postinfectious focal encephalitis (category 5). Most severe cases of them are  

 

 
Figure 2. MRI on day 6, the gyrus of frontal and parietal and occipital lobes (white arrowhead) and the 
basal ganglia were involved by influenza infection. Infractions of the right medial occipital lobe were en-
hanced obviously (black arrowhead). 
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Table 2. Possible etiology for central brain herniation in this case. 

Supratentorial volumn 
and pressure increasing 
factors 

1) Swelling gyrus and basal ganglia caused by IAE 
2) Intermittent chronic occlusion of the aqueduct resulting in gradual 
increase in ventricular pressure 
3) Edema caused by vascular compression of the central herniation 

Infratentorial volumn and 
pressure decreasing factors 

Decreased volumn of the posterior fossa cystic space of PCH created the 
space and negative pressure gradient 

Other Idiopathic 

 
category 4, some develop to acute necrotizing encephalitis of childhood [11] 
(ANE), category 2 and category 3 are relatively few, CBH in these cases are rare. 
In our patient with PCH, IAE rapidly developed and manifested as diffuse ede-
ma of the cerebral cortex and basal ganglia which can be classified into category 
2 and 3, it created a positive pressure gradient over the tentorium and increased 
the risk of cerebral herniation. Severe intracranial hypertension relates to IAE 
has been reported [12]. If the elevation of intracranial pressure caused by expan-
sion of intracranial volume is beyond its ability to compensate, the cerebral her-
niation occurs. However, only rarely is the edema severe enough to cause CBH 
[1]. Such predisposition may be aggravated by the compression of the aqueduct 
and vascular from downward transincisural herniation, even became a vicious 
cycle. The posterior fossa cystic space and the hypoplastic of the inferior vermis 
and pons in our case, may provide the space of downward transincisural hernia-
tion. What caused the posterior fossa cystic space to shrink is uncertain, maybe 
the elevation of the supratentorial pressure or the unstable structures of the 
space itself. 

The clinical manifestations of central herniation depend on the degree of 
compression or displacement of anatomic structures. First usually the change in 
alertness or behavior secondary to diencephalic dysfunction followed by respi-
ratory, ocular, and motor signs. As the disease progresses, uncal and parahippo-
campal herniation may result in compression of the third nerve and tectum, 
leading to unilateral or bilateral third-nerve palsy, failure of upward gaze, and 
loss of the pupillary light reflex. When the herniation is of sufficient severity, 
obstruction of the aqueduct may occur leading to increase intraventricular pres-
sure and varying degrees of hydrocephalus and papilledema [2] [3]. Infarction in 
territories supplied by the posterior cerebral, thalamoperforate, and superior ce-
rebellar arteries resulting from vascular compression at the tentorial notch have 
been described [13] [14]. We can see most of the signs and symptoms above in 
our case. Finally, the compression of the respiratory and cardiac centers of brain 
stem leads to irreversible coma or death. 

Shrier [15] reported a case of central brain herniation secondary to the brain 
edema of juvenile diabetic ketoacidosis. Mandiwanza [16] reported a case of 
central brain herniation in shunted Dandy walker cyst. Naidich [17] reported 7 
cases of chronic central brain herniation (CCBH) in shunted Dandy walker 
malformation, two of them died. These cases above suggested that CBH will oc-
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cur by different reasons for the pressure changing over or under the tentorium, 
it may be a bad prognosis in patients with central herniation. 

4. Conclusion 

This PCH child having CBH secondary to IAE is uncommon. To our knowledge 
this is the first radiologic literature regarding CCBH secondary to IAE without 
treatment of congenital posterior fossa cystic space. In this case, we can learn 
that MRI is helpful for early diagnosis; timely imaging examinations can make 
us understand possible etiology of the herniation, speed and degree of the pri-
mary disease, evaluate the severity of cerebral hernia with patient’s neurologic 
state, and provide more information for treatment and prognosis evaluation ac-
curately. The lessons we can learn from this rare case are, some IAE cases might 
develop rapidly; once neurological symptoms were found in influenza children 
with unstable structural abnormality or shunting history of posterior fossa, more 
active dynamic observation of their clinical performances and positive assess-
ment monitoring should be given, timely imaging examinations such as bedside 
ultrasound and MRI are needed for discovering of the happening of early brain 
edema. Early diagnosis and treatment of diffuse brain edema is essential for their 
survival. 
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