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Abstract
Other than respiratory symptoms, influenza A (H1N1) can rarely cause neurological complications in children and adults. In this
article, we aimed to present H1N1-associated acute necrotizing encephalopathy (ANE) and asymmetrical involvement of pos-
terior reversible encephalopathy syndrome (PRES) in a 30-month-old male patient with clinical and radiological imaging
findings. The patient who presented to the hospital with febrile convulsion and lethargy had elevated liver enzymes and
coagulopathy. The magnetic resonance (MR) examination revealed diffusion restriction in bilateral cerebellar white matter,
thalami, and periventricular white matter which was consistent with ANE. Susceptibility-weighted imaging (SWI) sequence
showed hemorrhage in bilateral thalami and cerebellar white matter. There was high signal on fluid-attenuated inversion recovery
(FLAIR) sequences in right temporooccipital cortical, subcortical, and periventricular white matter suggestive of PRES. MR
angiography showed vasculopathy which is supportive for PRES. This is the second case of H1N1-associated pediatric PRES
reported in the literature.
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Introduction

H1N1 subtype of influenza A leads to more neurological com-
plications than seasonal influenza. These complications are
more common in children than in adults. Neurological

complications occur 2 to 3 days after the manifestation of
upper respiratory tract symptoms. . H1N1 virus reported to
increase the risk of stroke in adults. Among the CNS (central
nervous system) complications in children, encephalitis/
encephalopathy is the most common. Mortality and sequelae
risk is high in Reye’s syndrome and acute necrotizing enceph-
alopathy (ANE), which are special forms of encephalopathy.
More rarely, myelitis and Guillain-Barré’s syndrome can be
seen [1–5].

It is thought that ANE is an immune-mediated reaction and
cytokines play a significant role in its pathophysiology.
Previous studies have reported high cytokine levels in serum
and CSF (cerebrospinal fluid) in cases of seasonal influenza-
associated encephalopathy [1, 6]. The histopathological exam-
inations in previous publications have shown lymphocyte ac-
cumulation around vascular structures and in the meninges, but
not in the parenchyma [1]. In ANE, magnetic resonance (MR)
examination shows increased signal intensity in bilateral thala-
mi, cerebellum, brain stem, dorsal surface of the pons, corpus
callosum, and periventricular white matter on T2-weighted im-
ages and diffusion restriction on diffusion-weighted (DW) im-
ages [1, 7]. Posterior reversible encephalopathy syndrome
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(PRES) is a clinicoradiological diagnosis leading to acute head-
aches, seizures, altered states of consciousness, and blindness.
The etiology usually includes hypertension, renal and autoim-
mune diseases, cytotoxic substances such as chemotherapeutic
agents and immunosuppressive drugs, eclampsia-preeclampsia,
and sepsis. In adults, PRES is usually associated with elevated
blood pressure [8]. Two pathophysiological theories have been
proposed for PRES. The first hypothesis proposes that the ele-
vation of blood pressure levels to critical levels exceeds the
autoregulation limit, resulting in cerebral edema, while the other
argues that endothelial dysfunction caused by circulating en-
dogenous and exogenous toxins increases vascular permeabil-
ity, leading to edema development. In the second theory, the
causes include chemotherapeutic and immunosuppressive
drugs, which are echogenic toxins, and eclampsia-preeclamp-
sia, sepsis that cause endogenous toxin release. According to
this theory, the excessive release of pro-inflammatory cytokines
as a result of circulating toxins results in endothelial activation
and release of vasoactive agents. It is thought that vasoconstric-
tive agents released from vascular endothelial cells cause vaso-
spasm, which is commonly seen in PRES [8, 9]. A typical
finding of PRES on computed tomography (CT) and MR im-
aging is bilateral symmetrical vasogenic edema in the cortical,
subcortical, and deep white matter. The occipital and parietal
lobes are usually involved [10–12]. MR imaging shows iso-
hypointense signal changes on T1 images and hyperintense
signal changes on T2 and fluid-attenuated inversion recovery
(FLAIR) sequences in the affected regions. Etiology-related
increased or decreased perfusion is visualized onMR perfusion
and single-photon emission computed tomography.
Hyperperfusion has been identified in cases of increased blood
pressure and hypoperfusion in cases of vasoconstriction [8].
Intracranial hemorrhage can also be seen in PRES cases. It
presents with focal hematoma, subarachnoid hemorrhage, and
multiple petechial hemorrhage foci [13]. Diffuse or focal vaso-
constriction, vasodilation, and string-of-beads sign have been

reported on catheter angiography andMR angiography [10, 11,
14, 15].

Three cases of H1N1-associated PRES have been reported
in the literature [6, 16, 17]. Only one of these was in the
pediatric age group [5]. In this article, we aimed to present a
rare case of H1N1-associated pediatric PRES and its imaging
findings.

Case Report

A 30-month-old boy presented with febrile convulsion and
lethargy. Blood pressure and respiratory rate were normal.
He had no history of known chronic disease or drug use. On
physical examination, pupils were anisocoric. All four extrem-
ities were mobile, and the deep tendon reflexes were normal.
No neck stiffness was present. The Glasgow coma score was
6. The patient’s body temperature was measured as 39 °C. The
respiratory sounds were coarse, but no rales or rhonchi were
noted. The C-reactive protein, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and lactate dehy-
drogenase were high in blood tests. The leukocyte count was
within the normal range. The coagulation tests were high, with
a prothrombin time of 18.4 s and an international normalized
ratio of 1.38. CSF analysis showed elevated protein level (202
mg/dl). In the throat swab, parainfluenza, respiratory syncytial
virus, chlamydia pneumoniae, mycoplasma pneumoniae,
Bordetella pertussis, influenza B, rhinovirus, and
coronavirus-2019 were negative, but H1N1 was positive.
The influenza antigen test was normal. There was no growth
in the blood, urine, stool, and CSF cultures.

Brain CT performed before lumbar puncture showed
hypodense lesions in bilateral thalami, cerebellar white
matter, and on the dorsal surface of the pons (Fig. 1).
Brain MR, MR angiography, and MR venography were
performed 4 days after the patient’s admission to the

Fig. 1 Hypodense lesions were
noted in bilateral cerebellar white
matter (a) and bilateral thalami
(b) on the noncontrast brain CT
performed on the day of the
patient's admission to the hospital
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Fig. 2 Diffusion restriction consistent with cytotoxic edema was present
on the diffusion MRI examination performed 4 days after the patient’s
admission to the hospital. High signal intensities on DW images and low
signal intensities on ADCmaps were present in (a, b); bilateral cerebellar
white matter, center and dorsal surface of the pons, and bilateral thalami

(c, d); bilateral frontal and occipital periventricular white matter (e, f)
suggesting ANE. The appearance of focal hemorrhagic signals of ANE
in bilateral cerebellar white matter (g) and bilateral thalami (h) on SWI
images

Fig. 3 The slightly high signal
intensity of right temporooccipital
cortical, subcortical, and
periventricular white matter on
T2W (a) and FLAIR (b)
sequences with absent flow in the
M3 and M4 segments of the right
MCA on axial (c) and coronal (d)
MR angiography was compatible
with PRES
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hospital. We noted high signal intensity on DW images
and low signal intensity on apparent diffusion coefficient
(ADC) map consistent with diffusion restriction, indicat-
ing cytotoxic edema in bilateral cerebellar white matter,
brainstem, dorsal surface of the pons, bilateral thalami,
and frontoparietal white matter. Hemorrhage was present
in bilateral cerebellar white matter and bilateral thalami
on susceptibility-weighted imaging (SWI) sequences
(Fig. 2). The slightly high signal intensity of right
temporooccipital cortical, subcortical, and periventricular
white matter on T2 weighted and FLAIR sequences and

absent flow in the M3 and M4 segments of the right
middle cerebral artery (MCA) on MR angiography with
no diffusion restriction were suggestive of PRES (Fig.
3). DW images showed no diffusion restriction consis-
tent with vasogenic edema. The MR venography re-
vealed no pathology. Based on these findings, the pa-
tient was initiated on treatment for the diagnosis of
H1N1-associated ANE and PRES. The follow-up brain
MR examination performed 2 weeks later showed regression
in bilateral cerebellar white matter, bilateral thalami, bilateral
periventricular white matter, and pons involvement areas

Fig. 4 The brain MRI performed
5 months later for epilepsy
showed low signal on DW and
high signal on ADC images
consistent with focal
encephalomalacic areas in
bilateral cerebellar white matter
(a, b) and thalami (c, d) and signal
increase in bilateral frontoparietal
periventricular white matter
consistent with gliosis on FLAIR
sequences (e). No pathological
signal change was noted in the
right temporooccipital
periventricular white matter
consistent with PRES (f)
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consistent with encephalitis. In the right temporooccipital
periventricular, subcortical, and cortical areas, the slightly
high signal consistent with PRES had disappeared. In line
with these findings, the patient’s clinical condition also im-
proved. Six months later with the complaint of epilepsy, the
performed MR examination of the patient revealed
encephalomalacia in bilateral thalami, bilateral cerebellar
white matter consistent with chronic infarction, and signal
increase in bilateral frontoparietal white matter consistent with
gliosis on FLAIR sequences. No pathological signal was vi-
sualized in right temporooccipital areas where PRES findings
were present (Fig. 4).

Discussion

Bilateral symmetrical vasogenic edema in the cortical, subcor-
tical, and deep white matter is usually detected on CT andMR
imaging in PRES. The occipital and parietal lobes are usually
involved; however, the frontal and temporal lobes and cere-
bellum may also be affected. Although the lesions are mostly
symmetrical, asymmetrical involvement has also been report-
ed in around 28% of cases [10–12]. In addition, focal
vasogenic edema can also be seen in the basal ganglia, brain
stem, and internal and external capsule. An increase in ADC
values compatible with vasogenic edema is recorded in DW
images [10]. Rarely, low ADC values consistent with diffu-
sion restriction have been reported, which has been found to
be reversible on follow-up examinations [18]. A previous
study found that lesions with increased ADC values showed
more reversibility, and low ADC values were an indicator of
cerebral ischemia and poor prognosis [19]. In around 20% of
PRES patients, enhancement has been noted in the affected
areas, which has not been associated with clinical prognosis
[20].

Our patient had elevated ALT, AST levels and coagulopa-
thy, and elevated protein levels in CSF, as previously reported
in H1N1-associated encephalopathy [6]. The DWI images of
the MRI examination showed restriction in bilateral thalami,
periventricular white matter, cerebellum, and brainstem con-
sistent with ANE. We noted hemorrhages in bilateral thalami
and cerebellar white matter. The slightly hyperintensity of
right temporooccipital area with no diffusion restriction and
any flow in the M3 and M4 segments of the right MCA. On
the follow-up examinations, the disappearance of vasculopa-
thy confirmed vasoconstriction. As in the previously reported
pediatric-age H1N1-associated PRES case, in our case, ANE
and vasculopathy accompanied PRES [6]. ANE was not pres-
ent in previously reported adult cases [16, 17]. Coexistence of
ANE and PRESmay bemore common in pediatric age H1N1-
associated CNS complications.While PRES presented mostly
bilaterally and symmetrically, there was a unilateral involve-
ment pattern in our case.

Although PRES is generally reversible, neurological se-
quelae and mortality rates of ANE are high [1]. However,
when not treated timely and properly, PRES also causes per-
manent damage [8]. Early diagnosis and treatment are of im-
portance in the prognosis. MR imaging plays a key role in the
early diagnosis of ANE and PRES and can give an idea about
the prognosis. However, PRES can be confused with many
diseases, especially if the imaging findings do not have a
typical involvement pattern. The main differential diagnoses
are acute cerebral ischemia, cerebral venous thrombosis, tran-
sient cerebral hyperemia, metabolic disorders or mitochondri-
al encephalomyopathy, lactic acidosis and stroke-like epi-
sodes (MELAS), acute disseminated encephalomyelitis
(ADEM), cerebral edema, Creutzfeldt-Jakob disease,
g l iomatos is cerebr i , and progress ive mul t i focal
leukoencephalopathy [11]. When diagnosing ANE, diseases
affecting the cerebral deep white matter should be excluded.
These diseases include hemolytic uremic syndrome, toxic en-
cephalopathy, hemorrhagic shock, encephalopathy syndrome,
metabolic disorders, hypoxic-ischemic encephalopathy, acute
hemorrhagic leukoencephalitis, ADEM, and Reye syndrome
[21].

Consequently H1N1 virus can cause ANE and PRES in
pediatric patients. Unilateral involvement and vasculopathy
may occur in H1N1-associated PRES in pediatric patients.
In addition to conventional MR sequences, with DW images
and MR angiography, rare patterns of PRES can be recog-
nized and treated at an early stage.
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