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Neuroimaging findings of posterior G

reversible encephalopathy syndrome
(PRES) following haematopoietic stem cell
transplantation in paediatric recipients
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Abstract

Background: Haematopoietic stem cell transplantation (HSCT) is used worldwide in various malignant and nonma-
lignant childhood diseases, including haematologic, genetic, autoimmune and metabolic disorders, and is the only
curative treatment for many of these illnesses. The survival rates of many childhood diseases have been increased due
to HSCT treatment. However, associated complications are still important for management. Central nervous system
(CNS) complications in paediatric HSCT recipients can be associated with high morbidity and significantly contribute
to mortality. Posterior reversible encephalopathy syndrome (PRES) is one of the most common CNS complications in
patients with neurological symptoms following HSCT. Magnetic resonance imaging (MRI) is the modality of choice
and shows typical bilateral vasogenic oedema at the posterior parts of the cerebral hemispheres; however, various
atypical imaging manifestations can also occur. In this study, we retrospectively examined CNS complications in our
paediatric HSCT recipients with a focus on the typical and atypical neuroimaging manifestations of PRES following
HSCT.

Methods: We retrospectively reviewed the medical records of 300 consecutive paediatric HSCT recipients from
January 2014 to November 2018. A total of 130 paediatric HSCT recipients who experienced neurological signs and
symptoms and were evaluated with neuroimaging studies following HSCT were enrolled in the study. The timing of
CNS complications was defined according to immune status, including the pre-engraftment period (< 30days after
HSCT), the early postengraftment period (30-100 days after HSCT), and the late postengraftment period (> 100 days
after HSCT), which were defined as phases 1, 2 and 3, respectively.

Results: Overall, 130 paediatric HSCT recipients experienced neurological signs and symptoms and therefore
underwent neuroimaging examinations. Among these 130 patients, CNS complications were present in 23 patients
(17.6%, 23/130), including 13 (56.5%) females and 10 (43.5%) males with a median age of 8.0years (range, 8 months
to 18.0years). Among these 23 patients, 14 cases of PRES (60.9%), 5 (21.7%) cases of leukoencephalopathy, 3 cases of
acute subdural haemorrhage (ASDH) (13%) and 1 (4.3%) case of fungal CNS infection were identified by neuroimag-
ing. On MR, typical parietooccipital vasogenic oedema was present in 78.5% of the PRES cases (11/14). The following
atypical neuroimaging manifestations were observed: isolated involvement of the bilateral frontal lobes in 1 case,
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injury with ADC pseudonormalization.

complications, PRES, MRI

isolated cerebellar vermis involvement in 1 case, and isolated basal ganglia involvement in 1 case. Restricted diffusion
associated with cytotoxic damage was demonstrated in 2 of 14 cases, one of which also showed subacute cytotoxic

Conclusion: Paediatric HSCT recipients presenting with CNS signs and symptoms should be evaluated by neuro-
imaging studies for timely diagnosis and early management. PRES is the most common CNS complication and may
present with atypical MRI manifestations, which should not dissuade a PRES diagnosis in appropriate clinical settings.

Keywords: Haematopoietic stem cell transplantation, Posterior reversible encephalopathy syndrome, CNS

Introduction

Haematopoietic stem cell transplantation (HSCT) refers
to intravenous infusion of haematopoietic progenitor
cells derived from bone marrow, umbilical cord blood or
peripheral blood to restore the haematologic and immu-
nologic functions of bone marrow. In autologous trans-
plantation (AutoHSCT), the donor is the patient himself/
herself before bone marrow ablation. On the other hand,
in allogeneic transplantation (AlloHSCT), the donor
is usually human leukocyte antigen (HLA)-compatible
or may sometimes be a haploidentical (half matched,
mismatched) donor. HSCT is used worldwide in many
malignant and nonmalignant childhood diseases, includ-
ing haematologic, genetic, autoimmune and metabolic
disorders. The survival rates of these diseases have been
increased with HSCT treatment [1, 2]. However, associ-
ated complications are still important for management,
which can be related to chemotherapy- or radiotherapy-
related toxicity or can be associated with the state of
immunosuppression predisposing patients to infection.
Before HSCT, some recipients are prepared with high
doses of chemotherapy and frequently with accompany-
ing total body irradiation (TBI). These regimens may be
myeloablative or lower-intensity nonmyeloablative. After
HSCT, a chemotherapy regimen is initiated to prevent
graft rejection and graft versus host disease (GVHD).
Central nervous system (CNS) complications in paediat-
ric HSCT recipients can be associated with high morbid-
ity and significantly contribute to mortality. Moreover,
the presence of neuroimaging abnormalities is associated
with higher mortality in paediatric HSCT recipients [3].
One of the most common CNS complications in patients
with neurological symptoms following HSCT is posterior
reversible encephalopathy syndrome (PRES). In PRES,
magnetic resonance imaging (MRI) is the modality of
choice and shows typical bilateral vasogenic oedema. The
most common presentation is posterior encephalopathy
in which lesions are located at the posterior parts of the
cerebral hemispheres, namely, the occipitoparietal lobes
[4—6]. However, it may also show a nonposterior distribu-
tion and can be associated with various atypical imaging
findings. In this study, we retrospectively examined CNS

complications that occurred in our paediatric HSCT
recipients who presented with CNS signs and symptoms
with a focus on the typical and atypical neuroimaging
findings of PRES following HSCT.

Methods

We retrospectively reviewed the medical records of 300
consecutive paediatric patients who underwent HSCT
from January 2014 to November 2018. A total of 130 pae-
diatric HSCT recipients who experienced neurological
signs and symptoms and were evaluated with neuroim-
aging studies following HSCT were enrolled in the study
and the following data of 23 patients who had CNS com-
plications were recorded: patient demographics, indica-
tions for and types of HSCT, pre- and post-transplant
drug regimens, the application of total body irradiation
(TBI), the presenting neurological signs and symptoms,
and neuroimaging findings.Imaging studies, including
magnetic resonance (MR) imaging of the brain and/or
computed tomography (CT) of the head, were retrospec-
tively evaluated for the presence of any imaging abnor-
malities. CT was performed in 48 patients as a first-line
imaging method to exclude haemorrhagic events. The CT
images were obtained using 64 channel MDCT scanners
(Philips Medical Systems, Brilliance 64, the Netherlands).
MR imaging was performed in 96 cases with the Siemens
3T MAGNETOM Skyra MRI scanner with a dedicated
head coil. The pulse sequences were coronal FLAIR (TE/
TR =125/10000msec; TI=2800msec), axial T2 (TE/
TR=280/3000msec), axial T1 (10/2000 msec), diffusion-
weighted imaging (DWI) (TE/TR=120/3500 msec) with
apparent diffusion coefficient (ADC) maps and GRE
(16/840 msec) sequences. In 14 cases, both CT and MRI
were performed. In addition to pathological signal inten-
sities on conventional MRI sequences (T1W, T2W and
FLAIR), any pathological findings on DWI, GRE and
contrast-enhanced T1W images were also recorded. The
timing of CNS complications was defined according to
immune status, including the pre-engraftment period
(<30days after HSCT), the early postengraftment period
(30-100days after HSCT), and the late postengraftment
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sex age diagnosis typeof donor Chemot- Radio- GVHD Signs and CNS Neuroimaging
herapy therapy prophylaxis symptoms complications findings of PFES
Male 10 ALL MUD yes no MTX +CsA seizure PRES Parieto-occipital
involvement
Male 12 ALL MUD yes no MTX +CsA headache SDH Unilateral left con-
vexity
Female 5 MDS Haplo. no no MMF4+TAC+CYC  impaired leukoencepha- Symmetrical perive-
consciousness, lopathy ntricular T2W/FLAIR
headache hyperintensity
Female 075 SCID Haplo. no no MMF+TAC+CYC  Nausea- SDH Unilateral right
vomiting frontoparietal
Female 9 AA MRD no no MTX+CsA Headache, Fungal infection Multiple, small
impaired con- randomly distributed
sciousness, brain abscesses
Male 11 AML Haplo. yes no MMF+TAC+CYC  Seizure, Visual PRES Parieto-occipital
symptoms, head- involvement
ache
Female 7 HLH Haplo. no no MMF+TAC+CYC  Headache PRES Isolated Cerebellum
involvement
Female 13 FAA MUD no no MTX + CsA Seizure, Nausea- PRES Parieto-occipital
vomiting involvement
Male 15 Lymphoma MUD no TBI MTX 4 CsA Seizure, impaired PRES Parieto-occipital
consciousness involvement
Female 8 ALL Haplo. yes TBI MTX+CsA4+CYC  Nausea-vomiting  leukoencepha- Symmetrical perive-
lopathy ntricular T2W/FLAIR
hyperintensity
Female 4 SA MUD no no MTX +CsA Headache, seizure  leukoencepha- Symmetrical perive-
lopathy ntricular T2W/FLAIR
hyperintensity
Male 7 ALL MUD yes TBI MTX 4 CsA Headache, leukoencepha- Symmetrical perive-
impaired con- lopathy ntricular T2W/FLAIR
sciousness hyperintensity
Female 4 ™ MSD no no MTX + CsA Headache, PRES Parieto-occipital
Seizure, visual involvement
symptoms
Female 8 ™ MSD no no MTX+CsA seizure PRES Isolated basal ganglia
involvement
Female 3 ™ MUD no no MTX 4 CsA Visual symptoms, PRES Parieto-occipital
headache involvement
Male 0,66 Osteopetrosis  MRD no no MTX + CsA Nausea- vomiting ~ SDH Unilateral left fron-
toparietal
Male 091 WA Haplo. no no MMF +TAC+CYC  Seizure PRES Parieto-occipital
involvement
Female 17 ™M MRD no no MTX+ CsA Headache, PRES isolated frontal
Nausea- involvement
vomiting
Female 5 ™ MUD no no MTX + CsA Headache, seizure,  PRES Parieto-occipital
impaired con- involvement
sciousness
Male 14 ALL MUD yes TBI MTX+CsA seizure PRES Parieto-occipital
involvement
Male 13 ™ MSD no no MTX+ CsA Visual symptoms, PRES Parieto-occipital
Nausea- vomiting, involvement
seizure
Female 18 ™M MUD no no MTX 4 CsA impaired con- PRES Parieto-occipital
sciousness, visual involvement
symptoms
Male 8 ALL MSD yes TBI MTX 4+ CsA impaired leukoencepha- Symmetrical perive-
consciousness, lopathy ntricular T2W/FLAIR
headache hyperintensity

CsA: CYC: MMF: MTX: TAC:
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period (>100days after HSCT), which were defined as
phases 1, 2 and 3, respectively.

Results

The study population included 130 paediatric HSCT
recipients who experienced neurological signs and symp-
toms and therefore underwent neuroimaging examina-
tions. Among these 130 patients, CNS complications
were present in 23 patients (17.6%, 23/130). The patients
included 13 (56.5%) females and 10 (43.5%) males with a
median age of 8.0years (range, 8 months to 18.0years).
The average age of the children at presentation was
8.40+5.12years. The underlying disorders for which
HSCT was performed included acute lymphocytic leu-
kaemia (ALL), acute myelogenous leukaemia (AML),
lymphoma, thalassemia major, primary immune defi-
ciencies, severe combined immune deficiency (SCID),
Wiscott Aldrich syndrome (WA), haemophagocytic
lymphohistiocytosis (HLH), sideroblastic —anaemia
(SA), aplastic anaemia (AA), Fanconi aplastic anaemia
(FAA) and osteopetrosis. All of the patients underwent
AlloHSCT. The sources of stem cells included bone mar-
row [n=10], PBSCs [n=9], bone marrow with PBSCs
[n=3] and bone marrow with cord blood [#=1] from
MSD [n=4], MRD [n=3], MUD [rn=10], and haploi-
dentical donors [#=6]. The preconditioning regimens
were patient specific depending on the underlying dis-
ease and the types of donor and graft. All patients had
received antibacterial, antifungal and antiviral prophy-
laxis. GVHD prophylaxis included calcineurin inhibitors,
including cyclosporin A (CsA) (n=18) and tacrolimus
(n=5) in combination with MTX with or without cor-
ticosteroids. The target serum concentration of CsA was
determined to be 150-250ng/mL for HSCT from MUT
and haploidentical donors and 100-150ng/mL for HSCT
from MRT and MST donors. Five patients had received
TBI (4 ALL, 1 lymphoma), and 7 patients had received
chemotherapy (6 ALL, 1 AML) (Table 1). Twenty-three
CNS complications included 14 cases of PRES (60.9%),
5 (21.7%) cases of leukoencephalopathy, 3 cases of acute
subdural haemorrhage (SDH) (13%) and 1 (4.3%) case of
fungal CNS infection (Tables 1, 2). The timing of the CNS
complications is shown in Table 3. The most frequent
neurological clinical signs and symptoms were head-
ache followed by seizure, impaired consciousness and
visual symptoms (Table 1). In PRES patients, the most
frequent presentation was seizures, which were present
in 71.4% of the PRES patients (10/14), followed by head-
ache (50%) and visual symptoms (35,7%). While 6 cases
of PRES occurred in phase 2, 5 cases were detected in
phase 3, and 3 cases were detected in phase 1. Hyperten-
sion requiring antihypertensive treatment was present
in 35.7% (5/14) of PRES cases at presentation. Of the 14
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Table 2 CNS Complications
n %
Leukoencephalopathy 5 21,7
PRES 14 60.9
Fungal CNS infection 1 43
SDH 3 13

Table 3 Twenty-three CNS complications following HSCT in
relation to the chronology of HSCT

Phase1 Phase2 Phase3 Number
PRES 3 6 5 14
Leukodystrophy 1 4 5
Acute Subdural haemorrhage 3 3

Fungal CNS infection 1 1

Table 4 Encephalic locations in 14 PRES cases

Involvement of encephalic locations %

Typical occipitoparietal involvement 78.5%
Atypical involvement 21.5%
-isolated bilateral frontal lobes 7,16%
-isolated basal ganglia 7,16%
-isolated cerebellar vermis 7,16%

patients who developed PRES, 11 (78.5%) received cyclo-
sporin A (CsA). In 4 (36.3%) of these cases, PRES devel-
oped when the CsA blood level was above the upper
limit. In the remaining 7 (63.6%) patients, PRES occurred
when the blood CsA level was within the normal range.
Persistent signal changes were observed on follow-up
MRI in 1 patient among the 4 patients who developed
PRES and had a CsA blood level above the upper limit.
Such changes were not observed in the patients whose
CsA blood level was within the reference range, but this
difference was not statistically significant (p>0.05). On
MR, typical occipitoparietal vasogenic oedema was pre-
sent in 78.5% of the PRES cases (11/14) (Table 4) (Fig. 1).
The following atypical neuroimaging manifestations were
identified: isolated involvement of bilateral frontal lobes
in 1 case (Fig. 2), isolated cerebellar vermis involvement
in 1 case (Fig. 3) and isolated basal ganglia involvement
in 1 case (Fig. 4). MRI abnormalities were bilateral and
almost symmetrical in all of the cases. Restricted diffu-
sion associated with cytotoxic damage was demonstrated
in 2 of 14 patients, one of whom had isolated cerebel-
lar vermis involvement (Fig. 3). Unfortunately, she died
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resolution of vasogenic oedema in the occipital lobes after 3 months

Fig. 1 An 11-year-old boy presenting with seizures and visual disturbances 3 months after undergoing allogeneic HSCT for acute myeloid
leukaemia. a Axial and b) coronal FLAIR images demonstrating bilateral symmetrical parietal (a) and occipital (b) cortico-subcortical hyperintensity
(black arrows). Note the prominent involvement of cortical grey matter (1a, white arrow). c DWI and d) an ADC map showing a high signal
(arrows) representing the T2 shine-through effect but not true restricted diffusion. e Follow-up coronal FLAIR image demonstrating complete

3weeks after PRES onset due to acute pulmonary com-
plications. The other patient presented with isolated
basal ganglia involvement. In this patient, the lack of
a dark signal on the ADC map despite increased signal
intensity on DWI was considered ADC pseudonormali-
zation rather than simple vasogenic oedema (Fig. 4). The
median time of diagnosis from the day of first symptoms
in PRES patients was 3 days for both typical and atypical
presentations.While less delay was observed in the pres-
entations with seizure and vomiting, the delay in diagno-
sis was more pronounced in patients with headache as an
initial and dominant clinical finding. Follow-up imaging
studies were performed in 9 of 14 patients with PRES.
The other 5 patients died due to non-CNS complications.
Among the 9 followed patients, reversibility was con-
firmed in 8 patients. In one patient with PRES who pre-
sented with basal ganglia involvement, persistent signal
changes were detected 3months after diagnosis. In this
patient, the serum level of CsA was higher than the upper
limit. In our patients with PRES, we did not detect haem-
orrhagic changes or pathologic contrast enhancement.
Leukoencephalopathy was identified in 5 patients,
which occurred in one patient during phase 2 and in the

remaining patients during phase 3 (Table 3). On MRI,
periventricular white matter hyperintensity on T2/FLAIR
images with no diffusion restriction was present with
normal preceding CT images. In the follow-up, total res-
olution of the MRI signal abnormalities was not observed
in any of the cases (Fig. 5). Intracranial haemorrhage
was identified in only 3 cases, all of which were acute
SDH occurring in phase 1, and in the follow-up of these
patients, total haemorrhage resolution was confirmed
(Fig. 6). Fungal CNS infection was observed in one of the
patients with a positive sputum culture for Aspergillus in
the intensive care unit (ICU) (Fig. 7).

Discussion

The incidence of CNS complications following HSCT
varies considerably in different studies depending on the
patients’ demographic and clinical data, including pre-
post-transplant drug regimens, the application of TBI,
the degree of immune suppression or the development
of GVHD. The rate is higher in patients with AlloHSCT
than in patients with AutoHSCT and reaches up to 70%
in some studies [7, 8]. In a recently conducted study by
Hussein et al., which retrospectively evaluated 525 HSCT
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oedema after 3months

Fig.2 A 17-year-old girl presenting with an altered level of consciousness 6 months after undergoing allogeneic HSCT for thalassemia major. a
Axial T2W image showing bilateral frontal cortico-subcortical hyperintensity (arrows). b DWI and ) an ADC map showing a high signal (arrows)
representing the T2 shine-through effect but not true restricted diffusion. d Axial T2W image demonstrating complete resolution of vasogenic

recipients, the prevalence was reported to be 13% [9].
In our study, the prevalence was 7.66% (23/300), which
is similar to the rate of 8.67% (26/300) reported by Suxi-
ang Liu et al. [10]. The prevalence among the recipients
presenting with CNS signs and symptoms following
HSCT in our study was 17.6% (23/130). Among these 23
patients, the most common clinical signs and symptoms
were headache followed by seizure, visual symptoms
and impaired consciousness. In our study, PRES was the
most common CNS complication, which was observed in
4.6% of the 300 HSCT recipients (14/300) and was more
frequent at <100days post-HSCT. Although different
causes are responsible for PRES in paediatric patients,
it is mostly described as a complication following vari-
ous types of transplantation, and in many studies, it is

the most common neuroimaging abnormality following
HSCT. The incidence of PRES following allogenic HSCT
in paediatric patients varies between 1.1-34% in different
clinical studies in the literature and is affected by vari-
ous factors, including the drugs used in the conditioning
regimens and GVHD prophylaxis, the presence of HT,
the level of immune suppression, underlying diseases,
the type of transplantation, and the presence of trigger-
ing factors such as infections and GVHD [4, 11-13]. In
a study retrospectively evaluating 35 paediatric HSCT
recipients, the incidence of PRES was reported to be
17% (n=6). In this study, all PRES patients were taking
CNIs at the time of symptom onset, and the median time
after HSCT to PRES onset was 21days (phase 1) [14].
PRES is a clinical and radiologic diagnosis characterized
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Fig. 3 A 7-year-old girl presenting with seizures and headache 37 days after undergoing allogeneic HSCT for haemophagocytic
lymphohistiocytosis. a Axial T2W image showing abnormal cerebellar hyperintensity (arrows). b DWI and ¢) ADC images showing diffusion
restriction (arrows). She died 3 weeks after PRES onset due to acute pulmonary GVYHD

by variable presentations with various combinations of
acute neurological symptoms. In paediatric patients diag-
nosed with PRES, the most frequently reported primary
presentation is seizures, as in our PRES patients [15]. The
underlying pathophysiologic mechanism is controversial,
and two main theories have been proposed. According to
vasogenic theory, high blood pressure causes dysregula-
tion of cerebrovascular autoregulation, resulting in cer-
ebral vasodilation and oedema [5, 16]. However, arterial
hypertension is not present in all patients with PRES. In
our study, hypertension requiring antihypertensive treat-
ment was present in 5 cases of PRES. On the other hand,
according to cytotoxic theory, the cause is increased
microvascular permeability as a result of direct toxic

effects on endothelial cells [17]. The absence of increased
blood pressure in many of the patients supports the cyto-
toxic theory, as in observed our cases. Immunosuppres-
sive medications, such as CsA, TAC, and steroids, which
are the most commonly used drugs for GVHD prophy-
laxis, can induce PRES in HSCT recipients [18—20]. On
MR, typical findings of cerebral vasogenic oedema as a
result of extravasation of plasma proteins and cells into
the extracellular space are demonstrated. In our patients,
typical occipitoparietal vasogenic oedema was present in
78.5% of the PRES cases (11/14) (Fig. 1). In many stud-
ies, occipitoparietal involvement was predominantly
reported to vary between 50 and 99% of their cases
[15, 20]. Cerebral cortical (grey matter) involvement
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Fig. 4 A 17-year-old girl presenting with an altered level of consciousness 6 months after undergoing allogeneic HSCT for thalassemia major. a
Coronal FLAIR image showing hyperintensity in the bilateral basal ganglia (arrows). b DWI showing increased signal intensity in the basal ganglia.
¢ ADC map showing normal signal intensity, which was considered to be indicative of ADC pseudonormalization. d Follow-up coronal FLAIR image
after 6 months demonstrating persistent hyperintensity associated with volume loss, suggesting cytotoxic injury

is observed in many patients, as in our cases [21, 22].
(Figs. 1 and 2). Despite being termed posterior, PRES can
also show other distributions, mainly in watershed areas,
which can be involved in combination or in isolation
[23]. The uncommon locations observed in our patients
were as follows: isolated involvement of the frontal lobes
(Fig. 2), cerebellum (Fig. 3) and basal ganglia (Fig. 4).
The term central PRES is used to describe isolated
involvement of the basal ganglia, thalamus, brain stem
and corpus callosum with a lack of cortico-subcortical
involvement. The central variant of PRES was reported in
4% of cases in the study of McKinney et al. [24]. In the
study of Raman et al. [25], the basal ganglia were involved

in 22%, the brainstem in 9% and the thalamus in 4% of the
cases. However, all of these cases also had lesions in the
bilateral parietooccipital subcortical white matter. In our
study, a central PRES variant with isolated involvement
of the basal ganglia was observed in 1 patient (Fig. 4). In
PRES, the lesions are usually symmetrical, as in our cases.
However, purely unilateral cases of PRES have also been
demonstrated in the literature [16, 24]. The symmetrical
involvement and reversibility of the MRI findings in the
patient with frontal involvement was compatible with
PRES. In the patient with isolated basal ganglia and cer-
ebellar vermis involvement presenting with restricted
diffusion and the patient exhibiting the symmetrical
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arrows)

Fig. 5 An 8-year-old girl presenting with headache, nausea and vomiting 5 months after undergoing allogeneic HSCT for ALL. a Axial CT of the
head did not reveal any abnormalities. b Axial T2W image showing increased signal intensity in the periventricular white matter (b, arrows). d
Follow-up axial T2W image 3 months after the first presentation shows persistent increased signal intensity in the periventricular white matter (c,

resolution

Fig. 6 A 9-month-old female girl presenting with nausea and vomiting 25 days after undergoing allogeneic HSCT for SCID. a Axial CT image
showing acute hyperdense right frontoparietal SDH (arrow). b Follow-up axial CT image 1 month after the onset of acute SDH showing complete

basal ganglia involvement and restricted diffusion only
in the basal ganglia and the vermis without extension to
the cerebellar hemispheres, the findings suggested toxic
metabolic aetiologies rather than vascular pathology. We
excluded all other toxic metabolic aetiologies, including
metabolic toxins (such as carbon monoxide), hypoglycae-
mia, hyperammonemia or hypoxia.

In PRES lesions, increased ADC values are character-
istic and indicative of vasogenic oedema. DWI may be
normal, or hyperintensity is often observed due to the T2
shine-through effect. However, true restricted diffusion
may also present as an atypical finding in PRES lesions
[26], which is important because higher ADC values
are associated with reversibility, while decreased ADC

values indicate cytotoxic injury and a poor prognosis
[27]. In the study of McKinney et al. [24], 17.3% of the
76 patients with PRES had restricted diffusion, and in the
study of Covarrubias et al. [28], 27% of 22 patients with
PRES showed restricted diffusion. In the study of Hussein
et al,, the incidence of PRES in post-HSCT recipients was
3.2%, with the most frequent sites being the occipital and
parietal regions in 88.2 and 82.4% of the patients, respec-
tively. In their study, diffusion restriction was observed in
29.4% of the cases (n=5), and no significant dark signal
on ADC maps associated with pseudonormalization was
noted in any of the 5 cases [9]. In our study, restricted dif-
fusion was demonstrated in 2 of 14 PRES patients, one
of whom showed isolated cerebellar vermis involvement.
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frontal convexity (d, arrow) compatible with a brain abscess

Fig. 7 A 9-year-old girl presenting with headache and impaired consciousness 5 months after undergoing allogeneic HSCT for aplastic anaemia.
a Axial T2W image showing a cystic lesion with peripheral oedema in the left medial temporal region (arrow). b Axial T1w image showing
hypointensity of the lesion. ¢, d Postcontrast axial T1W images showing ring enhancement of the same lesion and another similar lesion at the

Unfortunately, since the patient died from acute pulmo-
nary complications 3weeks after the onset of PRES, no
follow-up MRI was available to determine whether the
abnormal signals persisted (Fig. 3). The other patient pre-
sented with basal ganglia involvement, and an increased
DWI signal was accompanied by normal ADC values
indicating ADC pseudonormalization, which is a nor-
mal phase in the subacute stage of cytotoxic injury [29].
In the follow-up imaging studies of this patient, whose
diagnosis was delayed, the latency period was character-
ized by volume loss and persistent signal changes, which

is consistent with the association of restricted diffusion
with persistent changes and a poor prognosis (Fig. 4).

The other reported atypical neuroimaging findings
associated with PRES is accompanying haemorrhage and
contrast enhancement, which were not present in our
cases. Although PRES, as its names implies, is mostly
reversible, residual sequelae formation can occur. In the
follow-up, clinical recovery is usually observed earlier
than disappearance of imaging findings and is usually
associated with a good clinical outcome with early diag-
nosis and management.
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The incidence of post-HSCT leukoencephalopathy
was 1.6% in our study and was reported to be 1.9%
in the study of Hussein S.A. et al. [14]. Four of our
patients had CsA and MTX in their anti-GVHD regi-
men, 3 of whom had received TBI. In all 5 patients, CT
images did not demonstrate any abnormality due to
isodensity of the involved white matter, requiring fur-
ther MRI studies to reveal hyperintensity on T2/FLAIR
images with no diffusion restriction. In the follow-up
images, a stable course was observed in all 5 cases;
however, total resolution of the MRI signal abnormali-
ties was not observed in any of the cases in our study
(Fig. 5). Among our patients, intracranial haemorrhage
was present in 3 patients, all of whom had acute SDH,
and in the follow-up of these patients, total resolution
of the haemorrhage was confirmed (Fig. 6). In the study
of Hussein et al., the incidence of intracranial haemor-
rhage was reported to be 1.5% (n=38), with 3/8 (37.5%)
being SDH (36). We observed only one case of CNS
infection, which occurred when the patient was fol-
lowed in the intensive care unit, and multifocal inva-
sive Aspergillosis was confirmed by sputum culture.
MRI showed multiple randomly distributed enhanced
rings surrounding small brain abscesses. Unfortunately,
this patient died after a short time, and no CSF or his-
topathological confirmation was obtained prior to her
death (Fig. 7).

Conclusion

Paediatric HSCT recipients presenting with CNS signs
and symptoms should be evaluated by neuroimaging
studies for timely diagnosis and early management. PRES
is the most common CNS complication and usually pre-
sents with typical clinical and imaging findings. However,
atypical MRI manifestations may appear, which should
not dissuade a PRES diagnosis in appropriate clinical
settings with exclusion of other possibilities. Diffusion
restriction is an important imaging finding that can be
associated with residual changes and should be assessed
in all MRI studies for these patients.

Main points

* Paediatric HSCT recipients presenting with CNS signs
and symptoms should be evaluated by neuroimaging
studies.

*  Variable neuroimaging presentations should
not dissuade a PRES diagnosis in appropriate clini-
cal settings following allogeneic HSCT in paediatric
recipients.

* In PRES, lower ADC values are associated with a
poor prognosis, and normal ADC values in association
with increased signal intensity on DWI should also be
evaluated in terms of ADC pseudonormalization.
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