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Abstract
Posterior reversible encephalopathy syndrome (PRES) is a gradually recognised neurological complication of allogenic
haematopoietic stem cell transplantation (allo-HSCT). However, there is a paucity of information on PRES after
haploidentical HSCT (haplo-HSCT). We performed a retrospective nested case-control study in patients following haplo-
HSCT for malignant and nonmalignant haematologic diseases between January 2009 and December 2018 in our centre. A
total of 45 patients were diagnosed with PRES after transplant, accounting for an incidence of 1.17%. Grades II to IV acute
graft-versus-host disease (aGVHD) (HR 2.370, 95% CI 1.277–4.397, p= 0.006) and hypertension (HR 14.466, 95% CI
7.107–29.443, p < 0.001) were identified as risk factors for developing PRES after haplo-HSCT. There was no difference in
overall survival (OS), disease-free survival (DFS), the cumulative incidence of relapse or nonrelapse mortality (NRM)
between patients with PRES and controls without PRES following haplo-HSCT in either adults or children. All but one
patient with PRES showed nearly complete clinical and neurologic recovery. In conclusion, PRES is a rare condition with
benign outcomes following haplo-HSCT. Further multicentre prospective studies are needed to confirm the results and help
to establish the standard therapy for posttransplant PRES.

Introduction

Posterior reversible encephalopathy syndrome (PRES) is an
increasingly recognised neurological complication in
patients receiving allogeneic haematopoietic stem cell
transplantation (allo-HSCT). PRES is a clinical syndrome
characterised by various neurological manifestations
including drowsiness, emesis, headache, confusion, visual

abnormality and seizures, associated with typical transient
white matter oedema on magnetic resonance imaging (MRI)
[1, 2]. The incidence of PRES after HSCT has been reported
to be 1.1–22% [3–8], which varies widely in different stu-
dies. Several studies have tried to explore the risk factors
and influence of PRES on posttransplant survival, but due to
the differences in definition of PRES, types of diseases,
donor types of transplant, conditioning protocols and other
characteristics in various studies, it is difficult to interpret
the existing conclusions [3–8].

Allo-HSCT has shown promising potential in curing
various malignant and nonmalignant disorders of haema-
topoiesis. However, there is only a one-in-four chance for
each patient to have a human leucocyte antigen (HLA)-
matched sibling (MSD). Haploidentical HSCT (haplo-
HSCT) has therefore become the largest donor source in
comparison to MSD-HSCT since 2013 and now accounts
for almost 59.4% of allo-HSCTs in China [9]. During
past decades, Huang et al have successfully established a
protocol for unmanipulated haplo-HSCT using a myeloa-
blative conditioning (MAC) regimen with granulocyte
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colony-stimulating factor mobilised/primed grafts [10]. A
series of prospective studies have demonstrated comparable
outcomes of haplo-HSCT following this protocol to MSD-
HSCT for acute myeloid leukaemia, acute lymphoblastic
leukaemia, myelodysplastic syndrome and severe aplastic
anaemia (SAA) [11–14]. However, haplo-HSCT still brings
some neurological problems. As a common neurological
complication after allo-HSCT, the incidence and outcomes
of PRES following haplo-HSCT have remained poorly
understood.

Therefore, given the paucity of information on PRES
after haplo-HSCT, we retrospectively analysed the inci-
dence and outcomes and evaluated risk factors and clinical
features of PRES in patients receiving haplo-HSCT in our
centre.

Methods

Patients

Between January 2009 and December 2018, 3832 patients
received haplo-HSCT at the Institute of Hamatology, Pek-
ing University People’s Hospital. Among them, there were
2825 adults and 1007 children. A total of 45 patients were
diagnosed with PRES. We performed a nested case-control
study, and three controls were matched for each case
according to age (±5 years) and time of transplant
(±30 days).

Written informed consent in accordance with the
Declaration of Helsinki was approved by the Ethics Com-
mittee of Peking University People’s Hospital. All patients
and guardians of children signed written informed
consent forms.

Transplantation regimens

All patients received a BU-based myeloablative condition-
ing regimen. The conditioning therapy of haematological
malignancies consisted of cytarabine (ARA-C, 4 g/m2/day)
administered i.v. on days −10 and −9, busulfan (BU, 3.2
mg/kg/d) administered i.v. on days −8 to −6, cyclopho-
sphamide (CY, 1.8 g/m2/d) administered i.v. on days −5
and −4, methyl chloride hexamethylene urea nitrate (Me-
CCNU, 250 mg/m2/d) orally on day −3 and anti-thymocyte
globulin (ATG, rabbit (Sang Stat, Lyon, France), 2.5 mg/kg/
d) administered i.v. on days −5 to −2. The conditioning
therapy of SAA in haplo-HSCT consisted of the following:
BU (0.8 mg/kg) administered i.v. on days −7 and −6; CY
(50 mg/kg) administered i.v. on days −5 to −2; and ATG
(2.5 mg/kg) administered i.v. for four consecutive days from
days −5 to −2.

After haplo-HSCT, all patients were given cyclosporine
(CSA), mycophenolate mofetil (MMF) and short-term
methotrexate (MTX) for graft-versus-host disease
(GVHD) prophylaxis. The trough level of CSA was targeted
at 150–250 ng/mL within 40 days after transplant and then
gradually tapered in the absence of GVHD. The therapeutic
tacrolimus trough level was 5–20 ng/ml. The diagnoses of
acute GVHD (aGVHD) and chronic GVHD (cGVHD) were
made according to the widely acceptable criteria [11]. The
management of GVHD included 1–2 mg/kg/day methyl-
prednisolone (MP) and resumption of full-dose CSA. The
alternative treatment for refractory aGVHD included
tacrolimus, MMF and CD25 monoclonal antibody (dacli-
zumab; Roche, Basel, Switzerland) or MTX [15].

Definitions

The diagnostic criteria of PRES were defined as (1) clinical
manifestations of seizures, headache, altered mental status,
or visual disturbances; (2) characteristic findings of cortical/
subcortical signal abnormalities on brain X-ray computed
tomography (CT) or MRI; (3) exclusion of other reasons for
neurologic dysfunction, including infection, metabolic
abnormalities, thrombotic microangiopathy, haemorrhage
and tumour infiltration; and (4) reversible neurological
symptoms and imaging findings. None of the patients had
infections or fevers of unknown origin within the 72 h
before the onset of PRES. The day of PRES onset was
defined as the start date of neurologic symptoms in the
clinical records. All patients with symptoms of seizures
were evaluated by a neurologist. Status epilepticus was
defined as 30 min of continuous seizures or without com-
plete recovery of consciousness between a series of seizures
[16]. Standard electroencephalogram (EEG) records were
reviewed by a neurologist. Hypertension was defined as an
average systolic or diastolic blood pressure higher than the
95th percentile for sex, age and height three or more times
on different occasions [17]. Mean arterial blood pressure
(MAP) was calculated as 2/3 diastolic pressure plus 1/
3 systolic pressure. Hypokalaemia was defined as a serum
potassium level < 3.5 mmol/l. Hyponatraemia was defined
as a serum sodium level < 135 mmol/l. Serum electrolyte
concentrations were measured within 24 h of PRES onset.

CSF examinations

All CSF samples were analysed for varicella-zoster virus,
Epstein–Barr virus, cytomegalovirus, human herpes virus 6,
herpes simplex virus and other viruses as our previous study
reported [18]. All CSF samples also underwent histo-
pathologic examination and fluorescence-activated cell
sorting analysis for malignant cells.
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Statistical analysis

The baseline characteristics were compared using the chi-
square test for categorical variables and Student’s t test for
continuous variables. The Kaplan–Meier method and log-
rank test were used to estimate survival. Overall survival
(OS) was defined as the time from transplant to death for
any reason. Disease-free survival (DFS) was defined as
survival without death, relapse or graft rejection. Non-
relapse mortality (NRM) was defined as death without
evidence of disease recurrence after transplant. Relapse was
defined as blasts ≥5% in the BM or reappearance of blasts in
the peripheral blood or extramedullary site [11]. Univariate
and multivariate analyses were performed to identify risk
factors for PRES after haplo-HSTC using Cox proportional
hazards models. Variables with p < 0.1 in univariate ana-
lysis were further included in the multivariate analysis. All
tests were two-tailed, and p < 0.05 was considered to be
statistically significant. The analyses were performed using
SPSS 22.0 (SPSS Inc., USA).

Results

Patient characteristics and Incidence of PRES

A total of 3832 patients received haplo-HSCT during the
study period. Forty-five patients developed PRES following
transplantation, with an incidence of 1.17%. The baseline
characteristics of patients and controls are shown in Table 1.
Among the patients with PRES, there were 23 adults and 22
children. The incidence of PRES following haplo-HSCT
was 0.81% in adults and 2.18% in children.

Clinical characteristics

The median time to PRES onset was 67 days (range:
17–841) after transplant, with 64.4% patients developing
within 100 days. The main clinical manifestations of PRES
were epilepsy (n= 44), visual disturbances (n= 5), head-
aches (n= 3) and metal status change (n= 1). Among them,
two patients presented with status epilepticus. All patients
received MRI or CT scans within 72 h after PRES onset.
Among them, 42 had MRI scans, 29 had CT scans and 26
had both CT and MRI scans. None of the patients had
imaging features of haemorrhage, infection, or tumour
infiltration. PRES was identified on CT scans in 10 of 29
patients. The radiologic characteristics of patients with
PRES are shown in Table 2. Most patients presented with
symmetrical lesions and abnormal signals consistent with
PRES, most commonly seen in the parietal and occipital
lobes (Fig. 1). Follow-up imaging records were available in

21 patients, and all showed nearly complete remission. All
three EEG recordings available were abnormal. No signs of
infection or tumour infiltration were found in the 19 patients
who underwent CSF examination within 2 weeks of PRES
onset.

None of the patients had hypertension before transplant.
The average MAP at baseline was 85.67 and 110.08 mmHg
at PRES onset, with an average increase of 29.8% from
baseline. The median concentrations of serum creatinine,
sodium and potassium were within the normal range. A
minority of patients had renal dysfunction (n= 1), hypo-
kalaemia (n= 10) and hyponatraemia (n= 10) at PRES
onset. The median trough concentration of plasma CSA was
217.1 ng/mL (range: 40.9– 422.8), with 13 patients having
supratherapeutic CSA levels on the day of or day prior to
PRES onset. Four patients were treated with tacrolimus
before PRES onset, and all of them presented therapeutic
concentrations of plasma tacrolimus, ranging from 5.0 to
16.1 ng/mL.

Risk factors for PRES

Univariate analysis showed that only hypertension (p <
0.001) was significantly associated with PRES after trans-
plant. Variables with p < 0.1 were further included in the
Cox proportional hazards model to perform a multivariate
analysis. The results showed acute grade II to IV GVHD
(HR 2.370, 95% CI 1.277–4.397, p= 0.006) and hyper-
tension (HR 14.466, 95% CI 7.107–29.443, p < 0.001) were
independent risk factors for developing PRES after haplo-
HSCT (Table 3).

Survival

There was no significant difference in OS (p= 0.405,
Fig. 2a), DFS (p= 0.737, Fig. 2b), cumulative incidence of
relapse (p= 0.864, Fig. 2c) or NRM (p= 0.531, Fig. 2d)
between the patients with and without PRES following
haplo-HSCT in either adults or children.

Management and clinical outcome

The basic management of patients with PRES included
antiepileptic, antihypertensive and supportive care. All but
one patient showed gradual clinical remission. The sub-
sequent strategy for using calcineurin inhibitor was roughly
divided into the following. Ten patients (22.2%) completely
discontinued calcineurin inhibitor and continued anti-
GVHD treatment with MP, MMF, CD25 monoclonal anti-
body or MTX. Among them, one patient died of severe
irreversible PRES, one died of infection, and the remaining
eight patients survived with this strategy to the final follow-
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up time. Eleven patients (24.4%) switched to another cal-
cineurin inhibitor after a washout period. One of these 11
patients had repeated PRES after switching CSA to tacro-
limus and subsequently completely discontinued the calci-
neurin inhibitor, with no recurrence of PRES. Two patients
experienced exacerbations of GVHD during the washout
period before switching CSA to tacrolimus and eventually

died of severe GVHD. Twenty-four patients (53.3%) con-
tinued to use the same calcineurin inhibitor after a dose
reduction or short pause, and none of them had repeated
PRES. Among them, four patients experienced an exacer-
bation of GVHD after the initial dose reduction or dis-
continuation, and then, GVHD was controlled after
continuing the medication. Among them, two patients died

Table 1 Characteristics of
patients following haplo-HSCT.

Characteristics Patients with PRES Patients
without PRES

P value

Total Adults Children

No. of patients 45 23 22 135 –

Age, years (range) 18 (5–47) 24 (18–47) 11 (5–17) 18 (3–44) 0.811

Gender, n (%) 0.435

Male 23 (51.1) 10 (43.5) 13 (59.1) 78 (57.8)

Female 22 (48.9) 13 (56.5) 9 (40.9) 57 (42.2)

Underlying disease, n (%) 0.021

AA 6 (13.3) 3 (13.0) 3 (13.6) 12 (8.9)

AML 13 (28.9) 7 (30.4) 6 (27.3) 44 (32.6)

ALL 13 (28.9) 7 (30.4) 6 (27.3) 63 (46.7)

CML 4 (8.9) 1 (4.3) 3 (13.6) 1 (0.7)

MDS 7 (15.6) 4 (17.4) 3 (13.6) 10 (10.4)

Lymphoma 2 (4.4) 1 (4.4) 1 (4.5) 1 (0.7)

Time from diagnosis to
HSCT, d (median)

228
(42–4718)

215
(42–4718)

258
(120–3921)

239 (63–5862) 0.258

HLA, n (%) 0.768

3/6 36 (80.0) 16 (69.6) 20 (90.9) 103 (76.3)

4/6 8 (17.8) 6 (26.1) 2 (9.1) 26 (19.3)

5/6 1 (2.2) 1 (4.3) 0 6 (4.4)

ABO, n (%) 0.193

Match 29 (64.4) 12 (52.2) 17 (77.3) 72 (53.3)

Mismatch 16 (35.6) 11 (47.8) 5 (22.7) 63 (46.7)

Donor–recipient gender,
n (%)

0.830

M–M 18 (40.0) 8 (34.8) 10 (45.5) 57 (42.2)

M–F 14 (31.1) 10 (43.5) 4 (18.2) 35 (25.9)

F–M 5 (11.1) 2 (8.7) 3 (13.6) 21 (15.6)

F–F 8 (17.8) 3 (13.0) 5 (22.7) 22 (16.3)

Engraftment time, d (range)

Neutrophil 13 (8–22) 12 (8–22) 14 (10–21) 12 (10–24) 0.139

Platelet 16 (9–90) 22 (11–90) 13 (9–44) 16 (8–75) 0.314

aGVHD, n (%) 0.166

I 21 (46.7) 12 (52.2) 9 (40.9) 79 (58.5)

II– IV 24 (53.3) 11 (47.8) 13 (59.1) 56 (41.5)

cGVHD, n (%) 14 (31.1) 10 (43.5) 4 (18.2) 26 (19.3) 0.098

Median follow-up time after
HSCT, d (range)

811
(55–3282)

811
(55–2351)

768 (74–3282) 1101 (27–2950) 0.016

PRES posterior reversible encephalopathy syndrome, HSCT haematopoietic stem cell transplantation, AA
aplastic anaemia, AML acute myeloblastic leukaemia, ALL acute lymphoblastic leukaemia, CML chronic
myeloid leukaemia, MDS myelodysplastic syndrome, HLA human leukocyte antigen, M male, F female,
aGVHD acute graft-versus-host disease, cGVHD chronic graft-versus-host disease.
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of infection. Of the 24 patients who continued to use the
same calcineurin inhibitor, another two died of infection
and disease progression.

Discussion

PRES is a gradually recognised neurologic complication
after allo-HSCT. Here, we report the first and largest study
on PRES following haplo-HSCT. Several previous studies
have focused on posttransplant PRES for either solid organs
or haematologic diseases. However, there are still no
comparative data available on PRES following haplo-
HSCT. In this study, we observed an incidence of 1.17%
of PRES following haplo-HSCT, which provided PRES
incidence in patients receiving haplo-HSCT for the first
time, and it was significantly lower than that reported in
most previous studies [3, 7, 8, 17]. The discrepancy could
be due to the differences in disease, other baseline char-
acteristics of the included patients and different transplan-
tation protocols.

The potential mechanism of PRES is usually considered
to be endothelial damage, leading to decreased levels of
endothelium-derived vasorelaxants and systemic vasocon-
striction [19, 20]. This theory could explain the arterial
border-zone distribution of PRES. Another potential
mechanism for PRES is hypertension [21]. The continuous
rise of blood pressure exceeds the limit of autoregulation of
cerebral blood vessels, and then the blood–brain barrier is
destroyed, causing vascular edema [22]. Abnormal

Fig. 1 Imaging manifestations of PRES. FLAIR axial images of
brain forms of patient with PRES.

Table 2 Clinical and laboratory
characteristics of patients
with PRES.

Characteristics Patients with PRES

Total (N= 45) Adults (N= 23) Children (N= 22)

Transplant day at PRES onset, median
(range)

67 (17–841) 113 (23–696) 56 (17–841)

Symptom, n (%)

Unconsciousness 1 (2.2) 0 1 (4.5)

Headaches 3 (6.7) 1 (4.3) 2 (9.1)

Epilepsy 44 (97.8) 23 (100.0) 21 (95.5)

Visual abnormality 5 (11.1) 1(4.3) 4 (18.2)

Imaging findings on MRI/CT, n (%)

Symmetric 41 (91.1) 22 (95.7) 19 (86.4)

Asymmetric 4 (8.9) 1 (4.3) 3 (13.6)

Frontal 14 (31.1) 9 (39.1) 5 (22.7)

Parietal 27 (60.0) 12 (52.2) 15 (68.2)

Temporal 9 (20.0) 4 (17.4) 5 (22.7)

Occipital 27 (60.0) 11 (47.8) 16 (72.7)

Thalamus 5 (11.1) 2 (8.7) 3 (13.6)

Cerebellum 7 (15.6) 5 (21.7) 2 (9.1)

Cerebral hemisphere 11 (24.4) 9 (39.1) 2 (9.1)

Anterior horn of lateral ventricle 1 (2.2) 0 1 (4.5)

Median level of CSA, ng/mL (range) 217.1(40.9–422.8) 192.5 (115.2–344.6) 219.7 (40.9–422.8

Average increase of MAP at PRES, % 29.8 24.3 35.7

Median serum creatinine level at PRES,
μmol/L (range)

43 (21–157) 47 (21–157) 39 (21–89)

Median serum potassium level at PRES,
mmol/L (range)

3.9 (2.5–5.3) 3.5 (2.5–5.3) 4.0 (3.1–5.0)

Median serum sodium level at PRES, mmol/
L (range)

136.4 (115.8–147.4) 136.4 (124.3–147.4) 136.1 (115.8–145.1)

PRES posterior reversible encephalopathy syndrome, MRI magnetic resonance imaging, CT X-ray computed
tomography, CSA cyclosporine, MAP mean arterial pressure.
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regulation of cerebrovascular adrenergic sympathetic ner-
vous system may also be involved in the occurrence of
PRES [21, 23].

Calcineurin inhibitors, one of the most commonly used
immunosuppressants to prevent GVHD after allo-HSCT,
have been reported to be associated with posttransplant
PRES. However, several studies have suggested that the
occurrence of PRES was independent of the serum level of
calcineurin inhibitors, and it could occur even within the
therapeutic concentration [1, 5, 24, 25]. Similar results were
also observed in our study, and the majority of patients had
therapeutic serum concentrations of CSA or tacrolimus
before PRES onset. Hypertension is a common side effect of
calcineurin inhibitors. An average increase in MAP of
29.8% was observed in our study at PRES onset, which was
similar with previous study [26]. Further multivariate ana-
lysis also demonstrated that hypertension was an indepen-
dent risk factor for PRES following haplo-HSCT. Therefore,
for patients with neurological symptoms after transplant,
even if the calcineurin inhibitors are within the therapeutic
concentration, physicians should be alert to the occurrence
of PRES and improve the imaging examination in time. In
addition, it is necessary to pay attention to the management
of blood pressure during the use of calcineurin inhibitors.

Another potential risk factor reported for PRES is
aGVHD [3, 5, 27–29]. Some scholars have suggested that
GVHD induces vascular endothelial injury, which disrupts

the blood–brain barrier, allowing calcineurin inhibitors to
pass through the blood–brain barrier. In addition, GVHD led
to increased release of TNF-α and IL-1, causing extensive
vasoconstriction, including the CNS [27–29]. In our study,
multivariate analysis also indicated that severe grade II–IV
aGVHD was significantly associated with PRES in haplo-
HSCT. A few previous studies have contributed the high
incidence of PRES to more common occurrence of aGVHD
in haplo-HSCT [29], but the incidence of PRES was not
higher than previously reported when we restricted the study
to patients receiving haplo-HSCT, which might need to be
confirmed by further multicentre studies.

There are still no systematic guidelines for the treatment
of posttransplant PRES. Basic treatments generally include
stopping or reducing calcineurin inhibitors, controlling
blood pressure, and preventing epilepsy. In our study,
symptoms and imaging findings were reversible in most
patients, and there was no significant difference in primary
clinical outcomes. However, several studies have reported
an inferior survival of patients with posttransplant PRES
[3, 8]. The discrepancy might be the different donor types of
transplant between our study and previous studies. Further
multicentre studies may be needed to confirm the differ-
ences in survival of patients with PRES following haplo-
HSCT and other donor types allo-HSCT.

There were some limitations in our study. First, it was a
retrospective study design in a single centre. Furthermore,
although we chose as representative a control as possible,
there might still be some selection bias. However, it is the
largest study on PRES following haplo-HSCT and is from
one of the largest haplo-HSCT centres. The patients
received similar and mature conditioning regimens and
GVHD prophylaxis; therefore, the results could be well
generalised.

In summary, this retrospective study is the first and lar-
gest review of PRES after haplo-HSCT, demonstrating an
incidence of 1.17% of PRES in patients following haplo-
HSCT, which is a rare but benign condition. However, for
patients with aGVHD after transplant and those with
hypertension due to the use of calcineurin inhibitors, there is
a higher risk of developing PRES, which still requires close
attention. Further multicentre prospective studies are needed
to establish standardised prophylactic and therapeutic stra-
tegies for patients with posttransplant PRES.
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Table 3 Risk factors for developing PRES after haplo-HSCT.

Variables Univariate Multivariate

P value HR 95% CI P value

Gender

Male vs female 0.484

ABO

Match vs mismatch 0.184

Donor–recipient gender

Mismatch vs match 0.744

HLA

1 vs 2 vs 3 locus
mismatch

0.875

II–IV aGVHD 0.099 2.370 1.277–4.397 0.006

Doses of MP

≥1 mg/kg/d vs <1
mg/kg/d

0.617

CSA levels 0.158

Hypertension <0.001 14.466 7.107–29.443 <0.001

Hypokalemia 0.084 0.962 0.468–1.975 0.915

Hyponatremia 0.334

Renal dysfunction 0.983

HLA human leukocyte antigen, aGVHD acute graft-versus-host
disease, MP methylprednisolone, CSA cyclosporine.
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