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Reversible Posterior Leukoencephalopathy Syndrome
in Children: MR Imaging Findings

Sang Kwon Lee, M.D., Soon Hak Kwon, M.D.?, Yong Sun Kim, M.D.

Purpose: To find out the characteristic MR findings of reversible posterior leukoen-
cephalopathy syndrome (RPLS) due to various causes in children.

Materials and Methods: Eight children with RPLS underwent MR imaging, and the
findings were retrospectively analyzed. All eight were acutely hypertensive at the time
of a neurotoxic episode. Three had intra-abdominal tumors (one adrenal pheochromo-
cytoma, one para-aortic paraganglioma and one para-aortic ganglioneuroma encasing
the left renal artery); three were being treated with cyclosporine; one was being treat-
ed with steroid; and one had hemolytic uremic syndrome. Initial cranial MR images
were analyzed with particular emphasis on the distribution of the lesions. To assess
possible sequelae, follow-up MR images were obtained in seven patients at least one
week after the treatment of hypertension. Four underwent proton MR spectroscopy.
Results: Characteristic distribution of lesions in the occipital and posterior parietal
lobes was identified in all cases regardless of the causes of RPLS. The cerebellum,
basal ganglia, anterior parietal, and frontal lobe were involved in four, two, one, and
one case, respectively. Cortical gray matter involvement was predominant in six and
subcortical white matter involvement predominated in two patients. The distribution
of lesions was bilateral and asymmetric. Gyriform enhancement was identified in six
cases, and small hemorrhage was noted in one. In seven patients, the clinical and MR
findings improved without sequelae on follow-up study. In one, proton MR spec-
troscopy demonstrated a high lactate peak at the time of the neurologic event. Near-
normal spectra were noted in three children who underwent proton MR spectroscopy
after recovery.

Conclusion: The MR findings of RPLS are characteristic in that lesions are distributed
in the posterior region of the brain and they are reversible on follow-up study. In chil-
dren with RPLS due to unknown causes, the possibility of intra-abdominal tumors
should also be considered.
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Reversible posterior leukoencephalopathy syndrome
(RPLS), a complex of cerebral disorders which includes
headache, seizure, visual disturbances and other neuro-
logic manifestations, is associated with a variety of con-
ditions in which blood pressure rises acutely (1).
Although the syndrome is usually reversible if hyperten-
sion is treated early, it may be fatal if unrecognized and
if treatment is delayed (2). Occasionally, the clinical
findings are nonspecific to the extent that the diagnosis
is difficult to establish. For accurate diagnosis, imaging
findings may thus be very important.

In this study, we tried to find out the characteristic
MR imaging findings of RPLS due to various causes in
eight children and the proton MR spectroscopic findings
in four children.

Materials and Methods

Patients

During the two-year period from January 1998 to
December 1999, eight children [six boys and two girls
aged from 3 to 16 (mean, 10.4) years| underwent cranial
MR imaging for the evaluation of various neurologic
symptoms and signs after acute hypertension. Three of
the eight had intra-abdominal tumors (one adrenal
pheochromocytoma, one para-aortic paraganglioma,
and one para-aortic ganglioneuroma encasing the left re-
nal artery); three were being treated with cyclosporine
for nephrotic syndrome, renal transplantation and

Langerhan’ s cell histiocytosis, respectively; one was be-
ing treated with steroid as a chemotherapeutic regimen
for leukemia; and one had hemolytic uremic syndrome.

Presenting symptoms and signs were seizure (four
children), headache (three), and visual disturbance (cor-
tical blindness in one, blurred vision in one). Focal
weakness was noted in those children with lesions in
the basal ganglia.

MR Imaging

Initial cranial MR imaging was performed within 24
hours of the onset of neurologic symptoms and signs. To
evaluate possible sequelae, follow-up MR imaging after
the treatment of hypertension and/or removal of under-
lying causes was performed in seven children between
7 and 47 (mean, 21.5) days after the neurologic event.

For all sequences, a 1.5-T unit (either Signa Advantage;
GE Medical Systems Milwaukee, U.S.A., or Vision Plus;
Siemens, Erlangen, Germany) was used, set at the fol-
lowing parameters: repetition time msec/echo time msec
of 466—665/11—15 for T1-weighted spin-echo imaging;
2,900—3,787/95—102 (effective) with an echo train
length (ETL) of between 8 and 11 for T2-weighted fast
spin-echo imaging; and 9,000—13,000/110—133 (effec-
tive) with an inversion time (TI) of 2,500—2,600 msec
and an ETL of 11 to 32 for fluid-attenuated inversion re-
covery (FLAIR) imaging. Contrast enhanced T1-weight-
ed images were obtained after intravenous injection of
gadopentetate dimeglumine (Magnevist; Berlex

Table 1. Diagnostic Data in Eight Children with Reversible Posterior Leukoencephalopathy Syndrome

z:;fl(l;)g; Diagnosis Maximal BP* (MAP) Baseline BP**(MAP) (Percelg;g:rsfgﬁfzfrxf .

1/ 14/M Paraganglioma 250/160 (190) 120/60 (80) 110 (138)

2/11/M Pheochromocytoma 240/150 (180) 120/70 (87) 93 (107)

3/3/M Ganglioneuroma 180/100 (127) 135/85 (102) 25 (25)

4/8/M Cyclosporine 200/130 (153) 135/75 (95) 58 (87)
neurotoxicity

5/16/F Cyclosporine 180/110 (133) 115/75 (88) 45 (51)
neurotoxicity

6/13/M Cyclosporine 165/90 (115) 120/70 (87) 28 (32)
neurotoxicity

717IF Steroid 150/95 (113) 110/65 (80) 33 (38)

8/11/M Hemolytic uremic 185/115 (138) 130/95 (107) 31(29)

syndrome

Note.-BP = blood pressure. MAP = mean arterial pressure, calculated as follows: [systolic blood pressure + 2 (diastolic blood pres-

sure)]/3.
*Maximal blood pressure measured during neurologic event

**Baseline blood pressure measured at least one week prior to the event or one month after improvement of neurologic symptoms

and signs.

***Percentage of difference in mean arterial pressure between baseline and maximum levels, calculated as follows: [(maximal
mean arterial pressure -baseline mean arterial pressure)/baseline mean arterial pressure] x 100%
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Laboratories, Wayne, N.J., U.S.A.) at a dose of 0.1
mmol/kg of body weight. For each pulse sequence, the
slice thickness was 6.0—9.0 mm with a 0.5-1.0-mm inter-
section gap, one to two signals were acquired, and a 256
x 192 or 264% 512 matrix was used. The field of view
was 180—240 mm, depending on head size and section
planes.

Cranial MR images were analyzed with particular em-
phasis on the distribution of the lesions.

MR Spectroscopic Study

Hybrid two-dimensional proton MR spectroscopy was
performed at the time of the neurologic event in one
child (patient 4), and after improvement of neurologic
symptoms and signs in three (patients 6, 7, and 8). For
MR spectroscopy, a 1.5-T scanner with a standard head
quadrature coil was used. 16x 16 phase encoding steps
were set on a field of view (FOV) of 20x 20 cm?, and hy-
brid volume of interest (VOI) inside FOV was set at 75x
75x% 15 mm?. This combination yields good localization
and excellent rejection of unwanted subcutaneous fat
signal. Point-resolved spectroscopy (PRESS) (TR/
TE=1,500 msec/135 or 270 msec) was employed with

A

standard chemical shift selective saturation (CHESS)
pulses for water suppression. Hybrid two-dimensional
proton chemical shift imaging (CSI) raw data were then
post-processed using CSIFT software (SUN SPARC 20,
Numaris 3), with or without k-space zero filling.

Proton MR spectroscopic findings were evaluated
with emphasis on the presence or absence of lactate
peak. The peak heights of three major metabolites (N-
acetyl aspartate, creatine and choline) were visually
measured.

Results

For each child, the maximal arterial pressure obtained
during the hypertensive crisis and the baseline arterial
pressure obtained at least one week prior to the neuro-
logic event or one month after the improvement of neu-
rologic symptoms and signs are shown in Table 1. All
children were acutely hypertensive at the time of the
symptomatic episode. Average baseline blood pressure
was 123/74 mm Hg (mean arterial pressure, 91+ 14 mm
Hg), and at the time of the neurologic event, average
blood pressure was 194/119 mm Hg (mean arterial pres-

Fig. 1. An 8-year-old boy in whom reversible posterior leukoencephalopathy syndrome developed after treatment with cy-

closporine for nephrotic syndrome.

A. Axial T2-weighted (2,900/102, echo train length of eight) demonstrates bilateral hyperintense areas (arrows) in the occipital and
parietal subcortical white matter and cortical gray matter. Also noted is asymmetric involvement of bilateral basal ganglia (arrow-

heads).

B. Fluid-attenuated inversion recovery (FLAIR) image (12,900/90; inversion time, 2,600) shows bilateral hyperintense lesions (ar-

rows and arrowheads) in the same regions as T2-weighted image.

C. Proton MR spectroscopy (1,500/135) obtained from the right parietal white matter lesion reveals inverted lactate peak at 1.33
ppm with nearly normal N-acetyl aspartate, creatine and choline peaks.
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sure, 152+ 38 mm Hg). Average fluctuation of mean ar- parietal lobes was identified in all cases (Figs. 1—3).
terial pressure was 71/45 mm Hg, representing a 57% Additional involved areas included the cerebellum in
increase. four patients, the basal ganglia in two, the anterior pari-

Regardless of the causes of the RPLS, the characteris- etal lobe in one, and the frontal lobe in one. In six cases,

tic distribution of lesions in the occipital and posterior both the cortex and subcortical white matter were in-

D
Fig. 2. A 14-year-old boy with reversible posterior leukoencephalopathy syndrome
due to overproduction of catecholamine by paraaortic paraganglioma.
A. Axial T1-weighted image (570/15) demonstrates a small round hyperintense he-
morrhage (arrowhead) in the right occipital lobe, which is hypointense on T2-
weighted image (arrowhead) (B).
B. Axial T2-weighted image (2090/80) reveals hyperintense edema in the bilateral E
occipital and parietal lobes (arrows). Subcortical white matter is predominantly in-
volved. Also noted is hyperintense lesion in the left lentiform nucleus.
C. Axial gadolinium-enhanced T1-weighted image (570/15) demonstrates gyral enhancement in the lesions of bilateral parieto-oc-
cipital regions (arrowheads).
D. Axial enhanced CT scan with 10-mm thickness reveals a round well enhancing soft tissue mass with central low density in the
left paraaortic area.
E. Follow-up axial gradient-echo image (600/15; flip angle, 15 ) obtained 47 days after initial exam demonstrates a focal hy-
pointense hemosiderin deposit in the right occipital lobe (arrowhead).
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volved (Figs. 1, 2); in four of these, lesions were predom-
inantly cortical, and in two, subcortical white matter in-
volvement predominated. In two further cases, only the
cortex was involved (Fig. 3). The distribution of lesions
was bilateral and asymmetric (Figs. 1, 2). These lesions
showed high-signal-intensity on T2-weighted and
FLAIR images, and low-signal-intensity on T1-weighted
image (Figs. 1—3). Gyriform enhancement was identi-
fied in six cases (Fig. 2), and a small hemorrhagic focus
was noted in one (Fig. 2).

In seven children who underwent follow-up MR
imaging after the control of hypertension and/or the re-
moval of underlying causes, these abnormalities were
resolved. At that time, neurologic symptoms and signs
improved, without sequelae. In one child with adrenal
pheochromocytoma, a hemorrhagic focus that showed
high signal intensity on T1-weighted image and low sig-
nal intensity on T2-weighted images was demonstrated
on initial MR study (Figs. 2A, 2B). In this child, follow-
up study after the normalization of blood pressure and
the improvement of neurologic symptoms and signs re-
vealed a small residual hemosiderin deposit (Fig. 2E).

In one child, in whom proton MR spectroscopic stud-
ies were performed at the time of the neurologic event,
a high lactate peak and nearly normal N-acetyl aspar-
tate, creatine and choline peaks were noted (Fig. 1E). In
three children who underwent proton MR spectroscopic
study after the recovery of neurologic symptoms and
signs, MR spectra were nearly normal and showed no

lactate peak.

Discussion

RPLS is a recently proposed cliniconeuroradiologic
category which is characterized by seizure, visual abnor-
malities including blurring or cortical blindness,
headache, nausea, vomiting, lethargy or confusion (3},
and occurs in a setting of acute hypertension. The syn-
drome has been recognized in a wide variety of clinical
conditions, including essential or chronic hypertension,
renal disease, collagen vascular disease, mixed connec-
tive tissue disorders, endocrine abnormalities, eclamp-
sia, and immunosuppressive treatment (most notably,
involving the use of cyclosporine) for neoplasms or to
prevent rejection after organ transplantation (3—7).
Similar cases involving patients receiving the anticancer
drugs cytarabine (8) and cisplatin (9) have been report-
ed.

Hypertensive encephalopathy, first described in 1928
by Oppenheimer and Fishberg, is a specific clinical syn-
drome characterized by acute neurologic change in the
setting of sudden and/or prolonged hypertension that
overcomes the autoregulatory capacity of the cerebral
vasculature (10). It is a subset of the more generalized
reversible posterior leukoencephalopathy syndrome (3,
9). Although a wide variety of causes exist, hypertensive
encephalopathy and RPLS have common clinical and
imaging findings and probably a common pathophysiol-
ogy in that acute hypertension is the most important
trigger, regardless of the causes.

RPLS is rare in the pediatric population. When present,

Fig. 3. An 1l-year-old boy with re-
versible posterior leukoencephalopa-
thy syndrome caused by hemolytic
uremic syndrome.

A. Axial T2-weighted image (3787/99;
echo train length, 11) demonstrates a
focal area of gyral swelling in the right
parietal lobe (arrow).

B. Follow-up T2-weighted image
(1787/99; echo train length, 11) ob-
tained 20 days after initial exam shows
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it is usually related to renal diseases such as acute
glomerulonephritis, renovascular hypertension, or
chronic renal failure from any cause (11, 12). Cyclos-
porine is a well-known cause of RPLS in children and
adults (8, 9), and may induce sympathetic hyperactivity
and, as a result, hypertension (13). Furthermore, it has a
cytotoxic effect on vascular endothelium, leading to
brain-capillary leakage and acute blood-brain barrier dis-
ruption, which may trigger vasogenic edema (4, 14, 15).

RPLS in patients with an abdominal tumor has rarely
been reported in the literature (16), but we identified the
syndrome in three children with an intra-abdominal tu-
mor. The only initial clinical manifestations in these pa-
tients were due to RPLS. Laboratory findings failed to
document abnormal renal function, and so abdominal
US and CT were performed, demonstrating three intra-
abdominal tumors: one adrenal pheochromocytoma,
one para-aortic paraganglioma, and one para-aortic gan-
glioneuroma encasing the left renal artery. Excessive
production of catecholamine was responsible for hyper-
tension in two children, and renal artery obstruction
caused this condition in one. These tumors were not
palpated during physical examination, and in the ab-
sence of neurologic symptoms and signs of RPLS, might
have remained undiagnosed.

Because hypertension is uncommon in the pediatric
population and the findings of RPLS are reversible, it
has been suggested that the syndrome is often unrecog-
nized, and its true prevalence may thus be underesti-
mated (12). It should be noted that in all our cases, clini-
cal diagnosis depended upon recognition of the imaging
findings that supported the diagnosis. The syndrome
might otherwise have gone undiagnosed or diagnosis
might have been delayed. In our first patient (case 7),
who was undergoing a chemotherapeutic regimen in-
volving the use of a steroid for the treatment of
leukemia, the presence of hypertension was unnoticed
at the time of initial presentation. The MR imaging find-
ings, however, were consistent with hypertensive en-
cephalopathy. Retrospective review of the patient’s
medical records showed that while baseline blood pres-
sure was 110/65, at the time of neurologic event, a tran-
sient fluctuation of blood pressure (150/95) had oc-
curred. No treatment was instituted and the hyperten-
sion resolved spontaneously.

Although systolic pressure greater than 250 mm Hg
and diastolic pressure greater than 150 mm Hg are com-
monly encountered in patients with RPLS (12), it is fluc-
tuation of blood pressure rather than its absolute value

that is important for the development of RPLS.

The precise mechanism of cerebral edema in RPLS is
still unknown (4). Two theories have been proposed to
account for the clinical and radiologic abnormalities as-
sociated with hypertensive encephalopathy. The first
postulates that this results from spasm of the cerebral
vasculature in response to acute hypertension (i.e. over-
regulation), resulting in ischemia and cytotoxic edema
involving mainly border-zone arterial regions (17, 18). A
more recent hypothesis suggests that the syndrome re-
sults from the breakthrough of autoregulation, with pas-
sive overdistension of cerebral arterioles (19, 20, 21).
Arterioles situated a short distance from the cortical sur-
face are most affected, though sympathetic nervous ac-
tivity affords protection from these effects. The posteri-
or circulation has significantly less sympathetic innerva-
tion than the carotid circulation (22, 23), and this may
explain why the majority of lesions seen in hypertensive
encephalopathy are found in the vascular territory of
the posterior circulation. Recent evidences with diffu-
sion-weighted imaging have shown that these abnormal
MR findings do not demonstrate restricted diffusion,
and therefore most likely represent vasogenic edema
(24, 25).

Unfortunately, the term* leukoencephalopathy” may
be confusing to many neuroradiologists because there
usually is no accompanying destructive process of the
white matter. Furthermore, in our series, gray matter
structures as well as white matter were involved. Since
the clinical and radiologic findings generally resolve af-
ter the normalization of blood pressure, a better term
might be“ reversible posterior cerebral edema syn-
drome” (26).

The clinical picture is associated with reversible white
matter edema on CT and MR examinations (4). In un-
complicated cases, images reveal the presence of cere-
bral edema, mostly in the cortex and subcortical white
matter of the posterior regions of the brain (occipital
lobes, posterior parietal and temporal lobes, and posteri-
or fossa structures), though involvement of the frontal
lobe has also been reported (9). In our study, cortical
gray matter rather than subcortical white matter was
more frequently and/or predominantly involved.
Intracerebral hemorrhage may occur, especially in pa-
tients with thrombocytopenia or in those in whom hy-
pertension cannot be controlled. In one patient in our
study (case 1), intracerebral hemorrhage occurred, but
follow-up study showed that it had resolved without sig-
nificant neurologic sequelae (case 1).
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Sengar et al. (27) reported the MR spectroscopic find-
ings of brain in ten adults with eclampsia, noting that in
nine with reversible imaging changes, NAA levels had
decreased slightly and the decrease persisted even after
two weeks. In one patient, the presence of lactate along
with markedly decreased NAA and creatine suggested
infarction. The marked decline in NAA in this patient
correlated well with the development of cerebral atro-
phy and poor clinical outcome, which probably resulted
from gross neuronal damage. In one of our patients, a
high lactate peak, thought to be due to the transient de-
rangement of energy metabolism, was noted at the time
of the neurological event, but N-acetyl aspartate, crea-
tine and choline peaks were nearly normal. Near-nor-
mal N-acetyl aspartate level probably represents an ab-
sence of neuronal damage, and in RPLS is associated
with a favorable prognosis. The reversibility of this syn-
drome can also be explained by the nearly normal spec-
troscopic findings seen on follow-up after the improve-
ment of neurologic symptoms and signs in three chil-
dren. Thus, proton MR spectroscopy may play a role in
determining the prognosis of RPLS, though further
prospective evaluation is needed.

The treatment of RPLS involves the control of hyper-
tension and the removal of underlying causes. With ade-
quate treatment, all abnormalities resolve within a few
weeks. Whatever the cause of RPLS, early recognition
of the syndrome, revealed by the presence of posterior
parietal parasagittal areas of high signal intensity on T2-
weighted images, allows appropriate clinical manage-
ment with targeted treatment of hypertension. In most
cases of RPLS, the causes of hypertension can be deter-
mined clinically. In three children with RPLS caused by
intra-abdominal tumors, the causes of hypertension
were not initially established. Thus, in cases of RPLS
due to unknown causes, the possibility of intra-abdomi-
nal tumors also should be considered.

In conclusion, the MR imaging findings of RPLS are
characteristic in that lesions are distributed in the poste-
rior region of the brain and they are reversible on fol-
low-up study.
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