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Abstract Reversible posterior leukoencephalopathy syn-

drome (RPLS) has been identified in several connective

tissue diseases. However, there are no reports of RPLS

associated with Takayasu arteritis (TA). We report the first

case of TA associated with RPLS. A 23-year-old woman

presented with sudden headache and vomiting, followed by

generalized tonic–clonic seizures and mental changes two

weeks after administration of oral prednisolone. MRI

showed hyperintense signals on T2 and FLAIR images in

the bilateral temporal–parietal–occipital lobes, left frontal

lobe, and left cerebellar hemisphere. Three weeks after

starting control of convulsions and blood pressure with

plasmapheresis, high-dose methylprednisolone, and cyclo-

phosphamide, the clinical manifestations and abnormal

signals on MRI completely resolved. These reversible

clinical and radiological changes are consistent with vas-

ogenic edema in the central nervous system, indicating

RPLS. Although high-dose methylprednisolone and

cyclophosphamide are thought to cause RPLS, we think

that it is justified to use these agents, at least in difficult

cases, for making a clear-cut differentiation from CNS

vasculitis, as long as blood pressure and fluid volume are

well controlled. Moreover, we suggest that RPLS should be

included in differential diagnosis of acute neurological

changes in connective tissue diseases, including TA.
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Introduction

Takayasu arteritis (TA) is a systemic inflammatory disease

which affects the aorta and its branches. The inflammatory

processes cause narrowing, occlusion, and/or dilation of the

arteries resulting in a variety of symptoms. Involvement of

the carotid and vertebral arteries induces cerebrovascular

manifestations such as vertigo, syncope, headache, and

convulsions mainly due to cerebral ischemia. However,

there are no reports regarding reversible posterior leukoen-

cephalopathy syndrome (RPLS) associated with TA [1–5].

RPLS is a new clinico-radiological entity, manifested

radiologically by reversible edema in the cortical and

subcortical white matter of the parietal-occipital lobes.

Headache, seizures, and mental changes are the prime

clinical manifestations [6]. RPLS can be associated with

hypertensive encephalopathy, renal failure, blood transfu-

sion, and eclampsia [6], and may also be caused by drugs

such as immunosuppressive therapy, interferon alpha,

cytotoxic chemotherapy, and corticosteroids [6–9, 13–16,

18–31]. Moreover, RPLS has been identified in several

connective tissue diseases such as systemic lupus erythe-

matosus (SLE), Wegener’s granulomatosis (WG), Churg–

Strauss syndrome (CSS), microscopic polyangitis (mPA),

and Henoch–Schonlein purpura (HSP) [6–31].

We describe herein a patient with TA who developed

acute neurological changes that were initially attributed to

vasculitis. These changes were subsequently found to

conform with RPLS. Our report is the first to describe a

case of RPLS associated with TA.
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Case report

A 23-year-old woman with TA was admitted because of low-

grade fever, fatigue, and lymphadenopathy. The left radial

arterial pulsations were diminished, and the blood pressure in

the left arm was reduced (right: 134/67 mmHg, left:

105/46 mmHg). The laboratory findings were as follows:

microcytic anemia (hemoglobin: 6.6 g/dl), leukocytosis

(9500/ll), thrombocytosis (93.1 9 104/ll) and increased

CRP (20.2 mg/dl). The anti-nuclear antibody was negative.

The serum complements level was increased due to inflam-

mation (C3:106 mg/dl, C4:25 mg/dl, CH50: 53 U/ml). The

anti-cardiolipin IgG antibody (10 U/ml: normal \10) and

anti-cardiolipin(b2GP1 antibody (4.9 U/ml: normal \3.5)

were slightly positive. Renal function was normal (BUN:

10.0 mg/dl, Cr: 0.48 mg/dl), but urinalysis showed

microscopic hematuria (RBC: 10/HPF) and proteinuria

(0.1 g/day). Positron emission tomography (PET) scanning

showed increased uptake of fluorodeoxyglucose (FDG) in

the subclavian, thoracic, axillary, and carotid arteries (shown

in Fig. 1a). Magnetic resonance imaging (MRI) revealed

stenosis of the left subclavian artery and wall thickening of

the subclavian, thoracic, and carotid arteries (shown in

Fig. 1b). Brain MRI/MRA revealed no major abnormalities

in the cerebrovascular system except decreased flow signal

of the left vertebral artery, suggesting involvement of the

disease in this artery. Based on these findings, the patient was

diagnosed as having TA, and prednisolone (PSL; total:

30 mg/day, 0.8 mg/kg) was administered on hospital day 4.

The fever and fatigue improved, and CRP decreased from

20.2 to 3.2 mg/dl. However, CRP did not become negative.

On day 14, therefore, the dose of PSL was increased to

45 mg/day (1 mg/kg). Thereafter, CRP decreased to

0.37 mg/dl, suggesting that the active inflammation of TA

was seemingly controlled.

However, on day 18, the patient complained of sudden

headache and vomiting. Her blood pressure reached 182/

72 mmHg, and serum creatinine became 0.78 mg/dl. Brain

CT scanning showed no abnormal findings such as sub-

arachnoid hemorrhage (SAH) and cerebral hemorrhage.

Headache and vomiting did not improve for two days. On

day 20, MRI showed mild hyperintense signals on T2, high

Fig. 1 a PET scan showing increased uptake of FDG in the thoracic, axillary, and carotid arteries. b MRI revealing wall thickening of the

pulmonary, thoracic, and carotid arteries
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fluid-attenuated inversion recovery (FLAIR) images, and

apparent diffusion coefficient (ADC) map in the bilateral

parietal lobes (Fig. 2a). However, there were no significant

signal alterations in diffusion-weighted imaging (DWI)

(Fig. 2a). The MR images were initially interpreted

as showing SAH. Cerebral angiography showed no intra-

cranial aneurysm. Just after angiography, generalized

tonic–clonic seizures and mental changes developed, and

her blood pressure reached 180/120 mmHg. Diazepam,

phenytoin, and nifedipine were administered to control

convulsions and hypertension. On the next day (day 21) her

blood pressure decreased to 120/70 mmHg, and seizures

and mental changes disappeared. Headache was still not

improved. Phenytoin and nifedipine were continued for

strict control of convulsions and hypertension. On day 23

the mental changes developed again. Contrast MRI showed

hyperintense signals on T2 and FLAIR images in the

bilateral temporal–parietal–occipital lobes, left frontal

lobe, and left cerebellar hemisphere (data not shown).

These findings were not a typical pattern of central nervous

system (CNS) vasculitis. Directly after contrast MRI, sei-

zures developed again. Her blood pressure reached 216/

113 mmHg. Diazepam and glycerol were added to phe-

nytoin and nifedipine to control convulsions and the

associated brain edema. The patient also received pulse-

dose methylprednisolone (1 g 9 3 days), because the

possibility of CNS vasculitis could not be completely

eliminated. On examination, cerebrospinal fluid was nor-

mal (data not shown) on the next day (day 24).

On day 28, generalized tonic–clonic seizures and mental

changes developed again. Her blood pressure reached 173/

119 mmHg. MRI showed more hyperintense signals on T2

and FLAIR images in the bilateral temporal–parietal–

occipital lobes and left cerebellar hemisphere (Fig. 2b).

Cyclophosphamide (1 g 9 1 day, on day 29) and plasma-

pheresis (FFP 9 4 days, on days 30–33) were added to the

anti-hypertensive therapy and anti-convulsive therapy as

pulse-dose methylprednisolone could not control seizures

and mental changes and did not improve abnormal

MRI findings. Also, thiopental was administered as

Fig. 2 a MRI showed mild hyperintense signals on T2 and FLAIR

images and apparent diffusion coefficient (ADC) map of the cortical

white matter in the parietal lobes on day 20. There were no significant

signal alterations in DWI. b MRI showed more hyperintense signals

on T2 and FLAIR images of the cortical and subcortical white matter,

involving the bilateral temporal–parietal–occipital lobes and the left

cerebellar hemisphere on day 28. There were no significant signal

alterations on DWI. c MRI showed no abnormal signals on T2 and

FLAIR on day 48. The previous changes completely resolved. The

cerebral ventricles were oppressed in the images on days 20 and 28.

The white arrows indicate hyperintense signals on T2, FLAIR, and

ADC
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anti-convulsive agent via intubation as phenytoin could not

control the convulsions. On day 34, PSL was switched to

betamethasone (6 mg intravenous drip/day) for avoidance

of mineral corticoid effects. Seizures disappeared after

intubation. Thiopental was discontinued four days after

intubation (on day 32). Extubation was performed 11 days

after intubation (on day 39). On day 46, physical exami-

nation revealed no neurological deficits and CRP became

negative. Therefore, betamethasone was decreased to 4 mg

per oral/day. On repeating MRI on day 48, the previous

changes were completely resolved (Fig. 2c). On day 60,

betamethasone was decreased to 3.5 mg per oral/day and

the patient was discharged.

Discussion

RPLS has been identified in several connective tissue dis-

eases, for example SLE, WG, CSS, and mPA [6, 13, 24–26,

29, 31, 32] (Table 1). However, there are no reports of

RPLS associated with TA. In this report we present the first

case of TA associated with RPLS.

An essential factor in the development of RPLS is

vasogenic edema in the brain caused by disruption of the

blood–brain barrier because of endothelial dysfunction [6,

13, 24–26, 29, 31, 32]. RPLS associated with connective

tissue diseases is mostly reported in SLE and mPA

affecting small vessels including arterioles, venules, and/or

capillaries (shown in Table 1). In those cases, endothelial

injury may be caused by the underlying vasculitis itself

and/or its associated complications such as vessel spasm

and angiopathy. Anti-phospholipid antibodies and anti-

endothelial antibodies may also play a role in the endo-

thelial injury [33, 34].

However, many SLE and mPA cases do not develop

RPLS. We therefore assume that underlying endothelial

injury alone may be insufficient for development of RPLS

and that other causative factors may be necessary to trigger

disruption of the blood–brain barrier for development of

RPLS. First, hypertension is thought to be one aggravation

factor. A sudden increase of blood pressure disrupts the

auto-regulatory capacity of the cerebral vascular system

and triggers disruption of the blood–brain barrier in cases

with underlying endothelial injury. As shown in Table 1,

most patients with RPLS have severe hypertension

(BP: [ 170/110 mmHg) [6–10, 12–22, 24–31]. Second,

patients with RPLS were previously treated with several

agents, for example cyclosporine, cyclophosphamide, and

corticosteroids [7, 9, 13–16, 18–27, 29– 31] (Table 1).

These agents could be associated with RPLS. Corticoste-

roids with mineral corticoid effects, in particular, may

cause hypertension and induce RPLS. On the other hand,

some RPLS patients were treated with high-dose

methylprednisolone, cyclophosphamide, and/or plasma-

pheresis as final resolution [9,14, 16,18, 20, 25–28, 32], as

shown in Table 1. There is controversy regarding the

relationship of these agents to RPLS. Third, contrast agents

are believed to cause osmotic disruption of the blood–brain

barrier [35]. These contrast agents may trigger seizures,

and seizures may subsequently aggravate the vasogenic

edema in brains in which autoregulation has been

disrupted.

Taken together, RPLS in connective tissue diseases is

closely associated with endothelial injury of small vessels

caused by underlying vasculitis, anti-endothelial antibod-

ies, and/or anti-phospholipid antibodies. This disruption of

the auto-regulatory capacity of the cerebral vascular system

is an important aggravating factor triggering RPLS, and

these conditions are induced by several factors such as

rapid increase of blood pressure (caused by corticosteroids,

renal failure, and volume overload), cytotoxic agents, and/

or contrast agents.

TA is categorized as large-vessel vasculitis (Chapel Hill

Conference). Therefore, the reasons why RPLS occurs in

TA have to be fully discussed. First, we consider that small

vessels might have been also injured by poorly controlled

vasculitis. Second, anti-phospholipid antibodies were

slightly positive in this case and may play a role in the

endothelial injury. Third, anti-endothelial antibodies may

play a role in the endothelial injury. Anti-endothelial

antibodies are found in most patients with TA [34],

although we did not investigate anti-endothelial antibodies

in our case.

In addition to endothelial injury associated with TA, we

consider that hypertension played the most important role

in triggering RPLS in this case, as discussed in other col-

lagen diseases. A rapid increase of blood pressure was

observed on each occasion of neurological symptoms

suspected of RPLS. Our patient developed seizures and

mental changes immediately after receiving contrast agents

used in angiography and MRI. However, contrast agent

was not used at first onset on day 18. Therefore, contrast

agents may not be a direct cause, although contrast agents

may aggravate the existing vasogenic edema in our case.

Our patient was a young woman and it was necessary to

avoid irreversible brain changes that could cause long-term

sequelae. Although our patient had clinico-radiological

features of RPLS at the onset, the possibility of CNS

vasculitis could not be completely eliminated. Therefore,

she was treated with plasmapheresis, high-dose methyl-

prednisolone, and cyclophosphamide in addition to anti-

hypertensive and anti-convulsive therapy. Subsequently,

these agents did not aggravate her condition, and resolution

of the imaging abnormalities on follow-up MRI and

regression of the clinical manifestations was achieved one

month after the first onset. Therefore, it is not clear whether
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Table 1 Clinical characteristics of 43 RPLS patients with connective tissue diseases

Authors Diagnosis Drugs Age/

Sex

BP

(mmHg)

Treatment Neurological

findings

Radiological

findings

Hinchey SLE NS 30F 200/110 AH Resolution in

2 weeks

Resolution

Hinchey SLE NS 39F 200/130 AH Resolution in

2 weeks

Resolution

Pavlakis SLE PSL, IVCY 14M 220/130 AH, AC Resolution in

12 days

Resolution in

16 days

Delanty SLE NS 28F 220/130 AH, AC NS NS

Arai ANCA PSL (60 mg/day), mPSL

pulse, CY

57M 200/140 AH, increase of

PSL(180 mg/day)

Partial resolution

in 5 days

Partial resolution in

10 days

Schwartz SLE NS 38NA 150/90 NS NS NS

Casey SLE NS 13F NS NS NS Resolution in

20 weeks

Mukherjee SLE NS 22F 206/144 NS Persistent deficits Persistent changes

Mukherjee SLE NS 23F 174/103 NS Resolution in

2 weeks

Resolution in

2 weeks

Primavera SLE PSL, IVCY 22F 200/130 AH, AC Resolution in

4 days

Resolution

Primavera SLE CS, mPSLpulse, AZA,

IVCY,

22F 170/110 AH, AC HD Resolution in

10 days

Resolution

Primavera SLE PSL, CY 30F 210/125 AH, AC HD Resolution in

2 weeks

Resolution

Primavera WG mPSLpulse, IVCY 23M 220/150 AH, AC Resolution in

3 days

Resolution in

2 weeks

Kawano ANCA mPSLpulse 73F 200/116 AH, mPSLpulse Resolution in

2 weeks

Resolution in

7 weeks

Kawano ANCA mPSLpulse 77F 186/123 AH, mPSLpulse No resolution Resolution in

4 weeks

Dy SLE PSL (40 mg/day), CY 31F 156/103 AH NS NS

Prasad SLE NS NS 160/110 NS Resolution in

4 weeks

Persistent changes

Patrick SLE/SSc CS, IVCY 39F 170/100 AH, switch to MMF Rapid resolution Partial resolution in

2 weeks

Mavragani SLE CS, IVCY, RTX 38F 210/120 AH, AC, mPSLpulse,

IVCY, PP

Resolution in

1 day

Resolution in

6 weeks

Ohta WG PSL, mPSLpulse, CY 14F 180/92 AH, AC, HD Gradual resolution Resolution in

3 weeks

Shin SLE PSL(60 mg/day),

mPSLpulse Vin, CyA

28F 130/80 AC, cessation of CyA Resolution Resolution in

4 weeks

Thaipisuttikul SLE PSL 20F 220/150 AH, AC, mPSLpulse Resolution Resolution in

2 weeks

Pasupuleti SLE PSL, CY, HQ 19F 180/110 AH, HD Resolution in

2 days

Resolution in

2 days

Metzler CSS CS, IFNa 48F NS Switch to MTX None Persistent changes

Metzler CSS PSL, IFNa 59F NS Withdrawal of INFa,

reduction of PSL

Resolution Persistent changes

Magnano SLE PSL, mPSLpulse CY,

MMF

24F 210/100 AH, AC Resolution in

1 day

NS

Magnano SLE PSL, mPSLpulse, CY 32F 156/94 AH Resolution NS

Magnano SLE PSL, mPSLpulse, CY 37M NS AH, AC Resolution in

1 week

Partial resolution in

2 weeks

Magnano SLE PSL, mPSLpulse, CY,

IVCY, HQ

30F 158/110 AH, HD Resolution in

2 days

Resolution in

5 weeks
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methylprednisolone, cyclophosphamide, and/or plasma-

pheresis themselves may directly cause RPLS, although it

is believed they can. We would rather consider that these

agents and treatments were necessary to control underlying

vasculitis thought to be causes of endothelial injury with

consequent vasogenic edema. However, the blood pressure

and fluid volume should be strictly controlled in cases

when these agents and treatments are used.

Regarding to the prognosis of RPLS, neurological

findings and radiological findings are reversible and

improve within two and four weeks, respectively, in most

autoimmune cases, as shown in Table 1. However, hem-

orrhagic and/or ischemic changes remain as long-term

sequelae in some cases. Different prognosis was not

observed for RPLS associated with autoimmune diseases

and RPLS with different causes, for example eclampsia,

hypertensive encephalopathy, and immunosuppressive

therapy [6, 11, 17].

In conclusion, we report, for the first time, a case of TA

associated with RPLS. We think that, in our case, devel-

opment of RPLS and disruption of the blood–brain barrier

may be triggered by an increase of blood pressure, proba-

bly because of PSL, in addition to endothelial injury

because of underlying vasculitis and/or anti-phospholipid

antibodies. Finally, it is essential to achieve appropriate

and prompt recognition of RPLS, because any delay in

diagnosis and treatment may cause irreversible changes in

the brain. We suggest that RPLS should be included in the

differential diagnosis of acute neurological changes in

connective tissue diseases, including TA.
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