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CNI-associated PRES should be considered in patients exhibiting

acute neurological symptoms after transplantation. Early diagnosis and

immediate treatment are critical for a favorable prognosis.
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Abstract: Posterior reversible encephalopathy syndrome (PRES) is a

rare neurologic side effect of calcineurin inhibitors (CNIs) with poorly

understood clinical features.

We report cases of 2 patients with PRES developing after kidney

transplantation and summarize PRES clinical features through a litera-

ture review.

The 1st case was a 28-year-old man who received a kidney

transplant from a deceased donor. Initial immunosuppressive therapy

consisted of tacrolimus/mycophenolate mofetil/prednisolone. He devel-

oped headache and blurred vision with visual field loss15 days after

transplantation and generalized seizures 4 days later. The 2nd case was a

34-year-old man who received a living kidney transplant. His initial

immunosuppressive therapy comprised tacrolimus/mycophenolate

mofetil/prednisolone. Two months after transplantation, he developed

seizures. Both patients were diagnosed with PRES based on neurologi-

cal symptoms and magnetic resonance imaging (MRI) findings; they

recovered after switching from tacrolimus to either a cyclosporine or a

lower tacrolimus dose. CNI-associated PRES is an acute neurological

syndrome with seizures, encephalopathy, visual abnormalities, head-

ache, focal neurological deficits, and nausea/vomiting. It is always

accompanied by hypertension. A fluid-attenuated inversion recovery

signal MRI scan typically shows reversible subcortical white matter

changes in the posterior cerebral hemisphere that usually occur within

the 1st month after transplantation. CNI-associated PRES has a gener-

ally favorable prognosis with early diagnosis and prompt treatment

including alternating or discontinuing CNIs and blood pressure control.
Tan, BM, Yang Qi g Liu, MD,
ang, MD, and Tao Lin, MD

(Medicine 95(14):e3173)

Abbreviations: CNI = calcineurin inhibitor, CsA = cyclosporin A,

FLAIRfl = uid-attenuated inversion recovery signal, MRI =

magnetic resonance imaging, PRES = posterior reversible

encephalopathy syndrome, SOT = solid organ transplant.

INTRODUCTION

P osterior reversible encephalopathy syndrome (PRES), 1st
described in 1996 by Hinchey et al,1 refers to a clinical

presentation of reversible subcortical vasogenic brainedema
caused by endothelial injury resulting from abrupt changes in
blood pressure changes or direct effects of cytokines on the
endothelium. This leads to the breakdown of the blood–brain
barrier and excessive exudation into the brain parenchyma.
PRES often presents as a variable combination of altered
consciousness, seizure activity, headache, visual abnormalities,
nausea/vomiting, and focal neurological signs. Brain imaging
studies usually reveal vasogenic edema predominantly invol-
ving the bilateral parieto-occipital regions.

Renal failure, blood pressure fluctuations, cytotoxic drugs,
autoimmune disorders, and pre-eclampsia or eclampsia have
been proposed to be causally related to PRES. In recent years,
calcineurin inhibitors (CNIs), including tacrolimus that are
widely used as primary immunosuppressive agents in organ
transplant recipients, are attributed to neurotoxicity in 20% to
40% of solid organ transplant (SOT) recipients.2,3 In a cohort of
4222 patients who underwent SOT from 1998 to 2006, the
overall incidence of PRES after SOT was 0.49%. Minor vari-
ations in PRES incidence were noted between SOT types; it was
reported to occur in 0.34% of the kidney or kidney–pancreas
group and in 0.84% of the small bowel group. CNIs were
indicated as one of the causative factors.4 As PRES in the
setting of SOT is rare, there are no standard guidelines for its
diagnosis and management, especially as the mechanism under-
lying neurotoxicity remains unclear and controversial. We
herein present the successful management of 2 kidney trans-
plant recipients with CNI-associated PRES.

CASE REPORTS

Case 1
A 28-year-old man received a kidney from a donation after

cardiac death in May 2015. His history included an infarct in
the left occipital region that was accidentally found in 2014; the
patient had no history of seizures (Figure 1A). He was pre-
scribed nifedipine 30 mg bid, and his blood pressure on
0/70–85 mm Hg. After transplantation,
well with his serum creatinine level
ol/L on the 3rd day. His maintenance

www.md-journal.com | 1

http://dx.doi.org/10.1097/MD.0000000000003173


FIGURE 1. (A) A plain CT scan of brain before transplantation, demonstrating low-density subcortical white matter lesions in the left
d r
ob
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immunosuppression therapy included tacrolimus 1.0 mg bid,
mycophenolate mofetil 1000 mg bid, and daily prednisone with
an initial dose of 60 mg. Fifteen days after the transplantation,
the patient developed diffuse gradual headaches, blurred vision,
and visual field loss. Four days later, he developed generalized
epileptic seizures with transient loss of consciousness. The
immediate administration of intravenous lorazepam at 5 mg
during the seizure led to its rapid resolution; the patient was
prescribed of levetiracetam 500 mg bid for seizure control
thereafter. His blood pressure immediately after the seizure
and the following days was within the normal range, and the
trough level of tacrolimus was 3.6 ng/mL on posttransplantation
day 16 and 1.7 ng/mL on posttransplantation day 20. Electro-
encephalography was normal with no signs of seizure activity.
Acute phase cranial magnetic resonance imaging (MRI) demon-
strated a localized area of diffusion and T2 signal abnormality in
the left occipital region, with localized areas of subcortical
increased T2 signal/edema and marked increased T2 fluid-
attenuated inversion recovery signal (FLAIR) (Figure 1B).
Tacrolimus-associated PRES was suspected; thus, it was sub-
stituted with cyclosporin A (CsA) 75 mg bid. The trough level
of CsA ranged between 31 and 80 ng/mL. The patient demon-
strated gradual improvement with no further seizure activity on
the alternative immunosuppressant. The neurologic symptoms
completely resolved at 5 weeks after transplantation. A 2nd
cranial MRI 2 months later showed complete resolution of the
T2 and FLAIR signal abnormalities in the occipital region
(Figure 1C).

Case 2
A 34-year-old male presented to our hospital after 1 seizure

episode. Two months before, he underwent a living related
kidney transplant with no complications; his posttransplant
urine output was adequate, and he remained normotensive.
His medications at discharge included prednisone, tacrolimus
1.5 mg bid, and mycophenolate 1000 mg bid. On the day of
presentation, he experienced only 1 seizure episode that
resolved 30 seconds later without any treatment. He did not
have a history of seizure. He was afebrile with systolic blood
pressure in the range of 130 mm Hg. Laboratory tests including
creatinine and electrolyte measurements were within normal

occipital lobes. (B) Head magnetic resonance FLAIR imaging obtaine
in left occipital lobes. (C) Head magnetic resonance FLAIR imaging
lesions shown in (B) were cured. CT¼computed tomography, Cs
limits, and his neurological examination was unremarkable. The
tacrolimus trough level was 7.9 ng/mL. His cranial computed
tomography (CT) excluded hemorrhage, mass lesions, and areas
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of infarction. A cranial MRI revealed localized subcortical areas
of increased T2 signal/edema and markedly increased T2
FLAIR signal in the left temporal lobe with 1 small hypointense
area in the center of the lesion, and scattered, small hyperintense
areas in the centrum semiovale (Figure 2A). Tacrolimus was
reduced to 0.5 mg bid, and levetiracetam was started for seizure
prophylaxis. The patient reported numbness in the right buccal
region with no other neurological symptoms and was dis-
charged 3 days after admission with full recovery. At the 2-
month follow-up evaluation, the patient remained neurologi-
cally asymptomatic except for numbness in the right buccal
region. Repeat MRI showed complete resolution of the temporal
lesions except for the persistent central area with signs
suggesting hemorrhage. The lesions in the centrum semiovale
remained and showed signs suggestive of demyelination
(Figure 2B).

Informed consent was obtained from both patients for the
publication of this case report. The study was approved by the
West China Hospital Institutional Review Board.

DISCUSSION
We performed a systematic review of existing literature

and published reports to provide a comprehensive overview of
PRES. The literature search was based on the following criteria:
SOT recipients, PRES caused by CNI toxicity, and cases with
complete PRES clinical course including symptom presen-
tation, image characteristics, treatment, and outcomes.
Thirty-seven studies were included for further analysis
(Table 1).1,5–40 As all included studies were case reports or
small case series, the exact prevalence of CNI-associated PRES
could not be estimated. However, at our institution, among a
total of 1596 kidney transplants (1519 living and 77 donation
after cardiac death) performed as of July 2015, the incidence of
CNI-associated PRES was 0.13%. In our literature analysis of
these 37 studies, CNI-associated PRES was diagnosed in 50% to
77% of transplant recipients who manifested altered conscious-
ness and seizures.5,6

Time of Onset
The time of onset of CNI-associated PRES varied among

ight immediately after seizure, demonstrating hyperintense lesions
tained after substitution from tacrolimus to CsA, the hyperintense
cyclosporin A, FLAIR¼fluid-attenuated inversion recovery signal.
studies. Our literature analysis determined the median time to
onset after organ transplantation as17 days (range; 24 hours to 5
years). Overall, 25.5% (14/55), 38.2% (21/55), 12.7% (7/55),
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and 16.4% (9/55) of the cases occurred between 0 and 7, 7 and
30, 30 and 90, and 90 and 365 days after transplantation,
respectively; only 7.3% (4/55) occurred beyond the 1st year
after transplantation.

There was no difference in time of CNI-associated PRES
onset across different transplantation types (P¼ 0.07). The
median time to onset was 12, 17.3, 14, and 17.6 days after
transplantation in heart, liver, lung, and kidney transplant
recipients, respectively. There was a trend toward an earlier
occurrence of PRES in transplant recipients receiving CsA than
those receiving tacrolimus (median time to onset; 12 vs 26 days,
respectively, P¼ 0.077).

Clinical Features
As reviewed by Fugate and Rabinstein41 PRES-related

clinical symptoms and signs can be classified into the following
7 categories: encephalopathy, seizure, headache, visual disturb-
ances, focal neurological deficits, status epilepticus, and nausea/
vomiting. Both our patients had seizures as the initial presen-
tation; in addition, the 1st patient also had headache and visual
disturbances. The literature review showed that among CNI-
associated PRES cases, the percentage of patients presenting with
seizures, encephalopathy, headache, visual disturbances, focal
neurological deficits, status epilepticus, and nausea/vomiting
were 77.5% (55/71), 62% (44/71), 29.6% (21/71), 22.5% (16/
71), 22.5% (16/71), 1.4% (1/71), and 8.5% (6/71), respectively.
The most common symptom combination was seizures/encepha-
lopathy (38%, 27/71), followed by seizures/headache (22.5%, 16/
71), seizures/visual disturbances (14.1%, 10/71), visual disturb-
ances/headache (14.1%, 10/71), and visual disturbances/ ence-
phalopathy (9.9%, 7/71).

Majority of patients presented with encephalopathy, which
comprised confusion (21.1%), lethargy (18.3%), altered con-
sciousness (15.5%), coma or stupor (11.2%), and irritability
(8.5%). Disorientation (4.2%), asterixis (5.6%), and loss of
memory (2.8%) were uncommon. Visual disturbances consisted

FIGURE 2. (A) Head magnetic resonance fluid-attenuated inversi
seizure, demonstrating hyperintense lesions in left temporal lobes
imaging obtained after reduced dose of tacrolimus, the hyperinte
of cortical blindness (4/71), homonymous hemianopsia (3/71),
blurred vision (3/71), hallucination (1/71), opsoclonus (1/71),
and nonspecific visual alterations (4/71). Hemiparesis occurred

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
in 8.5% (6/71) of the patients and was a prominent and dis-
tinctive feature of focal neurological deficits; this was followed
by hemiplegia (4.2%, 3/71), speaking difficulties (4.2%, 3/71),
and weakness of the extremities (4.2%, 3/71).

Our patients had no acute hypertension or pronounced
blood pressure fluctuations. However, systemic hypertension
was documented in 69% (40/58) of patients who experienced
CNI-associated PRES according to the literature review. There
was no difference in age between patients with and without
hypertension (23.1� 18.4 vs 32.8� 18.5 years, P¼ 0.069).
Hypertension was documented in 83%, 71.4%, 54.5%, and
58.8% of kidney, heart, liver, and lung recipients, respectively.
Hypertension was significantly higher in male patients (81.3%
vs 53.8%, P¼ 0.025) and in those receiving CsA as the initial
CNI (80% vs 60.6%, P¼ 0.097).

CNI toxicity is regarded as one of the etiologies of PRES;
CNI levels are always above the upper limit of therapeutic
window. The literature analysis revealed that the mean CsA
concentration was 296� 200 ng/mL (range, 44–778 ng/mL)
and mean tacrolimus concentration was 17.9� 12 ng/mL (range,
4.1–56 ng/mL) in patients with CI-associated PRES. However, in
both our patients, the trough levels of tacrolimus were within the
normal range, suggesting that CNI levels are not necessarily
above the upper limit of the therapeutic window in CNI-associ-
ated PRES cases. As most studies did not consistently report the
reference normal range of CNIs, we set the higher limits for
tacrolimus and CsA at 10 and 200 ng/mL, respectively, for our
literature analysis and determined that CsA and tacrolimusat
levels higher than these limits were reported in 68.6% (35/51)
of patients diagnosed with CNI-associated PRES. Finally, CNI-
associated PRES in the presence of therapeutic drug levels was
more likely to occur in patients receiving CsA than in those
receiving tacrolimus (40%, 8/20 vs 25.8%, 8/31, P¼ 0.286).

Neuroimaging
As FLAIR sequences in MRI scans can highlight anatom-

recovery signal (FLAIR) imaging obtained right immediately after
d in the centrum semiovale. (C) Head magnetic resonance FLAIR
lesions shown in (B) were cured.
ical details to a higher resolution and render brain tissue edema
more easily than conventional T2-weighted spin echo MRI by
suppressing signals from the cerebrospinal fluid and gray–white

www.md-journal.com | 3
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matter contrast, it is the appropriate modality to detect brain tissue
edema in CNI-associated PRES. In all 75 cases reviewed, neu-
roimaging abnormalities were detectable on initial presentation in
all cases but one and were usually located in the subcortical white
matter, sometimes extending into the deeper white matter or the
cortex. Occipital (76%, 57/75), parietal (61.3%, 46/75), and
frontal (40%, 30/75) lobes, either bilaterally or unilaterally, were
the most common regions involved. Temporal lobes were
involved in 21.3% (16/75) of the patients. Other sites included
the cerebellum (12%), centrum semiovale (6.7%), pons (5.3%),
corpus callosum (5.3%), basal ganglion (4%), thalamus (2.7%),
internal capsule (2.7%), corona radiata (1.3%), and hippocampus
(1.3%). Coexistent ischemic lesions were detected in 2 cases,6

and hemorrhagic lesions were reported in 2 otherpatients.35,36

Both our patients had typical subcortical white matter edema.
However, our patients are distinct from previously reported
cases due to the coexisting lesions in the center of white matter
edema, which was a source of initial confusion during
differential diagnosis.

Management and Clinical Outcomes
A timely diagnosis is critical for PRES management.

Although most patients have mild symptoms and signs and
have a reversible course, if PRES is not recognized and treated
early, it can lead to severe and life-threatening situations.39

Thus, the elimination of predisposing factors is crucial. As
tacrolimus was suspected to be the causative agent, it was
replaced with CsA in our 1st patient with low tacrolimus trough
levels, whereas its dose was reduced in our 2nd patient with high
tacrolimus trough levels. The literature review also revealed
that the substitution of CNIs with other immunosuppressive
agents (43.7%) (switching to another CNIs, 26.8%; replacing
CNIs with sirolimus, everolimus, mycophenolate mofetil, or
hydrocortisone, 16.9%) and lowering the CNI dose (22.5%)
were the most commonly applied primary approaches, followed
by temporal CNI cessation (19.7%), CNI discontinuation
(9.9%), and no intervention (4.2%). However, CNI substitution
did not improve the neurologic symptoms or imaging abnorm-
alities in rare cases,18,27,33 most likely as CsA and tacrolimus
exhibit similar pharmaceutical effects. In such cases, replacing
CNIs with non-CNIs is the appropriate approach.

Both our patients had complete recovery with no major
neurological sequelae. The literature review showed that 89.3%
of the patients with CNI-associated PRES had a full recovery
and an additional 10.7%recovered with residual neurologic
sequelae, including persistence of vigilance alteration;6

deterioration of visual acuity;28 epilepsy;31 amnesia;33 difficul-
ties with speech, hemiparesis, and homonymous hemianopia;35

dysarthria and sporadic myoclonias;36 and visual field defects.40

Death occurred in 5.3% of the patients within the 1st year due to
complications not related to PRES.6,9 Patients with hemorrhagic
lesions recovered with neurologic sequelae,35,36 as did our 2nd
patient who complained of numbness in the right buccal region.

Both our patients had imaging abnormalities that resolved,
albeit slowly, during follow-up. The literature analysis revealed
that the resolution of neuroimaging abnormalities might take an
additional 24 more days on average than the resolution of
neurologic signs (median; 6 vs 30 days, respectively,
P< 0.001) after the treatment.
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CONCLUSIONS
CNI-associated PRES is a rare clinical syndrome with acute

neurological symptoms including seizure, encephalopathy, visual

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
abnormalities, headache, focal neurological deficits, and nausea/
vomiting. FLAIR MRI reveals reversible subcortical white matter
changes in the posterior cerebral hemisphere. Lesions usually
occur within the 1st month after transplantation. Radiological
findings do not always correlate with the severity or type of
clinical presentation. CNI-associated PRES generally has a
favorable prognosis, but neurological sequelae may occur
particularly if it is complicated by intracranial hemorrhage. Early
diagnosis and prompt treatment, including adjustment of dose or
discontinuation of CNIs, and blood pressure control in those with
hypertension may be helpful.

CNI Associated PRES in kidney Transplant
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