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Brain MR Imaging Abnormalities in Kidney
Transplant Recipients

Nada Besenski, Zoran Rumboldt, Osemwegie Emovon, Joyce Nicholas, Sunil Kini,
Jovan Milutinovic, and Milos N. Budisavljevic

BACKGROUND AND PURPOSE: On the basis of limited available data, brain MR imaging
abnormalities in kidney transplant recipients (KTRs) have been predominantly attributed to
calcineurin inhibitors (CIs), characteristically presenting as posterior reversible encephalop-
athy syndrome (PRES).

The goal of this study was to evaluate whether CIs play an important role in the incidence,
nature, and location of MR imaging brain lesions in adult KTRs by comparing them with
dialysis-dependent patients.

METHODS: We retrospectively analyzed 98 brain MR imaging examinations in 77 consecu-
tive KTRs presenting with neurologic symptoms from 1990 to 2003. The data were separated
into 3 groups according to duration after transplantation of MR imaging: group 1, 0-3 months;
group 2, 3-12 months; and group 3, >12 months. Twenty-six MR imaging examinations from
24 additional dialysis-dependent adults were used as controls and comprised group 0.

RESULTS: Acute changes (infarcts, infections, PRES) comprised 24% and 19% of lesions in
KTRs and group 0 patients, respectively, with infarcts being the most common in all groups.
Chronic lesions were responsible for 76% of changes in KTR and 81% in group 0 and were
predominantly vascular in etiology. No statistically significant differences in incidence of PRES
or other acute changes were found between dialysis-dependent patients and either individual
KTR groups or all KTR patients combined. The deep gray matter lesions were more common

in KTR, whereas frontal white matter was more frequently affected in patients on dialysis.
CONCLUSION: Our study does not support suggestion that MR imaging brain abnormalities
in KTR are predominantly due to direct CI toxicity.

Kidney transplant recipients (KTRs) may present
with various neurologic symptoms that require imag-
ing studies of the central nervous system (CNS; 1-3).
CNS lesions in KTRs have multiple etiologies, includ-
ing cerebrovascular disease, which accounts for most
cases (1-4). CNS infections and malignancies—par-
ticularly lymphoma—are also common in transplant
recipients and may present with atypical clinical signs
and symptoms (1-3, 5-11).

Calcineurin inhibitors (Cls) cyclosporine and ta-
crolimus (FK-506) are immunosuppressive agents
used to control transplant rejection and graft-versus-
host disease, and they have been linked with CNS
toxicity of unclear etiology (12-14). Patients may ex-
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perience a variety of symptoms, ranging from head-
ache, mild tremor, paresthesias, and sleep distur-
bances to acute confusional state, lethargy, dysarthria,
cortical blindness, seizures, and coma (1, 2, 12-16). In
general, CNS symptoms induced by these drugs occur
early after transplantation (12-17) and may or may
not correlate with blood levels of these drugs (1, 2, 12,
18, 19). Posterior reversible encephalopathy syn-
drome (PRES) is considered the characteristic imag-
ing presentation of CI neurotoxicity with subcortical
and deep white matter changes consistent with vaso-
genic edema found predominantly in parietal and
occipital lobes (16-21). The effects of CI on MR
imaging abnormalities have been reported in small
uncontrolled series and isolated case reports (15-28).
It is not clear to what extent the described abnormal-
ities are a unique consequence of CI treatment.

The purpose of this study was to establish the
incidence, nature, and location of brain lesions in
symptomatic KTRs by using MR imaging and to dis-
tinguish acute from chronic processes. MR imaging
findings in KTRs treated with CIs were compared
with those in dialysis-dependent patients before kid-
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ney transplant who presented with similar CNS symp-
toms to establish possible effects of CI treatment on
development of brain lesions, in particular PRES.

Methods

Between January 1, 1990, and December 31, 2003, a total of
868 patients received kidney transplants at the Medical Uni-
versity of South Carolina, either alone or in combination with
pancreas, liver, and heart transplantation. One hundred nine-
teen patients who received simultaneous kidney/liver, kidney/
heart and kidney/pancreas transplants were not included in the
study. The medical records of the remaining 749 recipients
were reviewed, and 77 consecutive patients who presented with
neurologic symptoms that required further MR imaging eval-
uation were identified. All were adults, ranging in age from 18
to 72 years (mean, 47 years). The study also included 26 MR
imaging examinations performed in 24 dialysis-dependent pa-
tients with CNS symptoms who had brain MR imaging before
kidney transplant. These patients were similar to those receiv-
ing post-transplant MR imaging in terms of age, sex, and ethnic
background and served as a comparison group (group 0).

All MR imaging examinations were evaluated retrospec-
tively by 2 neuroradiologists. Each neuroradiologist indepen-
dently reviewed the MR images of every patient and recorded
all abnormalities on a standardized form that categorized and
quantified the radiographic findings. If the interpretations be-
tween radiologists differed, consensus was achieved through
discussion. The neuroradiologists were aware that the images
were obtained from either KTRs or dialysis-dependent pa-
tients, but they were completely unaware whether and when
kidney transplantation was performed.

MR imaging data on 77 KTRs were separated into 3 groups,
on the basis of the duration between transplantation and initial
MR imaging examination. Group 1 (19/77) consisted of pa-
tients who had MR imaging within 3 months of transplantation.
Patients in group 2 (22/77) had MR imaging between 3 and 12
months after transplantation. Group 3 consisted of 36 of 77
patients who had MR imaging examination 1-6 years after
transplantation (average, 30 months). Twenty-one, 26, and 51
MR imaging examinations were performed in groups 1, 2, and
3, respectively. In group 1, follow-up MR imaging examinations
were performed in 2 patients (each having 3 studies), in group
2 in 2 patients (4 studies with 2 studies each), and in group 3 in
8 patients (6 patients having 1 study each; 1 patient having 2
studies; 1 patient having 3 studies). Follow-up MR imaging
studies were performed within the same timeframe as the
initial study, so any new findings remained within the same
patient group. Altogether, there were 98 MR imaging exami-
nations in 77 KTRs and 26 studies in 24 comparison group 0
patients (one group 0 patient underwent 3 MR imaging
studies).

The levels of serum electrolytes (sodium, potassium, cal-
cium, magnesium), and cyclosporine or tacrolimus were ana-
lyzed in all patients at the time of MR imaging examination.
Serum cholesterol was available for 70 KTRs. None of the
studied patients had advanced renal failure that could be im-
plicated for CNS symptoms. Two-thirds of recipients were
treated with cyclosporine and one-third with tacrolimus. At the
time of MR imaging examination, cyclosporine and tacrolimus
levels were within the desired therapeutic range in all patients.

A standard brain MR imaging protocol was used throughout
the study and included sagittal T1-weighted images, TI-
weighted and T2-weighted images in the axial plane, followed
by postcontrast T1-weighted images in at least 2 planes in all
patients. Axial fluid attenuated inversion recovery (FLAIR)
images were acquired in 88 studies, and diffusion-weighted
images (DWIs) and apparent diffusion coefficient (ADC) maps
were obtained in 71 of 98 examinations in KTRs. FLAIR, DWI
and ADC were performed in all patients from comparison
group 0.
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TABLE 1: Most common clinical presentations in kidney transplant
recipients

Group 0 Group 1 Group2 Group 3
(n=24) (n=19) (m=22) (n=236)

Altered mental status 3 (13) 11 (58) 9 (41) 9(25)

Headache 4(17) 2(11) 4(18) 15 (42)
Seizures 4(17) 6(32) 1(5) 2(6)
Infection 1(4) 2(11) 6 (27) 4(11)
Vision disturbance 0 0 1(5) 4(11)
Hemiparesis 1(4) 0 0 3(8)
Weakness 2(8) 2 (11) 0 1(3)
Dizziness 0 0 1(5) 3(8)
Ataxia 1(4) 0 2(9) 1(3)
Aphasia 0 1(5) 1(5) 2(6)
Syncope 0 0 0 2(6)

Note.—Number of patients is followed by percentage in parentheses.

Locations of lesions within the brain were assessed. In ad-
dition, brain lesions were classified as acute or chronic on the
basis of the imaging findings. Acute brain changes demon-
strated on MR imaging implied acute and subacute infarction
(including multiple embolic infarcts), infection, and PRES.
Chronic infarction with encephalomalacia, scattered chronic
white matter ischemic changes corresponding to microangiopa-
thy, new neoplasms (presumably related to kidney transplan-
tation), bony changes of the calvaria, and dural thickening were
classified as chronic lesions.

Statistical differences between groups 0, 1, 2, and 3 were
tested on a pairwise basis by using the 2-sided Fisher exact test
for incidence of each of the following variables detected on MR
imaging: acute infarct (Al), infection (I), PRES, lacunar infarct
(LI), microangiopathy (MA), tumor (T), dural thickening
(Dura), thickened heterogenous calvaria (C), and number of
normal brains. In addition, groups 1, 2, and 3 were combined to
form a single post-transplant group that was then compared
with the control group for the same set of variables. The
observed differences in location of brain lesions between the
groups were also tested for statistical significance by using the
2-sided Fisher exact test for the following locations: frontal,
parietal, occipital, temporal, deep periventricular (DPV), and
cerebellar white matter; thalamus, basal ganglia (BG), and
cortical gray matter; and brain stem. In addition, statistical
differences between the groups were also tested for incidence
of the most common clinical presentations. This study was
descriptive in design and as such the power to detect differ-
ences between groups was limited by the sample size available
for analysis.

The study was approved by the institutional review board of
the Medical University of South Carolina.

Results

Clinical Review

CNS symptoms requiring MR imaging evaluation
occurred in 10.3% (77/749) of KTRs. The most com-
mon clinical symptoms in all groups are presented in
Table 1. Some patients presented with more than one
symptom. In post-transplant patients altered mental
status (AMS) was the most common presenting symp-
tom (38% of patients) followed by headache (27%),
infection (16%), and seizures (12%). These 4 symp-
toms accounted for 67% of CNS disturbances that
required referral for MR imaging examinations. In
comparison group 0, seizures and headache were the
most common presenting symptoms. Seizures, AMS,
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TABLE 2: Location of lesions in 26 pre- and post-transplant MR imaging examinations

White Matter

Gray Matter

Normal Frontal Parietal Occipital Temporal

DPV  Cerebellum Basal Ganglia

Thalamus Cortex Brain Stem

Pretransplant 8(31) 9(35) 1(4) 1(4) 1(4)
Post-transplant 23 (23) 13(13) 3 (3) 4(4) 1(1)

8 (31) 0 1(4) 0 4(15) 1(4)
38 (39) 4 (4)

15 (15) 7(7) 99 5(5)

Note.—Number of patients with lesions is followed by percentage in parentheses. DPV indicates deep periventricular area.

TABLE 3: Lesion type on MR image in patients before (group 0) and after kidney transplant (groups 1-3)

Acute Changes

Chronic Changes

Group(s)* Normal Al I PRES LI MA T Dura C
0 8(33) 2(8) 0 1(4) 3(13) 10 (42) 0 0 0
1 4(21) 3(16) 2(11) 1(5) 4(21) 6(32) 0 1(5) 1(5)
2 7(32) 209 0 1(5) 7(32) 10 (45) 0 1(5) 2(9)
3 12 (33) 4(11) 3(08) 2(6) 6(17) 13 (33) 1(3) 2(6) 3(8)
1-3 23 (30) 9(12) 5(6) 4(5) 17 (22) 29 (38) 1(1) 4(5) 6(8)

Note.—Number of patients is followed by percentage in parentheses. Al indicates acute and subacute infarct; I, infection; PRES, posterior

reversible encephalopathy syndrome; LI, chronic lacunar infarct; MA, microangiopathy; T, tumor; Dura, dural thickening; C, thickened calvaria.
* Group 0 (no. patients/no. MR imaging examinations), 24/26; group 1, 19/21; group 2, 22/26; group 3, 36/51.

headache, and infection combined accounted for 52%
of symptoms in this group. Other rare clinical mani-
festations in all groups included paresthesia, hearing
loss, hypogonadism, hyperprolactinemia, protracted
unexplained nausea and vomiting, intracranial hyper-
tension, and facial nerve palsy. The only statistically
significant differences in clinical presentation be-
tween the control group 0 and KTRs were AMS,
which was more common in group 1 (P = .003) and
group 2 (P = .044), and infection, which was more
frequent in group 2 (P = .043).

The onset of symptoms before the MR imaging
ranged from 24 hours to 2 weeks and did not differ
from group to group, including group 0. The levels of
all tested electrolytes were within normal limits. Se-
rum cholesterol was available in 70 KTRs with mean
level of 207 mg/dL. Twelve (17%) and 6 (9%) patients
had levels <150 mg/dL and 120 mg/dL, respectively.
At the time of MR studies CI levels were within
desired range in all KTRs (ie, trough cyclosporine
levels [FPIA; Abbot, Chicago, IL] were kept between
300 and 450 ng/mL for the first 3 months post-trans-
plantation between 200 and 350 ng/mL 3—-6 months
after transplantation, and between 100 and 150
ng/mL after 6 months). Trough tacrolimus levels
(MEIA; Abbot) were between 10 and 20 ng/mL for
the first 3 months and between 5 and 15 ng/mL after
3 months post-transplantation.

MR Imaging

Twenty-three of 98 MR imaging examinations
(23%) performed on KTRs and 8 of 26 (31%) of
examinations performed on patients in comparison
group 0 were normal. We detected 27 lesions on 18
MR imaging examinations in comparison group 0 and
105 lesions on 75 MR imaging examinations in 54
KTRs (groups 1, 2, and 3). Incidental findings unre-
lated to the kidney transplantation were found in 5

patients. These included arachnoid cyst in a patient
from group 0, choroid plexus cyst in a patient from
group 2, and meningioma in 2 patients and a venous
developmental anomaly in one patient in group 3.

Location of MR Imaging Lesions

Location of lesions detected by MR imaging is shown
in Table 2. Predominant location of lesions demon-
strated on T1-weighted, T2-weighted, and FLAIR im-
aging was within white matter and comprised 60% of all
lesions in KTRs (groups 1, 2, and 3) and 74% of all
lesions in comparison group 0. DPV white matter area
and frontal lobe were most commonly affected. Gray
matter lesions were less common, accounting for 27% of
all lesions in KTRs and 7% of all lesions in comparison
group 0, with the BG being most commonly affected.
There were 2 statistically significant differences: the
deep gray matter lesions (BG and thalami) were more
common in KTRs (P = .0434), whereas frontal white
matter abnormalities were more frequently seen in pa-
tients on dialysis (P = .0191).

Acute MR Imaging Changes

Acute brain abnormalities consisting of acute and
subacute infarcts, infection, and PRES comprised
24% of MR imaging changes in KTRs (groups 1, 2,
and 3) and 19% of MR imaging changes in compar-
ison group 0 (Table 3).

Acute infarcts were found in 12% of KTRs and 8% of
the patients in comparison group 0. Of 6 KTRs with
acute infarcts, the findings were consistent with multiple
embolic lesions in 4 patients, all from group 3 (Fig 1).
The remaining 2 cases were in group 1 and had acute
middle cerebral artery (MCA) infarction. Subacute in-
farcts were found in MCA distribution and BG in 3
cases; one was in group 1 and 2 were in group 2. Acute
infarcts were found in 2 patients from comparison group
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Fic 1. A 52-year-old-man (group 3) with multiple acute embolic infarctions.
A, Axial DWI shows small bilateral hyperintense lesions indicative of embolic infarcts.
B, Axial ADC map reveals low signal intensity within the lesions, consistent with restricted diffusion of water molecules, confirming

acute nature of embolic infarcts.

C, FLAIR image at approximately the same level as A and B demonstrates faint hyperintensity of the lesions.

Fic 2. A 48-year-old man (group 3) with cerebral fungal abscess.

A, Axial T2-weighted image shows a relatively isointense intra-axial lesion with surrounding hyperintense vasogenic edema in the right
frontoparietal region.

B, Corresponding axial ADC map shows lower signal intensity of the lesion compared with the normal-appearing brain parenchyma,
consistent with relatively decreased diffusion, as typically seen within brain abscesses. The lesion is surrounded by increased diffusion
of vasogenic edema.

C, Postcontrast axial T1-weighted image corresponding to A and B demonstrates irregular, predominantly peripheral enhancement

of the mass.

0. In one of them findings were indicative of cerebral
vasculitis, and the other patient suffered cardiac arrest
with bilateral watershed infarcts.

MR imaging findings consistent with infection were
found in 5 KTRs (6.5%). No infectious process was
found in patients from comparison group 0. In one
patient from group 1, aseptic viral meningitis was
diagnosed. The other patient from group 1 who pre-
sented with ophthalmoplegia and cellulitis had mu-
cormycosis and eventually died. In one patient from
group 3, diagnosis of cryptoccocal meningitis was es-
tablished. In the second case from group 3, multiple
ring-enhancing lesions with restricted diffusion in the
right BG and left temporoparietal region corre-
sponded to fungal abscesses. (Fig 2). The third pa-

tient from group 3 had acute sinusitis with orbital
cellulitis without intracranial spread of infection.

PRES syndrome (Fig 3) with changes in the occipi-
toparietal region, frontal area, BG, or cerebellum was
diagnosed in 4 (5%) of the KTRs and in one (4%)
patient in comparison group 0, and all of them recov-
ered fully. The levels of all tested electrolytes and serum
cholesterol were within normal limits at the time of the
MR examination in all patients with PRES.

Chronic MR Imaging Changes

In all studied groups chronic changes were more
common than acute: chronic lesions comprised 76%
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Fic 3. A 45-year-old woman (group 2) with PRES.

A, Axial T2-weighted image shows bilateral abnormal hyperintense signal intensity in the occipital subcortical white matter and in the

posterior limb of the internal capsule.

B, Corresponding axial FLAIR image shows the hyperintense abnormalities more clearly.
C, On axial ADC map corresponding to A and B increased signal intensity of the abnormalities is seen, consistent with increased

diffusion, which is indicative of vasogenic edema.

Fic 4. A 39-year-old woman (group 3) with cerebellar lymphoma.

A, Axial T2-weighted image shows an isointense left cerebellar mass surrounded by hyperintense area of vasogenic edema.

B, Axial ADC map corresponding to A reveals relatively decreased diffusion within the mass with surrounding increased diffusion of
the vasogenic edema. Relatively low diffusion rate is indicative of high cellularity of the mass.

C, Postcontrast fat-suppressed axial T1-weighted corresponding to A and B images demonstrates attenuated homogenous en-
hancement of the mass.

of MR imaging changes in KTRs and 81% of MR
imaging changes in group 0 (Table 3).

The most common chronic lesions in both KTRs
and comparison group 0, occurring in 36% and 42%
of cases, respectively, were nonspecific scattered
white matter ischemic changes corresponding to mi-
croangiopathy. Old lacunar infarcts comprised 13%
of chronic changes in comparison group 0% and 22%
in KTRs. In KTRs, lacunar infarcts were found within
BG, pons, and cerebellum and were most frequent in
group 2. Only one patient from comparison group 0
had lacunar infarct, which was located in the pons.
Primary CNS lymphoma was found in the cerebellum
of one group 3 patient, who is alive 2 years after the
diagnosis was established (Fig 4).

Thickening of calvaria with widening of the diploic
space and heterogenous T1 signal intensity was de-

tected in 6 (8%) KTRs (Fig 5) and in none of group
0 patients. Dural thickening was associated with the
changes of calvaria in 4 KTRs (5%). These patients
had end-stage renal disease (ESRD) for a mean pe-
riod of 8 years (range, 4-20 years). All of them had
history of failed kidney transplant in the past, but at
the time of MR imaging studies their transplanted
kidneys were functioning well. Only one of the pa-
tients with changes of calvaria had hemoglobin of 9
¢/dL, and the level was >11 g/dL in the others.
Infections and tumors were found only in KTRs;
however, pairwise differences for groups 0, 1, 2, and 3
were not statistically significant at the .05 level for any
of the variables Al, I, PRES, LI, MA, T, Dura, C, or
number of normal brains. The most notable differ-
ence was in incidence of infections (0% in group 0
and 11% in group 1) with a P value of .189. When the
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Fic 5. A 31-year-old woman (group 1) with heterogenous calvarial thickening.
A, Midsagittal T1-weighted image demonstrates increased thickness of the calvaria with widening of the diploic space and abnormal
heterogeneous signal intensity. This finding is presumably related to a long-standing chronic renal failure and associated chronic anemia

and osteodistrophy before kidney transplantation.

B, Axial T2-weighted image shows thickened and heterogenous diploic space of the calvaria.
C, Axial postcontrast T1-weighted image corresponding to B reveals heterogenous enhancement of the calvaria.

same set of variables was compared between the pre-
transplant group (0) and the combined post-trans-
plant groups (1-3), differences were again not signif-
icant at the .05 level. The most prominent difference
between the 2 groups was in heterogenous thickening
of the calvaria (0% in pretransplant group and 8% in
KTRs), with P = .331.

Discussion

Organ transplant recipients are at risk for a variety
of CNS complications including cerebrovascular in-
sults, infection, lymphoma, electrolyte disturbances,
hypertensive encephalopathy, and toxicity induced by
immunosuppressive agents (1-12). Brain MR imaging
allows fine characterization and precise localization
of lesions that occur in these patients. To the best of
our knowledge, the current study represents the larg-
est single-center evaluation of brain MR imaging ab-
normalities in KTRs. In addition, this is the only study
that included a comparison group consisting of dial-
ysis-dependent patients who underwent brain MR
imaging examinations before their kidney transplant.
We separated KTRs into 3 subgroups on the basis of
the time interval between MR imaging examination
and kidney transplant because exposure to CI and
occurrence of certain complications varies in the post-
transplant course (12, 13, 15, 18, 19). We were not
able to detect statistically significant difference in MR
imaging findings between pretransplant (comparison
group 0) and post-transplant patients or among the 3
post-transplant groups, and our results point to sev-
eral important findings.

In our series, CNS symptoms and signs that re-
quired MR imaging evaluation occurred in 10% of
KTRs. This is in agreement with the previously pub-
lished data, where CNS abnormalities occurred in 5%
to 30% of KTRs (2, 5, 14). Major CNS complications
attributed to CI include headache, confusion, AMS,

seizure, lethargy, cortical blindness, auditory and vi-
sual hallucinations, spasticity, paresis, ataxia, and
coma (12-17). We found AMS, headache, and sei-
zures to be the most common symptoms in KTRs, but
also in pretransplant patients. At the time of MR
imaging examination, none of the KTRs had hyper-
tensive encephalopathy, altered serum electrolyte and
glucose levels, or advanced renal failure. As expected,
referral for MR imaging for possible CNS infection
was more common in KTRs than in pretransplant
patients. Among KTRs, seizures and AMS had a
tendency to develop early, within the first 3 months
after transplantation, similar to previous reports (2,
12-17). AMS was significantly more common in the
first 3 months after transplant compared with dialysis-
dependent patients, which may be due to CI neuro-
toxicity. The CIs were within desired range at the time
of MR imaging, though it has been shown that CI-
related neurotoxicity occurs even at therapeutic level,
which may, at least in part, be due to imperfections of
Cl-level measurement (18, 19) and individual sensi-
tivity and metabolism of Cls.

In all studied patients, white matter was more com-
monly affected than gray matter, particularly within
periventricular and frontal lobe, as reported else-
where (18-23, 29-31). Most MR imaging findings in
the present study included acute and chronic vascular
changes affecting both large and small blood vessels.

Furukawa et al (20) could not find differences in
MR imaging abnormalities between patients treated
with cyclosporine and tacrolimus, and we decided to
combine findings in patients receiving either of the CI
inhibitors. The pathogenesis of Cl-induced CNS tox-
icity remains uncertain. It is still unresolved whether
the clinical symptoms and changes detected by MR
imaging in post-transplant patients treated with Cls
are due to the direct drug toxicity, hypomagnesemia,
hypocholesterolemia, hypertension, or the combina-
tion of these factors (12, 14, 16, 17, 21). In our series,
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none of the patients had hypomagnesemia or arterial
hypertension at the time of clinical symptoms and
MR imaging examination, and only 9% of patients
had a cholesterol level <120 mg/dL. This probably
contributed to the low incidence of CI CNS toxicity in
our study.

Most brain MR imaging abnormalities in trans-
plant recipients, including KTRs, have been attrib-
uted to CI treatment and are predominantly based on
isolated case reports and short, uncontrolled series
(15-31). PRES has been considered a common and
typical consequence of CI neurotoxicity, for which the
term immunosuppressive-associated leukoencepha-
lopathy has also been frequently used. PRES is typi-
cally characterized by headache, AMS, seizures, and
visual loss associated with imaging findings of bilat-
eral subcortical and cortical edema with a predomi-
nantly posterior distribution. On ADC maps vaso-
genic edema seen in PRES can easily be distinguished
from cytoxic edema in irreversible ischemic injury (20,
29, 32). Watershed areas of the brain appear to be
most vulnerable to such insult (30, 31). Cl-induced
neurotoxicity may lead to alteration of the blood-
brain barrier with increase in microvascular perme-
ability and vasogenic edema in the white matter or
cortex. It has also been suggested that direct capillary
endothelial cell injury caused by release of potent
vasoconstrictors such as endothelin or thromboxane
results in vasospasm and that thrombotic microangi-
opathy may be responsible for microvascular damage
(14, 30-32). PRES can be seen in conditions such as
eclampsia, hypertensive encephalopathy, systemic lu-
pus erythematosus, thrombotic microangiopathy, and
with other medications, in addition to CI toxicity.

Fifty cases of Cl-associated PRES in transplant
recipients reported in the literature were recently
reviewed (12). This review has shown that most of
reported cases occurred following liver transplanta-
tion (31 or 62%), with only 8 cases in KTRs (12).
Because kidney transplantation has been relatively
commonly performed, these findings indicate that
PRES may be a comparatively rare event in KTRs.
This assumption is also indirectly supported by a
recent prospective study that evaluated MR imaging
findings in organ transplant recipients receiving ta-
crolimus who developed neurologic complication
(19). Neurologic complications occurred in 6.8% of
206 patients, of whom 13 had undergone orthotopic
liver transplantation (OLT) and one had received a
small bowel transplant. MR imaging studies showed
abnormal findings in 6 of 14 cases, and PRES was the
etiology in 5. OLT recipients therefore appear to be
at significantly increased risk, and an overall 26%
incidence of neurologic complications in liver trans-
plant recipients has been documented (33). PRES is
also relatively frequent in allogenic bone marrow
transplantation; it was recently found in 7.2% percent
of patients (32). The review by Singh et al also re-
vealed that PRES tends to occur early in transplant
recipients: 82% of the cases occurred within the first
3 months (12).

In our study, we found PRES in 5% of KTRs, but
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also in 4% in the comparison group 0, and there was
no statistical significance in incidence between the
groups. Also, there was very similar incidence of
PRES at different times after transplant, which is
different from reported data for all organ transplant
recipients, where PRES was much more common
within the first 3 months. In fact, there was no differ-
ence observed among different KTR groups for any
lesion type, despite tapering of CI levels with time.
Although the statistical power is restricted by the
number of patients in our study, our data suggest that
PRES and other brain lesions are relatively uncom-
mon in KTRs and that they may not be caused exclu-
sively by CI neurotoxicity. It appears that risk of
PRES in KTRs may be similar to dialysis-dependent
patients and relatively low compared with other trans-
plant recipients. The notion that differences in inci-
dence of PRES may depend on transplanted organ
type may be helpful in attempts to elucidate this
leukoencephalopathy.

Chronic changes were more common than acute
being predominantly vascular in etiology. Despite ad-
equate kidney function and correction or ameliora-
tion of many uremic abnormalities KTRs continue to
have significant atherosclerotic vascular disease
within the CNS. Immunosuppressive agents and CI in
particular play a major pathogenic role either by caus-
ing direct endothelial injury or indirectly through
worsening hypertension, glucose intolerance, or dys-
lipidemia. This might explain significantly more com-
mon involvement of deep gray matter lesion (BG) in
KTRs compared with patients on dialysis. Treatment
with tacrolimus has been also associated with the
development of cortical laminar necrosis due to pro-
found hypoxia (34) and PRES may in some cases at
least in part result in areas of infarction, but these
changes were completely reversible in all of our
patients.

We found CNS infections in 6% of KTRs, a rate
that is similar to previous reports (1-3, 5, 6). We did
not find any case of progressive multifocal encepha-
lopathy in our study group. CNS lymphoma was
found in one KTR, representing a prevalence of 3%
in our series. Post-transplantation lymphoprolifera-
tive disorders occur in 0.9% of KTRs (8-10). The
most common CNS location of post-transplant lym-
phomas is in BG (40%), followed by the frontal lobe
(25%) (9). Lymphomas occur in the cerebellum in 9%
of cases and have somewhat different imaging fea-
tures compared with primary CNS lymphoma (9). It is
somewhat surprising that, in our study, there were no
statistically significant differences between KTRs and
dialysis-dependent patients in incidence of infections
and tumors.

Previously unreported findings in our study are
changes involving calvaria and dura. The significance
and the nature of these uncommon lesions remain
unclear. KTRs with these changes had mild degrees
of anemia, though hemoglobin levels were not differ-
ent from those in patients from group 0; thus, chronic
anemia is an unlikely cause for heterogeneously thick-
ened calvaria. It is interesting that these changes were
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found in patients with long histories of ESRD and
previous kidney transplants. Absence of such lesions
in patients with ESRD before transplant argues
against their relationship to uremic osteodystrophy. It
is conceivable, however, that the KTRs on average
had a longer history of ESRD compared with pre-
transplant patients and therefore possibly a higher
chance of developing osteodystrophy, which may not
be completely reversible. Another potential explana-
tion is that these changes may perhaps also be asso-
ciated with CI effects.

The main limitation of the study is its retrospective
and descriptive design, where the power to detect
differences between groups is limited by the sample
size available for analysis. This may explain the ob-
served lack of statistical significance in the incidence
of infections, tumors, and calvarial changes between
KTR and dialysis-dependent patients, although the
difference between the groups appears striking and
seems to indicate higher incidence in KTRs, which
would be expected, at least for infections and tumors.

Conclusion

In KTRs the most common abnormalities in our
study were white matter changes of vascular origin in
keeping with the high prevalence of cerebrovascular
abnormalities in this group of patients. Our major
finding is that the prevalence of PRES and both acute
and chronic changes do not differ significantly in pre-
and post-transplant kidney recipients. Furthermore,
we could not find a significant difference in the prev-
alence of brain abnormalities in early compared with
late post-transplant periods when exposure to CI is
tapered. Therefore, our study does not support the
previous reports that those changes are mostly due to
CI toxicity.
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