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MRI of neurologic complications
in end-stage renal failure patients
on hemodialysis: pictorial review

Abstract End-stage renal disease
patients who have been on long-
term hemodialysis tend to develop
central nervous system complica-
tions. The most common neurologic
complications in this patient group
include white matter changes, cere-
bral atrophy, osmotic demyelination
syndrome, dialysis encephalopathy,
hypertensive encephalopathy, intra-
cranial hemorrhage, infarct, sinus
thrombosis, and infection. Clinical
evaluation of these patients is
somehow complicated and MRI is
important before establishment of
the therapy. The purpose of this ar-
ticle is to illustrate the range of MRI
findings of neurologic complications
in end-stage renal failure patients on
hemodialysis with etiologic factors.
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Introduction

It is common to see neurologic symptoms in end-stage
renal disease (ESRD) patients on hemodialysis [1, 2].
Some of these problems are related to ESRD itself, and
others are secondary to hemodialysis [1, 2, 3,4, 5,6, 7, 8,
9]. The introduction of dialytic procedures led to a sig-
nificant drop in the incidence and severity of neurologic
complications caused by uremia; however, some of these
disturbances are unaffected by dialysis [1]. Vascular
calcification secondary to hyperparathyroidism, blood-
lipid disorders, systemic hypertension, chronic uremia,
immune system disorders, bleeding diathesis, and fluc-

tuations of urea, creatinine, and body water content are
factors known to contribute to neurologic complications
in ESRD patients [1,2,3,4,5,6,7, 8,9, 10]. Aluminum
has been identified as a cause of dialysis encephalopathy
and cerebral atrophy, and has been removed from dial-
ysis solutions [3, 5, 10]. Magnetic resonance imaging is
of particular value in this patient group as it often en-
ables the examiner to pinpoint the underlying cause of
neurologic complications when clinical assessment is
inconclusive.
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Fig.1 Focal white matter
changes in a 43-year-old man
after 13 years on dialysis. Turbo
spin-echo T2-weighted axial
MRI reveals hyperintense areas
in the periventricular and sub-
cortical white matter

Fig.2 Cerebral atrophy in a 28-
year-old man after 3 years on
dialysis. Turbo spin-echo T2-
weighted axial MRI reveals
cortical and subcortical atrophy

White matter changes

Focal white matter lesions are more common in hemo-
dialysis patients (56 %) than in the normal population
(27%) [10]. These changes manifest as bright areas
throughout the cerebral white matter on proton-density,
T2-weighted, and fluid attenuated inversion recovery
(FLAIR) images. They appear in various locations,
particularly in the periventricular and subcortical white
matter near the lateral ventricles, or in the centrum
semiovale and retrotrigonal area (Fig.1). Although no
correlation has been established between these findings
and the metabolic disturbances that are seen, many in-
vestigators suspect that these lesions represent a sub-
clinical form of leukoencephalopathy [3, 4, 5]. Geissler
et al. [10] found that the extent of focal white matter
lesions and changes in brain metabolites reflected by
MR spectroscopy do not correlate with the abnormal
blood pressures observed in ESRD patients. There is a
significantly lower N-acetylaspartate (NAA):creatine
ratio in the gray and white matter of long-term hemo-
dialysis patients. This drop in NAA may represent im-
pairment of neuronal cells and neuronal damage due to
dialysis, with resultant gliosis [10]. It is known that ure-
mic intoxication causes damage to nerve tissue. Also,
the accelerated atherosclerosis often observed in ESRD
patients can lead to damage of cerebral vasculature and
cause focal white matter changes [3]; however, it can be
difficult to distinguish between toxic leukoencephalop-
athy and white matter changes solely on the basis of
MRI findings.

Cerebral atrophy

Cerebral and cerebellar atrophy are known neurologic
complications of uremia that may appear as cortical or
subcortical atrophy, or as a combination of both (Fig.2).
The higher incidence of atrophy in dialysis patients has
been attributed to exogenous Al (OH); intoxication;
however, even though AI(OH); has been removed from
dialysate solutions, cerebral atrophy continues to occur
in this patient group [3, 5]. Hypertension has been
identified as an early cause of cerebral parenchymal
damage in patients on regular hemodialysis. The degree
and duration of hypertension are known to be important
factors in cerebral atrophy [3, 4]. Uremic intoxication,
anemia, and malnutrition are also considered to con-
tribute through failure of tissue oxygenation. Dialysis
may also cause atrophy by altering tissue hydration [3].
Papageorgiou et al. showed that subcortical atrophy oc-
curred in 80 % of chronic hemodialysis patients vs 28 %
of ESRD patients [5].

Osmotic demyelination syndrome

Osmotic demyelination syndrome (ODS) is a known
complication in chronic renal failure patients [1,8].
Endo et al. reported five ESRD patients with ODS and
concluded that there was no any clinical explanation for
the pathogenesis of myelinolysis in the uremic state.
There were no imaging studies done on any of these
patients [8]. Magnetic resonance imaging findings of an
ODS patient with disequilibrium syndrome, which is a
reversible early manifestation of hemodialysis, has been
described [6]. Disequilibrium syndrome is usually seen
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Fig.3a,b Osmotic demyelina-
tion syndrome in a 43-year-old
man on dialysis therapy who
developed mental disturbance
after dialysis. His symptoms
decreased following conven-
tional therapy: In a TSE T2-
weighted coronal MRI reveals
symmetric bilateral hyperin-
tense areas which affect the
pons, basal ganglia, capsula in-
terna, and subcortical white
matter (arrows). Inb TSE T2-
weighted coronal MRI of the
same patient 2 months later
show obvious improvement
(arrows)

Fig.4a,b Hypertensive en-
cephalopathy in a 29-year-old
man on dialysis therapy who
developed headache as well as
visual and mental disturbances
during dialysis. a Turbo spin-
echo T2-weighted axial MRI
reveals bilateral occipital and
posterior parietal subcortical
white matter edema (arrows).
b fluid attenuated inversion re-
covery (FLAIR) image of an-
other hypertensive end-stage
renal disease (ESRD) patient
shows edema (arrows) and
periventricular white matter
changes (small arrows)

during the latter portion of dialysis or in the immediate
postdialysis setting, and clinical findings are similar to
those found in cases of subdural hematoma, intracere-
bral hemorrhage, infarct, uremia, anoxia, and primary
seizure [1]. In this group, cross-sectional imaging is im-
portant for ruling out intracerebral hemorrhage and in-
farct. In hemodialysis patients, direct osmotic effects
and accumulation of metabolites may cause edema and
demyelination, thus leading to ODS [1, 6, 8]. The imag-
ing findings are similar to those seen as the other causes
of ODS: symmetrical, bilateral pontine and extrapon-
tine lesions that are hypointense on T1-weighted and

hyperintense on T2-weighted images, representing ede-
ma and myelinolysis (Fig.3) [6].

Dialysis encephalopathy

Dialysis encephalopathy (dialysis dementia) is a pro-
gressive and frequently fatal encephalopathy seen al-
most exclusively in patients who have been repeatedly
dialyzed [1]. Aluminum is considered the causal agent in
this condition, and some reports claim that removal of
this compound from dialysate solutions has reduced the
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Fig.5a,b Intraparenchymal
and intravitreal hemorrhage in
a 38-year-old woman who had
been on dialysis therapy for

6 months and had experienced
visual disturbance for 1 month.
a Gradient-echo axial image
shows hypointense areas of
hemorrhage in left frontal re-
gion and in the cella media of
the right ventricle. b A sagittal
T1-weighted SE image demon-
strates retinal detachment (ar-
rows), and left frontal chronic
hemorrhage with hypo-hyper-
intense areas

Fig.6a,b Interhemispheric
subdural hematoma in a 69-
year-old hemodialysis patient.
a Axial T1-weighted SE image
demonstrates obvious midline
shift to left with right iso-hy-
perintense interhemispheric
subdural hematoma (arrows).
b Gradient-echo image reveals
hypointense appearance of the
right interhemispheric subdural
hematoma (arrows)

Fig.7a,b Infarct and hemor-
rhage in a 48-year-old ESRD
patient who developed sudden
visual loss after 1 year of dialy-
sis therapy. a A FLAIR image
shows acute infarct in the left
posterior parietal region.

b Gradient-echo axial image
demonstrates right occipi-
tal-posterior parietal and left
posterior parietal acute infarcts
with hemorrhage in the left,
and chronic hematoma in the
right external capsule and
putamen with hypointense rim
(arrows)
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Fig.8 Staphylococcal abscess in a 44-year-old man, who was on
hemodialysis for 3 years, and who was admitted with headache and
fever. Sagittal postcontrast T1-weighted SE image shows edema in
the right temporal lobe with ring enhancement (arrows) and mas-
toid cells opacification due to mastoiditis

incidence of this form of dementia [2, 10]. A study done
in the Nashville, Tennessee (USA), area is, to our
knowledge, the only investigation of the incidence of
dialysis dementia that has looked at a large group of
sporadic cases. The reported incidence was 5 %, and this
figure remained unchanged after aluminum was elimi-
nated from the dialysate solutions [11]. As well, dialysis
centers that use aluminum-free dialysis material have
reported that they still encounter dialysis encephalopa-
thy [1, 10]. Dialysis dementia is thought to be caused by
alterations of metabolic state associated with ionic
changes and impaired synaptic function [2]. Conven-
tional imaging techniques yield no imaging findings
specific to patients with this condition. An MR spec-
troscopy investigation of patterns of cerebral metabo-
lites in dialysis patients found elevations of choline, a
major osmotic regulator, only in the gray matter. This is
in line with the fact that most histopathologic changes in
dialysis-induced encephalopathy are detected in cortical
and subcortical gray matter in the brain [10]. Diffusion-
weighted MRI techniques are being researched as a
means of assessing dialysis encephalopathy.

Hypertensive encephalopathy

Hypertensive encephalopathy is an acute neurologic
disorder characterized by a sudden rise in blood pres-
sure, and is a frequent finding in ESRD patients. The

syndrome is usually reversible if the hypertension is
treated early. Malignant hypertension can lead to renal
failure, and secondary hypertension can also develop in
patients who have underlying renal disease [1, 3, 4].
Occipital lobe edema is the most significant radiologic
finding (Fig.4). Additionally, diffuse swelling and ab-
normal intensity in the basal ganglia, brainstem, and
cerebellum may be seen. Many of these abnormalities
resolve with control of blood pressure [12]. With ap-
propriate treatment of hypertensive encephalopathy,
most ESRD patients do not develop intracranial hem-
orrhage or infarction.

Intracranial hemorrhage

Hemodialysis patients are at greater risk of bleeding
due to the uremic bleeding tendency and to the systemic
anticoagulant therapy they receive (Figs. 5, 6, 7) [1, 9,
13]. The pathophysiology of the bleeding diathesis of
uremia is complex, and is only partially understood [9].
Anemia is an important factor, and defective platelet
adhesion has also been associated with uremia. Inade-
quate control of hypertension and disseminated intra-
vascular coagulation are additional risk factors [9, 13].
Hemorrhage may be intraparenchymal or subdural,
with known intensity properties. Gradient-echo se-
quences allow the examiner to delineate small hemor-
rhagic foci which are often not visible on CT [14]. Be-
fore hemorrhage can be attributed to uremia, other
causes of intracranial hemorrhage seen in patients
without kidney disease must be considered, particularly
including hemorrhagic infarction, hypertensive hemor-
rhage, and hemorrhage due to vasculitis. Conventional
angiography can be used in some cases with known re-
strictions of contrast agents in this particular patient
group with kidney problems. Magnetic resonance angi-
ography allows the examiner to rule out vascular mal-
formations in these patients.

Cerebral ischemia and infarction

Cerebral infarction and ischemia are other neurologic
complications in ESRD patients [1]. In uremia, high se-
rum lipid levels, vascular calcification, hyperparathy-
roidism, and arterial hypertension contribute to arterial
damage [3]. Generalized atherosclerosis manifested in
carotid and coronary arteries [15] leads to altered cere-
bral blood flow [1, 3] and is a potential source for cere-
bral emboli (Fig.7).
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Fig.9a—c Sinus thrombosis in a 73-year-old male dialysis patient.
a Pre- and b post-contrast coronal T1-weighted images demon-
strate filling defect in the right sigmoid sinus. ¢ Two-dimensional
fast low angle shot venography confirms sinus thrombosis (arrows)

Fig.10a, b Sinus thrombosis in a 47-year-old female hemodialysis
patient. Flow quantification of this patient a in-plane visualization
and b phase images (TR100 ms, TE 11 ms, 2 acquisitions, matrix
size 224 x 512, TD 200 ms). No flow is detected in the left trans-
verse sinus (arrows)
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Infection

Infectious complications are common and can be lethal
in uremic patients on hemodialysis. In these individuals
polymorphonuclear leukocytes are known to function
poorly (Fig.8). Iron overload, elevated levels of intra-
cellular calcium, and hemodialysis treatment are known
to contribute to infection. Uremic toxins that accumu-
late in the serum of uremic patients also inhibit the
nonspecific immune system. In addition, uremic pa-
tients have deficient specific immunity, with T-lympho-
cyte deficiency response and a depressed specific anti-
body response [7].

Sinus thrombosis

Conditions such as infection, which predispose patients
to sinus thrombosis, are common in ESRD patients and
can lead to occlusion of central nervous system venous
drainage [1]. This occlusion easily leads to cerebral is-
chemia and infarction. Magnetic resonance venography

and flow quantification techniques are useful in the di-
agnosis and follow-up of this patient group. (Figs. 9, 10)
[16, 17].

Conclusion

Neurologic evaluation of ESRD patients on hemodial-
ysis is difficult because of the broad spectrum and com-
plexity of neurologic complications in this group.
Prompt diagnosis is essential, and the use of MRI in
combination with new and conventional imaging meth-
ods is very helpful. In addition to spin-echo and FLAIR,
gradient-echo techniques can be added to rule out
hemorrhage in these patients. Magnetic resonance
venography and flow-phase images can be useful for
assessing sinus patency. Diffusion MRI shows infarcts
earlier than other sequences. This method needs to be
studied in more detail to determine its diagnostic value,
particularly in dialysis encephalopathy. Proton MR
spectroscopy may be useful for monitoring metabolic
alterations in the brain due to chronic dialysis.
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