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Abstract

The aim of this study was to investigate the magnetic resonance imaging (MRI) findings for the
diagnose uremic encephalopathy and describe the usefulness of MRI findings in the ultimate
diagnosis of uremic encephalopathy (UE). A total of 20 patients with uremic encephalopathy
admitted to the hospital were evaluated in this prospective study. The clinical manifestations,
laboratory and MRI imaging findings, demographic information, and clinical outcome were
analyzed for each patient. We observed that the 20 prospectively reviewed patients with UE had
no involvement of the basal ganglia or the lentiform fork sign (LFS). However, two-thirds of the
patients had white matter involvement, and 80% of the subjects had cerebral or cortical atrophy.
The arterial blood gas (ABG) analysis revealed that 50% of the patients suffered from metabolic
acidosis (n=10). The results of the present study demonstrated that although the observation of
Lentiform Fork Sign and Basal Ganglia involvement in MRI of UE patients is a specific finding
the absence of which does not rule out UE. Thus, simultaneous examination of clinical
manifestation and laboratory test analyses, along with imaging findings, should also be taken
into account.
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Uremic encephalopathy is a metabolic disorder, a
syndrome with a wide range of reversible neurologic
symptoms triggered by untreated or inadequately treated
severe renal failure.> The syndrome produces a
spectrum of brain anomalies ranging from mild to severe.
Previous studies demonstrated that the paradigm of MRI
findings in patients with UE falls into three major types
including a) basal ganglia, b) cortical or subcortical areas,
and ¢) many areas of white matter.:® A large number of
studies have confirmed that some abnormalities such as
increased blood urea nitrogen (BUN), creatinine, and
acidosis metabolic observed in laboratory tests in patients
with renal failure are also directly related to uremic
encephalopathy.?® In patients suffering from uremic

encephalopathy, there exist a wide range of specific
imaging features and variable alterations including
cortical and subcortical involvement being manifested as
posterior reversible encephalopathy syndrome (PRES).
The FLAIR images of these patients show the
hyperintensity in the parieto-occipital and posterior
frontal cortical and subcortical white matter.%1!
Moreover, the presence of lentiform fork sign (LFS) has
recently been used as an important neurological sign for
the diagnosis of uremic encephalopathy, though it has
been more limited to case studies.'?%° All of these criteria
can help the physician diagnose UE in the shortest time
possible; but can imaging findings alone help diagnose
uremic encephalopathy at early stage? Or which of these
diagnostic methods (lab blood results, imaging, and
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clinical examination) is preferred to another? These
questions are still debated by researchers in the clinical
setting and will be discussed in the present study.

Materials and Methods
Design and Participants

This was a prospective multicenter (N=3) study
conducted on 20 patients (9 males and 11 females; mean
age: 54.3 £ 22.2 years; age range: 17-85 years). The
patients were diagnosed with UE using clinical and MRI
imaging methods, admitted to hospitals of Iran
University of Medical Sciences (IUMS) Tehran-Iran, for
two years between September 2018 and October 2020.
The definitive diagnosis of uremic encephalopathy in the
patients was made according to their clinical evidence
recorded in the file as well as their neurological
complaints and laboratory findings indicating renal
dysfunction. All patients gave their informed consent
prior to their inclusion in the study, and all stages of the
project were supervised by the Ethics Committee of the
Iran University of Medical Sciences, according to the
ethical code IR.IUMS.REC.1398.1182. All steps were
explained separately to each patient before starting the
project, and a written informed consent was taken from
all the participants.

Inclusion and exclusion criteria

UE diagnoses in patients were made on the basis of
clinical manifestation, corroborated by laboratory
findings suggesting deterioration of renal function, and
typical neurologic complications. All of these patients
underwent MRI imaging following the confirmation of
uremic encephalopathy disease. The results were then
reviewed and analyzed by two experienced radiologists.
Patients who had known cases of cerebral stroke, drug-
induced movement disorder, diabetes, neurodegenerative
disease, intracerebral infections, or other metabolic
disturbances, were excluded from the study. Patients who
had a reduced level of consciousness (GCS scale) for
whatever reason other than uremic encephalopathy were
also excluded from the study.

Data Collection

After a definitive diagnosis of uremic encephalopathy,
the medical records of the 20 patients were divided into
five main categories: 1) Demographic information such
as age, sex, and any evidence of chronic kidney diseases
(CKD); 2) Laboratory findings on arterial blood gas,
serum urea, blood sugar, nitrogen, sodium, calcium,
potassium, creatinine levels, and metabolic acidosis. The
criteria for definitive diagnosis of metabolic acidosis in
patients include low pH value (<7.35) and decreased
bicarbonate level (<24 mmol/L; normal range: 19-24
mmol/L). 3) Investigation of the frequency of clinical and
neurological manifestation in patients with astrexia,
seizure, and decreased level of consciousness (GCS
scale); 4) Analysis of the CT scan of the patients for
pleural and pericardial effusion; and 5) All the 20 patients

underwent MRI imaging immediately after the onset of
symptoms. The MRI imaging was performed using a
1.5T scanner (Siemens 1.5T Symphony, Siemens,
Germany). Two experienced radiologists evaluated all
MRI imaging data for the basal ganglia involvement,
white matter damages, the lentiform fork sign (LFS),
PRES-like manifestation, and cortical or subcortical
atrophy. We also scrutinized the MRI for any lesions in
various parts of the white matter in the brain. For this, we
utilized the Fazekas scale to determine the amount of
white matter T2 hyperintense lesions and classified them
into three levels of severity — mild, moderate, and
severe.'® To assess cerebral atrophy in the patients we
applied the global cortical atrophy (GCA) scale first
developed by Pasquier et al. in 1996.17 The score for each
region can range from 0 to 3 according to the following
four criteria: normal volume/no ventricular enlargement
= 0, opening of sulci/mild ventricular enlargement = 1,
volume loss of gyri/moderate ventricular enlargement =
2, and ‘knife blade’ atrophy/severe ventricular
enlargement = 3. According to previous studies, LFS is
considered a meaningful sign in the diagnosis of uremic
encephalopathy on MRI images. Thus, these images were
scrutinized in terms of the existence of constitutive
components of the lentiform fork: 1) The stem is located
in the infero-posterior end of the putamen and lateral to
the thalamus and created by a fusion of edematous
external and internal capsules. 2) The lateral arm, created
by edematous external capsule lateral to the putamen
extending from the anterior end thereof to the stem in the
vicinity of the lateral ventricle. 3) The medial arm is
located medial to the putamen and lateral to the thalamus,
extending from the stem anteriorly and split into two
slightly less T2/FLAIR hyperintense branches engulfing
the globus pallidus.***> The protocol was implemented
on seven MRI sequences: T1-weighted FSE Axial plane
TR/TE 780/10, T2-weighted FSE Axial plane TR/TE
5280/100), T2-weighted FSE coronal plane (TR/TE
5660/123, T2-weighted FSE Sagittal plane TR/TE
4640/97, DWI b-vales 0/1000), FLAIR Axial plane
(TR/TE 8000/120, and T2 Axial plane TR/TE 675/14.

Statistical Analysis

The data relevant to demographic and other clinical and
laboratory variables were entered into a data matrix in
Microsoft Excel and then analyzed using SPSS version
26. The normality and skewness of the data were assessed
with the Shapiro Wilk test and QQ plot. A p-value of less
than 0.05 was defined as statistically significant for all
the analyses in the study.

Results

A review of the demographic data demonstrated that the
prevalence of both sexes was roughly equal (9 men and
11 women; mean age: 57.4 £ 21.08 years; age range: 17—
88 years). Half of the patients (n=10) who came to our
hospitals suffered from chronic kidney disease or had a
history of CKD. Processing the data from the analyses
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Table 1. Information of main parameters of blood and arterial blood gas samples in our patients
variable mean Standard deviation minimum maximum

Cr (mg/dl)” 6.71 6.12 2 29.5
BUN (mg/dl) 92.95 70.17 24 271
BS (mg/dl)” 172.25 78.89 77 353
AST (mg/dl)” 101.70 204.74 13 875
ALT (mg/dl)” 57.85 103.76 11 425
Alkaline Phosphatase (mg/dl) 327.65 190.56 95 773
PH 7.32 0.12 7.13 7.50
PCO; 29.77 9.11 12.10 47
HCO3 16.51 6.93 3.90 27
Albumin (mg/dl) 3.35 0.51 2.40 4.30
Calcium (mg/dl) 8.28 1.11 5.90 11.20
Sodium (meg/I) 137.30 6.77 127 154
Potassium (meg/l) 5.05 1.12 3.40 7.80

Cr: Creatinine, BUN: Blood Urea Nitrogen, BS: Blood Sugar, AST: Aspartate Aminotransferase, ALT: Alanine

Aminotransferase

of the laboratory information and blood chemistry
indicated that all the patients had uremia and
considerably increased level of blood urea nitrogen
(mean: 92.95 + 70.17 mg/dL) and Cr (mean: 6.71 + 6.12
mg/dL). Other serum electrolytes and blood sugar levels
were not significantly abnormal, excluding other causes
of encephalopathy (Table. 1). The data of arterial blood
gas were also analyzed for all the 20 patients. Thirteen
patients had metabolic acidosis (mean pH: 7.32 + 0.12;
mean bicarbonate: 16.51 + 6.93), and the rest (n=7) had
a normal pH level. The serum potassium levels were also
measured in all patients; 12 had a normal potassium level,
8 suffered from hyperkalemia, and none of the patients
had hypokalemia. Of the 20 patients who had the

neurological clinical manifestation, 16 (80%) suffered
from consciousness dysfunction associated with a
decrease in the Glasgow Coma Scale (GCS< 12), and 7
(35%) exhibited the sign of asterexia. Four patients had
seizure attacks at the time of admission to the hospital. A
significant relationship was found between PRES
symptoms in MRI and the presence of seizures in the
patients (p = 0.016). A close examination of the 20 CT
scans of the patients revealed that only 4 (20%) had
pleural effusion. Moreover, an analysis of magnetic
resonance imaging of all patients disclosed that none of
them had involvement of basal ganglia and lentiform fork
sign. One of the patients had PRES-like symptoms in
FLAIR axial view involving bilateral cerebrum and

Fig 1.

(A) The axial FLAIR section illustrates diffuse PRES-like syndrome involved Bilateral cerebrum and
subcritical white matter (red arrow). (B) Axial T2 section shows bleeding or calcification areas (red arrow)
around Monro foramen. (C) The exact section in the T2 star sequence (red arrow).
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subcortical white matter (Figure 1). Bleeding or
calcification areas around Monro foramen and mild
diffuse cortical atrophy were observed in that patient —
more than expected for age. We also examined the MRI
for any lesions in different parts of the white matter in the
brain. For this purpose, the Fazekas scale was applied to
estimate the amount of T2 hyperintense lesions in white
matter and the results were categorized into three levels
of mild, moderate, and severe.*®2° Of 14 (70%) patients
with white matter lesions, 8 (40 %) were mild in regions
such as Putamen, cingulate gyrus, and splenium of corpus
callosum areas, and 6 (30 %) were moderate to severe
with microvascular changes. In addition, 16 (80%)
patients had cortical or cerebral atrophy, of whom 10
(50%) had severe atrophy (more than age-appropriate)
and 6 (30%) had mild atrophy (age-appropriate).

Discussion

Twenty UE patients were enrolled in this study, that was
the highest in terms of statistical population. The
maximum rate of UE patient contribution that has been
reported so far was 10 patients in a study conducted by
Kim et al., in 2016.2 However, according to the present
study (mean age: 57.4 years) and the Kim’s study (mean
age: 58 years), it can be concluded that the elderly people
are more susceptible to UE. Thus, age seems to be an
influential factor in the incidence of UE. UE is a
metabolic and neurologic disorder with direct relation to
acute or chronic renal failure. Renal dysfunction causes
the accumulation of uremic toxins such as creatinine and
guanine in the body, which in turn enhances the
neurotoxic effects of excitatory N-Methyl-D-aspartate
receptors and the inhibition of inhibitory aminobutyric
acid receptors simultaneously. This alteration in the
excitatory-inhibitory amino acid balance may lead to UE
in patients.>® UE causes a spectrum of clinical
manifestations and neurologic symptoms in patients,
including movement disorders (tremor, asterixis,
myoclonus, and hyperreflexia), cognitive impairment
(memory dysfunction, dementia, and impaired level of
consciousness), and  psychological  disturbance
(depression, lack of concentration, and sleep
disorders).>1%?! The majority of patients suffering from
UE presents three paradigms of imaging findings in their
MRI or CT scan: basal ganglia involvement,* 3 4 cortical
or subcortical involvement®® and white matter
involvement.” & Basal ganglia involvement is rare in UE
patients; however, previous cases have reported that it
occurs more commonly in Asian patients with diabetes
mellitus (DM). 2223 The rationale behind it is that diabetes
disrupts the function of endothelial cells in the cerebral
vessels, which in turn makes the basal ganglia more
vulnerable to uremic toxin conditions. Furthermore,
uremic toxins impair mitochondrial function in the brain
stem, thereby destroying pallidum and Putamen.?
However, in a case study in 2018 Liu reported a non-
diabetic UE with typical bilateral basal ganglia lesions.?
In our study, none of the 20 patients showed symptoms

of basal ganglia involvement on their MRI images. Since
the presence of DM was considered as an exclusion
criterion in our study, the DM can be suggested as an
exacerbating, not a definite, factor for basal ganglia
involvement. Cortical involvement of UE is a category of
posterior reversible encephalopathy syndrome (PRES). It
is a reversible clinical-radiologic syndrome characterized
by wvarious presenting symptoms from headache,
confusion, seizures, and visual disturbance to loss of
consciousness. In our study, a significant relationship
was found between PRES symptoms in MRI and the
presence of seizures in the patients (p = 0.016). The result
of the study is in consistence with those of many other
studies and explains a direct relationship between cortical
damage in UE and neurological symptoms.?®?" PRES
occurs more commonly in the cortical or subcortical
white matter regions and less commonly in the brain stem
or basal ganglia. 2 2® The pathophysiology is not fully
understood but is assumed to be related to a hyper-
perfusion condition, with blood-brain-barrier disruption,
leakage of fluid, potentially containing blood or
macromolecules, into the surrounding tissues, leading to
cortical or subcortical edema.’>3? Some patients with
PRES show vasogenic edema in the subcortical white
matter and cortex, but cytotoxic edema has also been
reported in a smaller percentage of such patients.®®
Clinical MRI examination of patients with PRES shows
a hyperintensity on FLAIR images in some areas,
particularly parieto-occipital and posterior frontal white
matter, and rarely cerebellum and basal ganglia.® 1 3436
In our study, one of the patients had PRES-like symptoms
in T1-T2 star and FLAIR involving bilateral cerebrum
and subcortical white matter (Figure 1). We also
observed bleeding or calcification areas around Monro
foramen and mild diffuse cortical atrophy, greater than
expected for the patient's age. Taking into account that
the PRES patient presented seizure activity, the relation
between PRES and seizures activity in UE patients is
recommended to be considered in future research. The
vulnerability of white matter in UE patients is rare but
possible and may occur in the supratentorial white matter
areas. The relation between LFS and metabolic acidosis
in UE patients is unclear. Many studies have shown that
UE is associated with metabolic acidosis.>78 According
to the literature, metabolic acidosis can be an essential
key factor in the pathogenesis of LFS. As shown in a
table by Kumar et al. (l), of 22 patients 14 had metabolic
acidosis, one had normal pH, and in 7 patients the
pH/acidosis-related data was unavailable.!* The
mechanism behind might be that metabolic acidosis can
cause blood-brain barrier disruption, finally leading to
the development of LFS.!® In contrast, in the Kim’s
study, only 1 of 10 patients had both LFS and metabolic
acidosis simultaneously, which means that the LFS can
be observed in UE regardless of the presence of
metabolic acidosis.? However, in our study, 13 patients
had metabolic acidosis (mean pH: 7.32 + 0.12; mean
bicarbonate: 16.51 + 6.93), and 7 patients had normal pH
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Fig 2.

possible.

(A) The axial FLAIR section illustrates an abnormal signal in the left medial of the frontal lobe. The
cingulate gyrus and splenium of the corpus callosum are also involved (not shown). (B) The axial DWI
section shows restricted diffusion in the involved regions. Infarction due to embolism in ACA territory is

levels on arterial blood gas. Interestingly, none of the 13
patients showed LFS in their MRI images. These results
are different from the findings of a literature review
which suggested that metabolic acidosis is the basis of
the LFS, the lack of which might be reflective of a normal
pH level,** although one reason for this result might be
an absence of severe metabolic acidosis in our patients.
Whether the occurrence of LFS in patients with uremic
encephalopathy is directly related to the duration or
degree of metabolic acidosis or depends on the
underlying etiology needs further investigation. In our
study, we also analyzed the T2WI/FLAIR images for any
lesions in different areas of the brain's white matter using
the Fazekas scale to quantify the amount of white matter
lesions subcategorized into the three levels: mild,
moderate, and severe.'® Most of the patients (n=14) in our
study suffered from lesions in their brain areas,
particularly frontal lobe, cingulate gyrus, and splenium of
corpus callosum and putamen with microvascular
changes in these regions (Figure 2). Many studies have
shown that the basal ganglia components such as corpus
callosum and putamen are more susceptible to cytotoxic
damage, which correspond well with our findings. All of
these parts require high energy consumption to have
proper functioning. Thus, the lack of imperative energy
leads to mitochondrial and nuclear dysfunction in these
tissues, particularly in  some conditions like
toxic/metabolic injuries.?* 3% 40 To overcome the
limitations of the previous designs, we increased the
sample size (n = 20) in this study so as to make the results
obtained more reliable. The advantages of this study
include high statistical population, liver function test, and

ABG of all patients, which make the results more
reliable. Nevertheless, some limitations remain also in
this study. Hemodialysis and peritoneal dialysis are one
of the treatments for patients suffering from UE that help
them have a better recovery by removing toxic
compounds. In this study, due to its multicenter design,
we could not follow up patients for dialysis and MRI after
recovery.

In conclusion, the results obtained in the present study
show that the observation and specificity of lentiform
fork sign and basal ganglia involvement in MRI of
uremic encephalopathic patients are a specific finding,
the absence of which, however, does not rule out uremic
encephalopathy. Thus, it is recommended to utilize a
combination of clinical manifestations, laboratory test
results, and imaging findings to make a definitive
diagnosis.
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