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Abstract: Primary biliary cholangitis (PBC) is an autoimmune cholestatic liver disease characterized by a breakdown of 

immune tolerance to mitochondrial and nuclear antigens, causing injury to the biliary epithelial cells. Fatigue is the commonest 

reported symptom in PBC and has a negative impact on patients' perceived quality of life, often through social isolation. It is 

unrelated to the severity of liver disease and appears unresponsive to current therapies, including ursodeoxycholic acid and 

transplantation. Fatigue in PBC is complex, with numerous associated peripheral and central nervous system (CNS) features. 

Initially, cholestasis causes degenerative CNS change affecting areas of the brain regulating autonomic dysfunction and sleep, 

and these changes lead directly to some manifestations of fatigue and the associated cognitive impairment. The aim of the 

study was to examine global cerebral blood flow with brain perfusion scintigraphy SPECT in well-defined group of PBC 

Caucasian patients with verbally reported fatigue. Twenty consecutive PBC female patients (median age 58.9, ranges 38-80; 4 

cirrhotic) with mean duration of the disease 3.3 years, were prospectively enrolled into the study. Fatigue Impact Scale (FIS) 

questionnaire was administered to every patients at the moment of brain examination. Brain perfusion scintigraphy SPECT was 

performed after intravenous injection of 760-800 MBq of technetium
99m

 labeled exametazime (
99m

Tc –HMPAO). Then patients 

were examined using double head gamma camera system, and data were analyzed with dedicated nuclear medicine software. 

In analyzed cohort the median FIS score was 70.5 points (ranges 21-160), which was higher than previously reported. There 

were no correlation between age of patients at the SPECT/FIS examination, duration of the disease, the presence of liver 

cirrhosis, Mayo Risk Score, and FIS domains: Cognitive, Physical and Social, as well as with brain blood flow. However, 

positive correlation between Cognitive dimension of FIS measure and right frontal lobe perfusion impairment assessed with 

SPECT technic (p<0.05) was found. The results of this study showed that right lobe perfusion impairment might impact brain 

function in PBC. Cognitive dimension was stage-independent symptom in analyzed cohort, and cognitive impairment might 

be, in turn, associated with functional brain lesion. 

Keywords: Brain Perfusion Scintigraphy, Primary Biliary Cholangitis (PBC), Fatigue, Cognitive Impairment 

 

1. Introduction 

Primary biliary cholangitis (formerly primary biliary 

cirrhosis, PBC) is a chronic, cholestatic, autoimmune liver 

disease, affecting mainly middle age women. Management of 

PBC has traditionally focused on preventing advanced 

disease, liver failure, and cirrhosis. However, patients often 

experience profound fatigue, memory impairment, and 

excessive daytime somnolence which are seemingly 
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unrelated to the disease severity. The processes underpinning 

these symptoms are unknown, and there are currently no 

effective treatments. Fatigue affects between 60% and 80% 

of PBC patients, with impairment of their quality of life and 

their perception of their own mental health; it is not related to 

exercise, nor is it improved by rest [1-3]. The combination of 

fatigue, cognitive symptoms, and sleep disturbances points to 

central nervous system dysfunction as a contributing factors 

[4]. There are some evidences that fatigue in PBC is 

associated with abnormalities of autonomic function (e.g. 

baroreflex sensitivity, heart rate variability, blood pressure 

regulation, orthostatic intolerance) [5-8]. Brain change can 

occur in PBC, potentially as a result of cholestatic and/or 

inflammatory processes. This change is linked to systemic 

symptoms of fatigue and cognitive impairment. The fatigue 

phenotype appears to be highly stable and its presence is 

independently associated with a significantly risk of death in 

general, and cardiac death in particular [9, 10]. It might not 

disappeared after liver transplantation [11]. The aim of the 

study was to examine global cerebral blood flow with single-

photon emission computed tomography (SPECT) brain 

perfusion scintigraphy in well-defined group of PBC 

Caucasian patients with verbally reported fatigue. 

2. Patients and Methods 

Twenty consecutive PBC female patients (mean age 58.9 ± 

10.2 years) with mean duration of the disease 3.3 years, were 

prospectively enrolled into the study. PBC was diagnosed 

according to the latest guidelines issued by the European 

Association for the Study of the Liver. All the participant 

verbally reported chronic fatigue. In four (20%) liver 

cirrhosis was diagnosed. Their clinical data are summarized 

in table 1. 

Table 1. Clinical characteristics of the study group. 

 Median (ranges) Mean + SD 

Age at diagnosis (years) 54 (37 – 78) 55.6 ± 9.6 

Age at examination (years) 60 (38 – 80) 58.9 ± 10.2 

Mayo Risk Score (points) 4.27 (2.42 – 7.72) 4.475 ± 1.448 

Cognitive dimension FIS (points) 13.5 (3 – 40) 16.5 ± 9.6 

Physical dimension FIS (points) 19.5 (4 – 40) 20.8 ± 8.9 

Social dimension FIS (points) 28.5 (9 – 80) 33.2 ± 17.9 

FIS total score (points) 61.5 (3 – 80) 70.5 ± 36.4 

2.1. Fatigue Impact Scale 

Fatigue Impact Scale (FIS) questionnaire was administered 

to every patients at the moment of brain SPECT examination. 

FIS measure was developed and validated in patients witch 

chronic fatigue syndrome [12] and PBC [13], and consisted 

of 40 questions to evaluate the impact of perceived fatigue 

during the last month on 3 subscales: physical, cognitive and 

psychosocial. Each item uses a 5-grade scale with higher 

scores denoting increased fatigue. Fatigue Impact Scale was 

applied in many studies regarding fatigue in PBC patients [1, 

10, 14-23]. 

2.2. Single-Photon Emission Computed Tomography 

(SPECT) 

Brain perfusion scintigraphy was performed after 

intravenous injection of 760-800 MBq of 
99m

Tc - HmPAO. 

Prior to injection radiochemical purity was controlled using 

chromatography and yield of labeling was more than 95%. 

After 20-30 minutes post injection patients were examined 

using double head gamma camera system (Infinia Hawkeye 

4, GE). Acquisitions parameters were: matrix 128 X 128 

pixels, 20 seconds per view, 64 views. Raw data was 

reconstructed with Filtered Back Projection (FBP) and 

analyzed with nuclear medicine dedicated neurological 

software (Neuro Gam, Segami). 

2.3. Ethics 

Appropriate informed consent was obtained from each 

patient included in the study. The study protocol was 

approved by the ethics committee of Pomeranian Medical 

University and confronts with the ethical guidelines of the 

1975 Declaration of Helsinki (6th revision, 2008). 

2.4. Statistics 

All values were shown as median (and ranges), and mean 

± SD. All statistical tests were performed in SPSS 15.0 

program. To determine whether there is correlation between 

the different domains of FIS tool, and between age and 

laboratory measures, the Spearman’s correlation coefficient 

was calculated and p values less than 0.05 were considered 

statistically significant. 

3. Results and Discussion 

3.1. Results 

In analyzed cohort the median FIS score was 70.5 points 

(ranges 21-160), which was higher than previously reported 

[16-19, 22, 23]. There were no correlation between age of 

patients at the SPECT/FIS examination, duration of the 

disease, the presence of liver cirrhosis, Mayo Risk Score, and 

FIS domains: Cognitive (mean 16.5 ± 9.6 points), Physical 

(20.8 ± 8.9 points) and Social (33.2 ± 17.9 points), as well as 

with brain blood flow. However, positive correlation between 

Cognitive dimension of FIS measure and decreased right 

frontal lobe perfusion assessed with SPECT technic (p = 

0.026) was found. 

3.2. Discussion 

SPECT brain perfusion scintigraphy showed the reduction 

of right frontal lobe brain perfusion. This finding was 

associated with cognitive dimension in PBC chronically 

fatigued female patients. 

Fatigue is a significant problem in approximately 50% of 

primary biliary cholangitis patients, impacting their quality of 

life together with the presence of social dysfunction that 

accompanies fatigue. The pathogenesis of fatigue remains 
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unclear, this symptom is unrelated to the PBC severity and is 

unresponsive to ursodeoxycholic acid treatment as well as 

liver transplantation. The complex and multifactorial origin 

of fatigue is supported with association with depression, 

autonomic dysfunction and sleep disturbances. It is 

postulated that chronic cholestasis and inflammation impact 

autonomic centers in central nervous system leading to 

cognitive impairments and sleep disturbances. The 

neuroimaging abnormalities suggest that the brain changes 

seen in PBC occur early in the pathological process, even 

before significant liver damage has occurred [24, 25]. 

Cognitive impairment in PBC patients was previously 

reported by groups of Raszeja-Wyszomirska et al. [26] and 

Newton et al. [27] as the symptom independent of liver 

disease severity and associated with poorer performance on 

objective cognitive testing. Cognitive impairment was, in 

turn, associated with structural brain lesions and autonomic 

dysfunction, which might predict risk of cognitive decline in 

the study of Newton et al. [27] 

Brain perfusion scintigraphy provides dynamic, functional 

measures of brain function based on regional cerebral blood 

flow and tracer accumulation in brain grey matter compared 

with the static, structural data provided by conventional 

computerized axial tomography or magnetic resonance imaging 

(MRI). Mental fatigue was related to brain activity during the 

fatiguing cognitive task and significant positive relationships 

were found for cerebellar, temporal, cingulate and frontal 

regions on MRI [28]. Neuroimaging research in chronic fatigue 

has found white matter lesions in the frontal area on MRI and 

cerebral hypoperfusion in the brain stem on SPECT [29], 

although hypoperfusion has been found in several brain regions, 

and the findings varied across research centers. Patients with 

fatigue and without comorbid psychopathology have been found 

to have more white matter lesions on MRI [30], and more brain 

stem hypoperfusion [31]. Fischler et al. found positive 

associations between frontal blood flow, objective and 

subjective measure of cognitive function, and depressive 

symptoms [32]. However, these findings were not supported by 

the result of the other study with SPECT brain perfusion 

scintigraphy [25]. SPECT abnormalities occur more frequently 

and in greater numbers than MR abnormalities in patients with 

chronic fatigue syndrome [33], but there are no study regarding 

SPECT scanning of cerebral blood flow in PBC patients with 

fatigue to date. 

The study group consisted of females with chronic fatigue 

in the course of PBC, and, of importance, previous cerebral 

perfusion studies of normal subjects indicated that flow is 

higher in women than in men [34]. Patients with chronic 

fatigue had reduced global cerebral blood flow in Yoshiuchi 

et al. study [35], supported the previous results regarding 

global hypoperfusion using SPECT brain imaging [33, 36]. 

Chronically fatigued patients had decreased blood flow in 

bilateral middle cerebral artery territories with increased 

perfusion in cerebellum [25, 31]. Thus, the result of the 

recent study, together with the results of Carbone et al. study 

[37] pointed to possible new aspects of fatigue in PBC, i.e. 

higher brain sensitivity to reduced blood flow in female 

patients. This hypothesis might be supported with the result 

of Ahboucha et al. study. They showed that plasma levels of 

progesterone metabolites were significantly higher in PBC 

patients and in those with fatigue in particular. Some of 

progesterone metabolites are positive allosteric modulators of 

the gamma-aminobutyric acid type A (GABA-A) receptor 

and readily cross the blood–brain barrier. It might be that 

increased inhibition through GABA-A receptors due to the 

accumulation of neuroinhibitory steroids may represent an 

important pathophysiological mechanism of fatigue in 

chronic liver diseases [14]. 

Paired-pulse trans-cranial magnetic stimulation showed, 

that PBC patients had a significantly lower central 

activation before fatiguing exercise and transplanted and 

non-transplanted patients show similar abnormalities [4]. 

This finding pointed to potentially irreversible and 

progressive brain impairment in PBC patients, and it was 

supported with the results of the other studies. Newton et 

al. and Firth et al. noticed that cognitive symptoms 

(memory and concentration) were prevalent in PBC 

independently of liver disease severity [27, 38], similarly to 

findings from this recent study. On the other hand cognitive 

impairment indicated the role of autonomic dysfunction. 

Hollingsworth et al. showed the presence of increased 

cerebral vascular resistance and abnormal cerebral 

autoregulation in PBC patients, with a potentially important 

association between the degree of abnormality in structural 

changes in the globus pallidus. These findings suggested 

that organic brain injury in PBC might be directly related to 

autonomic dysfunction [39]. 

4. Conclusion 

Chronic fatigue is one of the most debilitating symptom 

in primary biliary cholangitis affecting a large number of 

patients. Cholestatic or inflammatory process is linked to 

systemic symptoms of fatigue and cognitive impairment in 

PBC. SPECT brain perfusion scintigraphy seems to be 

useful diagnostic tool in chronically fatigued patients. The 

results of this pilot study confirmed central nervous system 

origin of cognitive dimension in PBC patients, 

independently from severity of liver disease. Right lobe 

perfusion impairment might impact brain function, and 

cognitive impairment might be, in turn, associated with 

functional brain lesion. 
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