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Various hepatobiliary diseases are accompanied by 
chronic pruritus, which can dramatically reduce the 
quality of life of affected patients. Up to 70% of patients 
with primary biliary cholangitis and primary sclerosing 
cholangitis develop pruritus during the course of their di-
sease (1). The detailed pathophysiology of hepatobiliary 
pruritus remains enigmatic. Levels of the lysophospholi-
pase autotaxin (ATX) correlated with itch intensity and 
response to some therapeutic interventions (2). Rifam-
picin, an oral pregnane X receptor (PXR) agonist has 
proven to inhibit ATX expression in vitro. Clinically, 
rifampicin is employed as a potent second-line treatment 
for cholestatic pruritus, particularly in cases where bile 
acid sequestrants or fibrates prove ineffective (3).

Central nervous processing of pruritus involves the 
thalamus, insular cortex, caudate nucleus, orbitofrontal 
regions, sensory cortex (S2), and periaqueductal gray 
(4). Functional connections between areas of the cen-
tral nervous system can be studied by functional MRI 
(fMRI) (5). Using this technique, it could be proven that 
itch in patients with primary biliary cholangitis changes 
functional connectivities within associated brain areas 
(6). In this exploratory study, we used fMRI for the first 
time in patients with hepatobiliary pruritus before and 
after effective antipruritic therapy. The aim of this study 
was to explore the reversibility of the central nervous 
itch network. 

METHODS

We studied 3 patients (2 patients with PSC and 1 patient with be-
nign recurrent intrahepatic cholestasis [BRIC]) with moderate to 
severe intensity of hepatobiliary pruritus despite ongoing therapy 
with cholestyramine. Anion exchange resin therapy was stopped 
and rifampicin started at doses of 150–300 mg once daily. The 
first fMRI session was performed the day before therapy started; 
the second fMRI session was after 4 weeks of therapy. Table I 
summarizes patient characteristics.

Itch intensity was quantified before and after therapy using a 
visual analogue scale, which ranged from 0 (no itch) to 10 (worst 
imaginable itch). Both the average intensity and the worst itch 
intensity were recorded.

MR imaging was performed on a 3 T Siemens MAGNETOM 
Trio Tim scanner (Siemens, Erlangen, Germany). To minimize 
head motions, subjects’ heads were fixed with rubber pads: partici-

pants were instructed to keep their eyes closed, and ear plugs were 
provided for noise reduction. Functional imaging was conducted 
using the echo planar imaging (EPI) sequence, acquiring 110 
whole-brain T2*-weighted images of the cortex with a temporal 
resolution of 3 s. The resting state was assessed from these blood-
oxygen-level-dependent (BOLD) sensitive MRIs in the absence 
of external stimulation. 

The strength of functional connectivity between brain regions 
was measured by the correlation of the BOLD signal. Previous 
findings have demonstrated that the left posterior insular cortex 
(IC), the left thalamus, and the periaqueductal gray (PAG) repre-
sent key regions in the central processing of pruritic input The 
posterior IC is probably the most important projection field of the 
afferent pathway from peripheral C-fibres to the cerebral cortex 
and receives input from the thalamus. The PAG, in turn, consti-
tutes a central region of the descending modulation of both itch 
and pain (6). On this basis, those regions were selected a priori as 
reference (seed regions) for the present analysis (7). Prior to the 
analysis, the individual BOLD signals were extracted from these 
regions and used as predictors to perform general linear models 
analyses. This resulted in statistical T-values that described the 
strength of the connectivity between the reference region and the 
analysed regions (endpoints). In a second analysis, the changes 
in these connectivities (contrasts) under successful therapy were 
determined. All postprocessing and statistical analyses were per-
formed using BrainVoyager QX 2.6 (Brain Innovation, Maastricht, 
The Netherlands).

The significance threshold was adjusted using the Bonfer-
roni correction according to the number of endpoints analysed: 
number of connectivities studied (n = 28) x number of analyses 
per connectivity (n = 3; before treatment, after treatment, cont-

Table I. Patient characteristics

Patient characteristics Mean±SD [range]

Age (years) 37 [28–45]
Sex 
• Female
• Male

1
2

Pruritus (VAS)
• Worst itch within the last 4 weeks

o Before treatment
o After treatment

• Average itch within the last 4 weeks
o Before treatment
o After treatment

•  Itch within the last 24 h
o Before treatment
o After treatment

9.1 ± 0.9
5.8 ± 1.8

6.7 ± 0.4
2.8 ± 1.3

6.3 ± 1.2
1.0 ± 1.1

Laboratory parameters (baseline)
• ALT (U/L)
• AST (U/L)
• GGT (U/L)
• AP (U/L)
• Bilirubin (U/L)

190 ± 156 [82–370]
105 ± 52 [68–165]
66 ± 15 [50–81]
302 ± 159 [147–465]
2.5 ± 1.7 [0.9–4.3]
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rast of both measurements) = 81 (p = 0.000596; critical T-value: 
±4.3320).

RESULTS

Rifampicin at doses of 150–300 mg once daily strongly 
ameliorated pruritus within 4 weeks of treatment. The 
worst-itch intensity dropped from 9.1 to 5.8 (Fig. 1A). 

Similarly, itch intensity within the last 24h declined from 
6.3 to 1.0 (Fig 1B). None of the patients reported any 
adverse events. 

Functional connectivities involved in pruritus in-
creased between various areas of the CNS after success-
ful antipruritic therapy. Compared with pre-treatment, 
connectivities increased between the seed region tha-
lamus and orbitofrontal region (left), anterior cingulate 
cortex, caudate (bilateral), and posterior insular cortex 
(bilateral). Similarly, the connectivities between the seed 
region left insular cortex and the orbitofrontal region 
(bilateral), anterior cingulate cortex, caudate (bilateral), 
and insula increased after therapy. Finally, we observed 
significant increases in connectivity between the PAG 
and the thalamus (right) and the posterior insular cortex 
(bilateral). Intriguingly, we did not observe any signi-
ficant changes in the connectivities to the secondary 
somatosensory cortex (S2) (Fig. 2). 

DISCUSSION

Chronic hepatobiliary pruritus is a debilitating symptom 
in many hepatobiliary disorders, particularly those with 
cholestatic features. Effective therapeutic options are 
limited, but rifampicin has proven efficacy in several pla-
cebo-controlled trials with complete or partial remission 
in 77% of cases (8). Rifampicin therapy also ameliorated 
pruritus in our study and was accompanied by increased 

Fig. 1. Intensity of itch before and after treatment with rifampicin. (A) 
Worst pruritus intensity within the last 4 weeks before and after treatment 
with rifampicin. (B) Itch intensity 24 h before pre- and post-therapeutic 
fMRI. VAS: visual analogue scale, n = 3.

Fig. 2. Strength and changes (contrasts) of connectivities between brain regions before and after antipruritic therapy using the reference 
regions thalamus (left), posterior insula (left), and periductal gray (PAG). A positive value of the contrasts depicts an increase in connectivity 
between the seed region and the respective region after therapy. The dotted and dashed lines mark the statistical thresholds. Bars outside of this corridor 
are statistically significant. For those areas contrast of BOLD signals before and after treatment are shown. The height of the cross-section is defined by 
the z-coordinate according to the Talairach coordinate system. r: right, l: left, OFR: orbitofrontal region, ACC: anterior cingulate cortex, Caud: cauda, 
IC: insular cortex, S2: somatosensory cortex S2, Thal: thalamus, n = 3.

http://medicaljournalssweden.se/actadv
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connectivities between CNS areas involved in pruritus. 
It has been reported that patients with chronic pruritus 

secondary to atopic dermatitis have reduced connectivi-
ties between CNS areas involved in pruritus (9). There 
is evidence that this association is also found in hepato-
biliary pruritus and could be a kind of central sensitiza-
tion to itch similar to a central sensitization for chronic 
pain (6, 10). The augmented connectivity between CNS 
regions involved in pruritus after effective therapy with 
rifampicin could thus be interpreted as a reconstitution of 
the original status. The data from this proof of principle 
study suggest that image morphology correlates with 
reversibility of hepatobiliary pruritus. Given the absence 
of established objective biomarkers for itch intensity and 
its modulation during therapy, the application of fMRI 
may provide particular value in the context of clinical 
trials. Nevertheless, fMRI should not be regarded as a 
replacement for clinical rating scales but rather as an 
objective and complementary tool to support and enrich 
patient-reported outcomes.

Our preliminary study is limited due to low patient 
numbers and the use of a single anti-pruritic therapy. We 
cannot fully exclude an off-target effect of rifampicin 
on the CNS independent of the reduction of pruritus. 
However, the highly significant results in only 3 patients 
studied underline a strong effect. A potential influence 
of habituation on the results of the second fMRI mea-
surement cannot be ruled out. Further comprehensive 
studies with larger patient numbers, a control group, 
and use of multiple antipruritic agents are warranted to 
confirm these results. 

In conclusion, our data suggest for the first time 
reversibility of central nervous changes after effective 
therapy for hepatobiliary pruritus. Functional connecti-
vity investigated by fMRI could be suitable to objectify 
response to anti-pruritic therapies in clinical trials. Our 
data warrant further investigations of these brain-imaging 
studies in lager cohorts.
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