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Magnetic resonance spectroscopy: A surrogate marker
of hepatic encephalopathy?
r:
hysiology of hepatic encephalopathy (HE) is still
l but the major role of systemic inflammation in
with hyperammonemia is proven.1 An intermediate
related to the degradation of ammonia into glu-
e the liver function is compromised, only muscle
rocytes are able to produce glutamine through their
synthetase expression. It is noticeable that the
muscle mass could constitute a triggering event in
ce and that glutamine induces the astrocytic cyto-
responsible for altered astrocyte functioning. Other
d further contribute to this pathophysiology: bile
ptans, benzodiazepine-like components responsible
dysfunction, altered neurotransmission (glutamate

one modulation), energy failure or impaired waist
tside the brain.2

etic resonance spectroscopy (MRS) provides a
nique able to provide metabolomic spectra in any
me of cerebral tissue (voxel). Thus, a specific MRS
as been described by Cordoba et al.,3 which includes
in the glutamine/glutamate level and a decrease in
and choline levels, in compensation for glutamine
er. The availability of higher magnetic fields has

earchers to better separate close peaks in the spec-
aissant et al. provide,4 in a validated animal model
liary duct ligation model,5 a very precise description
file and its time-course over several weeks by using
RI, compared to the classical 1.5 Tesla MRI that has

n previous studies. By taking advantage of this, the
e able to describe the sequential abnormalities that
he spectra, to separate glutamine from glutamate
o study some other compounds such as ascorbate,
found decreased in HE. We previously suggested,
metabolomic study of cerebrospinal fluid, that

re could participate in HE pathophysiology, but we
any abnormality in ascorbate concentrations.6 Like

cs, MRS could be a useful tool to study HE metabolic
volved in vivo in humans. Moreover, as opposed to
al fluid metabolomics assessment, which is unethi-
efore not feasible, MRS could become a non-invasive
arker for the evaluation of HE treatment strategies,
using high field magnets that enable a quantitative
of the different peaks. So far, MRS parameters
shown to be influenced by changes in patient’s
l status7 and therapeutic strategies, like transhep-
gular portosystemic shunt placement or liver
ion, for example.8,9 Currently, MRS is not used as
tool for HE in clinical practice, whereas it could

specially in minimal HE (MHE) where no gold-stan-
gnosis is available.10

We report here our real-life experience of MRS in our outpa-
tient clinics, where cirrhotic patients are explored when HE is
suspected. MRS were performed on a 3 Tesla MRI and MRS vox-
els were placed in the corona radiata. The final radiological
interpretation was reviewed. A post-treatment analysis quanti-
fied glutamine, glutamate, N-acetyl-aspartate, choline and
myoinositol levels reported to the level of creatine. The majority
of patients underwent a clinical examination by a neurologist,
psychometric tests (critical flicker frequency and/or psychome-
tric hepatic encephalopathy score) and had their ammonia
levels tested. The diagnosis of MHE was made by an adjudica-
tion committee made up of 2 experts (DT, NW). Patients in
whom consensus could not be achieved were excluded.

Between February 2013 and April 2016, 51 cirrhotic patients
were referred to our outpatient clinics to assess the presence of
MHE. The etiology of cirrhosis was alcohol 35%, metabolic syn-
drome 13%, viral 26%, mixed 23%, other 3%. The median model
for end-stage liver disease score was 10 [7–12]. Seven patients
were excluded because consensus for diagnosis was not
reached. In the remaining patients, according to the experts,
50% had an MHE and 50% did not. Among them, 31 underwent
brain MRI with MRS; 20 displaying MHE and 11 without. Med-
ian age was 60 years (54–62) (Table 1). Whereas T1-weighted
hypersignals in both pallidum were found in 18 (58%) on MRI,
MRS showed an HE profile in 19 (61%). Nineteen (95%) MHE
patients had typical MRS HE profiles according to the radiolog-
ical interpretation. Whereas glutamine/creatine and glutamate/
creatine levels were increased in patients with MHE, myoinosi-
tol/creatine levels were decreased. Choline/creatine levels were
not modified significantly.

Our preliminary results confirm Braissant et al.’s results and
suggest that MRS could outperform other available tools to
diagnose MHE. In the field of multiple sclerosis, major therapeu-
tic advances have been made in the last decades and many
others are expected. This progress would not have been possible
without the development and validation of a surrogate marker
of the disease by brain MRI, i.e. the annualized number of new
lesions. In addition to its potential diagnostic use, MRS could
also be a valuable tool to assess the efficacy of treatments in cir-
rhotic patients with HE. The availability of such a surrogate
marker could boost the development of new therapeutic
strategies.
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Table 1. Baseline characteristics.

Total population
n = 31

MHE
n = 20

No MHE
n = 11

p

Age, years 60 (54–62) 61 (54–64) 56 (54–61) 0.49
Sex ratio, men/women 1.8 1.2 4.5 0.24
Previous medical history
Ascites, n (%) 22 (71) 15 (75) 7 (63) 0.66
Upper gastrointestinal bleeding, n (%) 10 (32) 5 (25) 5 (45) 0.36
Overt HE, n (%) 15 (48) 9 (45) 6 (55) 0.72

Treatment, n (%)
TIPS 6 (19) 6 (30) 0 (0) 0.07
Lactulose or rifaximin 14 (45) 12 (60) 2 (18) 0.06

Biology
Bilirubin, lmol/L 26 (17–39) 27 (21–38) 17 (13–37) 0.19
Albumin, g/L 35 (31–38) 39 (36–40) 32 (28–35) 0.001
Prothrombin time, % 65 (57–80) 61 (57–66) 87 (78–93) 0.008
INR, % 1.3 (1.2–1.5) 1.4 (1.3–1.5) 1.1 (1.1–1.2) 0.007
MELD 10 (7–12) 11 (9–12) 7 (5–10) 0.15
Creatinine, lmol/L 68 (57–83) 62 (57–79) 83 (61–92) 0.17

HE work-up
Ammonia, lmol/L 57 (44–96) 69 (55–112) 45 (36–54) 0.009
Ammonia ≥50 lmol/L 20 (65) 17 (85) 3 (27) 0.009
CFF, Hz 40.1 (33.4–46.1) 41.2 (33.9–45.4) 37.6 (33.6–46.0) 0.83
MMSE, points 26 (21–30) 24 (21–29) 28 (25–30) 0.54
MOCA, points 23 (20–27) 22 (19–24) 27 (27–29) 0.14
PHES –2.5 (–2.0 to –4.8) –3 (–2.0 to –7.0) –2 (–2.0 to –3.0) 0.76

Brain MRI
T1 hypersignals of pallidum, n (%) 18 (58) 16 (80) 2 (18) <0.001
MRS HE spectra, n (%) 19 (61) 19 (95) 0 (0) <0.001
MRS peaks
NAA/Cr 1.56 (1.50–1.62) 1.60 (1.53–1.64) 1.51 (1.44–1.55) 0.017
Glu/Cr 0.74 (0.68–0.80) 0.79 (0.72–0.84) 0.66 (0.61–0.68) 0.001
Glx/Cr 0.83 (0.78–0.92) 0.87 (0.82–0.99) 0.78 (0.66–0.80) 0.010
tCho/Cr 0.83 (0.79–0.87) 0.82 (0.78–0.85) 0.86 (0.82–0.98) 0.130
mIns/Cr 0.64 (0.56–0.75) 0.58 (0.53–0.64) 0.77 (0.72–0.93) 0.001

CFF, critical flicker frequency test; Cr, creatine-phosphocreatine; Glu, glutamate; Glx, glutamine + glutamate; HE, hepatic encephalopathy; INR, international normalized
ratio; MELD, model for end-stage liver disease; MHE, minimal hepatic encephalopathy; mIns, myo-inositol; MMSE, mini mental state examination; MOCA, Montreal
cognitive assessment; MRS, magnetic resonance spectroscopy; n.a., not applicable; NAA, N-acetyl-aspartate; PHES, psychometric hepatic encephalopathy score; tCho, total
choline; TIPS, transhepatic intrajugular portosystemic shunt.
All results are expressed as median and inter-quartile intervals for quantitative variables and as absolute values and percentages for qualitative variables. We compared
patients between the 2 groups by using non-parametric tests (Mann-Whitney-Wilcoxon for quantitative variables or Chi-square and Fisher exact tests for qualitative
variables).
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Reply to: ‘‘Magnetic resonance spectroscopy:
A surrogate marker of hepatic encephalopathy?’’

To the Editor:
We have read the Letter by Hermann et al.1 in detail in which
they summarize their 1H-MRS findings in a cohort of adult
patients with cirrhosis. Their study suggests that abnormal
1H-MRS using clinically available magnets is highly predictive
of abnormal psychometric tests in a population with compen-
sated liver disease (median model for end-stage liver disease
score of 10). What’s more, an abnormal spectrum appeared to
be more predictive of HE than the hallmark finding of hyperin-
tense signal in the T1 weighted sequences. We are confident
that this interesting clinical observation is auspicious for forth-
coming studies using higher resolution spectroscopy, following
the advent of 7 Tesla magnets in the clinical arena, which will
lead to the detection of additional metabolites, as shown by
our pre-clinical study performed at 9.4 Tesla.2 Finally, a series
of consensus recommendations on clinical 1H-MRS are now
available,3,4 recommending appropriate methodology to
improve the quality of future MRS studies and increase MRS
standardization, with the final aim of improving the clinical
utility of MRS.
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