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OR I G I NA L ART I C L E
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Abstract
Background: Chronic hepatic encephalopathy (CHE) has been reported both
in patients with congenital porto‐systemic shunts (CPSS) and chronic liver
disease. CHE is difficult to recognize in children as there is no clear definition
and its manifestations are highly variable. CHE is associated with variations in
brain volumes and metabolites that have already been demonstrated using
1.5‐3T MRI systems. However, the in‐depth study of brain metabolism requires
the high spectral resolution of high magnetic fields.
Objectives and Methods: We analyzed the neurometabolic profile, brain
volumes and T1 relaxation times of a child with a CPSS using high field proton
magnetic resonance spectroscopy (1H MRS, 7T) combined with MRI and
compared it to an age‐matched control group. We also evaluated the impact of
shunt closure on neurocognitive symptoms using adapted neuropsychological
tests.
Results: 7T MRS revealed a significant increase in glutamine compared to
controls, a decrease in brain osmolytes, and a slight elevation in NAA
concentrations. 7T MRI scans showed morphological abnormalities but no
changes in the signal intensity of the globus pallidus. Neurocognitive testing
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revealed attention deficit disorder, language difficulties, and mild intellectual
disability. Most of these areas improved after shunt closure.
Conclusions: In this paediatric case of type B HE with normal fasting
ammonia, neurometabolic profile was compatible with what has been
previously shown in chronic liver disease, while also demonstrating an isolated
glutamine peak. In addition, neurocognitive function partially improved after
shunt closure, arguing strongly for shunt closure in both presymptomatic and
symptomatic patients.

KEYWORDS

chronic liver disease, congenital porto‐systemic shunts, hepatic encephalopathy, proton magnetic
resonance spectroscopy

1 | INTRODUCTION

In both adults and children, type B and C hepatic
encephalopathy (HE) are often grouped together for
purposes of studies or clinical management.1 Only, the
major difference between the two is the presence of
associated liver disease in type C. Type B HE is less well
studied, as isolated portosystemic shunting‐ surgical or
congenital‐ is rare. Recently, increasing awareness of
congenital shunts in children and adults has created
opportunities to study isolated portosystemic bypass in
greater detail, without the noise of associated liver
disease.2–6 The rationale for studying type B HE on its
own is that cirrhosis is associated with elevated plasma
ammonia, accepted to be a major metabolic player in HE,
and circulating vasoactive substances, immune mediators
and other neuroactive substances that are now accepted
to contribute to the neurometabolic and neurocognitive
abnormalities observed in patients with chronic liver
disease or cirrhosis.7 Not only are congenital portosys-
temic shunts typically not associated with any significant
liver disease, but fasting plasma ammonia levels are not
very elevated in most patients, creating a unique
opportunity to study the isolated effect of portosystemic
shunting on the brain.3

The improvement of imaging techniques has allowed
the identification of brain abnormalities related to HE,
especially T1 hypersignal of the globus pallidus on MRI.8

The signal intensity of this region is more pronounced in
older children, suggesting that the duration of Chronic
Liver Disease (CLD), is related to HE.9 Other signs of HE
have been reported using MRI such as cortical atrophy or
ventricular enlargement, and alterations in metabolite
concentrations on 1H MR Spectroscopy (1H MRS).8,10–12

In addition, the enhanced resolution of high field magnets
has dramatically improved the understanding of neuro-
metabolism, including in HE.8,13–16 Typically, neurometa-
bolic changes found in adult studies with CLD demon-
strate an increase of the sum glutamine (Gln) and
glutamate (Glu) (at low magnetic field the sum is reported
as Glx=Gln+Glu) and a decrease of myo‐Inositol (Ins),
taurine (Tau), and total choline (tCho).8,17–19 These
changes have also been documented in some children,20

but the number of studies remains small and the spectral
resolution for 1H MRS is often limited by the strength of
the magnetic field used.

In this report, we summarize the neurometabolic
and neuroimaging (brain morphometry and T1 map-
ping) findings of an adolescent female with late
diagnosis of a congenital portosystemic shunt (CPSS),
making use of the unique advantages of highly
resolved MRS and MRI performed on a 7T MRI
scanner. We show that the typical neurometabolic
findings associated with CHE are found in congenital
portosystemic shunting.

1.1 | Clinical case

A 11‐year‐old girl was admitted to hospital for loss of
consciousness, dyspnea and signs of right sided
overload on electrocardiogram. Recent history was

What is Known

• In adults with Chronic Liver Disease (CLD),
brain concentrations in glutamine and gluta-
mate increase while myo‐inositol, taurine and
total choline decrease.

• Plasma ammonia is accepted to be a major
metabolic player in hepatic encephalopathy,
generating an increase in cerebral glutamine.

What is New

• Use of 7 Tesla MRI and 1H MRS to quantify
brain volumes and metabolites in detail is
feasible in a child.

• Congenital porto‐systemic shunts may be
associated with decreased estimated volume
of some deep brain structures compared to
age‐matched controls.

• High field MRS enabled glutamine and gluta-
mate peaks to be isolated.
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remarkable for repeated episodes of dizziness without loss
of consciousness after exercise. Her past medical history
was significant for cognitive, psychomotor and speech
delay as well as resolved neonatal cholestasis, and
hypoglycemia in infancy. At admission, clinical exam
showed a right ventricular heave, a loud second heart
sound and unsteadiness while walking. Measurements
were: weight 31Kg (P25), height 147 cm (P50‐P75), BMI
14.5 kg/m2 (P3‐P10). The lab results showed a slight
elevation of aminotransferase levels without cholestasis
(ALT 37U/I, gGT 85U/I). Plasma ammonia and alpha‐
fetoprotein were within normal range.

An echocardiogram showed severe dilatation of the
right ventricle, pulmonary trunk and pulmonary arteries
without intracardiac shunt, with signs of severe pulmo-
nary arterial hypertension (PAH). Subsequent cardiac
catheterization confirmed severe PAH with a mean
pulmonary artery pressure (mPAP) of 70mmHg (norm:
≤20mmHg) and indexed pulmonary vascular resistance
(PVR) of 17.6WUm2 (norm: <3WUm2).21 Treatment for
PAH was initiated with macitentan and tadalafil. Angio‐
computed tomography scan confirmed a 11mm diameter
porto‐systemic shunt between the spleno‐mesenteric
confluence and the retrohepatic vena cava with a
hypoplastic intrahepatic portal vein (Figure 1).

Five liver nodules were identified on Gadolinium
enhanced MRI: two compatibles with regenerative
nodules, two suggestive of focal nodular hyperplasia
and one nodule of unknown nature. The two most
significant nodules were biopsied: 8.6 cm in segments
VI–VII, and 1.9 cm in segment IV. Nodule biopsy
confirmed one inflammatory hepatocellular adenoma,
with a somatic IL6ST gene mutation, and one mixed
hepatocellular adenoma, with both an exon 3 CTNNB1
mutation, and an IL6ST mutation (mixed bex3 IHCA). Of
note, the IL6ST mutations were different in the two
nodules. Liver biopsy of the non‐nodular liver showed
hypoplastic portal veins, with proliferation and dilatation of
portal lymphatic vessels. Architectural changes, albeit

insufficient for the diagnosis of nodular regenerative
hyperplasia (NRH), and sinusoidal distension were seen.

Closure of the shunt was indicated based on the
severe clinical presentation combining neurological
impairment, PAH and nodules. Before shunt closure
and after written and informed consent, she was
enrolled in a pilot study analyzing neurometabolism
and imaging together with neuropsychological testing
in children with chronic liver disease or portosystemic
shunting,22 the results of which are reported herein.

2 | METHODS

After written and informed consent, the patient underwent
7T MR scans (MAGNETOM 7T; Siemens Healthcare) for
absolute volume and average T1 values (3D MP2RAGE
sequence, TR= 6 s, TE = 2.05ms, TI1 = 0.8 s, TI2 = 2.7 s,
α1 = 4°, α2 = 5°, 0.6 × 0.6 × 0.6mm3 resolution, 320 ×
320 × 256 matrix size, TA = 10min) especially in the
globus pallidus using the MorphoBox prototype,23 while
short echo time 1H MR spectra were acquired in a voxel
located in gray matter dominated prefrontal cortex
(20 × 20 × 25mm3), as described previously.24 Briefly,
the semi‐adiabatic SPECIAL sequence at short echo‐time
(16ms) was used (TR= 6500ms, 2 × 50 averages (i.e.,
acquisitions per spectrum), spectral width of 4000Hz,
2048 points in FID). LCModel25 was used for metabolite
fitting, and metabolite ratios to tCr were reported as the
water content and metabolite T2 relaxation times are not
yet known for the age range investigated in the present
study at 7T. The following metabolites were simulated
using published values of J‐coupling constants, chemical
shifts and included in LCModel basis set: alanine (Ala),
ascorbate (Asc), aspartate (Asp), glycerophosphocholine
(GPC), phosphocholine (PCho), creatine (Cr), phospho-
creatine (PCr), γ‐aminobutyric acid (GABA), glutamine
(Gln), glutamate (Glu), glutathione (GSH), glycine (Gly),
inositol (Ins), lactate (Lac), N‐acetylaspartate (NAA),

F IGURE 1 Left: sagittal plane through the shunt, the spleno‐mesenteric confluence and the inferior vena cava. Middle: axial plane through
the shunt. Right: lower axial plane through the inferior vena cava and the spleno‐mesenteric confluence. Black arrow: portosystemic shunt
between the spleno‐mesenteric confluence and the inferior vena cava. White arrow: spleno‐mesenteric confluence. Arrowhead: inferior
vena cava.
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N‐acetylaspartylglutamate (NAAG), phosphoethanola-
mine (PE), taurine (Tau), glucose (Glc), scyllo‐inositol
(Scyllo), and serine (Ser). PCho and GPC were
expressed only as tCho (PCho +GPC) due to better
accuracy in the estimation of their concentration as a
sum. An in vivo acquired macromolecules spectrum was
also included in LCModel basis set.26 Supporting
Information summarizes the minimum reporting stan-
dards in MRS.27 The study was approved by the
institutional review board (CCER 2017‐01854). Accord-
ingly, she underwent neuropsychological assessment
before and after shunt closure by age‐appropriate
neurocognitive test and by Wechsler Intelligent Scale
for children.24 MRI and MRS results were compared to an
age matched control group24 and neuropsychological
testing to normative data.

3 | RESULTS

High field MRI revealed several structural ab-
normalities (Figure 2A): skull deformation with
plagiocephaly, rarefaction of white matter, sup-
erior vermian atrophy with enlarged transverse
fissures.

1H MRS spectra showed a marked increase of
glutamine (Gln) (241%) and to a lesser extent of
N‐acetylaspartate (NAA) (14%) compared to the age‐
matched control group (Figure 2B). Other metabolites
decreased: myo‐Inositol (Ins) (−17%), taurine (Tau)
(−54%), total choline (tCho, glycerophosphocholine
and phosphocholine (GPC + PCho)) (−26%) and
γ‐aminobutyrate (GABA) (−50%) as shown in
Figure 3A,B and Supporting Information S1: Figure 2.

Brain volume (Figure 3B) was abnormally low
compared to age‐matched control group and heteroge-
nous between the different anatomical regions investi-
gated: hippocampus (−67%), amygdala (−64%), puta-
men (−33%), thalamus (−26%), caudate (−22%), and
pallidum (−21%). 7T brain MRI did not reveal the
expected hyperintensity in the globus pallidus, as
illustrated by comparable mean values in T1 relaxation
time (Figure 3C) between the case and the control
group. The maximal variation between the CPSS
patient and CTR group was 5%.

Extensive neuropsychological assessment before
shunt closure showed attention deficit disorder, slow-
ness in the execution of tasks, dyspraxia, language
difficulties with a limited vocabulary, and mild intellec-
tual disability with an intellectual quotient (IQ) of 69.

F IGURE 2 (A) Representative axial slices MP2RAGE uniform contrast (left), T1maps (middle) and corresponding basal ganglia nuclei
segmentation masks (right) of a female CTR (left) and a female CPSS (right). (B) Representative 1H MRS spectra with corresponding voxel
position and size on anatomical images (green voxel for shimming, yellow voxel for 1H MRS) acquired at 7T in a voxel located in GM
(20 × 20 × 25mm3) dominated prefrontal cortex. Acquisition parameters: semiadiabatic SPECIAL sequence, TE = 16ms, TR = 6500ms, 2 × 50
averages, spectral width of 4000 Hz, 2048 points in FID. No postprocessing was applied except for B0 drift and eddy current corrections. The
main metabolites are labeled on the spectrum acquired in the GM CTR while for the other spectrum only the main metabolites changing are
labeled (Gln +3.4 fold increase; Ins −17% decrease, Tau −54% decrease, GPC+PCho −26% decrease). GM, gray matter dominant.
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Blood workup at the time of neuropsychological
evaluation showed mild GGT elevation at 67U/I and
ammonia within normal range at 27 μmol/I.

Follow up after shunt closure:
Neurocognition: 5 months after shunt closure, the

patient underwent a subset of the neuropsychological tests
she had undergone before closure. They targeted IQ,
receptive language, concentration, and memory. There
was an overall improvement in all scores, especially in
attention and concentration skills, reflected by an IQ score
of 86 (low normal). Anecdotally, both parents and school
reported a much more reactive child, intellectually inter-
ested and receptive to learning. Despite the overall
improvement, residual difficulties persist in verbal and
written expression as well as in memory encoding abilities.

Cardiovascular: She initially had a marked PAH
improvement, with functional class I and cardiac
catheterization 9 months after shunt closure showing
a decrease in mPAP (30mmHg) and indexed PVR
(5.2WUm2). Four years after shunt closure, PAH has
progressed (mPAP: 64mmHg, PVR: 17WU, indexed
PVR: 25WUm2 and NYHA III) in the context of
persistent portal hypertension. At the time of print the
patient is on triple PAH therapy including continuous IV
epoprostenol with the view to perform liver transplant if
haemodynamic criteria are reached.

Follow‐up MRI 2 years after shunt closure revealed
a decrease in the beta‐catenin mutated nodule
(5.4 cm × 4.7 cm × 6.2 cm vs. 7.1 cm × 7.8 cm × 8 cm).
Two nodules remain, reduced in size in segment V
and VI/VII. All other nodules have completely re-
gressed, including the CRP positive nodule.

4 | DISCUSSION

To the best of our knowledge, this study is the first to
quantify brain volumes and metabolites in detail in a child
with CPSS using 7 Tesla MRI and 1H MRS. In this
patient, the high resolution provided by the 7T MRI
highlighted reduced brain volumes and changes in the
neurometabolic profile characterized by an increase of
Gln and a decrease of tCho (GPC+PCho), Tau and Ins
compared to age‐matched controls (CTR). In addition,
NAA concentrations were slightly above the range of an
age‐matched population,24 and in keeping with what has
been reported with children with compensated chronic
liver disease.24 Neurocognitive assessment performed
before and after shunt closure highlighted marked
improvement within the first year after shunt closure,
although we were unable to confirm that this improve-
ment correlated with changes in1H MRS or brain imaging.

(A)

(B) (C)

F IGURE 3 Brain metabolite changes in GM dominant voxel positioned in prefrontal cortex between CTR (black bars, mean ± SD) and CPSS
(white bars, mean ± CRLB) (A), absolute brain volumes in milliliters (mL) (B) and T1 relaxation times in milliseconds (ms) (C) between CTR
(black bars) and CPSS (white bars) in six different brain regions. CPSS, congenital porto‐systemic shunts.
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This case raises four points in regard to type B HE:
brain metabolic profile, brain volumes, normal plasma
ammonia, and the relationship between portosystemic
bypass and neurocognition.

First, the neurometabolic profile in the present
report is compatible with what has been previously
shown in chronic liver disease in both adults and
children, raising the question of the contribution of
portosystemic shunting in type C HE, rather than liver
dysfunction alone. Classically, it is held from high
magnetic field spectroscopy studies in animals that
administration of ammonium is associated with a rapid
and linear increase in brain glutamine.11 In type C HE
animal models15,16,28–30 and CPSS mice,31 the Gln
increase generates an osmolarity change in the brain,
which in turn releases the main brain osmolytes (Ins,
Tau, tCho) to counter the osmotic load.15,18 These
findings have been also observed in humans with type
C HE.32 However, few paediatric studies have ana-
lyzed cerebral metabolic profiles associated with type B
or C HE at high magnetic field. Clinical magnets at 1.5
or 3T offer insufficient resolution for 1H MRS to reliably
distinguish the different metabolic peaks, especially
between glutamine and glutamate. That said, an
increase of Gln+Glu and decrease in Ins, Tau and
tCho has been reported in children with CLD.9,11,19 In
the present study, not only did we demonstrate an
isolated Gln peak by separating Gln from Glu, but we
also showed that unlike previous reports, NAA was
slightly elevated, in keeping with another report in
children with CLD.24 The significance of this novel
finding remains to be elucidated.

Second, the novelty of this report is the volumetric
analysis. In adults, an inverse correlation between the
progression of type C HE and the volumetry of the brain
has been reported,33 while there is no such report in
children. Yet, child development is characterized by
rapid brain growth, especially in the first 2 years of life
during which the structural bases of cognition are
formed.34 It follows that if adults develop brain atrophy
in cirrhosis, structural and functional brain development
in children may be hindered by congenital portosys-
temic shunting, impacting cognition and working
memory among others, two functions of the prefrontal
cortex.35 This is aligned with the observation that
spatial learning is impaired in rats with porto‐systemic
shunts and prefrontal cortex involvement.36 In human
subjects, the reversibility of brain atrophy has been
shown in two clinical scenarios: anorexia nervosa and
biliary atresia.34,37 Whether this extends to patients
born with congenital portosystemic shunts is something
ripe for exploration.

What is intriguing in this case, is that fasting plasma
ammonia measurements were normal, raising two
possibilities. The first, and most likely, is that post-
prandial ammonia may be elevated, that this was
missed by measuring fasting ammonia only, and the

osmotic changes are in fact associated with post-
prandial peaks in plasma ammonia rather than chroni-
cally elevated plasma concentrations. The second is
that other metabolic pathways lead to elevated brain
Gln and osmotic stress in the brain of patients with
CPSS, which would add to our understanding of the
relative role of PS shunting in type C HE.

Finally, although in the present case the brain was
exposed to the absence of hepatic first pass during
essential neurodevelopmental windows, there clearly
was some degree of functional reversibility as revealed
by the neurocognitive progress after shunt closure,
arguing strongly for shunt closure in both pre-
symptomatic and symptomatic patients.

Although this report brings a novel perspective to
the study and understanding of the neurometabolic and
neurocognitive repercussions of portosystemic bypass,
it does present several limitations. First, the neurome-
tabolic profile was only studied in the gray matter of the
PFC, opening the field for further exploration of white
matter and other brain regions. Second, the patient did
have multiple comorbidities requiring treatment, raising
the question of their relative contribution in the
neurometabolic profile. Third, CPSS have been
observed in multiple syndromes; although none was
identified in this patient, it is not out of the question that
her relative microcephaly and morphological abnormal-
ities may be partly syndromic in nature rather than
entirely attributable to portosystemic bypass.38

Although shunt closure resulted in a significant
improvement in cognition after shunt closure, this
cannot be correlated with neurometabolic profile as
further imaging was refused by the family. Larger
paediatric studies are needed to characterize the
cerebral alterations observed in type B HE and their
evolution after shunt closure.

In a paediatric case of type B HE with normal
fasting ammonia, neurometabolism was character-
ized by elevated Gln, decreased Ins, Tau and tCho,
and elevated NAA in the gray matter dominated PFC,
in keeping with reports in adults and children with
type C HE. In addition, brain morphology was
abnormal as shown by volume estimates lower to
age‐matched control group in some deep brain
structures. This unique neurometabolic and morpho-
logical profile was associated with significant cogni-
tive impairment which improved partially after shunt
closure. Further studies are necessary to further our
understanding of portosystemic bypass on brain
development. Specific points of focus should include:
longitudinal analysis of postprandial ammonia levels
in patients with CPSS, use of metabolomics of
peripheral molecules reaching the brain in portosys-
temic bypass, brain regional vulnerabilities to porto-
systemic bypass, susceptible developmental win-
dows, and how to optimize neurocognitive response
to shunt closure.
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