Research Article

r Portuguese Journal of
Gastroenterology

GE Port J Gastroenterol 2020;27:391-403
DOI: 10.1159/000507225

Role of Brain Biomarkers S-100-Beta and
Neuron-Specific Enolase for Detection and
Follow-Up of Hepatic Encephalopathy in
Cirrhosis before, during and after Treatment
with L-Ornithine-L-Aspartate

Hendrik Strebel®>® Bernhard Haller Maximilian Sohn® Wolfgang Schepp?
Felix Gundling® €

2Department of Gastroenterology, Hepatology and Gastrointestinal Oncology, Bogenhausen Academic Teaching
Hospital, Technical University of Munich, Munich, Germany; ®Department for Internal Medicine I, Elblandklinikum,

Received: December 7,2019
Accepted: March 8, 2020
Published online: April 21, 2020

MeiBen, Germany; “Institute of Medical Informatics, Statistics and Epidemiology, Klinikum rechts der Isar,
Technische Universitit Miinchen, Munich, Germany; 9Klinik fiir Allgemein-, Viszeral-, Endokrine und
Minimal-invasive Chirurgie, Klinikum Bogenhausen, Technische Universitdt Miinchen, Munich, Germany;
€Department for Gastroenterology, Diabetics and Endocrinology, Kemperhof Hospital, Gemeinschaftsklinikum

Mittelrhein, Koblenz, Germany

Cirrhosis - Critical flicker frequency - Hepatic
encephalopathy - L-ornithine-L-aspartate - Neuron-specific
enolase - PSE-testing - S-100-beta - West-Haven criteria

Introduction: Hepatic encephalopathy (HE), in the context
of liver cirrhosis, seems to result from low-grade cerebral
edema of the astrocytes. Serum brain biomarkers S-100-beta
und neuron-specific enolase (NSE) are often elevated in
brain injury. We hypothesized that neuromarkers S-100-beta
and NSE can be used in the diagnosis of HE, compared with
standardized diagnostic tools. Material and Methods: A
prospective non-randomized intervention study was per-
formed using L-ornithine-L-aspartate (LOLA) for HE treat-
ment. Primary endpoint was the evaluation of neuromarkers

S-100-beta and NSE for detection and diagnosis of follow-up
of HE. As secondary endpoints, the efficacy of LOLA on the
course of HE and the diagnostic role of Portosystemic-En-
cephalopathy-Syndrome score (PHES) and critical flicker fre-
quency (CFF) were analyzed. For diagnosis of covert (CHE)
and overt (OHE) HE, West-Haven criteria (WHC), PHES and
CFF were assessed at study entry. LOLA was applied (20 gi.v.)
for 6 days. At the end of the study, HE evaluation was repeat-
ed. S-100-beta, NSE and ammonia were assessed in each pa-
tient before, during and after therapy with LOLA. Results: 30
patients were included. At study entry, CHE was diagnosed
in 50% and OHE in 50% of all subjects. A total of 25 partici-
pants completed the study. After LOLA therapy, deteriora-
tion of HE occurred in <11%, while most patients showed
improvement (e.g.improved CFF in 79%). No significant cor-
relation with HE severity (as diagnosed by WHC, PHES and
CFF) could be demonstrated for any biochemical parameter.
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In addition, there were no significant changes in brain bio-
markers during the treatment period. Discussion: While CFF
as well as PHES showed good correlation with treatment re-
sponse, S-100-beta and NSE did not significantly correlate
with HE severity compared to proven diagnostic methods,
and do not seem reliable biochemical markers for the follow-

up under thera py. © 2020 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

Papel dos biomarcadores cerebrais S-100-beta

e enolase neurdnio-especifica para a detecao e
vigilancia da encefalopatia hepatica na cirrose
antes, durante e apos terapéutica com L-ornitina-
L-aspartato
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Resumo

Introducao: A encefalopatia hepatica (EH) na cirrose é vis-
ta como o resultado de edema cerebral de baixo grau dos
astrocitos. Biomarcadores cerebrais serol6gicos S-100-be-
ta e enolase neurénio-especifica (NSE) estao frequente-
mente elevados na lesao cerebral. A nossa hipotese é que
os neuromarcadores S-100-beta e NSE podem ser usados
no diagnostico de EH, quando comparados com os meios
diagnésticos standard. Material e Métodos: Estudo pro-
spectivo ndo randomizado foi realizado usando L-orniti-
na-L-aspartato (LOLA) no tratamento da EH. O endpoint
primario foi a avaliacdo dos neuromarcadores S-100-beta
e NSE para a detecdo e vigilancia da EH. Foram endpoints
secundarios a eficacia da LOLA no curso da EH e o papel
diagnéstico do Portosystemic-Encephalopathy-Syndrome
score (PHES) e do critical flicker frequency (CFF). Para o di-
agnostico de EH oculta (EHO) ou declarada (EHD) foram
avaliados os West-Haven criteria (WHC), PHES e CFF a en-
trada do estudo. LOLA foi administrada (20 g ev) por 6
dias. No fim do estudo os testes de EH foram repetidos. Os
niveis de S-100-beta, NSE e amodnia foram avaliados em
todos os doentes antes, durante e apds a terapéutica com
LOLA. Resultados: Foram incluidos 30 doentes no estudo.
A entrada EHO foi diagnosticada em 50% e EHD nos res-
tantes 50% dos participantes. Um total de 25 doentes
completaram o estudo. Apds a terapéutica com LOLA,
verificou-se deterioracdao da EH em <11%, enquanto a
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maioria dos doentes melhorou (melhoria CFF em 79%).
Nao se demonstrou nenhuma correlacao significativa
com a gravidade da EH (tendo em conta os WHC, PHES e
CFF) para nenhum dos parametros bioquimicos. Para
além disso, ndo se demonstraram variades significativa
nos biomarcadores cerebrais durante o periodo de trata-
mento. Discussdo: Apesar do CFF e do PHES apresentar-
em boacorrelagdo comarespostaterapéutica,aS-100-be-
ta e a NSE nao se correlacionaram significativamente com
a gravidade da EH quando comparado com os outros mé-
todos diagnosticos standard, ndo parecendo ser marca-
dores bioquimicos Uteos para a vigilancia da resposta te-

rapéutica. © 2020 Sociedade Portuguesa de Gastrenterologia

Publicado por S. Karger AG, Basel

Hepatic encephalopathy (HE) is one of the major
complications of liver cirrhosis which is characterized
by a heterogeneous complex of psychomotoric symp-
toms. These different clinical grades were defined in the
West-Haven criteria (WHC, 1-5). HE includes all neu-
rological-psychiatric disorders resulting from acute to
chronic liver diseases mostly under the influence of pre-
cipitating factors (e.g. gastrointestinal bleeding or infec-
tions). HE represents a continuum with a clinical spec-
trum ranging from minor cognitive deficits (covert HE,
CHE) to coma. A clinically manifest HE (also named
overt HE, OHE) occurs in about 30-45% of all cirrhotic
patients, while CHE can be diagnosed in up to 80% when
using additional diagnostic tools [1-5]. HE is often as-
sociated with decompensated cirrhosis and an unfavor-
able prognosis [6-8]. However, the exact prevalence of
HE is difficult to determine due to differences in etiol-
ogy, severity and diagnostic tools which are used [9].
Since the number of patients with cirrhosis is expected
to increase in the upcoming years due to the obesity ep-
idemic resulting in NASH-induced cirrhosis [9-10],
there is a strong need for reliable and fast diagnostic
tools for HE diagnosis.

In addition to its prognostic significance, HE causes
numerous negative effects, e.g. impaired driving skills, re-
duced intellectual performance and decreased quality of
life [11-17]. This underlines the importance of timely and
rapid diagnostic procedures for HE to start specific HE
treatment as soon as possible. The benefits of an adequate
HE therapy (e.g. by application of lactulose, rifaximin or
L-ornithine-L-aspartate, LOLA) are well documented in
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Table 1. Baseline parameters of all
cirrhotic patients included in this study

Baseline parameters Covert HE (CHE) Overt HE (OHE)
(n=15) (n=15)

Age (SD), years 55.6 (9.9) 62.7 (7)

Sex (male/female) 8/7 7/8

Alcohol-related cirrhosis, 1 (%) 12/15 (80) 10/15 (87)

Ascites 13/15 (87) 10/15 (67)

Median serum bilirubin level (SD), mg/dL 6.4 (7.2) 4.0 (4,2)

numerous prospective studies, demonstrating e.g. alower
rate of inpatient hospital stays [18-19].

Time-consuming diagnostic procedures such as the
Portosystemic-Encephalopathy-Syndrome score (PSE-
test) and neurophysiologic testing are not available every-
where and imply sometimes difficulties concerning inter-
pretation of test results [20]. Therefore, laboratory chem-
ical parameters are of special interest for detection and
grading of HE [21, 22]. However, the significance of wide-
spread tests such as the ammonia determination for de-
tection and follow-up of the HE is considered as being not
reliable enough [5, 22, 23].

Imaging studies using proton magnetic resonance
spectroscopy (H-MRS) on the human brain in patients
with cirrhosis and HE could demonstrate the presence of
a mild brain edema, which deteriorates under the influ-
ence of precipitating factors triggering neurological-psy-
chiatric symptoms of HE via functional disturbances of
the astrocytes [24]. Of note, astrocyte swelling is regarded
as an important cornerstone of pathophysiology of HE. A
multitude of different factors including ammonia, benzo-
diazepines and inflammatory cytokines can worsen this
condition [24, 25].

HE in cirrhosis is seen as the clinical manifestation of
astrocyte swelling resulting in a low-grade cerebral edema
caused by different precipitating factors [24, 25]. There-
fore, neuromarkers which are set free by cellular swelling
in the brain may serve possibly as diagnostic markers to
detect and quantificate HE. The calcium-binding protein
S-100-beta is a protein found primarily in the nervous
system of vertebrates, which is significantly elevated in
serum, urine and cerebrospinal fluid in cases of neuronal
damage [26-29]. This brain biomarker is used e.g. in the
evaluation of the prognosis of patients after ischemic ce-
rebral infarction or to assess neuropsychological deficits
following craniocerebral trauma [26-28]. Wiltfang et al.
[30] analyzed the impact of S-100-beta in serum as a sur-
rogate marker for neuronal damage in HE patients with
cirrthosis and transjugular intrahepatic portosystemic
stent shunt (TIPSS) finding a positive correlation. To

S-100-Beta and NSE for Detection and
Follow-Up of Hepatic Encephalopathy

date, there is more promising data regarding its diagnos-
ticimpact, e.g. in children with acute liver failure [31-33].
Another serum marker for cerebral damage is neuron-
specific enolase (NSE), a glycolytic enzyme inside of neu-
ronal and neuroendocrine cells. NSE is used as a tumor
marker and as a prognostic parameter for cerebral dam-
age (e.g. hypoxic brain damage of ICU patients). One
study describes elevated serum levels of NSE in fulminant
liver failure while other studies conclude that in chronic
liver diseases no diagnostic or prognostic value can be at-
tributed to this parameter [41, 42].

Despite of all these promising data, it is not clear,
whether neuromarkers S-100-beta and NSE can be used
as reliable biomarkers in the detection and follow-up of
HE. Of note, there are no prospective intervention studies
using standardized diagnostic tools so far.

Therefore, this prospective study evaluated whether
brain biomarkers S-100-beta and NSE coincide with HE
(as diagnosed by WHC, PSE-testing and critical flicker
frequency [CFF], respectively) before, during and after
specific medical therapy using LOLA. LOLA is a mixture
of two endogenous amino acids (L-ornithine and L-as-
partate) and represents an effective HE therapy [34].
These neuromarkers might be associated with the sever-
ity and course of HE under specific therapy.

30 patients with liver cirrhosis (confirmed histologically and/
or by imaging) and HE between 18 and 75 years of age were in-
cluded in this prospective study. Patients with other diseases or
conditions (e.g. intracranial hemorrhage, apoplexy) causing pos-
sibly a change of brain biomarkers S-100-beta and NSE were ex-
cluded.

Successful therapy of trigger factors (e.g. acute bleeding or in-
fection) often results in an improvement of HE, independent from
any specific therapeutic intervention. To avoid any additional pos-
itive effect on HE improvement under LOLA therapy, patients
with proven trigger factors for an HE episode were excluded.

Most patients included in the present study were admitted to
our hospital because of an acute ascitic fluid decompensation. The
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Table 2. West Haven criteria (WHC) and clinical description (adapted from [4-5])

WHC including MHE ISHEN

Description

Unimpaired

No encephalopathy at all, no history of HE

Minimal Covert

Psychometric or neuropsychological alterations of tests exploring
psychomotor speed/executive functions or neurophysiological
alterations without clinical evidence of mental change

Grade I Covert

Trivial lack of awareness

Euphoria or anxiety

Shortened attention span

Impairment of addition or subtraction
Altered sleep rhythm

Grade II Overt

Lethargy or apathy
Disorientation for time
Obvious personality change
Inappropriate behavior
Dyspraxia

Asterixis

Grade III Overt

Somnolence to semi-stupor
Responsive to stimuli
Confused

Gross disorientation
Bizarre behavior

Grade IV Overt

Coma

ISHEN, International Society for Hepatic Encephalopathies and Nitrogen Metabolism; MHE, minimal he-

patic encephalopathy.

entire etiologic spectrum of cirrhosis was included in this study.
Baseline parameters of all patients are shown in Table 1.

Specific HE therapy with LOLA was applied if OHE could be
diagnosed on the basis of clinical symptoms (WHC) or if CHE was
diagnosed by several diagnostic tools (psychometric and neuro-
physiological tests: PSE-testing, CFF).

The two endogenous amino acids L-ornithine and L-aspartate
can be administered orally or parenterally as a specific HE medica-
tion. Proven effect of LOLA medication has been shown in numerous
randomized clinical trials [34]. The benefits of LOLA, e.g. regarding
lowering of blood ammonia and improving HE symptoms, have
been known for 50 years. Within that time, numerous randomized
clinical trials and recent meta-analysis have been performed to estab-
lish the efficacy of LOLA for the treatment of HE in cirrhosis [34].

In this study, therapy was exclusively administered with 20 g
LOLA per day which was applied intravenously for a period of 6 days.
This substance was chosen because its effectiveness has been proven
in several studies [34] and since a safe and guaranteed application is
possible by intravenous application. Other specific forms of HE-
treatment were excluded (e.g. application of lactulose or rifaximin).

Assessment of HE Severity

West-Haven Criteria

Classification of the different grades of HE was performed ac-
cording to international accepted clinical criteria (WHC, Table 2;
adapted from [4]).
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In addition to clinical assessment, grading of HE was per-
formed by several standardized diagnostic tools (PSE-testing,
CFF).

Critical Flicker Frequency

CFF was determined as it was described elsewhere (using Hep-
atonorm TM Analyzer®, Diisseldorf, Germany) [35].

To identify abnormal CFF we used the same threshold of an
abnormal CFF of 39 Hz as this was defined in the pilot study by
Kircheis et al. [35]. Kircheis et al. found an average CFF of 36.0 +
1.4 Hz in subjects with HE 1 (according to WHC) while the aver-
age CFF in subjects with HE 2 (according to WHC) was 32.1 + 2.7
Hz and HE 3 (according to WHC) was <30 Hz [35].

PSE-Testing

While the diagnosis of OHE is based on the clinical picture,
psychometric and neurophysiological tests are required to detect
the clinical subtle spectrum of CHE. From the large number of test
procedures used for diagnosis of HE, the quantitative assessment
of portosystemic encephalopathy (PSE-score or PSE-testing) by
Schomerus and colleagues has proved to be particularly sensitive
[36-39]. Due to the simple feasibility of these test procedures, they
represent a widely used method for the diagnosis and grading of
low-grade stages of HE. In this study, PSE-testing according to
Schomerus and colleagues was used (©1999 Swets & Zeitlinger
B.V, Swets Test Services, Frankfurt). This test consists of 5 differ-
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Cirrhosis group (study entrance, n = 30)

Diagnostics on day 1:
= PHES

= CFF

= West-Haven criteria

Cirrhosis group (study end, n = 25)%

Diagnostics on day 6:
= PHES

u CFF

= West-Haven criteria

L-ornithin-L-asparate (LOLA), 20 g i.v. day 1-6

|

Assessment of biochemical parameters S100beta, NSE and serum ammonia
before (day 1), during (day 2-5) and after (day 6) LOLA-therapy

* Drop out: in 4 cases by patient request, 1 death by massive esophageal variceal bleeding.

NSE = Neuron specific enolase
LOLA = L-ornithin-L-aspartate

Fig. 1. Study algorithm.

ent test procedures. In the ZVA test, numbers must be linked as
quickly as possible in their arithmetical order. In the more sensitive
second numerical connection test (ZVB), numbers and letters
must be connected alternately (1-A-2-B-3-C, etc.). In the number
symbol test (ZST), different symbols must be assigned to certain
numbers as quickly as possible. In the line follow-up test (LNT),
the patient must use a pencil to drive down a 5 mm wide road sys-
tem as quickly as possible without crossing the boundary lines. The
task of puncturing circles (KP) can also be carried out quickly, al-
lowing the psychomotor system to be tested in the same way as
with the LNT. Performance and interpretation of this test system
was carried out and evaluated according to the relevant manual
published by Schomerus and colleagues [36-39].

Assessment of Biochemical Parameters

Before (day 1), during (day 2-5) and after (day 6) LOLA-ther-
apy, 3 different serum markers were assessed in each subject. These
were the brain biomarkers S-100-beta and NSE. Furthermore,
plasma ammonia levels were obtained regularly (on day 1-6). All
laboratory parameters were measured according to standardized
laboratory measurements. The study algorithm is summarized in
Figure 1.

Calcium-Binding Protein S-100-Beta

To measure plasma S-100-beta, peripheral venous blood sam-
ples were obtained using the commercial S-100-beta-assay kit
(Roche Diagnostics GmbH, Mannheim, Germany). This is an elec-
trochemiluminescence immunoassay (ECLIA) for the quantitative
determination of S-100-beta which works according to the sand-
wich principle. A complex is formed from S-100-beta protein and
two antibodies directed against S-100. One (biotinylated) antibody
binds (in several intermediate steps) to a solid phase while the oth-
er antibody is conjugated with a ruthenium complex. The sample

S-100-Beta and NSE for Detection and
Follow-Up of Hepatic Encephalopathy

can be assessed by chemiluminescence by measuring the resulting
light with a photomultiplier which is proportional to the S-100
concentration. According to the manufacturer, the measuring
range is 0.005-39 ug/L (product information S-100-beta, Roche
Diagnostics GmbH, Mannheim, Germany) while the normal value
for healthy adults is 0.048 pgl/L. The 95th percentile value (cutoff
between norm value and pathological result) is 0.105 pg/L.

Neuron-Specific Enolase

To measure plasma NSE, peripheral venous blood samples were
obtained using a commercial ECLIA assay kit. Measurement of NSE
was carried out according to the test procedure described above.
According to the manufacturer, the measuring range is 0.050-370
ng/mL (product information NSE, Roche Diagnostics GmbH,
Mannheim, Germany) while the standard value is 17 ng/mL.

Ammonia

To measure plasma ammonia, peripheral venous blood sam-
ples were obtained and analyzed within 30 min after withdrawal
with routine laboratory methods under standardized laboratory
conditions. Normal values were defined as follows: ammonia 12—
55 pumol/L.

Statistical Analysis

In order to enable a comparison of the various diagnostic meth-
ods mentioned above, it was necessary to classify the patient pop-
ulation into HE severity levels. The severity of HE was first catego-
rized according to the WHC. All patients with HE were divided
into two subgroups: CHE (HE grade 1 according to WHC) and
OHE (all other severities HE grade >1 according to WHC). The
CHE group was compared with the OHE group before and after
the end of therapy and the results within a group before and after
therapy.

GE Port ] Gastroenterol 2020;27:391-403 395
DOI: 10.1159/000507225



CHE OHE
55
o3
50
45 -
T
w40
Ca] = —
354
Fig. 2. Assessment of HE using CFF. Mean
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Fig. 3. Assessment of HE using PSE-test-
ing. Mean values with standard deviation 2]
for PSE-score in the CHE group and the 04 .
OHE group before (at study entry) and af- ,

ter (at study end) application of LOLA
therapy for 6 days.

Statistical analysis was performed descriptively using statistical
software R version 2.12.0 (R Development Core Team (R: a lan-
guage and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria, 2010, http://www.R-
project.org/). Qualitative data are presented as absolute and rela-
tive frequencies, quantitative data as mean, median, minimum and
maximum. Qualitative data are presented as absolute and relative
frequencies, quantitative data as mean, median, standard devia-
tion, minimum and maximum. Exact 95% confidence intervals
based on the binomial distribution were estimated for the misclas-
sification error rates of the WHC, PSE and CFF. The design of the
study did not include a control group of healthy individuals.
Therefore, no values for specificity and predictive values referring
classification of HE versus no HE could be calculated. For differ-
ences between CHE and OHE group, the following statistical tests
were performed: Mann Whitney U test (at days 1-6 of LOLA treat-
ment). For differences during treatment period for both sub-
groups, Wilcoxon signed rank test (day 1 vs. day 6 of LOLA treat-
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At study entry

At study end At study entry At study end

ment) was carried out. When calculating sensitivity, specificity and
predictive values (NPV and PPV) for classification of CHE versus
OHE in patients with HE, cross-tables with the corresponding
measurements results for the marker S-100-beta (for a cut value of
0.105 ug/L), NSE (for a cut value of 17 ng/mL) and for ammonia
(for a cut value of 50 pmol/L) were carried out.

The study population consisted of 30 patients (male:
15, female: 15) with proven liver cirrhosis (by imaging
criteria and/or histology). The average age was 63.5 years.
Altogether, 25 study participants completed the study ac-
cording to the study protocol. 5 study participants had to
be excluded (in 4 cases by patient request, 1 death by mas-
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sive esophageal variceal bleeding). Baseline parameters of
all cirrhotic patients included in this study are summa-
rized in Table 1.

Severity of HE before and after Treatment with LOLA

over 6 Days (Using WHC, CFF, PSE-Test)

At study entry (baseline: before administration of
LOLA therapy), CHE was diagnosed in 50% (15/30) com-
pared to OHE in 50% (15/30) when using clinical criteria
(WHC).

At baseline, pathological CFF values (as defined by
CFF <39 Hz) were observed in 27 out of 30 patients In the
CHE subgroup, pathological values were obtained in
11/15 cases (sensitivity 80%; median flicker frequency of
36.9 Hz [range 35.5-41.3 Hz; SD: 1.6]). In the OHE group,
CFF was reduced in all subjects (15/15; median flicker
frequency of 30.2 Hz [range 25-35 Hz; SD 3.1]. The dif-
ference between the two groups was statistically signifi-
cant (p < 0.001).

When CFF testing was repeated at the end of the study
(after 6 days of LOLA therapy), only 7% in the CHE group
(1/15) showed pathological values. In the OHE group,
90% of patients (9 of the 10 remaining patients) showed
a decreased CFF (below the threshold value of <39 Hz).

At the end of the study, median CFF was improved in
all patients (in CHE: 43 Hz [range 37—51 Hz; SD 3.5]; in
OHE: 36.1 Hz [range 29.4-44.2 Hz; SD 4.1]). The CFF
difference between the two groups remained statistically
significant (p < 0.001). The improvement of CFF after
LOLA therapy was also significant in both groups (CHE:
p=0.001, OHE: p = 0.005, Fig. 2).

When HE was diagnosed using PHES, patients with
CHE showed a pathological score of 11 (threshold value
<-4) atinitial testing (sensitivity 73%). At the time of study
entry, the median PSE-score values for patients with CHE
were -9 (range 0 to —14; median -7.7; SD 4.1). In patients
with OHE, the results were consistently pathologically be-
low the threshold value (sensitivity 100%). In the OHE
group, the median score was —12 was found (range -8 to
-15; median -11.5; SD 2.4). At the end of therapy, patho-
logical test results could be obtained in 64% of patients
with CHE and in 100% of patients with OHE. The differ-
ence between the two groups was statistically significant
(p = 0.007). After therapy, a median of -7.5 score points
(range 0 to —13; median —6.6; SD 3.9) was found in the CHE
group. In the OHE group the median was -7 (range -5 to
-14; median -8; SD 2.8). A significant improvement of the
PSE-score could be demonstrated after completion of
LOLA therapy (p = 0.016). The mean values of all patients
with CHE and OHE are shown in Figure 3.

S-100-Beta and NSE for Detection and
Follow-Up of Hepatic Encephalopathy

100 W PSE
E Westhaven
O CFF
80
60
=
S
8
40 +
20
O .

Improvement Constant Deterioration

Fig. 4. Change in diagnostic parameters applied after therapy with
LOLA over 6 days. PSE, Portosystemic Encephalopathy score;
CFF, critical flicker frequency analysis.

Comparison of Different Diagnostic Approaches
(WHC, CFF and PSE-Testing) for Follow-Up of HE
after Completion of LOLA Therapy

In HE patients, LOLA therapy was applied intrave-
nously (20 g) for 6 days. At the end of the study, HE test-
ing was repeated (WHC, PSE-test, CFF). Using WHC,
46% showed an improvement of clinical symptoms, while
50% were unchanged and 4% showed a higher clinical HE
stage. Using CFF, 79% showed an improvement, while
21% demonstrated an unchanged severity. When using
the PSE-test, 30% were improved, 59% unchanged and
11% showed deteriorated test results (Fig. 4).

In a paired comparison of the different diagnostic
methods used for detection and follow-up of HE, the best
correlation with WHC could be achieved by CFF (p =
0.001 [initial], p = 0.042 [final]), while PSE-score showed
no significant correlation with WHC and CFF (p = 0.149
[initial], p = 0.773 [final]).

Role of Brain Biomarkers S-100-Beta and NSE for

Detection and Follow-Up of HE in Cirrhosis before,

during and after Therapy with LOLA

All biochemical parameters investigated in this study
(S-100-beta, NSE, ammonia) did not correlate signifi-
cantly with the severity of HE (as diagnosed by WHC,
CFF and PSE-testing). In addition, the mean value analy-
sis (MVA) did not reveal any significant change of the
different laboratory parameters over the treatment period
of 6 days with LOLA (Fig. 5a—c).
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Fig.5.a-c MV A (mean value analysis) showing no significant change of serum parameters (a S-100-beta, b NSE
and c ammonia) over the treatment period of 6 days with LOLA.
S-100-Beta

At study entry, increased values of S-100-beta could be
detected in 19/30 patients (>0.105 pg/L, sensitivity 63%).
In subjects with CHE, increased values were detected in
7/15 patients (sensitivity 46%) compared to 12/15 in pa-
tients with OHE (sensitivity 80%, Fig. 6). Multivariate
analysis of all data over the 6-day study period revealed
no significant changes over time while no differences be-

398 GE Port ] Gastroenterol 2020;27:391-403
DOI: 10.1159/000507225

tween the different HE grades were observed. When cal-
culating sensitivity, specificity and predictive values
(PPV, NPV) for classification of CHE versus OHE in pa-
tients with HE, cross-table with the corresponding mea-
surements results for S-100-beta (for a cut value of 0.105
ug/L) revealed sensitivity of 80% and specificity of 53%
(PPV 63%, NPV 73%; Table 3).
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Table 3. Sensitivity, specificity, and predictive values (NPV, PPV)
of S-100-beta, NSE and serum ammonia

Sensitivity ~ Specificity NPV PPV
S-100-beta 80% 53% 73% 63%
NSE 13.3% 80% 48% 40%
Ammonia 33% 67% 50% 50%

NPV, normal predictive value; PPV, positive predictive value.

Neuron-Specific Enolase

At study entry, 17% of all patients (5/30) revealed in-
creased levels of NSE above the normal limit (>17 ng/
mL). In subjects with CHE, increased values were detect-
ed in 3/15 patients (sensitivity 20%) compared to 2/15
patients with OHE (sensitivity 13%). The follow-up of
NSE mean values over the entire therapy duration of 6
days is shown in Figure 7. No significant correlation be-
tween NSE values during the LOLA treatment period of
6 days and different grades of HE severity could be shown.
When calculating sensitivity, specificity and predictive
values (PPV, NPV) for classification of CHE versus OHE

S-100-Beta and NSE for Detection and
Follow-Up of Hepatic Encephalopathy

in patients with HE, cross-table with the corresponding
measurements results for NSE (for a cut value of 17 ng/
mL) revealed sensitivity of 20% and specificity of 80%
(PPV 40%, NPV 48%; Table 3).

Ammonia

At baseline, serum ammonia levels (>50 umol/L) were
increased in 33% (10/30) of all patients. Of those, CHE
was diagnosed in 5/15 patients compared to 5/15 patients
of those with OHE (sensitivity 33%). After completion of
LOLA therapy, pathologically elevated ammonia values
were measured in 30% of patients. Mean ammonia values
over time during the entire therapy duration of 6 days are
shown in Figure 8. Multivariate analysis of all data over
the 6-day study period revealed no significant changes in
the time course while no differences between the different
HE grades were observed. When calculating sensitivity,
specificity and predictive values (PPV, NPV) for classifi-
cation of CHE versus OHE in patients with HE, cross-
table with the corresponding measurements results for
ammonia (for a cut value of 50 pug/L) revealed sensitivity
of 33% and specificity of 66.7% (PPV 50%, NPV 50%;
Table 3).

GE Port ] Gastroenterol 2020;27:391-403
DOI: 10.1159/000507225

399



CHE OHE

50 -
39 %33
40 - 4
E 30 4 B
38
S 39
o 16 o o
i
b 36
20 -
31 ©
o
‘0 g gee |0 e
0 T T T T 1 T T T T T 1
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Fig. 7. Follow-up of NSE values showing median and standard deviation in patients with CHE and OHE from
day 1-6 while receiving LOLA therapy.
CHE OHE
80 - 39
*
T 39
15
60 7
=
o
g_ 039
<
§ 40 7
o
E 5 - E
g = é 27
o
20 )
Day 1 Day 2 ‘ Day 3 ‘ Day 4 ‘ Day 5 ‘ Day 6 ‘ Day 1 ‘ Day 2 ‘ Day 3 ‘ Day 4 ‘ Day 5 ‘ Day 6 ‘

Fig. 8. Follow-up of NSE values showing median and standard deviation in patients with CHE and OHE from
day 1-6 while receiving LOLA therapy.

400

GE Port ] Gastroenterol 2020;27:391-403
DOI: 10.1159/000507225

Strebel/Haller/Sohn/Schepp/Gundling



The current guideline of the German Society of Gas-
troenterology (Deutsche Gesellschaft fiir Verdauungsk-
rankheiten und Stoffwechsel, DGVS) defining the treat-
ment of complications of liver cirrhosis recommends a
diagnosis of OHE by using clinical WHC. For diagnosis
of CHE it recommends the application of CFF and/or
PSE-testing [23].

Adequate therapy of HE is crucial to avoid events such
as falls and traffic accidents, tendency to neglect, person-
ality changes and difficulties in social and occupational
life [20, 23]. Current data from Germany suggest that HE
is too rarely diagnosed in German hospitals [40]. Since a
sufficient treatment of HE not only improves the quality
of life but also patients’ prognosis, screening for HE
should be implemented into clinical routine in all cirrhot-
ic patients [23]. Therefore, suitable laboratory parameters
for detection and follow-up of HE are of particular im-
portance.

The accuracy of ammonia determination is influenced
by many factors including e.g. phlebotomy technique
which should be always considered when interpreting re-
sults [21, 22]. Thus, factors independent from liver dys-
function could affect ammonia levels (such as smoking or
strong physical exercise) [22]. Therefore, plasma ammo-
nia is considered as an invalid surrogate marker for HE
5,22, 23].

To date, there is no valid serum parameter which is
recommended by current guidelines for detection and
follow-up of HE in cirrhotic patients. Since there is an
unmet need for diagnostic laboratory parameters for de-
tection and monitoring of HE in patients with cirrhosis
which are reliable and easy to perform, we performed this
prospective study to evaluate an association of neuronal
markers S-100-beta and NSE with the severity and course
of HE while medical therapy with LOLA was applied for
a period of 6 days in all patients suffering from HE. Our
hypothesis was that S-100-beta and NSE may enable as-
sessment and grading of HE in cirrhosis.

At study entry (before LOLA therapy was applied),
CHE was diagnosed in 50% of all patients compared to
OHE in 50% when using clinical WHC. At the end of the
study (after therapy with LOLA for 6 days), WHC were
improved in 46%, unchanged in 50% and worsened in 4%
(Fig. 4).

When defining a threshold value of <39 Hz as patho-
logical flicker frequency, HE could be detected by CFF in
80% of all patients with CHE (range 35-39 Hz) and in
100% with OHE (range 25-35 Hz, p < 0.01). Only 3 pa-

S-100-Beta and NSE for Detection and
Follow-Up of Hepatic Encephalopathy

tients from the CHE group had a normal CFF (>39 Hz,
36). At the end of study, CFF was improved in 79% of all
patients while unchanged in 21%, respectively.

Using PSE-testing, HE was diagnosed in 73% of all pa-
tients with CHE and in 100% with OHE. Interestingly,
pathological PSE-scores were found in 3 patients tested
negative for HE by CFF. PSE-scores were significantly
lower in the CHE group compared to the OHE group.
However, there was an overlap of test results between the
two groups: 63% of the measured values fell into an inter-
section between -8 (lowest value in the OHE group) and
-12 (highest value in the CHE group). This result is sup-
ported by a large study, which also found a strong overlap
of PSE-scores between different disease levels. PSE-test-
ing showed an improvement in 30% after LOLA-therapy,
while in 59% the test results were unchanged and in 11%
deterioration could be observed [43].

When comparing the different diagnostic procedures
for detection and follow-up of HE, CFF had the highest
sensitivity both in patients with CHE and OHE.

All biochemical parameters investigated in this study
(S-100-beta, NSE, ammonia) showed no significant cor-
relation with the severity of HE (as diagnosed by WHC,
CFF and PSE-testing). In addition, the MV A did not re-
veal any significant change of the analyzed parameters
over the treatment period of 6 days with LOLA and no
significant correlation with the severity of HE after com-
pletion of drug therapy (Fig. 5a—c).

When comparing the validity of all serum markers, S-
100-beta showed the highest sensitivity for HE detection,
although it was low at 63%. The sensitivity of NSE was
below 20% and was increased in only 17% of all patients
with proven HE. The sensitivity of serum ammonia,
which is frequently used in clinical routine, was only 33%
in our study. None of the laboratory parameters was able
to differentiate between CHE and OHE or suitable to doc-
ument any therapeutical effect when compared with
WHC, CFF and PSE-testing.

Our study showed for the first time that brain bio-
markers S-100-beta and NSE do not significantly corre-
late with HE severity when using different proven diag-
nostic methods (CFF and PSE-testing). Furthermore,
these neuromarkers do not represent reliable biochemical
markers for a follow-up of HE under LOLA therapy.

To date, there is no routine laboratory parameter
which represents a valid diagnostic alternative to psycho-
metric and neurophysiologic diagnostic procedures in-
cluding CFF and PSE-testing for detection and monitor-
ing of HE in cirrhosis [44].
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