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Abstract

Background: The prognosis in patients with hyperdy-
namic septic shock correlates with the presence and
the severity of septic encephalopathy. However, the
neurological evaluation is considerably influenced by
the use of analgesia sedation during mechanical venti-
lation. An early concentration peak of the neuropro-
tein S-100B in serum reflects both cellular damage at
an increased permeability of the blood-brain-barrier
and a delayed renal elimination. Thus, the objective of
this study was to analyze the effect of continuous
veno-venous hemofiltration (CVVH) on early S-100B
serum levels in septic shock patients, who were treat-
ed with either stress doses of hydrocortisone or place-
bo.

Methods: Twenty-four consecutive patients, who met
the ACCP / SCCM criteria for septic shock, were en-
rolled in this prospective, randomised, double-blind,
single-center trial. The severity of illness at recruit-
ment was graded using the APACHE II and SAPS II
scoring systems; the MODS was described by the
SOFA score. All patients were prospectively ran-
domised to receive cither stress doses of hydrocorti-
sone or placebo. Hydrocortisone was started in 12 pa-
tients with a loading dose of 100 mg and followed by a
continuous infusion of 0.18 mg/kg/h for 6 days.
Results: Median S-100B serum levels of the hydrocorti-
sone group decreased from 0.32 ng/ml (0.19-3.60) at
study entry to 0.07 ng/ml (0.04-0.32) 6 days later
without significant differences compared to the place-
bo group. Patients undergoing CVVH showed signifi-
cantly higher S-100B serum values compared to pa-
tients without CVVH (p<0.001). However, initial me-
dian S-100B serum levels of the CVVH group even in-
creased from 0.92 ng/ml (0.16 — 4.63) to 2.33 ng/ml
(0.59 — 2.44) 30 hours after study entry, reaching data
ranges already known in patients with out-of-hospital
cardiac arrest or severe traumatic brain injury.
Conclusion: Early S-100B serum levels in septic shock
patients receiving either stress doses of hydrocortisone
or placebo were not influenced by CVVH. For the
first time, we observed a similar extent of S-100B
serum increase in CVVH patients, who had signifi-
cantly higher S-100B serum values compared to those
without CVVH, as reported for out-of-hospital car-
diac arrest or severe traumatic brain injury. Hypercor-

tisolemia induced by the infusion of stress doses of
hydrocortisone did not significantly reduce eatly S-
100B serum concentrations with time.
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INTRODUCTION

Apart from multiorgan failure, critical illness myopa-
thy or dysfunction of peripheral nerves, septic shock
may cause serious brain damage and septic en-
cephalopathy [11, 23, 24, 35]. Septic encephalopathy
represents a cerebral malfunction, which may develop
in the context of the systemic infection without a di-
rect traumatic affection of the brain [12, 18, 206, 38].
Hereby, the prognosis of septic patients correlates
with the presence and the severity of encephalopathy.
Although the severity of the systemic infection seems
to be responsible for the high mortality rate rather
than the encephalopathy itself, an increase of the mor-
tality rate was reported in relation to the Glasgow-
Coma-Scale (GCS) score in patients with septic en-
cephalopathy [18]. This score is still used for the eval-
uation of the neurological dysfunction and the prog-
nosis throughout the course of multiorgan failure
(MOF) [6, 27]. However, since the GCS score in septic
shock is clearly influenced by the use of analgesia se-
dation during mechanical ventilation, an eartly bio-
chemical marker should supply evidence for en-
cephalopathy in the initial phase of sepsis, before clini-
cal leading symptoms may occut.

The neuroprotein S-100B released into the circula-
tion was considered as a reliable marker to detect brain
damage due to isolated traumatic brain injury, stroke,
hemorrhage or global ischemia [28-30, 36, 37]. In-
creased S-100B serum levels have been also observed
to correlate with the duration of cardiopulmonary by-
pass surgery and the development of neurological
complications [4, 9, 34]. Physiologically S-100B is lo-
calized in the cytosol or bound to the membranes of
astroglial cells, mostly of the central nervous system
[20]. If these cells are damaged, S-100B will be rapidly
released leaking into the cerebrospinal fluid and sec-
ondarily across the blood-brain-barrier into the circu-
lation. The protein is eliminated by the kidney with a
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biological half-life between 30 and 113 minutes [25,
32]. An eatly concentration peak of S-100B in serum
20 minutes after brain damage seems to reflect both
cellular damage at an increased permeability of the
blood-brain-barrier [9] and a delayed renal elimination.

Thus, the objective of our study, which has been
part of a single-center double-blind randomised con-
trolled trial [13], was to analyze the effect of continu-
ous veno-venous hemofiltration (CVVH) on early S-
100B serum levels in septic shock patients, who were
treated with either stress doses of hydrocortisone or

placebo.
MATERIALS AND METHODS
STUDY DESIGN AND SUBJECTS

Patients were prospectively enrolled if they were on
vasopressor support and met the criteria for septic
shock proposed by the members of the American Col-
lege of Chest Physicians / Society of Critical Care
Medicine Consensus Conference Committee: docu-
mented infection or positive blood culture; at least two
symptoms of the systemic inflammatory response syn-
drome, i.e. fever (body temperature > 38°C) or hy-
pothermia (body temperature < 36 °C), tachycardia (>
90 beats/min), tachypnea (> 20 breaths/min) or hy-
perventilation (PaCO, < 32 torr [4.33 kPa]), and ab-
normal white blood cell counts (> 12.000 cells/mm3
or < 4.000 cells/mm? or immature neutrophils [bands
> 10%); evidence of organ dysfunction or hypoperfu-
sion abnormalities; and the use of vasopressor support
(norepinephrine or epinephrine at any dose, dopamine
dose > 6 mg/kg/min) despite adequate fluid resuscita-
tion. Only patients with high-output circulatory failure
defined as cardiac index > 4.0 litres/min/m?2 were
studied. The hypercirculatory state had to be present
without the use of positive inotropic agents such as
dobutamine and dopexamine. The detailed study de-
sign and the patient routine treatment have been al-
ready described [13].

The severity of illness at the time of enrolment was
determined using the Acute Physiology and Chronic
Health Evaluation (APACHE) II and III, and Simpli-
fied Acute Physiology (SAPS) scoring systems. The
primary study endpoint was the time to shock reversal
as defined by cessation of vasopressor support. Sec-
ondary endpoints were hyperdynamic alteration, multi-
ple organ dysfunction syndrome, systemic inflamma-
tory response, and evolution of coagulation disorders.
The Sepsis-related Organ Failure Assessment (SOFA)
score, which was published in 1996 [33], was added to
the study protocol by amendment and retrospectively
calculated from the raw data.

The institutional review board of the Ludwig-Maxi-
milians-University of Munich approved the study pro-
tocol. Relatives of the patients were informed regard-
ing the medical problems, and the nature and purpose
of the study as well and served as surrogates to detet-
mine the judgement of unconscious patients with re-
spect to participation in the study. The study was con-
ducted in the multidisciplinary intensive care unit
(ICU) of the Department of Anaesthesiology Munich-
Grosshadern in the university hospital.
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INTERVENTION

Twenty-four patients were prospectively randomised
to receive infusions of either stress doses of hydrocor-
tisone (n = 12) or placebo (n = 12). Hydrocortisone
administration was started with a loading dose of 100
mg for 30 min, followed by continuous infusion of
0.18 mg/kg/h. After reversal of septic shock (defined
as dopamine doses of < 6 mg/kg/min or cessation of
norepinephrine/epinephrine infusion) the dose of hy-
drocortisone was reduced to 0.08 mg/kg/h. This dose
was kept constant for 6 days. As soon as the underly-
ing infection had been treated successfully or the sodi-
um serum concentrations had increased to > 155
mmol/L, the hydrocortisone infusion was daily ta-
pered off in 24 mg steps. Physiologic saline solution
was used as placebo. To conduct the study in double-
blind manner the study drugs were prepared by re-
search assistants at our institution, who were not in-
volved in the study or in the clinical care of the pa-
tients. Study drug preparation has been already de-
scribed [13].

For continuous veno-venous hemofiltration (CVVH,
n = 10) blood was taken from the subclavian, internal
jugular, or femoral vein, and a blood pump was used to
perfuse the filtration membrane. The dialysate com-
partment of the membrane unit was under negative
pressure relative to the blood compartment, which per-
mitted hydraulic ultrafiltration of excess fluid across
the membrane. Dialyzed blood was returned to the pa-
tient through tubing with an air embolus protector. To
prevent clotting in the extracorporeal circuit, heparin
was given to produce full systemic anticoagulation
(whole blood clotting time > 30 min). Anticoagulation
was permanently monitored, and the heparin dose was
subsequently individualized.

TREATMENT

Vasopressor therapy was titrated to achieve a mean ar-
terial pressure (MAP) of > 70 mmHg. If dopamine ex-
ceeded a dose of 10 ng/kg/min, norepinephrine com-
bined with dopamine in low dose (2 — 4 pg/kg/min)
was the proposed drug option. After randomisation,
however, the attending physicians were free to use ad-
ditional catecholamines such as epinephrine, dobuta-
mine, or dopexamine. When septic shock reversed,
norepinephrine or epinephrine were tapered off in
steps of 0.02 to 0.03 pg/kg/min.

Infections were diagnosed according to clinical and
microbiological criteria. Suspected infection at time
of enrolment had to be proven by clinical or micro-
biological examination. Bacterial infections were
treated with selective antibiotic regimens, with prefer-
ence given to third-generation cephalosporins, the
carbapenem imipenem-cilastin, or the quinolone
ciprofloxacin.

During controlled ventilation and treatment with
antibiotics, infusions, and systemic vasopressor sup-
port at the ICU, anaesthesia aiming to a constant GCS
score of 3 points was achieved by titration of midazo-
lam and fentanyl. Therefore, the neurological investi-
gation had to be limited to the examination of re-
flexes.
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BLoob SAMPLING AND BIOCHEMICAL MEASUREMENTS

The first blood samples were taken at study entry at
the ICU (point of measurement [PM] 1). Subsequently,
blood samples were drawn every 6 hours (PM 2 — 9)
during the next two days, and once a day throughout
the following 4 days (PM 10 — 13). All specimens were
converted to serum or citrated plasma, centrifuged
with 3000 U/min for 10 minutes at room temperature,
and frozen in aliquots at — 70 °C until batch evalua-
tion.

S-100B serum levels were analyzed by means of an
immunoluminometric assay (LIAMAT® Sangtec®100;
Byk-Sangtec Diagnostica, Dietzenbach, Germany)
with a lower detection limit of 0.02 ng/ml and a cut-
off level of < 0.12 ng/ml for normal values. To avoid
interference with possible hemodilution, biochemical
data were normalized to a total serum protein concen-
tration of 70 mg/ml. For this reason, total serum pro-
tein of each sample was measured with a specific mi-
croprotein assay kit (BCA protein assay, code no.
23235; PIERCE, Illinois, USA).

STATISTICAL ANALYSIS

All demographic and biochemical data are presented
as median and interquartile range (25th — 75th per-
centiles). Group differences at each point of measure-
ment were accomplished by means of Mann-Whitney-
U test and Fisher’s exact test, respectively, due to
missing normal distribution of the data. The Kaplan-
Meier method was used to determine the probability
of being on vasopressor therapy over time. The fail-
ure-times until cessation of vasopressor therapy were
compared by means of generalized Wilcoxon (Bres-
low) test. Biochemical data of septic patients were
compared to those reported of patients with patients
suffering from out-of hospital cardiac arrest, patients
with isolated severe traumatic brain injury (GCS score
< 8 points), and healthy volunteers without history of
brain or cardiac damage [21,28,29]. Blood sampling of
the control groups was achieved after given informed
consent. The statistical analysis was performed using
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SPSS version 12.0 (SPSS GmbH Software, Minchen,
Germany), a two-tailed p-value of < 0.05 was consid-
ered to indicate statistical significance.

RESULTS
CHARACTERISTICS OF THE TwO RANDOMISED GROUPS

Twelve patients each were assigned to the hydrocorti-
sone-treated (H) and the placebo (P) group, respec-
tively [13]. The characteristics of both patient groups
did not differ according to the demographic data, the
severity of the illness and the degree of the organ dys-
function (Table 1). In addition, no significant differ-
ences occurred concerning length of mechanical venti-
lation, administration of CVVH and survival rate after
28 days between the two subgroups. However, the me-
dian time of vasopressor support in the H group (2
days [IQR 1 — 6]) was significantly reduced compared
to the P group (7 days [3 — 19]) in the (p = 0.005;
Breslow test). Moreover, there was a trend to eatlier
resolution of the organ dysfunction syndrome in the
H group [13]. The primary cause of septic shock was
peritonitis in 9 patients (4 H / 5 P) and pneumonia in
13 patients (7 H / 6 P). One patient each suffered
from meningitis and severe soft tissue infection, re-
spectively.

S-100B SERUM LEVELS OF THE HYDROCORTISONE-
TREATED AND THE PLACEBO GROUP

Median S-100B, serum levels at study entry were con-
siderably elevated for both groups, compared with val-
ues for healthy individuals (Fig. 1). After treatment
with hydrocortisone, the S-100B serum levels of the H
group were not significantly affected with time. Simi-
larly, serum S-100B concentrations of the P group did
not decrease significantly during the observation peri-
od.

Median S-100B serum levels of the H group
dropped from 0.32 ng/ml (0.19 — 3.60) at study entry
to 0.07 ng/ml (0.04 — 0.32) 6 days later without signifi-
cant differences compared to the P group. Only S-

Table 1. Characteristics of septic shock patients stratified into the hydrocortisone (n = 12) and the placebo group (n = 12).
Age, scores and days of ventilation are presented as median and interquartile range (25% — 75% percentile).

Characteristics Hydrocortisone group (n = 12) Placebo group (n = 12) P-value
Age (years) 41 (30 - 65) 54 (47 - 57) 0.410*
Gender (male : female) 7:5 6:6 0.755#
APACHE II Score (points) 25 (20 — 28) 28 (18 —32) 0.590#
APACHE III Score (points) 85 (71 — 104) 85 (53 —112) 0.671#
SAPS II Score (points) 53 (46 — 60) 48 (42 -1706) 0.630#
SOFA Score (points) 9(7-12) 11 (9-14) 0.166#
Days of Ventilation 16 (12— 24) 21 (8 - 38) 0.755#
CVVH (yes : no) 5:7 5:7 1.000

Mortality Rate (dead : alive) 3:9 5:7 0.514*

# P-values describe statistical differences between both groups in the Mann-Whitney-U test;

* P-values for statistical differences in the Fisher’s exact test.
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Fig. 1. Serum S-100B levels within the first 6 days of septic
shock. Patients are randomized in the hydrocortisone group
(n = 12; @; data are given as line and scatter plots presenting
median and 75t percentile) or the placebo group (n = 12; O;
data are given as line and scatter plots presenting median and
25t percentile). The upper normal value of S-100B amounts
to 0.12 ng/ml. The first blood samples were taken at study
entry at the ICU (point of measurement [PM] 1). Subsequent
blood samples were drawn every 6 hours (PM2 — PM9) dur-
ing the next two days, and once a day throughout the follow-
ing 4 days (PM10 — PM13).

* p<0.05 represents significant group differences between
the two randomized groups. * p<0.05 shows significant dif-
ferences compared to the baseline levels at study entry (PM1).

100B levels at PM3 (12 hours after study entry) with
0.87 ng/ml (0.14 — 2.63) were significantly higher for
the H group than with 0.37 ng/ml (0.14 — 0.77) for the
P group (Fig. 1).

CHARACTERISTICS OF THE STUDY SUBJECTS WITH OR
wiTHOUT CVVH

Septic patients undergoing CVVH (n = 10) showed no
statistical differences concerning age, gender, SAPS
score, APACHE 1II score, hydrocortisone administra-
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tion and days required for mechanical ventilation
when compared to those patients without CVVH (n =
14). However, the APACHE 1I score, the SOFA score
and the mortality rate after 28 days were significantly
higher in patients with hemofiltration, as expected
(Table 2).

S-100B SERUM LEVELS OF THE STUDY SUBJECTS WITH
OR WITHOUT CVVH

The CVVH patients exhibited clearly higher S-100B
serum values up to PM11, and significant group dif-
ferences to patients without CVVH became obvious
with time except for PM 13 (Fig. 2). Median S-100B
serum levels of the CVVH group even increased from
0.92 ng/ml (0.16 — 4.63) at study entry to 2.33 ng/ml
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Fig. 2. Serum S-100B levels stratified in patient groups with (n
= 10; @; data are given as line and scatter plots presenting
median and 75th percentile) or without continuous veno-ve-
nous hemofiltration (CVVH; n = 14; O; data are given as line
and scatter plots presenting median and 25th percentile) dur-
ing the first 6 days of septic shock. Point of measurement see
Fig. 1.

* p<0.05 represents significant group differences between
the two randomized groups. * p<0.05 shows significant dif-
ferences compared to the baseline levels at study entry (PM1).

Table 2. Characteristics of the septic shock patients with (n = 10) and without continuous veno-venous hemofiltration (n = 14).
Age, scores and days of ventilation are presented as median and interquartile range (25% — 75% percentile).

Characteristics Hemofiltration (n = 10) No Hemofiltration (n = 14) P-value
Age (years) 45 (27 - 54) 54 (47 -57) 0.096*

Gender (male : female) 7:3 6:8 0.285#
APACHE II Score (points) 29 (24 - 30) 22 (20— 28) 0.031#
APACHE III Score (points) 111 (69 — 1406) 79 (58 — 90) 0.074#
SAPS II Score (points) 66 (44 —95) 50 (43 - 56) 0.138#
SOFA Score (points) 13 (12-106) 9 (6 —10) <0.001#
Hydrocortisone : Placebo 5:5 7:7 1.000#
Days of Ventilation 19 (5-30) 17 (12 - 28) 0.880#
Mortality Rate (dead : alive) 6:4 2:12 0.032*

# P-values describes statistical differences between both groups in the Mann-Whitney-U test; * P-values for statistical differ-

ences in the Fisher’s exact test.
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(0.59 — 2.44) at PM6 (30 hours after study entry), but
subsequently dropped to 0.02 ng/ml (0.01 — 0.27) 6
days after study entry.

Interestingly, the initial highly elevated S-100B val-
ues of CVVH group were within the data ranges re-
cently demonstrated for patients with out-of-hospital
cardiac arrest or severe traumatic brain injury [21, 28].
Furthermore, median S-100B serum levels decreased
to 0.02 ng/ml (0.01 — 0.27) in CVVH patients and to
0.10 ng/ml (0.05 — 0.30) in patients without CVVH at
the end of the observation period, reaching data
ranges of healthy controls with 0.04 ng/ml (0.01 —
0.08) [29].

Finally, median S-100B serum concentrations de-
creased significantly compared to the baseline levels
after CVVH administration from PM12 onwards. And
both groups reached the normal range at the end of
the observation period (Fig, 2).

DiscussioN

The endogenous glucocorticoid hydrocortisone plays a
pivotal role in the modulation of the immune response
to sepsis [14]. Low--dose hydrocortisone infusions
may attenuate the systemic inflam-matory response, as
judged by clinical signs and inflammatory markers [3,
15]. Two double-blind, single-center trials demonstrat-
ed that stress doses of hydrocortisone reversed sep-tic
shock, as defined by cessation of vasopressor therapy.
The carlier weaning from vasoptessor therapy in septic
shock was associated with improvements in organ dys-
function and mortality rates [10, 13]. Yet, during the
observation period of 6 days no significant difference
showed up concerning the decrease of the primarily
highly elevated S-100B serum levels when using hy-
drocortisone compared to placebo.

The exact mechanisms, which lead to similarly high
S-100B serum concentrations particularly in the initial
phase of septic shock as in patients with severe head
injury, are still unclear. Neuronal cells as well as dam-
aged fat and muscle cells must be considered as possi-
ble sources for the release of S-100B [2]. Although an
impairment of astroglial cells possibly leading to pro-
longed neurological dysfunctions can not be excluded
as primary origin for the S-100B in the circulation, the
systemic inflammatory process and damage of periph-
eral tissue has also to be taken into account as an addi-
tional cause for the different release pattern of the S-
100B protein [2, 17, 20].

Patients with septic encephalopathy frequently
show increased serum urea and bilirubin levels, elevat-
ed APACHE 1I score values as well as a higher inci-
dence of renal failure [18]. Prolonged kidney insuffi-
ciency means a retarded renal elimination of the neu-
roprotein S-100B, and as such persistently increased S-
100B serum values. Continuous veno-venous hemofil-
tration (CVVH), which allows a better blood pressure
control compared to other filtration techniques, has
been reported to eliminate a variety of inflammatory
mediators, which are excessively produced during sep-
sis, and which may ultimately lead to MOF [14, 19].
Therefore, the immediate CVVH after onset of septic
shock should be also able to remove this protein (mol-
ecular weight of 21.000 Da) from the systemic circula-
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tion similar to creatinine and urea. Surprisingly, signifi-
cantly higher S-100B serum levels were observed in
patients with CVVH than in those without CVVH
throughout the course of up to 6 days after onset of
septic shock. Thus, despite of artificial kidney support
the higher degree of septic syndrome in our patients
needing CVVH, who revealed higher APACHE II and
SOFA scores, seems to lead either to a longer lasting
astroglial activation or to a more extended release
from other extracerebral sources such as peripheral
adipocytes, skeleton muscle cells or bone marrow [1,
2, 17, 20]. Nevertheless, these data are in line with a
recently published, randomised controlled study re-
vealing the effect of CVVH on the plasma concentra-
tions of different humoral inflammatory mediators in
septic patients [16]. In contrast to anaphylatoxins no
substantial elimination of circulating cytokines could
be achieved during septic MOF by zero-balanced he-
mofiltration [22]. Therefore, the CVVH in its present
form can only be recommended as an additional thera-
py option in septic shock in case of simultaneous acute
kidney failure to eliminate detrimental substances such
as urea or bilirubin.

The early form of septic encephalopathy is quite
difficult to be diagnosed in patients with concomitant
disturbances of the kidney or liver function, with
metabolic collapses or with endocrine abnormalities
due to the similarity with cerebral dysfunctions of oth-
er genesis [5]. Septic encephalopathy may be clinically
charactetized by disturbances of concentration and
disorientation as well as by delirium and coma in heavy
cases. Encephalopathy may precede the leading symp-
toms of sepsis, and may thus be of special diagnostic
value as a possible early marker of upcoming organ
system failures [26, 31, 38]. Radiological examinations,
i.e. cerebral computed tomography (CCT), usually do
not show any significant changes. A clinical graduation
can be achieved by means of electroencephalography
(EEG) or the GCS score before sedation analgesia and
intubation is applied.

The GCS score is frequently applied for the exami-
nation of cerebral dysfunctions. It correlates very well
with the neurological long-term result and mortality in
patients with severe head injuries, and can be also used
for the evaluation of the neurological dysfunctions and
in the long-term course of patients with MOF [6, 18,
27]. However, the clinical experience shows that the
GCS score cannot always be estimated meaningfully in
ICU patients with septic shock [7]. Indeed, neatly all
patients of our prospective randomised therapy study
[13] were already sedated and mechanically ventilated
for several days and exhibited a continuous GCS score
of 3 points at study entry. Thus, a valid neurological
evaluation in the clinical process was practically im-
possible and the clinical diagnosis of septic en-
cephalopathy would only have been possible by means
of EEG. Yet, EEG was usually not applied due to the
study design, for which measurements of S-100B
serum levels were primarily not conceived [13].

In this situation, the introduction of a specific bio-
chemical brain marker seemed to us of high interest
for the retrospective diagnosis as well as the prediction
of septic encephalopathy in the long-term run. Ac-
cording to a recent study, the neuroprotein S-100B is



16 EUROPEAN JOURNAL OF MEDICAL RESEARCH

expressed and released into the circulation not only in
ischemic brain tissue damage after stroke or traumatic
brain injury, but also during brain inflammation [8§].
Therefore, we decided to evaluate S-100B serum levels
in our patients with septic shock, whose serum sam-
ples were collected in the context of a prospective ran-
domised study examining the effectiveness of hydro-
cortisone [3, 13, 14].

CONCLUSIONS

Although patients undergoing CVVH exhibited signif-
icantly higher S-100B serum values compared to those
without CVVH, hemofiltration did not influence early
S-100B serum release in septic shock patients receiv-
ing either stress doses of hydrocortisone or placebo.
In this randomised, double-blind single-center trial, we
observed a similar extent of S-100B serum increase in
patients with septic shock at the time of primary diag-
nosis as reported for out-of-hospital cardiac arrest or
severe traumatic brain injury. Hypercortisolemia in-
duced by the infusion of stress doses of hydrocorti-
sone did not significantly reduce early S-100B serum
concentrations with time.
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