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inflammatory cytokines [17]. A possible target for
breaking this cycle might be the inactivation of
endotoxin in blood.

The design of this study is based on the patho-
physiological understanding that removing endo-
toxin from blood might decrease the inflammato-
ry response and result in improved clinical out-
come. Highly efficient endotoxin neutralization
by IgM-enriched immunoglobulin has been de-
scribed by Schedel et al. These authors demon-
strated with in vitro studies that IgM-enriched
IVIG preparations have a stronger inhibitory ef-
fect on TNF-o release from monocytes compared
to pure IgG products [18]. Additional protective
mechanisms of immunoglobulin treatment as de-
scribed by Werdan are: toxin inactivation, stimu-
lation of leucocytes and serum bactericidal activ-
ity, interference with cytokine effects, modula-
tion of the complement cascade and synergism
with acylureidopenicillins [24].

Unexpectedly, endotoxin plasma levels were
not reduced by the infusion of IgM-enriched im-
munoglobulin. On the contrary a slight increase
was found in the immunoglobulin treated group
at all time points, while levels remained remarkab-
ly low in the control group. It has to be mentio-
ned that almost all increased endotoxin levels
were still in the range of values found in normal
individuals (5.1 +4.1 pg/ml) [21). An increase of
endotoxin plasma levels during ECC has recently
been described [10, 11, 13] and the observed values
in group A were lower than published data.. But
the reason for the difference between both groups
is still unclear. A possible explanation is a cross re-
action of the IgM-enriched immunoglobulin prep-
aration or the human albumin (placebo) with the
LAL-method. Urbaschek et al. reported that im-
munoglobulin preparations induced different non-
specific LAL-activation in different lysates [22].
Unfortunately, there are no studies available that
address the effect of IgM-enriched immunoglobu-
lin- or human albumin- solutions on the LAL
method. The hypothesis of study drugs affecting
the analysis is supported by the ENC-measure-
ments. During ECC, ENC was found to be signif-
icarlltly higher after IVIG-infusion than in con-
trols.

If these findings were correct, then it would
seem unlikely that the plasma endotoxin levels are
also elevated. These contradictory findings can
only be explained by falsely high endotoxin plas-
ma levels in the IVIG-group or falsely low values
in the control group. Although IVIG-therapy did
not result in a significant increase in anti-inflam-
matory and/or decrease in proinflammatory cyto-
kine generation compared to the control group, a
significant lower inflammatory response was ob-
served clinically. The incidence of all inflammato-
ry parameters such as fever, tachycardia/hypoten-
sion and leukocytosis (leukopenia did not occur in
this patient population) were significantly lower
after IVIG-infusion than in the control group.
These clinical findings strongly support the theo-
ry of the endotoxin results being tl; sified, as cor-

-~

December 17, 2002

roborated by the ENC-data, and point against
truly increased endotoxin levels in the IVIG-
group. Sufficient restoration of the endotoxin
neutralizing capacity is crucial for a complication-
free postoperative course. The loss of endotoxin
core antibodies (EndoCab) below a cut off value
of 100 MU/ml was correlated with several compli-
cations, both cardiac and non cardiac. Interesting-
ly, low EndoCab was not associated with hig

risk parameters like low cardiac output or higher
age, but all patients (specifity 100%) with compli-
cations had preoperauvely low EndoCab activity
[5]. Pilz et al. conducted a prospective study in
cardiac surgical patients at risﬁ who had an
APACHE Il-score of >24 on the first postopera-
tive day [13]. The patients were randomized to re-
ceive intravenous IgG or IgM-enriched immuno-
globulin solutions. After the infusion, the
APACHE Il-score values (IgG-group: 6.9; vs. IgM
enriched IgG-group: 5.2) fell markedly within
four days. In comparison to a previous case-con-
trolled group of a comparable patient population,
mortality flgures were significantly reduced after
immunoglobulin infusion (either IgG alone or
IgM-enriched). In contrary to the well known
problems of setting the optimal time point for
starting treatment 1n patients suffering from se-
vere sepsis, cardiac surgery patients at risk can be
identified early, even preoperatively, before the
onset of clinical symptoms. The effectiveness of
immunoglobulin tﬁerapy relates to the timing of
immunoglobulin administration. Promising re-
sults may be gained in patients who have not
reached the late, anergic phase of sepsis. Further
studies in high risk patients may clarity the role of
immunoglobulin treatment. Under cost effective-
ness perspectives, IVIG-infusions to prevent po-
stoperative infectious complications may only be
recommended for selected patients at high risk as
has been shown by the clinical study of Kress et

al. (8],
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Fig. 5. Postoperative (T7 and T10) interleukin (IL)-10
plasma levels of treatment group A (IVIG) and nontreat-
ment group B (control). Data are presented as mean +
standard deviation.
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Fig. 6. Intra- and postoperative level of soluble tumor ne-
crosis factor (STNF) Receptor 1 in plasma of treatment
group A (IVIG) and nontreatment group B (control).
Data are presented as mean + standard deviagjon.

tient in group A. 20% of group B patients devel-
oped leukocytosis exceeding 15,000/fl, but only
5% of the patients who received IVIG. In sum-
mary, 25% of group B patients experienced at least
two of the following clinical signs of inflamma-
tion: fever, tachycardia/hypotension or leukocy-
tosis, whereas only 5% of patients who had re-
ceived IVIG were afflicted with these inflammato-
ry symptoms. This observation of reduced clinical
inflammatory signs is further supported by a
shorter hospitalization period (A: 12.1 + 3.7 days;
13.5 + 3.7 days; n.s.).

DiscussiON
Infections after cardiac surgical procedures can be

life threatening and result in significant mortality
and morbidity. The increased infection rate is due
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Fig. 7. Clinical signs of inflammation postoperatively.

to several pathophysiological changes, including
reduced immunocompetence as a consequence of
patients being subjected to extracorporeal circula-
tion (ECC) [3]. The appearance of endotoxin in
peripheral blood may have unfavorable conse-
quences [15]. First, increased plasma levels of en-
dotoxin might be an indicator of impaired gut bar-
rier function and increased bacterial translocation
[2]. Second, sepsis develops more likely during an
immunodeficient state early after surgery with
ECC [3]. A previous stucf; by Oudemans-van
Straaten et al. revealed a correlation between loss
of gut barrier function after cardiac surgery and
the increase in endotoxin blood levels [11]. This
study supports the hypothesis that excess endo-
toxin after cardiac surgery originates from the
ut. A study by Bouter et al. contradicts the gut
ypothesis, because it failed to find improved clin-
icai) or biochemical results after selective gut de-
contamination (SGD) prior to cardiac surgical op-
erations [4]. Especially the amount of endotoxin
in blood was not different after SGD than in the
placebo group. A study by Martinez:Pellus on the
other hand showed protective effects of SGD on
clinical outcome and reduced cytokine release [9].
Although the value of gut decontamination in car-
diac surgery remains unclear, it is unquestionable
that endotoxemia in combination with loss of im-
munological competence are deleterious. Endo-
toxin liberation might be a consequence of a sep-
sis-like reaction of the body to ECC. As a re-
sponse, whole body inflammation develops. This
process is referred to as systemic inflammatory re-
sponse syndrome (SIRS) [16]. Several indicators
are thought to affect endotoxin liberation and cy-
tokine generation: quality of tissue perfusion, du-
ration of ECC, fluid balance and endotoxin core
antibody level [1, 10]. In a vicious cycle, endotox-
emia leads to further acceleration of the inflamma-
tory response by promoting the liberation of pro-
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Fig. 2. Intra- and postoperative endotoxin neutralizing
capacity in plasmatof treatment group A (IVIG) and non-
treatment group B (control). Data are presented as mean
+ standard deviation.
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Fig. 3. Intra- and postoperative Interleukin (IL)-6 plasma
levels of treatment group A (IVIG) and nontreatment

group B (control). Data are presented as mean + stan-
dard deviation.

operative day, the LAL-test still yielded positive
results (7.11 + 6.69 pg/ml). Interestingly, after
prophylactic administration of IgM-enricKed 1m-
munoglobulin (A), the endotoxin plasma levels
were generally but not significantly higher than
those of the control group (B). The highest endo-
toxin concentration was tound 24 hours after the
induction of anesthesia (Fig. 1, Table 2).
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Fig. 4. Intra- (T2) and postoperative (T8 and T10) tumor
necrosis factor (TNF)-o plasma levels of treatment
group A (IVIG) and nontreatment group B (control).
Data are presented as mean + standard deviation.

A more pfonounced decrease of ENC occurred
in the control group after commencing surgery
(Fig. 2). The ability to inactivate endotoxin was
restored during ECC after IVIG infusion, while
ENC remainec? significantly lower in the control
group as revealed in the area under curve calcula-
tion (A: 785 + 385,5; B: 227,5 + 124,6; p <0.005).
After ECC, ENC reached a mintmum in both
%{_og S, ;nd regained preoperative values after 24 h

able 3).

IL-6 plasma levels peaked 4 h after surgery and
declined steadily thereafter. There was no signifi-
cant difference between group A and group B
(Fig. 3). Control group TNF-alpha plasma levels
increased slightly after 6h , but this difference was
not statistically significant (Fig. 4). II-10 and
sTNF-R1 - two mediators with anti-inflammatory
capabilities - increased after cardiac surgical oper-
ations, but IVIG infusion did not appear to have
any influence on plasma levels. A significant dif-
ference between both groups was not detectable
(Fig. 5 and 6).

Interestingly, the absence of significant differ-
ences in plasma levels of pro- and anti-inflamma-
tory cytokines between IVIG and control group
was overshadowed by markedly different clinical
parameters in the postoperative course (Fig. 7). In
two group A patients, the body temperature rose
to above 38 °C during the first 24 to 28 hours; in
group B, nine patients developed temperatures
above 38 °C. Tachycardia and/or hypotension oc-
curred in 25% of group B patients but in no pa-

Table 3. Endotoxin neutralizing capacity (ENC) calculated as area under the curve for the time intervals T1-T5 (intra-

operative) and T6-T10 (postoperative).

Group-A Group B Significance
after Anesthesia 785.7 + 684.5 227.5 £ 124.6 p = 0.005
after ECC 623.8 + 422.6 431.8 + 267.4 p = 009
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pental and maintained with nitrous oxide/oxygen
(50% / 70%), fentanyl, droperidol. The muscle re-
laxant pancuronium bromide was used. For anti-
biotic prophylaxis, 1.5 g cefotiam was intrave-
nously administered 60 min prior surgery and
then every 8 hours during the two following post-
operative days. The entire anesthesiological man-
agement followed our standard for cardiac surgical
patients. After surgery, all patients were mechani-
cally ventilated upon arrival in the intensive care
unit and were weaned from the ventilator within
12 hours.

All operations were performed through a me-
dian sternotomy under moderate hypothermia
with an esophageal temperature of 28°C and a
rectal temperature of 32°C. All patients received
cold blomr cardioplegic-solution. The priming so-
lution for the extra corporeal circulation consist-
ed of 2300 ml of lactatecr Ringer's solution supple-
mented with 5000 IU of heparin and 500 ml of a
5% plasma protein solution containing>90%
human albumin (Hormon Chemie, Munich,
Germany) or 1 unit of blood depending on the
preoperative hemoglobin concentration. During
ECC, flow rates of 2.4 1/m? body surface area
were maintained.

HUMAN IGM-ENRICHED IMMUNOGLOBULIN (IVIG)
PREPARATION

Pentaglobin® (Biotest Pharma GmbH, Dreieich,
Germany) is a commercially available intravenous
human immunoglobulin preparation. Pentaglo-
bin® contains high concentrations of IgA and
IgM. The polyclonal human IVIG preparation is
active against a variety of gram-negative and gram-
positive bacterial patKogens and toxins, including
Streptococcus pyogenes, S. faecalis, group B strep-
tococci, Staphylococcus aureus, S. epidermidss,
toxic shock syndrome toxin, Klebsiella pneumoni-
ae, Pseudomonas aeruginosa, Escherichia coli,
Legionella species, Yersinia pseudotuberculosis,
Proteus vulgaris and Serratia marcescens. Penta-
globin® contains 50 mg/ml human Elasma pro-
teins, >95% of which are immunoglobulins: 76 %
IgG, 12% IgM and 12% IgA. Additional compo-
nents are glucose (27.5 mg), sodium chloride
(75 pmol) and distilled water. The Pentaglobin®
preparation is proven to be endotoxin-free accor-
ding to pyrogen testing in rabbits.

ENDOTOXIN ASSAY

To measure endotoxin and endotoxin neutralizing
capacity (ENC), we used the turbidimetric, kinet-
ic LAL test with internal standardization, as de-
scribed by Urbaschek and Becker [22]. Endotoxin
standard (NP-3 (KSE), Salmonella abortus equi
100 ng/ml) and lysate (Limulus amebocyte lysate
(LAL), Cape Cod, USA) were provided b

Pyroquant Diagnostik (Walldorf, Germany). EacK
sample was spiked with a known concentration of
endotoxin. The kinetic reaction was read continu-
ously in an ELISA plate reader (Molecular

EUROPEAN JOURNAL OF MEDICAL RESEARCH 545

Devices, MWG Biotech, Ebersberg, Germany).
The sensitivity of the endotoxin test was 0.5

g/ml. ENC is an index describing the activity of
ﬁuman plasma to neutralize endotoxin added to
the plasma in known quantities [23]; it is influ-
enced by plasma proteins and other factors known
to neutraﬁze endotoxin.

CYTOKINES AND STNF-RI

To measure the cytokines IL-6, IL-8, IL-10, TNF-
o and sTNF-a-RI, commercially available ELISA
kits were used (Quantikine, R&D Systems Inc.,
Minneapolis, MN). The detection limits were 7
pg/ml ﬁ)r IL-6, 1 pg/ml for IL-10, 4.4 pg/ml for
TNF-q, and 1.5 pg/ml for sTNF-R1.

STATISTICAL ANALYSIS

All data are presented with means and standard
deviation. A t-test was performed for all indepen-
dent variables and ANOVA testing when re-
quired. The cut-off for statistical significance was
0.05. All statistical analyses were performed by an
independent statistics institute (IFNS, Cologne,
Germany)

RESULTS

ENDOTOXIN AND ENDOTOXIN NEUTRALIZING
Caracity (ENC)

In the untreated group (B), plasma endotoxin
(Fig. 1) was first detected at the beginning of ex-
tracorporeal circulation (0.8 + 1.2 pg/ml). A peak
level was reached 4 hrs after ECC (2.2 + 3.5
pg/ml). Plasma endotoxin levels continued to be
elevated until the second postoperative day (0.65
+ 0.52 pg/ml). In the IVIG group (A), the LAL-
tests (6.47 + 13.84 pg/ml) were already positive at
the induction of anesthesia. On the second post-
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Fig. 1. Intra- and postoperative endotoxin plasma levels
of treatment group A (IVIG) and nontreatment group B
(control) . Data are presented as mean + standard devia-
tion.
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mune system activation including stimulation of
leukocytes and serum bactericidal activity, inter-
ference with cytokine effects and modulation of
the complement cascade. Endotoxin clearance is
dependent on adequate IgM-plasma levels. Experi-
mental studies in an endotoxin shock model in
mice showed that the endotoxin clearance in IgM-
deficient animals was dramatically reduced and
could be restored by infusing purified IgM [14].
Several trials have been carried out to determine
the prophylactic efficacy of intravenous immuno-
globulins in surgical patients. A mortality reduc-
tion could not be observed in most previous stud-
ies but the outcome did improve in subgroups of
immunological impaired patients [19). The objec-
tive of this randomized controlled study is to eval-
uate the effect of prophylactically administered
Pentaglobin® on toxin neutralization, production
of pro- and angi-inflammatory cytokines, and clin-
ical signs of inflammation in cardiac surgical pa-
tients.

METHODS
STUDY DESIGN

Prospective, double-blind, randomized study in
cardiac surgery patients. Treatment with is com-
pared to treatment without intravenous immuno-
globulin infusion. Each group comprises 20 pa-
tients.

PATIENTS

41 patients, admitted for elective coronary sur-
gery were included in the study. One patient
showed minor signs of allergy (skin rash, dizzi-
ness) during the infusion of Pentaglobin®. The in-
fusion was stopped and the patient was eliminated
from the studF;f. Follow-up was uneventful. The
patient population consisted of 31 men and 9
women with a mean age of 61.2 years with a range
from 42.0 1o 70.9 years. The average weight was
73.6 kg (Table 2). Nine of 40 patients had co-mor-
bidities (kidney agenesia, abdominal aortic aneu-
rysm, diabetic retinopathy, nephrolithiasis, goi-
ter, faty liver, status post partial nephrectomy,
hemicolectomy). None of the patients characteris-
tics were statistically different between both
groups (data not shown).

The APACHE 1II score ranged from 5 to 12
(men 4-8, women 5-12; mean 7.0). In 27 patients,
the ejection fraction (EF) was above 0.55 and in 13
patients below 0.55. In three patients, one coro-
nary artery bypass was constructed, in 5 patients
two byfpasses, , in 22 patients three, and in 10 pa-
tients four bypasses. Total operating time, ECC
time, , ischemic time, and reperfusion are given in
Table 1.

21 patients were randomized into group A (one
drop out) and received the IgM enricEed immuno-
globulin preparation (Pentaglobin®), 20 patients
into group B who were to receive placebo before
induction of anesthesia. Both groups were homog-

-
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Table 1. Pre-, intra- and postoperative patient parame-
ters. Data are presented as mean + standard deviation.

Group A Group B

Apache II Score 4.4 + 2.3 5.2 + 3.0
Duration of surgery 204 + 58 230 + 80
(min)

ECC-time (min) 107.4 + 25.3 1139 + 42.6
Crossclamp (min) 55.5 + 13.3 61.3 1 22.6
Days in the ICU 35+ 1.2 4+19
Days in hospital 12.1 + 3.7 13.45 £ 3.7

enous with regard to gender, age, severity of coro-
nary artery disease and comorbidity. The study
was approved by the local ethics committee and
each patient was included after an informed con-
sent had been obtained. The study followed the
guidelines for clinical studies cz:fined in the
Helsinki declaration of the World Medical
Association 1964 (most recently updated in 2002).

BLOOD SAMPLING

Clinical and laboratory tests were performed
prior to treatment, intra- and postoperatively,
daily until the seventh postoperative day, and fi-
nally on the day of discharge (Table 2). On the
day of surgery, blood samples were drawn at dif-
ferent time points. In detail, endotoxin, endotoxin
neutralizing capacity (ENC), TNF-a, IL-6, sTNF-
o Receptor I (sTNF-« RI), IL-8, IL-10 were meas-
ured after thoracotomy, when commencing extra-
corporeal circulation, after removal of the aortic
clamp, and 1h, 2h, 4h, and/or 6h after terminating
extracorporeal circulation.

Table 2. Blood sampling schedule.

1 Induction of Anesthesia Oh

2 Thoracotomy 0.75h
3 Beginning of ECC, X-Clamp 1.5h
4  end of ECC, X-clamp off 35h
5 1hafter ECC 5h

6  2h after ECC 6h

7 4hafter ECC 8h

8  6hafter ECC 10h
9 1 st postop day 24h
10 2nd postop day 48h
11 3rd postop day 72h
12 4th postop day 9 h
13 5th postop day 120 h
14  6th postop day 144 h
15  7th postop day 168 h
16  Hospital discharge 280 h

ANESTHESIOLOGICAL AND SURGICAL
MANAGEMENT

Anesthesia was induced with fentanyl and fluni-
trazepam, occasionally supplemented with thio-
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Abstract
Objective: Evaluating the effects of prophylactic
administration of IgM-enriched immunoglobulins
(IVIG) on immunological- and clinical parameters
in cardiac surgical patients.
Patients and Methods: 41 patients were randomized
to receive either an IgM-enriched immunoglobu-
lin (Pentaglobin®) preparation (1300 ml immuno-
globulin, equivalent to 65 g protein) combined
with routine antibiotic prophylaxis (Group A; n
= 20, 1 drop-out), or routine antibiotic prophy-
laxis plus placebo (Group B; n = 20). Patients
were comparable with respect to their APACHE
II score, comorbidity, coronary risk, operating
time, clamp, and ischemic time. Endotoxin and
endotoxin neutralizing capacity (ENC) were de-
termined by a kinetic turbidimetric Limulus
amebocyte lysate (LAL) assay with internal stan-
dardization. Serum levels of interleukin-6 (IL-6B,
tumor necrosis factor-alpha (TNF)-a, soluble
TNF-Receptor I (sTNF-R1), and interleukin-10
(IL-10) were determined by ELISA. Data analysis
was performed by area under the curve (AUC)
calcu?ation and ANOVA for endotoxin neutraliz-
ing capacity and by ANOVA for all other cases.
Results: All patients survived. EndotoXin plasma
levels were generally but not significantly higher
in group A than in controls, while the difference
in endotoxin neutralizing capacity (ENC) reached
significance. IL-6, TNF-a, IL-10 and TNF-R1
were not different between both groups, however.
There were significantly less patients with signs of
inflammation (fever, leukocytosis, hypotension)
in group A (group A n = 2; group B n = 9;
ﬁ< 0.05). This was paralleled by a slightly reduced
ospitalization period in group A patients com-
pared to group B patients (A:12.05 + 3.66 vs.
B:13.45 + 3.72 days; n.s.). All data are given as
mean + standard deviation (SD).
Conclusion: The results of this study support that
IgM-enriched IVIG preparation are effective when

*The study was supported by a grant from Biotest
Pharma, Dreieich, Germany and NATO Collaborative
Research Grant No. 910960

used prophylactically in patients undergoing pro-
cedures with cardiopulmonary bypass. The mech-
anisms of endotoxin neutralization and the effect
of the host immune status on the efficacy of IVIG
treatment remain to be elucidated.

Key words: Cardio-pulmonary bypass; IgM-en-
riched immunoglobulin; prophylaxis; endotoxin -
cytokines; endotoxin neutralizing capacity; fever -
complications

INTRODUCTION

Despite recent substantial improvements in inten-
sive care, infectious complications continue to be
a serious problem in surgical patients and repre-
sent a major determinant of postoperative out-
come. The amount of endotoxin (LPS) originating
from disintegrated cell walls of gram-negative
pathogens is a good indicator for the severity and
prognosis of the septic process [6, 25). As a result
of using ECC, immune-competence is profoundly
reduce§ in patients undergoing open heart surgery
[3]. Further promoters for infectious complica-
tions after cardiac-surgery with ECC are hypoper-
fusion, hypothermia and hemodilution. Increased
plasma endotoxin concentrations after cardiopul-
monary bypass may be caused by poor tissue per-
fusion and 1schemic damage to the howel. This is-
chemic injury is thought to result in translocation
of endotoxins and enteric bacteria from the gut
[10]. Circulating endotoxin is a strong trigger %or
the liberation of proinflammatory cytokines. A
corresponding increase in cytokine concentrations
has been observed during and after cardiopulmo-
nary bypass surgery. Patients undergoing cardiac
surgery with ECC are prone to develop systemic
inflammatory response syndrome (SIRS) [7]. Ex-
cessive cytokine production can lead to organ dys-
function, organ fgilure, and death [1].

The rationale for prophylaxis and treatment
with IgM-enriched immunoglobulins is based on
the finding that antigen-antuibody complexes are
much stronger activators of phagocytosis than
antigen alone [20). Immunoglobulins bound to
antigen structures like endotoxin enhance im-



