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Abstract:

Objective: To assess the ability of clinical or biochemi-
cal parameters to predict outcome (survival or non-sur-
vival; severe or moderate/no complication) using multi-
ple regression analyses.

Design: Prospective, descriptive cohort study with no
interventions

Setting: 12 surgical intensive care units of university
hospitals and large community hospitals; four medical
school research laboratories in vight European countries
Patients: 128 surgical patients with major intra-abdomi-
nal surgery admitted for at least two days to an intensive
care unit

Main Qutcome Measures: Prediction of complications
or survival based on analysis of clinical (Multiple Organ
Dysfunction Score, Multi-Organ-Failure Score, Acute
Physiology and Chronic Health Evaluation 1 scores)
and immunological (plasma levels of endotoxin, endo-
toxin neutralizing capacity, [1.-6, 11.-8, cell associated
IL-8, Fe-receptor polymorphism, soluble CD-14) pa-
rameters, with comparison of predicted and actual out-
comes.

Results: APACHE 1I, MODS score, MOV score, plate-
lets, 1L-6, IL-8, ENC, cell ass. IL-8 were significantly
different between survivors and non-susvivors and pa-
tients with/without severe complications by univariate
analysis. By multivariate analysis only MOF, MODS
score, 1L-6, platelets, comorbidity predicted complica-
tions with a sensitivity of 82% and a specificity of 87 %,
Multivariate analysis demonstrated that only APACHE
H score, plasma 1.-8 and complications predicted death

* This work was presented ar the SIS 1999 meeting in
Scatdde, Washington, USA

(sensitivity 84 %; specificity 90%).

Conclusion: Immunological surrogate parameters may
predict complications and death of surgical ICU pa-
tients. The use of several parameters may add to in-
crease sensitivity and specificity in a prognostic model.

Key words: Sepsis; multi-organ failure; mortality; immu.-
nological surrogate parametess; prognosis

INTRODUCTION

Despite improvement in intensive care, mortality among
septic surgical patients remains high. It is well recog-
nized that systemic inflammation is the condition for
sepsis and that this inflammatory response is the resubt
of a cascade of cell-derived mediators. Endotoxin,
TNF-t, 1L-1, IL-6 have been recognized as major medi-
ators in sepsis [1, 2]. Animal experiments suggested it
may be beneficial to block TNF- in an attempt to re-
duce morrality [3]. Large clinical studies designed to in-
vestigate the blocking effect of anti-TNF-o antibodics
in septic patients ot to neutralize endotoxin were termi-
nated withour a reduction in the mortality rate [4, 3]
MHowever, these studies revealed the need of a better
stratification system and surrogate parameters based on
scores and immune mediators related to cellular and
organ function. Specific genetic disposition, cytukine
patterns and treatment with antibiotics may influence
the rate of complications and outcome of surgical inten-
sive care patients. Several studies have investigated the
prognostic capacity of eytokines in sepsis and peritonitis
[6, 7, 8]. However, most studies were performed in one
center with a limited amount of patients or used ELISA
systems which may not be applicable in clinieal situa-
tions. As a results from several cytokine studies it be-
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came obvious that the determination of plasma cyto-
kines alone may have serious limitations. It may be the
determination of the cellular response to sepsis which
correlates better with outcome. There is a dissociation
between plasma and monocyte associated cytokines dur-
ing sepsis which may be responsible for the failure of
plasma cytokine determination to identify patients at
risk. IL-8 has been found in elevated concentrations in
sepsis and inflammation and is involved in leukocyte-
endothelial interactions and neutrophil migration lead-
ing to organ failure and shock 9. 10, 11, 12, 13). 11.-8
titers may be related more to cellular function (PMN) in
sepsis and the cellular dysfunction (hypo- or hyperacti-
vation) may influcnce the development of multi organ
failure (14, 15). Fe-receptors which provide a critical
link between specific humoral responses and the cellular
branch of the immune system and are important in im-
munoglobulin mediated phagocytosis were recently
identified to express a genetic polymorphism [16].
Patients which were  homozygous for Fey-R  1la
H/H131 demonstrated a higher phagocytosis rate than
paticnts homozygous for Fey-RR 11a R/R131 [17). sCD-
14 which can be recognized in serum, urine and other
body fluids is increased in sepsis, polytrauma and severe
burns [18]. sCD-14 scems to have prognostic function
In discases where monocytes and macrophages are in-
volved [19).

Classification of paticnts with sepsis or SIRS accord-
ing to scores based on overall health, age, acute physiol-
ogy parameters, and extent of organ system function has
been reported [20, 21, 22).

There are only few studies with a small number of
patients who investigated the effect of immune surro-
gate parameters and scores on outcome  prediction
[23,24].

We have recognized that standard sepsis treatment,
c.g., antibiotic administration, may influence the balance
of the immune system. Antibiotics induced in vitro the
release of free endotoxin in different quantities depend-
ing on the type of antibiotics (Penicillin Binding Protein
2-specific (PBP 2) antibiotics, e.g., imipenem , or
Penicillin Binding Protein 3-specific (PBP 3) antibiotics,
¢.g.. cephalosporins) (PBP 2-specific or PBP 3-specific
antibiotics) (25]. In a recent clinical monocenter study
the in vitro results have been confirmed in vivo [26).

The objective of this European multi-center-trial was
to test the following hypotheses:

I. Surgical intensive care patients with Fe-R 11 HH re-
ceptor status may be associated with decreased rate
of complications and lethal outcome,

. Endotoxin, Endotoxin neutralizing capacity, plasma
11.-6 and 11.-8, sCD-14, and cell-associated 11.-8 may
correlate with severe complications and outcome,

3. Antibiotic treatment may induce e¢ndotoxin release
resulting in different 1L-6 plasma levels which are as-
sociated with outcome,

4. Multivariate analysis of diseasc-associated variables
and scores will improve prediction for outcome in
patients with sepsis
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PATIENTS AND METHODS

PATIENTS AND EXPERIMENTAL DESIGN

Surgical patients admitted for major clective surgery,
€.g., esophagectomy, gastrectomy, pancreatectomy, co-
lectomy, or for emergency surgery, e.g., acute pancrea-
titis, intra-abdominal trauma, requiring intensive care
therapy for two days or more, were studied in eleven
European university or large community departments of
surgery. Paticnts requiring therapy which may interfere
with the immune system, e.g., corticosteroids, cyclo-
sporin, were excluded from the study. The study design
has been already described elsewhere (27]. The study
was approved by the appropriate institutional review
board according to the guideclines in each center.
Between March 1996 and July 1997 128 patients were
enrolled. The study was monitored by on-site visits of
the coordinator or an assistant. The blood samples were
obtained on admission to the ICU, the day of the vpera-
tion, 120 and 180 minutes after antibiotic administration
on admission to the ICU, and on days three, seven and
nine after admission to the ICU. Blood samples were
obtained in vacuum  endotoxin-free tubes
(Chromogenix, Essen, Germany) and centrifuged at 600
g for twenty minutes within thirty minutes after collec-
tion of blood. Samples were kept at 4° to 10° C during
centrifugation and thereafter. Samples were then stored
at -80° C until further processing.

B1OLOGICAL ASSESSMENTS

Plasma IL-6 and IL-8 were determined by a solid phase,
two-site chemiluminiscent enzyme immunometric assay
(Immulite®, DPC, Bad Nauheim, Germany). This test
allows single determination of cytokines within approxi-
mately 70 minutes (plasma IL-6: normal 0-11.3 p/ml;
sensitivity 1 pg/ml; range 2 - 2000 pg/ml; plasma 11.-8:
normal 0-70 pg/ml; sensitivity: 6.2 pg/ml; range 20 -
10.000 pg/ml). Cell-associated 1L.-8 was determined at
the Institut Pasteur according to a recently published
method by Cavaillon et al. (normal 65 - 210 pg/ml; min-
imal detection limit 60 pg/ml) [28]. Soluble CD-14 was
determined by a commercial sandwich enzyme immuno
assay (IBL, Gescllschaft fiir Immunchemic und Immun-
biologie; Hamburg, Germany) (normal 1.4 - 4.5 (g/ml;
sensitivity < 1.0 ng/ml). Fc-receptor analysis was per-
formed after DNA-isolation in whole blood (Puregene
Isolationkit, Biozym, Hess. Oldendorf, Germany) ac-
cording to a method published by van den Herik-Oudijk
et al. (H/H: high responder; H/R: intermediate re-
sponder; RR: low responder) {29]. For measurement of
endotoxin and endotoxin neutralizing capacity (ENC)
we used the turbidimetric, kinetic LAL-test with internal
standardization as described by Urbaschek et al. |30].
Endotoxin standard (NP-3 (KSE) endotoxin standard,
Salmonella  abortus  equi, 100 ng/ml) and lysate
(Pyrospektro, Limulus amoebocyte lysate (LAL), Cape
Cod) were provided by Pyroquant Diagnostk (Walldorf,
Germany). Each sample was spiked by a known concen-
tration of endotoxin. The kinetic reaction was read con-
tinuously in an ELISA plate reader (Molecular Devices,
MWG Biotech, Ebersberg, Germany) and the endotoxin
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concentration was calculated by a special software pro-
gram. The sensitivity of the endotoxin test was 0.5
pg/ml. The cut-off point for endotoxin in this study
was 0.5 pg/ml which is also the sensitivity of the endo-
toxin test we have used. The absolute amount of endo-
toxin measured at one single time point does not neces-
sarily correlate to the clinical signs of sepsis; small
amounts of endotoxin above 0.5 pg/ml, however, may
suffice for the establishment of an acute phase reaction.
It was the purpose of the study to investigate the effect
endutoxin-positivity may have on immunological and
clinical parameters. Endotoxin determination at one
time point alone does not help to differentiate healthy
volunteers from septic patients. It was therefore recom-
mended by Urbaschek et al. to have several time points
for measurement of endotoxin for analysis. Unheated
samples were tested in a similar way for ENC. In the
absence of adequate references it is difficult to assess
the sensitivity and specificity of ENC measurements.
ENC is an index describing the activity of human plas-
ma to neutralize endotoxin added to the plasma in
known quantities; it is influenced by plasma protcins
and other factors known to neutralize endotoxin.
Heating denatures the proteins, interfering with ENC
measurements. Endotoxin Neutralizing Capacity is not
cxpressed in pg/ml according to Urbaschek et al. but as
index. The plasma is not heated and therefor the pro-
teins which normally neutralize or bind endotoxin are
preserved. Endotoxin is then added in known concen-
trations, then the ELISA reader analyzes the turbidimet-
ric reaction and compares the capacity of the plasma to
ncutralize endotoxin. The analysis of this turbidimetric
reaction is evaluated by a special software program,
which was supported by the Fraunhofer Gescllschaft,
and indicates the ability to neutralize endotoxin as an
index ranging from 0 to 5000, where 5000 is the best re-
sult to neutralize endotoxin.

CLINICAL ASSESSMENTS

The following items were recorded in all patients: diag-
nosis, operation, complications, APACHE 1| scote,
Multi-Organ-Failure score [31] (Goris), Multi-Organ-
Dysfunction (MODS) score [32), type of antibiotics
used, laboratory data (e.g., leukocytes, thrombocytes),
and outcome. Aside of the multi-otgan failures scores,
definitions of the surgical site infections of the Center
of Disease Control (CDC) (Atlanta, USA) and a compli-
cation key (not significant for the clinical course, mod-
erate, severe) were used for registration of complica-
tions. Complications were classified as 0 = not signifi-
cant for clinical outcome, 1 = moderate, 2 = severe for
the respiratory, cardiovascular and renal system, bleed-
ing, other nosocomial infections, GI tract complication,
and wound healing. The surgical site infections (SS1)
were classified according to the guidelines of the Center
of Disease Control, Atlanta, USA in 1. Incisional surgi-
cal site infections a. superficial incisional, b. deep inci-
sional and 2. Organ/space surgical site infection, noso-
comial pneumonia, nosocomial urinary tract infection,
blood stream infections, clinical sepsis. Furthermore we
have used the Surgical Infection Socicty of North
America definition of intra-abdominal infections [33].
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DATA ANALYSIS

Descriptive statistics covered frequency for qualitative
data and mean-standard deviation for quantitative data.
Univariate comparisons between independent groups
were performed by chi-square test using cut-off points
for the immunological parameters, eg, IL-6 © 1000
pg/ml. For multivariate analysis stepwise logistic regres-
sion was used (BMDP LR, default values). Differences
were considered significant when p <0.03.

RESULTS

In total 128 of 156 patients were eligible for statistical
analysis. The following centers have contributed pa-

tients: Pisa (n = 7, 1 died), Rome n =9,
2 died), Santiage de Compostela (n = 4, 2 died),
Barcelona (n = 8, none died), Foch/Paris (n=4,

1 died), Manchester (n = 10, 3 died), Oslo (n = 10, 1
died), Freiburg (n = 21, none died), Wirzburg
(n = 23, 10 died), Graz (n = 1, none died), Erlangen (n
= 31, none died), Poissy/Paris (n = 0). 28 patients could
not be enrolled due to missing data or samples. 87 of
the 128 patients were male and 41 female. The mean
APACHE 1I score on admission to the intensive care
unit was 9.6 (7.2 SD; range 0-41). 20 patients (%) died
and 108 patients survived. There were 116 elective oper-
ations and 12 emergency operations. Most patients were
treated for a malignant disease of the gastro-intestinal
tract (61 %). Material tested for bacteriology were blood
cultures, intravenous line tips, urine, intra-abdominal
smears, wound smears, and tracheal aspiration, or spu-
tum. The bacteriological test results show gram-positive
cocci (13 %), gram-negative rods (7 %) and polymicrobi-
al infection (9%). The patients received antibiotic pro-
phylaxis perioperatively, mostly cephalosporins. While
in 1CU 94 patients received antibiotic treatment: cepha-
losporin with or without metronidazole (n = 37), imipe-
nem (n = 11), quinolones or other antibiotics (n = 46).

Univariate analysis showed no difference with regard
to the prediction of complication or death for age, gen-
der, Gl-tract rescction, leukocytes, soluble CD-14, en-
dotoxin, and Fe-receptor  polymorphism. Admission
status, malignant discasc, treatment with catechola-
mines, continuous ventilatory support or comorbidity
was associated with a higher risk for complications and
death. APACHE 1I score (T 10), MOF-score « 3,
MODS-score (_ 3), plasma 11.-6 (= 1000 pg/ml), plas-
ma IL-8 (170 pg/ml), cell associated IL-§ (7 1000
pg/ml) and endotoxin neutralizing capacity (_ 100)
were significantly associated with complications or
death by univariate analysis. (Table 1 and 2).

By multivariate analysis the parameters MOF-score,
MODS-score, plasma 11.-6, platelet count and comorbid-
ity predicted complications with a sensitivity of 82%
and a specificity of 87 %. (Table 3)

APACHE 11 score, plasma 1L.-8 and the presence of a
severe complication predicted death according to the
multivariate analysis with a sensitivity of 84% and a
specificity of 90%. (Tablc 4)

There was no preference for any antibiotic regimen.
The patients treated with imipenem had already signs of
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Table 1. Univariate analysis of acute physiology paramcters, scores and immune parameters for complication: n.s. not significant;
11.-6, 11.-8, cell associated 11.-8 measured in pg/ml; endotoxin measured in pg/ml; sCD-14 soluble CID-14 measured in pg/ml; HH
high responder; RR low responder; ENC Endotoxin Neutralizing Capacity (Index).

Variable No/moderate N (%) Severe N (%) Total N p-value
Age L8,
< 50 years 21 (81) 5(19) 20
50 years 70 (69) 32031 102
Gender n.s.
Male o0 (6Y) 27 (31 87
Female 31 (o) 10 (24) 41
Malignancy Hh.oo
Yes 64 (82) 14 (18) 78
No 27 (54) 23 (46) 50
Gl-tract resection ns
Yes 64 (75) 21 (25) 85
No 27 {03) 16 (37) 43
Comorbidity 0.001
Yes 25 (50) 23 (50 40
No 08 (83) 14 (17) 82
APACHE 11 0.0
10 23 (44) 29 (56) 52
<10 68 (90) 8 (11) 76
Continuous ventilatory 0.001
support
Yes 12 (34) 23 (66) 35
No 79 (85) 14 (15) 93
Catecholamines 0.001
Yes 9 (32) 19 (68) 28
No 82 (82) 18 (18) 100
Leukocytes fn.s.
- 10.000 19 (72) 19 (28) 68
< 10.000 38 (69) 17 (31) 55
Thrombocytes 0.00t
< 100.000 85 (7% 23 (21) 108
< 100.000 4 (22) 14 (78) 18
Goris Score 0.001
5 3(14) 19 (80) 22
<3 88 (83) 16 (17) 106
Marshall Score .01
3 12 31) 27 (69 39
<} 78 (90) Y {10y 87
Plasma IL-6 0.001
1000 16 (49) 17 (52) 33
< 1000 72 (81) 17 (19) 89
Plasma IL-8 0.001
> 70 18 47) 20(53) 38
70 69 (83) 14 (17) 83
Cell assoc. I1.-8 0.0Mm
1000 43 (90) 5 (1) a8
> 1000 44 (02) 27 (38) 71
sCD-14 n.s.
> 4.5 52 (66) 27 (34 79
“45 18 (69) 8 (31) 26
Endotoxin n.s,
=03 70 (70) 30 (30 100
<05 17 (81) 4(19) 21
ENC 0.04
i 47 (60) 24 (34) 7
> 100 41 (84) 816 49
Fcy-Rlla n.s.
HH 21 (72) 8 (28) 29
RR 12 (63) 7(37) (L)
Admission status 0.001
Emergency 325 9 (75) 12

Llective 88 (76) 28 (24 116
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Table 3. Multivariate analysis of scores and immune parameters for complication: 11.-6 measured in pe/mi.

Variable Cut-off Cocfficicnt B/SE Relative risk p-value Sensitivity Specificity
level ® Exp (B)
82~ 87+
Goris 5 2.432 291 1.4 0.001
Marshall i3 1.419 2.11 4.13 0.001
Plasma [1.-6 £ 1000 1.560 2.46 4.76 0.008
Thrombo- < 100.000 2.047 2.229 7.74 0.027
cytes
Comorbidity  Yes 1.083 1.67 2.95 0.097
Constant -3.458 -5.59 0.03 -
Cut-off point = 0.3
Table 4. Multivariate analysis of scores and immune parameters for death: [L-8 measured in pg/ml.
Variable Cus-off Coeifficient B/SE Relative risk p-value Sensitivity Specificity
level ® Exp (B)
84* g0+
APACHEII 1110 1.980 2.19 7.28 0.022
Plasma [1.-8 > 70 1.162 1.60 3.20 0.104
Complication  Scvere 3712 3.40 40.9 0.00!
Constant -5.816 -4.50 0.003 -

Cut-off point = (.3

Table 5. MOF/MODS scores and plasma [L-6 levels after antibiotic administration.

Antibiotics MOF-score  MODS-score  1L-6 pg/ml N IL-6 pg/ml N 1L-6 pg/ml N
(median) {median) (median) on {median) 120 (median) 180
admission minutes after minutcs after
antibiotic antibiotic
administration administration
Imipenem 5 5 275 11 134 8 162 8
Cephalosporin/ 0 1 724 9 588 9 515.5 9
cephalosporin +
metronidazole
p-value 0.03 0.09 0.04 0.07 0.08

organ failure whereas patients treated with cephalospo-
rins did not. The MOF-score was significantly increased
(p <0.05) compared to patients treated with cephalos-
porins; however, the IL-6 plasma levels of the imipenem
patients were significantly lower than in patients with
cephalosporin/ cephalosporin plus metronidazole treat-
ment. (Table 5). Only 22% (n = 2) of patients treated
with imipenem were endotoxin positive on admission to
the ICU and 11% (n = 1y at 120 minutes after adminis-
tration of antibiotics (Total n = 9). Although 64% (n =
7: total n = 11) of paticnts treated with cephalosporins
wete endotoxin positive on admission to ICU and 50%
(n =4 ; total n = 8) 120 minutes after antibiotics admin-
istration, this difference did not reach statistical differ-
ence (p = 0.09, p = 0.13 respectively; 0.5 pg/m) was
considered to be endotosin-positive). There was no dif-
ference in the rate of complication and death in the two
patient groups. Despite increased multi-organ failure
scores at the beginning of imipenem treatment, a strong

sign for serious sepsis, there was no difference in out-
come to other patients and IL-6 levels which are a signal
of acute phase response decreased substantially during
treatment with imipenem.

DiscussioN

Sepsis and peritonitis remain an imminent danger for
surgical patients admitted to an intensive care unit. Ten
percent of patients in the ICU suffer from sepsis, 6%
from severe sepsis and 2-3% frum septic shock. SIRS
occurs in 40 — 70% of all patients admitted to the 1CU.
The mortality of SIRS ranges from 6-7% and in septic
shock more than 30%. Abdominal sepsis exhibits the
highest mortality rate (72%) (34, 35]. Scores, cytokines,
and other inflammatory mediators were analyzed for
their potential ability to predict outcome and complica-
tions in surgical paticnts. However, in most studies the
number of patients enrolled is rather small and seldom
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