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Summary
Aim: This pilot study seeks to determine
whether contact system activation (CSA) occurs
in human sepsis patients and to characterise blood
levels of the 47kD light chain of high-molecular
weight kininogen (47kD HK).
Methods: Six consecutive patients with clinical
suspicion of sepsis were evaluated on days 1, 2, 3
and 6–8 for 47kD HK blood levels expressed in
U/ml of whole blood and as percent of total HK.
47kD HK was measured in whole blood by quantitative immunoblot analysis.
Results: On study day 1 or 2, analysis of 47kD
HK in U/ml of whole blood identiﬁed CSA in 3/6
patients. When 47kD HK levels were expressed as
percent of total HK, 4/6 patients were identiﬁed
with CSA before day 3. The degree of CSA as assayed by the presence of 47kD HK correlated
with the severity of the systemic inﬂammatory
syndrome (SIRS), i.e. mean CSA increased pro-

gressively from basal levels in healthy controls
(0.08 U/ml or 10.4%) to patients without SIRS
(0.10 U/ml or 15.1%), to patients with sepsis
(0.12 U/ml or 15.0%), and ﬁnally to patients in a
combined category of severe sepsis and septic
shock (0.13 U/ml or 17.4%).
Conclusion: CSA, deﬁned by increased 47kD
HK, occurred early on in the course of sepsis in a
subset of sepsis patients. 47kD HK levels, an indicator of bradykinin release, correlated with sepsis
severity. Future larger studies will need to evaluate the role of 47kD HK as a biomarker for both
prognosis and treatment response in human sepsis.
Key words: systemic inﬂammatory response syndrome; sepsis; high-molecular weight kininogen; contact
system activation; bradykinin
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Sepsis is a clinico-pathological syndrome arising from infection and is deﬁned by the presence
of a systemic inﬂammatory process called systemic inﬂammatory response syndrome or SIRS.
SIRS may result from infectious (i.e. sepsis) or
non-infectious causes. SIRS and sepsis can therefore be seen as overlapping entities [1]. Prospective analysis of 3708 patients with SIRS and sepsis
has shown that there is a clinical progression from
SIRS to sepsis, to severe sepsis, and septic shock.
28-day mortality increases from 7% to 16%, to
20% and 46% respectively [2].
The systems of coagulation and inﬂammation
interact in many ways [3]. On the hypothesis that
one can alter the outcome of sepsis, i.e. reduce
sepsis-related mortality by inﬂuencing coagulation parameters, the effects of drugs that alter the
coagulation system have been studied. To date activated protein C is the only coagulation inhibitor
known to improve survival in sepsis patients.
Other studies involving factors such as tissue factor pathway inhibitor (TFPI), antithrombin III
(ATIII) or C1 inhibitor (C1Inh) have so far failed
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to reduce mortality in human sepsis or were not
sufﬁciently powered to address the issue [4–9].
The search for disease markers allowing identiﬁcation of high-risk subpopulations of patients
likely to beneﬁt most from targeted therapeutic
strategies is ongoing.
Bradykinin, a vasoactive peptide which mediates inﬂammatory signs and sepsis-induced hypotension, is generated in vivo by a three-step sequential cleavage from a 120kD precursor molecule, high molecular weight kininogen (HK; see
ﬁgure 1) [10–15]. Plasma kallikrein is the serine
protease responsible for endovascular HK cleavage [16]. Direct measurement of bradykinin is laborious and prone to preanalytical artifacts due to
the very short half-life of 30–50 seconds and basal
plasma concentration in the pmol/l range [17–
21]. We therefore designed an assay measuring
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the cleaved 47kD band of HK with a long half-life
as a direct indicator of contact system activation
(CSA) and an indirect indicator of bradykinin release (see Figure 1).
We hypothesise that contact system activation occurs early on in the course of sepsis and
hence may be a candidate marker of clinical relevance. A quantitative assay for high molecular
weight kininogen cleavage was designed to study
contact system activation. We characterised this
test by studying the evolution of test results over
time in six patients with suspected sepsis and
compared these results with those of six healthy
controls. Finally, we investigated whether there is
a correlation between the severity of the inﬂammatory syndrome and the severity of contact system activation.

Figure 1
High-molecular weight kininogen cleavage. Circulating Hk is
cleaved by plasma kallikrein in three sequential steps (see 1,
2 and 3 in panel A). The first cleavage generates 63kd heavy
chain and 61kd light chain. The next cleavage liberates the
polypeptide bradykinin from the heavy chain. Finally, the
third cleavage generates 47kd light chain. Using a polyclonal rabbit antiserum directed against 47kd light chain our
assay detects three bands (depicted in gray): 120kd, 61kd
and 47kd. 61kd band is almost undetectable on the immunoblots due to increased electrophoretic mobility and
short plasma half-life (see Material and Methods).
Panel B shows an immunoblot used to generate a standard
curve, and immunoblots of a control sample (Con) as well as
a sepsis sample (Pt). For the standard curves Hk deficient
plasma (Hk-) was spiked with normal human plasma to contain the amounts of Hk as indicated (lane 1: only Hk- plasma
= 0%, lane 2: Hk-:NHP = 1:50 or 2%, lane 3 Hk-: NHP = 1:10
or 10%, etc). Whereas 1 μl of plasma was applied per lane
for standard curves, only 0.4 μl of whole blood was added
for test samples. lane 10 shows three molecular weight
(MW) markers at 112, 84 and 52kd.

A

B

Patients and methods
Patients
Patients were recruited from the internal medicine
ward, the medical intensive care units (ICU) or the surgical ICU on the basis of clinical suspicion of sepsis of recent onset on day 0 of the study. The inclusion criterion
was the presence of at least two SIRS deﬁning criteria (see
below) on day 1. Seven consecutive patients were enrolled. One patient who died on day 2 was excluded from
the study. Patient characteristics were as follows (patient
number: sex, age, (colour used in ﬁgures): reason for
transfer to ICU and comorbidities): 1: female, 71, (purple): fever – valvular heart disease (mechanical mitral
valve and severe aortic stenosis); 2: male: 77, (blue)
pseudomonas sepsis 8 days after aortic valve replacement
– valvular heart disease (mechanical aortic valve), ulcerative proctitis, peripheral artery disease; 3: female, 24,
(green): fever – haemophagocytic syndrome; 4: female,
54, (yellow): aspiration pneumonia acquired during generalised epileptic attack – pituitary insufﬁciency after re-

section of a prolactinoma; 5: male, 57, orange: sigma perforation – alcohol abuse, chronic renal failure and recurrent gout; 6 male, 44, red: resection of small intestine –
comorbidities not speciﬁed. Six healthy volunteers, 3 females and 3 males, with ages ranging from 27–47 years
(mean: 37 years) served as controls.
Study protocol
Patients had blood drawn on 4 occasions on days 1,
2, 3 and 6–8. Contact system activation testing was performed on all occasions. Patients’ clinical status pertaining to sepsis was ascertained for each of the 4 study days
on the basis of information documented in the patient
charts.
The American College of Chest Physicians/Society
of Critical Care Medicine Consensus Conference deﬁnitions of sepsis and related disorders were used [22]. In
brief, 4 SIRS deﬁning criteria were applied: (i) body temperature <36 or >38 ˚C, (ii) heart rate >90 beats/minute,
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(iii) tachypnoea with respiratory rate >20/minute or hyperventilation with PaCo2<32 Torr (4.3 kPa), and (iv) alteration of white blood count <4 or >12 G/l or the presence
of >10% immature neutrophils (bands). SIRS was deﬁned
by the presence of two or more of the above criteria. Sepsis was deﬁned as SIRS due to infection. Severe sepsis was
deﬁned as sepsis associated with organ dysfunction, hypoperfusion or hypotension. Septic shock was deﬁned as
a subcategory of severe sepsis characterised by persistent
hypotension unresponsive to adequate ﬂuid resuscitation.
Internal review and patient consent
This study protocol was reviewed and approved by
the Ethical Committee of the University of Berne and
the patients’ administration department of the University
Hospital in Berne. Doctors involved in the direct care of
the patients obtained informed consent from patients or
their families.
Contact system activation assay
A quantitative immunoblotting method for high
molecular weight kininogen was developed on the basis
of previously established methods [23]. Subjects’ whole
blood (WB) was diluted 1:50 in 0.01 M Tris, 0.14 M
sodium chloride, pH 7.4 containing 1 mg/ml bovine
serum albumin and 100 mg/ml soybean trypsin inhibitor
(SBTI). 20 μl of diluted WB were added to 30 ml sample
buffer containing 10% sodium dodecyl sulfate (SDS) and
immediately denatured by heating to 100 °C for 5 minutes in a waterbath. Whole blood was used instead of
plasma to minimise handling time and prevent preanalytical sample degradation. All samples were denatured
within 20 minutes of the blood draw.
Pretest variables were tested in preliminary experiments. Citrate proved to be the optimal anticoagulant as
heparinised samples showed less reproducibility of results
after storage. Storage of denatured samples at room temperature was superior to freezing/defrosting, which induced excessive sample precipitation. Heating the samples to 100 °C for 5 min. in a waterbath resolubilised
small precipitates which formed in some samples and
permitted sample loading without losses due to nonentry into the stacking gel. Results of immunoblots produced using fresh samples and samples stored for 8 days
under these conditions were highly reproducible (data
not shown).
SDS PAGE was performed using a standard discontinuous buffer system [24]. Prior to electrophoresis samples were reduced with dithio-D-L-threitol (DTT) and
alkylated with iodoacetamide (IAA). Gels contained 10%
of acrylamide (wt/vol). Bisacrylamide was added to make
up 2.6% of total monomer. Four gels with 12 lanes each
were run in parallel overnight, permitting evaluation of
2 subjects in one session
Two separate standard curves were established for
uncleaved and cleaved (47kD band) HK (see ﬁgure 1B).
For uncleaved HK (120kD band) a standard curve was
produced using the dilutions of non-activated normal
human plasma (NHP) supplemented in HK-deﬁcient
plasma to assure equal total plasma content. A similar dilution scheme was applied to generate a standard curve
for the 47kD cleavage product of HK. For this purpose
NHP was activated by exposure to dextran sulphate (ﬁnal
concentration: 1.25 mg/ml) for 180 min. before being diluted.

Negative controls (1 ml plasma deﬁcient in HK, HK)
were run on each gel in lane 1; lane 12 was used for
prestained molecular weight standards (BioRad, Hercules, Ca; 161–0305). For all patient/control samples the
equivalent of 0.4 ml of whole blood was applied per lane.
Internal controls (0.5 or 1.0 ml NHP) were included on
each gel to assure comparability of gels that were run in
parallel.
The immunoblotting technique has been described
previously [23]. HK cleavage was analysed using a rabbit
polyclonal antibody directed against reduced and alkylated 47kD light chain of HK (see ﬁgure 1).
Autoradiographs of the immunoblots were scanned
using a personal laser densitometer (Molecular Dynamics, Sunnyvale, CA) and commercial software (MD Image
Quant, version 3.3) [25]. Calibration curves were generated from the data using Table Curve 2D for Windows
(Jandel Scientiﬁc Software, San Rafael, CA, version 3)
and a transition function [logistic dose response curve: y
= a/(1+(x/b)c].
Normal values were established in six healthy volunteers based on 4 blood draws each. These 24 values were
distributed normally. Figure 1 schematically illustrates
HK cleavage (1A) and a normal vs. a sepsis sample (1B).
The antibody detects 120kD, 61kD and 47kD forms
of HK. The 61kD fragment has an increased electrophoretic mobility resulting in partial migration
through the nitrocellulose membrane (data not shown).
This issue and the probable short half-life of the fragment led to the very low levels that we detected for this
fragment. We determined absolute concentrations (U/ml
of whole blood) of each of these bands using two different standard curves and a band scanning procedure.
Based on the absolute concentrations of each fragment,
we then calculated the relative concentrations in % of
total HK. For this analysis total HK (100%) was determined as the sum of uncleaved HK + 61kD HK + 47kD
HK. We deﬁned contact system activation as any result,
for either absolute concentration (U/ml) or for relative
concentration (%), that falls outside the normal range deﬁned by the mean +/- t x SD (t for n = 6 or ﬁve degrees of
freedom = 2.57).
To assure reproducibility, runs with 4 gels were electrophoresed in parallel, blotted in parallel and their autoradiographs were exposed in parallel. On the basis of
the internal controls on each gel the intra-run coefﬁcient
of variability (CV) was calculated: mean CV 8.0%, median CV 7.3%, range 1.6–15.4%. The inter-run CV
could not be calculated as no calibrated source of puriﬁed
HK (uncleaved and cleaved) was available to us.
Coagulation and blood chemistry studies
Coagulation studies such as prothrombin time,
aPTT, thrombin time, reptilase time, ethanol gelation
assay, ﬁbrinogen concentration, clotting activities for vitamin K-dependent coagulation factors (FII, FVII, FX),
for FV and for contact factors (FXII, FXI, HK and PK) as
well as C-reactive protein and creatinine levels were determined according to standardised procedures [25, 26].
Statistical analyses
Sigma Plot for Windows 9.0 (Jandel Scientiﬁc) was
used to perform the statistical calculations. Mann Whitney
rank sums test was used to evaluate the data in table 2. For
Figures 2 and 3 standard deviations of the control population were calculated using a two-stage sampling approach [27].
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Results
Clinical course of SIRS/sepsis
Four of the six patients had blood culturepositive sepsis. In retrospect, in three patients
these cultures turned positive on day 0 of the
study (patients 1 (purple), 2 (blue) and 3 (green)
with Streptoccoccus bovis, Pseudomonas aeroginosa
and Streptococcus mitis respectively. One patient’s
culture dating from one day before study inclusion (day –1: patient 6 (red) with Hafnia alvei) re-

turned a positive result. Cultures remained negative in two of the patients (4 (yellow) and 5 (orange)), who in view of their clinical presentation
were classiﬁed as culture-negative sepsis. Sepsis
was complicated by features characterising septic
shock in three patients (patients 3–5). One of
these patients still presented severe sepsis on the
last study day (patient 5), one presented signs and
symptoms indicative of sepsis (patient 3), and one
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Contact system activation in sepsis vs. controls (analysis in U/ml).
Panel A shows the six individual patients’ results over time. Panel B shows the analysis of 47kd light chain in U/ml as a function of SiRS severity. The solid line depicts the mean of all normal controls; whereas the dotted line delimits the mean ± two
standard deviations. The categories on the x-axis are normal controls (empty circles), patients without SiRS (all patients upon
inclusion in the study had at least two SiRS criteria; on subsequent days of testing some patients only presented 1 or 0 SiRS
defining criteria and therefore were categorised in the “no SiRS” group), patients with sepsis and patients with severe sepsis
(including septic shock). The insert correlates the symbols with the respective patients and time of blood draw. The empty
bars indicate the mean CSA for each category.
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Figure 3
Contact system activation in sepsis vs. controls (analysis in %).
Panels A and B are organised similarly to Figure 2. Panel A shows the analysis for 47kd light chain in % of total Hk. For this
analysis the sum of all three detected bands (120kd + 61kd + 47kd) was considered to equal 100%. As well as illustrating
increased CSA as a function of SiRS severity in sepsis patients, this figure shows that in healthy controls approximately
10% of Hk circulates in its cleaved form under basal conditions. This result suggests a basal turnover of Hk with a persistence
of the 47kd fragment in the circulation. See Results section for comments regarding *.
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Table 1

Sepsis patients

Hk split products

U/ml

0.63 (0.11)

0.67 (0.08)

61kD band

0.02 (0.01)

0.02 (0.01)

47kD band

0.12 (0.03)*

0.08 (0.01)*

Total HK
%

0.77 (0.12)

120kD band

0.78 (0.08)

81.8 (3.2)

86.3 (1.0)

61kD band

2.4 (1.0)

3.3 (0.5)

47kD band

15.8 (2.3)*

10.4 (0.7)*

Total HK

patients from the above-mentioned group (patients 2, 3, 4) and a fourth patient, patient 6, who
had pathological results on days 2, 3 and 8.
The empty bars in ﬁgures 2B and 3B depict
the mean contact system activation of the
SIRS/sepsis patients. The values ranged from the
lowest values in controls (0.08 U/ml or 10.4%; as
depicted by the solid line), to patients without
SIRS (0.10 U/ml or 15.1%), to patients with SIRS
(0.12 U/ml or 15.0%), and ﬁnally to patients with
severe sepsis or septic shock (0.13 U/ml or
17.4%). There was one outlier, day 8 of patient 4
in Figure 3B: see asterix. If this outlier is excluded
from the analysis of means, the resultant mean
CSA for the “no SIRS” group in ﬁgure 3B would
be 12.1% (in contrast to 15.1%, see above).
Table 1 shows that, while HK expressed in absolute terms (U/ml) did not differ in the sepsis
and control groups (0.77 vs. 0.78 U/ml of whole
blood), there was signiﬁcantly more 47kD HK
present in sepsis patients (see asterix). This holds
true both in U/ml and in % of total HK.

Controls

120kD band

100

100

Results are given as arithmetic mean
(± the value to obtain the 95% conﬁdence interval).

shock patient no longer showed signs of SIRS by
the end of the study period (patient 4). Of the
three patients who did not have severe sepsis or
septic shock, two still classiﬁed for sepsis by day 8,
whereas patient 1 no longer presented the requisite criteria for that diagnosis.
Contact system activation in sepsis
The time course of contact system activation
for the six patients as deﬁned by the absolute
amount of 47kD band of HK in U/ml is depicted
in ﬁgure 2A. CSA correlates with the severity of
the underlying inﬂammatory state (ﬁgure 2B).
Using this analysis, three patients (2, 3 and 4) had
pathologically high levels of 47kD HK. One patient (5) had results below the normal range. Controls are indicated for comparison. The solid line
represents the mean control value; dotted lines
represent the range of normal values.
Analysis by relative abundance of 47kD HK,
expressed as % of total HK, is depicted in ﬁgures
3A and 3B. This analysis identiﬁed the same three
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Other Coagulation Studies
Clotting activity for FXII, HK, PK and FXI
was assayed in all six patients on the four study
dates. Table 2 shows the standard markers of CSA
used in previous studies. The implications of
these studies are commented on in the discussion.
In our patient cohort at least one of the 4 assays
showed decreased values in each of the six patients. However, the majority of measurements
were normal or increased (60 out of 96). In contrast to 47kD HK, no correlation between reduced contact system factors (FXII, HK, PK or
FXI) and severity of SIRS was detectable.
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Patient 6 (red)
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3

3

2

2
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S

S
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27

24
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44

25

29

24

56

54

75

50

39

28

36

44

1

3

8

2

2

2

S

S

S

38

45

47

38

38

41

87

94

102

108

103

49

81

73

76

2

Table 2
Standard parameters of CSA. Mann Whitney rank sum test.
Abbreviations and comments: score (sc., SiRS score according to [22]), category (cat.): no SiRS (o, white) SiRS (S, light grey)), severe sepsis and/or
septic shock (SS, dark grey), clotting factor activity for FXii (normal range: 61–145%), Pk (65–120%); Hk (65–140%) and FXi (65–140%); bold characters
indicate pathological results.

Discussion
We have shown that contact activation can be
detected early in a subset of patients with sepsis.
Deﬁning CSA as an increase in the absolute concentration of 47kD HK (U/ml), we identiﬁed
three patients with contact system activation. The

test turned positive early on in the course of sepsis, namely on day 1 or 2, staying positive thereafter. If one uses the relative concentration of
47kD band (% of total HK), the same three patients were identiﬁed on day 1 or 2 as well as one
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additional patient (patient six). Three out of these
four patients remained positive for the rest of the
study period, whereas one patient’s results normalised on day 3 and 8. Out of the four patients
who had a positive test in either analysis, three
had severe forms of sepsis (severe sepsis or septic
shock). Two patients did not test positive. Other
CSA parameters were negative or inconclusive in
our study patients. This suggests that our assay
identiﬁed sepsis associated with adverse outcome
in a subpopulation of patients.
Several studies have reported CSA in sepsis in
the past, with ﬁrst reports dating back to the
1970s [28–38]. The main confounding factor in
these studies was the lack of consensus on how to
deﬁne CSA. Decreased coagulation factor levels
for factor XII, prekallikrein and HK have been
proposed as measures of CSA. However, different
reports have shown these values to be increased,
normal or reduced in different sepsis patients,
making analysis difﬁcult. Tables 1 and 2 illustrate
how contact system activation may be overlooked
if one analyses only the total concentration of a
contact system protein. Previous reports [39] and
our own results support the notion that absolute
concentrations of contact system proteins at the
time of study enrolment into the relevant study
do not reliably include or rule out CSA or predict
patient outcome. Assays for activated contact factors such as FXIIa have been proposed but also
remain debatable. Complexes of coagulation factor inhibitors bound to activated coagulation factors such as C1Inh-FXIIa, C1Inh-KK, or a1-antitrypsin-FXIa and a2-macroglobulin-KK have
also been studied. Again, no single assay has established itself for deﬁnition of CSA in sepsis. We
propose 47kD HK as a marker for contact system
activation in the context of sepsis. Our assay has
two advantages over other assays: i) it deﬁnes
CSA through the generation of a speciﬁc and persistent product, the 47kD light chain of HK, and
ii) it indicates that an important mediator in sepsis, the vasoactive peptide bradykinin, has been
released (ﬁg. 1).
In our patients the degree of CSA correlated
with the severity of SIRS/sepsis. Mean (depicted
by empty bars in the ﬁgure) and median CSA (not
depicted) increased from controls to patients
without SIRS, to those with SIRS and ﬁnally to
those with severe sepsis in the 47 kD HK analysis
by U/ml (ﬁgure 2A) and in % (ﬁgure 2B) with
one exception. In the analysis of CSA in % the
mean CSA of patients without SIRS was smaller
than that of patients with SIRS (15.1 vs 15.0; the
higher average in the no SIRS group is attribuable to one outlier: see asterisk). Our data are
however preliminary and based on a small patient
population. Conﬁrmation of this ﬁnding in a
larger cohort is necessary. Such conﬁrmation is of
signiﬁcant clinical interest since patients with severe sepsis and septic shock have the highest mortality risk. We predict that patients with high levels of 47kD would beneﬁt most from treatment
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whih speciﬁcally targets the contact system, such
as C1Inh. Any treatment aimed at reducing mortality in sepsis should target a pathway that is active in these patients.
Earlier studies on CSA in culture negative vs.
culture positive sepsis [30, 31] either used varying
deﬁnitions of sepsis, adopted criteria of severity
not predictive of an adverse outcome, did not describe criteria of patient recruitment, used patients from previous studies, used less sensitive
methods to detect HK cleavage and non- or less
speciﬁc markers for CSA, or described CSA only
at single time points. In this study we adopted a
deﬁnition of SIRS and sepsis that is based on a
consensus statement [22] for which the criteria of
severity have been prospectively validated [2, 40].
Moreover, we followed our patients over 4 time
points. However, our study has several limitations. It is a preliminary study based on a small
patient population. The normal ranges were deﬁned using 24 values, which sensu stricto were not
independent measurements. We were unable to
assay HK cleavage using an alternative method.
Disease severity at study inclusion was not
prospectively registered.
Surfaces on which contact system activation
occurs in vivo have been identiﬁed in recent years.
Such surfaces include endothelial cells [41–44],
polymorphonuclear neutrophils [45], platelets
[46, 47] and various bacteria [48–50]. It is interesting that all of the above in vivo targets also play
central roles in the pathogenesis of sepsis, and
hence are sites of potential therapeutic intervention. Although the site of CSA in our study is undeﬁned, comparative studies in whole blood,
platelet rich plasma and platelet poor plasma
demonstrated a cell bound fraction of HK (data
not shown) suggesting a role of HK bound to circulating cellular elements.
To date the only coagulation-modifying drug
that has been shown to reduce sepsis-related mortality in a prospective randomised study with predeﬁned outcomes is activated protein C [5]. Most
trials investigating drugs which modulate the
contact system in SIRS/sepsis patients have failed
to show an improved patient outcome. Trials in
humans and animals have investigated monoclonal antibodies directed against FXIIa [51], direct BK antagonists [52], or also inhibitors of contact factors such as ATIII [6] and C1 inhibitor [9].
A meta-analysis of controlled trials of anticoagulant treatments for sepsis concluded that, since
the degree of beneﬁt from the various treatment
regimens depends on disease severity, “the safety
and efﬁcacy of these agents may be enhanced by
reﬁnement in techniques of clinical stratiﬁcation”
[53]. Future studies will have to show whether our
assay represents such a reﬁnement.
In conclusion, our results show that the contact system became activated early on, that the activation was persistent in a subset of sepsis patients, and that the activation correlated with the
severity of the inﬂammatory syndrome. 47kD HK
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warrants further research into its potential role as
a sepsis marker for the prognosis of outcome or
treatment response.

Correspondence:
Lars M. Asmis
Division of Haematology –
Coagulation
Laboratory
University Hospital of Zurich
Rämistrasse 100
CH-8091 Zurich
Switzerland
E-Mail: lars.asmis@usz.ch

References
1 Bone RC. Sepsis, sepsis syndrome, and the systemic inﬂammatory response syndrome (SIRS). Gulliver in Laputa. JAMA.
1995;273:155–6.
2 Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis
CS, Wenzel RP. The natural history of the systemic inﬂammatory response syndrome (SIRS). A prospective study. JAMA.
1995;273:117–23.
3 Levi M, Keller TT, van Gorp E, ten Cate H. Infection and inﬂammation and the coagulation system. Cardiovasc Res. 2003;
60:26–39.
4 Abraham E, Reinhart K, Opal S, Demeyer I, Doig C, Rodriguez AL, et al. Efﬁcacy and safety of tifacogin (recombinant
tissue factor pathway inhibitor) in severe sepsis: a randomized
controlled trial. JAMA. 2003;290:238–47.
5 Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut JF,
Lopez-Rodriguez A, et al. Efﬁcacy and safety of recombinant
human activated protein C for severe sepsis. N Engl J Med.
2001;344:699–709.
6 Warren BL, Eid A, Singer P, Pillay SS, Carl P, Novak I, et al.
Caring for the critically ill patient. High-dose antithrombin III
in severe sepsis: a randomized controlled trial. JAMA. 2001;
286:1869–78.
7 Fourrier F, Chopin C, Huart JJ, Runge I, Caron C, Goudemand J. Double-blind, placebo-controlled trial of antithrombin III concentrates in septic shock with disseminated intravascular coagulation. Chest. 1993;104:882–8.
8 Baudo F, Caimi TM, de Cataldo F, Ravizza A, Arlati S, Casella
G, et al. Antithrombin III (ATIII) replacement therapy in patients with sepsis and/or postsurgical complications: a controlled double-blind, randomized, multicenter study. Intensive
Care Med. 1998;24:336–42.
9 Caliezi C, Zeerleder S, Redondo M, Regli B, Rothen HU,
Zurcher-Zenklusen R, et al. C1-inhibitor in patients with severe sepsis and septic shock: beneﬁcial effect on renal dysfunction. Crit Care Med. 2002;30:1722–8.
10 Nakayasu T, Nagasawa S. Studies on human kininogens. I. Isolation, characterization, and cleavage by plasma kallikrein of
high molecular weight (HMW)-kininogen. J Biochem. (Tokyo)
1979;85:249–58.
11 Kerbiriou DM, Grifﬁn JH. Human high molecular weight
kininogen: Studies of structure-function relationships and of
proteolysis of the molecule occurring during contact activation
of plasma. J Biol Chemistry. 1979;254:12020–7.
12 Mori K, Nagasawa S. Studies on human high molecular weight
(HMW) kininogen. II. Structural change of HMW kininogen
by the action of human plasma kallikrein. J Biochem. (Tokyo)
1981;89:1465–73.
13 Elliot DF, Horton EW, Lewis GP. Actions of pure bradykinin.
J Physiol. (Lond) 1960;153:473–80.
14 Kaplan AP, Joseph K, Silverberg M. Pathways for bradykinin
formation and inﬂammatory disease. J Allergy Clin Immunol.
2002;109:195–209.
15 Leeb-Lundberg LM, Marceau F, Muller-Esterl W, Pettibone
DJ, Zuraw BL. International union of pharmacology. XLV.
Classiﬁcation of the kinin receptor family: from molecular
mechanisms to pathophysiological consequences. Pharmacol
Rev. 2005;57:27–77.
16 Schmaier AH. Plasma kallikrein/kinin system: a revised hypothesis for its activation and its physiologic contributions.
Curr Opin Hematol. 2000;7:261–5.

17 Decarie A, Raymond P, Gervais N, Couture R, Adam A. Serum
interspecies differences in metabolic pathways of bradykinin
and. Am J Physiol. 1996;271:H1340–7.
18 Campbell DJ. The kallikrein-kinin system in humans. Clin Exp
Pharmacol Physiol. 2001;28:1060–5.
19 Cyr M, Lepage Y, Blais C Jr, Gervais N, Cugno M, Rouleau JL,
Adam A. Bradykinin and des-Arg(9)-bradykinin metabolic
pathways and kinetics of activation of human plasma. Am J
Physiol Heart Circ Physiol. 2001;281:H275–83.
20 Erdos EG. Kinins, the long march – a personal view. Cardiovasc Res. 2002;54:485–91.
21 Nussberger J, Cugno M, Cicardi M. Bradykinin-mediated angioedema. N Engl J Med. 2002;347:621–2.
22 Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus
WA, et al. Deﬁnitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The
ACCP/SCCM Consensus Conference Committee. American
College of Chest Physicians/Society of Critical Care Medicine.
Chest. 1992;101:1644–55.
23 Bühler R, Kremer Hovinga J, Aebi-Huber I, Furlan M,
Lämmle B. Improved detection of proteolytically cleaved high
molecular weight kininogen by immunoblotting using an antiserum against its reduced 47 kDa light chain. Blood Coagulation and Fibrinolysis. 1995;6:223–32.
24 Laemmli UK. Cleavage of structural proteins during the
assembly of bacteriophage T4. Nature. 1970;227:680–5.
25 Asmis LM, Sulzer I, Furlan M, Lammle B. Prekallikrein deﬁciency: the characteristic normalization of the severely prolonged aPTT following increased preincubation time is due to
autoactivation of factor XII. Thromb Res. 2002;105:463–70.
26 Redondo M, Watzke HH, Stucki B, Sulzer I, Biasiutti FD,
Binder BR, et al. Coagulation factors II, V, VII, and X, prothrombin gene 20210G—>A transition, and factor V Leiden in
coronary artery disease: high factor V clotting activity is an independent risk factor for myocardial infarction. Arterioscler
Thromb Vasc Biol. 1999;19:1020–5.
27 Cochran WG. Chapter 10: Sampling size with units of equal
size; In: Sampling techniques (3rd ed):. 1973, New York, John
Wiley & Sons.
28 Mason JW, Kleeberg U, Dolan P, Colman RW. Plasma
kallikrein and Hageman factor in Gram-negative bacteremia.
Ann Intern Med. 1970;73:545–51.
29 Hirsch EF, Nakajima T, Oshima G, Erdos EG, Herman CM.
Kinin system responses in sepsis after trauma in man. J Surg
Res. 1974;17:147–53.
30 Schmaier AH, Farber A, Schein R, Sprung C. Structural
changes of plasma high molecular weight kininogen after in
vitro activation and in sepsis. J Lab Clin Med. 1988;112:182–
92.
31 Kaufman N, Page JD, Pixley RA, Schein R, Schmaier AH, Colman RW. Alpha 2-macroglobulin-kallikrein complexes detect
contact system activation in hereditary angioedema and human
sepsis. Blood. 1991;77:2660–7.
32 DeLa Cadena RA, Suffredini AF, Page JD, Pixley RA, Kaufman
N, Parrillo JE, et al. Activation of the kallikrein-kinin system
after endotoxin administration to normal human volunteers.
Blood. 1993;81:3313–7.
33 Pixley RA, DeLa Cadena RA, Page JD, Kaufman N, Wyshock
EG, Colman RW, et al.: Activation of the contact system in
lethal hypotensive bacteremia in a baboon model. Am J Pathol.
1992;140:897–906.

142-149 Asmis 11788-07.qxp

28.2.2008

8:52 Uhr

Seite 149

S W i S S M e d W k ly 2 0 0 8 ; 1 3 8 ( 9 – 10 ) : 1 4 2 – 1 4 9 · w w w . s m w . c h

34 Kalter ES, Daha MR, ten Cate JW, Verhoef J, Bouma BN. Activation and inhibition of Hageman factor-dependent pathways and the complement system in uncomplicated bacteremia
or bacterial shock. J Infect Dis. 1985;151:1019–27.
35 Colman RW, Edelman R, Scott CF, Gilman RH. Plasma
kallikrein activation and inhibition during typhoid fever. J Clin
Invest. 1978;61:287–96.
36 Wuillemin WA, Lammle B. Activation of the contact system in
patients with sepsis and with septic shock. Blood. 1997;89:
3893–4.
37 Wuillemin WA, Fijnvandraat K, Derkx BH, Peters M, Vreede
W, ten Cate H, et al. Activation of the intrinsic pathway of coagulation in children with meningococcal septic shock.
Thromb Haemost. 1995;74:1436–41.
38 Nuijens JH, Huijbregts CC, Eerenberg-Belmer AJ, Abbink JJ,
Strack van Schijndel RJ, Felt-Bersma RJ, et al. Quantiﬁcation
of plasma factor XIIa-Cl(-)-inhibitor and kallikrein-Cl(-)inhibitor complexes in sepsis. Blood. 1988;72:1841–8.
39 Pixley RA, Zellis S, Bankes P, DeLa Cadena RA, Page JD, Scott
CF, et al. Prognostic value of assessing contact system activation and factor V in systemic inﬂammatory response syndrome.
Crit Care Med. 1995;23:41–51.
40 Cauchie P, Cauchie Ch, Boudjeltia KZ, Carlier E, Deschepper
N, Govaerts D, et al. Diagnosis and prognosis of overt disseminated intravascular coagulation in a general hospital – meaning of the ISTH score system, ﬁbrin monomers, and lipoprotein-C-reactive protein complex formation. Am J Hematol.
2006;81:414–9.
41 Motta G, Rojkjaer R, Hasan AA, Cines DB, Schmaier AH.
High molecular weight kininogen regulates prekallikrein assembly and activation on endothelial cells: a novel mechanism
for contact activation. Blood. 1998;91:516–28.
42 Shariat-Madar Z, Mahdi F, Schmaier AH. Assembly and activation of the plasma kallikrein/kinin system: a new interpretation. Int Immunopharmacol. 2002;2:1841–9.
43 Joseph K, Tholanikunnel BG, Kaplan AP. Activation of the
bradykinin-forming cascade on endothelial cells: a role for heat
shock protein 90. Int Immunopharmacol. 2002;2:1851–9.
44 Aird WC. The role of the endothelium in severe sepsis and
multiple organ dysfunction syndrome. Blood. 2003;101:3765–
77.

149

45 Henderson LM, Figueroa CD, Muller-Esterl W, Bhoola KD.
Assembly of contact-phase factors on the surface of the human
neutrophil membrane. Blood. 1994;84:474–82.
46 Gustafson EJ, Lukasiewicz H, Wachtfogel YT, Norton KJ,
Schmaier AH, Niewiarowski S, et al. High molecular weight
kininogen inhibits ﬁbrinogen binding to cytoadhesins of neutrophils and platelets. J Cell Biol. 1989;109:377–87.
47 Bradford HN, Dela Cadena RA, Kunapuli SP, Dong JF, Lopez
JA, Colman RW. Human kininogens regulate thrombin binding to platelets through the glycoprotein Ib-IX-V complex.
Blood. 1997;90:1508–15.
48 Herwald H, Morgelin M, Olsen A, Rhen M, Dahlback B,
Muller-Esterl W et al. Activation of the contact-phase system
on bacterial surfaces – a clue to serious complications in infectious diseases. Nat Med. 1998;4:298–302.
49 Sriskandan S, Kemball-Cook G, Moyes D, Canvin J, Tuddenham E, Cohen J. Contact activation in shock caused by invasive
group A Streptococcus pyogenes. Crit Care Med. 2000;28:
3684–91.
50 Mattsson E, Herwald H, Cramer H, Persson K, Sjobring U,
Bjorck L. Staphylococcus aureus induces release of bradykinin
in human plasma. Infect Immun. 2001;69:3877–82.
51 Pixley RA, De La Cadena R, Page JD, Kaufman N, Wyshock
EG, Chang A, et al. The contact system contributes to hypotension but not disseminated intravascular coagulation in
lethal bacteremia. In vivo use of a monoclonal anti-factor XII
antibody to block contact activation in baboons. J Clin Invest.
1993;91:61–8.
52 Fein AM, Bernard GR, Criner GJ, Fletcher EC, Good JT Jr,
Knaus WA, et al. Treatment of severe systemic inﬂammatory
response syndrome and sepsis with a novel bradykinin antagonist, deltibant (CP-0127). Results of a randomized, doubleblind, placebo-controlled trial. CP-0127 SIRS and Sepsis
Study Group. JAMA. 1997;277:482–7.
53 Freeman BD, Zehnbauer BA, Buchman TG. A meta-analysis of
controlled trials of anticoagulant therapies in patients with
sepsis. Shock. 2003;20:5–9.

Call for paper NEU.qxp:1. US SMW 38

28.2.2008

8:10 Uhr

Seite 1

Established in 1871

F o r m e r l y : S c h w e i ze r i s c h e M e d i z i n i s c h e W o c h e n s c h r i f t

Swiss Medical Weekly

The European Journal of Medical Sciences

The many reasons why you should choose SMW to publish your research
What Swiss Medical Weekly has to offer:
• SMW’s impact factor has been steadily
rising. The 2006 impact factor is 1.346.
• Open access to the publication via
the Internet, therefore wide audience
and impact
• Rapid listing in Medline
• LinkOut-button from PubMed
with link to the full text website
http://www.smw.ch (direct link from
each SMW record in PubMed)
• No-nonsense submission – you submit
a single copy of your manuscript by
e-mail attachment
• Peer review based on a broad spectrum
of international academic referees
• Assistance of professional statisticians
for every article with statistical analyses
• Fast peer review, by e-mail exchange
with the referees
• Prompt decisions based on weekly conferences of the Editorial Board
• Prompt notification on the status of
your manuscript by e-mail
• Professional English copy editing
Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof Paul Erne, Lucerne
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich
(editor in chief)
Prof. Werner Straub, Berne (senior editor)
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona,
Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam,
The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy
We evaluate manuscripts of broad clinical
interest from all specialities, including
experimental medicine and clinical investigation.
We look forward to receiving your paper!
Guidelines for authors:
http://www.smw.ch/set_authors.html
All manuscripts should be sent in electronic
form, to:
EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz
Manuscripts:
Letters to the editor:
Editorial Board:
Internet:

submission@smw.ch
letters@smw.ch
red@smw.ch
http://www.smw.ch

Official journal of the Swiss Society of Infectious Diseases,
the Swiss Society of Internal Medicine and the Swiss Respiratory Society
Editores Medicorum Helveticorum

Supported by the FMH (Swiss Medical Association) and by Schwabe AG,
the long-established scientific publishing house founded in 1488

