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ABSTRACT

BACKGROUND  Septic shock is the common
killer in non-coronary intensive care units
(ICUs). The most crucial issue concerning the
outcome of septic shock is the early and aggres-
sive start of treatment aimed at normalization
of hemodynamics and early start of antibiotics
during the very first hours. The optimal tar-
gets of hemodynamic treatment or impact of
hemodynamic treatment on survival after that
are less known.

The objective of this study was to evaluate
different aspects of the hemodynamic pattern
in septic shock with special attention to pre-
diction of outcome. In particular components
of early treatment and monitoring in the ICU
were assessed.

PATIENTS A total of 410 patients, 218 with
septic shock and 192 with severe sepsis or
septic shock were included in the study. The
patients were treated in several Finnish ICUs
during 1999-2005.

MAIN RESULTS In septic shock the most
important basic hemodynamic variables con-
cerning the outcome were the mean of mean
arterial pressure (MAP) and lactate during first
six hours in ICU and the mean MAP, area of
mixed venous oxygen saturation (SvO,) under
70 %, and mean central venous pressure (CVP)
during first 48 hours. The MAP levels under 65
mmHg and SvO_ below 70 % were the best pre-
dictive thresholds.

The mean SvO, was below the mean ScvO,

during early sepsis. Bias of difference was 4.2 %
(95 % limits of agreement -8.1 % to 16.5 %) by
Bland-Altman analysis. The difference between
saturation values correlated significantly to
cardiac index (CI) and oxygen delivery (DO,).

The NT-proBNP levels at admission to ICU
and 72 hours later were significantly higher in
hospital nonsurvivors. The NT-proBNP values
72 hrs after inclusion were independent pre-
dictors of hospital mortality.

The compliance of early treatment accord-
ing to the international guidelines was poor
in Finnish hospitals and this was reflected in
mortality. A delayed initiation of antimicrobial
agents was especially associated with unfavor-
able outcome.

ConcrusioNs This study showed that the
hemodynamic profile; MAP under 65 mmHg,
SvO, under 70 %, and a high CVP may help
to distinguish patients with an increased risk
of death in septic shock. NT-proBNP on third
day may improve the risk assessment further.

ScvO, can not be used as a substitute of
SvO, in hemodynamic monitoring in ICU. No
clear evidence, however, of the value of neither
ScvO, nor SvO, as a treatment target in ICUs
exists.

Early treatment in septic shock is not opti-
mal in Finland. The failure to rapidly diagnose
and start appropriate treatment increases the
mortality. With education, local protocol im-
plementation, and follow-up the prognosis in
septic shock can be improved.



1 INTRODUCTION

“Except on few occasions, the patient appears
to die from the body’s response to infection
rather than from it

Sir William Osler - 1904

The body’s response to an infection is a com-
plex cascade of events that start when patho-
genic micro-organisms activate the expres-
sion of various pro- and anti-inflammatory
cytokines and apoptotic biomarkers leading
to humoral, cellular, neuroendocrinological,
circulatory, and coagulation involvement (Ci-
nel and Dellinger 2007; Annane et al. 2005).
The first clinical signs of sepsis include the un-
specific symptoms of systemic inflammatory
response (SIRS); fever, tachycardia, tachypnea,
or elevation of the peripheral leukocyte count.
When the host response to sepsis proceeds
further, the clinical signs of organ failure in-
cluding renal insufficiency, respiratory failure,
hepatic involvement, septic encephalopathia,
coagulation abnormalities, and circulatory
collapse develop. Severe sepsis is characterised
by concomitant organ dysfunction and septic
shock results when blood pressures fall despite
adequate fluid resuscitation.

Severe sepsis and septic shock are leading
causes of death in non-coronary ICUs in devel-
oped countries (Martin et al. 2003; Sands et al.
1997). Severe sepsis or septic shock accounts
for as many deaths as acute myocardial infarc-
tion in hospitals (Angus et al. 2001). In Fin-
land, 11 % of ICU admissions are due to sepsis,
28 % of these patients die during the hospital
stay and 40 % within the next year (Karlsson
et al. 2007). The incidence of severe sepsis and
septic shock is continuously increasing and al-
though the mortality has decreased during the
last few decades, the total number of deaths
is growing (Angus et al. 2001; Friedman et al.
1998; Martin et al 2003).

Septic shock is characterised by hemody-
namic disturbances that need correction with

vasopressor treatment. The typical hemo-
dynamic profile in early sepsis is the periph-
eral vasodilatation, which along with increased
vessel permeability leads to hypovolemia and
hypotension. Even after the correction of the
volemic status, the hypotension persists be-
cause of decreased vascular resistance and dis-
turbances in myocardial contraction.

The transition from sepsis to septic shock
may occur fast and the time window for in-
terventions is short. Treatment must promptly
control the source of infection and restore he-
modynamic homeostasis. Early targeted hemo-
dynamic treatment has improved the outcome
for severe sepsis (Rivers et al. 2001), while no
benefit has been observed with the start of he-
modynamic treatment after the development
of organ failure (Kern et al. 2002).

A variety of biomarkers have been studied
for their ability to help in earlier diagnosis,
treatment decisions, or assessment of prog-
nosis in sepsis. The biomarkers procalcitonin,
C-reactive protein (CRP), interleukin 6, the
TREM-1 receptor (triggering receptor ex-
pressed on myeloid cells-1), and lipoprotein
binding protein may improve early diagnosis of
abacterial infection. While natriuretic peptides
cardiac troponins, neutrophil CD64 expres-
sion, serum interleukin-8 endogenous protein
C, neopterin, S-100p protein, neuron-specific
enolase (NSE), plasma DNA, and several other
cytokines and regulators of inflammation have
been studied as prognostic indicators (Gibot et
al. 2004; Meisner 2005; Ngyuen et al. 2006; Li-
vaditi et al. 2006; Rhodes et al. 2006). At pres-
ent their use is limited because of insufficient
accuracy, prognostic capability, and timeliness.
Combining information from several markers
improved diagnostic accuracy for detection of
the bacterial infection in a recent study (Ko-
foed et al. 2007).

The ultimate target of hemodynamic treat-
ment is the adequacy of oxygen delivery in



respect to metabolic needs. The cornerstone of
hemodynamic treatment is fluid resuscitation.
The choice of optimum fluid or optimal targets
of fluid resuscitation, however, are less clear.
After adequate intravascular volume repletion,
vasopressor treatment is started for provision
of sufficient perfusion pressure to organs. Nor-
epinehrine is the drug of choice in septic shock
but vasopressin has showed promising results
as an additive agent (Dellinger et al. 2004;
Farand et al. 2006; Lauzier et al 2006). Myo-
cardial dysfunction is common in septic shock.
Different guidelines for indications of inotro-
pic support are inadequacy of global perfusion,
low cardiac output, or severely decreased myo-
cardial function (Dellinger 2003; Dellinger et
al. 2004). The early treatment protocol in which
global perfusion was enhanced with red blood
cells and dobutamine, according to central ve-
nous oxygen saturation (ScvO)) values in the
emergency department (ED), lead to improved
survival (Rivers et al 2001). Besides vasoactive
medications, several other treatment options
may have an effect on the hemodynamics of
patients. These include for example low-dose
steroid treatment, activated protein C, and re-
nal replacement therapy.

The above mentioned landmark study of
Rivers et al. was one trigger for our study. Riv-
ers’ study showed that the outcome can be im-
proved with a special hemodynamic treatment.
We wanted to clarify some of the hemody-
namic aspects that are faced in everyday clini-
cal practice in ICUs and in treatment of septic
patients. Despite several treatment protocols
that have been introduced, the hemodynamic
targets had mostly been based on theoreti-
cal backgrounds. We investigated the optimal
thresholds of commonly used hemodynamic
variables in respect to the outcome of septic
shock Because of the increasing interest in the
use of central venous oxygen saturation instead
of mixed venous oxygen saturation, we also as-
sessed the correlation and agreement of these
parameters on reference to the international
guidelines concerning treatment of septic
shock . Inspired by the excellent results of early
goal directed therapy, we wanted to find out
how the patients with septic shock are treated
in Finland and how the early treatment af-
fects the outcome. We also hypothesized that a
simple hemodynamic biomarker, NT-proBNP,
could be of help in recognizing those prone to
adverse outcome.



2 REVIEW OF THE LITERATURE

2.1 DEFINITIONS OF SEPSIS

The current definition of sepsis was produced
in 1992 by a panel of experts at the Consen-
sus Conference of American Collage of Chest
Physicians/Society of Critical Care Medicine
(ACCP/SCCM) (Bone et al. 1992) (Figure1).

According to these definitions sepsis is the
state where the patient is having an infection,
based on clinical or microbiologic findings,
and signs of systemic inflammation (systemic
inflammatory response syndrome, SIRS). The
term “severe sepsis” requires the presence of
organ dysfunction and septic shock requires
systemic hypotension refractory to fluid ad-
ministration.

Current sepsis criteria are shown in table 1.

The introduction of consistent criteria has
improved the conduct and interpretation of
clinical trials. Although even after 1992 much
variation in the selection criteria in studies in
the field of sepsis has occurred. In some retro-
spective studies ICD-codes from hospital reg-
isters are used instead of the above mentioned
sepsis criteria, and in some studies a positive
blood culture (bacteraemia) is required for in-
clusion. Detection of infection has also varied
from the clinical suspicion to a proven micro-
biological diagnosis.

Current consensus criteria have gained
much criticism. The SIRS criteria are common
and unspecific. Actually the outcome of pa-
tients with sepsis (infection and SIRS criteria)
do not differ from the outcome of patients with

Figure 1. The interrelationship between systemic inflammatory response syndrome, infection and sepsis.

Modified from Bone at al 1992.



infection but not fullfilling the SIRS criteria
(Alberti et al. 2003).

In 2001, a consensus conference re-evaluat-
ed the 1992 sepsis definitions. The list of signs
and symptoms of sepsis were expanded for
clinical use, but the official definitions of sepsis
were kept unchanged (Levy et al. 2003). The
same conference presented a new staging sys-
tem, PIRO, which takes into account four do-
mains: predisposition (P), insult (I), response
(R), and organ dysfunction (O). The PIRO
model, however, has so far not gained wide ac-
ceptance in clinical use.

In 2005, definitions of the common infec-
tions associated with sepsis were described.
These definitions were made for improving the
quality and comparability of clinical trials of
sepsis. Consensus definitions were developed
for the six most frequent causes of infections
in septic patients: pneumonia, bloodstream
infections (including infective endocarditis),
intravascular catheter-related sepsis, intra-
abdominal infections, urosepsis, and surgical
wound infections (Calandra et al. 2005).

2.1.1 Definitions of septic shock

In the physiological sense, shock is a jmedi-
@ condition in which the erfusion
is insufficient to meet the metabolic demand
for pxyger] and jutrientd. In 1992, the ACCP/
SCCM Consensus Conference Committee de-
fined septic shock as follows: “patient is having
a sepsis-induced hypotension despite adequate
fluid resuscitation along with the presence of
perfusion abnormalities that may included, but
are not limited to, lactic acidosis, oliguria, or
in acute alteration in mental status” (Bone et
al. 1992). In clinical practice, however, the con-
nection between infection and hypotension or
organ failure is not always easy to prove. The
patient might be hypotensive because of seda-
tion and organ failures might exist because of
comorbidity. For improving the patient selec-
tion, modified criteria have been used in many
trials.

The Prowess criteria, created by Bernand et
al.,, define cardiovascular instability as follows:
systolic blood pressure of 9o mmHg or less or

Table 1.Definitions and criteria of sepsis (Bone et al. 1992).

Infection

Microbial phenomenon characterized by an inflammatory response to the presence of micro-

organisms or the invasion of normally sterile host tissue by those organisms.

Bacteremia

Systemic inflammatory
response syndrome (SIRS)

The presence of viable bacteria in the blood.

The systemic inflammatory response to a variety of severe clinical insults. The response is
manifested by two or more of the following conditions:
1. temperature >38 °C or <36 °C

2. heart rate >90 beats per minute respiratory rate >20 breaths per minute or PaC0, <4,3 kPa
3. white blood cell count > 12 108/mm? or <4 000/mm3 or >10 % immature (band) forms

Sepsis

Severe sepsis

The systemic response to infection, manifested by two or more of the SIRS criteria.

Sepsis associated with organ dysfunction, hypoperfusion or hypotension. Hypoperfusion and

perfusion abnormalities may include, but are not limited to lactic acidosis, oliguria, or an acute

alteration in mental status.

Septic shock

Sepsis-induced hypotension despite adequate fluid resuscitation along with the presence of

perfusion abnormalities that may include, but are not limited to, lactic acidosis, oliguria, or an
acute alteration in mental status. Patients who are receiving inotropic or vasopressor agents
may not be hypotensive at the time that perfusion abnormalities are measured.
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mean arterial pressure (MAP) of 70 mmHg or
less for at least 1 hour, despite adequate fluid
resuscitation, adequate intravascular volume,
or use of vasopressors (Bernard et al. 2001).
In a review by Annane et al. the definition of
septic shock included an even more exact he-
modynamic characterisation with a minimum
dose of vasopressor needed. According to
Annanes definition, a patient is having septic
shock if he or she fulfilled the criteria of severe
sepsis and has a MAP less than 60 mmHg (less
than 80 mmHg if previous hypertension) after
20-30 mL/kg of starch, 40-60 mL/kg of saline
or pulmonary capillary wedge pressure 12-20
mmHg. Or patient needs dopamine over 5 pg/
kg/min or norepinephrine or epinephrine a
maximum of 0.25 pg/kg/min to maintain MAP
over 60 mmHg (80 mmHg). Refractory septic
shock was defined as a need for dopamine over
15 pg/kg/min, norepinephrine or epinephrine
over 0.25 pg/kg/min (Annane et al. 2005). In
many trials a predefined minimum needed
dose of vasopressor treatment has been added
to the inclusion criteria of septic shock.

An international consensus conference
about hemodynamic monitoring in shock was
held in April 2006. One of the recommenda-
tions was that hypotension should not be re-
quired to define shock. Instead, the shock is
defined as circulatory and cellular dysfunction,
manifested by markers of hypoperfusion such
as elevated blood lactate or decreased central
venous (ScvO)) or mixed venous (SvO,) oxy-
gen saturation with or without hypotension
(Antonelli et al. 2007).

2.2 INCIDENCE OF SEPTIC SHOCK

The incidence of sepsis has continues to in-
crease in developed countries (Martin et al.
2003). A study of hospital discharge data in the
United States from 1979 to 2000 found an in-
crease in incidence from 83 per 100 000 to 240
per 100 000, about 9 % annually (Martin et al.
2003). Similarly, in a cohort study conducted
in 206 French intensive care units (ICUs),
14.6 % of patients experienced severe sepsis
or septic shock, compared with 8.4 % of ICU
patients a decade earlier (Brun-Buisson et al

2004). Reasons for this constant increasing are
thought to be the better recognition of sepsis,
more patients with compromised immune sta-
tus, aged populations, and a growing number
of resistant microbes.

The incidence of severe sepsis in epidemio-
logical studies has varied from 0.38 per 1000 to
3 per 1000 population and from 6.3 % to 27.1 %
of all ICU admissions. The incidence of critical
care admissions with severe sepsis has been in-
creasing over time (Brun-Buisson et al. 2004;
Harrison et al. 2006). The reported incidence
of septic shock has varied between 7 % to 88 %
of all sepsis patients and 6.3 % to 14.7 % of all
ICU admissions (Antonelli et al. 2007). The
large ranges are not explainable by true differ-
ences, but by a variation in sepsis definitions
and, for most, the sampling frame in the stud-
ies. The prevalence of cardiovascular dysfunc-
tion (septic shock) in the hospital discharge
data based study was 7 % of all sepsis patients
(Martin et al. 2003). In an observational study
20-27 % of all septic patients in general wards
and ICUs combined had septic shock, but in
studies that screened only ICU patients the in-
cidence of septic shock have been up to 88 %
(table 2). According to a Finnish single centre
study, severe sepsis or septic shock is more
common in those ICU patients who have com-
munity acquired infections instead of patients
with hospital acquired infections on admission
(Ylipalosaari et al. 2006).

All patient with sepsis are not treated in
ICUs. In a study regarding emergency depart-
ment visits, most visits for sepsis resulted in
admission to non-critical units. Only 12 % of
all sepsis patients were admitted to the ICU
while the overall hospital admission rate of
sepsis patients was 87 % (Strehlow et al. 2006).
In an observational cohort study of severe sep-
sis, based on hospital discharge data, 51 % of
patients with severe sepsis received intensive
care (Angus et al. 2001). Sands et al found that
severe sepsis accounted for 2.0 % of all hospi-
talizations and that 59 % of patients with severe
sepsis required ICU care (Sands et al. 1997).

Most epidemiological studies have only in-
cluded patients already admitted to the ICUs
which depends on ICU bed availibility and
admission policies, effecting the observed in-



Table 2. The criteria, incidence, and mortality of septic shock patients in epidemiological studies.

Reference Country Design*  Definition Time Screened No. of No. of sepsis % of all Pop. incid. / 1000 Hospital mortality  Septic shock % Hospital
frame populaition patients cases ICU adm. (%) of all sepsis mortality of
screened cases septic shock
Salvo 1995 Italy P Consensus 4/1993 — First 3 cases each 1101 106 sepsis, 9.6% NA 52.2 21.7 82 %
criteria 3/1994 month in 99 ICUs severe sepsis or
septic shock
Brun-Buisson ~ France P Consensus 1.2.1993 All cases in 170 11828 1052 severe sepsis  8.9% NA 59 71 NA
1995 criteria medical ICUs
Rangel-Frausto USA P Consensus 8/1992 — Allcasesin 31CUs 3708 11 226 sepsis, 12.6% NA 16 sepsis 9 46
1995 criteria 4/1993 and 3 floors in one severe sepsis or 20 severe sepsis
hospital septic shock
Sands 1997 USA P Consensus 1/1993 — AllICU patients and 12 759 1166 sepsis NA NA 34 (28-day) 25 NA
criteria 4/1994 all floor patients with syndrome
blood cultures at 8
hospitals
Angus 2001 USA R ICD-9codes 1995 All cases at all 6621 559 192 980 severe 11.2% 3 severe sepsis 28.6 244 324
hospitals (n = 936) in sepsis
7 US states
Padkin 2003 UK R "Prowess 12/1995-2/2 All cases on day 1in 56 673 15 362 severe 271% 0.51 severe sepsis 47.3 88 50.2
criteria" 000 91 ICUs in national sepsis
registry
Teres 2002 USA R Consensus 1998-1999 All casesonday 1in 21480 2434 severe 11.3% NA 36.3 1.3 48
criteria 50 ICUs sepsis
Alberti 2002 8 countries P Consensus 5/1997 — All cases in 28 ICUs 14 364 3239 sepsis. 21% NA 13.2-66.8 in subgroups 36 38.8-66.8
criteria 5/1998 8 353 >24h severe sepsis or
septic shock
Martin 2003 USA R ICD-9 codes  1979-2000 1% subset of all US 750 Milj 10.3 sepsis NA 0.83-2.40 sepsis ~ 27.8-17.9 7 NA
hospital admissions
Brun-Buisson  France P Consensus 11.12.2001 All cases in 206 ICUs 3738 546 severe sepsis  14.6% NA 35 (30-d) 56 NA
2004 criteria
Finfer 2004 Australia/NZ P Consensus 5.8.1999 All cases in 23 ICUs 5878 691 severe sepsis  11.8% 0.77 375 NA NA
criteria
van Gestel Netherlands P Consensus 24h 12/2001 All cases in 47 ICUs 455 134 severe sepsis 31 % 0.54 NA 37 NA
2004 criteria
Flaatten 2004  Norway R ICD-10-CM 1999 All cases in 700 107 6665 sepsis NA 0.47 severe 27 23.5 29.3
codes all Norwegian sepsis, 1.5 sepsis
hospitals
Silva 2004 Brazil P Consensus 5/2001 — Allcasesin51CUs 1383 415 sepsis (214 17.4% NA 46.9 49 52.2
criteria 1/2002 severe sepsis)
Karlsson 2007  Finland P Consensus 11/2004 -  Allcases in 24 ICUs 4500 470 severe sepsis  10.4% 0.38 severe sepsis 28.3 7 38.5
criteria 2/2005
Vincent 2006 24 European P Consensus 2wk 5/2002 All cases in 198 ICUs 3174 1177 sepsis 37 % NA 322 39 54.1
countries criteria
Engel 2007 Germany P Consensus All cases on one 3877 415 sepsis or septic  10.7% 0.76-1.1 severe 55.2 NA 62.4
criteria day 402 ICUs shock sep:
Harrison 2006 UK R "Prowess 12/1995- All cases on one day 343 860 92 672 severe 27.0% 0.46-0.66 30.8-34.3 NA NA
criteria" 1/2005 in 172 ICUs sepsis

*P=prospective, R= retrospective
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cidence of severe sepsis and septic shock. Thus,
in some studies the incidence is not the true
incidence of severe sepsis or septic shock, but
the incidence of ICU treated cases of sepsis pa-
tients. The higher incidence of sepsis in ICUs
may be due to ICU bed shortage when only the
most critically ill patients are treated in ICU. In
a prospective, multi-center, observational study
of ICU treated sepsis in 24 European countries,
the incidence of severe sepsis of all ICU admis-
sions ranged from 10 % in Switzerland to 64 %
in Portugal (Vincent et al. 2006).

The criteria, incidence, and mortality of
septic shock patients in epidemiological stud-
ies are shown in table 2

2.3 HEMODYNAMIC ALTERATIONS
IN SEPTIC SHOCK

2.3.1 Historical perspectives

The gram-negative bacteraemia shock syn-
drome was described in 1960 as follows:

‘Before shock became established in the
patients with bacteraemia the skin was invari-
ably warm and dry, the pulses were full, yet all
were confused and disorientated ... as shock
progressed the skin invariably became cold,
grey and clammy and the pulse rapid, weak,
and thready’

A temporal connection between the ‘warny’
and ‘cold’ shock was already understood in
the 1950’s although the knowledge about
pathophysiologic mechanisms was lacking. At
that time the common impression was that hy-
perdynamic warm shock was the initial phase
of septic shock and hypodynamic cold shock
was a premorbid phase of shock and mainly
resulted from myocardial depression. Since
monitoring techniques with a pulmonary ar-
tery catheter have developed, the understand-
ing about hemodynamics of septic shock has
increased. During the 1970°s it was generally
agreed that hypodynamic phase was mostly
related to inadequate volume resuscitation and
hypovolemia.

Although myocardial depression in sepsis
was incorrectly blamed for the hypodynamic
phase of shock in 1950's, in 1984 Parrillo

and Parker et al. showed, using radionuclide
cardiac imaging and the pulmonary artery
thermodilution technique, that left ventricu-
lar ejection fraction (LVEF) is commonly de-
creased in early sepsis despite elevated cardiac
output (CO).

2.3.2 Characteristics

The hemodynamic pattern of septic shock is
characterized by an early hypercirculatory
phase with increased CO and decreased sys-
temic vascular resistance (SVR). The clinical
signsinclude tachycardia, tachypnea, and warm
extremities. Vasodilatation and increased per-
meability lead to both absolute and relative hy-
povolemia. Most patients also show some de-
gree of myocardial depression if it is assessed.
Despite a compensatory increase of CO, the
elevated SVR, hypovolemia, and myocardial
depression induce a hypotension, which, by
definition, is a distinctive mark of septic shock
(Figure 2). Without aggressive fluid resuscita-
tion in this phase, a profound hypotension
and progressive acidosis develop leading to
irreversible shock, multiple organ failure, and
death. In adequately volume resuscitated pa-
tients during early shock, the global blood flow
to vital organs (i.e.heart, gut, and kidney) is
commonly increased, but multiple organ fail-
ure may develop anyway demonstrating that
the pathophysiology behind organ failure in
sepsis is much more complex than just circula-
tion (Di Giantomasso et al. 2003). While global
hemodynamics correlate well to organ hypop-
erfusion in other shock modes, this is not true
in septic shock. Increasing evidence suggest a
pivotal role of microcirculation over measur-
able macrocirculation as a cause of organ dys-
function in septic shock and severe sepsis.

2.3.3 Vasodilatation

The pathological vasodilatation in sepsis is
due to inappropriate activation of vasodila-
tor mechanisms of smooth muscles and the
failure of vasoconstrictor mechanisms despite
an activation of renin-angiotensin-aldosterone



system and high plasma concentrations of
catecholamines. The three main mechanisms
behind vasodilatation are activation of ATP-
sensitive potassium (K,,) channels in the
plasma membranes of vascular smooth mus-
cles, activation of the inducible form of nitric
oxide synthase (iNOS), and deficiency of the
hormone vasopressin (Landry 2001).

Several cytokines and endotoxins can in-
duce the expression of iNOS in vascular en-
dothelial and smooth muscle cells resulting
in a massive release of nitric oxide (NO) and
profound vasodilatation via cyclic guanosine
monophosphate (cGMP) lowering intracel-
lular calcium levels. The intracellular calcium
is eventually responsible for a vasoconstriction
of the smooth muscle cells. Nitric oxide (NO)
also decreases the response to catecholamines,
which may be partly due to activation of K, ,

channels by NO. Besides unwanted effects to
the vascular system, however, NO has pro- and
antiinflammatory, as well as oxidant and anti-
oxidant properties, which may have an impor-
tant role in sepsis (Hauser et al. 2005).

The decrease in cellular ATP concentration,
acidosis, and lactatemia promotes the activa-
tion of K, , channels. Also neurohormonal
activation, like atrial natriuretic peptide and
adenosine, which are both increased in septic
shock (Martin et al. 2000; Witthaut et al. 2003),
may activate K, channels. The activation of

K, , channels Ig;oduce membrane hyperpo-
larisation of smooth muscles, which closes
voltage-dependent Ca** channels and leads to
reduction in intracellular Ca** and thus to va-
sodilation.

Vasopressin is a hormone released from

neurohypophysis. In normal conditions, vaso-
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Figure 2. Hemodynamic alterations in early septic shock. Depending on the disease itself, phase of the sepsis,
and treatments the patient may have features of vasodilatative shock, cardiogenic shock, hypovolemic shock,
as well as obstructive shock with a rise in pulmonary vascular resistance. Adapted from (Dellinger 2003) with

permission.



pressin regulates the water homeostasis of the
body. In response to hypotension, however, an
early approximately ten-fold increase in plas-
ma vasopressin occurs and vasopressin con-
tributes to the maintenance of adequate blood
pressure in early shock. When shock persists,
the plasma concentrations of vasopressin de-
crease back toward baseline. Inappropriately
low hormone levels during septic shock may
be caused by the depletion of neurohypophy-
seal stores or inhibition of synthesis or release
(Barrett et al. 2007). The vasopressor mecha-
nism of vasopressin is complex. It potentiates
the vasoconstrictor effect of norepinephrine,
inactivates K, channels in smooth muscles,
decreases the synthesis of iNOS, stimulates
adrenocorticotropic hormone and hence cor-
tisol secretion, blunts the increase in cGMP in
cytosol and activate vascular smooth muscle
V receptors (Landry 2001; Barrett et al. 2007).
Contrary to other vasoconstrictors, vasopres-
sin can also cause vasodilation in some vascu-
lar beds (Okamura et al. 1999), but the signifi-
cance of this in sepsis is not clear.

Chances of cortisol level or vascular re-
sponsiveness to the cortisol are well known in
sepsis. Glucocorticoids are required for nor-
mal cardiovascular reactivity to angiotensin II,
epinephrine, and norepinephrine. The effect of
cortisol on hemodynamics is mediated partly
by the increased transcription and expression of
the receptors for these hormones. Cortisol has
an effect on cardiac contractility, vascular tone,
and blood pressure. Glucocorticoids are also
required for the synthesis of N+, K+-ATPase,
and catecholamines (Marik 2007).

2.3.4 Myocardial depression

It has been proposed that myocardial depres-
sion contributes to septic shock in at least 50 %
of the patients (Charpentier et al. 2004; Rabuel
et al. 2006). Only some of these patients, how-
ever, show inappropriate low oxygen deliv-
ery and thus need an inotropic treatment for
myocardial depression. In Finnish sepsis study
(Finnsepsis), 25 % (118 of 470) of patients was
treated with dobutamine during the first day
in ICU. Myocardial depression is a reversible

phenomenon that subsided in 7-10 days if the
patient survived (Court et al. 2002).

The characteristics of myocardial depression
in septic shock are reduced ventricular ejection
fraction and biventricular dilatation, although
the marked dilatation has not been confirmed
in some echocardiographic studies (Poelaert
et al. 1997; Jardin et al. 1999; Charpentier et
al. 2004). In septic myocardial depression the
response of left ventricular work to volume
load is diminished, resulting in a flattened
Frank-Starling curve (Ognibene et al. 1988).
Diastolic dysfunction is not as clearly defined,
but there is evidence from animal and human
studies that impaired compliance may contrib-
ute to septic myocardial depression (Court et
al. 2002; Krishnagopalan et al. 2002). Poelart
et al. demonstrated using tranesophageal
echocardiography, that cardiac dysfunction in
septic shock is a continuum from isolated dia-
stolic dysfunction to both diastolic and systolic
ventricular failure (Poelaert et al. 1997). Right
ventricular dysfunction closely parallels the
left ventricular dysfunction in sepsis showing
a dilatation of the ventricle and a reduced ejec-
tion fraction (EF).

The evaluation of myocardial function is
always affected by the loading condition that
might fluctuate rapidly in sepsis and this has to
be taken into account when myocardial func-
tion is evaluated. Left ventricular afterload is
typically very low in early sepsis, unless not af-
fected with vasoactive treatment. Fluid resus-
citation changes the loading condition rapidly
and a decreased EF might emerge only when
hypovolemia has been corrected. The right
ventricle is very vulnerable to an acute increase
in afterload and severe right ventricular dys-
function or acute cor pulmonale may be pro-
duced by an increase in pulmonary vascular
resistance (PVR) due to an acute lung injury,
high PEEP, or high airway pressures during
ventilator treatment. Hypercapnia or meta-
bolic acidosis may also increase PVR and thus
contribute to the occurrence of right ventricu-
lar failure in sepsis.

The etiology of myocardial depression
in sepsis was first thought to be a decreased
perfusion of the heart. Studies, however, have
shown that coronary blood flow is normal or



even elevated in septic shock (Dhainaut et
al. 1987). The most important mechanism in
initiation of myocardial depression is most
possibly the different circulating myocardial
depressant substances (MDS) related to the
pathogenesis of sepsis. The list of all potential
MDS is extensive, but cytokines, like tumor
necrosis factor-a (TNF-a) and interleukin-1f
seem to be of particular importance. The de-
pressant action is mediated at least partly by
production of NO (Kumar et al. 2001). The
exact mechanisms behind septic myocardial
dysfunction are complex, however, and re-
main unclear. The underlying mechanisms
may include down-regulation of -adrenergic
receptors, depressed postreceptor signaling
pathways, impaired calcium liberation from
the sarcoplasmic reticulum, impaired electro-
mechanical coupling and mitochondrial dys-
function of the cardiomyocytes (Rudiger and
Singer 2007).

Besides the septic myocardial depression,
multiple factors associated with critical illness,
including hypoxia, acidosis, electrolyte distur-
bances, along with vasoactive medications and
neurohormonal changes, may affect the cardiac
function during treatment of septic shock.

The impact of septic myocardial dysfunction
on the outcome has been controversial. Some
studies have found an initially lower LVEF
and more dilated LV in patients who survived
(Parker et al. 1984; Jardin et al. 1999), while
some have noticed decreased cardiac function
in non-survivors (Vincent et al. 1992; Poelaert
et al. 1997). Different mechanisms in evalua-
tion of cardiac function and fluctuation of the
loading conditions probably explain these dif-
ferences. In theory, the failure to increase ven-
tricular compliance results in the inability to
maintain stroke volume and hence cardiac out-
put which explains the better survival of those
with early LV dilatation (Price etal. 1999). Right
ventricular dilatation and acute cor pulmonale
was associated with adverse outcomes in acute
respiratory distress syndrome (ARDS) (Jardin
et al. 1994; Jardin and Vieillard-Baron 2007)
but current treatment guidelines with lower
tidal volumes and lower inspiratory pressures
have improved a prognosis of ARDS related
cor pulmonale (Vieillard-Baron et al. 2001).

2.3.5 Vascular permeability

One main problem in septic shock is increased
vascular permeability (Dellinger 2003). The
pathophysiology of this, however, is not com-
pletely understood in human septic shock. In
general the movement of fluids between extra-
and intravascular compartments depends on
the hydrostatic, osmotic, and colloid-oncotic
pressures. In an intact vasculature, the en-
dothelium forms a continuous, semipermeable
barrier that controls fluid movement between
intra- and extravascular spaces. The bar-
rier integrity differs between organs and even
within vascular segments of the same organ.
Water can diffuse freely through all endothe-
lial pores, and so for example the decrease in
serum osmolality by the administration of
hypo-osmolar fluids results in edema forma-
tion. Macromolecules, like albumin, only pass
through the capillary membrane via larger
pores that are 10-30Xx103 times less common
than small pores. The movement of macro-
molecules through these pores by convection
depends solely on transcapillary hydrostatic
pressure and total pore area. Even a minute in-
crease in total area of the large pores may cause
a substantial loss of macromolecules (Mehta
and Malik 2006; Stewens et al. 2000).

In sepsis, an inflammatory stimulus leads
to increased permeability and the loss of bar-
rier function of the endothelium, resulting
in a shift of water, and macromolecules, and
proteins into the extravascular space (Holbeck
2003; Lehr et al. 2000).

Several plasma mediators, like TNF-q, IL-
1B, IL-6, IL-8, interferon-§, leptin, comple-
ment and vascular endothelial growth factor
(VEGF), increase vascular permeability in
sepsis (Nooteboom et al. 2002, van Eijk et al.
2006, Pickkers et al. 2005; Dvorak 2006). High
infusion rates of exogenous catecholamines,
like norepinephrine, can also induce lung ede-
ma by increasing filtration and microvascular
pressure. In theory, the massive fluid loading
also leads to the increase of hydrostatic pres-
sure and vascular fluid leaks, but on the other
hand pre-treatment with saline or albumin
before experimental septic shock reduces
vascular permeability in rats (Anning et al.



2004). Although vascular permeability is not
a therapeutic target in sepsis, some therapies
may improve the endothelial barrier function.
For example simvastatin, sphingosine 1-phos-
phate, adrenomedullin, and activated protein
C have been studied for this purpose (Looney
and Matthay 2006; Temmesfeld et al. 2007).

2.3.6 Cardiac biomarkers

Troponins

Cardiac troponins are intracellular proteins
that control the calcium-mediated interaction
of actin and myosin. The troponin complex
consist of three sub-units: troponin T (cTnT),
troponin I (cTnI) and troponin C. Cardiac tro-
ponins are not normally detectable in plasma,
but the elevation of troponin T or troponin I
is highly sensitive for detecting myocardial cell
damage. Cardiac troponins are commonly used
as diagnostic markers in acute coronary syn-
drome, but these can be also elevated in many
other clinical conditions even in the absence of
overt ischemia. Elevation of troponins can be
seen in about half of the patients with severe
sepsis. In septic shock, a relationship between
elevated cTnl or ¢TnT levels and left ventricular
dysfunction, assessed either by echocardiog-
raphy or a pulmonary artery catheter (PAC),
have been reported (Favory 2006; Maeder et al.
2006). The elevation of troponins is associated
with a poorer prognosis in sepsis.

While coronary circulation is commonly in-
creased in sepsis, several factors may contrib-
ute to the microinjury and minimal myocardial
cell damage in septic shock. A possible direct
cardiac myocytotoxic effect of endotoxins, cy-
tokines, or reactive oxygen radicals has been
postulated. Also microvascular thrombotic
injury or myocardial ischemia due to sepsis
induced hypotension, vasopressor agents, ane-
mia or hypoxia may contribute to elevation.
TnT is also increased in renal failure, which is
common in septic shock (Favory 2006; Maeder
et al. 2006).

Natriuretic peptides

Atrial natriuretic peptides (ANP) and brain
natriuretic peptides (BNP) are polypeptide
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neurohormones, which are produced and se-
creted by cardiomyocytes. Natriuretic peptides
(NP) induce vasodilatation, increase diuresis,
and inhibit renin and aldosterone production.
Thus these hormones are important regulators
of the fluid and electrolyte homeostasis of the
body. The NPs may also play a role in inflam-
matory processes, endothelial dysfunction,
vascular remodelling, counteract the hyper-
trophy and fibrosis of the myocardium, inhibit
the sympathetic activation and vasopressin
response, and release of endothelin, cytokines,
and growth factors (Levin, Gardner and Sam-
son 1998; Ruskoaho 2003; Clerico et al 2006).

The main stimuli for synthesis and release of
BNP are myocardial wall stress and increased
intravascular volume. The BNP is mainly pro-
duced in cardiac ventricles but to lesser extend
also in the atriums. It is secreted into the blood
as a prohormone, where it is cleaved into ac-
tive BNP and inactive metabolite N-terminal
pro-brain natriuretic peptide (NT-proBNP).
The BNP and NT-proBNP are secreted in
equimolar amounts, but are removed from the
circulation by different mechanisms, making
the plasma concentrations unequal (Levin et
al. 1998; Ruskoaho 2003). Only small amounts
of BNP are stored in granules and the activa-
tion of the BNP gene is needed for BNP pro-
duction. This activation, however, can occur
rapidly (Hall 2004).

Renal excretion is regarded as the main
clearance mechanism of NT-proBNP, whereas
BNP is cleared by specific clearance recep-
tors and enzyme neutral endopeptidase.
NT-proBNP has a longer half-life than BNP
(120 min vs. 22 min)

Both BNP and NT-proBNP are diagnostic
markers in heart failure and also predictive
markers of prognosis in several cardiovascular
diseases (Doust et al. 2004). The use of both
markers is considered equivalent for diagnosis
of heart failure (Mueller et al. 2004; Mueller et
al. 2005) and outcome prediction after myo-
cardial infarction (Richards et al. 2003). They
are also used in different diagnosis in acute
dyspnea. These can also be used in follow-up,
evaluating the adequacy of diuretics and other
unloading treatment in chronic heart failure
patients. Synthetic recombinant human BNP



(nesiritide) has been approved for the treat-
ment of acutely decompensated congestive
heart failure.

In recent years, several studies have found
elevated levels of NPs in sepsis and evidence
that NPs could predict mortality in severe sep-
sis and septic shock also exists (Brueckmann et
al. 2005; Castillo et al. 2004; Charpentier et al.
2004; Hoffmann et al. 2005; Roch et al. 2005),
although this is not confirmed in all studies
(McLean et al. 2007; Rudiger et al. 2006).

The elevation of NPs in sepsis is probably
multifactorial and there might be variations in
etiology if BNP or NT-proBNP is used. Eleva-
tion has been associated with septic myocardi-
al depression, assessed with echocardiography
or a pulmonary artery catheter, and increased
troponin levels also correlate with elevated NPs
in sepsis (Charpentier et al. 2004; Brueckmann
et al. 2005; Hoffmann et al. 2005; Roch et al.
2005). Other factors, relevant in sepsis, may
also enhance the production of NPs like IL-1b,
TNF-a, IL-6, lipopolysaccharides from Gram-
negative bacteria, angiotensin II, endothelin-1,
o-1-adrenergic stimulation, and hypoxia
(Clerico et al. 2006; Hanford et al.1994; Harada
et al 1999; Ma et al. 2005; Tanaka et al. 2004;
Tomaru et al. 2002). Renal failure seems to in-
crease the level of both BNP and NT-proBNP,
although the influence on NT-proBNP might
be more pronounced because of its renal clear-
ance (Jason et al.2005).

2.3.7 Microcircular dysfunction

The microcirculatory unit, which comprised
of the arteriole, capillary bed, and postcapil-
lary venule, is the final destination from where
oxygen and nutrients are transported to tissues
and waste products are removed. Alterations of
microcirculation in sepsis contribute to the de-
velopment of MODS (Vincent and De Backer
2005). In sepsis, several derangements in mi-
crocirculation have been reported: reduction
of the number of perfused capillaries, reduced
red blood cell deformability, endothelian cell
dysfunction with increased permeability and
apoptosis, altered vasomotor tone, an increased
number of activated neutrophils, and activa-

tion of the clotting cascade with fibrin deposi-
tion (Vincent and De Backer 2005). These mi-
crocirculatory derangements can occur despite
preserved arterial pressure and on the other
hand the treatment with vasoactive medica-
tion for preserving MAP may indeed decrease
the microvascular blood flow despite increase
in perfusion pressure (Krejci et al. 2006, Hil-
tebrand et al. 2007). In an experimental study
with a fecal peritonitis model, administration
of norepinephrine, epinephrine, or phenyleph-
rine increased perfusion pressure, but both
norepinephrine and epinephrine decreased
microcirculatory flow in the intestine while
phenylephrine had no effect on regional blood
flow (Krejci et al. 2006). Both experimental
and human studies have shown that microvas-
cular alterations associate with poor outcome
in sepsis (Sakr et al. 2004, Trzeciak et al. 2007).
Microcirculation and its role as a therapeutic
target are under wide investigation in septic
shock. Vasodilatators, like prostacyclin and ni-
troglycerine or other NO donors, have showed
promising results for the improvement of mi-
crocirculatory perfusion in sepsis (Siegemund
et al. 2007; Spronk et al. 2002)

Besides impaired microcirculation, sep-
tic shock may also induce changes in oxygen
utilisation at a mitochondrial level leading to
“cytopathic hypoxia” or “microcirculatory and
mitochondria distress syndrome” (MMDS)
(Spronk et al. 2005).

2.4 MONITORING OF
HEMODYNAMICS IN SEPTIC SHOCK

“Not everything that counts can be counted,
and not everything that can be counted
counts.”

Albert Einstein

2.4.1 Basic monitoring

Monitoring of the hemodynamics should be
a diagnostic aid that helps in treatment deci-
sions. The ultimate purpose of hemodynamic
monitoring in septic shock is to determine if
the circulation is consistent with the metabolic
needs of the tissues, and to determine which
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components of the hemodynamic profile need
to be adjusted for adequate consumption-de-
mand balance for avoiding, or correcting, tissue
hypoxia. Although hemodynamic monitoring
is considered essential in circulatory shock, its
targets and benefit are poorly documented.

With standard monitoring techniques it is
not possible to reliably assess tissue hypoxia
and thus monitoring of optimal consumption-
demand balance is always somewhat extrapo-
lative. Clinical, as well as laboratory signs of
hypoperfusion, have to be taken into account
together with hemodynamic monitoring in
the treatment of the patient. The fact that the
pathophysiology of tissue hypoxia is more
complex than just the derangements in circu-
lation must be remembered.

For the last four decades, the pulmonary ar-
tery catheter (PAC) has been used for hemody-
namic monitoring of critically ill. The benefits
of PAC have been questioned in recent years.
Three recent studies and two meta-analysis
showed that the complication or mortality rates
are not increased with PAC, although no ben-
efit could be shown either (Rhodes et al. 2002;
Richard et al. 2003; Shah et al. 2005; Harvey et
al. 2005; Harvey et al. 2006). Richard et al. con-
ducted a multicenter randomised controlled
study on the effects of PAC on the outcome in
patients with shock or ARDS. In 676 patient,
from which 452 had septic shock, morbidity or
mortality benefits could not be observed, but
the authors concluded that the PAC remains a
safe procedure for the management of patients
with shock or ARDS. It has since been argued
that the lack of the benefit in those studies
could be caused by their lack of goal-oriented
treatment protocol. It is also unclear as to what
the real differences between the monitoring of
the patients was, because some of the patients
had some alternative method of cardiac out-
put monitoring and some had a PAC without
a continuous SvO, measurement. In the study
of Richard et al., 64 % in the PAC group and
78 % in the control group had echocardiogra-
phy performed for the assessment of hemody-
namics. Actually, so far no study demonstrated
that any other monitoring techniques could
improve the outcome of the patients.
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MEAN ARTERIAL PRESSURE (MAP) is the driv-
ing perfusion pressure of the tissues. MAP is
commonly monitored invasively and continu-
ously via the radial or femoral artery. Oscil-
lometric blood pressure measurement is not a
reliable substitute for intra-arterial blood pres-
sure measurement in a critically ill patient
(Cohn 1967; Bur et al. 2003).

CENTRAL VENOUS PRESSURE (CVP) reflects the
right atrial pressure and is commonly used as
a marker of preload. It can be measured with a
CVP- catheter or with PAC.

PULMONARY ARTERY OCCLUSION PRESSURE
(Paop), or wedge pressure, is measured with
PAC while the balloon on the distal tip located
in a West zone 3 in the lungs is inflated, i.e.
wedged. In the West zone 3 the pulmonary ar-
terial and venous pressure exceed the alveolar
pressure, so the wedged balloon measure the
backpressure of left atrium. West zone 3 condi-
tions exist at the bottom region of the lungs.
Paop is thought to be a reflection of the left ven-
tricular end-diastolic pressure (LVEDP) and it
is commonly used as a preload measurement.
Several studies, however, have shown that CVP
or Paop are not reliable methods to assess the
patients’ ability to increase the cardiac output
for a fluid challenge (Tavernier et al. 1998; Mi-
chard et al. 2000; Kumar et al. 2004).

THE CARDIAC OUTPUT, CARDIAC INDEX AND
STROKE VOLUME (CO, CI, SV) can be measured
with a thermodilution method with PAC. In
that method the fixed volume of cool fluid is
injected through a proximal port of the PAC
and the change of temperature is registered
by a thermometer at the tip of PAC. The CO
is calculated using temperature-time decay
curves by Stewart-Hamilton equation. Cardiac
output can be measured continuously (CCO)
with special PAC catheters with a thermofila-
ment.

Cardiac output can also be assessed with
echocardiography using doppler techniques,
pulse contour analyses from the arterial pres-
sure waveform of a peripheral artery, esopha-
geal doppler, transpulmonary thermodilution,
thoracic electrical bioimpedance, or partial



CO, rebreathing technique based on the in-
direct Fick method. Different techniques have
mostly been compared in patients without
shock. Although the mean bias have been clini-
cally acceptable, the deviations have been wide
in some studies. Continuous and automatic
monitoring are advantages of the new meth-
ods. The measurement of CO or targeting to
some predefined CO, however, have not shown
any impact on outcome in septic shock.

2.4.2 Monitoring of global perfusion

2.4.2.1 5v0,

Mixed venous (SvO,) saturation reflects the
balance between oxygen requirement and oxy-
gen delivery, and thus may be used to assess
the adequacy of tissue oxygenation.

Oxygen delivery (DO,) depends on hemo-
globin concentration, cardiac output, and ar-
terial oxygenation (DO, = CO x Hb x 1.31 x
Sa0, + (0.003 x Pa0))) In normal conditions
only about 25 % of arterial oxygen are used for
metabolic needs and thus the normal SvO  is
about 75 %. If DO, falls relative to oxygen con-
sumption (VO,) or oxygen demand increase,
the tissues begin to extract more oxygen
(oxygen extraction ratio, O ER = VO /DO )
and SvO, falls. When the mismatch between
DO, and VO, can not be compensated by an
increased O ER, anaerobic metabolism and
lactic acidosis occur. It have to be remem-
bered, however, that SvO_ is a flow-weighted
average of venous oxygen content of all differ-
ent organs, and thus may not accurately reflect
tissue hypoxia of an individual organ (Huang
2005).

The SvO, is measured from the pulmonary
artery blood samples obtained from a PAC dis-
tal port. By using infrared oximetry, which is
based on reflection spectrophotometry, SvO,
can be monitored continuously. SvO, predicts
mortality in sepsis (Heiselman et al.1986; Krafft
et al. 1993), but no clear evidence of its value
as a treatment target is available. Maintaining
SvO, 270 % failed to improve the outcome in a
large study of intensive care unit patients (Gat-
tinoni et al. 1995).

2.4.2.2 Sev0,

Central venous oxygen saturation (ScvO) is a
mixture of venous blood from the upper body,
while SvO, reflects the flow-weighted oxygen
balance of the whole body. The ScvO, reflects
changes in oxygen delivery, or changes in con-
sumption in the upper body and brain. ScvO,
is measured in blood samples taken from cen-
tral venous catheter or continuously by using
a fiberoptic central venous line. The sampling
site is important for the right interpretation of
values, because saturation values are different
in the right atrium, in the inferior vena cava,
and in the superior vena cava when blood from
the lower body and coronary sinus has been
mixed (Lee et al 1972; Edwards and Mayall
1998).

Normally ScvO, is lower than SvO, but for
patients in shock a consistent reversal of this
relationship occurs and ScvO, may overesti-
mate the true SvO_under shock conditions. In-
dividual values in shock may differ up to 18 %
to 22 % (Lee et al. 1972; Faber 1995; Edwards
and Mayall 1998; Turnaoglu et al. 2001; Rein-
hart et al. 2004). The reason for this difference
is understood when considering that SvO  is a
mixture of saturation of the superior vena cava
(ScvO,), the inferior vena cava, and the coro-
nary sinus, which are all blended according to
the proportion of blood flow. The distribution
of blood flow in a low-flow condition away
from renal, splanchnic, and mesenteric circu-
lation toward cerebral and myocardial perfu-
sions, including a more desaturated blood
from the coronary sinus and less well saturated
blood from renal circulation, contribute to this
difference. During sedation decreased oxygen
consumption by brain and hypoperfusion
within the hepatosplanchnic region leading to
a highly depressed hepatic and splanchnic ve-
nous saturation may also explain the difference
between ScvO, and SvO ..

Early goal-directed therapy (EGDT), aimed
ata ScvO, over 70 % during the first six hours,
has been shown to reduce mortality among
patients with severe sepsis and septic shock
(Rivers et al. 2001). The use of ScvO, in ini-
tial resuscitation has been applied to the sepsis
guidelines (Dellinger et al. 2004). ScvO , like
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SvO,, is an excellent measurement in detecting
decreased DO,. ScvO, reflects hypovolemia
and acute cardiac failure more accurately than
conventional hemodynamic measurements
(Goldman et al. 1968; Ander et al. 1998; Mad-
sen et al.1993; Rady et al. 1992; Scalea et al.
1990). After a resuscitation period, however,
ScvO, is mostly normal (Reinhart et al. 2004).
At the time of unplanned admission to a mul-
tidisciplinary ICU about 20 % of patients have
a ScvO, below 60 % and these patients have a
higher mortality than patients with a higher
ScvO, (Bracht et al. 2007).

2.4.2.3 Lactate

When oxygen delivery fails to meet tissue
oxygen demand a compensatory increase in
oxygen extraction occurs. If this compensatory
response is exhausted, tissue hypoxia leads to
anaerobic metabolism, and lactate production
as the end product of anaerobic glycolysis.

Under basal conditions about o0.8-1.0
mmol/kg/h lactate is produced continuously
mainly by the skeletal muscle, skin, brain, red
blood cells, intestine, and renal medulla. This
lactate is utilized predominantly by the liver
(Cori cycle), kidneys and heart muscle. Lactate
clearance rate may exceed a level of 320mmol/
L/h. If the production exceeds the clearance
capability, hyperlactatemia will develop.

In the normal situation glucose is metabo-
lised mainly via an aerobic pathway, in which
pyryvate enters into tricarboxylic acid cycle
(krebs cycle). Energy production of this aero-
bic metabolism is 36 ATP molecules. If pyry-
vate molecule is metabolized to lactate only
2 ATP molecules is yielded (Figure 3) (Fall
and Szerlip 2005; Levy 2006). The important
reason for lactatemia in septic shock is the hy-
poperfusion and lactate represent a useful and
clinically obtainable surrogate marker of tissue
hypoxia. Other explanations also exist, how-
ever, for the high lactate values in sepsis. Pyru-
vate dehydrogenase dysfunction or exhaustion,
liver failure, use of epinephrine, and increased
protein catabolism may increase lactate in sep-
sis. Actually, the hyperlactatemia in sepsis is
not necessarily associated with the elevation of
the lactate to pyruvate ratio (L/P ratio), which
also suggests other mechanism than hypoper-
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fusion alone behind lactatemia (Suistomaa et
al. 2000). Recent studies have speculated that
the increased lactate production, mostly by
muscles could be beneficial extra fuel for or-
gans in sepsis (Levy 2006).

Whatever the reason, hyperlactataemia re-
mains an excellent prognostic marker in sepsis.
The initial lactate level, peak lactate level, dura-
tion of lactatemia, and lactate clearance during
the first six hours have been shown to predict
survival in sepsis (Bakker et al. 1991; Nguyen
et al. 2004).

A venous lactate level greater than 4 mmol/],
measured in the emergency department (ED),
is highly specific for recognition of poor hos-
pital outcome of patients with signs and symp-
toms suggestive to infection (Shapiro et al.
2005;Tretzjak et al.2007).

Septic patients with preserved autonomic
compensatory responses, like young people,
may have elevated lactate levels as a sign of
global tissue hypoperfusion despite stable he-
modynamic parameters. The outcome of these
patients, without proper therapy, might be even
worse than of those with clinical shock. In a
subgroup analysis from the Rivers et al. pivotal
EGDT study, patients with a raised lactate but
normal blood pressure in the standard therapy
group had a 60-day mortality of almost 70 %
while it was 46.5 % for the whole standard
therapy group (Bennet 2005; Trzeciak and Riv-
ers 2005).

Glucose

l \ Cori cycle
bl

Cytosol
Pyryvate <———» lactate + 2 ATP
Acetyl-CoA
Mitochondria *

€0, + H,0 + 36 ATP

Figure 3. A simplified chart of glycolysis



2.4.3 Monitoring of regional perfusion

Blood flow in a single organ may be severely
impaired despite sufficient global hemody-
namic parameters (Ruokonen et al. 1993).
Insufficient hepatosplanchnic blood flow may
contribute to the pathogenesis of multiple
organ dysfunction (Ackland et al.2000). Im-
paired microcirculation is associated to mor-
tality in sepsis (Sakr et al. 2004; Trzeciak et al.
2007). Poeze et al. showed that after a resusci-
tation period of sepsis, regional variables, like
gastric mucosal pH, mucosal PCO, gap, and
indocyanine green blood clearance were better
outcome predictors than global hemodynamic
variables (Poeze et al. 2005).

The methods for measuring regional or-
gan perfusion or microcirculation have been
under wide investigation. Gastric tonometry
is a method for providing information about
the circulation of the stomach and the rest of
the splanchnic bed. The monitoring of gas-
tric intramucosal pH (pHi) was initially used
to assess dysoxia. The calculation of the pHIi,
however, involves a number of uncertainties
and instead of pHi the PCO, gap, defined as a
difference between the gastric mucosal PCO,
and the arterial PCO, (PgCO ), may more spe-
cifically reflect the adequacy of gastric mucosal
blood flow.

Several studies have demonstrated the
prognostic value of gastric tonometry in septic
shock (Maynard et al. 1993; Poeze et al. 2005),
but the treatment aimed at increasing pHi has
not improved outcome in trials (Gomersall et
al. 2000). Evidence also exists that gastric PCO,
is not a reliable marker of hepatosplanchnic
perfusion in sepsis (Creteur et al.1999). The re-
liability of measurements are prone to a num-
ber of technical limitations. In clinical use the
enteral feeding and gastric ulcer profylaxis may
have an effect on the values of gastric tonom-
etry (Creteur 2006). Sublingual capnometry
is a simple, noninvasive method for the as-
sessment of increased sublingual CO, tension,
although a commercially available sublingual
capnometry device is currently lacking. Sub-
lingual PCO, (PsICO ) correlates with gastric
tonometry (Creteur 2006; Creteur et al. 2006)
and it was a better predictor of outcome than

traditional markers of tissue hypoxia, like lac-
tate and SvO, in 54 hemodynamically unstable
critically ill patients (21 with septic shock)
(Marik and Bankov 2003).

Orthogonal polarisation spectral imaging
(OPS) is a new technique for imaging micro-
circulation in clinical studies. The improve-
ment of microcirculatory alterations, assessed
sublingually with an OPS, predict survival in
septic shock while persistent microcirculatory
alterations are associated with multiple organ
failure (MOF) and death (Sakr et al. 2004).

Several techniques for monitoring the re-
gional perfusion and microcirculation have
been used in experimental settings, but no
clinically useful and reliable methods are avail-
able. In addition, regional perfusion measure-
ments have not showed outcome benefit as an
endpoint to guide the therapy. Routine assess-
ment of regional perfusion or microcirculation
is not yet recommended for shock (Antonelli
et al. 2007).

2.4.4 Role of echocardiography
in monitoring

The use of echocardiography in the monitoring
of critically ill patients has increased during
the last few years. It provides a real-time two-
dimensional structural and functional imaging
of the heart, along with doppler techniques
making it possible to assess data on dynamic
circulation, loading conditions, and cardiac
output.

In septic shock echocardiography may give
additional information to the conventional
monitoring of the volemic status, systolic or
diastolic dysfunction of the left ventricle, right
heart failure, and fluid-responsiveness. With
echocardiography it is possible to rule out
some structural problems like pericarditis or
endocarditis, which may be present in sepsis.
It is also possible to follow the short-term in-
fluence of the hemodynamic treatment on
cardiac function (Barbier et al. 2004; Jardin
and Vieillard-Baron 2005; Jardin et al. 1999;
Vieillard-Baron et al. 2004)

Echocardiography is not a continuous mon-
itoring method and the use of that requires a
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high degree of user expertize. Echocardiogra-
phy based monitoring has not been studied in
goal oriented trials and its benefit over some
other monitoring techniques has not been as-
sessed. An example of echocardiography based
monitoring strategy in septic shock is shown
in Figure 4.

2.5 TREATMENT OF HEMODYNAMIC
ALTERATIONS IN SEPTIC SHOCK

2.5.1 Antimicrobial treatment

The cornerstone of the treatment of septic
shock is the early and adequate eradication
of infection with antimicrobial agents or sur-
gical source control. The antibiotic treatment
can also be seen as a part of the hemodynamic
treatment. The animal data has shown that in
early septic shock both antibiotics and cardio-
vascular support alone are relatively ineffective
in the treatment. When combined, however,
these two therapies provide a significantly bet-

ter chance of survival (Natanson et al 1990).

In an animal model of sepsis, a critical time
point for first the antibiotic dose, concern-
ing outcome, seems to be the onset of clinical
shock (Kumar et al 2006). In a murine model
of Escherichia coli septic shock, a persistent
increase of serum lactate, TNF- alpha, IL-6
levels, and remarkably increased mortality
was found, if antibiotic treatment was initiated
more than 12 hours after implantation of a bac-
teremic clot when clinical signs of shock had
already developed (Kumar et al 2006). Kumar
et al. also showed that the timing of antibiotic
treatment is relevant even after symptoms of
clinical shock have developed. In a retrospec-
tive analysis of over 2500 patients with septic
shock, the mortality increased for every single
hour that the adequate antimicrobial treatment
was delayed after the beginning of hypotension
(Kumar et al 2006).

Antimicrobial agents may also have other
effects than antimicrobe eradication. Azole
antifungal agents have been shown to interfere
with neutrophils and lymphocyte function and

Adaptation of filling (ventilated patient, adapted)

Volume expansion till SVC collapsibility < 36%0
| LVEF-40% LVEF>40% |
| NOREPINEPHRINE |
DOBUTAMINE | Check by Echocardiography |
EPINEPHRINE / \
LVEF =~ 40% LVEF < 40%
NOREPINEPHRINE NEP/DOBU

Figure 4. An example of echocardiography guided hemodynamic monitoring and treatment of septic shock.

Adopted from (http://www.pifo.uvsg.fr/hebergement/webrea/index.php?option=com_contenttttask=viewé&tid=1]

fetltemid=64) with permission.

SVC Superior Vena Cava, LVEF Left ventricular ejection fraction, NEP Norepinephrine.
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ketoconazole may inhibit thromboxane A2
synthetase, which have a direct role in cardio-
pulmonary dysfunction and pulmonary edema
in sepsis. Intravenous fluconazole reduced the
development of organ failure and mortality in
intra-abdominal sepsis in small prospective
placebo-controlled trial (Jacobs et al. 2003)

2.5.2 Early Goal Directed Therapy (EGDT)

In 2001, Rivers et al. published a study about
Early Goal Directed Therapy (EGDT) in se-
vere sepsis. In that study the early recognition
and early aggressive treatment starting already
in the ED, showed a 16 % absolute mortal-
ity reduction compared to more conservative
treatment. Thereafter, the concept of EGDT
has been accepted into sepsis treatment guide-
lines.

The protocol of the EGDT study is shown
in Figure 5. The main differences between the
EGDT and standard group in that study were
the amount of fluids, inotropes, and red blood
cell transfusions during the first six hours
of treatment. After three days, however, the
amount of fluids and inotropes did not differed
between the groups. The most important issue

in the EGDT concept was the earlier timing
of the aggressive treatment. A recent analysis
shows that early hemodynamic optimisation
decreases several biomarkers in septic shock
and this decrease is associated with the sever-
ity of global tissue hypoxia. Significant de-
crease with EGDT therapy can be seen as soon
as three hours after the start of treatment for
interleukin-1 receptor antagonist (IL-1ra) and
intercellular adhesion molecule-1 (ICAM-1),
after six hours for tumor necrosis factor-a
(TNF-a) and caspase-3, and after 12 hours for
interleukin-8 (IL-8) (Rivers et al. 2007).

The EGDT study was the first ever to show
a mortality reduction with a specific hemody-
namic treatment in septic shock. Earlier studies,
which have targeted supranormal oxygen deliv-
ery, had showed inconsistent results in critically
ill, mostly postoperative patients. The concept
of supranormal oxygen delivery was originally
based on observational studies of critically ill
patients, which have showed this kind of hemo-
dynamic pattern in survivors vs. nonsurvivors.
The meta-analysis of the studies on goal di-
rected hemodynamic optimisation in high-risk
patients, however, showed that actually the only
important issue concerning mortality in these
had been the timing. If the treatment had been

Suspected severe sepsis or
septic shock

Antibiotic administration as
early as possible + source
control

Initial 20 ml/kg crystalloids
or colloid equivalent

CVP <8 mmHg

MAP <65 mmHg

i

Sev0, <70 %

Fluid Therapy
—_—

Vasopressors
EEE—

>65 to <90 mmHg

Packed red blood
cell to Het >30 %

T

Inotropes if Scv02
remains <70 %
after transfucion

Figure 5. EGDT protocol. Modified from (Rivers et al. 2001).
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started before development of organ failure, the
mortality was reduced with goal directed treat-
ment (Kern and Shoemaker 2002).

The EGDT protocol has been widely ad-
opted and several reports have reported the
reduced mortality in individual hospitals after
implementation of EGDT in clinical reality
(Sebat et al. 2005; Gao et al. 2005; Kortgen et al.
2006; Micek et al. 2006; Nguyen et al. 2006; Ot-
ero et al. 2006; Shapiro et al. 2006; Trzeciak and
Rivers 2003). Nguyen et al reported that even
after the active implementation process only a
minority of patients is treated exactly accord-
ing to the guidelines, however, but those who
are most actively treated have a better outcome
(Nguyen et al. 2007).

2.5.3 Fluids

Target of treatment

The vasodilatation in the early phase of the
septic shock along with the disturbances in
vessel permeability lead to hypovolemia, which
always needs a rapid correction with volume
resuscitation. Although the fluid therapy in
early sepsis is a necessity, the optimum target
in monitoring and the choice of the fluid are
less clear.

The theoretical target of volume expansion
is the increase in cardiac output and hence the
global perfusion. The minimum goal in fluid
resuscitation according to the EGDT study
(Rivers et al 2001) and the Surviving Sepsis
guidelines (Dellinger et al. 2004) is CVP over 8
mmHg or over 12 mmHg in mechanically ven-
tilated patients. Some reviews have suggested
a left heart filling pressure of 8-12 mmHg
or 12-15 mmHg (Hollenberg et al. 2004;
Ruokonen et al. 2002; Zanotti et al. 2006),
based on an older small study by Packman et
al. in whick the fluid resuscitation over this
point did not result in a further increase in SV
or CI (Packman et al. 1983). Plenty of evidence
exists, however, that CVP or Paop are poor in-
dicators of preload (Kumar et al. 2004; Magder
2005; Osman et al. 2007) and several factors,
like elevated intrathoracic pressure or intra-
abdominal pressure, hamper the interpretation
of intrathoracic pressure measurements. Also
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it is noteworthy, that preload as such, does not
correspond to a patient’s ability to increase
cardiac output with a fluid challenge, to fluid
responsiveness (Kumar et al. 2004; Michard et
al. 2000; Tavernier et al. 1998).

According to the Frank-Starling curve,
the relationship between preload and cardiac
output is not linear and the response to the
volume expansion is seen only in the steep
part of the pressure-volume curve. In the flat-
ter part of curve the volume expansion will
not increase the stroke volume and the overt
fluid therapy may only lead to adverse effects,
like lung edema, tissue edema, elevated intra-
abdominal pressure, hyperchloremic acidosis
(Scheingraber et al. 1999), dilutional anemia,
and eventually to decreased perfusion and
even to increased mortality. Positive fluid bal-
ance was an independent predictor of mor-
tality in the large observational SOAP study
(The Sepsis Occurrence in Acutely Il Patients)
(Vincent et al. 2006). The conservative strategy
of fluid management improved lung function
and shortened the duration of mechanical
ventilation and intensive care of patient with
acute lung injury in a randomised study (Wie-
demann et al. 2006).

The assessment of fluid responsiveness may
help with the achievement of optimal volume
status. The fluid responsiveness can be assessed
with several dynamic measures based on intra-
pleural pressure swings during ventilation. For
example systolic pressure variation, pulse pres-
sure variation, a decrease in systolic pressure
from baseline (dDown), stroke volume varia-
tion, changes in aortic blood flow velocity, and
aortic velocity-time integral seen with a pulse-
doppler echocardiography, and collapsibility
of the superior or inferior vena cava seen with
echocardiography have been introduced for
this purpose (Preisman et al. 2005; Kramer et
al. 2004; Tavernier et al. 1998; Reuter et al. 2003;
Slama et al. 2004; Slama et al. 2002; Feissel et al.
2001; Vieillard-Baron et al. 2004; Barbier et al.
2004; Feissel et al. 2004). The hemodynamic
response to passive lag raising also predicts the
patient fluid responsiveness (Lafanechere et al.
2006, Monnet et al. 2006). Several limitations
in dynamic measurements also exists and rou-
tine use of these is not recommended in shock



although some selected patients may have an
advantage with these (Antonelli et al. 2007).

Volume treatment in early septic shock is
mandatory, but it has to be individually tapered
and carefully monitored with the clear targets
to increase the global or regional perfusion.

Choice of fluid
According to the recent guidelines both col-
loids and crystalloid are equally suggested for
volume resuscitation in sepsis (Vincent and
Gerlach 2004) based mostly on the meta-
analyses and systematic reviews concerning
patient with critical illness in general, mostly
surgical or non-septic. Results of these studies
can not be directly extrapolated to the patients
with sepsis and even septic patients may need
different consideration in volume replacement
therapy in early and later phases of sepsis.
Colloids and crystalloids have several dif-
ferent properties, which may have an influence
on the course of sepsis. The similar elevation
of filling pressures can be achieved with both
types of fluid but approximately three to four
times more volume of crystalloid than colloid
is required for this and this is accompanied
with a higher incidence of pulmonary edema
(Rackow et al. 1983). In an experimental study,
early volume resuscitation with albumin and
HES resulted in higher CO and DO, and lower
lactate levels than gelatin or Ringer’s lactate in
septic shock, but the choice of fluid did not af-
fect the outcome (Su et al. 2007). It seems that
hydroxyethylstarch (HES) administration, at
least 10 % HES 200/0.5 and 6 % HES 200/0.6—
0.66, may be a risk factor for acute renal failure
in patients with severe sepsis or septic shock
(Schortgen et al. 2001; VISEP trial, prelimi-
nary data). But other synthetic colloids may
also have adverse effects to renal function (Da-
vidson 2006). Use of colloids can decrease the
platelet aggregation and modify the inflamma-
tion but whether this is unfavourable in sepsis
is not known. The choice of a specific fluid may
influence to the development of intra-abdom-
inal hypertension or cerebral edema (O’Mara
et al. 2005). Controlled studies on these issues
in sepsis are lacking, however, and the contri-
bution of these characteristics on mortality is
unresolved.

The use of albumin in volume resuscitation
was studied in the large SAFE study (Saline
versus Albumin Fluid Evaluation) with almost
7000 critically ill patients. Although no signifi-
cant difference in mortality in the whole study
group could be detected, a non-significant
trend to better survival was observed in a non-
randomised subgroup of over 1200 patients
with severe sepsis (Finfer et al. 2004). System-
atic reviews and meta-analyses have come to
different conclusions concerning the safety or
advantages of the use of albumin in critically ill
patients and so far its use is not recommend-
ed for volume resuscitation of septic patient
(Anonymous 1998; Wilkes and Navickis 2001;
Alderson et al. 2007).

2.5.4 Vlasopressors

Target of treatment

By definition, every patient in septic shock
needs a vasopressor treatment for adequate
perfusion pressure. Minimal data exist on an
optimal blood pressure target to guide the va-
sopressor treatment. A MAP 6o mmHg to 65
mmHg has been traditionally chosen because
of the physiological autoregulation range. Au-
toregulation is a manifestation of local blood
flow regulation. It is defined as the intrinsic
ability of an organ to maintain a constant blood
flow despite changes in perfusion pressure.
Autoregulation operates especially well in vital
organs like in the renal, cerebral, and coronary
circulation. A MAP of about 60 mmHg to 65
mmHg is considered as a threshold and below
that the autoregulation of blood flow to vital
organs ceases, resulting in pressure dependent
regional blood flow, exposing organs to tissue
hypoxia and organ dysfunction.

Animal data show that the elevation of the
normotensive MAP with norepinephrine does
not increase regional perfusion in porcine
sepsis if the MAP is within its autoregulatory
range (Krouzecky et al. 2006). Two small hu-
man studies have also suggested that the el-
evation of MAP from 65 mmHg to 85 mmHg,
with norepinephrine, neither affects meta-
bolic variables nor improves renal function
or regional perfusion (Bourgoin et al. 200s5;
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LeDoux et al. 2000). It is unclear, however, if
moderate hypotension even below 65 mmHg
would be better than the aggressive use of va-
sopressor agents. No difference on survival was
demonstrated when vasopressor agents versus
placebo were administered to sustain arterial
pressure in the course of experimental perito-
nitis in the murine model of septic shock (Tang
et al. 1996). Also treatment with a selective
NO-inhibitor incresed mortality despite the
elevation of blood pressure (Bakker et al. 2004;
Lopez et al. 2004).

A recent consensus conference recom-
mended a target MAP over 65 mmHg for sep-
tic shock patients (Antonelli et al. 2007).

Vasopressor agents

Catecholamines, like dopamine, norepineph-
rine, epinephrine, and sometimes phenyleph-
rine are used as a vasopressor agent in septic
shock. In recent years vasopressin, an endog-
enous hormone, and terlipressin, a synthetic
analogue of vasopressin, have also been eagerly
studied. Current guidelines suggest the use of
dopamine or norepinephrine as a first line
agent (Dellinger et al. 2004).

According to the recent Cochran system-
atic review, the current data do not support
the use of any particular vasopressors in terms
of reducing overall mortality in septic shock
(Mullner et al. 2007). In observational cross-
sectional European cohort study (SOAP), the
use of dopamine and epinephrine were as-
sociated with an increased mortality in sepsis
(Vincent et al. 2006). Martin et al. reported a
better survival with norepinephrine over other
vasopressors (dopamine, epinephrine) in their
prospective observational study with a logistic
regression analysis (Martin et al. 2000) and nor-
epinephrine was more effective than dopamine
in correcting sepsis induced hypotension in a
non-randomized study (Martin et al. 1993).
When dopamine alone is sufficient to restore
the blood pressure, however, the outcome is
generally favourable (Levy et al. 2005).

Vasopressin has been effective in increas-
ing the blood pressure of patients refractory to
conventional vasopressor treatment. Vasopres-
sin in addition to norepinephrine leads to a sig-
nificant reduction in vasopressor requirement
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(Patel et al. 2002; Micek et al. 2007) although
it alone may not be sufficient to restore blood
pressure (Micek et al. 2007). The potential ad-
verse effects to regional circulation and cardiac
function have reduced its clinical use. In an
experimental study, high doses of vasopressin
lead to a decrease in mesenteric and renal blood
flows (Malay et al. 2004). It seems that the safe
dose range for exogenous vasopressin in septic
shock is narrow. The overall effect of low-dose
vasopressin and norepinephrine to blood flow
of the intestine or kidneys in septic shock has
been mostly favorable, however, along with the
increasing perfusion pressure (De Backer et al.
2003; Farand et al. 2006).

The effect of vasopressin on mortality in
septic shock was studied in a large prospec-
tive controlled trial (VASST, Vasopressin and
Septic Shock Trial). The preliminary results
(published in 28th International Congress of
Critical Care and Emergency Medicine, Brys-
sel, 2007) showed that contrary to the hypoth-
esis, low-dose vasopressin reduced mortality
compared to norepinephrine in a subgroup
of patients with less severe sepsis (lower need
for vasopressors) but had no advantage for
patients with a high norepinephrine dose. In
that study, low-dose vasopressin had no more
significant side effects than norepinephrine.
In a retrospective study by Luckner et al. the
dose of NE before start of vasopressin was an
independent predictor of mortality. The mor-
tality rapidly increased if NE dosages exceeded
0.6 pg/kg/min before AVP infusion had been
implemented (Luckner et al. 2005)

In few small trials terlipressin, a synthetic
analogue of vasopressin, with a longer half
life and a stronger affinity to vasopressin-1
receptors, have been studied in catecholamine
refractory septic shock. Its effect on blood
pressure has been favorable, but possible side
effects to cardiac function have been alarming
(Albanese et al. 2005).

2.5.5 Inotropic medication
Target of treatment

In the 1980’ and 1990’s there was much enthu-
siasm to increase CO and DO, to supranormal



values, thus mimicking the hemodynamic pro-
file of survivors of sepsis (Edwards et al 1989;
Shoemaker et al. 1993). The studies aimed at
some supranormal cardiac output, however,
have failed to show benefit in mixed critically
ill patients (Hayes et al. 1994; Gattinoni et al.
1995). Later it was observed that increase in
DO, does not lead to an increase in VO, in
nonsurvivors (Hayes et al 1997), which may
be a sign of cytopathic disturbances, mito-
chondrial dysfynction and microcirculatory
failure in septic shock. The ability of patients to
increase VO, to a dobutamine infusion is asso-
ciated with a good outcome. This implies that
patients whose cells are functioning in a nor-
mal manner do well and patients whose cells
are no longer able to function normally have a
poor outcome (Rhodes et al. 1999).

Cardiac function is often impaired in sep-
tic shock when assessed with echocardiogra-
phy or with radionuclide techniques. Current
guidelines suggest the use of dobutamine as an
inotropic medication in patients with a mea-
sured low cardiac output despite fluid resus-
citation (Dellinger et al. 2004). According the
EGDT protocol, inotropic medication should
be introduced according to the signs of insuf-
ficient perfusion, measured with ScvO _ (Rivers
et al. 2001). Some have proposed that inotro-
pic medication should be started if the left
ventricular ejection fraction is less than 40 %
measured with echocardiography (Figure 4).

Inotropic agents

Dobutamine is generally considered as a treat-
ment of choice for sepsis-related myocardial
depression (Dellinger et al. 2004). Dobutamine
increases the cardiac index and stroke volume,
although the heart rate also increase in most
patients. Dobutamine increases regional blood
flow in sepsis and has shown beneficial effects
when used as a combination with vasopressor
agents. No study has shown improved outcome
with the use of dobutamine, however, and evi-
dence exists that high doses may have an ad-
verse effects to outcome (Hayes et al. 1994).
Morelli et al. investigated the effects of levosim-
endan on systemic and regional hemodynam-
ics in dobutamine resistant septic myocardial
depression. They found that levosimendan im-

proves systemic hemodynamics and regional
perfusion in sepsis and is a safe and efficacious
alternative to dobutamine (Morelli and Teboul
2006). Levosimendan may improve right ven-
tricular performance and global perfusion in
ARDS associated with septic shock (Morelli et
al. 2006).

2.5.6 Adjuvant therapies

Corticosteroids

Cortisol is essential in regulating the impaired
vasomotor tone of the vasculature. Cortisol
decreases the NO mediated vasodilatation,
sensitizes the receptors to catecholamines,
and affects the distribution of body fluids by
improving the endothelial barrier function
(Marik and Zaloga 2002; Prigent et al. 2004;
Rhen and Cidlowski 2005). The use of low
dose corticosteroids improves the shock reso-
lution in septic shock, although the effect on
mortality has been controversial (Annane et al.
2004; Keh and Sprung 2004). In a recent Cor-
ticus trial low dose corticosteroids resulted in
earlier resolution of shock, but the recurrence
of shock or new infections occurred more of-
ten in the treatment group and corticosteroids
showed no benefit in mortality (unpublished).
The improvement of hemodynamics is not pre-
dicted by the results of an adrenocorticotropin
(ACTH) stimulation test (Morel et al. 2006).

Activated protein C

Recombinant human activated protein C
(rhAPC) improved the outcome of adult pa-
tients with severe sepsis and septic shock (Ber-
nard et al. 2001). The positive effect was most
pronounced in those with more severe sepsis.
In one retrospective study rhAPC decreased
the norepinephrine dose required to maintain
arterial pressure (Monnet et al. 2005). The
possible beneficial effects of thAPC on hemo-
dynamics are likely multifactorial. In experi-
mental models thAPC decrease nitric oxide
synthase (NOS) activity and TNF-a produc-
tion, but no significant effect on cytokines has
been detected in human studies (Sennoun et al.
2007). Some in vivo and in vitro studies have
shown that RhAPC may improve endothelial
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barrier function and thus decrease the vascular
permeability in sepsis (Looney and Matthay
2006).

Others
The nitric oxide synthase inhibitor, NG-meth-
yl-L-arginine hydrochloride, promoted the
resolution of shock in a multicentered, ran-
domised, placebo-controlled study (Bakker et
al. 2004). The phase III trial was prematurely
terminated, however, because of increased
mortality (Lopez et al. 2004). Methylene blue,
an inhibitor of nitric oxide, increases the mean
arterial pressure and systemic vascular resis-
tance in septic shock and vasopressor require-
ments decrease. Studies on the influence on
outcome are lacking (Kirov et al. 2001; Kwok
and Howes 2006). The inhibition of K, , chan-
nels with sulfonylureas has restored MAP in
experimental endotoxemic shock (Lange et al.
2006). One study investigated the inhibition
of K, , channels with glibenclamide in human
septic shock, but failed to achieve a reduction
in norepinephrine (Warrillow et al. 2006).
Outside the vasculature, K, , channels may
also represent a protective mechanism against
cellular damage. (Buckley et al. 2006).
Different modalities of high-volume or iso-
volume hemofiltration have improved hemo-
dynamics in septic shock patients with mul-
tiple organ dysfunction (Joannes-Boyau et al.
2004; Ratanarat et al. 2005; Haase et al. 2007),
but the indications in septic shock without re-
nal failure are not clear (Cole et al. 2002).

2.6 OUTCOME OF SEPTIC SHOCK

The mortality rate is sepsis increases with the
severity of the sepsis. Rangel-Frausto et al.
prospectively evaluated the mortality rate in
relation to the sepsis criteria of 3708 patients.
Mortality increased with the number of criteria
for systemic inflammatory response syndrome
(SIRS) or if the clinical sepsis severity increased.
The mortality rate without SIRS criteria was
3 %, while it was 7 % with two, 10 % with three,
and 17 % with four SIRS criteria. Mortality rate
was 20 % in severe sepsis and 46 % in septic
shock (Rangel-Frausto et al. 1995). Alberti et
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al found no difference in hospital mortality
rate between patients with infection and with
sepsis (i.e. infection and SIRS criteria) without
organ dysfunction, while presence of organ
dysfunction or shock had a strong prognostic
significance (Alberti et al. 2003).

The hospital mortality rate of septic shock in
epidemiological studies has varied from 29 %
to 82 % (table 2) and in placebo arms of ran-
domized trials, hospital mortality has varied
from 30 % to 87 % (Dellinger 2003). The wide
variations in observed mortality depend partly
on the different selection of patients in studies.
Differences in ICU admission policy and dif-
ferences in critical care organisations in differ-
ent countries may also have influenced results
when only patients inside ICU are evaluated.
Shortage of ICU beds leads to tight admission
criteria with only the most critical patients be-
ing admitted, hence the mortality rate is prob-
ably higher.

The outcome of septic shock has improved
over time. When 131 studies from 1958 to
1997 with over 10 500 patients were evalu-
ated, evidence existed of a small improvement
in the survival rate from septic shock over the
last few decades (Friedman et al.1998). Impor-
tant studies that have reported a signifigant
mortality benefit and that have changed the
treatment in sepsis have been published in the
21st century. Rivers et al. demonstrated a 16 %
decrease in absolute 28-day mortality with
EGDT (Rivers et al. 2001). RhAPC reduced
absolute mortality by 6 % in severe sepsis Ber-
nard et al. 2001) and low-dose steroid replace-
ment decreased mortality by 10 % for those
septic shock patients, who did not respond to
adrenocorticotropin test (Annane et al. 2002).
In addition, the control of glucose balance
with insulin infusion showed a 3.7 % mortal-
ity reduction in critically ill ICU patients and
lung-protective ventilatory treatment has re-
duced mortality in acute respiratory distress
syndrome, which occurs commonly in septic
shock. Based on these results, the European
Society of Intensive Care Medicine (ESICM),
International Sepsis Forum (ISF), and Society
of Critical Care Medicine (SCCM) started the
world-wide Surviving Sepsis Campaign (SSC)
with the target of achieving a 25 % reduction in



sepsis mortality by 2009. The SSC aims to reach
this target with a multipoint strategy; build-
ing awareness of sepsis, improving diagnosis,
increasing the use of appropriate treatments,
educating healthcare professionals, improving
post-ICU care, developing guidelines and fa-
cilitating data collection for audit and feedback
(Wwww.survivingsepsis.com).

Long-term outcome data after treatment of
septic shock is sparse. In the Finnsepsis Study
one-year mortality after ICU-treated severe
sepsis or septic shock was 40.9 % (Karlsson et
al. 2007). Jagodic et al. found that the two-year
mortality of severe sepsis or septic shock after
treatment in surgical ICU was 67 %, which was
higher than after trauma (43 %)(Jagodic et al.
2006). In the PROWESS trial, one-year surviv-
al of patients with severe sepsis or septic shock
was 53 % for the treatment group and 49 % for
the placebo group (Angus et al. 2004). In a pro-
spective study of patients with sepsis syndrome
in the ED, the overall one-year mortality was
22 %. The presence of SIRS criteria alone had
no prognostic value, but each additional organ
dysfunction increased the adjusted one-year
mortality hazard by 82 % (Shapiro et al. 2006).
The one-year mortality after bloodstream in-
fection associated sepsis without shock was
36 % and with shock 61 %. Surgical diagnosis
and increasing age were independently associ-
ated with late mortality (Laupland et al. 2005).
Weycker et al. obtained data from the U.S.
health insurance database for the study on the
long-term outcome of over 16 ooo patients that

were hospitalized because of severe sepsis in
1991-2000. He found an one-year mortality of
51.4 % and five-year mortality of 74.2 %. Ad-
vanced age, comorbidities, organ dysfunction,
and hospital discharge to another facility were
associated with a higher mortality (Weycker et
al. 2003). Quartin et al. reported that among
30-day sepsis survivors, sepsis reduced the re-
maining mean life span from a predicted 8.oyrs
to 4.1yrs (Quartin et al.1997)

The 28-day, or hospital mortality, is gener-
ally used as an end-point in clinical trials. The
mortality of septic shock, however, increased
constantly even after first month or first hos-
pitalization period. Exact reasons for this late
mortality are not clear, although the risk is
increasing with advanced age, co-morbidities,
and disease severity at the beginning. Longer
follow-up and studies on the reasons for late
deaths are warranted in future trials (Vincent
2004).

Sepsis survivors may suffer from residual
organ dysfunction. Patients may have lose
their extremities or have severe impairments
of muscle function. Persistent symptoms such
as dyspnea, fatigue, depression, and impaired
functional status may lead to reduced quality
of life. The long-term health-related quality of
life (HR-QoL) of survivors of sepsis is lower
than that of the general population (Heyland
et al. 2000), but it might not differ from other
patients who had survived critical illness not
involving sepsis (Granja 2004; Jagodic et al.
2006).
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3 AIMS OF THE STUDY

The objective of this study was to evaluate different aspects of hemody-
namic patterns in septic shock, especially components of early treatment
and monitoring. The specific aims were:

1. To assess the impact of hemodynamic variables on the outcome of
patients with septic shock and to identify the optimal threshold values
related to outcome with special reference to continuously monitored
mean arterial pressure (MAP) and mixed venous oxygen saturation
(SvO)). (I)

2. To assess the correlation and agreement of central venous oxygen
saturation (ScvO,) and mixed venous oxygen saturation (SvO)) and
to compare ScvO -SvO, difference to lactate, oxygen-derived, and
hemodynamic parameters in early septic shock. (II)

3. To evaluate the predictive value of NT-proBNP on mortality in a large
unselected patient population with severe sepsis and septic shock. (III)

4. To determine, how the early treatment guidelines were adopted and
what was the impact of early treatment on mortality in septic shock
patients in Finland. (IV)

All 1419 concecutive patients in Two Finnish ICUs The FINNSEPSIS Study
one ICU 1.1.1999 - 30.1.2002 1.11. 2004~ 1.5.2005 All 4500 concecutive patients in 24 ICUs in Finland 1.11.2004 - 28.2.2005
ACCP/SCCM Concensus Criteria for
severe sepsis or septic shock fulfilled
47\
A discharge diagnosis compatible Septic shock and need Consist for laboratory Community aquired sepsis 287
with sepsis and a need for norepinephrine samples and at least one v
for vasopressorsupport over 0.1ug/kg/min laboratory sample taken Direct from ED to ICU 124
v
Septic shock on arrival to ICU 96 — Insufficient data 4
v
Study | Study Il Study Il Study IV
111 patients 16 patients 254 patients 92 patients
1in both Il and 11l 51 in both Ill and IV
1in both Il and IV
5in I, llland IV

Alltogether 410 patients
in studies | - IV

Figure 6. The flowchart of inclusion in studies |-V
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4 PATIENTS AND METHODS

4.1 PATIENTS

Altogether 410 patients were included in stud-
ies I-IV. The flowchart of inclusion is presented
in Figure 5. The demographics of the study pa-
tients are presented in Table 3.

Stubpy I was a retrospective cohort study
which was conducted in one nine-bed medi-
cal-surgical intensive care unit (ICU) at the
Helsinki University Hospital. All 1419 con-
secutive patients that were admitted to the ICU
between January 1, 1999 and January 30, 2002
were considered eligible. The 111 patients with
a discharge diagnosis compatible with sepsis
(sepsis, pneumonia, meningitis, or peritonitis)
and a need for vasopressor support during the
first 48 h constituted the final study population
with septic shock.

Stupy II was a prospective study conducted
in two Finnish ICUs from November 2004 to
June 2005. Sixteen patients with septic shock
fulfilling the criteria set by the APCCP/SCCM
Consensus Conference were included. In addi-
tion a norepinephrine dose over 0.1 pg/kg/min
for maintaining mean arterial blood pressure
over 65 mmHg was required for inclusion in
addition.

Stupies III AND IV were substudies of a pro-
spective observational cohort study on the in-
cidence and prognosis of sepsis in Finland (the
Finnsepsis study). The Finnsepsis study was
conducted over a four-month period (from
November 1, 2004 to February 28, 2005) in
24 ICUs in Finland. All adult patients (=18
years) that were admitted in the participating
ICUs during the study period were screened
daily for the criteria of severe sepsis and septic
shock proposed by ACCP/SCCM. All patients
filling these criteria; known or suspected infec-
tion, with two or more criteria of the systemic

inflammatory response syndrome, and at least
one sepsis-induced, new organ failure were in-
cluded to the Finnsepsis study. A patient was
included to study III, if the consent for blood
tests was obtained from the patient or their le-
gal representatives. Study IV included patients
who had community-acquired sepsis, were
admitted directly from the ED to ICU, and ful-
filled the criteria of septic shock according to
the attending physicians. A total of 55 patients
were included in both studies IIT and IV.
Comparison of demographics and charac-
teristics of patients are shown in Table 3.

4.2 STUDY DESIGNS

Summary of the study designs is shown in
Table 4.

Study I

In the study I we analyzed the common he-
modynamic variables as outcome indicators
in septic shock during the first six and 48
hours separately. In addition we evaluated,
whether the time or area under critical MAP
or the SvO, level would be a better predictor
of survival than the mean values of these or
the other hemodynamic variables and which
threshold level is the best discriminative level
between survivors and non-survivors. An ex-
ample of this method is shown in Figure 6.
Both MAP and SvO, were recorded from the
database every 10 mins (each value was con-
sidered representative of the values within the
previous 10 mins). Ppao, CVP, CI, and SV were
recorded every one to six hours. Serum lactate
was recorded upon arrival and on day two. If
the patient expired within the 48-h monitor-
ing period, the last hours data were excluded.
A 30-day mortality rate was assessed.
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Table 3.Demographics of the patients in Studies | - IV

Study | Study Il Study Il Study IV

Number of patients 111 16 254 92
Age 52 (39-63) 51 (44-62) 60 (49-72) 57 (49-62)
Male sex 62 (56%) 13(81%) 175 (69%) 67 (73%)
Apache Il 17 (11-22)** 23 (18-29) 23.5(18-29) 26 (20-33)
SOFA on 1.day 8 (6-12) 10 (9-12) 8 (6-11) 10 (7.25-12)
ICU mortality 33 (30%) NA 34 (13%) 20 (22%)
Hospital mortality* 36 (33%)* 6(38%) 67 (26%) 30 (36%)
Norepinephrine medication on day 1 93 (84%) 16 (100%) 178 (70%) 79 (86%)
Maximal dose of norepinephrine (ug/kg/min) 0.15 (0.05-0.46) 0.26 (0.16-0.36) 0.18 (0.08-0.34) 0.35 (0.10-0.43)
Ventilator treatment 104 (94%) 16 (100%) 153 (60%) 68 (74%)
Positive blood culture 61 (55%) 5 (31%) 72 (28%) 42 (46%)
Primary site of infection

Lung 47 (42%) 6 (38%) 106 (42%) 45 (49%)

Intra-abdominal 15 (14%) 6 (38%) 81 (32%) 15 (16%)

Central nervous system 8 (7%) 1 (6%) 6 (2%) 2 (2%)

*30-day mortality in Study |
** Data available from 66 patients
Data are expressed as number (percentage) or median (25-75 percentiles)

Time under MAP 60mmHg

e AN
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Figure 7. An example of recording the mean arterial pressure during the first 48h in the ICU in Study I.. Arrows
are the threshold values used in calculations. The hypotension area/time is calculated as the total area/time of
MAP values lower than the threshold, divided by the duration of the monitoring time. Hypotension area under
60 mmHg is shown in grey. Black line indicates the hypotension time under 60 mmHg

Study I

In this study we evaluated the correlation and
the agreement of ScvO, and SvO, and also
compared the ScvO -SvO difference to lactate,
oxygen derived and hemodynamic parameters
during early severe septic shock in ICU. Si-
multaneous blood samples were drawn slowly
from the distal port of the unwedged PAC for
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SvO, and from the side port of the introducer
for ScvO, immediately after the patient inclu-
sion and every six hours thereafter up to 24 h.
Arterial samples were drawn from the arterial
catheter. Hemodynamic measurements and
measurements of arterial plasma lactate level
were performed immediately after blood sam-

pling.



Table 4: Summary of Studies I-IV

Desing Aims Patients Main Variables Other variables Endpoint

Study | Retrospective To evaluate the predictive value 111patients with Hypotension time and hypotension area: Ppao, CVP, CI, SV, lactate 30-day mortality
of common hemodynamic variables sepsis and need for Time and area under MAP less than 60, 65, during first 6 and 48 hours in ICU
especially MAP and SvO2 and to  vasopressors (septic 70 and 75 mmHg
assess shock) in one ICU Hypoperfusion time and hypoperfusion area: APACHE I, SOFA, Demograprics, Use
the most predictive threshold levels Time and area SvO2 less than 60%, 65%  and doses
regarding mortality. 70% during first 6 and 48 hours in ICU of vasopressor agents, Pao2/Fio2, PEEP

Study I Prospective  To assess the correlation and 16 patients with SvO; and ScvO , Demographics,Lactate, Cl , Paop, CVP, Agreement and
agreement of ScvO2 and SvO2 septic shock and SVR ,MAP correlation
and dose of DO2, V02, O2er, B-Hb, Body
to compare ScvO2-SvO2 norepinephrine over temperature
difference to lactate, oxygen- 0.1ug/kg/min Doses of vasoactive medication
derived and hemodynamic in two ICUs APACHE II, SOFA
parameters
in early septic shock in ICU after
initial resuscitation period.

Study Il Prospective ~ To evaluate the predictive value of 254 patients with NT-proBNP APACHE I, SAPS Il, SOFA, Hospital mortality
NT-proBNP regarding hospital severe sepsis Demographics One-year mortality
mortality in severe sepsis and or septic shock in 24 Use and doses of vasopressor agents,
clinical characteristics of patients  ICUs platelet count, plasma creatinine
with elevated NT-proBNP concentration,

estimated creatinine clearance, bilirubin,
CVP

Paop, MAP, P-lactate, positive blood
culture, fluids

Study IV Prospective ~ To determine the success of early 92 patient with septic Early treatment targets: Demographic data, basic hemodynamic  Hospital mortality
treatment, shock, Measurement of lactate during the first six ~ data, One-year mortality
the impact of early treatment on community aquired  hours from admission to ED; Obtaining the basic laboratory data, need for vasoactive
mortality sepsis and came blood cultures before start of the antibiotics; drugs,
and the impact of separate early ~ from ED to ICU in 24 Starting the antibiotics within three hours ventilator treatment, fluids and blood
treatment targets ICUs from admission to the ED; Reaching the products.
in septic shock patients in Finland. mean arterial pressure over 65 mmHg, APACHE II, SOFA.

central venous pressure over 8 mmHg,
Sv02 >65% or ScvO2>70% during first six
hours
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Study III

In this study we evaluated the predictive value
of NT-proBNP regarding hospital mortality
in severe sepsis and septic shock in a large,
unselected, representative patient population.
We also assessed the clinical characteristics
of patients with elevated NT-proBNP. Blood
samples for NT-proBNP analyses were ob-
tained from an indwelling arterial catheter or
by venapuncture at inclusion and 72 hours
thereafter. Both ICU and hospital mortality
was recorded. One-year mortality data was ob-
tained from Statistics Finland.

Study IV
In this prospective substudy of the epidemio-
logical cohort study, we evaluated the success
of the early sepsis treatment in 24 Finnish
ICUs.

Patients were divided into two groups ac-
cording to the number of achieved targets.

The group >4 consisted of patients who
reached four or more treatment targets and the
group <3 of those with three or less targets.
Also the impact of separate treatment targets
concerning the outcome was evaluated.

The ICU and hospital mortality was record-
ed from hospital records and one-year mortal-
ity data from Statistics Finland.

4.3 LABORATORY MEASUREMENTS

Plasma N-terminal pro-brain natriuretic
peptide (I1I)

Blood samples were obtained from an indwell-
ing arterial catheter or by venapuncture into
Li-heparin containing tubes. The plasma frac-
tion was separated and samples were stored
at —20°C or colder at the enrolling site before
being sent to the Helsinki University Hospital,
where samples were stored at —-80 °C. Samples
were analysed 9-13 months later in batches af-
ter a single thaw. The plasma concentration of
NTproBNP was determined using a commer-
cially available immunoassay (Elecsys proBNP,
Roche Diagnostics, Mannheim, Germany) on
an Elecsys 2010 automatic analyzer (Roche
Diagnostics). All laboratory analysis was per-
formed in a single acredited laboratory (Hel-
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sinki University Central Hospital Laboratory,
HUSLAB).

Plasma lactate (I-1V))

Plasma lactate levels were measured from an
indwelling arterial catheter by a photometric
method. Although the measurement of lactate
was not included in the study protocol in stud-
ies III and IV, it was measured as a routine clin-
ical measurement and the evaluation of lactate
values was prospectively defined.

Other

Although no specified laboratory sample pro-
tocol was chosen, routine tests were taken daily
as a part of patient follow-up and for organ
failure and disease severity scores. These tests
included blood gas analyses, serum creatinine,
urea and bilirubin concentrations, hemoglobin
and hematocrit, white blood cell count and
platelets. In study III the estimated creatinine
clearance was calculated using the Cockcroft
and Gault formula:

(140- Age) x weight (kg) x F} / (Plasma Crea-
tinine x 48.816). Where F = 1 if male, and 0.85
if female (Cockcroft and Gault 1976).

4.4 HEMODYNAMIC MONITORING
AND MEASUREMENTS

Pulmonary artery catheter (PAC) or

central venous catheter (I-1V)

Only study II included PAC insertion in the
study protocol, but PAC derived data was used
in studies I and III when available. In these
studies pulmonary artery catheterization or
central venous catheterization was performed if
the local intensivist deemed it necessary. Com-
monly the use of a pulmonary arterial catheter
was considered appropriate if norepinephrine
was used. In study I, 100 of the 111 (90 %) pa-
tients had PAC, in study IT all 16 patients and in
study IIT 121 (48 %) patients had a pulmonary
artery catheter and an additional 95 patients
(38 %) had central venous catheter inserted. In
study II a four-lumen pulmonary artery cathe-
ter (PAC) with introducer (7.5 F Paceport Oxi-
metry TD Catheter with AMC Thromboshield
780HF75, Edwards Lifesciences LCC, Irvine,



CA, USA) was inserted. A typical wedge pres-
sure tracing with the balloon inflated and chest
X-ray confirmed the correct placement of the
catheter in the West zone 3 position.

The cardiac output (CO) was determined
with the thermodilution method via PAC by
injecting 10 mL of isotonic saline through the
proximal port of PAC. The CI was computed by
dividing CO by the patient’s body surface area.
Three to five measurements were obtained and
averaged.

SvO, (L, II, 1V) and ScvO, (1L, IV)

In study I, SvO, was continuously measured
with a fiberoptic catheter by reflectance oxim-
etry.

In study II, the SvO, samples were drawn
slowly from the distal port of the unwedged
PAC and ScvO, samples from the side port of
the introducer. Oxygen saturation was deter-
mined photospectrometrically with a co-oxi-
metry (Ciba-Corning 850 and 855, Medfield,
MA, USA).

In study IV, SvO, (or ScvO,) was measured
either with the fiberoptic method or with co-
oximetry using separate samples.

4.5 INTERVENTIONS

Besides laboratory analyses (I, IL, IIT) and oxi-
metric and hemodynamic measurements (II),
patients were treated according to the discre-
tion of attending physicians without special
treatment protocols and without therapeutic
interventions.

4.6 DATA COLLECTION

During the inclusion period of study I, our unit
used an ICU clinical data management system
(CareVue, Hewlett-Packard, Boston, MA, USA)
which automatically stored all physiologic data
displayed in the database of the monitors (Da-
texAS3, Datex-Ohmed, Helsinki, Finland) at a
five-minute sampling frequency as well as all
laboratory and medication data. The requisite
data was extracted retrospectively from the
database.

Studies IIT and IV included patients from 24
ICUs from 21 hospitals. All data were collected
daily by local study nurses or investigators (Ap-
pendix). Data was stored through an internet-
based Finnish intensive care quality consortion
(Intensium Ltd.Kuopio, Finland).

4.7 OUTCOME MEASURES

Mortality

The 30-day mortality (Study I), hospital mor-
tality (Study IIT and IV), and one-year mortal-
ity (Study III and IV) data were acquired from
the hospital records and Central Population
Registry of Finland.

The standardized mortality ratio (SMR)

The standardized mortality ratio (SMR) was
calculated as the ratio of observed hospital
mortality over the predicted hospital mortality
(Study IV). Probability of hospital death was
calculated using the Simplified Acute Physiol-
ogy Score (SAPS) IL

Disease severity scores

SOFA (SEQUENTIAL ORGAN FAILURE ASSESS-
MENT (Vincent et al 1998)

SOFA score evaluate status of the following or-
gan systems separately: Respiration, coagula-
tion, hepatic, cardiovascular, renal, and central
nervous system. The SOFA score were calcu-
lated for days one and two (Study I), for day
one (study II and IV) or for day one and three
(Study I11).

AcuTe PHYSIOLOGY AND CHRONIC HEALTH
EvaruaTioN (APACHE) II score (Knaus et
al 1985) and SIMPLIFIED ACUTE PHYSIOLOGY
Score (SAPS) II (Le Gall, Lemeshow and Saul-

nier 1993)
To evaluate the severity of illness APACHE II

and SAPS II scores were calculated for the first
24 hours in the ICU (Study I-1V)

4.8 STATISTICAL ANALYSES

STATISTICAL SIGNIFICANCE: The level of
p<o0.05 was considered statistically significant
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in all tests. The analyses were performed us-
ing the SPSS 10.1.3 (I) or 13.0 (II-1V) software
(SPSS,Chicago,I1L.).

The Kolmogorow-Smirnov test was used for
testing the normality of continuous variables
(I1, TI0).

MANN-WHITNEY U TEST was used for the
comparison of continuous variables of two
samples of observations like demographic,
hemodynamic or laboratory data between sur-
vivors and non-survivors (I-III) or patients in
different groups (IV).

CHI-SQUARE OR FISHER’S EXACT tests were
used for testing the difference between two
samples of categorical variables. Fisher’s exact
was used if the number of cases in a sample was
below five (I-1V).

SPEARMAN’S RANK CORRELATION TEST Wwas
used for determining the relationship between
two continuous variables, which were not nor-
mally distributed like comparison of NT-proB-
NP and physiological and laboratory variables
or SvO,-ScvO, difference and hemodynamic
or perfusion variables (I-III).

LINEAR REGRESSION ANALYSIS was used to find
the potential confounding factors that would
best predict the value of the dependent variable
(NT-proBNP). The variables that first yielded
significance in the univariate model, were
tested with a linear regression analysis using
log-transformed NT-proBNP, because values
of NT-proBNP were not normally distributed
(I1D).

BLAND-ALTMAN ANALYSIS is a statistical
method, which assess the agreement between
two methods of clinical measurement. It can
be used for comparison of a new method with
an established one to see whether they agree
sufficiently for the new one to replace the old.
The Bland-Altman graph plots the difference
between two measurements against their aver-
ages. The Bland-Altman analysis was used to
evaluate the agreement between ScvO, and
SvO, in study II.
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INTRACLASS CORRELATION (ICC) was used to
measure the statistical significance of correla-
tion between ScvO, and SvO, measurements of
patients at different time-points (II). The ICC
was used instead of the Pearson correlation,
because of repeated measurements of a single
patient at five separate time-points, which
made the data intracorrelated and not totally
independent.

FRIEDMAN test is a nonparametric test for sev-
eral related samples. It was used to detect the
differences between ScvO, and SvO, measure-
ments across different time-points and also
across different levels of ScvO, (II).

KRUSKAL-WALLIS TEST IS A NON-PARAMETRI(
for comparing the medians between
two or more samples to determine if these have
come from different populations. The Kruskal-
Wallis test was used in study III where the study
population was divided to groups according to
quartiles of APACHE II, SAPS II, and SOFA
scores and the differences of NT-proBNP be-
tween groups was assessed (III).

KAPLAN-MEIER TEST was used to evaluate one-
year mortality differences in studies IIT and I'V.

MULTIVARIATE FORWARD LOGISTIC REGRES-
SION ANALYSIS was used to test the indepen-
dent effect of the variable on the outcome (I,
1L, IV).

RECEIVER  OPERATING  CHARACTERISTIC
cURVE (ROC) ANALYsIS was used in study III
for finding the best predictive cut-off values of
NT-proBNP for predicting mortality. The best
cut-off values are defined as the threshold val-
ues that maximized the sum of the sensitivity
and specificity.

AREAS UNDER THE ROC curve (AUC) were
used for determining the predictive accuracy
of variables. AUCs were calculated for mortal-
ity prediction using all MAP and SvO, derived
parameters as predictive variables in study I,
and NT-proBNP in both time points as predic-
tive variables in study III.
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DIAGNOSTIC ACCURACY, SENSITIVITY, SPECI-
FICITY, POSITIVE AND NEGATIVE PREDICTIVE
VALUES of NT-proBNP for mortality predic-
tion was assessed as follows:

Condition
Dead Alive
Test Positive* A=true Positive C=fase Positive A+C
outcome Negative™ B=false Negative ~ D=true Negative | B+D
A+B C+D

*NT-proBNP values above cut-off
**NT-proBNP values below cut-off

Sensitivity = true positives/(true positives+false negatives) = A/(A+B)

Specificity = true negatives/(true negatives+false positives) = C/(C+D)

Positive predictive value = true positives/(true positives+false positives) = A/(A+C)

Negative predictive value = true negatives/(true negatives+false negatives)= B/(B+D)

Accuracy = (true positives + true negatives)/all = (A+D)/(A+B+C+D)
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6 RESULTS

6.1 PREDICTION OF MORTALITY
ACCORDING TO HEMODYNAMIC
VARIABLES (1)

The study showed that in septic shock dur-
ing first six hours in ICU the most important
variables concerning mortality were the mean
MAP (p=o0.001) and lactate upon arrival
(p=0.02). When a patient was followed for up
48 hours the mean MAP, the mean CVP, and
a hypoperfusion area (SvO,) under 70 % were
independently associated with mortality by a
logistic regression analysis. Receiver operation
curves regarding the 30-day mortality were
plotted for allthe MAP and SvO, derived vari-
ables. The highest AUC values were found for
the hypotension area under 65 mmHg (AUC
0.853, 95 % CI 0.772-0.934) and for the hy-
poperfusion time under 70 % (AUC o.747,
95 % CI 0.618-0.876). According to these the
best discriminative threshold value concerning
mortality is 65 mmHg for MAP and 70 % for
SvO..

2

6.2 SVO, VERSUS SCVO,
IN SEPTIC SHOCK (11)

In early severe septic shock, simultaneous val-
ues of ScvO, and SvO, correlated significantly
(intraclass correlation coefficient 0.89, 95 %CI
0.82-0.93, p<0.001). The mean SvO2 was be-
low the mean ScvO2 at all time points during
the first 24 hours. When simultaneous mea-
surements were evaluated with the method
proposed by Bland and Altman, the agreement
of ScvO, and SvO, was not adequate.

The agreement between ScvO, and SvO, by
the Bland-Altman plot showed that the bias
of difference was 4.2 % (95 % limits of agree-
ment from -8.1 % to 16.5 %). We found that
the difference between simultaneous ScvO2
and SvO, (A[ScvO2-SvO|]) inversely corre-

late to CI (p=0.036) and to DO, (p=0.007),
but detected no correlation to other measured
variables or to the dose of norepinephrine. We
concluded that for clinical use the agreement
of ScvO, and SvO, is not adequate and that
SvO, is not estimated on the basis of ScvO, in
septic shock.

6.3 NT-PROBNP AS A PROGNOSTIC
FACTOR IN SEVERE SEPSIS AND
SEPTIC SHOCK (11)

The NT-proBNP values upon admission var-
ied from 55 pg/mL to 146 592 pg/mL (median
4396 pg/mL), and at 72 hours from 39 pg/mL
to 247 812 pg/mL (median 2889 pg/mL). The
NT-proBNP levels upon admission were sig-
nificantly lower in hospital survivors (median
3479 pg/mL; 25" and 75" percentiles 1102 pg/
mL and 9970 pg/mL) than non-survivors
(median 7908 pg/mL; 25" and 75™ percentiles
2658 pg/mL and 20855 pg/mL; p =0.002).
This difference persisted at 72 hours (median
2354 pg/mL; 25" and 75% percentiles 631 pg/
mL and 6362 pg/mL vs. 5688 pg/mL; 25" and
75" percentiles 1479 pg/mL and 17972 pg/
mL; p = 0.002) (Figure 8). In ROC analysis the
area under the curve (AUC) of NT.proBNP for
hospital mortality upon admission was 0.631
(95 % Cl 0.549-0.712, p =0.002) and at y2-
hour 0.648 (95 % Cl 0.554-0.741, p =0.002).
The best cut-off value of NT-proBNP upon
admission for hospital mortality was 7090 pg/
mL with a sensitivity of 58 % (95 % Cl 45-
69 %), a specificity of 66 % (95 % Cl 59-73 %),
a positive predictive value of 38 % (95 % Cl
29-48 %), a negative predictive value of 81 %
(95 % Cl 74-87 %), and an accuracy of 64 %.
The best cut-off value of NT-proBNP after 72
hours was 8948 pg/mL with a sensitivity of
45 % (95 % Cl 30-60 %), a specificity of 81 %
(95 % Cl 74-86 %), a positive predictive value
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of 40 % (95 % Cl 27-54 %), a negative predic-
tive value of 84 % (95 % Cl 77-89 %), and an
accuracy of 73 %. The Kaplan-Maier curves for
one-year mortality according the best cut-oft
limits are shown in Figure 9.

In the univariate logistic regression analysis
the significant predictors (p <o0.05) for hospi-
tal mortality were age, SAPS score, APACHE
IT score, SOFA score, lowest MAP, maximal
dose of norepinephrine and epinephrine, and

plasma lactate. These and NT-proBNP values
were entered into a multiple forward stepwise
logistic regression model. Independent pre-
dictors of hospital mortality were the SAPS
IT score (p <0.001) and 72-hour NT-proBNP
(p =0.014).

The NT-proBNP upon admission sig-
nificantly correlated to the highest Paop
(p<o0.001), eCrCl (p =0.002), lowest platelet
count on the first day (p =0.03), and positive
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Figure 8. N-terminal pro- brain natriuretic peptide (NT-proBNP) levels of hospital survivors and nonsurvivors at
admission and 72 hrs thereafter. Data are presented as median values (line) with 25" and 75% percentiles (boxes)

and 5" and 95" percentiles (whiskers).
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blood culture (p = 0.04) according to a linear
regression analysis. After 72 hours the linear
regression analysis showed that only eCrCl
(p <0.001) had an independent effect on the
NT-proBNP value.

6.4 LACTATE AS A PROGNOSTIC
FACTOR IN SEPTIC SHOCK (1, 111, 1V)

According to Study I, serum lactate upon ar-
rival to ICU was significantly associated with
mortality (p =0.02) when only the first six
hours hemodynamic variables were assessed
with the logistic regression analyses. When the
first 48 hours were evaluated, however, the ad-
mission lactate was not significant anymore.
In Study III and IV, the first lactate value
and the highest value during the first 24 hours
in ICU were recorded. According to the ROC
analysis, in Study III, which also included pa-
tients without septic shock, the AUC of the first
lactate value was 0.665 (95 % CI 0.586-0.744)
and 0.686 (95 % CI 0.606-0.766) for hospi-
tal mortality. In Study IV the corresponding
AUCs were 0.794 (95 %CI 0.674-0.913) of the
first lactate and 0.761 (95 % CI 0.626-0.897) of
the first day maximal lactate (p <o0.001 for all)

6.5 EARLY TREATMENT OF SEPTIC
SHOCK IN FINLAND (1V)

All predefined end-points of early treatment
concept were completed for 6 of 92 patients
(6.5 %). When single targets were analysed
separately, blood cultures were obtained most
often (79 of 92, 86 %). The ScvO /SvO, target
was measured in time for 18 patients, but the
goal was achieved for only 10 patients (11 %).
The CVP was measured during the first six
hours for 34 patients and the goal of over 8
mmHg was achieved for 29 patients (32 %).
Lactate was measured during the first 6 six
hours in 53 (58 %), a MAP of over 65 mmHg
was achieved in 68 (74 %) and antibiotics were
started during the first three hours in 49 (53 %)
patients. The serum lactate value was mea-
sured in the ED before ICU transfer for 20 of
the 92 patients (22 %). CVP was measured in

C

the ED for two patients and neither ScvO, nor
SvO, was measured in the ED or the ICU for 35
(38 %) patients. Antibiotics were started before
ICU admission for 46 (50 %) patients.

In an univariate analysis of separate treat-
ment targets, the delay in the start of antimi-
crobic treatment within three hours from ED
admission was significantly associated with
hospital mortality (p =0.04). In a forward
logistic regression analysis, the delay on the
start of the antibiotics within three hours was
an independent predictor of mortality when
all separate targets were used as independent
variables (p =0.04). When APC treatment,
low-dose steroid treatment, APACHE II, and
SOFA scores were added to the analysis, only
the APACHE II score (p <0.001) was an inde-
pendent predictor of hospital mortality.

When the one-year mortality was ana-
lyzed, the start of antibiotics within three
hours (p =0.001) and the APACHE II value
(p =0.001) were independent predictors of
mortality in a logistic regression analysis. If
antibiotic treatment was started within three
hours, one-year mortality was 33 % (16 of 49
[95 % CI 21-47 %)), while it was 72 % (31 of
43 [95 % CI 57-83 %]) if the treatment was
delayed.

The Kaplan-Maier curve of mortality, ac-
cording to the start of the antibiotics within
three hours, is shown in Figure 10.
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Figure 10. The Kaplan-Maier curve about mortality
according the start of the antibiotics within three
hours. From Study IV.
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The hospital mortality of those 33 patients
who reached four to six treatment targets
(group =4) was 24 % (8 of 33 [95 % CI 13-
41 %]) compared to 42 % (25 of 59 [95 % CI
31-55 %]) of those 59 patients who reached
three targets or less (group <3) (p =0.08). The
median delay from hospital admission to ICU
transfer was 1.6 hours (0.7, 2.1) in group >4
and 3.5 hours (2.0, 8.9) in group <3. The se-
verity of disease assessed with the APACHE II
or SOFA score had no influence on the early
treatment success.

6.6 MORTALITY (1, TM1-1V)

According to the combined results of Studies I
and IV, the ICU mortality rate of septic shock
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was 26 % (53 of 203 patients): 33/111(30 %) in
Study I and 20/92 (22 %) in Study IV. The hos-
pital mortality rate in Study IV in the overall
population of septic shock patients was 36 %
(33/92), and the 30-day mortality in Study I
was 33 % (36/111). In Study III, which includ-
ed the patients with severe sepsis and septic
shock, the ICU and hospital mortality rates of
the study patients were 13 % (34 of 254) and
26 % (67 of 254) (Table 3, page 36).

The one-year mortality was assessed in
Studies IIT and IV. It was 51 % (47/92) accord-
ing to Study IV in septic shock patients and
40 % (102 of 254) according to Study III in
severe sepsis and septic shock.



7 DISCUSSION

Strengths and weaknesses of the study

The results of this study offer an aid for clini-
cians in their every-day work. We showed the
importance of adequate MAP and SvO, as well
as the optimal thresholds concerning the out-
come with a huge amount of hemodynamic
measurements. The predictive value of NT-
proBNP was shown prospectively with rep-
resentative and large patient population. We
proved the disagreement of ScvO, and SvO,
measurements in septic shock during the ICU
treatment, which might affect on monitoring
methods in ICUs. Furthermore, we showed
the reality of an early treatment of septic shock
nationwide in Finland, which might help us to
improve the treatment of septic patients. Al-
though the number of patient was quite small,
this does not impair the generalization of the
results to all patients with community aquired
septic shock.

Some limitations of the studies can be ad-
dressed. First the optimal time point to assess
the mortality after septic shock is not clear al-
though the hospital mortality is the most used
time point. Many patients suffering sepsis are
transferred from the hospital to rehabilitation
centers or to nursing homes where they will
probably die and never actually return home.
Hospital mortality rate does not tell the true
mortality concerning this issue. The 28-day or
30-day mortality is not good either, because
hospital length of stay after sepsis is very long.
We used the 30-day mortality in Study I and
hospital mortality in Study IIT and IV. In addi-
tion, one-year mortality was evaluated in Stud-
ies IIT and IV.

The retrospective nature is a limitation
of Study I. Although the data were collected
online with the data management system, we
cannot exclude the possibility of some false
recordings related to patient care, movement,
or signal artefacts. All data was checked be-
fore analysis and outliers were eliminated and

bias seems unlikely because of the substantial
number of recorded values. In addition we did
not record the fluid balance, which could have
been informative concerning CVP.

A limitation of Study II is the small sample
size. The patient group, however, was homoge-
neous with regard to the severity and timing
of septic shock. In the correlation analysis,
samples of one patient are pooled from several
time points, which may have affected the re-
sults.

Limitations of the Study III were that we
were able to include only part of the Finnsepsis
study patients. These patients, however, did not
differ from patients without consent for blood
samples. Because of the nature of the study,
we were not able to control the hemodynamic
treatment, and we did not have any load inde-
pendent measurements about cardiac function
during sepsis. In addition, the amount of vol-
ume resuscitation before blood samples is not
definite and is missing for part of the patients.

The sample in Study IV was relatively
small, but with the tight inclusion criteria the
study group is a uniform group of patients who
most probably would have had a benefit of ag-
gressive early treatment. As a limitation, we
did not assess the patient’s status on arrival to
the ED and, therefore, timing of some relevant
treatments, such as fluids, were not recorded
exactly during the ED stay. In addition, we
only included patients that had been admitted
to the ICU because of septic shock and it is
possible that some patients that had avoided
ICU admission, because of proper EGDT ther-
apy in the ED, may not have been included. We
did not assess the clinical situation in the ED,
which may have affected treatment decisions.

Hemodynamic variables in outcome prediction
and as treatment targets in septic shock

Our results suggest that during standard treat-
ment the most important hemodynamic vari-
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ables predicting the 30-day outcome in septic
shock are MAP and lactate for the first six
hours and MAP, SvO , and CVP for the first 48
hours. The best predictive threshold level for
mortality was MAP of 65 mmHg and SvO, of
70 % supporting the current guidelines.

Poeze et al. studied regional and global he-
modynamic variables as an outcome indicator
in 28 patients with septic shock (Poeze et al.
2005). They found that upon admission no
variable was superior to others as a predictor
of outcome, but after stabilization the variables
of splanchnic function were better predictors,
than common pressure- or volume- related
variables. They used only single MAP, CVP,
and Paop measurements before and after resus-
citation treatment, however, and they did not
measured SvO, at all. Most studies report he-
modynamic variables as a single measurement
or as a mean of a couple of values. In septic
shock this approach may be misleading since
rapid changes in hemodynamics occur due to
the disease and the treatment. We used param-
eters derived from the continuous monitoring
of MAP and SvO , allowing better exploration
of these parameters cumulatively over time.
We also took into account both the duration
and severity of hypotension and hypoperfu-
sion. We did not find hypotension time or area
more informative than the mean MAP over six
hours or 48 hours, although the highest AUC
value was found for hypotension area under
65 mmHg (AUC 0.853, 95 % CI 0.772-0.934).
The hyperperfusion area of SvO, under 70 %
was more predictive than the mean value of the
continuous SvO_ measurements over 48 h.

One interesting finding was the predictive
impact of high CVP. One reason for high CVP
could be a volume over-loading. A recent ob-
servational pan-European study reported that
a positive fluid balance was among the stron-
gest prognostic factors for death (Vincent et al.
2006). In a prospective randomised study of
ARDS the conservative strategy of fluid man-
agement improved lung function and short-
ened the duration of mechanical ventilation
and intensive care stay patients (Wiedemann
et al. 2006).

Based on our data, however, it is not pos-
sible to assess whether more aggressive treat-
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ment targeting to higher MAP and SvO, im-
proves survival. In septic shock observational
studies have shown a higher CI, higher SvO,,
and higher oxygen delivery and consumption
in survivors. Several goal-directed studies
targeting at survivors’ supranormal hemody-
namic pattern have failed to show benefit in
sepsis. Those who actually reach the targets
had a better outcome, however, indicating the
crucial importance of hemodynamic response
on survival. This favorable response may only
be a marker of a less severe disease itself, not of
benefit of treatment. We did not find that dose
of norepinephrine predict survival indepen-
dently which support the importance of dis-
ease severity over treatment. The MAP was a
predictive sign irrespective of NA dose. Several
opposite findings exist, however. Nitric oxide
synthase inhibitor, NG-methyl-L-arginine hy-
drochloride, increased mortality although the
perfusion pressure was better maintained with
the treatment (Lopez et al. 2004).

The trial by Rivers et al. found that the early
goal-directed therapy targeting to MAP over
65 mmHg, CVP 8 to 12 mmHg and ScvO, over
70 % during the first six hours in the emergen-
cy department resulted in a significant reduc-
tion in mortality in septic patients (Rivers et al.
2001). The meta-analysis on trials that describe
the hemodynamic goals in acute, critically ill
patients revealed statistically significant mor-
tality reductions when patients with acute criti-
cal illness were treated early to achieve optimal
goals before the development of organ failure
(Kern and Shoemaker 2002). It seems that the
time course of sepsis is of outstanding impor-
tance when the hemodynamics of the patient
and hemodynamic treatment is evaluated.

Clinical importance of NT-proBNP in outcome
prediction of septic shock
NT-proBNP is commonly elevated in pa-
tients with severe sepsis and septic shock.
NT-proBNP at 72 hrs in the ICU was an inde-
pendent predictor of hospital and ICU mortal-
ity. According to our results, the acute cardiac
load contributes to the NTproBNP values at
admission, but renal failure is the main con-
founding factor later.

Few studies, with a relatively small number



of patients and selected populations, have in-
vestigated the predictive power of NPs in se-
vere sepsis (Brueckmann et al. 2005; Charpen-
tier et al. 2004;Hoffmann et al. 2005; Roch et
al. 2005). In agreement with our results, these
earlier studies also found significantly elevated
levels of NPs in non-survivors compared to
survivors. A very recent study could not verify
the prognostic value of BNP in 40 patients with
severe sepsis and septic shock, but there was an
inadequately low number of non-survivors for
mortality analysis (McLean et al. 2007).

Factors that increase the wall stress of myo-
cardium lead to increased production of natri-
uretic peptides. In our patients these factors
could be septic myocardial depression, volume
overloading, or excessive use of vasopressors.
Several studies have found a correlation be-
tween septic myocardial depression and natri-
uretic peptides (Charpentier et al. 2004, Roch
et al. 2005). We did not found any association
between CI and NT-proBNP. This is not sur-
prising because CI is a load-dependent mea-
surement and after fluid loading elevated CI is
commonly seen in septic shock despite of the
myocardial depression. The low CI as well may
be a sign of hypovolemia, not myocardial de-
pression. The dose of NE correlated to the NT-
proBNP values in univariate analysis but this
was not seen in linear regression analysis any
more. Elevated Paop had an independent ef-
fect on NT-proBNP levels on the first day. The
reasons for this could be the volume loading,
myocardial depression, or both, Unfortunately
we were not able to register the amount of vol-
ume loading trustworthly. In addition, patients
with septic myocardial depression generally
need much volume loading for hemodynamic
support (Charpentier at al. 2004).

We showed that NT-proBNP predicts mor-
tality in severe sepsis and septic shock. Its us-
age as a biomarker in sepsis is promising. More
studies, however, are needed on the physiolog-
ic implications of NPs, influence of treatment
on NPs, confounding factors, optimal time
of analysis, optimal cut-oft points in different
assay preparations, and activation of the neu-
roendocrine system in sepsis as a whole, before
we are able to use these data for treatment deci-
sions or for outcome prediction.

Agreement of SvO, and ScvO,

Study II demonstrated that during the first day
in ICU, the average difference between ScvO,
and SvO, values was 4 %, but the individual
differences varied from 8 % to 17 % and thus
ScvO, and SvO, are neither equal nor inter-
changeable.

The clinical utility of ScvO, is documented
in the early setting of septic shock and whether
it equals SvO, in this phase is less relevant. It
is more relevant to understand the pathophysi-
ological differences of these two measurements
later in the ICU settings and the fact that the
results about treatment of early sepsis can not
be extrapolated to patients who are treated af-
ter the resuscitation period in the ICUs.

In study I we showed that SvO, values below
70 % increased the risk of mortality in septic
shock. According to the data from Study II,
16 % of SvO, values were below 70 %, while
ScvO, was above 70 %. If we then assume that
SvO, over 65 % and ScvO, over 70 % are clini-
cally acceptable, treatment decisions would still
have been different after 14 % of the measure-
ments (either SVO, below 65 % while ScvO,
over 70 % or SO, over 65 % while ScvO, be-
low 70 %).

In the study conducted by Reinhart et al.,
evaluating critically ill patients during an av-
erage of 56 hours with the continuous mea-
surement of ScvO , over 87 % of the values of
nonsurvivors and 95 % of those of survivors
were over 70 % (Reinhart et al. 2004). This may
suggest that a ScvO, of 70 % as a treatment goal
in septic shock after the resuscitation period is
insensitive for the detection of tissue oxygen
demand. In addition, nearly 20 % of abrupt
changes over 10 % of SvO, cannot be detected
with ScvO, in severe sepsis or septic shock
(Martin et al. 1992)

Role of early treatment

in septic shock in Finland

The adoption of the EGDT concept and Sep-
sis Resuscitation Bundle was unsatisfactory in
Finnish hospitals in 2004-2005. Moreover, the
failure in rapid diagnosis and start of appropri-
ate treatment reflected on mortality. Delayed
start of antibiotics was the most significant
separate early treatment variable influencing
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the excess of deaths.

Study IV was conducted without any local
protocol implementation and before national
guidelines were published in Finland. Mortal-
ity rates of the compliant and non-compliant
group in our study were comparable to the
mortality reduction that has been reported in
studies comparing outcomes before and after
sepsis protocol implementation (Micek et al.
2006; Otero et al. 2006; Shapiro et al. 2006;
Trzeciak et al. 2006). These before and after
comparisons have all been done in single hos-
pitals mostly using retrospective control pa-
tients and different protocols. In real life, even
after active an protocol implementation pro-
cess, patients are treated differently. A recent
work by Ngyen et al. showed that during the
two years follow-up, along with the active pro-
tocol implementation, only 77 of 330 eligible
patients completed the early treatment bundle,
although compliance increased with time. The
hospital mortality of the compliant and non-
compliant group was 21 % and 40 %, which
was comparable to our results.

Only a few studies besides ours have evalu-
ated which separate components are most im-
portant for a better outcome. In a prospective
study by Mizek et al. (Micek et al. 2006), not
achieving 20 mL/kg intravenous fluid admin-
istration before vasopressors in the ED, was
independently associated with hospital mor-
tality. In a study by Ngyen et al., the start of
antibiotics within four hours, monitoring of
lactate clearance and completing the whole
EGDT or bundle protocol were associated with
the better outcome. In our study the delay in
antimicrobial therapy was associated with a
worse outcome. Kumar et al. showed that after
detection of hypotension, the mortality in-
creased for every single hour that the adequate
antimicrobial treatment was delayed (Kumar
et al. 2006). Also, in a prospective study, by
Garnacho-Montero et al., of 224 patients with
sepsis (of which 114 in septic shock), a risk for
in-hospital mortality increased by 9 % for ev-
ery hour of delay of the administration of the
correct antibiotic (Garnacho-Montero et al.
2006).

We also found that EGDT procedures were
only seldom performed in the ED and thus the
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early treatment was more often unsatisfactory
when the transfer was delayed from the ED to
the ICU.

Clinical implications and future perspectives
The most relevant finding concerning ev-
eryday clinical practice was the reality of the
early treatment of septic shock in Finland and
especially the importance of the early start of
antimicrobial treatment in septic shock. The
importance of time delay is well understood
in the treatment of myocardial infarction or
stroke, but based on our results, is still un-
derestimated in septic shock. International
guidelines and clinical studies are not enough
for adequate implication of new treatment pro-
tocol especially when multidiscipline skills are
needed. The national guidelines and organized
local protocol implementation and education
across the clinical boundaries may be manda-
tory for a better outcome in severe sepsis and
septic shock. While the whole protocol may be
difficult to realize, even small changes like the
earlier start of antibiotic treatment may lead to
better results.

Another implication for clinical practice is
that ScvO, can not be used as a substitute for
SvO, in septic shock as estimation of global
perfusion. The ScvO, and SvO, vary highly
even with comparable vasoactive treatment
and thus SvO, is not estimated on the basis of
ScvO,. The usefulness of SvO _ itself in guiding
the treatment in septic shock, however, needs
to be re-evaluated in a randomized trial using
goal-oriented therapy and continuous mea-
surements.

In septic shock during the first two days,
the routinely monitored variables MAP, SvO,,
CVP, and lactate on arrival associate with mor-
tality. Our results support the recent guidelines
aiming at aMAP over 65 mmHg and SvO, over
70 %, although we did not study hemodynamic
parameters as treatment targets.

The implication of the clinical use of NT-
proBNP in outcome prediction is a still con-
troversial issue. We should know more about
the etiology of NT-proBNP elevation in septic
shock, whether the disease itself or aggressive
treatment leads to the excessive elevation. Also
the impact of the elevation of BNP or ANP on



the hemodynamic course of shock needs fur-
ther studies.

Severe sepsis and septic shock still carries
a high mortality even though studies in 20*
century have shown that reduction in mortal-
ity is possible. Sepsis has been studied exten-
sively in recent years. One of the most impor-
tant issues that has been understood, is the
relevance of timing concerning the outcome.
The timing should be taken into account in fu-
ture trials because it is obvious that the whole
pathophysiologic entity in septic shock is dif-
ferent in early sepsis, before resuscitation treat-
ment, and later if the shock persists. One major
problem concerning the outcome studies is the
highly complicated course of illness when all
confounders can hardly be controlled, even
though the single treatment strategy could be
of benefit. Extremely large study populations
would be needed to prove the benefit. On the
other hand the heterogenity of patients make
the interpretation of the results difficult in the
large study populations. For example, the ef-
ficacy of drotrecogin alfa or corticosteroids
depends on the severity of the illness even if all
patients have septic shock by definition (An-
nane et al.2002, Bernard et al. 2001, Abraham
etal. 2005). Some treatment that does not show
a significant benefit in trials may still help a
small subgroup of patients with special charac-
teristics (Deans et al. 2007). That denotes that
the results of the studies about a mixed critical
illness population should be interpretated with
caution.

The clinical picture vary a lot in septic shock.
Some may have a refractory shock unrespon-
sive to vasopressors, some an extremely in-
creased permeability and pulmonary oedema,
and some may show a fulminant myocardial
depression. More individually targeted treat-
ment for special hemodynamic characteristics
might be needed in septic shock in future. The
one of the most important study subjects in
future is the microcirculation. The ongoing
disturbations of microcirculation after the first
resuscitation are of great importance concern-
ing for both mortality and morbidity. While
systemic hemodynamics can be maintained
at the expense of impaired microcirculatory
perfusion, it would be extremely important to

develop new biomarkers or monitoring meth-
ods about microcirculation for everyday clini-
cal use.

In the near future, the role of vasopressin
and its derivatives in extreme vasodilatation
will hopefully become clearer and the studies
focusing on the tretment options for extreme
vessel permeability would be of great inter-
est. The unsolved problem of optimal volume
replacement therapy and optimal monitoring
of volume replacement needs further stud-
ies. Interesting issues are, if the treatment of
septic myocardial dysfunction with inotropes
improve the outcome, even in the absence of a
global perfusion deficit, and what is the optimal
trigger for starting the inotropic treatment.

The one intriguing question is, which are the
most important hemodynamic treatment tar-
gets and can the outcome be improved with a
specific goal-directed hemodynamic treatment
even after resuscitation period. It might be a
delusion, however, to imagine that a similarly
targeted hemodynamic treatment would ever
be a solution in a complex and highly variable
hemodynamic course in septic shock.

At this time no a quick and accurate sero-
logic tests or biomarkers for clinical use exist.
Hopefully some marker in future will provide
a simple bedside test that will help in earlier
diagnosis and treatment decisions in sepsis.
Our findings on NT-proBNP might inspire
new studies on the role of natriuretic peptides
in treatment decisions concerning inotropes or
volume loading. It would be exciting to know,
if the extreme elevation of NPs is already seen
from the first beginning of septic shock or is it
atleast partly induced by aggressive treatment
and what is the relevance of NPs in septic va-
sodilatation.

A new century had shed light on the devas-
tating course of septic shock. While the active
investigation of the complex pathogenesis and
development of new innovative therapies con-
tinue, there is a one thing, which we allready
know. That is the importance of the early treat-
ment. If the first golden hours, the window of
opportunity, are missed, the salvation of the
patient is much more difficult. We can not ig-
nore that.
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8 CONCLUSIONS
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Based on the results of these studies the following conclusions can be
drawn:

1.

Low average mean arterial pressure, mixed oxygen saturation values
below 70 % and high average central venous pressure during the first 48
hours of treatment, are associated with mortality in septic shock. The
best discriminative threshold values are 65 mmHg for MAP and 70 %
for SvO .

Central venous oxygen saturation and mixed oxygen saturation are not
equal or interchangeable in hemodynamic evaluation of patient with
septic shock in the ICU.

The N-terminal pro-brain natriuretic peptide is commonly elevated
in severe sepsis or septic shock and it is an independent predictor of
survival in day three in the ICU.

Inappropriate early treatment of septic shock and especially the delay
in the start of antibiotics impair the prognosis of septic shock. Early
treatment of septic shock is not optimal in Finland.



9 ACKNOWLEDGEMENTS

This study was carried out in the Intensive Care
Unit, Department of Anaesthesiology and in
the High Dependency Unit, Department of
Medicine, Helsinki University Hospital during
the years 2003-2007.

I am thankful to Professor Per Rosenberg
and Professor Oll Kirvel4 for an opportunity to
work and accomplish this study in Department
of Anesthesiology. I am also deeply thankful to
Professor Markku S. Nieminen for his positive
attitude to my choices to specialize in intensive
care and for help and support in several proj-
ects during the years.

First of all I want to thank my supervisor
Docent Ville Pettild. Your talent to push some-
one towards the goal is extraordinary. Some-
times irritating but mostly constructive criti-
cism from you, way to tell things straight out,
help with statistics, and also your clinical skills
and knowledge, have been essential for this
dissertation as well as for my work as a critical
care doctor.

I thank the official reviewers Professor Tero
Ala-Kokko and Professor Else Tonnesen for
their supportive comments and constructive
criticism and suggestions to improve the dis-
sertation. I thank Shannon Kuismanen MSc.
for editing the language and Jari Simonen for
layout of this dissertation.

I express my warm gratitude to study nurses
Maiju Salovaara, Sari Sutinen, Pekka Leinonen
and Leena Pettild. Your help with data man-
agement, messy papers, and blood samples
has been invaluable. Especially the moments
at (and in) the freezer has been unforgettable.
I remember with gratitude Marja Pere, study
nurse, who expired tragically in tsunami on
December 2004.

My most sincere gratitude is expressed to
Finnish ICU collaboration, to all those great
colleagues and study nurses from 24 ICUs
across the Finland. Your valuable effort during
Finnsepsis study made this thesis possible.

I express my warm thanks to all co-authors,
above all to Sari Karlsson, MD. the lady Finn-
sepsisherself. Your energyand spirit were essen-
tial for the success of Finnsepsis. I wish all good
luck for your own dissertation. Remember that
a new pair of shoes may help when reviewers
are nasty. I thank Docent Esko Ruokonen, the
wise man from east, for his supportive, friendly
and always beneficial comments. I also thank
Docent Ilkka Parviainen, Minna Tallgren PhD.
Docent Kari Pulkki, Katri Saukkonen MD, for
their efforts for this study.

I want to express my special thankfulness
to Docent Liisa-Maria Voipio-Pulkki. I owe to
you that I am working among critical medi-
cine. Your support and confidence on fresh
specialist was an important step on my way
from internist to intensivist.

I want to express my special thanks to my
“boss” Docent Anne Kuitunen. This project
would have been much harder without your
positive support and a pleasant atmosphere
at everyday work, not to mention the fat-bike
tours and inspiring work with Elsa. I also want
thank the personnel of Meilahti Intensive Care
Unit 23 who are always ready to help with study
patients without complaining. It is always a
pleasure to work with you.

I thank all those colleagues and friends at
work who have cheered up the busy days and
sleepless nights with humor (sometimes quite
black) and with discussions about matters of
life and death. This work is really much more
than a way to earn money.

I thank my sisters Heli and Tuija, my sister-
in-law Sari and her husband Juha and all my
friends who keep on reminding me that life is
really outside the hospital. I thank my mother,
Irma, for support and for relaxing moments
in fascinating and peaceful Inari where I too
seldom have opportunity to visit. I also thank
Liisa and Matti, my parents-in-law for caring
of our children during busy times.

53



And finally I thank my family for enormous
support, tolerance and patience though kitchen
table is drowning under paper piles and home
is sometimes like after explosion. Tero, your
experiences of study projects of your own have
been helpful. And last but certainly not least

54

Anni, Salla and Ville: You have grown up the
real survivors of life during this project.

Financial support from the Helsinki Uni-
versity Hospital Research fund is gratefully
acknowledgement.



10 REFERENCES

Abraham E. Laterre PF. Garg R. Levy H. Talwar D. Trzaskoma
BL. Francois B. Guy JS. Bruckmann M. Rea-Neto A. Ros-
saint R. Perrotin D. Sablotzki A. Arkins N. Utterback BG.
Macias WL (2005)Administration of Drotrecogin Alfa
(Activated) in Early Stage Severe Sepsis (ADDRESS) Study
Group. Drotrecogin alfa (activated) for adults with severe
sepsis and a low risk of death. New England Journal of
Medicine. 353:1332-131

Ackland G, Grocott MP, Mythen MG (2000) Understanding
gastrointestinal perfusion in critical care: so near, and
yet so far. Crit Care 4: 269-281

Albanese J, Leone M, Delmas A, Martin C (2005) Terlipressin or
norepinephrine in hyperdynamic septic shock: a prospec-
tive, randomized study. Crit Care Med 33: 1897-1902

Alberti C, Brun-Buisson C, Goodman SV, Guidici D, Granton
J, Moreno R, Smithies M, Thomas O, Artigas A, Le Gall
JR, European Sepsis G (2003) Influence of systemic in-
flammatory response syndrome and sepsis on outcome
of critically ill infected patients. Am J Respir Crit Care
Med 168: 77-84

Alderson P, Bunn F, Li Wan Po A, Li L, Roberts [, Schierhout
G (2007) Human albumin solution for resuscitation and
volume expansion in critically ill patients. Cochrane Da-
tabase of Systematic Reviews 1:

Ander DS, Jaggi M, Rivers E, Rady MY, Levine TB, Levine AB,
Masura J, Gryzbowski M (1998) Undetected cardiogenic
shock in patients with congestive heart failure present-
ing to the emergency department. Am J Cardiol 82:
888-891

Angus DC, Laterre PF, Helterbrand J, Ely EW. Ball DE, Garg
R, Weissfeld LA. Bernard GR, PROWESS Investigators
(2004) The effect of drotrecogin alfa (activated) on long-
term survival after severe sepsis. Critical Care Medicine.
32:2199-206

Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo
J, Pinsky MR (2001) Epidemiology of severe sepsis in the
United States: analysis of incidence, outcome, and as-
sociated costs of care. Crit Care Med 29: 1303-1310

Annane D. Sebille V. Charpentier C. Bollaert PE. Francois B.
Korach JM. Capellier G. Cohen Y. Azoulay E. Troche G.
Chaumet-Riffaut P. Bellissant E. (2002) Effect of treat-
ment with low doses of hydrocortisone and fludrocor-
tisone on mortality in patients with septic shock. JAMA
288:862-871.

Annane D, Bellissant E, Bollaert PE, Briegel J, Keh D, Kupfer
Y (2004) Corticosteroids for treating severe sepsis and
septic shock. Cochrane Database Syst Rev 002243

Annane D, Bellissant E, Cavaillon JM (2005) Septic shock. Lan-
cet 365: 63-78

Anning PB. Finney SJ. Singh S. Winlove CP. Evans TW. Fluids
reverse the early lipopolysaccharide-induced albumin
leakage in rodent mesenteric venules (2004) Intensive
Care Medicine. 30:1944-1949

Antonelli M, Levy M, Andrews PJ, Chastre J, Hudson LD, Man-
thous C, Meduri GU, Moreno RP, Putensen C, Stewart T,
Torres A (2007) Hemodynamic monitoring in shock and
implications for management : International Consensus
Conference, Paris, France, 27-28 April 2006. Intensive
Care Med 33:575-590

Bakker J, Coffernils M, Leon M, Gris P, Vincent JL (1991 Apr)
Blood lactate levels are superior to oxygen-derived
variables in predicting outcome in human septic shock.
Chest 99: 956-962

Bakker J, Grover R, McLuckie A, Holzapfel L, Andersson J,
Lodato R, Watson D, Grossman S, Donaldson J, Takala J,
Glaxo Wellcome International Septic Shock Study,Group
(2004) Administration of the nitric oxide synthase inhibi-
tor NG-methyl-L-arginine hydrochloride (546C88) by in-
travenous infusion for up to 72 hours can promote the
resolution of shock in patients with severe sepsis: results
of a randomized, double-blind, placebo-controlled mul-
ticenter study. Crit Care Med 32: 1-12

Barbier C, Loubieres Y, Schmit C, Hayon J, Ricome JL, Jardin F,
Vieillard-Baron A (2004) Respiratory changes in inferior
vena cava diameter are helpful in predicting fluid re-
sponsiveness in ventilated septic patients. Intensive Care
Med 30: 1740-1746

Barrett LK, Singer M, Clapp LH (2007) Vasopressin: mecha-
nisms of action on the vasculature in health and in septic
shock. Crit Care Med 35: 33-40

Bennet D (2005) Arterial Pressure: A personal View. In MR
Pinsky, D Payen, eds, Functional Hemodynamic Monitor-
ing. Springer-Verlag, Germany, pp 89-97

Bernard GR. Vincent JL. Laterre PF. LaRosa SP. Dhainaut JF.
Lopez-Rodriguez A. Steingrub JS. Garber GE. Helterbrand
JD. Ely EW. Fisher CJ Jr. Recombinant human protein C
Worldwide Evaluation in Severe Sepsis (PROWESS) study
group (2001a) Efficacy and safety of recombinant hu-

55



man activated protein C for severe sepsis. N Engl J Med
344:699-709

Bernard GR. Vincent JL. Laterre PF. LaRosa SP. Dhainaut JF.
Lopez-Rodriguez A. Steingrub JS. Garber GE. Helterbrand
JD. Ely EW. Fisher CJ Jr. Recombinant human protein C
Worldwide Evaluation in Severe Sepsis (PROWESS) study
group (2001) Efficacy and safety of recombinant human
activated protein C for severe sepsis. N Engl J Med 344:
699-709

Bone RC. Balk RA. Cerra FB. Dellinger RP. Fein AM. Knaus WA.
Schein RM. Sibbald WJ (1992) American College of Chest
Physicians/Society of Critical Care Medicine Consensus
Conference: definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis.
Crit Care Med 20: 864-874

Bourgoin A, Leone M, Delmas A, Garnier F, Albanese J, Martin
C (2005) Increasing mean arterial pressure in patients
with septic shock: effects on oxygen variables and renal
function.Crit Care Med 33: 780-786

Bracht H, Hanggi M, Jeker B, Wegmuller N, Porta F, Tuller D,
Takala J, Jakob SM (2007) Incidence of low central ve-
nous oxygen saturation during unplanned admissions in
a multidisciplinary intensive care unit: an observational
study. Crit Care 11: R2

Brueckmann M, Huhle G, Lang S, Haase KK, Bertsch T, Weiss
C, Kaden JJ, Putensen C, Borggrefe M, Hoffmann U (2005
Jul 26) Prognostic value of plasma N-terminal pro-brain
natriuretic peptide in patients with severe sepsis. Circu-
lation 112: 527-534

Brun-Buisson C, Meshaka P, Pinton P, Vallet B, EPISEPSIS
Study G (2004) EPISEPSIS: a reappraisal of the epidemi-
ology and outcome of severe sepsis in French intensive
care units. Intensive Care Med 30: 580-588

Buckley JF, Singer M, Clapp LH (2006) Role of KATP channels
in sepsis. Cardiovasc Res 72: 220-230

Bur A, Herkner H, Vicek M, Woisetschlager C, Derhaschnig U,
Delle Karth G, Laggner AN, Hirschl MM (2003) Factors
influencing the accuracy of oscillometric blood pressure
measurement in critically ill patients. Crit Care Med 31:
793-799

Calandra T, Cohen J, International Sepsis Forum Definition
of Infection in the ICU Consensus,Conference (2005)
The international sepsis forum consensus conference on
definitions of infection in the intensive care unit. Crit
Care Med 33: 1538-1548

Castillo JR, Zagler A, Carrillo-Jimenez R, Hennekens CH (2004)
Brain natriuretic peptide: a potential marker for mortal-
ity in septic shock. Int J Infect Dis 8: 271-274

Charpentier J, Luyt CE, Fulla Y, Vinsonneau C, Cariou A, Grabar
S, Dhainaut JF, Mira JP, Chiche JD (2004 Mar) Brain na-
triuretic peptide: A marker of myocardial dysfunction

56

and prognosis during severe sepsis. Crit Care Med 32:
660-665

Clerico A, Recchia FA, Passino C, Emdin M (2006) Cardiac
endocrine function is an essential component of the
homeostatic regulation network: physiological and
clinical implications. Am J Physiol Heart Circ Physiol 290:
H17-29

Cochrane Injuries Group Albumin Reviewers.(1998) Human
albumin administration in critically ill patients: system-
atic review of randomised controlled trials. BMJ 317:
235-240

Cockeroft DW, Gault MH (1976) Prediction of creatinine clear-
ance from serum creatinine. Nephron 16: 31-41

Cohn JN (1967) Blood pressure measurement in shock.
Mechanism of inaccuracy in ausculatory and palpatory
methods. JAMA 199: 118-122

Cole L, Bellomo R, Hart G, Journois D, Davenport P, Tipping P,
Ronco C (2002) A phase Il randomized, controlled trial of
continuous hemofiltration in sepsis. Crit Care Med 30:
100-106

Court O, Kumar A, Parrillo JE, Kumar A (2002 Dec) Clinical
review: Myocardial depression in sepsis and septic shock.
Crit Care 6: 500-508

Creteur J (2006) Gastric and sublingual capnometry. Curr
Opin Crit Care 12: 272-277

Creteur J, De Backer D, Sakr Y, Koch M, Vincent JL (2006) Sub-
lingual capnometry tracks microcirculatory changes in
septic patients. Intensive Care Med 32: 516-523

Creteur J, De Backer D, Vincent JL (1999) Does gastric tonom-
etry monitor splanchnic perfusion? Crit Care Med 27:
2480-2484

Davidson 1J (2006) Renal impact of fluid management with
colloids: a comparative review. Eur J Anaesthesiol 23:
721-738

Deans KJ,, MD, Minneci PC, Suffredini AF, Danner RL, Hoffman
WD, Ciu X, Klein HG, Schechter AN, Banks SM, Eichacker
PQ, Natanson P (2007) Randomization in clinical trials
of titrated therapies: Unintended consequences of using
fixed treatment protocols. Crit Care Med 35:1509-1515

De Backer D, Creteur J, Silva E, Vincent JL (2003 Jun) Effects
of dopamine, norepinephrine, and epinephrine on the
splanchnic circulation in septic shock: which is best? Crit
Care Med 31: 1659-1667

De Backer D, Heenen S, Piagnerelli M, Koch M, Vincent JL
(2005) Pulse pressure variations to predict fluid respon-
siveness: influence of tidal volume.Intensive Care Med
31:517-523.

Dellinger RP (2003) Cardiovascular management of septic
shock. Crit Care Med 31: 946-955



Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Co-
hen J, Gea-Banacloche J, Keh D, Marshall JC, Parker MM,
Ramsay G, Zimmerman JL, Vincent JL, Levy MM, Surviv-
ing Sepsis Campaign Management Guidelines,Committee
(2004) Surviving Sepsis Campaign guidelines for man-
agement of severe sepsis and septic shock. Crit Care Med
32:858-873

Dhainaut JF, Huyghebaert MF Monsallier JF, Lefevre G,
Dall’Ava-Santucci J, Brunet F, Villemant D, Carli A, Ra-
ichvarg D (1987) Coronary hemodynamics and myocar-
dial metabolism of lactate, free fatty acids, glucose, and
ketones in patients with septic shock. Circulation 75:
533-541

Di Giantomasso D, May CN, Bellomo R (2003) Vital organ
blood flow during hyperdynamic sepsis. Chest 124:
1053-1059

Doust JA, Glasziou PP, Pietrzak E, Dobson AJ (2004 Oct 11) A
systematic review of the diagnostic accuracy of natri-
uretic peptides for heart failure. Arch Intern Med 164:
1978-1984

Dvorak HF (2006) Discovery of vascular permeability factor
(VPF). Exp Cell Res 312: 522-526

Edwards JD. Brown GC. Nightingale P. Slater RM. Faragher
EB. (1989)Use of survivors' cardiorespiratory values as
therapeutic goals in septic shock. Critical Care Medicine.
17(11):1098-103.

Edwards JD, Mayall RM (1998) Importance of the sampling
site for measurement of mixed venous oxygen saturation
in shock. Crit Care Med 26: 1356-1360

Faber T (1995) Central venous versus mixed venous oxygen
content.[see comment]. Acta Anaesthesiol Scand Suppl
107: 33-36

Fall PJ, Szerlip HM (2005) Lactic acidosis: from sour milk to
septic shock. J Intensive Care Med 20: 255-271

Farand P, Hamel M, Lauzier F, Plante GE, Lesur O (2006) Re-
view article: organ perfusion/permeability-related ef-
fects of norepinephrine and vasopressin in sepsis. Can J
Anaesth 53: 934-946

Favory R, Neviere R (2006) Significance and interpretation of
elevated troponin in septic patients. Crit Care 10: 224

Feissel M, Michard F, Mangin I, Ruyer O, Faller JP, Teboul JL
(2001) Respiratory changes in aortic blood velocity as an
indicator of fluid responsiveness in ventilated patients
with septic shock. Chest. 119: 867-873

Feissel M, Michard F, Faller JP, Teboul JL (2004) The respiratory
variation in inferior vena cava diameter as a guide to
fluid therapy. Intensive Care Med. 30: 1834-1837

Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R,
SAFE Study | (2004) A comparison of albumin and saline
for fluid resuscitation in the intensive care unit. N Engl J
Med 350: 2247-2256

Friedman G, Silva E, Vincent JL (1998) Has the mortality
of septic shock changed with time.Crit Care Med 26:
2078-2086

Gao F, Melody T, Daniels DF, Giles S, Fox S (2005) The impact of
compliance with 6-hour and 24-hour sepsis bundles on
hospital mortality in patients with severe sepsis: a pro-
spective observational study. Crit Care 9: R764-70

Garnacho-Montero J, Aldabo-Pallas T, Garnacho-Montero C,
Cayuela A, Jimenez R, Barroso S, Ortiz-Leyba C (2006)
Timing of adequate antibiotic therapy is a greater de-
terminant of outcome than are TNF and IL-10 polymor-
phisms in patients with sepsis. Crit Care 10: R111

Gattinoni L, Brazzi L, Pelosi P, Latini R, Tognoni G, Pesenti A,
Fumagalli R (1995) A trial of goal-oriented hemody-
namic therapy in critically ill patients. Sv02 Collaborative
Group. N Engl J Med 333: 1025-1032

Gibot S. Kolopp-Sarda MN. Bene MC. Cravoisy A. Levy B. Faure
GC. Bollaert PE (2004) Plasma level of a triggering re-
ceptor expressed on myeloid cells-1: its diagnostic accu-
racy in patients with suspected sepsis. Annals of Internal
Medicine. 141:9-15

Goldman RH, Klughaupt M, Metcalf T, Spivack AP, Harrison
DC (1968) Measurement of central venous oxygen satu-
ration in patients with myocarial infarction. Circulation
38:941-946

Gomersall CD, Joynt GM, Freebairn RC, Hung V, Buckley TA,
0h TE (2000) Resuscitation of critically ill patients based
on the results of gastric tonometry: a prospective, ran-
domized, controlled trial.Crit Care Med 28: 607-614

Granja C. Dias C. Costa-Pereira A. Sarmento A. (2004) Quality
of life of survivors from severe sepsis and septic shock
may be similar to that of others who survive critical ill-
ness. Critical care 8 :R91-8

Haase M, Silvester W, Uchino S, Goldsmith D, Davenport P,
Tipping P, Boyce N, Bellomo R (2007) A pilot study of
high-adsorption hemofiltration in human septic shock.
Int J Artif Organs 30: 108-117

Hall C. Essential biochemistry and physiology of (NT-pro)BNP
(2004) European Journal of Heart Failure. 6:257-260

Hanford DS, Thuerauf DJ, Murray SF, Glembotski CC (1994)
Brain natriuretic peptide is induced by alpha 1-adrener-
gic agonists as a primary response gene in cultured rat
cardiac myocytes. J Biol Chem 269: 26227-26233

Harada E, Nakagawa O, Yoshimura M, Harada M, Nakagawa M,
Mizuno Y, Shimasaki Y, Nakayama M, Yasue H, Kuwahara
K, Saito Y, Nakao K (1999) Effect of interleukin-1 beta
on cardiac hypertrophy and production of natriuretic
peptides in rat cardiocyte culture. J Mol Cell Cardiol 31:
1997-2006

57



Harrison DA, Welch CA, Eddleston JM (2006) The epidemi-
ology of severe sepsis in England, Wales and Northern
Ireland, 1996 to 2004: secondary analysis of a high qual-
ity clinical database, the ICNARC Case Mix Programme
Database. Crit Care 10: R42

Harvey S, Harrison DA, Singer M, Ashcroft J, Jones CM, El-
bourne D, Brampton W, Williams D, Young D, Rowan K,
PAC-Man study ¢ (2005) Assessment of the clinical effec-
tiveness of pulmonary artery catheters in management
of patients in intensive care (PAC-Man): a randomised
controlled trial.Lancet 366: 472-477

Harvey S, Young D, Brampton W, Cooper AB, Doig G, Sibbald
W, Rowan K (2006) Pulmonary artery catheters for adult
patients in intensive care. Cochrane Database Syst Rev
3:003408

Hauser B, Bracht H, Matejovic M, Radermacher P, Venkatesh
B (2005) Nitric oxide synthase inhibition in sepsis? Les-
sons learned from large-animal studies. Anesth Analg
101: 488-4

Hayes MA, Timmins AC, Yau EH, Palazzo M, Hinds CJ, Wat-
son D (1994) Elevation of systemic oxygen delivery in
the treatment of critically ill patients. N Engl J Med 330:
1717-1722

Hayes MA, Timmins AC, Yau EH, Palazzo M, Watson D, Hinds
CJ (1997) Oxygen transport patterns in patients with
sepsis syndrome or septic shock: influence of treatment
and relationship to outcome. Critical Care Medicine.
25:926-36

Heyland DK, Hopman W, Coo H, Tranmer J, McColl MA (2000)
Long-term health-related quality of life in survivors of
sepsis. Short Form 36: a valid and reliable measure of
health-related quality of life. Critical Care Medicine.
28:3599-605

Heiselman D, Jones J, Cannon L (1986) Continuous monitor-
ing of mixed venous oxygen saturation in septic shock. J
Clin Monit 2: 237-245

Hiltebrand LB. Krejci V. Jakob SM. Takala J. Sigurdsson GH
(2007) Effects of vasopressin on microcirculatory blood
flow in the gastrointestinal tract in anesthetized pigs in
septic shock. Anesthesiology. 106:1156-1167

Hoffmann U, Brueckmann M, Bertsch T, Wiessner M, Liebe-
trau C, Lang S, Haase KK, Borggrefe M, Huhle G (2005)
Increased plasma levels of NT-proANP and NT-proBNP
as markers of cardiac dysfunction in septic patients. Clin
Lab 51:373-379

Holbeck S, Grande PO (2003) Endotoxin increases both pro-
tein and fluid microvascular permeability in cat skeletal
muscle. Crit Care Med 31: 560-565

Hollenberg SM, Ahrens TS, Annane D, Astiz ME, Chalfin DB,
Dasta JF, Heard SO, Martin C, Napolitano LM, Susla GM,

58

Totaro R, Vincent JL, Zanotti-Cavazzoni S (2004) Practice
parameters for hemodynamic support of sepsis in adult
patients: 2004 update. Crit Care Med 32: 1928-1948

Huang YC (2005) Monitoring oxygen delivery in the critically
ill. Chest 128: 5545-560S

Jacobs S, Price Evans DA, Tariq M, Al Omar NF(2003) Flucon-
azole improves survival in septic shock: a randomized
double-blind prospective study.Critical Care Medicine.
31:1938-1946

Korosec Jagodic H, Jagodic K, Podbregar M (2006) Long-term
outcome and quality of life of patients treated in surgical
intensive care: a comparison between sepsis and trauma.
Critical care. 10:R134, 2006

Jardin F, Fourme T, Page B, Loubieres Y, Vieillard-Baron A,
Beauchet A, Bourdarias JP (1999) Persistent preload de-
fect in severe sepsis despite fluid loading: A longitudinal
echocardiographic study in patients with septic shock.
Chest 116: 1354-1359

Jardin F, Valtier B, Beauchet A, Dubourg O, Bourdarias JP
(1994) Invasive monitoring combined with two-dimen-
sional echocardiographic study in septic shock.see com-
ment. Intensive Care Med 20: 550-554

Jardin F, Vieillard-Baron A (2007) Is there a safe plateau pres-
sure in ARDS? The right heart only knows. Intensive Care
Med 33: 444-447

Jardin F, Vieillard-Baron A (2005) Monitoring of right-sided
heart function. Curr Opin Crit Care 11: 271-279

Jason P, Keang LT, Hoe LK (2005) B-type natriuretic peptide:
issues for the intensivist and pulmonologist. Crit Care
Med 33: 2094-2013

Joannes-Boyau O, Rapaport S, Bazin R, Fleureau C, Janvier G
(2004) Impact of high volume hemofiltration on hemo-
dynamic disturbance and outcome during septic shock.
ASAIO J 50: 102-109

Karlsson S, Varpula M, Ruokonen E, Pettila V, Parviainen |,
Ala-Kokko TI, Kolho E, Rintala EM (2007) Incidence, treat-
ment, and outcome of severe sepsis in ICU-treated adults
in Finland: the Finnsepsis study. Intensive Care Med 33:
435-443

Keh D, Sprung CL (2004) Use of corticosteroid therapy in pa-
tients with sepsis and septic shock: an evidence-based
review. Crit Care Med 32: S527-33

Kern JW, Shoemaker WC (2002) Meta-analysis of hemody-
namic optimization in high-risk patients.see comment.
Crit Care Med 30: 1686-1692

Kirov MY, Evgenov OV, Evgenov NV, Egorina EM, Sovershaev
MA, Sveinbjornsson B, Nedashkovsky EV, Bjertnaes L
(2001) Infusion of methylene blue in human septic
shock: a pilot, randomized, controlled study. Crit Care
Med 29: 1860-1867



Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985)
APACHE I1: a severity of disease classification system. Crit
Care Med 13: 818-829

Kofoed K, Andersen O, Kronborg G, Tvede M, Petersen J,
Eugen-Olsen J, Larsen K (2007) Use of plasma C-reactive
protein, procalcitonin, neutrophils, macrophage migra
Eion inhibitorz factor, soluble urokinase—tiée Elasmino-

en _activator receptor, and soluble triggering recepto

Exéressed on mzeloid cells-1in combination to diaénose
[nfections: a prospective study. Critical Care 11:R34

Kortgen A, Niederprum P, Bauer M (2006) Implementation of
an evidence-based "standard operating procedure” and
outcome in septic shock. Crit Care Med 34: 943-949

Kramer A, Zygun D, Hawes H, Easton P, Ferland A (2004) Pulse
pressure variation predicts fluid responsiveness following
coronary artery bypass surgery. Chest 126: 1563-1568

Krafft P, Steltzer H, Hiesmayr M, Klimscha W, Hammerle AF
(1993) Mixed venous oxygen saturation in critically ill
septic shock patients. The role of defined events. Chest
103: 900-906

Krejei V. Hiltebrand LB. Sigurdsson GH (2006) Effects of
epinephrine, norepinephrine, and phenylephrine on mi-
crocirculatory blood flow in the gastrointestinal tract in
sepsis. Critical Care Medicine. 34:1456-1463

Krishnagopalan S, Kumar A, Parrillo JE, Kumar A (2002) Myo-
cardial dysfunction in the patient with sepsis. Curr Opin
Crit Care 8: 376-388

Krouzecky A, Matejovic M, Radej J, Rokyta R,Jr, Novak | (2006)
Perfusion pressure manipulation in porcine sepsis: effects
on intestinal hemodynamics. Physiol Res 55: 527-533

Kumar A, Anel R, Bunnell E, Habet K, Zanotti S, Marshall S,
Neumann A, Ali A, Cheang M, Kavinsky C, Parrillo JE
(2004) Pulmonary artery occlusion pressure and central
venous pressure fail to predict ventricular filling volume,
cardiac performance, or the response to volume infusion
in normal subjects. Crit Care Med 32: 691-699

Kumar A, Krieger A, Symeoneides S, Kumar A, Parrillo JE
(2001) Myocardial dysfunction in septic shock: Part II.
Role of cytokines and nitric oxide. J Cardiothorac Vasc
Anesth 15: 485-511

Kumar A, Haery C, Paladugu B, Kumar A, Symeoneides S,
Taiberg L, Osman J, Trenholme G, Opal SM, Goldfarb R,
Parrillo JE (2006) |l infect Dis|193: 251-258

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S,
Suppes R, Feinstein D, Zanotti S, Taiberg L, Gurka D, Ku-
mar A, Cheang M (2006) Duration of hypotension before
initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock.Crit Care
Med 34: 1589-1596

Kwok ES, Howes D (2006) Use of methylene blue in sepsis: a
systematic review. J Intensive Care Med 21: 359-363

Landry DW, Oliver JA (2001 Aug 23) The pathogenesis of va-
sodilatory shock. N Engl J Med 345: 588-595

Lange M, Szabo C, Van Aken H, Williams W, Traber DL, Daudel
F. Broking K, Salzman AL, Bone HG, Westphal M (2006)
Short-term effects of glipizide (an adenosine triphos-
phate-sensitive potassium channel inhibitor) on cardio-
pulmonary hemodynamics and global oxygen transport
in healthy and endotoxemic sheep. Shock26: 516-521

Laupland KB, Zygun DA, Doig CJ, Bagshaw SM, Svenson LV,
Fick GH (2005)0One-year mortality of bloodstream infec-
tion-associated sepsis and septic shock among patients
presenting to a regional critical care system. Intensive
Care Med 31:171-173

Lauzier F, Levy B, Lamarre P, Lesur O (2006) Vasopressin or
norepinephrine in early hyperdynamic septic shock:
a randomized clinical trial. Intensive Care Med 32:
1782-1789

Le Gall JR, Lemeshow S, Saulnier F (1993) A new Simpli-
fied Acute Physiology Score (SAPS II) based on a Eu-
ropean/North American multicenter study. JAMA 270:
2957-2963

LeDoux D, Astiz ME, Carpati CM, Rackow EC (2000 Aug) Ef-
fects of perfusion pressure on tissue perfusion in septic
shock. Crit Care Med 28: 2729-2732

Lee J, Wright F, Barber R, Stanley L (1972) Central venous oxy-
gen saturation in shock: a study in man. Anesthesiology
36:472-478

Lehr HA, Bittinger F, Kirkpatrick CJ (2000) Microcirculatory
dysfunction in sepsis: a pathogenetic basis for therapy?
J Pathol 190: 373-386

Levin ER, Gardner DG, Samson WK (1998) Natriuretic pep-
tides. N Engl J Med 339: 321-328

Levy B (2006) Lactate and shock state: the metabolic view.
Curr Opin Crit Care 12: 315-321

Levy B, Dusang B, Annane D, Gibot S, Bollaert PE, College
Interregional des Reanimateurs du,Nord-Est (2005) Car-
diovascular response to dopamine and early prediction of
outcome in septic shock: a prospective multiple-center
study.see comment. Crit Care Med 33: 2172-2177

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,
Cohen J, Opal SM, Vincent JL, Ramsay G, International
Sepsis Definitions C (2003) 2001 SCCM/ESICM/ACCP/
ATS/SIS International Sepsis Definitions Conference.In-
tensive Care Med 29: 530-538

Livaditi O, Kotanidou A, Psarra A, Dimopoulou I, Sotiropou-
lou C, Augustatou K, Papasteriades C, Armaganidis A,
Roussos C, Orfanos SE, Douzinas EE (2006) Neutrophil
CD64 expression and serum IL-8: sensitive early mark-
ers of severity and outcome in sepsis. Cytokine. 36(5-6):
283-290

59


http://ccforum.com/content/11/2/R38
http://ccforum.com/content/11/2/R38
http://ccforum.com/content/11/2/R38
http://ccforum.com/content/11/2/R38
http://ccforum.com/content/11/2/R38
http://ccforum.com/content/11/2/R38
file:///D:/MUUT/vaitos_M_Varpula/javascript:lRL('2','J.Infect.Dis.')

Looney MR, Matthay MA (2006) Bench-to-bedside review:
the role of activated protein C in maintaining endothe-
lial tight junction function and its relationship to organ
injury. Crit Care 10: 239

Lopez A, Lorente JA, Steingrub J, Bakker J, McLuckie A, Wil-
latts S, Brockway M, Anzueto A, Holzapfel L, Breen D,
Silverman MS, Takala J, Donaldson J, Arneson C, Grove G,
Grossman S, Grover R (2004) Multiple-center, random-
ized, placebo-controlled, double-blind study of the nitric
oxide synthase inhibitor 546C88: effect on survival in
patients with septic shock.Crit Care Med 32: 21-30

Luckner G, Diinser M, Jochberger S, Mayr VD, Wenzel V, Ulmer
H, Schmid S, Knotzer H, Pajk W, Hasibeder W, Mayr AJ,
Friesenecker B (2005) Arginine vasopressin in 316 pa-
tients with advanced vasodilatory shock . Crit Care Med
33:2659-2666

Ma KK, Banas K, de Bold AJ (2005) Determinants of inducible
brain natriuretic peptide promoter activity. Regul Pept
128:169-176

Madsen P, Iversen H, Secher NH (1993) Central venous oxygen
saturation during hypovolaemic shock in humans. Scand
J Clin Lab Invest 53: 67-72

Maeder M, Fehr T, Rickli H, Ammann P (2006 May) Sepsis-
associated myocardial dysfunction: diagnostic and
prognostic impact of cardiac troponins and natriuretic
peptides. Chest 129: 1349-1366

Magder S (2005) How to use central venous pressure mea-
surements. Curr Opin Crit Care 11: 264-270

Malay MB, Ashton JL, Dahl K, Savage EB, Burchell SA, Ashton
RCJr, Sciacca RR, Oliver JA, Landry DW (2004) Hetero-
geneity of the vasoconstrictor effect of vasopressin in
septic shock. Crit Care Med 32: 1327-1331

Marik PE, Bankov A (2003) Sublingual capnometry versus
traditional markers of tissue oxygenation in critically ill
patients. Crit Care Med 31: 818-822

Marik PE, Zaloga GP (2002) Adrenal insufficiency in the
critically ill: a new look at an old problem. Chest 122:
1784-1796

Marik PE (2007) Mechanisms and clinical consequences of
critical illness associated adrenal insufficiency. Current
Opinion in Critical Care. 13:363-369

Martin C, Auffray JP, Badetti C, Perrin G, Papazian L, Gouin F
(1992) Monitoring of central venous oxygen saturation
versus mixed venous oxygen saturation in critically ill
patients. Intensive Care Med 18: 101-104

Martin C, Leone M, Viviand X, Ayem ML, Guieu R (2000) High
adenosine plasma concentration as a prognostic index
for outcome in patients with septic shock. Crit Care Med
28:3198-3202

60

Martin C, Papazian L, Perrin G, Saux P, Gouin F (1993) Nor-
epinephrine or dopamine for the treatment of hyperdy-
namic septic shock?Chest 103: 1826-1831

Martin C, Viviand X, Leone M, Thirion X (2000) Effect of nor-
epinephrine on the outcome of septic shock. Crit Care
Med 28: 2758-2765

Martin GS, Mannino DM, Eaton S, Moss M (2003) The epi-
demiology of sepsis in the United States from 1979
through 2000. N Engl J Med 348: 1546-1554

Maynard N, Bihari D, Beale R, Smithies M, Baldock G, Mason
R, McColl I (1993) Assessment of splanchnic oxygenation
by gastric tonometry in patients with acute circulatory
failure. JAMA 270: 1203-1210

McLean AS, Huang SJ, Hyams S, Poh G, Nalos M, Pandit R,
Balik M, Tang B, Seppelt | (2007) Prognostic values of B-
type natriuretic peptide in severe sepsis and septic shock.
Crit Care Med 35: 1019-1026

Mehta D, Malik AB (2006) Signaling mechanisms regulating
endothelial permeability. Physiol Rew 86:279-367

Meisner M (2005) Biomarkers of sepsis: clinically useful? Curr
Opin Crit Care 11: 473-480

Micek ST, Roubinian N, Heuring T, Bode M, Williams J, Har-
rison C, Murphy T, Prentice D, Ruoff BE, Kollef MH (2006)
Before-after study of a standardized hospital order set
for the management of septic shock. Crit Care Med 34:
2707-2713

Micek ST, Shah P, Hollands JM, Shah RA, Shannon WD, Kollef
MH (2007) Addition of vasopressin to norepinephrine as
independent predictor of mortality in patients with re-
fractory septic shock: an observational study. Surg Infect
8:189-200

Michard F, Boussat S, Chemla D, Anguel N, Mercat A, Lecar-
pentier Y, Richard C, Pinsky MR, Teboul JL (2000) Rela-
tion between respiratory changes in arterial pulse pres-
sure and fluid responsiveness in septic patients with
acute circulatory failure. Am J Respir Crit Care Med 162:
134-138

Michel C, Curry F (1999) Microvascular permeability. Physi-
ological reviews 79:704-761

Monnet X, Lamia B, Anguel N, Richard C, Bonmarchand G,
Teboul JL (2005) Rapid and beneficial hemodynamic
effects of activated protein C in septic shock patients.
Intensive Care Med 31: 1573-1576

Morel J, Venet C, Donati Y, Charier D, Liotier J, Frere-Meunier
D, Guyomach S, Diconne E, Bertrand J, Souweine B, Pa-
pazian L, Zeni F (2006) Adrenal axis function does not
appear tp be associated with hemodynamic improve-
ment in septic shock patients systemically receiving glu-
cocorticoid therapy. Intensive Care Med 32: 1184-1190



Morelli A, Teboul JL (2006) Effects of levosimendan on sys-
temic and regional hemodynamics in septic myocardial
depression. Intensive Care Med 32: 791-792

Morelli A, Teboul JL, Maggiore SM, Vieillard-Baron A, Rocco M,
Conti G, De Gaetano A, Picchini U, Orecchioni A, Carbone
I, Tritapepe L, Pietropaoli P, Westphal M (2006) Effects of
levosimendan on right ventricular afterload in patients
with acute respiratory distress syndrome: a pilot study.
Crit Care Med 34: 2287-2293

Mueller T, Gegenhuber A, Poelz W, Haltmayer M (2005) Diag-
nostic accuracy of B type natriuretic peptide and amino
terminal proBNP in the emergency diagnosis of heart
failure. Heart 91: 606-612

Mueller T, Gegenhuber A, Poelz W, Haltmayer M (2004) Head-
to-head comparison of the diagnostic utility of BNP and
NT-proBNP in symptomatic and asymptomatic structural
heart disease. Clin Chim Acta 341: 41-48

Mullner M, Urbanek B, Havel C, Losert H, Waechter F, Gamper
G (2007) Vasopressors for shock. Cochrane Database of
Systematic Reviews 1:

Natanson C. Danner RL. Reilly JM. Doerfler ML Hoffman
WD. Akin GL. Hosseini JM. Banks SM. Elin RJ. MacVittie
TJ (1990) Antibiotics versus cardiovascular support in a
canine model of human septic shock. American Journal
of Physiology. 259: H1440-1447

Nguyen HB, Corbett SW, Menes K, Cho T, Daugharthy J, Klein
W, Wittlake WA (2006) Early goal-directed therapy, cor-
ticosteroid, and recombinant human activated protein C
for the treatment of severe sepsis and septic shock in the
emergency department. Acad Emerg Med 13: 109-113

Nguyen HB, Corbett SW, Steele R, Banta J, Clark RT, Hayes SR,
Edwards J, Cho TW, Wittlake WA (2007) Implementation
of a bundle of quality indicators for the early manage-
ment of severe sepsis and septic shock is associated with
decreased mortality. Crit Care Med 35: 1105-1112

Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin A,
Ressler JA, Tomlanovich MC (2004) Early lactate clear-
ance is associated with improved outcome in severe sep-
sis and septic shock. Crit Care Med 32: 1637-1642

Nguyen DN, Spapen H, Su F, Schiettecatte J, Shi L, Hachimi-
Idrissi S, Huyghens L (2006) Elevated serum levels of
S-100beta protein and neuron-specific enolase are as-
sociated with brain injury in patients with severe sepsis
and septic shock. Critical Care Medicine. 34(7):1967-74,
2006

Nooteboom A. Van Der Linden CJ. Hendriks T (2002) Tumor
necrosis factor-alpha and interleukin-1beta mediate
endothelial permeability induced by lipopolysaccha-
ride-stimulated whole blood. Critical Care Medicine.
30:2063-2068

Ognibene FP, Parker MM, Natanson C, Shelhamer JH, Parrillo
JE (1988) Depressed left ventricular performance. Re-
sponse to volume infusion in patients with sepsis and
septic shock. Chest 93: 903-910

Okamura T. Ayajiki K. Fujioka H. Toda N. Mechanisms underly-
ing arginine vasopressin-induced relaxation in monkey
isolated coronary arteries (1999) Journal of Hyperten-
sion. 17:673-678

0'Mara MS, Slater H, Goldfarb IW, Caushaj PF (2005) A pro-
spective, randomized evaluation of intra-abdominal
pressures with crystalloid and colloid resuscitation in
burn patients. J Trauma 58: 1011-1018

Osman D, Ridel C, Ray P, Monnet X, Anguel N, Richard C,
Teboul JL (2007) Cardiac filling pressures are not ap-
propriate to predict hemodynamic response to volume
challenge. Crit Care Med 35: 64-68

Otero RM, Nguyen HB, Huang DT, Gaieski DF, Goyal M, Gun-
nerson KJ, Trzeciak S, Sherwin R, Holthaus CV, Osborn
T, Rivers EP (2006) Early goal-directed therapy in severe
sepsis and septic shock revisited: concepts, controversies,
and contemporary findings. Chest 130: 1579-1595

Packman MI, Rackow EC (1983) Optimum left heart filling
pressure during fluid resuscitation of patients with hy-
povolemic and septic shock. Crit Care Med 11: 165-169

Parker MM, Shelhamer JH, Bacharach SL, Green MV, Natanson
C, Frederick TM, Damske BA, Parrillo JE (1984) Profound
but reversible myocardial depression in patients with
septic shock. Ann Intern Med 100: 483-490

Patel BM, Chittock DR, Russell JA, Walley KR (2002) Beneficial
effects of short-term vasopressin infusion during severe
septic shock.Anesthesiology 96: 576-582

Pickkers P, Sprong T, Eijk L, Hoeven H, Smits P, Deuren M
(2005) Vascular endothelial growth factor is increased
during the first 48 hours of human septic shock and cor-
relates with vascular permeability.Shock 24: 508-512

Poelaert J, Declerck C, Vogelaers D, Colardyn F, Visser CA
(1997) Left ventricular systolic and diastolic function in
septic shock. Intensive Care Med 23: 553-560

Poeze M, Solberg BC, Greve JW, Ramsay G (2005) Monitoring
global volume-related hemodynamic or regional vari-
ables after initial resuscitation: What is a better predictor
of outcome in critically ill septic patients? Crit Care Med
33:2494-2500

Price S, Anning PB, Mitchell JA, Evans TW (1999) Myocardial
dysfunction in sepsis: mechanisms and therapeutic im-
plications. Eur Heart J 20: 715-724

Prigent H, Maxime V, Annane D (2004) Clinical review: corti-
cotherapy in sepsis. Crit Care 8: 122-129

Quartin AA; Schein RM, Kett DH, Peduzzi PN (1997) Mag-
nitude and duration of the effect of sepsis on survival.

61



Department of Veterans Affairs Systemic Sepsis Coop-
erative Studies Group. JAMA 277:1058-1063

Rabuel C, Mebazaa A (2006) Septic shock: a heart story since
the 1960s. Intensive Care Med 32: 799-807

Rackow EC, Falk JL, Fein IA, Siegel JS, Packman MI, Haupt
MT, Kaufman BS, Putnam D (1983) Fluid resuscitation
in circulatory shock: a comparison of the cardiorespira-
tory effects of albumin, hetastarch, and saline solutions
in patients with hypovolemic and septic shock. Crit Care
Med 11: 839-850

Rady MY, Rivers EP, Martin GB, Smithline H, Appelton T,
Nowak RM (1992) Continuous central venous oximetry
and shock index in the emergency department: use in
the evaluation of clinical shock. Am J Emerg Med 10:
538-541

Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis CS,
Wenzel RP (1995) The natural history of the systemic
inflammatory response syndrome (SIRS). A prospective
study. JAMA 273: 117-123

Ratanarat R, Brendolan A, Piccinni P, Dan M, Salvatori G, Ricci
Z, Ronco C (2005) Pulse high-volume haemofiltration
for treatment of severe sepsis: effects on hemodynamics
and survival.Crit Care 9: R294-302

Reinhart K, Kuhn HJ, Hartog C, Bredle DL (2004) Continuous
central venous and pulmonary artery oxygen saturation
monitoring in the critically ill. Intensive Care Med 30:
1572-1578

Reuter DA, Bayerlein J, Goepfert MS, Weis FC, Kilger E, Lamm
P, Goetz AE (2003) Influence of tidal volume on left
ventricular stroke volume variation measured by pulse
contour analysis in mechanically ventilated patients.
Intensive Care Med 29: 476-480

Rhen T, Cidlowski JA (2005) Antiinflammatory action of
glucocorticoids--new mechanisms for old drugs. N Engl
J Med 353:1711-1723

Rhodes A, Lamb FJ, Malagon I, Newman PJ, Grounds RM,
Bennett ED (1999) A prospective study of the use of a
dobutamine stress test to identify outcome in patients
with sepsis, severe sepsis, or septic shock. Critical Care
Medicine. 27:2361-2366

Rhodes A, Cusack RJ, Newman PJ, Grounds RM, Bennett ED
(2002) A randomised, controlled trial of the pulmonary
artery catheter in critically ill patients.see comment. In-
tensive Care Med 28: 256-264

Rhodes A, Wort SJ, Thomas H, Collinson P, Bennett ED (2006)
Plasma DNA concentration as a predictor of mortality
and sepsis in critically ill patients. Critical care 10:R60

Richard C, Warszawski J, Anguel N, Deye N, Combes A, Bar-
noud D, Boulain T, Lefort Y, Fartoukh M, Baud F, Boyer A,
Brochard L, Teboul JL, French Pulmonary Artery Catheter

62

Study,Group (2003) Early use of the pulmonary artery
catheter and outcomes in patients with shock and acute
respiratory distress syndrome: a randomized controlled
trial. JAMA 290: 2713-2720

Richards AM, Nicholls MG, Espiner EA, Lainchbury JG, Trough-
ton RW, Elliott J, Frampton C, Turner J, Crozier IG, Yandle
TG (2003) B-type natriuretic peptides and ejection frac-
tion for prognosis after myocardial infarction. Circula-
tion 107: 2786-2792

Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B,
Peterson E, Tomlanovich M, Early Goal-Directed Therapy
Collaborative,Group (2001) Early goal-directed therapy
in the treatment of severe sepsis and septic shock. N Engl
J Med 345: 1368-1377

Rivers E, Kruse J, Jacobsen G, Shah K, Loomba M, Otero R,
Childs EW (2007) The influence of early hemodynamic
optimization on biomarker patterns of severe sepsis and
septic shock. Crit Care Med 35: 1-9

Roch A, Allardet-Servent J, Michelet P, Oddoze C, Forel JM,
Barrau K, Loundou A, Perrin G, Auffray JP, Portugal H, Pa-
pazian L (2005 May) NH2 terminal pro-brain natriuretic
peptide plasma level as an early marker of prognosis and
cardiac dysfunction in septic shock patients. Crit Care
Med 33: 1001-1007

Rudiger A, Gasser S, Fischler M, Hornemann T, von Eckardstein
A, Maggiorini M (2006) Comparable increase of B-type
natriuretic peptide and amino-terminal pro-B-type
natriuretic peptide levels in patients with severe sepsis,
septic shock, and acute heart failure. Crit Care Med 34:
2140-2144

Rudiger A, Singer M (2007) Mechanisms of sepsis-induced
cardiac dysfunction. Crit Care Med 35:1599-1608

Ruokonen E, Parviainen |, Uusaro A (2002) Treatment of im-
paired perfusion in septic shock. Ann Med 34: 590-597

Ruokonen E, Takala J, Kari A, Saxen H, Mertsola J, Hansen EJ
(1993) Regional blood flow and oxygen transport in sep-
tic shock. Crit Care Med 21: 1296-1303

Ruskoaho H (2003) Cardiac hormones as diagnostic tools in
heart failure. Endocr Rev 24: 341-356

Sakr Y, Dubois MJ, De Backer D, Creteur J, Vincent JL (2004)
Persistent microcirculatory alterations are associated
with organ failure and death in patients with septic
shock. Crit Care Med 32: 1825-1831

Salvo I, de Cian W, Musicco M, Langer M, Piadena R, Wolfler
AMontani C, Magni E (1995) The Italian SEPSIS study:
preliminary results on the incidence and evolution of
SIRS, sepsis, severe sepsis and septic shock.Intensive Care
Med 21:244-253

Sands KE, Bates DW, Lanken PN, Graman PS, Hibberd PL, Kahn
KL, Parsonnet J, Panzer R, Orav EJ, Snydman DR, Black E,



Schwartz JS, Moore R, Johnson BLJr, Platt R, Academic
Medical Center Consortium Sepsis Project Working,Group
(1997) Epidemiology of sepsis syndrome in 8 academic
medical centers. JAMA 278: 234-240

Scalea TM, Hartnett RW, Duncan AO, Atweh NA, Phillips TF,
Sclafani SJ, Fuortes M, Shaftan GW (1990) Central ve-
nous oxygen saturation: a useful clinical tool in trauma
patients. J Trauma 30: 1539-1543

Scheingraber S, Rehm M, Sehmisch C, Finsterer U (1999)
Rapid saline infusion produces hyperchloremic acidosis
in patients undergoing gynecologic surgery. Anesthesiol-
ogy 90: 1265-1270

Schortgen F, Lacherade JC, Bruneel F, Cattaneo I, Hemery F,
Lemaire F, Brochard L (2001) Effects of hydroxyethyl-
starch and gelatin on renal function in severe sepsis: a
multicentre randomised study. Lancet 357: 911-916

Sebat F, Johnson D, Musthafa AA, Watnik M, Moore S, Henry
K, Saari M (2005) A multidisciplinary community hospi-
tal program for early and rapid resuscitation of shock in
nontrauma patients. Chest 127: 1729-1743

Sennoun N, Desebbe O, Levy B (2007) Hemodynamic Effects
of Activated Protein C in Septic Shock. In JL Vincent, ed,
Yearbook of Intensive Care and Emergency Medicine.
Springer, Germany, pp 75-80

Shah MR, Hasselblad V, Stevenson LW, Binanay C, O'Connor
CM, Sopko G, Califf RM (2005) Impact of the pulmonary
artery catheter in critically ill patients: meta-analysis of
randomized clinical trialsJAMA 294: 1664-1670

Shapiro NI, Howell MD, Talmor D, Lahey D, Ngo L, Buras J,
Wolfe RE, Weiss JW, Lisbon A (2006) Implementation and
outcomes of the Multiple Urgent Sepsis Therapies (MUST)
protocol.comment. Crit Care Med 34: 1025-1032

Shapiro NI, Howell MD, Talmor D, Nathanson LA, Lisbon A,
Wolfe RE, Weiss JW (2005) Serum lactate as a predic-
tor of mortality in emergency department patients with
infection. Ann Emerg Med 45: 524-528

Shapiro N, Howell MD, Bates DW, Angus DC, Ngo L, Talmor
D (2006) The association of sepsis syndrome and organ
dysfunction with mortality in emergency department
patients with suspected infection. Annals of Emergency
Medicine. 48:583-590

Shoemaker WC, Appel PL, Kram HB, Bishop M,Abraham E
(1993) Hemodynamic and oxygen transport monitor-
ing to titrate therapy in septic shock. New Horizons.
1:145-59

Siegemund M, Van Bommel J, Sinaasappel M, Schwarte LA,
Studer W, Girard T, Vollebregt K, Ince C (2007) The NO
donor SIN-1 improves intestinal-arterial P(CO(2)) gap in
experimental endotoxemia: an animal study. Acta An-
aesthesiologica Scandinavica. 51:693-700

Slama M, Masson H, Teboul JL, Arnould ML, Nait-Kaoudjt
R, Colas B, Peltier M, Tribouilloy C, Susic D, Frohlich E,
Andrejak M (2004) Monitoring of respiratory variations
of aortic blood flow velocity using esophageal Doppler.
Intensive Care Med 30: 1182-1187

Slama M, Masson H, Teboul JL, Arnout ML, Susic D, Frohlich E,
Andrejak M (2002) Respiratory variations of aortic VTI: a
new index of hypovolemia and fluid responsiveness. Am
J Physiol Heart Circ Physiol 283: H1729-33

Spronk PE, Ince C, Gardien MJ, Mathura KR, Oudemans-van
Straaten HM, Zandstra DF (2002) Nitroglycerin in septic
shock after intravascular volume resuscitation. Lancet.
360:1395-1396

Spronk PE, Kanoore-Edul VS, Ince C (2005) Microcirculatory
and mitochondrial distress syndrome (MMDS):A new
look at sepsis. In book: Functional Hemodynamic Moni-
toring. 47-68

Stevens T, Garcia JG, Shasby DM, Bhattacharya J, Malik AB
(2000) Mechanisms regulating endothelial cell barrier
function. Am J Physiol 279:419-422

Strehlow MC, Emond SD, Shapiro NI, Pelletier AJ, Camargo
CAJr (2006) National study of emergency department
visits for sepsis, 1992 to 2001. Ann Emerg Med 48: 326;
Se-331

Su F, Wang Z, Cai Y, Rogiers P, Vincent JL(2007) Fluid resus-
citation in severe sepsis and septic shock: albumin, hy-
droxyethyl starch, gelatin or ringer's lactate-does it really
make a difference? Shock. 27:520-526

Suistomaa M, Ruokonen E, Kari A, Takala J (2000) Time-
pattern of lactate and lactate to pyruvate ratio in the
first 24 hours of intensive care emergency admissions.
Shock 14:8-12

Tanaka T, Kanda T, Takahashi T, Saegusa S, Moriya J, Kura-
bayashi M (2004 Jan-Feb) Interleukin-6-induced re-
ciprocal expression of SERCA and natriuretic peptides
mRNA in cultured rat ventricular myocytes. J Int Med
Res 32: 57-61

Tang W, Pakula JL, Weil MH, Noc M, Fukui M, Bisera J (1996)
Adrenergic vasopressor agents and mechanical ventila-
tion for the treatment of experimental septic shock. Crit
Care Med 24: 125-130

Tavernier B, Makhotine O, Lebuffe G, Dupont J, Scherpereel
P (1998) Systolic pressure variation as a guide to fluid
therapy in patients with sepsis-induced hypotension.
Anesthesiology 89: 1313-1321

Temmesfeld-Wolloruck B. Brell B. David I. Dorenberg M.
Adolphs J. Schmeck B. Suttorp N. Hippenstiel S (2007)
Adrenomedullin - reduces vascular hyperpermeability
and improves survival in rat septic shock. Intensive Care
Medicine. 33:703-710

63



Tomaru Ki K, Arai M, Yokoyama T, Aihara Y, Sekiguchi Ki K,
Tanaka T, Nagai R, Kurabayashi M (2002) Transcriptional
activation of the BNP gene by lipopolysaccharide is me-
diated through GATA elements in neonatal rat cardiac
myocytes. J Mol Cell Cardiol 34: 649-659

Trzeciak S, Dellinger RP, Abate NL, Cowan RM, Stauss M, Kil-
gannon JH, Zanotti S, Parrillo JE (2006) Translating re-
search to clinical practice: a 1-year experience with im-
plementing early goal-directed therapy for septic shock
in the emergency department. Chest 129: 225-232

Trzeciak S, Dellinger RP, Parrillo JE, Guglielmi M, Bajaj J,
Abate NL, Arnold RC, Colilla S, Zanotti S, Hollenberg
SM, Microcirculatory Alterations in Resuscitation and
Shock,Investigators (2007) Early microcirculatory perfu-
sion derangements in patients with severe sepsis and
septic shock: relationship to hemodynamics, oxygen
transport, and survival. Ann Emerg Med 49: 88; Jan-98

Trzeciak S, Rivers EP (2005) Clinical manifestations of disor-
dered microcirculatory perfusion in severe sepsis. Crit
Care 9: S20-6

Trzeciak S, Rivers EP (2003) Emergency department over-
crowding in the United States: an emerging threat
to patient safety and public health. Emerg Med J 20:
402-405

Trzeciak S, Dellinger RP, Chansky ME, Arnold RC, Schorr C,
Milcarek B, Hollenberg SM, Parrillo JE (2007) Serum lac-
tate as a predictor of mortality in patients with infection.
Intensive Care Medicine. 33:970-977

Turnaoglu S, Tugrul M, Camci E, Cakar N, Akinci O, Ergin P
(2001) Clinical applicability of the substitution of mixed
venous oxygen saturation with central venous oxygen
saturation. J Cardiothorac Vasc Anesth 15: 574-579

Van Eijk LT. Nooteboom A. Hendriks T. Sprong T. Netea MG.
Smits P. van der Hoeven JG. Pickkers P (2006) Plasma ob-
tained during human endotoxemia increases endothelial
albumin permeability in vitro. Shock. 25:358-362

Varpula M, Karlsson S, Ruokonen E, Pettila V (2007) Mixed ve-
nous oxygen saturation cannot be estimated by central
venous oxygen saturation in septic shock: reply to Dr.
Bourdeaux. Intensive Care Med 33: 546

Varpula M, Tallgren M, Saukkonen K, Voipio-Pulkki LM, Pettila
V (2005) Hemodynamic variables related to outcome in
septic shock. Intensive Care Med 31: 1066-1071

Weycker D, Ahkras KD, Edelsberg J, Angus DC, Oster G (2003)
Long-term mortality and medical care charges in pa-
tients with severe sepsis. Crit Care Med 31:2316-2323

Wiedemann HP.Wheeler AP.Bernard GR.Thompson BT.Hayden
D.deBoisblanc B.Connors AF Jr.Hite RD.Harabin AL Na-
tional Heart, Lung,and Blood Institute Acute Respiratory
Distress Syndrome (ARDS) Clinical Trials Network. (2006)
Comparison of two fluid-management strategies in
acute lung injury. N Engl J Med 354: 2564-2575

64

Vieillard-Baron A, Chergui K, Rabiller A, Peyrouset O, Page B,
Beauchet A, Jardin F (2004) Superior vena caval collaps-
ibility as a gauge of volume status in ventilated septic
patients. Intensive Care Med 30: 1734-1739

Vieillard-Baron A, Schmitt JM, Augarde R, Fellahi JL, Prin S,
Page B, Beauchet A, Jardin F (2001) Acute cor pulmonale
in acute respiratory distress syndrome submitted to pro-
tective ventilation: incidence, clinical implications, and
prognosis. Crit Care Med 29: 1551-1555

Vincent JL. De Backer D (2005) Microvascular dysfunction as a
cause of organ dysfunction in severe sepsis. Critical care.
9 Suppl 4:59-12

Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J,
Suter PM, Sprung CL, Colardyn F, Blecher S (1998) Use
of the SOFA score to assess the incidence of organ dys-
function/failure in intensive care units: results of a mul-
ticenter, prospective study. Working group on "sepsis-
related problems” of the European Society of Intensive
Care Medicine. Crit Care Med 26: 1793-1800

Vincent JL, Gerlach H (2004) Fluid resuscitation in severe sep-
sis and septic shock: an evidence-based review. Crit Care
Med 32: S451-4

Vincent JL, Gris P, Coffernils M, Leon M, Pinsky M, Reuse C,
Kahn RJ (1992) Myocardial depression characterizes the
fatal course of septic shock. Surgery 111: 660-667

Vincent JL (2004) Endpoints in sepsis trials: more than just
28-day mortality? Crit Care Med 32:5209-213

Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach
H, Moreno R, Carlet J, Le Gall JR, Payen D, Sepsis Occur-
rence in Acutely Il Patients,Investigators (2006) Sepsis in
European intensive care units: results of the SOAP study.
Crit Care Med 34: 344-353

Warrillow S, Egi M, Bellomo R (2006) Randomized, double-
blind, placebo-controlled crossover pilot study of a po-
tassium channel blocker in patients with septic shock.see
commentcomment. Crit Care Med 34: 980-985

Wilkes MM, Navickis RJ (2001) Patient survival after human
albumin administration. A meta-analysis of randomized,
controlled trialssee comment. Ann Intern Med 135:
149-164

Witthaut R, Busch C, Fraunberger P, Walli A, Seidel D, Pilz
G, Stuttmann R, Speichermann N, Verner L, Werdan K
(2003) Plasma atrial natriuretic peptide and brain natri-
uretic peptide are increased in septic shock: impact of
interleukin-6 and sepsis-associated left ventricular dys-
function. Intensive Care Med 29: 1696-1702

Ylipalosaari P. Ala-Kokko TI. Laurila J. Ohtonen P. Syrjala H
(2006) Community- and hospital-acquired infections
necessitating ICU admission: spectrum, co-morbidities
and outcome. Journal of Infection. 53:85-92, 2006



Zanotti Cavazzoni SL, Dellinger RP (2006) Hemodynamic op-
timization of sepsis-induced tissue hypoperfusion. Crit
Care 10: 52

bttp://www.pifo.uvsg.fr/hebergement/webrea/index

php?option=com_contenté&ttask=viewttid=14&tItemid

F

o

65


http://www.pifo.uvsq.fr/hebergement/webrea/index.php?option=com_content&task=view&id=14&Itemid=66 
http://www.pifo.uvsq.fr/hebergement/webrea/index.php?option=com_content&task=view&id=14&Itemid=66 
http://www.pifo.uvsq.fr/hebergement/webrea/index.php?option=com_content&task=view&id=14&Itemid=66 

ORIGINAL PUBLICATIONS

66



APPENDIX

Participating hospitals, investigators (Inv.), and Study Nurses (SN) in the
FINNSEPSIS-study:

Satakunta Central Hospital Hospital, Dr. Vesa Lund (Inv.), Marika
Vettenranta, Paivi Tuominen (SN); East Savo Central Hospital, Dr. Markku
Suvela (Inv.), Sari Hirvonen, Anne- Marja (SN); Central Finland Central
Hospital, Dr. Raili Laru-Sompa (Inv.), Tiina Kirkhope (SN); South Savo
Central Hospital, Dr. Heikki Laine (Inv.), Aki Savinen, Pekka Kettunen
(SN); North Carelia Central Hospital, Dr. Sari Karlsson (Inv.), Jaana
Kallinen, Vesa Parviainen (SN); Seindjoki Central Hospital, Dr. Kari
Saarinen (Inv.), Johanna Kristola, Niina Tuominen (SN); South Carelia
Central Hospital, Dr. Seppo Hovilehto (Inv.), Sari Melto, Marjut Repo (SN);
Piijat-Hdme Central Hospital, Dr. Pekka Loisa (Inv.), Merja Esselstrém,
Riitta Hallikainen (SN); Kainuu Central Hospital, Dr. Tuula Korhonen
(Inv.), Ulla Koponen, Kirsti Pomell (SN); Vaasa Central Hospital, Dr.
Pentti Kairi (Inv.), Marianne Strom (SN); Kanta-Hame Central Hospital,
Dr. Ari Alaspdd (Inv.), Elina Helminen (SN); Lappi Central Hospital,
Dr. Outi Kiviniemi (Inv.), Tarja Laurila (SN); Keski-Pohjanmaa Central
Hospital, Dr. Tadeusz Kaminski (Inv.), Tea Verronen (SN); Kymenlaakso
Central Hospital, Dr. Jussi Pentti, Dr. Seija Alila (Inv.); Helsinki University
Hospital, Dr. Ville Pettild, Dr. Marjut Varpula, Dr. Marja Hynninen
(Inv.), Marja Pere, Maiju Salovaara (SN); Helsinki University Hospital
(Jorvi), Dr. Tero Varpula (Inv.), Mirja Vauramo (SN); Helsinki University
Hospital (Peijas), Dr. Rita Linko (Inv.), Kimmo Kuusisto (SN); Tampere
University Hospital, Dr. Esko Ruokonen, Dr. Pertti Arvola (Inv.), Minna-
Liisa Peltola, Anna-Liina, Korkala, Jani Heinild (SN); Kuopio University
Hospital, Dr. Ilkka Parviainen (Inv.), Seija Laitinen, Elina Halonen,
Mirja Tiainen, Heikki Ahonen (SN); Oulu University Hospital, Dr. Tero
Ala-Kokko (Inv.), Tarja Lamberg, Sinikka Silkio (SN); Lansi-Pohja
Central Hospital, Dr. Jorma Heikkinen (Inv.), Kirsi Heinonen (SN).



