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Abstract Patients developing fever in neutropenia are at
high risk of infection-related complications. Their out-
come is influenced by the degree of severity (sepsis,
severe sepsis and septic shock). Sepsis describes clinical
syndromes resulting from systemic inflammatory re-
sponse. Diagnosis of sepsis is based on simple clinical
criteria. Treatment of neutropenic patients with sepsis
does not differ from sepsis treatment in non-neutropenic
patients. A variety of treatment options have failed (e.g.
anti-cytokine strategies, anti-endotoxin antibodies), how-
ever, in recent years successful targeted treatment, the use
of activated protein C or the substitution of hydrocortisol
has been shown to reduce mortality rates. The outcome of
neutropenic sepsis is influenced by the underlying disease
as well, however survival rates of neutropenic patients

treated on the intensive care unit have improved during
the past decade. This paper focuses on pathophysiology,
diagnosis and treatment of sepsis. Evidence based med-
icine (EBM) criteria are used to grade treatment recom-
mendations [50].
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Pathophysiology of sepsis

Sepsis describes clinical syndromes resulting from sys-
temic inflammatory response (SIRS). The pathogenetic
principle is based upon an amplified inflammatory
reaction which is initiated but not necessarily maintained
by an infection and which may finally become dysreg-
ulated. The key event is a rapid activation of humoral
cascade systems (complement, coagulation, kallikrein-
kinin system) and of cells that support the inflammatory
reaction (granulocytes, monocytes, lymphocytes, macro-
phages, endothelial cells). These cells, once activated,
produce and release inflammatory mediators as well as
vasoactive or cytotoxic molecules. This process is char-
acterized by synergistic, antagonistic and numerous
redundant interactions. A strict differentiation between
mediators and effectors is impossible due to the pleiotro-
pic functions of many of these substances. Of central
importance is the immunological reaction to microbial
toxins.

Classical pathogens inducing severe sepsis are gram-
negative bacteria and their endotoxins (lipopolysaccha-
ride/LPS). Furthermore it has been demonstrated that cell
wall components of grampositive bacteria (peptidogly-
cans, teichoic acid) or fungi as well as exotoxins (toxic
shock syndrome toxin-1/TSST-1) can activate these
inflammatory cascades. Those molecules bind to mem-
brane-bound and soluble receptors (CD14, mannose
binding protein, toll-like receptors/TLR) inducing exces-
sive production and release of pro-inflammatory media-
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tors such as tumor-necrosis factor (TNF)-alpha, Interleu-
kin-1 (IL-1) and others [46, 18, 45].

Exotoxins may also act as superantigens. They stim-
ulate T-cells by cross-linking major histocompatibility
complex (MHC)—class II with T-cell receptors indepen-
dent from MHC restriction and antigen specificity [5].

The early phase of sepsis is characterized by an
excessive hyperinflammatory reaction of the immune
system finally leading to multi-organ failure. The release
of anti-inflammatory effectors (IL-4, IL-10, cortisol, etc.)
may induce a compensatory anti-inflammatory response
syndrome (CARS). Due to this compensatory reaction
immunosuppression or anergy may occur. Additional
immunosuppression is propagated by apoptotic loss of
lymphocytes and dendritic cells, a change in T-cell
function and a functional inhibition of macrophages [63].
Secondary infections may lead to repetitive cycles of
SIRS and CARS. If signs of SIRS and CARS prevail, a
mixed antagonistic response syndrome (MARS) is present
[89].

Polymorphisms of genes encoding inflammatory me-
diators and their promoters influence the physiological
activity and expression of specific gene products during
the course of the inflammatory reaction. It has been
shown that TLR-4 mutations increase the susceptibility
for gram-negative infections. Polymorphisms of the TNF-
promotor lead to increased TNF levels during sepsis and
are associated with poor survival. Further genetic poly-
morphisms have been described in a number of genes
which may influence the clinical course of sepsis [55, 35,
18, 54, 80, 85].

Organ dysfunction

Organ dysfunction results from direct cytotoxic effects of
inflammatory mediators and microbial toxins as well as
from dysregulation of micro- and macrocirculation,

oxygen transport and tissue oxygenation. A key role in
the pathogenesis of organ dysfunction is thought to be
endothelial activation and damage to the microcirculation
due to inflammatory infiltration and increased permeabil-
ity of the vessel wall. Interstitial edema, capillary
microembolisation or microthrombi and loss of regulation
of the microvascular blood flow lead to perfusion
mismatch with a decrease in peripheral vascular resis-
tance.

The decrease in vascular resistance is partially com-
pensated by an increase in heart rate and cardiac output.
Potentially reversible myocardial depression often pre-
vents an adequate increase of cardiac output and is
thought to be caused by myocardial depressant factors
such as toxins, cytokines, metabolic defects of myocytes
and downregulation of beta-receptors (septic cardiomy-
opathy). Additional factors are a decrease in preload
induced by a change in ventricular compliance and a
decrease in right ventricular venous return (venous
pooling, volume deficiency by fluid sequestration).

An important pathophysiological factor is a decrease in
tissue oxygenation. Besides a restriction of global oxygen
transport (respiratory failure, decrease in cardiac output,
anemia), inadequate regional oxygen supply due to
perfusion mismatch is of importance. The relevance of
disturbances in peripheral oxygen extraction and cellular
oxygen metabolism is still undetermined [68].

Definition

The definition of sepsis suggested by the consensus
conference of the American College of Chest Physicians
and the Society of Critical Care Medicine (ACCP/SCCM)
in 1994, (Table 1), is still regarded as an international
standard [52]. Sepsis is defined as a systemic inflamma-
tory reaction induced by microorganisms invading the
blood stream and/or their toxins released from a focus of

Table 1 Definition of sepsis [52]

Infection: Inflammatory reaction due to the presence of microorganisms or the invasion of otherwise sterile
tissue by microorganisms.

Systemic Inflammatory Response
Syndrome (SIRS):

Systemic Inflammation as reaction to multiple disease states. The systemic reaction is defined by two
or more of the following:
· Temperature >38�C or <36�C
· Heart rate >90/min
· Respiration rate >20/min or PaCO2 <32 mmHg
· Leukocytes >12000/�l or <4000/�l or shift to the left >10%

Sepsis (SIRS + infection): Systemic reaction to infection. The systemic reaction is defined by two or more of the following:
· Temperature >38�C or <36�C
· Heart rate >90/min
· Respiration rate >20/min or PaCO2 <32 mmHg
· Leukocytes >12000/�l or <4000/�l or shift to the left >10%

Severe Sepsis: Sepsis with new signs of organ dysfunction or a decrease in organ perfusion (lactate acidosis, oliguria
(<30 ml/h or <0.5 ml/kg/h), hypotension (<90 mm Hg or decrease of >40 mm Hg), mental alteration

Septic Shock: Severe sepsis and hypotension persistent despite adequate fluid substitution and exclusion for other
reasons for hypotension.

Multiple organ dysfunction
syndrome (MODS):

Change in organ function in a critically ill patient, restoration of homeostasis requires intervention
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infection. This broad definition of sepsis has to be
supplemented by criteria related to prognosis and treat-
ment. Among these, the presence and degree of multiple
organ dysfunction, and development of septic shock
defined by volume-refractory hypotension are important.
Septic shock is associated with a worse prognosis than
sepsis [70, 72].

The criteria of leukocytosis, leukocytopenia or shift to
the left in the differential white blood count can not be
used in patients with sepsis in neutropenia. If signs of a
systemic inflammatory reaction without an obvious cause
other than infection occur in a neutropenic patient, the
diagnosis of sepsis in neutropenia has to be made.
However, it is important to rule out anemia as a cause for
an increase in heart rate.

Although a prospective validation of the consensus
criteria for leukocytopenic/neutropenic patients is not
available, their use in leukocytopenic patients is recom-
mended, because no criteria for this patient group have
been specified as yet.

It could be shown that the prognosis of patients treated
on the ICU is determined by the physiological changes
induced by the underlying infection, reflected by scoring
systems such as APACHE II and SAPS II. However,
long-term prognosis of these patients depends upon their
malignant disease. This underlines the usefulness of the
SAPS II score in leukocytopenic/neutropenic patients
(C2) [77].

Incidence of sepsis

Prospective studies using the ACCP/SCCM consensus
definition in neutropenic patients are not available.
However, it can be assumed that more than 90% of
febrile neutropenic episodes fulfill the criteria of sepsis
according to the consensus definition. The incidence of
these febrile episodes can be calculated by using data
from published studies on antimicrobial prophylaxis. The
endpoint in these studies was occurrence of fever
presumably related to infection. According to these
studies, the incidence of sepsis in neutropenia secondary
to intensive myelosuppressive chemotherapy is around
70–100% [1, 75, 23, 58]. It has to be considered that the
incidence of sepsis is related to the intensity of chemo-
therapy and the degree and duration of neutropenia as
well as the overall performance status and pretreatment of
the patient. In allogeneic bone marrow transplant recip-
ients, the incidence of febrile episodes is almost 100%.

In the majority of studies, the incidence of bacteremic
infections in neutropenia has been reported to be 10–30%
[75, 90, 26]. The incidence of septic shock and severe
sepsis has not been reported from the majority of trials. In
some studies about 40% of the patients treated by
intensive chemotherapy developed severe sepsis or septic
shock. As in the non-neutropenic patient population in
general, an increase in number and severity of septic
episodes can be assumed [58].

Prognostic factors in leukocytopenic patients
with sepsis

Disease associated risk factors

The high incidence of invasive infections in patients with
malignancies is mainly due to disease-associated defects
of humoral (e.g. in patients with chronic lymphocytic
leukemia or multiple myeloma) or cellular defence
mechanisms (e.g. in Hodgkińs disease). Main risk factors
following cytotoxic chemotherapy are the severity and
duration of granulocytopenia [13, 26]. In addition, skin
and mucosal barriers can be disrupted by chemotherapy,
insertion of catheters (staphylococci, fungi), invasive
diagnostic procedures, or by invasive tumor growth
(colon cancer) [90]. Decreased production of saliva or
retention of secretion due to tumor obstruction (particu-
larly in patients with lung cancer) facilitate the growth of
pathogenic microorganisms. Furthermore the incidence of
infection is increased in malnourished tumor patients. In
immunosuppressed patients, parenteral nutrition increases
the risk for infections as well. Hospitalisation and
antibiotic pretreatment predispose to nosocomial infec-
tions.

Cytokines

Increased levels of pro-inflammatory (TNF-alpha, IL-6,
IL-8) as well as anti-inflammatory cytokines (IL-10, IL-
1RA) are found in neutropenic and non-neutropenic
patients with sepsis [66, 65, 29].

Severity of sepsis as well as mortality rates are related
to cytokine levels. However, these parameters are not
used in clinical routine, before technical difficulties have
been resolved and therapeutic consequences have been
defined.

Coagulation and fibrinolytic system

Septic shock and multiple organ failure syndrome are
often associated with systemic activation of coagulation
and fibrinolysis, disseminated fibrin deposition and
consumption of coagulation and fibrinolysis inhibitors.
Disturbances of hemostasis are of prognostic relevance in
sepsis [39, 34,53, 69, 39]. However, most studies
demonstrating these results have been done in non-
neutropenic patients with sepsis. For antithrombin and
PAI-1, prognostic relevance in neutropenic sepsis could
be shown [61, 60].

Treatment

Antimicrobial treatment must be started immediately in
order to improve tissue oxygenation, restore cardiovas-
cular function and improve other organ functions. Treat-
ment of sepsis in neutropenic patients should essentially
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be the same as in non-neutropenic patients, as specific
data for the treatment of sepsis in neutropenic patients are
not available. The decision to initiate intensive care
treatment has to take into account the prognosis of the
underlying disease. If intensive care treatment is neces-
sary in hematological patients mortality is about 50%,
whereas in the other half of the patients the sepsis-related
organ failure can be managed successfully. Therefore
intensive care treatment has to be seen as a therapeutic
option in patients with hematological malignancies [11].

Antimicrobial treatment

Antimicrobial treatment in neutropenic patients should be
empirical in patients without detectable organism or focus
of infection. Immediate start of treatment with broad-
spectrum antibiotics and the early addition of antifungals
in non-responding patients is necessary (see this issue
Link et al; B�hme et al).

Treatment of Cardiovascular Insufficiency

Aggressive goal-directed treatment aiming at restoration
of cardiovascular function has the potential to increase
survival of patients with sepsis [71]. Sepsis-induced
hypotension is primarily treated by volume substitution
[14]. To restore adequate cardiac filling pressures (Goal:
central venous pressure 8–12 mm Hg, pulmonary wedge
pressure 12–15 mm Hg), crystalloid fluids or colloids can
be useful (A1) [7, 71, 17, 73] Human albumin however
should be used with caution, because in a meta-analysis of
30 studies the application of human albumin was
associated with increased mortality [2] (D2). Treatment
with volume substitution should be done under hemody-
namic monitoring (central venous pressure, blood pres-
sure, heart rate, cardiac output, pulmonary wedge
pressure and lactate levels). If renal function is impaired,
the possibility to eliminate fluids by continuous hemofil-
tration should be considered, whereas colloids should not
be used. Infusion of hydroxyethylstarch (HAES) increases
the rate of acute renal failure [76] (A1).

If a sufficient mean arterial pressure (>65 mmHg) can
not be achieved by volume substitution in a reasonable
time frame, treatment with vasopressors is indicated. The
drug of choice is norepinephrine in a dose of 0.1–1.3 �g/
kg/min [56, 57, 59, 86] (B2). It could be shown that renal

function is improved by treatment with norepinephrine
[36, 24]. The potentially adverse vasopressor actions of
norepinephrine as indicated by peripheral vasoconstric-
tion and hypoperfusion in the splanchnic region are
diminished in sepsis caused by decreased response of
adrenoreceptors and sepsis-induced direct vasodilatation.
Due to the potentially adverse effects of dopamine and
epinephrine, norepinephrine is the drug of choice to
elevate vasotonus [56, 78]. Another vasopressor which
has been investigated in smaller studies is vasopressin.
Vasopressin (0.01–0.04 U/min) did increase urinary
output and creatinine clearance in comparison to norepi-
nephrine. The American Heart Association therefore
recommends supports its use in refractory septic shock
(B2) [3]. If sepsis-related myocardial depression leads to
low cardiac output despite adequate volume substitution,
vasopressor treatment plus dobutamine should be used in
order to increase contractility [87, 86] (A2). The recom-
mended dose of dobutamine is 2.5–12 �g/kg/min. Dobu-
tamine treatment should result in an increase of central
venous oxygen saturation to more than 70%, normal
lactate level and cardiac index [86].

Epinephrine is used only in combinations to treat
cardiovascular insufficiency due to a decrease in intesti-
nal perfusion and because of its arrythmogenic potential.
See Table 2.

The effects of phosphodiesterase inhibitors and dopex-
amin in the treatment of sepsis have not been well studied.
The use of low dose dopamine is not recommended [9]
(D1).

Treatment of pulmonary failure

Besides the restoration of cardiovascular function, hyp-
oxemia caused by pulmonary failure must be prevented to
optimise tissue oxygenation. In the awake, cooperative
patient with a minor disturbance (PaO2/FiO2>200) of gas
exchange, an augmentation of spontaneous breathing with
intermittent continuous positive airway pressure (CPAP)
can be attempted. In moderate to severe respiratory
insufficiency, endotracheal intubation and controlled
mechanical ventilation are necessary. However, non-
invasive positive pressure ventilation (CPAP or bilevel
positive airway pressure) has to be considered [42, 41,
20]. For both treatment options it has been shown in
selected neutropenic and cancer patients that the necessity
of intubation can be significantly reduced in comparison

Table 2 Pharmacological pro-
files of inotropic drugs

Substance Heart rate Inotropic Vasokonstriction Vasodilatation Dopaminergic
b1 b1 a1 b2

Dopamine

<10�g/kg/min ++ ++ 0 ++ ++++
>10�g/kg/min ++ ++ ++ 0 0

Dobutamine + ++++ + ++ 0

Norepinephrine ++ ++ ++++ 0 0

Epinephrine ++++ ++++ ++++ +++ 0
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to control patients [43] (A2). A clear-cut recommendation
as to when to initiate these measures is not supported by
data at this time. Generally an early start is favorable
(B3). It has to be stated that the use of these measures is
depending upon the availability of intensive care facili-
ties, as non-response and necessity for intubation have to
be realized promptly. For controlled mechanical ventila-
tion, guidelines established for intensive care medicine
should be used [8].

Renal replacement therapy

Acute renal failure is defined as rapid deterioration of
renal function. Clinically, three groups can be distin-
guished: pre-renal, renal and post-renal failure. In patient
with sepsis, pre-renal and renal failure are predominant.
Multiple underlying factors such as hemodynamic alter-
ations, damage from microbial toxins, cytokines and
drugs are responsible [82]. Renal failure without primary
vascular glomerular or interstitial cause is regarded as
acute tubular necrosis. Specific treatment for acute
tubular necrosis has not yet been specified [51].

Acute renal failure in patients with sepsis necessitates
the immediate and early replacement of renal function in
order to balance fluids, remove uremic toxins and control
electrolytes. Continuous hemofiltration procedures are
preferred to intermittent dialysis because they allow
controlling fluid balance and eliminating uremic toxins
without compromising circulation [10] (C2). CVVH
(continuous veno-venous hemofiltration) should be used
in patients with instable cardiovascular function as
compared to CAVH (continuous arterio-venous hemofil-
tration). These suggestions are however based on studies
with small numbers of patients. A meta-analysis of 13
studies with 1400 patients could not demonstrate any
advantage of CVVH compare to intermittent dialysis [49].

Prolonged use of low dose dopamine for protection of
renal function is not useful [9] (D1).

Large prospective clinical studies on the usefulness of
elimination of toxins and mediators of inflammation by
extracorporeal measures such as hemofiltration, plasma-
pheresis, and hemoperfusion have not shown a significant
benefit [81, 19] (C2).

Nutrition and control of metabolic functions

In critically ill patients, catabolic and anabolic phases are
observed [79]. The first days are characterized by
extended catabolism resulting in a negative nitric balance.
To keep catabolism in septic patients as low as possible, it
is recommended to increase caloric intake by 30–50%
above the usual amount of 30–35 kcal/kg/day. Enteral
nutrition should be preferred to parenteral nutrition (PN)
to maintain the integrity of the mucosal barrier [47]. A
normal intestinal mucosal barrier prevents the transloca-
tion of microbial organisms and their toxins. However, in
many cases it is difficult to assess the performance of the

gastrointestinal tract, therefore PN may be necessary. PN
should be composed of glucose (3–4 g/kg/day), amino
acids (1.5–2.0 g/kg/day) and lipids (0.5–1.5 g/kg/day,
20% emulsion as continuos infusion). The calculation
should be based on idealized body weight. Substitution or
restriction of electrolytes has to be adapted to the clinical
situation (e.g. diarrhea, renal failure). In patients under-
going long-term PN, vitamins and trace elements have to
be supplemented.

Despite the association of hypoalbuminemia and
severe malnutrition, a positive impact of albumin substi-
tution on morbidity or mortality in sepsis patients has not
been found. A so-called immunonutrition (e.g. high dose
arginine, glutamine, omega-3-fatty acids or nucleotides)
can not be generally recommended [40,16] (C3).

Corticosteroids

Due to their anti-inflammatory properties, the usefulness
of corticosteroids for the treatment of sepsis has repeat-
edly been investigated. A meta-analysis of studies pub-
lished between 1963 and 1988 could not demonstrate a
benefit from the use of steroids in patients with sepsis
severe sepsis and septic shock [22]. Thus, the use of
corticosteroids in high doses in severe sepsis and septic
shock is not recommended (D2).

In many patients with sepsis, a relative adrenal
insufficiency can be observed. Recent studies in non-
neutropenic patients with sepsis could show a reduction of
mortality in patients treated with substitutive doses of
hydrocortisol [6,15,21] (A1).

Treatment with coagulation inibitors

Septic shock is often associated with disseminated
activation of coagulation leading to fibrin deposition in
the microcirculation. Multiple organ dysfunction syn-
drome is probably correlated to disseminated coagulation
activation. Early studies used heparin to prevent coagu-
lation activation. However, these studies have not shown
a significant benefit with regards to the occurrence of
MODS or mortality [30]. Thus heparin should only be
used in sepsis and disseminated intravascular coagulation
(DIC) if a patient has additional complications such as
venous or arterial thromboembolism. In patients with
hematological malignancies, the increased risk of bleed-
ing associated with the use of heparin has to be
considered, as many of these patients have a treatment-
related thrombocytopenia.

The rationale for the use of antithrombin in sepsis is
based upon observations that endotoxin or gramnegative
bacteria induce DIC in animal studies. This can be
prevented and mortality can be significantly reduced by
the application of antithrombin [83, 27, 38, 28, 62].
Furthermore low antithrombin levels are of high prog-
nostic value concerning mortality of septic shock in non-
neutropenic as well as in neutropenic sepsis [34,61]. In a
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randomized, double-blind, placebo-controlled study in
patient with septic shock and DIC, the use of antithrombin
led do a reduction in the duration of DIC. Therefore,
antithrombin is recommended for the treatment for DIC
(A1). Sepsis however is not a valid indication for
antithrombin, as in a large randomized, placebo-con-
trolled study, no reduction of mortality by antithrombin
could be shown [88] (D1). However, the group of patients
who did not receive concomitant heparin with antithrom-
bin treatment did have a survival benefit. These results
support the notion of a negative influence of heparin on
antithrombin by preventing the cellular effects of anti-
thrombin due to binding to circulating heparin. Experi-
mental data support this hypotheses by showing that
heparin together with antithrombin leads to an impair-
ment of microcirculation [44].

Activated protein C inhibits coagulation factors Va and
VIIIa. Furthermore, it has anti-inflammatory properties by
reducing the activity of NFkB and therefore cytokine
expression in monocytes. Activated protein C has been
shown to reduce 28-day sepsis mortality by 6% [12] (A1).
However, patients with neutropenia or thrombocytopenia
were excluded from this study. It is therefore uncertain if
these results can be applied to neutropenic patients as
well.

Anti-cytokine treatment and hematopoietic growth factors

The central role of cytokines during the hyper- and anti-
inflammatory phases of sepsis induced clinical studies on
the use of cytokines and cytokine inhibitors as therapeutic
agents. However, results of clinical trials did not show
any survival benefit. In an open, placebo-controlled phase
II trial, recombinant IL-1 receptor antagonist led to a
dose-dependent reduction of mortality in patients with
sepsis or septic shock [33]. However, this could not be
confirmed in two double-blind, randomized, placebo-
controlled phase III trials [64, 32] (E1).

In clinical studies, TNF inhibitors did not improve the
survival of patients with sepsis as well [37, 91]. For a
TNF-receptor:Fc fusion protein, increased mortality of
patients with septic shock was reported [31] (E1). Recent
observations of sepsis and other infectious events in
patients with rheumatoid arthritis treated with TNF
inhibitors strongly suggest that TNF plays an essential
role in the immune response to infection [48].

Some patients with neutropenic fever are at higher risk
for infection-related complications. The use of colony
stimulating factors (G-CSF or GM-CSF) can be consid-
ered in these patients, but the benefits in that setting have
not been proven. Risk factors include neutrophil counts
below 100/�l, MODS, pneumonia, invasive fungal infec-
tion or septic shock [67](B2).

First results of studies on the use of interferon-
(gamma) showed improvement of survival in a subset of
patients with sepsis [25]. These data may corroborate the
concept of an effective immune-stimulating therapy,
which restores the function of immune cells such as

macrophages (HLA-DR expression, TNF expression) in
patients with sepsis.

Immunoglobulins

The rational for the use of polyvalent immunoglobulin in
sepsis is based upon the model of an elimination of
microbes or their toxins by increasing opsonization and
interaction with cytokines. A Cochrane analysis of 492
patients from 11 studies who received additional treat-
ment with polyvalent immunoglobulin in septic shock or
severe sepsis could show an advantage for the immuno-
globulin treatment. Relative risk was 0.64 (95% CI 0.51–
0.80) favoring the immunoglobulin-treated group [4].
However in this analysis, studies with new-borns were
included as well. If only adult patients were analyzed,
only 251 patients from 6 studies could be evaluated. The
relative risk remained unchanged. Since only two of these
studies were double-blind and randomized, and the result
of this meta-analysis is based upon a small data pool, the
general treatment recommendation has to be seen critical
(C2).

A recently published prospective randomized con-
trolled trial in 42 patients with severe sepsis using an IgM
enriched preparation could not show any benefit [84]
(D2).

Transfusion management in sepsis

The recommendations for substituting platelets or packed
red blood cell in neutropenic patients can be applied to
those patients developing sepsis as well. However the cut-
off for substitution is often set to a higher value (platelets
20.000/�l instead of 10.000/�l) [74]. To optimize tissue
oxygenation, hemoglobin levels should be kept above 9 g/
dl (C3).
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