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Summary

BACKGROUND: Hospitalised patients with acute heart
failure (AHF) suffer from a high morbidity and mortality,
which might, at least partly, be influenced by concomitant
infections. The aim of this observational study was to in-
vestigate the impact of infections on the clinical course of
critically ill patients with AHF, both present on intensive
care unit (ICU) admission and acquired during the ICU
stay.

METHODS: From 178 consecutive AHF patients, 76
were treated medically and 21 required emergency cardiac
surgery. The remaining 81 patients, who underwent elect-
ive cardiac surgery, were excluded from the assessment of
infections on ICU admission, but were included in the ana-
lysis of nosocomial infections during the ICU stay.

RESULTS: A total of 16% of patients (16/97) had in-
fections on ICU admission. These patients had longer ICU
(6 vs. 3 days, p = 0.04) and hospital (19 vs. 11 days, p
= 0.04) stays than patients without infections. Although
not statistically significant, there was a trend for increased
mortality at 30 days (44% vs. 24%, p = 0.13) and 6 months
(57% vs. 31%, p = 0.13) in AHF patients with infections
on ICU admission. Infection complications during the ICU
stay occurred in 17% (30/178) of AHF patients and signi-
ficantly increased their mortality at 30 days (33% vs. 14%,
p = 0.02) and 6 months (41% vs. 18%, p = 0.02).

CONCLUSIONS: In this observational study, infec-
tions present on ICU admission or occurring during the
ICU stay had a negative impact on the morbidity and mor-
tality of critically ill patients with AHF. Future studies are
needed to gain a better understanding of the interactions
between heart failure and infections, as a better knowledge
of this field may have an important therapeutic potential.
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Background

Hospitalised patients with acute heart failure (AHF) suffer
from a high morbidity and mortality, which might, at least
partly, be influenced by concomitant infections [1–5]. A
Finnish multi-centre study investigating 620 hospitalised
patients with AHF reported infections in 24% of all patients
[3]. A French multi-centre study performed with 581 In-
tensive Care Unit (ICU) patients with AHF revealed an in-
fection rate of 20% [5]. In the EuroHeart Failure Survey
II, which described characteristics and outcome of 3580
AHF patients, infections were present in 18% of hospital
admissions [1]. Despite this high frequency, the types of in-
fections and their impact on the patients’ hospital course
have not yet been investigated. In addition, some AHF
patients will develop nosocomial infections during their
hospital stay, which might complicate the hospital course
and worsen the short and long-term outcomes. While it
is generally recognised that nosocomial infections such as
ventilator-associated pneumonia are common and associ-
ated with substantial morbidity, an increase in mortality
and excess costs [6], no specific information is available re-
garding this issue in this particular population.

For the present study, consecutive AHF patients hospit-
alised in our medical and cardio-surgical ICUs were identi-
fied. In this population, we investigated the frequency and
the types of infections, which were present on ICU admis-
sion. In addition, we studied nosocomial infections, which
these AHF patients acquired during their ICU stay. The aim
was to explore the impact of such infections on organ func-
tions, hospital course and long-term mortality.

Methods

Study population
Between October 2004 and January 2005, a prospective ob-
servational study was conducted, using an identical evalu-
ation protocol, at the 12-bed medical ICU and at the 10-bed
cardio-surgical ICU of the University Hospital Zurich,
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Switzerland. Consecutive patients admitted to the two
ICUs were screened for the diagnosis of AHF. Patients
were included in the analysis only once, even when they
were readmitted during the observation period. The patient
characteristics have been presented earlier [7]. This study
represents an additional analysis of this data set focusing
on the impact of infections on AHF patients. The Institu-
tional Review Board waived the need for written informed
consent in this particular condition.

Diagnosis of acute heart failure
History, clinical findings, laboratory results and imaging
were integrated by the clinicians in charge, which finally
made the diagnosis of AHF. The patients were then clas-
sified in one of the following conditions described in the
AHF guidelines published by the European Society of Car-
diology [8]:
– Cardiogenic shock: Low cardiac output (<2.2 l/min/m2)

with or without low blood pressure after correction of
preload, with evidence of tissue hypoperfusion or
organ dysfunction. Tissue hypoperfusion was
diagnosed in the presence of cold, mottled skin, lactate
levels >2.0 mmol/l, a central venous oxygen saturation
< 65% or a mixed venous oxygen saturation <60%.

– Post-operative cardiac stunning: Transient and reversible
impairment of contractility after cardiac surgery,
resulting in low cardiac output after correction of
preload, with need for inotropic support in order to
prevent tissue hypoperfusion and organ dysfunction

– Pulmonary oedema: Heart failure induced severe
respiratory distress, accompanied by crackles over
both lungs and bilateral infiltrates in the chest X-ray

– Congestive heart failure: All other conditions with an
underlying heart disease and AHF signs and
symptoms, which do not fulfil the diagnostic criteria
for the AHF syndromes described above. Clinical
signs and symptoms included dyspnea NYHA III or
IV, orthopnea, rales or elevated jugular venous
pressure [2].

During the study period, six patients with sepsis-induced
cardiac depression were identified, who suffered from a
sepsis syndrome and therefore required inotropic support.
However, these patients were not included in the present
study. It is important to note that we did not diagnose AHF
by elevated natriuretic peptide levels alone as it has been
shown previously that these markers probably have a
limited specificity in critically ill patients [9, 10]. AHF
patients were divided into surgical and medical patients,
regarding whether they had cardiac surgery preceding or
during the ICU stay or not. Patients were further divided
with regard to whether they were admitted electively to
the ICU after planned cardiac surgery or whether they
required emergency ICU admission.

Diagnosis of infections
Samples for microbiological analysis were collected if the
clinicians suspected an infection. Microbiological speci-
mens were analysed in the local microbiology department,
and ambiguous cases were discussed with the infectious
disease specialists. Infections were diagnosed in the pres-

ence of a positive culture from sterile body fluids or blood,
or with evidence of a perforated bowel. As recommended
in current guidelines, pneumonia was diagnosed in the
presence of a typical infiltrate in the chest X-ray and puru-
lent sputum [11, 12]. Only one patient, who presented with
an infection on ICU admission, developed a nosocomial in-
fection in the course of the ICU stay. Importantly, only the
first episode of nosocomial infections was recorded.

Clinical and laboratory data
Renal dysfunction was defined as creatinine levels >177
µmol/l (>2 mg/dl) [1]. The upper detection limit for N-
terminal pro-B-type natriuretic peptide (NTproBNP) was
70000 ng/l, and values higher than this were included in
the analysis and labelled 70000 ng/l. The C-reactive pro-
tein (CRP) and procalcitonin normal values for healthy in-
dividuals at our institution are <5 mg/l and <0.1 µg/l, re-
spectively. Clinical and laboratory data for the Simplified
Acute Physiology Score II (SAPS II) were collected as the
worst value within 24 hours after ICU-admission [13].

Statistics
Results are given as medians (range) or numbers (percent-
ages). The chi-square test was used to compare categoric-
al variables. We performed the group comparisons for con-
tinuous variables with the Mann Whitney U test, because a
normal distribution of the clinical (e.g., ICU length of stay)
and laboratory values (e.g., creatinine) was not assumed.
Survival estimates for all cause mortality were calculated
with the method of Kaplan and Meier (day 0 = ICU ad-
mission). The Log Rank test was used to compare the mor-
tality of the subgroups. All testing was two-tailed, and a
p-value <0.05 was considered significant. Analyses were
performed with the use of SPSS 11.0.4 for Mac OS X.

Results

Figure 1

The curves show survival rates over time for acute heart failure
patients with (dashed line, n = 16) and without (straight line, n = 81)
infections on ICU admission (Log rank p = 0.08). The small vertical
lines indicate the time points when a patient had his latest follow
up. In addition, the numbers of patients at risk are tabulated for the
main intervals of the rate of survival curve.
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Patient population
During the 3-month observation period, 355 consecutive
ICU-admissions were screened for the diagnosis of AHF.
A total of 178 (50%) patients fulfilled the diagnostic cri-
teria for AHF and were included in the study. Baseline
characteristics of the AHF population are given in table
1. Left ventricular ejection fraction, which was assessed
in 87 (49%) AHF patients during their ICU-stay, was 40
(10–75)%. Additional details of the population have been
published previously [7].

Infections on ICU admission
As none of the 81 elective cardiac surgery patients showed
any evidence of infection on ICU admission, this group
was excluded from this particular analysis. Of the remain-
ing 97 patients, infections on ICU admission were noted in
16 (17%) patients (16% in medical vs. 19% in emergency
surgery patients; p = 0.74). Infections included pneumo-
nia (n = 8), endocarditis (n = 4), cholecytitis (n = 1), diver-
ticulitis (n = 1), urinary tract infection (n = 1) and skin in-
fection (n = 1). Baseline characteristics on ICU admission
are summarised in table 2. Age, gender and co-morbidit-
ies were not significantly different between patients with
and without infections. Coronary artery disease (44% vs.
73%, p = 0.04) and myocardial infarction (19% vs. 56%, p
= 0.01) were less common in infected patients compared to
non-infected patients. SAPS II values were similar in AHF
patients with and without infections on ICU admission (35
(15–84) vs. 24 (6–74), p = 0.46). Therapies and length of
stay are summarised in table 3. Although not statistically
significant, there was a trend for increased mortality at 30
days (44% vs. 24%, p = 0.13) and 6 months (57% vs. 31%,
p = 0.13) in AHF patients with infections on ICU admis-
sion. Kaplan Meier survival curves are displayed in figure
1 and show a clear trend (p = 0.08) towards a worse out-
come in AHF patients with infections on ICU-admission,
compared to AHF patients without infections on ICU-ad-
mission.

Nosocomial infections during the ICU stay
Infectious complications occurred in 30 out of all 178
(17%) AHF patients (18% in medical, 24% in emergency
surgery and 14% in elective surgery patients; p = 0.45) dur-

Figure 2

The figure shows risk factors associated with nosocomial infections
during the ICU stay. Bars represent odd ratios with 95% confidence
intervals. A value >1 indicates an increased risk for the occurrence
of a nosocomial infection during the ICU stay. BP = blood pressure:
ICU = intensive care unit.

ing their ICU stay. Nosocomial infections included pneu-
monias (n = 13), catheter related infections (n = 7), periton-
itis secondary to bowel perforation (n = 4), urinary tract in-
fections (n = 3), blood-stream infections of unknown origin
(n = 2), and clostridium difficile colitis (n = 1). Patient char-
acteristics for AHF patients with and without infectious
complications are summarised in table 4. Age, gender and
underlying heart diseases did not differ between patients
with and without nosocomial infections. The frequencies
of co-morbidities such as diabetes mellitus, chronic lung
disease, malignancy, transplantation and alcoholism were
not significantly different between the two groups either.
However, SAPS II values were higher on ICU admission
in patients who developed infectious complications during
the ICU stay (33 (18–74) vs. 23 (6–67), p <0.01). Although
the initial frequency of invasive ventilation was similar in
both groups, patients with subsequent nosocomial infection
were ventilated for longer than patients without nosocomi-
al infections (40 (8–832) vs. 11 (1–119) hours, p <0.01, n
= 77). The presence of cardiogenic shock on ICU admis-
sion and the need for renal replacement therapy increased
the risk for the development of infections during the ICU
stay (fig. 2). Left ventricular ejection fraction during the
ICU stay was lower in patients who got infected, com-
pared to patients who did not (35 (10–65) vs. 45 (15–75) %,
p <0.01). Patients with nosocomial infections during their
hospitalisation in ICU stayed longer in the ICU (12 (3–83)
vs. 3 (1–38) days, p <0.01) and in hospital (16 (3–170) vs.
11 (2–78) days, p <0.01) than patients without infection
complications. Nosocomial infections during the ICU stay
significantly increased the mortality at 30 days (33% vs.
14%, p = 0.02) and 6 months (41% vs. 18%, p = 0.02). Sur-
vival curves are displayed in figure 3 and confirm the sig-
nificantly worse outcome in AHF patients with nosocomi-
al infections compared to AHF patients without infection
complications.

Discussion

In this study performed with consecutive medical and car-
diac surgery patients with AHF, infections were diagnosed
in 16% of all emergency ICU admissions. Infections
present on admission prolonged the length of the ICU and
hospital stay. Nosocomial infections acquired during the
ICU stay occurred in 17% of all critically ill AHF-patients,
prolonged the length of ICU and hospital stay, and had a
negative impact on short and long-term mortality. Cardi-
ogenic shock on admission, prolonged mechanical ventil-
ation and renal replacement therapy were associated with
the occurrence of nosocomial infections.

Infections on ICU admission
None of the AHF patients undergoing elective cardiac sur-
gery were diagnosed with an infection on ICU admission.
This is not surprising as elective surgery is usually post-
poned when infections are detected. Hence, elective sur-
gery patients were excluded from this particular analysis,
and infections on ICU admission were assessed in medical
and emergency cardiac surgery patients only. The infection
rate in this AHF population was 16%. This frequency is
slightly lower as previously reported in epidemiological
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AHF studies [1, 3, 5]. Infections and pathogens identified
in our study resembled the ones detected in a mixed cohort
of hypotensive critically ill patients [14]. In our AHF pa-
tients with infections, there was a trend for higher SAPS II,
more renal dysfunction and anaemia. These patient charac-

teristics translated into a significantly longer ICU and hos-
pital stay and a trend for a higher mortality.

Table 1: Baseline characteristics of acute heart failure patients on intensive care unit admission.

Emergency ICU admissions
(n = 97)

Elective ICU admissions
(n = 81)

p-value

Patient characteristics:
Age (years) – median (range)
Male gender

66 (28-96)
69 (71%)

67 (18-85)
51 (63%)

0.99
0.27

Type of patient:
Medical
Cardio-surgical

76 (78%)
21 (22%)

0 (0.0%)
81 (100%)

<0.01

Clinical presentation:
Cardiogenic shock
Pulmonary oedema
Congestive heart failure
Postoperative cardiac stunning

32 (33%)
26 (27%)
38 (39%)
1 (1.0%)

26 (32%)
1 (1.2%)
17 (21%)
37 (46%)

1.0
<0.01
0.01
<0.01

Underlying cardiac disease:
Coronary artery disease
Valve disease
Dilated cardiomyopathy

66 (68%)
25 (26%)
9 (9.3%)

52 (64%)
44 (54%)
8 (9.9%)

0.64
<0.01
1.00

Pre-existing diseases:
Diabetes mellitus
Chronic lung disease
Malignancy

23 (24%)
10 (10%)
14 (14%)

11 (14%)
17 (21%)
8 (9.9%)

0.13
0.06
0.49

Infections:
Present on ICU admission
Occurring during ICU stay

16 (17%)
19 (20%)

0 (0.0%)
11 (14%)

<0.01
0.32

Values are given as median (range) or number (%). ICU = intensive care unit.

Table 2: Baseline characteristics of acute heart failure patients on intensive care unit admission.

AHF patients with infections
on ICU admission
(n = 16)

AHF patients without infections
on ICU admission
(n = 81)

p-value

Patient characteristics:
Age (years) – median (range)
Male gender

61 (33–79)
12 (75%)

66 (28–96)
57 (70%)

0.50
1.00

Type of patient:
Medical
Cardio-surgical

12 (75%)
4 (25%)

64 (79%)
17 (21%)

0.74

Clinical presentation:
Cardiogenic shock
Pulmonary oedema
Congestive heart failure
Postoperative cardiac stunning

7 (44%)
5 (31%)
4 (25%)
0 (0.0%)

25 (31%)
21 (26%)
34 (42%)
1 (1.2%)

0.39
0.76
0.27
1.00

Underlying cardiac disease:
Coronary artery disease
Valve disease
Dilated cardiomyopathy

7 (44%)
8 (50%)
1 (6.3%)

59 (73%)
17 (21%)
8 (9.9%)

0.04
0.03
1.00

Pre-existing diseases:
Diabetes mellitus
Chronic lung disease
Malignancy

5 (31%)
3 (19%)
0 (0.0%)

18 (22%)
7 (8.6%)
14 (17%)

0.52
0.36
0.07

Clinical findings:
Heart rate (1/min)
Mean arterial BP (mm Hg)
Temperature (°C)

95 (72–170)
83 (42–120)
37.0 (36.1–39.6)

85 (30–180)
80 (45–180)
36.8 (33.7–40.0)

0.17
0.66
0.17

Laboratory parameters:
Leukocyte count (1/µl)
Haemoglobin (g/l)
Troponin (µg/l) a

NT-proBNP (ng/l) b

C-reactive protein (mg/l) c

Procalcitonin (µg/l) d

Creatinine (µmol/l)

10860 (4670–22060)
100 (75–197)
0.11 (0.01–3.5)
7476 (955–70000)
141 (21–365)
1.5 (0.07–22)
125 (61–386)

10920 (3710–54790)
118 (55–175)
0.52 (0.01–27)
3454 (52–70000)
20 (1.0–316)
0.18 (0.06–7.67)
98 (57–2277)

0.86
0.15
<0.01
0.04
<0.01
0.01
0.19

Values are given as median (range). BP denotes blood pressure, NT-proBNP N-terminal pro-B-type natriuretic peptide. Values for calculations were available in a 91, b 80, c

90 and d 61 patients. AHF = acute heart failure; ICU = intensive care unit.
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Nosocomial infection during the ICU stay
In our AHF population, nosocomial infections occurred in
17% of all patients. Systolic LV function during the ICU
stay was significantly lower in patients with infection com-
plications, which can be explained by various mechanisms
leading to sepsis-induced myocardial depression [15, 16].
In the present study, the occurrence of infection complica-
tions during the ICU stay was associated with a prolonged
ICU and hospital stay. In addition, patients with nosocomi-
al infections had a significantly higher short and long-term
mortality.

Low arterial blood pressure, elevated blood lactate
levels and the need for inotropes, all markers of shock,
were associated with the development of nosocomial infec-
tions. A suggested mechanism is temporary mesenteric hy-
poperfusion with consecutive bacterial translocation from
the bowel into the circulation [17]. A study, which looked
at endotoxin levels in 17 patients with AHF, revealed high-
er levels in hepatic veins compared with the left ventricle
[18]. Mesenteric ischemia can also lead directly to bowel
necrosis and consecutive perforation. In the current study,

4 patients were diagnosed with this complication. Earlier,
patient studies [14] and animal models [19] showed that the
duration of arterial hypotension prior to antibiotic adminis-
tration is a critical determinant of outcome.

Prolonged mechanical ventilation and renal replace-
ment therapy were also associated with the presence of
nosocomial infections. However, our data do not allow for
any conclusion on whether nosocomial infections led to
organ failure, or whether mechanical organ support pro-
moted infection complications. Infections diagnosed and
pathogens isolated in our study were comparable to other
studies with critically ill patients [20]. The SHOCK trial
included 297 patients with myocardial infarction complic-
ated by cardiogenic shock, and 40 (13%) of them were dia-
gnosed with a blood culture positive infection [21]. Like in
our study, infection complications were associated with a
longer duration of mechanical ventilation and a prolonged
length of hospital stay. It is encouraging that the prevention
of such acquired ICU infections has the potential for im-
proving morbidity and mortality of critically ill AHF pa-
tients. Guidelines and recommendations have been pub-

Table 3: Parameters describing the hospital course of acute heart failure patients with and without infections on intensive care unit admission.

AHF patients with infections
on ICU admission
(n = 16)

AHF patients without infections
on ICU admission
(n = 81)

p-value

Therapies on ICU admission:
Vasopressors
Inotropes
Mechanical ventilation

8 (50%)
4 (25%)
7 (44%)

26 (32%)
23 (28%)
20 (25%)

0.25
1.00
0.14

Treatments during the ICU stay:
Renal replacement therapy
Red blood cell transfusion
Administration of antibiotics

4 (25%)
6 (38%)
16 (100%)

18 (22%)
14 (17%)
30 (37%)

0.75
0.09
<0.01

Length of stay (days):
ICU
Hospital

6 (2–38)
19 (2–54)

3 (1–36)
11 (2–170)

0.04
0.04

Values are given as number (%) or median (range). AHF = acute heart failure; ICU = intensive care unit.

Table 4: Patient characteristics of acute heart failure patients on ICU admission and during their ICU stay.

AHF patients with nosocomial infections
during the ICU stay
(n = 30)

AHF patients without nosocomial infections
during the ICU stay
(n = 148)

p-value

Patient characteristics:
Age (years) – median (range)
Male gender

67 (31–85)
17 (57%)

65 (18–96)
103 (70%)

0.19
0.20

Type of patient:
Medical
Emergency cardiac surgery
Elective cardiac surgery

14 (47%)
5 (17%)
11 (37%)

62 (42%)
16 (11%)
70 (47%)

0.45

Clinical presentation:
Cardiogenic shock
Pulmonary oedema
Congestive heart failure
Postoperative cardiac stunning

20 (67%)
4 (13%)
3 (10%)
3 (10%)

38 (26%)
23 (16%)
52 (35%)
35 (24%)

<0.01
1.00
0.01
0.14

Underlying cardiac disease:
Coronary artery disease
Valve disease
Dilated cardiomyopathy

18 (60%)
10 (33%)
5 (17%)

100 (68%)
59 (40%)
12 (8.1%)

0.53
0.54
0.17

Pre-existing diseases:
Diabetes mellitus
Chronic lung disease
Malignancy

9 (30%)
2 (6.7%)
3 (10%)

25 (17%)
25 (17%)
19 (13%)

0.13
0.26
1.00

Interventions during ICU:
Invasive ventilation
Renal replacement therapy

19 (63%)
14 (47%)

76 (52%)
13 (8.8%)

0.32
<0.01

Values are given as median (range). AHF = acute heart failure; ICU = intensive care unit.
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lished that address the problems of ventilator-associated
pneumonia [11, 22] and catheter related blood stream in-
fections [23, 24]. Whether selective decontamination of the
digestive tract is a beneficial option for AHF patients must
be studied in future trials [25–27].

Limitations of the study
The study population is inhomogeneous in terms of under-
lying heart diseases, clinical presentations and treatment
modalities, because we investigated consecutive patients
with AHF hospitalised in the medical or cardio-surgical
ICU. Larger studies are needed to assess particular sub-
groups. A problem is the differentiation between inflam-
mation and infection, as the inflammatory cascade can be
activated by non-infectious stimuli (e.g., ischemia-reperfu-
sion injury) in heart failure patients [28–30]. We tried to
keep this confounding factor to a minimum by applying
stringent criteria for the diagnosis of infection. Apart from
daily clinical investigations (including body temperature)
and laboratory measurements (leukocyte count, CRP), any
other screening measures were not applied for the detection
of infections, which might be useful in future studies. Due
to the design of our study, we cannot distinguish between
cause and effect of our findings. For example, nosocomial
infections were associated with a lower systolic function of
the left ventricle. While there is strong evidence from an-
imal and clinical studies suggesting that sepsis depresses
cardiac function [15], it could also be argued that patients
with low ejection fraction were more prone to infection
complications. Another example is the relationship
between nosocomial infections and the length of ICU stay.
On the one hand, infection complications are likely to pro-
long the ICU course. However on the other hand, the risk of
nosocomial infections will rise with prolonged organ dys-
functions requiring intensive care. More studies are needed
to investigate these interactions, as they may have import-
ant therapeutic potential for the future.

Figure 3

The curves show survival rates over time for acute heart failure
patients with (dashed line, n = 30) and without (straight line, n =
148) infectious complications during their ICU stay (Log rank p =
0.02). The small vertical lines indicate the time points when a
patient had his latest follow up. In addition, the numbers of patients
at risk are tabulated for the main intervals of the rate of survival
curve.

Conclusions

In this observational study, infections were common in
AHF patients admitted to the ICU. They contributed to or-
gan dysfunction and prolonged the length of ICU and hos-
pital stay. Nosocomial infections occurring during the ICU
stay had a negative impact on short and long-term mortality
of patients with AHF. Future studies are needed to gain a
better understanding of the interactions between heart fail-
ure and infections as improved knowledge in this field may
have important therapeutic consequences.
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