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Abstract

man intensive care units (ICUs).

(SEPSIS-1 definitions) during their ICU stay.

and hospital mortality (44.3 and 50.9 %).

may have a major effect on future epidemiological data.

Purpose: To estimate the incidence density, point prevalence and outcome of severe sepsis and septic shock in Ger-

Methods: In a prospective, multicentre, longitudinal observational study, all patients already on the ICU at 0:00 on 4
November 2013 and all patients admitted to a participating ICU between 0:00 on 4 November 2013 and 2359 hours
on 1 December 2013 were included. The patients were followed up for the occurrence of severe sepsis or septic shock

Results: A total of 11,883 patients from 133 ICUs at 95 German hospitals were included in the study, of whom 1503
(12.6 %) were diagnosed with severe sepsis or septic shock. In 860 cases (57.2 %) the infections were of nosocomial
origin. The point prevalence was 17.9 % (95 % Cl 16.3-19.7).The calculated incidence rate of severe sepsis or septic
shock was 11.64 (95 % Cl 10.51-12.86) per 1000 ICU days. ICU mortality in patients with severe sepsis/septic shock
was 34.3 %, compared with 6 % in those without sepsis. Total hospital mortality of patients with severe sepsis or septic
shock was 40.4 %. Classification of the septic shock patients using the new SEPSIS-3 definitions showed higher ICU

Conclusions: Severe sepsis and septic shock continue to be a frequent syndrome associated with high hospital mor-
tality. Nosocomial infections play a major role in the development of sepsis. This study presents a pragmatic, afford-
able and feasible method for the surveillance of sepsis epidemiology. Implementation of the new SEPSIS-3 definitions

Keywords: Sepsis, Septic shock, Incidence, Incidence density, Prevalence

Introduction

Sepsis is a frequent syndrome associated with high mor-
bidity, mortality [1] and long-term disability [2]. Valid
epidemiological data on sepsis are important to moni-
tor the burden for the healthcare system and to allocate
finances to patient care and research. A systematic review
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of studies addressing sepsis epidemiology worldwide
revealed a highly variable incidence of 13—300 per 100,000
inhabitants per year for severe sepsis and 11 per 100,000
inhabitants per year for septic shock [3]. These data are in
line with several European studies reporting an incidence
of 66—114 per 100,000 inhabitants per year [4—6].

It was reported that the incidence of sepsis has
increased during recent decades because of factors such
as advancing age, immunosuppression and multidrug-
resistant infections [7, 8]. The change over time in sepsis
epidemiology has mainly been studied in the USA and
Australia/New Zealand but not in European countries
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[1, 7-9]. The sequential assessment of sepsis epidemi-
ology is important because it was shown that the bur-
den for rehabilitation facilities has increased in the USA
[8], whereas patients in Australia/New Zealand were
more often discharged to home [9]. Studies addressing
the evolution of sepsis epidemiology over years are usu-
ally of a retrospective nature and use surveying patient
records [1] or healthcare databases [7—9]. This approach
carries the risk of variations in sepsis awareness and
coding over time [10, 11]. In addition, the new defini-
tion of sepsis by the SEPSIS-3 consensus conference
may have major impact on epidemiology of sepsis and
septic shock [12].

In the German prevalence study undertaken a dec-
ade ago, the calculated incidence of severe sepsis was
76 per 100,000 inhabitants per year [7]. This sepsis
incidence was only roughly estimated from preva-
lence data. Therefore, this study was undertaken, first,
to assess the 1-day point prevalence in different ICUs
10 years after the first German prevalence study, and
secondly, to estimate the incidence density of severe
sepsis and septic shock in German ICUs by prospec-
tive data acquisition of a large sample of critically ill
patients in a pragmatic and repeatable way. An addi-
tional goal was to compare retrospectively clinical data
of patients with septic shock according to SEPSIS-1
and SEPSIS-3 definitions.

Materials and methods

This study was approved by all local ethics committees
of the participating hospitals. The need for informed
consent was waived because of the purely observational
nature of the study.

Study design and conduction

This prospective, multicentre, epidemiological and
longitudinal observational study was carried out by
SepNet Critical Care Trials Group (SepNet) in 2013, a
decade after the same group studied the prevalence of
severe sepsis and septic shock in German ICUs [13].
Data in this study were collected prospectively. All Sep-
Net members were asked to participate in the INSEP
study. Voluntary SepNet members served as regional
monitors taking care for additional ICUs not affiliated
to SepNet. The regional monitors coached their local
centres and met with their staff for screening and docu-
mentation training. A participating centre was regis-
tered as one organizational unit. This unit could be a
distinct ICU out of several ICUs within a large-sized
hospital or the general ICU of a hospital. Facilities lim-
ited to intermediate care, rehabilitation and paediatric
ICUs were excluded. Details of their structural data
were recorded.

Patients

All patients already in the participating ICU on 4
November 2013 at 0:00 and all patients admitted in the
following 4 weeks starting from 4 November 2013 at
0:00 to 1 December 2013 at 23:59 were included into
the study. Outcome data were collected until 2 February
2014. Included patients were screened daily for symp-
toms of severe sepsis or septic shock during their entire
stay in the ICU. According to the SEPSIS-1 definitions
of the ACCP/SCCM Consensus Conference Committee
[14] severe sepsis was defined as sepsis in combination
with at least one organ dysfunction related to infection
defined as follows: (a) acute encephalopathy (reduced
vigilance, restlessness, disorientation, and delirium with-
out influence of psychotropic drugs), (b) thrombocyto-
penia (platelets at most 100,000/l or a drop in platelets
greater than 30 % within 24 h not due to blood loss), (c)
arterial hypoxemia (PaO, less than 10 kPa (75 mmHg)
under room air, PaO,/FiO, at most 33 kPa (250 mmHg)
not resulting from pulmonary or cardiac disease), (d)
renal dysfunction (urinary output at most 0.5 ml/kg/h for
at least 1 h despite adequate volume resuscitation and/or
increased serum creatinine at least two times the refer-
ence level of the respective laboratory) and (e) metabolic
acidosis (base deficit at least 5.0 mEq/] or plasma lactate
levels at least 1.5 times the reference level of the respec-
tive laboratory). Septic shock was defined as severe sep-
sis combined with arterial hypotension, despite adequate
volume resuscitation for at least 2 h, a systolic blood
pressure at most 90 mmHg or a mean arterial pres-
sure at most 70 mmHg, or the need for vasopressors at
any dose to keep systolic blood pressure greater than
or equal to 90 mmHg or mean arterial pressure at least
70 mmHg. Occurrence of septic shock was assessed at or
24 h after onset of sepsis. In addition, clinical data were
also used to define septic shock according to SEPSIS-3
definitions, where septic shock was defined as the need of
vasopressor therapy to maintain mean arterial pressure
of 65 mmHg or greater and having serum lactate levels
greater than 2 mmol/l persisting after fluid resuscitation
[12].

In all patients under study demographic data includ-
ing ICU and hospital length of stay were collected.
Additional data, such as SIRS criteria, serum lactate con-
centration, underlying infections and organ dysfunctions
during the first 24 h were recorded only if severe sepsis
or septic shock occurred during the period of observa-
tion. Severity of organ dysfunctions was assessed by
SOFA score [15] at day 1 and day 7 after onset of severe
sepsis and at discharge from the ICU. It was determined
whether infections were community-acquired or nosoco-
mial. Nosocomial infection was defined as an infection
diagnosed 48 h or later after hospital admission, 3 days
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after discharge or in a healthcare facility. Data were col-
lected via Internet-based case report forms (OpenCli-
nica®, LLC, Waltham, MA, USA).

Statistical analysis

The 1-day point prevalence was assessed on 4 Novem-
ber 2013 and was calculated by dividing the number of
patients who had severe sepsis or septic shock on that
day by the number of all patients in the ICUs. The 95 %
confidence interval for the prevalence was calculated
using the Wilson score method. Prevalence between dif-
ferent strata was compared by Chi square test.

The incidence density of severe sepsis or septic shock
was assessed within a 4-week period from 4 November
until 1 December 2013. The individual observation time
started at ICU admission, but not earlier than 4 Novem-
ber 2013 (start of the study). The individual observation
time ended at the time of ICU discharge, death, second
episode of sepsis or at 1 December 2013 (end of the
study). The incidence density was calculated by divid-
ing the number of incident sepsis cases by the cumula-
tive sum of the individual observation days. A case was
defined as incident if severe sepsis or septic shock was
newly diagnosed during the individual observation time
in the ICU. We analysed cases of ICU admission as every
patient was considered to be at risk for developing severe
sepsis or septic shock following admission to the ICU. A
95 % confidence interval for the incidence rate was con-
structed assuming a Poisson distribution.

Patients admitted with pre-existing severe sepsis or
septic shock were defined as prevalent on ICU admission.
Similar to our previous study [13], hospitals were cat-
egorised into five strata as follows: strata 1-4 comprised
ICUs in all non-university hospitals with at most 200,
201-400, 401-600 and more than 600 beds, respectively,
and stratum 5 comprised all ICUs in university hospitals.
The incidence ratios of different strata were compared by
pairwise rate ratio test (R 3.1.2).

In addition, statistical analyses for severe sepsis/septic
shock described all patients irrespective of whether they
were prevalent or incident. Categorical and continuous
variables were compared by Chi square or Mann—Whit-
ney U tests, respectively. Categorical data were reported
as absolute or relative frequencies, and metric data as
median and interquartile ranges. SPSS 22 (IBM Corpora-
tion, NY, USA) and R 3.1.2 were used for all data analyses.

Results

Hospitals and ICUs

Twenty-six regional centres and 128 associated local
centres initially agreed to participate in this study. One
of the regional centres and 20 of the local centres with-
drew for personal or capacity reasons, resulting in 133

participating ICUs at 95 hospitals in Germany. The ICUs
were located in university hospitals (23.2 %), university-
affiliated hospitals (65.3 %) and general hospitals (11.6 %).
Less than half of the ICUs were mixed surgical and medi-
cal (38.3 %). The ICUs belonged to hospitals of stratum 5
(38.3 %), 18.8 % to stratum 4, 15.8 % to stratum 3, 20.3 %
to stratum 2 and 6.8 % to stratum 1.

Patients

During the 4 weeks of prospective data collection, a total
of 11,883 cases admitted to the ICU were included in the
study and screened for the occurrence of severe sepsis or
septic shock (Fig. 1). Prior to or during the study period,
1503 (12.6 %) cases of severe sepsis or septic shock were
diagnosed (Tables 1, 2). Defined by the SEPSIS-1 defini-
tions, severe sepsis occurred in 218 and septic shock in
1285 cases. Defined by the SEPSIS-3 definitions, septic
shock was found in 848 cases of those patients with septic
shock by SEPSIS-1 definition. The majority of these cases
(n = 1403, 93.3 %) developed severe sepsis or septic shock
for the first time. Only a minority (6.7 %) suffered from
recurrent sepsis episodes. Detailed patient characteris-
tics are given in Table 1. Of patients with severe sepsis or
septic shock a greater proportion was male (62.1 %). Out
of the total study population, 3924 (33.0 %) patients were
admitted for medical reasons and accounted for 49.0 % of
the cases of severe sepsis or septic shock. In the course of
the same hospital stay, 316 patients were admitted to the
ICU twice. Twenty-three patients and three patients were
admitted three or four times, respectively.

Point prevalence of severe sepsis or septic shock

On 4 November 2013, 345 out of 1924 patients had
severe sepsis or septic shock. The point prevalence was
17.9 % (95 % CI 16.3-19.7) in the entire study population
and ranged from 16.0 % (95 % CI 13.9-18.4) to 23.8 %
(95 % CI 19.0-29.4) in the different types of hospitals
(p = 0.050) (Table 3). A significant difference among
strata in the pairwise tests occurred only between strata 3
and 5 with higher prevalence in stratum 3.

Incidence of severe sepsis or septic shock

For calculation of incidence, 388 cases of new severe sep-
sis or septic shock were prospectively documented in
33,333 patient days. This corresponds to an incidence of
11.64 (95 % CI 10.51-12.86) per 1000 ICU days. Table 4
shows the results for the different types of hospitals.
There were no significant differences among the strata in
all pairwise rate ratio tests.

Outcome of severe sepsis or septic shock
ICU mortality related to severe sepsis or septic shock was
34.3 %, which was approximately 5.5 times higher than in
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* patients with ICU re-admission during the same

hospitalisation are allocated for LOS hospital and
hospital mortality in their ,highest category":

without sepsis/septic shock < sepsis < septic shock documented

12123 ICU admissions

240 (2.0%) excluded from

analysis (inconsistent data, admission

after end of studyetc.)

11541 hospital admission*
11883 ICU admissions

without sepsis/septic shock
10044 hospital admission*
10380 ICU admissions

A4

sepsis / septic shock
1497 hospital admission*
1503 ICU admissions

A 4
hypotension / vasopressor
1281 hospital admission*
1285 ICU admissions

I

A 4
no hypotension / vasopressor
216 hospital admission*
218 ICU admissions

. .

}

lactate >2 mmol/I| lactate not available
766 hospital admission* 79 hospital admission*
769 ICU admissions 79 ICU admissions

lactate <2 mmol/I
436 hospital admission*
437 ICU admissions

'

septic shock
845 hospital admission*
848 ICU admissions

Fig. 1 Flow chart

I

A 4
sepsis
652 hospital admission*
655 ICU admissions

patients without sepsis (6.0 %). Total hospital mortality
of patients with severe sepsis or septic shock was 40.4 %
compared with 9.6 % in patients without sepsis. Patients
with severe sepsis had ICU and total hospital mortality
rates of 16.7 and 23.4 %, respectively. Patients with septic
shock had ICU and hospital mortality rates of 37.3 and
43.3 %, respectively. Defined by the new SEPSIS-3 defi-
nitions, ICU and hospital mortality of septic shock was
44.3 and 50.9 %, respectively. Kaplan—-Meier curves of
survival function according to the new sepsis definition is
presented in Fig. 2. The median lengths of stay in the ICU
and in the hospital were longer in patients with severe
sepsis or septic shock (11 and 24 days) than in patients
without sepsis (2 and 13 days). The subgroup of patients
with septic shock was treated in the ICU for 12 days and
in the hospital for 24 days. Details are given in Tables 1
and 2.

Causes of sepsis

Overall, 643 (42.8 %) infections causing sepsis were
community-acquired and led to the hospitalization of
patients. A total of 860 (57.2 %) infections were of noso-
comial origin. Almost half of the nosocomial infections

were acquired in the ICU (25.7 % of all infections), fol-
lowed by infections acquired in the normal ward (21.2 %
of all infections). Only a minority of infections were
acquired in inpatient care facilities (4.6 %).

The most frequent sites of infections were the lower
respiratory tract (n = 700, 46.6 %), the abdomen includ-
ing the gastrointestinal tract (n = 431, 28.7 %) and the
urogenital tract (n = 190, 12.6 %). Sites of infections are
shown in the supplementary material.

Blood cultures were drawn in 82.3 % of all septic
patients. Positive blood cultures were found in 449
(29.9 %) cases. In 265 (17.7 %) cases, no blood cultures
were taken. Microbiological cultures growing from
samples taken at the site of infections were found in
970 (64.6 %) cases. A total of 252 (16.8 %) cases had no
microbiological examinations from the suspected site of
infection. Blood cultures showed more growth of gram-
positive bacteria (55.5 %), whereas cultures of samples
from the site of infection tended to show gram-negative
bacteria (58.7 %). Yeasts were present in 6.7 % of blood
cultures and in 19.3 % of samples from the site of infec-
tion. Interestingly, patients with genitourinary infections
had a higher rate of positive blood cultures (59.1 %),
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Table 2 Clinical data during first 24 h and ICU outcome

Recurrent sepsis 100 (6.7 %) 11 (5.0%) 89 (6.9 %) 0.303 57 (6.7 %)
Temperature (°C) 37.9(36.2-38.7) 38.0(37.0-388) 37.9(36.0-38.7) 0.052  37.7(35.8-38.6)
White blood count (10%1)  16.1 (10.8-23.0) 15.0 (10.8-20.5) 16.3(10.9-234) 0.132 174 (10.8-25.1)
Heart rate (beats per min) 112 (100-130) 106 (94-123) 114 (100-130) <0.001 120 (103-134)
Respiaon e
Normal 70 (4.7 %) 23 (10.6 %) 47 (3.7 %) 28 (3.3 %)
Tachypnoea 233 (15.5 %) 56 (25.7 %) 177 (13.8 %) 109 (12.9 %)
Ventilation or CPAP 800 (53.3 %) 57 (26.1 %) 743 (57.9 %) 492 (58.0 %)
PaO, <75 mmHg 335 (22.3 %) 70 (32.1 %) 265 (20.7 %) 180 (21.2 %)
or PaO,/FO,
<250 mmHg
PaCO, <33 mmHg 54 (3.6 %) 7 (3.2 %) 47 (3.7 %) 34 (4.0 %)
CRP (mg/1) 190 (103-287) 171 (98-274) 194 (103-290) 0.099 192 (97-290)
PCT (ng/ml) 42(1.0-17.3) 2.0(0.6-10.5) 44(1.2-183) 0.001 6.6 (1.7-25.3)
lcate@moly <0
Day 1 23(14-43) 1.7 (1.1-24) 2.5(1.5-4.8) <0.001 3.8(26-7.1)
Day 2 1.8 (1.2-3.1) 1.2 (1.0-2.0) 1.9 (1.2-34) <0.001 2.7 (1.9-47)
SOFA o
Day 1 9(7-12) 5(4-7) 9(7-12) <0.001 10 (8-13)
Day 7 7 (4-10) 5(2.5-7) 7 (4-10) <0.001 8(5-11)
ICU mortality” 509/1483 (34.3 %) 36/215 (16.7 %) 473/1268 (37.3 %) <0.001 371/838 (44.3 %)

Data are presented as absolute frequencies and percentages in brackets, median and IQR

CPAP continuous positive airway pressure, CRP C-reactive protein, PCT procalcitonin

@ p values calculated by (exact) Chi square test and Mann-Whitney U test

5 Denominator indicates number of patients for whom information on ICU or hospital mortality was available

¢ Overall day 1 vs. day 2

4 Overall day 1 vs. day 7

¢ Patients with septic shock according to SEPSIS-3 definition are included in septic shock group according to SEPSIS-1 definition

Table 3 Point prevalence at 04/11/2013

AllICUs? 17.9(16.3-19.7) 0.050
Stratum 1 19.0 (11.3-30.4) 0.803 0421 0.788 0.523
Stratum 2 20.5 (15.5-26.5) 0.396 0.397 0.116
Stratum 3 23.8(19.0-294) 0.057 0.004
Stratum 4 17.7 (14.2-21.7) 0453
Stratum 5 16.0 (13.9-184)
@ Strata 1-5:

Stratum 1 non-university hospitals with <200 beds
Stratum 2 non-university hospitals with 201-400 beds
Stratum 3 non-university hospitals with 401-600 beds
Stratum 4 non-university hospitals with >600 beds
Stratum 5 university hospitals

5 Point prevalence at 04/11/2013

€ Pairwise Chi square test

9 Chi square test for strata 1-5
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Table 4 Incidence of severe sepsis/septic shock per 1000 ICU days

All ICUs? 11.6(10.5-12.9)
11.1(5.5-19.8)
12.3(9.0-16.6)
9.2 (6.6-12.6)
11.5(9.1-14.4)
12.2 (10.6-13.9)

Stratum 1 0.902
Stratum 2
Stratum 3
Stratum 4

Stratum 5

0.697
0.222

1.000
0.792
0.293

0914
0.983
0.121
0.752

@ Strata 1-5:

Stratum 1 non-university hospitals with <200 beds
Stratum 2 non-university hospitals with 201-400 beds
Stratum 3 non-university hospitals with 401-600 beds
Stratum 4 non-university hospitals with >600 beds
Stratum 5 university hospitals

® Incidence per 1000 ICU days

¢ Pairwise rate ratio-test

higher PCT values and lower total hospital mortality
(23.0 %) compared with the other groups.

SIRS criteria and biomarkers at the onset of severe sepsis
Tachypnoea (respiratory dysfunction), tachycardia and
leucocytosis/leucopenia were the most frequent criteria
for SIRS (81.0, 80.9 and 76.7 %), whereas fever or hypo-
thermia was found only in 61.1 % of patients. Biomarkers,
such as PCT (procalcitonin), CRP (C-reactive protein)
and lactate, were elevated in the majority of patients
(Table 2).

Sepsis-induced organ dysfunctions

At onset of sepsis, respiratory dysfunction (66.1 %), septic
encephalopathy (43.9 %), oliguria (44.2 %) and metabolic
acidosis (43.4 %) had the highest frequencies. After 24 h,
the frequency of metabolic acidosis decreased to 28.5 %,
whereas the frequencies of respiratory dysfunction and
other organ dysfunctions remained unchanged.

Discussion
This large prospective epidemiological study demon-
strates that severe sepsis and septic shock continue to be
a frequent syndrome with a high mortality rate. For the
first time, not only the prevalence but also the incidence
density of severe sepsis and septic shock in German ICUs
has been assessed prospectively in nearly 12,000 patients.
Although we obtained the incidence density of sepsis
in Germany it was not possible to calculate the “popu-
lation-based incidence” for severe sepsis in Germany in
this study because (and in contrast to our earlier German
prevalence study [13]), the choice of participating ICUs
was not a representative sample of all ICUs in Germany.

Sepsis 3
--""'sepsis
—I1septic shock
| sepsis-censored
>< septic shock-censored

cumulative survival

0.0

T T T T
0 20 40 60 80 100 120
days after onset of sepsis / septic shock

hospital survival after onset of sepsis / septic shock

Fig. 2 Kaplan—Meier curves of survival function of patients with
sepsis/septic shock

We would like to emphasize that the proportion of the
observed incidence of this study is based on “patient days
at risk’, whereas the incidence of our earlier study derived
from the observed prevalence in a representative sample
leading to a calculated and population-based incidence.
Thus, the incidence rates found in the two studies should
be compared with caution.

In the German prevalence study, the incidence for
severe sepsis in Germany has been estimated at 10.05 per
1000 ICU days (95 % CI 9.45-11.64) regarding underly-
ing prevalence and mean syndrome duration as reported
by Freeman [16]. Based on 68,000,000 inhabitants in the
total German adult population, the incidence of severe
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sepsis, including septic shock, has been found to be 76
per 100,000 inhabitants [13]. In similar approaches cal-
culating incidence from prevalence data, an incidence
of 51-95 per 100,000 person-years has been reported. A
further study revealed 300 per 100,000 suspected cases,
but this number was deemed to be overestimated for
methodological reasons (as summarized by Engel et al.
(13]).

The point prevalence of severe sepsis was higher in this
study compared to the German prevalence study [13].
These differing results may be caused, in part, by diver-
gent definitions of organ dysfunctions in the two studies,
a problem hampering comparisons of epidemiological
studies [17, 18]. In terms of arterial hypoxemia, in the
present study more patients were assigned to the severe
sepsis group as in the German prevalence study. The
opposite holds true for arterial hypotension and meta-
bolic acidosis, where fewer patients were categorized as
having severe sepsis in this study compared to the Ger-
man prevalence study. The fact that point prevalence of
severe sepsis in small non-university hospitals (strata
1-3) was two to three times higher in this study may be
explained by an increased awareness of sepsis as com-
pared to the awareness a decade ago. The lower preva-
lence in the ICUs of university hospitals may be because
some patients with severe sepsis were treated in interme-
diate care units not under observation in this study.

In the present study, gram-negative organisms were
more commonly isolated than gram-positive organisms
from the sites of infections. This is similar to the findings
of Vincent et al. who noted the isolation of gram-negative
bacteria in 62 % of patients in a study involving 14,000
ICU patients in 75 countries [19]. It is worthwhile to
mention that yeasts were found in samples from the site
of infection as frequently as in other studies [13, 19].

We found a high rate of nosocomial infections (57.2 %)
causing sepsis. Almost half of these infections were
acquired during the ICU stay. These numbers are con-
sistent with our earlier findings of the German preva-
lence study [13]. In a Canadian study, a close association
between mortality, location and time of acquisition of
sepsis was described. The nosocomial infection rate was
as high as 67 %. Compared with community-acquired
infection, nosocomial infections show a odds ratio of
death of 1.69 [1]. Kollef and coworkers demonstrated
that 63.7 % of positive blood cultures were healthcare
associated. The risk of death in these patients was three-
fold higher than in patients with community-acquired
blood stream infections [20]. In an analysis of the Ger-
man Hospital Infection Surveillance System (KISS), Gef-
fers and Gastmeier calculated the impressive number of
57,900 nosocomial infections per year for approximately
7,000,000 patient days in German ICUs [21].

The observed total hospital mortality of severe sepsis
or septic shock (40.4 %) is comparable to other findings
in European ICUs reporting mortality rates between 36.3
and 42.8 % [22-24]. Control groups in recent European
sepsis trials also showed mortality rates of severe sepsis
approximating 43 % [25, 26]. The reasons for this high
mortality in European ICUs compared with US or Aus-
tralian ICUs are still a matter of debate. They may be
related to differences in the number of ICU beds avail-
able per inhabitant, to the admission criteria and to the
degree of care in critical illness [23]. Other reasons may
be discrepancies in definitions and methods of database
abstraction [27].

An interesting finding in this study was the decrease
in ICU and hospital mortality of sepsis (34.3 and 40.4 %,
respectively) compared to the German prevalence study
[13]. A decline of sepsis mortality within the last dec-
ade has also been found in other studies [5, 9]. This may
be related to increased awareness of sepsis resulting in
increased numbers of less severely ill cases, which was
recently discussed as the “Will Rogers phenomenon” [2].
Therefore, it is of upmost importance to discuss mor-
tality rates in relation to the true incidence of a disease.
We found an almost similar incidence of severe sepsis
compared with the calculated incidence 10 years ago in
the German sepsis prevalence study [13]. This suggests
that mortality rates of severe sepsis or septic shock have
decreased in Germany within the last decade but remain
as high as 23.4 % for severe sepsis and 43.3 % for septic
shock.

In this prospective study, sepsis was defined according
to the SEPSIS-1 definitions (infection plus at least two
SIRS criteria, severe sepsis as sepsis plus organ dysfunc-
tion). In the new SEPSIS-3 definition, sepsis is defined
as “life-threatening organ dysfunction due to a dysregu-
lated host response to infection” which is associated with
an in-hospital mortality greater than 10 % [12]. Organ
dysfunction is assessed by the SOFA score of 2 points or
greater [12]. Thus, “severe sepsis patients” according to
SEPSIS-1 approximately meet the new SEPSIS-3 criteria
of “sepsis” In SEPSIS-3, the SIRS criteria and the term
“severe sepsis” have been eliminated because one in eight
patients admitted to critical care units with infection and
new organ failure did not meet the condition of at least
two SIRS criteria. Therefore, we may have missed about
12.5 % of patients with infections with less than two SIRS
criteria. As a result of our prospectively generated and for
SEPSIS-1 optimized database, we are not able to report
on sepsis incidence as defined by the new SEPSIS-3 defi-
nitions retrospectively.

Applying the new SEPSIS-3 definition of septic shock
to data from this study, only 848 patients of the 1285 sep-
tic shock patients according the SEPSIS-1 definition were
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found to be in septic shock. Again, we may have missed
patients on vasopressor therapy and less than two SIRS
criteria. With this shortcoming in mind, this demon-
strates that the profound change from SIRS criteria to
organ dysfunction in the new SEPSIS-3 definition of sep-
sis or septic shock may have a major impact on frequency
and mortality rates [17, 18].

The present study shows that collection of data on a
voluntary basis is a pragmatic, affordable and feasible
method in sepsis epidemiology. It enables one to measure
effects of quality improvement programmes in the future.
This method, however, cannot provide an exact “popula-
tion-based incidence”.

Our study has some limitations. First, differences in
organ dysfunctions compared with preceding studies
may hamper the comparability between the German
prevalence study and this study. Second, as a result of
the voluntary design of the study, there was no sample
size calculation and we were not able to provide a rep-
resentative random sample of German hospitals. The
distribution of ICUs in our study does not exactly mir-
ror the distribution in Germany. A total of 133 ICUs in
95 hospitals participated in our study representing 8 %
of all German hospitals and 11 % of all German ICUs.
In Germany, 1198 hospitals have one or several ICUs
with 33 % of all ICUs located in hospitals with at least
800 beds, 21 % in hospitals with 500-799 beds, 32 % in
hospitals with 200-499 beds and the remaining 14 %
in hospitals with less than 200 beds. In the present
study, hospitals were categorised into five strata as fol-
lows: strata 1-4 comprised ICUs in all non-university
hospitals with at most 200, 201-400, 401-600 and
more than 600 beds, respectively, and stratum 5 com-
prised all ICUs in university hospitals. In the present
study, 38.3 % of all ICUs located in university hospitals,
18.8 % in hospitals with more than 600 beds, 15.8 %
hospitals with 401-600 beds, 20.3 % in hospitals with
200-400 beds and the remaining 6.8 % in hospitals with
less than 200 beds. Third, as a result of study structure
and overlap of confidence intervals, we cannot exclude
centre effects. Fourth, different policies of admission to
the ICUs or differences in end of life care may impact
study results. Fifth, differences in implementation of
sepsis bundles may influence the physician’s awareness
of sepsis and thus impact study results. All these fac-
tors may have contributed to the observed differences
in the strata of this study and the German prevalence
study.

Conclusion

This study showed that sepsis remains a frequent and
life-threatening syndrome in German ICUs associ-
ated with a total hospital mortality of 40 %. Nosocomial

infections caused 57 % of all sepsis cases, almost half of
them acquired in the ICU. The new definition of septic
shock identifies more severely ill patients with a higher
mortality rate. The presented study design may serve as a
feasible, pragmatic and affordable method to survey epi-
demiology of sepsis over distinct time periods. There is a
need to analyse changes of epidemiological data due to
assessment using SEPSIS-1 and -3 definitions in future
prospective studies.
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