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a higher mortality risk compared with
pulmonary and intra-abdominal
infections in patients with sepsis:

a prospective observational cohort study
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Michael Ghadimi,® Tim Beissbarth,* Martin Bauer,! José Hinz'

ABSTRACT

Objective: To investigate whether common infection
foci (pulmonary, intra-abdominal and primary
bacteraemia) are associated with variations in mortality
risk in patients with sepsis.

Design: Prospective, observational cohort study.
Setting: Three surgical intensive care units (ICUs) at a
university medical centre.

Participants: A total of 327 adult Caucasian patients
with sepsis originating from pulmonary, intra-abdominal
and primary bacteraemia participated in this study.
Primary and secondary outcome measures: The
patients were followed for 90 days and mortality risk
was recorded as the primary outcome variable. To
monitor organ failure, sepsis-related organ failure
assessment (Sequential Organ Failure Assessment,
SOFA) scores were evaluated at the onset of sepsis and
throughout the observational period as secondary
outcome variables.

Results: A total of 327 critically ill patients with sepsis
were enrolled in this study. Kaplan-Meier survival
analysis showed that the 90-day mortality risk was
significantly higher among patients with primary
bacteraemia than among those with pulmonary and
intra-abdominal foci (58%, 35% and 32%, respectively;
p=0.0208). To exclude the effects of several baseline
variables, we performed multivariate Cox regression
analysis. Primary bacteraemia remained a significant
covariate for mortality in the multivariate analysis (HR
2.10; 95% Cl 1.14 to 3.86; p=0.0166). During their stay
in the ICU, the patients with primary bacteraemia
presented significantly higher SOFA scores than those
of the patients with pulmonary and intra-abdominal
infection foci (8.5+4.7, 7.3+3.4 and 5.8+3.5,
respectively). Patients with primary bacteraemia
presented higher SOFA-renal score compared with the
patients with other infection foci (1.6+1.4, 0.8+1.1 and
0.7+1.0, respectively); the patients with primary
bacteraemia required significantly more renal
replacement therapy than the patients in the other
groups (29%, 11% and 12%, respectively).
Conclusions: These results indicate that patients with
sepsis with primary bacteraemia present a higher

Strengths and limitations of this study

= This is the first study to evaluate mortality risk
among patients with sepsis with primary blood-
stream infections compared with those with
respiratory or intra-abdominal infections over an
observational period of 90 days.

= The strengths of our study include that it is the
first to investigate organ-specific manifestations
associated with common sepsis infection sites
(respiratory, intra-abdominal and bloodstream) by
quantifying Sequential Organ Failure Assessment
(SOFA) scores and evaluating the requirements for
organ support in the intensive care unit.

= One potentially uncontrolled confounder that was
not adjusted for is appropriate antibiotic therapy.

mortality risk compared with patients with sepsis of
pulmonary or intra-abdominal origins. These results
should be assessed in patients with sepsis in larger,
independent cohorts.

INTRODUCTION

Sepsis is defined as a systemic inflammatory
response that occurs during severe infec-
tion."™ Sepsis affects more than 750 000
patients in the USA each year and remains
one of the leading causes of death world-
wide.* Although the incidence of this major
healthcare problem has been increasing, the
implementation of early goal-directed
therapy in patients with severe sepsis and
septic shock has in part successfully reduced
mortality.” Guidelines for disease control have
been written by the Surviving Sepsis
Campaign (SSC), a joint collaboration
between the Society of Critical Care Medicine
and the European Society of Intensive Care
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Medicine committed to reducing mortality from severe
sepsis and septic shock worldwide.® These guidelines
contain clear recommendations for improving disease
outcomes (eg, guidelines for resuscitation and recom-
mendations pertaining to infections, including the use of
diagnostics, haemodynamic support and adjunctive
therapy, and supportive therapy for severe sepsis).’

Respiratory, intra-abdominal, urinary and primary
bloodstream infections (BSIs) make up 80% of all infec-
tion sites.” According to epidemiological data, the lung
is the most common site of infection, followed by the
abdomen and the blood.”

Pneumonia, hospital-acquired pneumonia (HAP),
ventilator-associated pneumonia (VAP) and subsequent
sepsis remain important causes of morbidity and mortal-
ity in critically ill patients despite advances in antimicro-
bial therapy, better supportive care modalities and a
wide range of preventive measures.* "

Intra-abdominal infections are a common cause of
sepsis. These infections comprise a markedly heteroge-
neous group of infectious processes that share an ana-
tomical site of origin between the diaphragm and the
pelvis.11 Their clinical course is dictated by a number of
infection-related factors, including the microbiology of
the infection, the anatomical location, the degree of
localisation and the presence of correctable anatomical
derangements involving intra-abdominal viscera.'* '*

BSIs are a major cause of death due to nosocomial
events in intensive care units (ICUs)."* Immunosuppression
and invasive healthcare procedures act together to
create a high risk of nosocomial BSIs in critically ill
patients.15 The outcomes of BSIs have been the focus of
many case—control and cohort studies.'”"” BSIs lead to
poor patient outcomes,'® '® prolonged patient stays in
the ICU and in the hospital,16 1920 3nd substantial extra
medical costs.”! **

Whether the characteristics of the infection, infection
site and pathogenic organism independently affect the
outcome in patients with sepsis remains a subject of
debate. Whereas previous studies have shown an inde-
pendent, significant contribution of the infection site
and the pathogenic organism to the survival of patients
with sepsis,”® recent investigations have not found any
significant impact of the infection site on mortality
among patients with sepsis.**

This study aimed to explore whether common origins
of sepsis infections, particularly the respiratory,
intra-abdominal and BSI sites, are associated with
changes in the 90-day survival rate among patients with
sepsis in a representative university medical centre,
where patients are treated according to the most recent
sepsis guidelines.

MATERIALS AND METHODS

Patients

Adult Caucasian patients admitted to ICUs at the
University Medical Center-Goettingen (UMG) between

April 2012 and May 2013 were screened daily according
to the American College of Chest Physicians/Society of
Critical Care Medicine (ACCP/SCCM) criteria for
sepsis, severe sepsis or septic shock.”” *° For each
patient, written and informed consent was obtained
from either the patient or their legal representative.
Patients were enrolled if they presented sepsis of a
respiratory, intra-abdominal or primary bloodstream
origin. Since interracial genetic differences may affect
the clinical course of infectious diseases, we have exclu-
sively recruited Caucasians, who form the majority of
patients admitted to our surgical ICUs, into this clinical
investigation. Caucasian origin was assessed by question-
ing the patients, their next of kin or their legal
representatives.

Definitions

In this study, patients with sepsis of respiratory origin
had HAP or VAP. HAP is the most frequent infection in
surgical ICUs and is defined as a pulmonary infection
that was not incubating at the time of admission and
that occurred at least 48 h after hospital admission.?’
VAP is defined as either a pulmonary infection arising
more than 48 h after tracheal intubation with no evi-
dence of pneumonia at the time of intubation or the
diagnosis of a new pulmonary infection if the initial ICU
admission was due to pneumonia.27

Typically, patients with intra-abdominal infections in
the surgical ICU develop secondary peritonitis as a
result of microbial infection of the peritoneal space fol-
lowing perforation, abscess formation, ischaemic necro-
sis or a penetrating injury of the intra-abdominal
contents.""

Primary BSI comprises BSI of unknown origin in
patients without an identifiable focus for the infection
and intravascular catheterrelated BSI (catheter, implan-
table cardioverter-defibrillator or pacemaker related)
according to the International Sepsis Forum Consensus
Conference on Definitions of Infection in the Intensive
Care Unit."!

Exclusion criteria

As described previously, the patient exclusion cri-
teria were the following: (1) age less than 18 years; (2)
being pregnant or nursing an infant; (3) immunosup-
pressive therapy (eg, cyclosporine or azathioprine) or
cancer-related chemotherapy; (4) documented or sus-
pected acute myocardial infarction within the previous
6 weeks; (5) a history of New York Heart Association
functional class IV chronic heart failure; (6) HIV infec-
tion; (7) a do not resuscitate or do not treat order or
the patient and/or his or her legal representative not
being committed to aggressive management; (8) not
being expected to survive the 28-day observation period
or not being likely to be placed on life support because
of an uncorrectable medical condition, including a
poorly controlled neoplasm or end-stage lung disease;
(9) a chronic vegetative state or a similar long-term

28 29

Mansur A, et al. BMJ Open 2015;5:6006616. doi:10.1136/bmjopen-2014-006616



8 Open Access

neurological condition; (10) current participation in any
interventional study (of a drug or device); (11) inability
to be fully evaluated during the study period and (12)
being a study-site employee or a family member of a
study-site employee involved in conducting this study.

Data collection

Patients were followed up for 90 days and mortality risk
was recorded as the primary outcome variable.
Sequential Organ Failure Assessment (SOFA),”’ and
Acute Physiology and Chronic Health Evaluation
(APACHE) II*' scores were evaluated at the onset of
sepsis. Organ function was reassessed over 28 days in the
ICU to monitor morbidity as previously described.”®
Organ failure, organ support requirements and the
length of ICU stay were recorded as secondary outcome
variables. All relevant clinical data were extracted from
the electronic patient record system (IntelliSpace
Critical Care and Anesthesia (ICCA); Philips Healthcare,
Andover, Massachusetts, USA); all medical records,
including microbiology reports, can be found in this
system. We sought to determine whether patients suf-
fered from pre-existing conditions, for example,
comorbidities by examining physicians’ notes, adminis-
tering an anamnestic questionnaire to the patients or
their legal representatives and consulting each patient’s
family doctor.

Statistical analyses

Statistical analyses were performed using Statistica soft-
ware (V.10; StatSoft, Tulsa, Oklahoma, USA). Based on
contingency tables, significance was calculated using two-
sided Fisher’s exact test or x° test, as appropriate. Two
continuous variables were compared using the
Mann-Whitney test. Time-to-event data were compared
using the log-rank test from the Statistica package for
Kaplan-Meier survival analysis. For variables identified as
significant in univariate survival analyses (respiratory
infections, intra-abdominal infections and primary bac-
teraemia) and the potential confounders (age, gender
and body mass index (BMI)) and covariates that varied
at baseline (diabetes mellitus (insulin-dependent dia-
betes mellitus, IDDM), history of cancer and ‘No history
of surgery’), we performed multivariate Cox regression
analysis to examine survival times. A value of p<0.05 was
considered statistically significant.

RESULTS

Study population

A total of 327 adult Caucasian patients with sepsis were
enrolled in this study. At enrolment, 61% of the patients
had a pulmonary infection; 32% suffered from an
intra-abdominal infection and 7% presented with a
primary BSI (table 1). Patients’ ages ranged from 19 to
91 years (median, 65 years). At baseline, patients’ SOFA

Table 1 Patient baseline characteristics with regard to the infection site
All Pulmonary Intra-abdominal Bloodstream
n=327 n=198 n=105 n=24 p Value

Age (mean+SD) 62+15 61+15 65+13 60+16 0.2426
Male (%) 67% 70 61 62 0.2614
Body mass index (mean+SD) 27+6 27+7 27+5 29+5 0.0885
SOFA score (mean+SD) 9.3+4.0 9.4+3.6 8.9+4.7 10.5+5.1 0.3099
APACHE Il score (mean+SD) 21.5+7.3 21.8+6.8 20.6+8.1 22.8+7.6 0.3538
Organ support (%)

Mechanical ventilation 85 90 74 87 0.0008

Use of vasopressor 64 62 65 70 0.6778

Renal replacement therapy 8 7 9 20 0.0781
Comorbidities (%)

Hypertension 57 55 59 66 0.5395

History of myocardial infarction 8 9 7 8 0.9087

COPD 17 17 17 16 0.9880

Renal dysfunction 11 10 9 25 0.0857

Diabetes mellitus (NIDDM) 9 10 8 8 0.8928

Diabetes mellitus (IDDM) 11 8 11 33 0.0015

Chronic liver diseases 5 3 8 8 0.1538

History of cancer 18 15 30 0 0.0003

History of stroke 6 8 4 0 0.2192
Recent surgical history (%)

Elective surgery 30 27 37 25 0.1730

Emergency surgery 48 45 56 42 0.1401

No history of surgery 21 28 7 33 <0.0001

The data are presented as the means+SDs or percentages.

APACHE, Acute Physiology and Chronic Health Evaluation; COPD, chronic obstructive pulmonary disease; IDDM, insulin-dependent diabetes
mellitus; NIDDM, non-insulin-dependent diabetes mellitus; SOFA, Sequential Organ Failure Assessment.
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and APACHE 1II scores, which measure disease severity,
were 9.3+4.0 and 21.5%7.3, respectively (table 1).
Comorbidities included hypertension, myocardial infarc-
tion history, chronic obstructive pulmonary disease, renal
dysfunction, non-IDDM, IDDM, chronic liver diseases,
history of cancer and a history of stroke (table 1). Many
patients were discharged before 90 days. We were able to
follow all of these patients. If the patient or legal represen-
tative could not be reached by telephone or mail, we confi-
dentially contacted the local registry office and inquired
whether the patient was still alive (still registered).

Disease severity at the onset of sepsis

No differences in age, gender, or BMI were found
among the three groups of study participants. Moreover,
no differences were found in the SOFA and APACHE II
scores with respect to the infection sites at the onset of
sepsis. The patients in the group with intra-abdominal
infections required significantly less mechanical ventila-
tion compared with the other groups with pulmonary
and BSIs (74%, 90% and 87%, respectively). The
patients with BSIs suffered significantly more from
IDDM compared with patients with pulmonary or
intra-abdominal infections (33%, 8% and 11%, respect-
ively). In contrast, none of the patients with BSIs had a
history of cancer, unlike the patients with pulmonary
and intra-abdominal infections (15% and 30%, respect-
ively; table 1).

Mortality analysis

Kaplan-Meier survival analysis showed that the 90-day
mortality risk was significantly higher among patients
with primary bacteraemia than among those with pul-
monary and intra-abdominal foci (58%, 35% and 32%,
respectively; figure 1). Analysis of the 28-day mortality
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Figure 1 Kaplan-Meier survival analysis. The Kaplan-Meier

curve shows the survival curves until day 90 for the three
infection site groups. The mortality risk among the patients
under study was higher among the patients with bloodstream
infections compared with those in the pulmonary and
intra-abdominal infection groups (p=0.0208, log-rank test).

data similarly revealed that the patients with BSIs had a
significantly increased risk of death compared with the
patients with pulmonary and intra-abdominal infections
(50%, 32% and 17%, respectively; table 2). Moreover,
90-day mortality analysis suggested a higher incidence of
death among the patients with BSIs, although this
finding was not significant (p=0.0544; table 2).

Multivariate analysis

To exclude the effects of several baseline variables on
survival among the three groups being investigated, we
performed multivariate Cox regression analysis. BSI
remained a significant covariate for mortality in the
multivariate analysis (HR 2.10; 95% CI 1.14 to 3.86;
p=0.0166; table 3). This finding indicates that, despite
baseline differences in some variables (ie, IDDM, cancer
and ‘No history of surgery’), the presence of a primary
BSI remains a prognostic variable with a significant
effect on the outcome (90-day survival; table 3).

Disease severity

During the observational period, patients with BSIs pre-
sented significantly higher mean SOFA scores compared
with patients in the other groups (8.5+4.7, 7.3+3.4 and
5.8+3.5, respectively; table 2). Four of the six organ-
specific SOFA scores (respiratory, central nervous system
(CNS), renal and hepatic) varied significantly among
the study groups. The patients with pulmonary infec-
tions presented higher SOFA-respiratory scores than did
patients with intra-abdominal and BSIs (2.2+0.6, 1.5+0.7
and 1.940.9, respectively; table 2). The patients with pul-
monary and BSIs required more mechanical ventilation
than patients with intra-abdominal infections (85%, 76%
and 62%, respectively; table 2). Patients with mechanical
ventilation usually received lung-protective ventilation
(tidal volume of 6-8 mL/kg predicted body weight) and
were treated according to structured weaning protocols
of the ICUs. Weaning protocols included daily trials of
spontaneous breathing, gradual reduction in pressure
support and use of non-invasive mechanical ventilation
for extubated patients. The patients with pulmonary and
BSIs presented higher SOFA-CNS scores than those of
the patients with intra-abdominal infections (2.1+1.0,
2.0+1.2 and 1.4+1.0, respectively; table 2). Analysis of the
SOFA-renal scores indicated that the patients with BSIs
presented higher SOFA-renal scores over the study
period in the ICU compared with the patients with pul-
monary and intra-abdominal infections (1.6+1.4, 0.8+1.1
and 0.7£1.0, respectively; table 2). These patients also
required significantly more renal replacement therapy
(29%, 11% and 12%, respectively; table 2). The SOFA-
hepatic score was significantly higher in the patients
with intra-abdominal and BSIs compared with the
patients with pulmonary infections (0.5+0.8, 0.5+0.6 and
0.3+0.6, respectively; table 2). Additional results regard-
ing disease severity were added to the online supple-
mentary data, table S1.
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Table 2 Disease severity with regard to infection site

All Pulmonary Intra-abdominal Bloodstream
n=327 n=198 n=105 n=24 p Value
SOFA 6.9+3.6 7.3£3.4 5.8+3.5 8.5+4.7 0.0002
SOFA subscores
SOFA-respiratory 1.9+0.7 2.2+0.6 1.5+0.7 1.9+0.9 <0.0001
SOFA-cardiovascular 1.5+0.9 1.5+0.9 1.3+0.9 1.7£1.2 0.4567
SOFA-central nervous system 1.8+1.1 2.1+1.0 1.4+1.0 2.0+1.2 <0.0001
SOFA-renal 0.8+1.1 0.8+1.1 0.7+1.0 1.6+1.4 0.0028
SOFA-coagulation 0.3+0.5 0.3+0.6 0.2+0.5 0.6+0.8 0.4662
SOFA-hepatic 0.4+0.7 0.3+0.6 0.5+0.8 0.5+0.6 0.0030
Organ support* (%)
Mechanical ventilation 85 62 76 <0.0001
Use of vasopressor 54 45 49 0.8355
Renal replacement therapy 11 12 29 0.0069
Length of stay in ICU (days) 18+15 17+14 20+16 16+13 0.5061
Mortality analysis (%)
Death by day 28 94 (28) 64 (32) 18 (17) 12 (50) 0.0012
Death by day 90 118 (36) 70 (35) 34 (32) 14 (58) 0.0544

The data are presented as means+SDs or percentages.

*Based on the total number of observations during the follow-up period.

ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.

In addition, the Gram-negative infection rate was sig-
nificantly higher among the patients with pulmonary
infections (75%) compared with those whose sepsis had
intra-abdominal and BSI origins (57% and 54%, respect-
ively; table 4). Additional results regarding microbio-
logical findings and anti-infective therapy were added

Table 3 Cox regression analysis

to the online supplementary data, tables S2 and S3,
respectively.

Furthermore, patients with sepsis with intra-abdominal
infections presented a higher incidence of fungal infec-
tions (76%) compared with the patients with pulmonary
and BSIs (52% and 42%, respectively; table 4). In this

Infection site Variable HR 95% ClI p Value

Pulmonary
Age 1.02 1.00 to 1.03 0.0009
Gender 1.19 0.80to0 1.76 0.3803
BMI 1.00 0.97 to 1.03 0.7058
Diabetes mellitus (IDDM) 1.29 0.75t0 2.19 0.3450
History of cancer 1.26 0.81 to 1.95 0.2921
No history of surgery 1.37 0.87 to 2.14 0.1634
Pulmonary infection 1.05 0.72 t0 1.55 0.7675

Intra-abdominal
Age 1.02 1.00 to 1.03 0.0007
Gender 1.17 0.79 t0 1.73 0.4302
BMI 1.00 0.97 to 1.03 0.6497
Diabetes mellitus (IDDM) 1.28 0.751t0 2.16 0.3534
History of cancer 1.33 0.85 to 2.06 0.2036
No history of surgery 1.25 0.80to 1.97 0.3209
Intra-abdominal infection 0.71 0.46 to 1.08 0.1142

Bloodstream
Age 1.02 1.01 to 1.03 0.0007
Gender 1.18 0.80t0 1.75 0.3956
BMI 1.00 0.97 to 1.03 0.7930
Diabetes mellitus (IDDM) 1.07 0.61 to 1.88 0.7877
History of cancer 1.36 0.87 to 2.12 0.1719
No history of surgery 1.30 0.84 to 2.02 0.2290
Bloodstream infection 2.10 1.14 to 3.86 0.0166

BMI, body mass index; IDDM, insulin-dependent diabetes mellitus.
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Table 4 Infection types over the observational period

Infection site Pulmonary (%) Intra-abdominal (%) Bloodstream (%) p Value
Infection type
Gram-negative bacteria 75 57 54 0.0026
Gram-positive bacteria 78 84 79 0.5142
Fungus 52 76 42 <0.0001
Virus 0.08 0.06 0.13 0.4941

study, blood cultures and cultures of samples from other
sites, such as urine, cerebrospinal fluid, surgical wounds,
respiratory secretions or other body fluids that may be
the source of infection, were taken at sepsis onset and
over the observational period in the ICU in accordance
with clinical judgement, as indicated. The bacteraemia
findings were only cultural.

Sometimes, infection foci could not be microbiologic-
ally verified, especially if the patients were pretreated
with antibiotics on normal wards before they were admit-
ted to the ICU.

DISCUSSION
The present study addressed whether common infection
sites among patients with sepsis are associated with the
survival rate.

The primary end point, the mortality risk within
90 days of the onset of sepsis, was higher in patients with
primary BSIs compared with those with respiratory or
intra-abdominal infections (58%, 35% and 32%, respect-
ively; figure 1). Primary bacteraemia remained a signifi-
cant covariate for mortality in the multivariate analysis
(table 3).

According to the SOFA and APACHE II scores, the
infection site was not associated with the acute illness
severity at the onset of sepsis (table 1). We believe that
the similarity in SOFA and APACHE II scores at sepsis
onset among the three groups can be attributed to the
phenotypic heterogeneity of sepsis. This heterogeneity is
affected by several factors, including the causative organ-
ism of the infection and the amount of time that
elapsed since the infection began, as well as by individ-
ual patient characteristics, such as comorbidities and
genetic makeup.”®

The most significant result of this study with respect to
the 90-day mortality risk was that the mortality rate
(58%) was higher among patients with primary BSIs;
this result is in agreement with the results of several pre-
vious investigations that found similar mortality rates in
patients  with  nosocomial BSIs; for example,
Garrouste-Orgeas et al'” found that patients with nosoco-
mial BSI had a mortality rate of 61.5%."* Our study also
goes beyond previous investigations by evaluating a
longer term end point (90 days); this endpoint was
investigated because patients with sepsis continue to face
an increased risk of mortality even after ICU and hos-
pital discharge.”

Severe morbidity, quantified by the SOFA mean score
in patients with primary BSIs, resulted in an increased
28-day mortality rate compared with the patients with
pulmonary and intra-abdominal infections (50%, 32%
and 17%, respectively; table 2).

The strengths of our study include that it is the first to
investigate organ-specific manifestations associated with
common sepsis infection sites (respiratory,
intra-abdominal and bloodstream) by quantifying SOFA
scores and evaluating the requirements for organ
support in the ICU (table 2). The more pronounced
types of respiratory failure, which are quantified by the
SOFA-respiratory score and the need for mechanical
ventilation (table 2), among patients with pulmonary
infections are plausible because these patients frequently
present comprised pulmonary function. Patients with
primary bacteraemia are also at a high risk of respiratory
failure due to systemic inflammatory response syndrome,
release of proinflammatory cytokines (such as tumour
necrosis factor, interleukin (IL)-1 and IL-6™), and
recruitment of neutrophils to the lungs which induces
the release of toxic mediators, such as reactive oxygen
species and proteases, thus contributing to lung damage
and respiratory failure.™

We believe that the difference in the SOFA-CNS score
between the genotypes (with higher scores in the
respiratory and the bloodstream groups) occurred
because patients in these groups required much more
mechanical ventilation causing them to be treated more
frequently with sedating medication; this impacts the
CNS and thus affects the SOFA-CNS score.

The observed distinct renal failure among patients
with BSI indicated by the SOFA-renal score, which was
accompanied by frequent renal replacement therapy
(table 2), was in accordance with former observations
indicating that BSIs are associated with a higher inci-
dence of renal failure.”> The frequent utilisation of
renal replacement therapy suggests persistent organ dys-
function, which is a well-known contributor to sepsis-
related mortality and may explain the higher mortality
among patients with BSI observed in our study (table 2
and figure 1).%

The SOFA-hepatic score was higher among patients with
intra-abdominal and primary BSIs compared with patients
with pulmonary infections (table 2). This result can be
attributed to the fact that Kupfter cells release several cyto-
kines able to induce hepatocellular dysfunction in
response to endotoxaemia in patients with BSIs.””
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There are some limitations to this study along with
potential confounding. One limitation to this study is
the possibility of selection bias; for example, the patients
in this study may have had a higher mortality rate in
general than patients with sepsis in other ICUs (eg, in
secondary medical care centres) because patients admit-
ted to our surgical ICUs frequently had more severe
coexisting diseases than did patients in other ICUs (non-
tertiary care centre ICUs). A second potential limitation
to this study is measurement bias. For example, many
clinical parameters (eg, blood pressure, heart rate and
respiratory frequency) were registered automatically in
the electronic patient record system, and we cannot
guarantee that all registered clinical parameters were
always correct because of potential measurement errors.
However, we did check all clinical records for plausibility
before conducting our statistical analysis. Finally, one
uncontrolled confounder that was not adjusted for is
appropriate antibiotic therapy. Although patients with
clinical signs of infection were routinely promptly given
antibiotic therapy, data regarding the exact times at
which patients received antibiotic doses after sepsis
onset are unavailable.

To the best of our knowledge, this investigation is the
first to evaluate 90-day survival rates with respect to
common sepsis infection sites (respiratory, intra-abdominal
and primary bloodstream). This study revealed a signifi-
cantly higher mortality rate among patients with primary
BSIs (58%) compared with patients with respiratory and
intra-abdominal infections, although all patients were
treated according to current guidelines for the treat-
ment of sepsis (Surviving Sepsis Campaign).6 Owing to
this dramatically higher mortality rate among patients
with primary bloodstream sepsis, we believe that future
sepsis trials should focus on this vulnerable group of
high-risk patients. More appropriate interventions and
further improvements in prevention and care are
urgently needed.
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