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Abstract

Data on sepsis prevalence on the general wards is lacking on the UK and in the developed
world. We conducted a multicentre, prospective, observational study of the prevalence of
patients with sepsis or severe sepsis on the general wards and Emergency Departments
(ED) in Wales. During the 24-hour study period all patients with NEWS>3 were screened
for presence of 2 or more SIRS criteria. To be eligible for inclusion, patients had to have a
high clinical suspicion of an infection, together with a systemic inflammatory response (sep-
sis) and evidence of acute organ dysfunction and/or shock (severe sepsis). There were
5317 in-patients in the 24-hour study period. Data were returned on 1198 digital data collec-
tion forms on patients with NEWS >3 of which 87 were removed, leaving 1111 for analysis.
146 patients had sepsis and 144 patients had severe sepsis. Combined prevalence of sep-
sis and severe sepsis was 5.5% amongst all in-patients. Patients with sepsis had signifi-
cantly higher NEWS scores (3 IQR 3—4 for non-sepsis and 4 IQR 3-6 for sepsis patients,
respectively). Common organ dysfunctions in severe sepsis were hypoxia (47%), hypoper-
fusion (40%) and acute kidney injury (25%). Mortality at 90 days was 31% with a median
(IQR) hospital free stay of 78 (36—85) days. Screening for sepsis, referral to Critical Care
and completion of Sepsis 6 bundle was low: 26%, 16% and 12% in the sepsis group.
Multivariable logistic regression analysis identified higher National Early Warning Score,
diabetes, COPD, heatrt failure, malignancy and current or previous smoking habits as
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independent variables suggesting the diagnosis of sepsis. We observed that sepsis is more
prevalent in the general ward and ED than previously suggested before and that screening
and effective treatment for sepsis and severe sepsis is far from being operationalized in this
environment, leading to high 90 days mortality.

Background

Sepsis is a systemic response to infection, which causes a potentially damaging inflammatory
response. Severe sepsis is defined as sepsis leading to dysfunction of one or more organ sys-
tems. Successful management of sepsis requires prompt recognition and immediate response
with appropriate escalation of care to Critical Care if required [1].

In the UK sepsis is estimated to be responsible for the deaths of 44,000 people every year
and to cost the NHS £2.5 billion and for Wales this could equate to a figure of 1800 deaths and
a cost of £125 million [2]. However, accurate data collection in the non-Critical Care setting is
still under development in Wales and it is thought that the real number is likely to be far higher
[3]. Sepsis is a major cause of avoidable mortality and it is imperative that we understand the
size of the problem within Wales so that we can improve the quality of care received by our
patients.

Through participation in the 1000 Lives Plus RRAILS/Sepsis Wales Programme, all Welsh
healthcare organizations have reached a consensus on use of the Sepsis 6 as the optimum treat-
ment protocol with the aim that all elements are delivered within 1 hour of the patient identi-
fied as having sepsis [4]. In Wales, one of the cornerstones of identifying sepsis patients is the
use of a universally applied track and trigger system, the National Early Warning Score [5]. Its
use has been embedded in clinical practice, however it has never been investigated as to
whether the preset trigger levels for escalation of care are appropriate for sepsis patients.

Despite evidence demonstrating the value of the Sepsis 6 initiative, marked differences
remain between hospitals in the delivery of care for patients with sepsis [4,6,7]. Reviewing the
potential barriers to effective application of measures will identify an important opportunity to
reduce sepsis-induced mortality further. To inform current and future quality improvement
efforts in sepsis, there is a need to better understand how widely and well the evidence-based
bundles are used in different hospitals within the same healthcare system. The recent
IMPRESS study shed some light on international differences observed in sepsis care in the crit-
ical care setting. However there has not been a recent major study of the problem on general
wards, the last available data being over 10 years old [8-10].

We have recently reported the results of our point prevalence feasibility study in Wales.
They indicated that out of 2716 in-patients in the four hospitals during the 24-hour study
period, 51 (1.9%) had signs of infection, classified as sepsis, and 21 (0.8%) had infection and
organ dysfunction. Of the 51 patients with sepsis, critical care clinicians saw only seven, of
which two patients were admitted to the ICU. Three patients received the full Sepsis 6 bundle
within 1 hour [3]. The new sepsis definitions were published in 2016, which potentially has
changed the baseline for sepsis incidence, essentially removing the “severe sepsis” category.
However our study predated this change and all Welsh hospitals continued to use the 2012 def-
inition of sepsis during the study period.

Based on the lessons learnt from the feasibility pilot we conducted a point-prevalence study
across Wales in 2015, utilizing electronic data collection, real-time data monitoring and addi-
tional support for the data collectors.
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Methods
Study design and participants

This was a multicenter, prospective, observational study of the prevalence of patients with
either sepsis or severe sepsis on the general wards. On 17 June 2015 (0800 to 0759 hours the
following day), consecutive patients presenting to the Emergency Department (ED) or being
cared for in an acute in-patient ward setting with sepsis or severe sepsis were enrolled. This
date was selected as the medical student data collectors were available during this period and it
also represented an “average” day in the Welsh NHS. The data collectors systematically
screened every patient on the acute in-patient wards within 4 hours of the study start. The
medical student data collectors screened all patients with NEWS>3 for presence of 2 or more
SIRS criteria. To define sepsis, clinical teams had to have a high clinical suspicion of an infec-
tion (documented as such in the medical or nursing notes), together with a systemic inflamma-
tory response (sepsis) and evidence of acute organ dysfunction and/or shock (severe sepsis)
[1]. Patients were excluded if they were less than 18 years of age or if they were in a Critical
Care environment. Participating hospitals were identified through local collaborators via the
Welsh Intensive Care Society Audit and Research Group. The project was approved by the
West Midlands Regional Ethics Committee (15/WM/0095) and patients gave written informed
consent. All demographic and clinical information were de-identified as part of data collection
processes so that patient anonymity was strictly maintained throughout the study. The Size of
Sepsis in Wales project was registered with an international trial registry (ISRCTN78293101).

Local investigators were identified and were supported by three national coordinators. Key
study information was provided through e-mails, face-to-face training and online video tuto-
rials, which included the protocol, answers to key questions and description of the electronic
case report form (eCRF). The details of the digital data collection platform developed for this
study have been published previously [11]. Medical students working in pairs to ensure data
validity and appropriate clinical knowledge, acted as data collectors, using tablets for electronic
data collection and transfer. The tablets contained all supporting information needed for the
study, including national formulary. Data collectors were supported by continuous online
web-chat, which made the senior clinicians and the medical student national coordinators
available throughout the study period. Upon entry into the eCRF, each patient was assigned a
unique study identifier. No patient identifiable data was submitted to the online database. The
data collected were all part of routine clinical care. Patients were followed up until 90 days
after study enrolment.

Data were collected for every patient, on whether their management fulfilled the require-
ments of the Sepsis 6 bundle.

Statistical analysis

Categorical variables are described as proportions and are compared using chi-square or Fish-
er’s exact test. Continuous variables are described as mean and standard deviation if normally
distributed or median and inter-quartile range if not normally distributed. Comparisons of
continuous variables are performed using one-way ANOVA or Mann-Whitney test as appro-
priate. To assess the baseline factors associated with development of sepsis, a multi-variable
logistic regression analysis was performed. Comorbidities, demographic and medication-
related variables were entered using forced simultaneous entry. A process of forward and back-
ward selection, based on minimisation of Akaike’s An Information Criterion (AIC), was used
to derive the final model. Results are presented as odds ratios with 95% confidence intervals.
Significance is set at p<0.05. A final analysis was performed at the end of the study.
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Results

We collected data to measure the point-prevalence of sepsis and severe sepsis in 15 hospitals in
Wales over a 24-hour period. This included all hospitals where 24/7 Consultant led ED was
operational, with ability to admit and treat any acutely unwell patient, ranging from tertiary
academic centers with almost 1000 inpatient beds to small local district general hospitals with
130 inpatient beds (S1 Table). There were 5317 in-patients in the 24-hour study period. Data
were returned on 1198 digital data collection forms on patients with NEWS>3 of which 87
were removed having been identified as duplicates (n = 59) or where patients were clearly on
an end-of-life pathway (n = 28), leaving 1111 for analysis (Fig 1). From the 1111 “at risk”
patients 208 was admitted to ED and 903 were on the general wards. Out of these patients 146
had sepsis and 144 had severe sepsis according to the Surviving Sepsis Campaign definition
(35 sepsis and 42 severe sepsis in ED; 111 sepsis and 102 severe sepsis on the wards, respec-
tively). Patients with sepsis had significantly higher NEWS scores, had significantly more
chronic health problems and were more likely to be treated with long-term steroids compared

5317 patients
screened
Excluded 4119
as NEWS<3
Data collected
on 1198 patients
| |
Excluded 28 Removed 59 :
x Data avalaible
patients on end- forms as :
of-life pathway duplicates L] patents
1 |
30 day mortality| |90 day mortality :
data available on| data available on zvgi(')c}?zge;li;s
827 patients 862 patients P
‘ 144 patients
with severe
’ sepsis

Fig 1. Organisational flowchart of the study

doi:10.1371/journal.pone.0167230.9001
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Table 1. Basic demographic data of sepsis and non-sepsis patients

Sepsis patients (n = 290) Non-sepsis patients (n = 821) p-value
Age 75 (61-84) 75 (63-83) 0.937
Male/female 141/149 (48.6%/51.4%) 376/445 (45.8%/54.2%) 0.408
National Early Warning Score 4 (3-6) 3(3-4) <0.001
Admission to the hospital
Home 252 (86.9%) 729 (88.8%) 0.528
Nursing home 10 (3.4%) 36 (4.4%)
Supported accommodation 9 (3.1%) 19 (2.3%)
Other hospital 12 (4.1%) 23 (2.8%)
Other 7 (2.4%) 14 (1.7%)
Medical history
Alcohol abuse 22 (7.6%) 12 (1.5%) <0.001
Smoker 39 (13.4%) 11 (1.3%) <0.001
Ex-smoker 57 (19.7%) 17 (2.1%) <0.001
COPD 74 (25.5%) 23(2.8%) <0.001
Diabetes 77 (26.6%) 18 (2.2%) <0.001
Heart failure 39 (13.4%) 13 (1.6%) <0.001
Renal failure 24 (8.3%) 8 (1.0%) <0.001
Malignancy 56 (19.3%) 12 (1.5%) <0.001
Medication history
ACE inhibitors 72 (24.8%) 195 (23.8%) 0.713
Beta-blockers 83 (28.6%) 229 (27.9%) 0.813
Diuretics 101 (34.8%) 265 (32.3%) 0.428
Statins 92 (31.7%) 282 (34.3%) 0.415
Insulin 23 (7.9%) 39 (4.8%) 0.05
Immunosuppressant 12 (4.1%) 24 (2.9%) 0.328
Chronic oral steroids 63 (21.7%) 110 (13.4%) <0.001
Chronic antibiotics 15 (5.2%) 27 (3.3%) 0.161

Data presented in percentages or median (interquartile range). For statistical analysis Fisher’s exact test or Mann-Whitney U test was used as appropriate.
Other admission source: temporary residence such as holiday home

doi:10.1371/journal.pone.0167230.t1001

non-sepsis patients (Table 1). At 90 days significantly more patients in the sepsis group had
died (31.5% vs. 23.3%, respectively). Patients suffering from sepsis had also significantly less
hospital free days at 90-days compared to non-sepsis patients (Table 2).

In the multivariable logistic regression model, National Early Warning Score, history of dia-
betes, COPD, heart failure, malignancy and current or previous smoking habits were identified
as independent variables suggesting the diagnosis of sepsis (Table 3).

Table 2. Patient outcomes in sepsis and non-sepsis groups

Sepsis (n =290) Non-sepsis (n = 821) p-value
Mortality at 30 days (%) 47 (22.0%) 88 (14.3%) 0.001
Mortality at 90 days (%) 70 (31.5%) 149 (23.3%) 0.017
Hospital free days at 90 days 74 (0-85) 80 (47-87) 0.011

Data presented in percentages or median (interquartile range). For statistical analysis Fisher’s exact test or
Mann-Whitney U test was used as appropriate. Mortality data was missing at day 30 in 77 sepsis and 207
non-sepsis patients, at day 90 in 68 sepsis and 181 non-sepsis patients

doi:10.1371/journal.pone.0167230.t002
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Table 3. Results of logistic regression model for diagnosing sepsis

OR (95% CI) p-value
NEWS 1.64 (1.46-1.84) <0.001
COPD 3.88 (2.03-7.04) <0.001
Heart failure 3.42 (1.52-7.72) <0.001
Diabetes 13.03 (7.09-23.93) <0.001
Malignancy 13.93 (6.81-28.48) <0.001
Ex-smoker 3.82 (1.87-7.82) <0.001
Smoker 8.18 (3.58-18.68) <0.001

Data presented as adjusted odds ratios presented with 95% confidence intervals.

doi:10.1371/journal.pone.0167230.t003

We compared the sepsis and severe sepsis groups, to understand whether there were any
significant differences between patients who go on to develop the more severe form of the con-
dition. Table 4 shows the baseline demographic data, care metrics and outcomes. Overall, 50%
of the patients with sepsis or severe sepsis were male and 25% presented with at least one co-
morbid illness. Chronic, regular medications were used during the study period in 67% and
80% of sepsis and severe sepsis patients, respectively. The majority of patients were diagnosed
with sepsis on the ward (73%) and the most frequent presentations were medical admissions
(72%). The most common organ dysfunction at presentation were hypoxia (47%), hypoperfu-
sion (40%) and acute kidney injury (25%). The overall mortality at 90 days was 31% with a
median (IQR) hospital free days of 78 (36-85). Amongst the patients identified as suffering
from sepsis, structured screening for the condition, referral to Critical Care and completion of
the Sepsis 6 bundle was low at 26%, 16% and 12% respectively.

Table 4. Comparison of patients with sepsis and severe sepsis

Sepsis (n=146) |Severe sepsisn=144) |p-value

Age (years) 74 (57-83) 75 (64-84) 0.106
Male sex 66 (45%) 75 (52%)

NEWS 4 (3-5) 5 (4-7) <0.001
Presenting with chronic conditions 92 (63%) 117 (81%) 0.001
Admission from home 130 (89%) 122 (85%) 0.30
Patient location at time of study screening

ED 35 (24%) 43 (30%) 0.29
Ward 111 (76%) 101 (70%) 0.29
Source of infection

Pulmonary 76 (52%) 91 (63%) 0.06
Abdominal 45 (30%) 41 (29%) 0.7
Urinary 16 (11%) 16 (11%) 0.99
Other 10 (7%) 9 (6%) 0.8
Care metrics and outcome

Seen by Critical Care team 9 (6%) 15 (10%) 0.15
Sepsis 6 completed 4 (3%) 13 (9%) 0.03
Screening tool completed 14 (10%) 23 (16%) 0.12
90-day mortality 42 (29%) 49 (34%) 0.38

Data presented in percentages or median (interquartile range). For statistical analysis Fisher's exact test or
Mann-Whitney U test was used as appropriate. Mortality data was missing at day 30 in 77 patients, at day 90
in 68 patients. Other infection source: skin, soft tissue or wound infection.

doi:10.1371/journal.pone.0167230.t004
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Table 5. Sepsis 6 bundle elements completed in sepsis and severe sepsis patients

02 administration |Lactate measurements |Blood culture |i.v. antibiotic administration |Fluid bolus | Fluid balance
Sepsis n =146 42 (29%) 30 (21%) 25 (17%) 59 (40%) 32 (22%) 56 (38%)
Severe sepsis n =144 | 87 (60%) 55 (38%) 43 (30%) 77 (54%) 49 (34%) 65 (45%)

Data presented in percentages.

doi:10.1371/journal.pone.0167230.t005

Certain elements of the Sepsis 6 were completed, however even compliance with individual
elements was below the expected level of 80% (Tables 5 and 6).

Thirty-two (22%) of patients in the sepsis group and 46 (32%) of patients in the severe sep-
sis group had NEWS >6, which is the recognized trigger for escalation of care towards senior
medical review and critical care support. Moreover, 4 (3%) of sepsis patients and 15 (11%) of
the severe sepsis patients had NEWS >9, which would mandate immediate critical care review.
None of the sepsis patients and 5 out of 15 of the severe sepsis patients with NEWS >9 were
seen by Critical Care Teams during the study period.

Survivors in the sepsis group tended to be younger 73 (58-82) vs. 83 (74-87) years and had
more hospital free days 82 (66-86) vs. 0 (0-58) days survivors and non-survivors, p<0.001
respectively.

We found no significant differences between survivors and non-survivors with respect to
male to female ratio, distribution of background medical and lifestyle problems or in the rate
of delivery of individual components of the Sepsis 6 bundle.

Discussion

In our multicenter study we found that 5.5% of all in-patients had sepsis and half of these had
severe sepsis. This is higher than the 4.4% incidence found in the Esteban study in 2003 and
reflects the global increase in the disease burden found in recent analysis of hospital and ICU
registries [10,12]. To our knowledge, this is the first study in the UK to measure the prevalence
of sepsis and severe sepsis in the non-critical care setting, using contemporary data collection
methods and utilizing the SCCM Consensus criteria [1]. The 90-day mortality of sepsis and
severe sepsis was 31%. The recent IMPRESS study, which only looked at patients cared for in
the ED and on the ICU, found that severe sepsis in Western Europe has mortality in the region
of 26%, whereas in our series in patients admitted to the general wards was 34% [8]. The
observed mortality is in-line with those from the Surviving Sepsis Campaign observational
studies, but significantly higher than the recently completed interventional RCTs in severe sep-
sis [13-17]. These interventional trials examining early goal-directed therapy may recruit a dif-
ferent patient population and they also offer significantly greater protocolised care, than
observational studies [8]. Interestingly, none of our participating hospitals were involved in
the UK based PROMISE study, hence our results could be generalized to the majority of hospi-
tals, who have not developed protocolised sepsis pathways as part of an externally driven ran-
domized trial [17].

Table 6. Sepsis 6 bundle completion in sepsis and severe sepsis patients by number of elements

Bundle completion 1 element 2 elements 3 elements 4 elements 5 elements Full bundle None
Sepsis n = 146 39 (27%) 17 (12%) 20 (14%) 8 (6%) 11 (8%) 4 (3%) 47 (32%)
Severe sepsis n = 144 23 (16%) 30 (21%) 21 (15%) 23 (16%) 12 (8%) 13 (9%) 22 (15%)

Data presented in percentages.

doi:10.1371/journal.pone.0167230.t006
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Despite widespread support in the use of the Sepsis Screening Tool and Sepsis 6 bundle in
Wales, our results suggest that adoption of these evidence based practices is still low: only 9%
of the patients had screening tool completed and only 5.8% had the full Sepsis 6 bundle. These
results confirm our previous findings in the feasibility pilot [3]. There are many possible rea-
sons for this disappointing result. Although sepsis awareness has been raised in recent years
amongst all hospital practitioners, too often it is still perceived as a primarily “critical care
problem”. Hospital practitioners are encouraged to think about sepsis if a patient scores 3 or
higher on the NEWS chart. However, the nationwide track and trigger system only calls for
senior review and critical care involvement when a patient scores 6 or higher [7]. Our data
clearly indicates that more than half of sepsis patients had low NEWS and this apparent lack of
physiological deterioration could have led to sepsis being overlooked. Our methods allowed us
to strictly follow the guidance for sepsis screening and this increased scrutiny is probably
responsible for many of the sepsis cases discovered. As detection of the syndrome was low dur-
ing usual clinical care, it is unsurprising, that the Sepsis 6 bundle has only been applied in ad-
hoc manner [3]. It has been shown previously that improving the detection, raising awareness
of the problem and concentrated efforts to improve basic sepsis care can lead to significant
mortality reduction, even if bundle compliance remains low [18]. Possibly due to the low sam-
ple size, we could not show any mortality benefit from use of the full Sepsis 6 bundle, or any
individual elements applied.

Our data adds further support to the argument that the diagnosis of sepsis is in need of revi-
sion [19]. Recently, the ANZICS group has demonstrated that “SIRS negative” sepsis is preva-
lent and has similarly high mortality as “SIRS positive” sepsis [20]. As individual elements of
the NEWS are very similar to some of the SIRS criteria (i.e. temperature, respiratory rate, heart
rate, altered level of consciousness) it is plausible that some of the “SIRS negative” patients,
especially with higher NEWS (n = 52 when NEWS >6) were indeed suffering from sepsis or
severe sepsis. This would need further confirmation in another study employing methods to
capture sepsis prevalence according to both the 2012 Consensus definition and the new Sepsis
3.0 clinical criteria [21,22].

The multivariate regression model also suggested that higher NEWS is significantly associ-
ated with the diagnosis of sepsis. With this information in mind a recalibration of the sepsis
diagnosis and treatment pathway might be appropriate, as almost half of the patients suffering
from sepsis induced acute organ dysfunction had low NEWS, which would not have prompted
senior review. Perhaps this lack of medical and nursing involvement may explain the low com-
pliance with the Sepsis 6 bundle, in particular the low rate of antibiotic administration. It has
been shown previously that track and trigger scoring systems and NEWS in particular is only
moderately effective in predicting clinical deterioration, ICU admission or death in sepsis
patients in the ED and on the general wards [23,24]. Our results further suggest, that robust
screening regardless of the actual NEWS value is necessary to be able to measure the burden of
sepsis. Although Critical Care Outreach and ED teams have been cornerstone of raising the
profile of sepsis care in the hospitals, further education of frontline ward staff is needed to
improve the detection and effective treatment of sepsis.

The strengths of our study include the innovative data collection of the defined dataset, the
rigorous training of the data collectors via multimedia platforms and the wide participation of
the Welsh hospitals. We screened all patients in every participating hospital during the study
period, thus gaining a complete picture of the problem. We have described a cohort of patients
with sepsis and severe sepsis, who can be identified in EDs and general wards in the UK and in
Western Europe. We have previously described our methods in our feasibility study and the
evidence based bundle elements have been implemented in all participating centers through
the 1000 Lives quality improvement initiative [3,7]. We were then able to collect data
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describing compliance with these metrics and also data describing presentation patterns and
severity of these patients.

Our study has some limitations. Our data set was a compromise between being an exhaus-
tive list describing all facets of a patient with sepsis and being small enough to encourage site
participation and data reliability. This ‘point’ estimate reduces the external validity, as there is
likely to be significant variance in both admission numbers of patients presenting to hospital
and clinical practice on a day-to-day basis and also does not compensate for known seasonal
variations in incidence of the condition. This may therefore not reflect the true picture of sep-
sis mortality in Welsh acute hospitals over time. However, in the absence of more robust data
on the Size of the Sepsis problem, it represents the best estimate available. In addition, we fol-
lowed our patients up for only 90 days; consequently we have little understanding as to what
happened to the patients following that period and their quality of life following discharge.

It is possible that a proportion of our patients who did not fulfill 2 or more SIRS criteria
were in fact suffering from sepsis [20-22]. Unfortunately, due to the data collection algorithm
employed, we were unable to quantify this in our dataset. We could also have missed patients
with sepsis, who had NEWS below 3 (e.g. patients high temperature and white cell count, but
normal respiratory rate and heart rate). Despite the fact that NEWS scores disproportionately
highly for patients with respiratory pathology, our distribution of source of infection is close to
that of other previously published studies, suggesting that our screening methods did not bias
for or against an important subgroup of patients [4,8].

There is a lot more to do in understanding the burden of sepsis on the general wards and
we plan to use the recently established SAIL database to gather more information about
resource utilization and long-term outcome of patients suffering from sepsis, regardless of the
definition used [25]. Chronic comorbidities and the frequency of regular medications, espe-
cially the use of chronic, oral corticosteroid treatment, could reflect un-modifiable patient
characteristics in sepsis and severe sepsis. The impact of these on any specific treatment option
for the condition needs further investigation.

Our study has confirmed our previous report and that of others, that compliance with Sep-
sis 6 bundles and SCC resuscitation bundles is poor if it is not targeted by a dedicated “Sepsis
Team” [3,4,8]. This is the first study to report compliance with Sepsis 6 bundles in an unse-
lected population. Bundle compliance was similar between the participating centers, confirm-
ing this is a system issue and not an isolated problem. In contrast to the work of others, we
cannot confirm that compliance with the Sepsis 6 bundle has an effect on outcome, however
our sample size was very small [4,6].

In conclusion, we observed that sepsis is more prevalent in the general ward and ED than
previously suggested before and that screening and effective treatment for sepsis and severe
sepsis is far from being operationalized in this environment, leading to high 90 days mortality.
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