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1 | INTRODUCTION

Sepsis is a syndrome with a variable presentation and severity. Although
common definitions were designed to define a group of patients
with a similar clinical condition, highly variable outcomes have been

| Sten Walther? | Christina Agvald Ohman® | Miklés Lipcsey?

Background: Recent studies have reported substantially decreased hospital mortality
for sepsis, but data are scarcer on outcomes after hospital discharge. We studied mor-
tality up to 1 year in Swedish intensive care unit (ICU) patients with and without sepsis.
Methods: Demographic and medical data for all registered adult general ICU patients
admitted between 01-01-2008 and 30-09-2016 were retrieved from the Swedish
Intensive Care Registry and linked with the National Patient Register for comorbidity
data and the Cause of Death Register for death dates. The population was divided in
two cohorts; (a) Patients with a diagnosis of severe sepsis or septic shock and (b) All
other ICU patients. Crude yearly mortality was calculated, and logistic regression was
used to analyse predictors of mortality.

Results: 28 886 sepsis and 221 941 nonsepsis ICU patients were identified. In the
sepsis cohort, in 2008 unadjusted mortality was 32.6% at hospital discharge, 32.7%
at 30 days, 39% at 90 days and 46.8% at 365 days. In 2016, mortality was 30.5% at
hospital discharge, 31.9% at 30 days and 38% at 90 days. Mortality at 365 days was
45.3% in 2015. Corresponding nonsepsis mortality was 15.4%, 16.2%, 20% and 26%
in 2008 and 15.6%, 17.1%, 20.7% and 26.7% in 2016/2015. No consistent decrease
in odds of mortality was seen in the adjusted analysis.

Conclusions: Mortality in severe sepsis and septic shock is high, with more than one
in three patients not surviving three months after ICU admission, and adjusted mor-
tality has not decreased convincingly in Sweden 2008-2016.

Trial Registration: The study was registered prospectively, ClinicalTrials.gov ID:
NCT03489447.

reported.* Accurate data on mortality are important for allocation of
resources, benchmarking, evaluation of interventions and research.
Recent studies have reported continuously decreasing hospital mor-
tality in patients with severe sepsis.S'9 Particularly, Kaukonen et al re-
vealed in a carefully performed binational study a substantial decrease
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in hospital mortality in critically ill patients which kept pace with a simi-
lar decrease in nonsepsis patients.’ While decreasing hospital mortality
suggest improved care, the need for data on longer term outcomes were
immediately voiced.'® There are numerous publications with time-fixed
long-term outcomes after sepsis and septic shock but there is a scarcity
of studies that analyse longitudinal trends of these outcomes. Time-
fixed mortality mitigates bias associated with hospital mortality, since
outcome on discharge from hospital may be affected by mortality/mor-
bidity trade-offs in ICU care and local discharge practices.!* Verifying a
mortality decrease sustained over time would increase understanding of
how the epidemiology of severe sepsis has evolved.

Prior studies from the Swedish Intensive Care Registry (SIR) have
demonstrated the feasibility to capture long-term outcomes with min-
imal loss to follow-up.??*® Hence, we set out to investigate whether
mortality up to one year among critically ill patients with severe sepsis
has changed from 2008 to 2016 and also to study the nonsepsis ICU
population for comparison. Additionally, we wanted to investigate if
patient demographics and comorbidity have changed over the same
period, and whether these factors were associated with mortality.

2 | METHODS
2.1 | Ethics approval and consent

The study was approved by the local ethics committee, date of approval
20-01-2015, application no. 2015/519. Informed consent was waived as
the data sources operate within the legal framework of Swedish Health
Data Registries which allow use of anonymized data without informed

consent, and personal identification numbers were blinded.

2.2 | Setting, participants and data

Data were retrieved from SIR on all adult general ICU patients (218
yrs.) admitted between 01-01-2008 and 30-09-2016. SIR covered
49/69 (71%) and 63/64 (99%) of general ICUs in Sweden during
2008 and 2016, respectively. All ICUs operated as closed units and
the number of ICU beds in 2016 was 2-6 in 26 local hospitals, 6-12
in 24 county hospitals and 4-20 in 13 regional hospitals. The popula-
tion was divided in two cohorts; 1, patients with severe sepsis/septic
shock and 2, all other patients. In SIR, severe sepsis and septic shock
were two of four key discharge diagnoses with a detailed guideline
aimed to improve coding accuracy and reliability. The diagnoses were
set according to the American College of Chest Physicians/Society of
Critical Care Medicine (ACCP/SCCM,) criteria, where severe sepsis was
defined as sepsis with hypotension, hypoperfusion or organ dysfunc-
tion and septic shock as sepsis with fluid refractory hypotension.* The
criteria remained unchanged during the study period, but in 2010 the
initially used code A41.9 was broken up into R57.2 (septic shock) and
R65.1 (systemic inflammatory response syndrome of infectious origin
with organ dysfunction). Confirmation of the accuracy of the diagno-

ses was required at ICU discharge. Data on admitting unit, age, gender,

Editorial Comment

This comprehensive, nationwide registry-based analysis
revealed that survival of sepsis patients treated in Swedish
intensive care units has not improved from 2008 to 2016.
Further studies are needed to discern the reasons for this
important finding.

surgical status, Simplified Acute Physiology Score (SAPS) 3, and occur-
rence of invasive ventilation or continuous renal replacement therapy
(CRRT), were retrieved.’® Data were linked at an individual level with
the National Patient Register (NPR) of the Swedish board of Health and
Welfare (Socialstyrelsen), adding ICD-10 discharge diagnoses from all
hospital admissions between 01-01-2003 and 30-09-2016, and dates
of death were retrieved by linkage with the Cause of Death Register
(CDR), finally yielding a dataset with blinding of personal identification
numbers. We had no direct access to the above mentioned registers
during the creation of the study dataset. We limited the dataset to the
first ICU admission during the period for any individual, and discharge
diagnoses from hospital admissions during 5 years preceding this,
which was considered a representative period.

Data on chronic comorbidity were used to calculate the Charlson
Comorbidity Index (CCl).} Diagnoses were coded according to the

Charlson-Deyo algorithm modified for ICD-10.1%17

2.3 | Statistical analysis

Demographic and clinical characteristics in 2008 and 2016 were
compared with Student’s t-test or Mann-Whitney U-test, respec-
tively, for parametric and nonparametric continuous variables, and
proportions were compared with X2 test.

Crude mortality at 30 and 90 days for the whole population
and specified subgroups was compared between 2008 and 2016.
365 day mortality was compared between 2008 and 2015 as we did
not have complete 1 year follow-up for patients admitted in 2016.
Changes were assessed with y2-test.

Yearly unadjusted mortality for all septic and nonseptic patients,
respectively, at hospital discharge, 30 and 90 days was calculated
for the entire period 2008 to 2016, and at 365 days for 2008-2015.

Relevant predictors of mortality, determined by expert opinion
and previous experience and tested in univariable logistic regres-
sion, were entered in a multivariable logistic regression model, in-
cluding year of admission as a categorical variable, with mortality at
30, 90 and 365 days as outcome.

2.4 | Missing data and bias

We excluded 3.3% of patients from the mortality analysis because

they were foreign citizens, had concealed personal identity numbers
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or incomplete death dates and so were lost to follow-up. A relatively
high number of patients, 11.5% in the sepsis cohort and 24.1% in
the nonsepsis cohort, did not have SAPS3 scores, principally due to
a gradual introduction of the SAPS3 risk adjustment model 2008-
2010. A smaller number of patients had missing data on surgical
status. For these missing data, multiple imputation was carried out
using the method of chained Equations18 For each variable with
missing values this method uses regression techniques on the other
variables in the analysis set to estimate the conditional distribution
of the missing values, from which values to impute are drawn.
Finally, we performed sensitivity analyses by studying adjusted
mortality odds ratios only including patients from units reporting to
SIR from the start of the study period, and by repeating analyses
without imputation of missing data (complete case analysis).
Statistica® v. 13.3, Statsoft, Tulsa, OK, and R, v. 3.5.0, were used

in the analyses.

3 | RESULTS

We identified 28 886 sepsis patients and 221 941 nonsepsis patients
in the register. A flow chart describing the patient selection in the
different analyses is presented in Figure 1.

Characteristics of the patients in 2008 and 2016 are presented
in Table 1. There was a small increase in mean age for both sepsis pa-
tients, from 64.8 (16.6) to 66.3 (16.6) years (+1.5 years, 95% Cl 0.6-
2.5, P =.002) and nonsepsis patients, from 59.6 (19.6) to 61.1 (19.2)
years (+1.5 years, 95% Cl 0.4-2.6, P < .001), and a small increase in
the prevalence and severity of chronic comorbidity in the sepsis co-
hort. Gender distribution was unchanged with more male patients
in the cohorts. Non-surgical admissions accounted for a majority of
the cases. The average SAPS3 score decreased slightly in the sep-
sis cohort from 68.9 (14.3) to 67.1 (14.2), (-1.8, 95% CI| -2.6 to -1,
P <.001), between 2008 and 2016. The number of patients receiving

QACLA Soancinories >
invasive ventilation and CRRT increased in both groups during the
same period. Median ICU and hospital length of stay (LoS) decreased
between 2008 and 2016.

In the sepsis cohort (Figure 2) between 2008 and 2016, the
crude hospital mortality changed from 32.6% to 30.5% (-2.1%, 95%
Cl -4.7 t0 0.5), 30 day mortality from 32.7% to 31.9% (-0.8%, 95% Cl
-3.4to 1.8) and 90 day mortality from 39% to 38% (-1%, 95% CI| -3.7
to 1.7) 365 day mortality changed between 2008 and 2015 from
46.8% to 45.3% (-1.5%, 95% Cl -4.3 to 1.3). Corresponding figures
in the nonsepsis cohort (Figure 3) were 15.4% to 15.6% (+0.2%, -1.8
t02.2),16.2% to 17.1% (+0.9%, -1.2 to 3), 20% to 20.7% (+0.7%, -1.5
to 3) and 26% to 26.7% (+0.7, -1.8 to 3.2).

Age, sex, SAPS3 score, CCl, hospital type (local, county, regional),
invasive ventilation, CRRT and type of admission (medical, surgical),
together with year of admission, were entered into a multivariable
logistic regression model, calculating adjusted odds ratios for 30, 90
and 365 day mortality, presented in Tables 2 and 3.

Unadjusted mortality at 30 and 90 days for the sepsis and non-
sepsis subgroups 2008 vs 2016 and 365 day mortality 2008 vs
2015 are presented in Figure S4 in the Supporting information. A
decreased 365-day mortality was seen in sepsis patients without
chronic comorbidity (CCl = 0), P < .001). 90- and 365-day mortality
increased in medical and decreased in surgical patients without sep-
sis. (P <.001).

In the adjusted model, age, SAPS3 score and CCl were pre-
dictors of mortality at all time points, and CCl was an increasingly
strong predictor with longer follow-up. Non-surgical admissions had
higher odds of mortality than surgical admissions. Female patients
had higher odds of mortality compared to males. Invasive ventila-
tion and RRT was associated with increased odds of death. There
was no consistent effect of year of admission on odds of mortality.
These findings were stable in the sensitivity analyses including only
units reporting to the registry from the start of the study period, and

when performing the analysis without imputation of missing data

250 827 adult general ICU patients
2008-2016

8319 lost to follow up

%_—_

SAPS 3 27891 seps@l 214 617 nonsepsis SAPS 3
missing, n= patients missing, n=
3209 51729
Surgical Surgical
status status
missing, n= " " missing, n=
& 27891 included in 214617 included in 4
373 R X 28 894
adjusted analysis after adjusted analysis after
imputation imputation
24 668 159 156
included in included in
FIGURE 1 Flow diagram of patients complete complete
. . case analysis case analysis
included in the analyses
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Yearly crude mortality in ICU patients with sepsis 2008-2016
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FIGURE 2 Crude mortality at hospital discharge, 30- 90- and
365 days for ICU patients with severe sepsis or septic shock

(complete case analysis). Results from the sensitivity analyses are
available in Tables S3-S8 in the Supporting Information.

4 | DISCUSSION

The principal finding in this nationwide observational study of ICU
patients with sepsis was that we found no substantial and consist-
ent change in crude or risk factor adjusted mortality up to one year
between 2008 and 2016. The results are in contrast with recent
large observational studies that have demonstrated a substantial de-
crease in the mortality of severe sepsis in the 21st century. Notably,
Kaukonen et alin a study of severe sepsis and septic shock patientsin
Australia and New Zealand presented a decrease in crude in-hospital
mortality from 35% in 2002 to 18.4% in 2012, which was nearly lin-
ear over the study period.’ A risk adjusted model also demonstrated
a consistent annual decrease in the odds ratio for hospital mortality.
The patients in this study had a lower average estimated mortality
than our patients, but half of them received mechanical ventilation.

Kumar et al, with data from a large US inpatient database, found
decreased crude in-hospital mortality rates for severe sepsis from
39.6% in 2000 to 27.3% in 2007 with an adjusted odds ratio 2007
vs 2000 of 0.46 (95% Cl 0.44-0.49).° During the same time, the es-
timated incidence increased from 143/100 000 to 343/100 000. An
increased fraction of survivors were discharged to long-term care
facilities at the end of the study period.

Differences in mortality between studies may be attributed to
several factors, of which ICU admission criteria and variations in
case mix are probably important. Uncomplicated infections requir-
ing hospitalization but not ICU admission have low mortality, while
the mean crude in-hospital mortality for septic shock was reported
to be 46% on average in a meta-analysis of 44 studies of septic
shock.?”2%Although several longitudinal studies report late mortal-
ity for large sepsis cohorts, most included patients were not ICU
patients and mortality rates at time points corresponding to our

study were much lower, suggesting that illness severity was lower
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than in our cohort.?%%? Sepsis mortality comparable to our results
were found in two studies on mostly elderly, non-ICU patients with
presumably more co-morbidities in comparison to our septic study
cohort.?®?* This is in line with the finding in this and other studies
that, apart from the acute illness requiring intensive care, co-mor-
bidity is an important determinant of longer term mortality.?” In this
context, the decreasing mortality in the subgroup of sepsis patients
without chronic comorbidity found in our data could suggest that
any improvements in care may have a greater impact in this group. In
a recently reported follow-up of a randomized controlled trial (RCT)
6-month mortality was 32% which is lower than the 90-day mor-
tality in our unselected sepsis cohort, a result probably explained
by differences in patient selection driven by the inclusion criteria of
the RCT.2® Interestingly, the mortality of the Scandinavian patients
in this multicentre trial was higher than that of the patients from
Australia and New Zealand.

In contrast with the trend reported in epidemiological studies,
our data did not demonstrate a substantially reduced mortality be-
tween 2008 and 2016.%%2727 The reasons for this are not clear.
Hypothetically, there might be a difference between the fixed time
mortality assessed in our study, and hospital mortality. However, the
hospital mortality in our study was similar to mortality at 30 days
and did not decrease significantly during the study period. Early
mortality contributed substantially to total mortality, with 10.1%
mortality on the first day and 19.9% in the first week after ICU ad-
mission in the sepsis cohort.

In a recently published study comparing ICU populations identi-
fied by sepsis 2 and sepsis 3 criteria, a decreasing hospital mortality
was seen in sepsis without shock, but not in septic shock identified
by the sepsis 3 criteria. These findings suggest that the frequency
and severity of circulatory dysfunction in the case mix could have a
considerable impact on the trend in mortality.

Recent data suggest that increased recognition and coding of
less severe cases might confound trends in mortality, creating the
impression of a decrease.®® A reported combined trend of increasing

incidence and decreasing mortality might support sucha hypothesis.6

Yearly crude mortality in ICU patients without sepsis 2008-2016

0.6
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0.5 *+ 90 day
= 365 day

0.4

0.3

0.2

0.1

0.0

2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

FIGURE 3 Crude mortality at hospital discharge, 30- 90- and
365 days for ICU patients without severe sepsis or septic shock
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Of note, however, is that our data, reflecting the Swedish ICU pop-
ulation where sepsis is identified with ICD-10 codes registered by
ICU physicians, do not show a decreasing mortality. An alternative
explanation could be that Swedish health care has not improved as
well as that in other countries for sepsis patients. Yet over a wide
range of diagnoses, quality of Swedish health care is comparable to
other Western countries.>!

Our reported ICU LoS is shorter than in some other epidemio-
logic studies, but this parameter is highly variable between different
cohorts according to recent sepsis studies, and not necessarily asso-
ciated with outcome.>®%2%¢ Furthermore, short ICU stays seem to
be a characteristic of Nordic countries, as shown by a joint analysis of
intensive care in Sweden, Finland and Norway, and probably reflect a

OR (95% Cl) 30 day OR (95% Cl) 90 day
Variable mortality mortality
SAPS3? 1.06 (1.06-1.06) 1.06 (1.05-1.06)
cci 1.10(1.09-1.12) 1.16(1.15-1.18)
Age 50-59 years 1.23(1.07-1.4) 1.22(1.08 -1.38)
Age 60-69 years® 1.5 (1.35-1.7) 1.56 (1.41-1.74)

Age 70-79 yearsb
Age 80+ years®

Medical admission®

Local hospital

County hospitald

Invasive ventilation

CRRT
Female sex®

Admission year
2009f

Admission year
2010

Admission year
2011f

Admission year
2012f

Admission year
2013

Admission year
2014f

Admission year
2015

Admission year
2016

1.83(1.63-2.05)
3.22(2.85-3.64)
1.38(1.27-1.51)
1(0.92-1.09)
1.10(1.04-1.19)
1.83(1.71-1.95)
1.08 (0.99-1.17)
1.22(1.15-1.3)
0.98(0.85-1.13)

0.89 (0.78-1.03)

0.96 (0.84-1.09)

0.87 (0.76-0.99)

0.86(0.76-0.98)

0.88(0.77-1)

0.89 (0.79-1.02)

0.94 (0.82-1.08)

1.98(1.78-2.2)
3.52(3.14-3.95)
1.35(1.24-1.4¢)
0.97 (0.89-1.05)
1.04(0.97-1.11)
1.84 (1.73-1.96)
1.2(1.1-1.3)
1.18(1.12-1.25)
0.98(0.85-1.13)

0.89 (0.79-1.02)

0.93(0.82-1.06)

0.85 (0.75-0.96)

0.85(0.75-0.97)

0.89 (0.78-1.01)

0.9 (0.79-1.02)

0.91 (0.8-1.04)

small number of ICU beds per capita.33'37 Mortality in Swedish ICUs
is low and the short ICU LoS will increase demand for a high level of
post-ICU care as the outcome will be greatly influenced by this.3®

In some studies patients have been defined as septic or not at
ICU admission or within the first 24 hours while in this study any
sepsis occurring during the ICU episode was included.’ This could
potentially affect the case mix of the studies. However, regardless
of the time of diagnosis, sepsis is a heterogeneous condition and the
underlying comorbidity will vary. Also, the short average ICU LoS in
this study implies that many patients are diagnosed within a short
time frame.

In many epidemiological studies, the outcome measure is hos-
pital mortality, which can be influenced by discharge practices. Our

TABLE 2 Adjusted odds ratios for 30-,
90- and 365-day mortality in the sepsis
population

OR (95% ClI)
365 day mortality

1.05(1.05-1.06)
1.25(1.23-1.27)
1.34(1.19-1.52)
1.68(1.51-1.87)
2.23(2.06-2.51)
3.87(3.44-4.35)
1.28(1.17-1.39)
0.95(0.87-1.03)
1(0.93-1.07)

1.52 (1.42-1.62)
1.11(1.01-1.21)
1.05(1.04-1.17)
0.96 (0.94-1.11)

0.97 (0.85-1.11)

0.95(0.84-1.08)

0.83(0.73-0.94)

0.85(0.74-0.96)

0.92(0.81-1.05)

0.87(0.77-0.98)

Abbreviations: CCl, Charlson Comorbidity Index; CRRT, Continuous Renal Replacement Therapy;
SAPS, Simplified Acute Physiology Score.

20ne point increase.
bReference 18-49 years.

‘Reference surgical admission.

dReference regional hospital.

“Reference male.

fReference year 2008.
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data allow longer term follow-up of the admitted patients. An addi-
tional strength is the nation-wide data, since a majority of general
ICU patients with sepsis diagnoses in Sweden during the period was
included. Also, apart from ICU related data, we could link chronic
health status to outcome data.

A limitation of the study, as of similar studies, is that it is de-
pendent on coding practices. ICUs reporting to SIR typically have
access to software-integrated guidelines on how to assign ICD-10
codes. The designation by SIR of severe sepsis as one of a few key
diagnoses aimed to diminish the number of missing cases and cod-
ing errors. While ICD-10 coding definitions and use may vary across
countries and health care systems, the purpose of the three codes
used on discharge from ICU was solely to facilitate follow-up of

TABLE 3 Adjusted odds ratios for
30- 90- and 365-day mortality in the

. . Variable
nonsepsis population

SAPS3?

ccri?

Age 50-59 yearsb
Age 60-69 years®
Age 70-79 yearsb
Age 80+ years®
Medical admission®
Local hospital®
County hospitald
Invasive ventilation
CRRT

Female sex®

Admission year
2009f

Admission year
2010f

Admission year
2011f

Admission year
2012f

Admission year
2013

Admission year
2014f

Admission year
2015

Admission year
2016

QACLA Soancinories >
sepsis as defined in Methods. Another limitation is that the cover-
age of SIR increased during the study period. However, key findings
were unchanged in a sensitivity analysis with only units reporting
from the start of the period. Finally, we used imputation to account
for a significant number of missing data on relevant parameters. The
results remained when we performed an identical analysis using
complete cases only, indicating that the key findings were robust.
The results of this study raise questions that warrant further
investigation. As the mortality in the studied population does not
appear to have changed significantly over recent years, it is import-
ant to seek explanations and study the primary causes of death
in these patients, as this could allow better follow-up and possi-

bly preventive interventions. Furthermore, a comparison between

OR (95% Cl) 30 day OR (95% Cl) 90 day OR (95% ClI)

mortality

1.09 (1.09-1.09)
1.10(1.10-1.11)
1.53(1.43-1.63)
1.65(1.56-1.74)
1.87(1.77-1.98)
3.07 (2.9-3.25)
1.71(1.64-1.78)
1.42(1.36-1.48)
1.51(1.46-1.56)
1.42(1.38-1.48)
1.22(1.13-1.31)
1.08(1.05-1.11)
1.02(0.95-1.09)

0.97 (0.9-1.03)

0.96 (0.9-1.02)

0.92(0.86-0.98)

0.91(0.85-0.98)

0.91 (0.85-0.97)

0.98 (0.92-1.05)

0.93(0.87-1)

mortality
1.08(1.08-1.08)
1.16(1.15-1.17)
1.58(1.49-1.67)
1.78 (1.69-1.87)
2.09 (1.99-2.2)
3.41(3.23-3.6)
1.56 (1.5-1.62)
1.44 (1.39-1.5)
1.5(1.45-1.55)
1.3(1.26-1.45)
1.4 (1.31-1.51)
1.08(1.05-1.11)
1.02(0.95-1.08)

0.96 (0.9-1.02)

0.96 (0.9-1.02)

0.89 (0.84-0.95)

0.91(0.85-0.97)

0.91 (0.85-0.96)

0.95(0.9-1.01)

0.92(0.86-0.98)

365 day mortality
1.07 (1.07-1.08)
1.25(1.24-1.25)
1.63(1.54-1.72)
1.81(1.73-2.09)
2.14(2.04-2.25)
3.78 (3.59-3.98)
1.38(1.33-1.43)
1.45(1.4-1.5)
1.51(1.47-1.56)
1.09 (1.06-1.13)
1.34 (1.25-1.44)
1.06 (1.03-1.09)
1(0.94-1.06)

0.96 (0.91-1.01)

0.97 (0.92-1.02)

0.93(0.88-0.98)

0.93(0.97-0.98)

0.93(0.88-0.99)

0.96 (0.91-1.01)

Abbreviations: CCl, Charlson Comorbidity Index; CRRT, Continuous Renal Replacement Therapy;
SAPS, Simplified Acute Physiology Score.

20ne point increase.

bReference 18-49 years.

‘Reference surgical admission.

dReference regional hospital.

“Reference male.
fReference year 2008.
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sepsis populations in different health care systems might provide

clues to the reasons for the observed differences between recent

studies, and facilitate more generalizable benchmarking.

5 | CONCLUSIONS
In the Swedish ICU population with severe sepsis and septic shock,
as in the nonsepsis ICU population, we did not see a major decrease

in mortality over recent years.

ACKNOWLEDGEMENTS
We thank Mr Henrik Renlund at Uppsala Clinical Research Centre
for statistical support.

CONFLICT OF INTERESTS

Dr Walther was chairman and member of the board of the Swedish
Intensive Care Registry from 2001 to 2012. Dr Agvald Ohman was a
board member from 2007 to 2012, and chairman from 2012 to 2018,
for the Swedish Intensive Care Registry.

ORCID

Gunnar Strandberg https://orcid.org/0000-0003-4959-6389
Miklés Lipcsey https://orcid.org/0000-0002-1976-4129
REFERENCES

1. Morelli A, Ertmer C, Westphal M, et al. Effect of heart rate con-
trol with esmolol on hemodynamic and clinical outcomes in
patients with septic shock: a randomized clinical trial. JAMA.
2013;310:1683-1691.

2. Sprung CL, Annane D, Keh D, et al. Hydrocortisone therapy for pa-
tients with septic shock. N Engl J Med. 2008;358:111-124.

3. Annane D, Sebille V, Charpentier C, et al. Effect of treatment with
low doses of hydrocortisone and fludrocortisone on mortality in pa-
tients with septic shock. JAMA. 2002;288:862-871.

4. Gordon AC, Perkins GD, Singer M, et al. Levosimendan for the
prevention of acute organ dysfunction in sepsis. N Engl J Med.
2016;375:1638-1648.

5. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality
related to severe sepsis and septic shock among critically ill
patients in Australia and New Zealand, 2000-2012. JAMA.
2014;311:1308-1316.

6. Kumar G, Kumar N, Taneja A, et al.; Milwaukee Initiative in
Critical Care Outcomes Research Group of I. Nationwide
trends of severe sepsis in the 21st century (2000-2007). Chest.
2011;140:1223-1231.

7. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of
sepsis in the United States from 1979 through 2000. N Engl J Med.
2003;348:1546-1554.

8. Shankar-Hari M, Harrison DA, Rubenfeld GD, Rowan K.
Epidemiology of sepsis and septic shock in critical care units: com-
parison between sepsis-2 and sepsis-3 populations using a national
critical care database. Br J Anaesth. 2017;119:626-636.

9. Valles J, Fontanals D, Oliva JC, et al. Trends in the incidence and
mortality of patients with community-acquired septic shock 2003-
2016. J Crit Care. 2019;53:46-52.

10. lwashyna TJ, Angus DC. Declining case fatality rates for severe sep-
sis: good data bring good news with ambiguous implications. JAMA.
2014;311:1295-1297.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Glance LG, Szalados JE. Benchmarking in critical care: the road
ahead. Chest. 2002;121:326-328.

Rimes-Stigare C, Frumento P, Bottai M, et al. Evolution of chronic
renal impairment and long-term mortality after de novo acute kid-
ney injury in the critically ill; a Swedish multi-centre cohort study.
Crit Care. 2015;19:221.

Engerstrom L, Kramer AA, Nolin T, et al. Comparing time-fixed
mortality prediction models and their effect on ICU performance
metrics using the simplified acute physiology score 3. Crit Care Med.
2016;44:€1038-e1044.

Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/ACCP/
ATS/SIS international sepsis definitions conference. Crit Care Med.
2003;31:1250-1256.

Moreno RP, Metnitz PG, Almeida E, et al. SAPS 3-From evalua-
tion of the patient to evaluation of the intensive care unit. Part 2:
Development of a prognostic model for hospital mortality at ICU
admission. Intensive Care Med. 2005;31:1345-1355.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40:373-383.

Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for de-
fining comorbidities in ICD-9-CM and ICD-10 administrative data.
Med Care. 2005;43:1130-1139.

Van Buuren S, Groothuis-Oudshoorn K. Multivariate imputation by
chained equations in r. J Stat Softw. 2011;45:1-67.

Seymour CW, Liu VX, lwashyna TJ, et al. Assessment of clinical cri-
teria for sepsis: for the third international consensus definitions for
sepsis and septic shock (sepsis-3). JAMA. 2016;315:762-774.
Shankar-Hari M, Phillips GS, Levy ML, et al.; Sepsis Definitions Task
F. Developing a new definition and assessing new clinical criteria for
septic shock: for the third international consensus definitions for
sepsis and septic shock (sepsis-3). JAMA. 2016;315:775-787.

Peltan ID, Brown SM, Bledsoe JR, et al. ED door-to-antibiotic time
and long-term mortality in sepsis. Chest. 2019;155:938-946.

Wang HE, Szychowski JM, Griffin R, Safford MM, Shapiro NI,
Howard G. Long-term mortality after community-acquired sep-
sis: a longitudinal population-based cohort study. BMJ Open.
2014;4:e004283.

Prescott HC, Osterholzer JJ, Langa KM, Angus DC, Iwashyna TJ.
Late mortality after sepsis: propensity matched cohort study. BMJ.
2016;353:i2375.

Lemay AC, Anzueto A, Restrepo MI, Mortensen EM. Predictors of
long-term mortality after severe sepsis in the elderly. Am J Med Sci.
2014;347:282-288.

Shankar-Hari M, Ambler M, Mahalingasivam V, Jones A, Rowan K,
Rubenfeld GD. Evidence for a causal link between sepsis and long-
term mortality: a systematic review of epidemiologic studies. Crit
Care. 2016;20:101.

Venkatesh B, Finfer S, Myburgh J, Cohen J, Billot L. Long-term out-
comes of the ADRENAL trial. N Engl J Med. 2018;378:1744-1745.
Suarez De La Rica A, Gilsanz F, Maseda E. Epidemiologic trends of
sepsis in western countries. Ann Trans| Med. 2016;4:325.
Fleischmann C, Thomas-Rueddel DO, Hartmann M, et al. Hospital
incidence and mortality rates of sepsis. Deutsches Arzteblatt Int.
2016;113:159-166.

Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey AJ.
Two decades of mortality trends among patients with severe sepsis:
a comparative meta-analysis*. Crit Care Med. 2014;42:625-631.
Rhee C, Dantes R, Epstein L, et al.; Program CDCPE. Incidence and
trends of sepsis in US hospitals using clinical vs claims data, 2009-
2014. JAMA. 2017;318:1241-1249.

Barber RM, Fullman N, Sorensen RJD, et al.; Access GBDH. Quality
Collaborators. Electronic address cue, Access GBDH, Quality C.
Healthcare Access and Quality Index based on mortality from
causes amenable to personal health care in 195 countries and


https://orcid.org/0000-0003-4959-6389
https://orcid.org/0000-0003-4959-6389
https://orcid.org/0000-0002-1976-4129
https://orcid.org/0000-0002-1976-4129

STRANDBERG ET AL.

975

32.

33.

34.

35.

36.

territories, 1990-2015: a novel analysis from the Global Burden of
Disease Study 2015. Lancet. 2017;390:231-266.

Armstrong-Briley D, Hozhabri NS, Armstrong K, Puthottile J,
Benavides R, Beal S. Comparison of length of stay and outcomes
of patients with positive versus negative blood culture results.
Proceedings. 2015;28:10-13.

Strand K, Walther SM, Reinikainen M, et al. Variations in the length
of stay of intensive care unit nonsurvivors in three Scandinavian
countries. Crit Care. 2010;14:R175.

Mouncey PR, Osborn TM, Power GS, et al. Trial of early, goal-directed
resuscitation for septic shock. N Engl J Med. 2015;372:1301-1311.
Karlsson S, Ruokonen E, Varpula T, Ala-Kokko TI, Pettila V. Long-
term outcome and quality-adjusted life years after severe sepsis*.
Crit Care Med. 2009;37(4):1268-1274

Keh D, Trips E, Marx G, et al.; SepNet-Critical Care Trials G. Effect
of hydrocortisone on development of shock among patients with
severe sepsis. The HYPRESS Randomized Clinical Trial. JAMA.
2016;316:1775-1785.

Anaesthesiologica
@@t@ Scandinavica
37. Rhodes A, Ferdinande P, Flaatten H, Guidet B, Metnitz PG, Moreno

RP. The variability of critical care bed numbers in Europe. Intensive
Care Med. 2012;38:1647-1653.

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Strandberg G, Walther S, Agvald
Ohman CA, Lipcsey M. Mortality after Severe Sepsis and
Septic Shock in Swedish Intensive Care Units 2008-2016—A
nationwide observational study. Acta Anaesthesiol Scand.
2020;64:967-975. https://doi.org/10.1111/aas.13587



https://doi.org/10.1111/aas.13587

