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Purpose: To evaluate the incidence and mortality of adult patients with community-acquired septic shock (CASS)
and the influence of source control (SC) and other risk factors on the outcome.

Material and methods: The study included patients with CASS admitted to the ICU at a university hospital
(2003-2016). Multivariate analyses were performed to identify risk factors of ICU mortality.

Results: A total of 625 patients were included. The incidence showed an average annual increase of 4.9% and the
mortality an average annual decrease of 1.4%. The patients who required SC showed a lower mortality (20.4%)
than patients who did not require SC (31.3%) (p = 0.002). However, the evolution in mortality was different:
Mortality decreased in patients who did not require SC (from 56.3% to 20%; p = 0.02), but did not differ in
those who required SC (from 21.4% to 27.6%; p = 0.43). In the multivariate analysis, severity at admission, age,
alcoholism, cirrhosis, ARDS, neutropenia and thrombocytopenia were associated with worse outcome, whereas
appropriate antibiotic treatment and adequate SC were independently associated with better survival.
Conclusions: The incidence of CASS increased and the ICU mortality decreased during the study period. The mor-
tality was mainly due to a decrease in mortality in infections not requiring SC.

© 2019 Published by Elsevier Inc.

1. Introduction

Sepsis is a major health public problem; septic shock is the most se-
vere form of sepsis and accounts for much of its morbidity and mortal-
ity. Despite major technological advances, septic shock related mortality
remains high, ranging from 20% to 50% [ 1-3]. Recent reports show an in-
crease in the incidence of septic shock and a decrease in its associated
mortality; however, changes in diagnostic coding may have overestim-
ated these trends [4-7].

Recently, the third international consensus definitions for sepsis and
septic shock (Sepsis-3) defined septic shock as a subset of sepsis associ-
ated with a greater risk of mortality than sepsis alone in which patients
have serum lactate >2 mmol/L despite adequate fluid resuscitation and

Abbreviations: CASS, Community-acquired septic shock; SC, Source control; AKI, Acute
kidney injury; ARDS, Acute respiratory distress syndrome; AIDS, Acquired immunodefi-
ciency syndrome; COPD, Chronic obstructive pulmonary disease; RRT, Renal replacement
therapy; IQR, Interquartile range.
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require vasopressor therapy to maintain mean arterial blood pressure
> 65 mmHg [8].

We used clinical data to evaluate the local epidemiology of patients
with septic shock according to Sepsis-3 admitted to the intensive care
unit (ICU) during a 14-year period. Our main objective was to estimate
annual incidence rates and mortality trends for patients admitted with
community-acquired septic shock (CASS). Secondary objectives in-
cluded characterizing patients with CASS and analyze the influence of
source control (SC) on the outcome and identifying other risk factors as-
sociated with poor prognosis.

2. Material and methods
2.1. Study population

This retrospective observational cohort study included consecutive
adult (>18 years old) patients admitted to the ICU at a university hospi-
tal in Spain (January 1, 2003 through December 31, 2016) with CASS.
Trained research physicians used a standardized, piloted data form to
collect data and select patients from a prospectively registered database
of all patients admitted to the ICU with community-acquired infection
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during the study period. The database was performed by only two in-
vestigators (JV and ED) with experience in infectious diseases and
with homogeneous diagnostic criteria during the study period.

All had a first-time diagnosis of septic shock within 48 h of ICU ad-
mission and had no other obvious cause of shock. Patients with
healthcare-acquired infections were excluded. The hospital's ethics
committee approved the study and waived the need for informed con-
sent due to its observational nature (Ethics Committee Corporacié San-
itaria Universitaria Parc Tauli, 2018/610).

2.2. Data abstraction and definitions

Septic shock was defined as sepsis with hypotension requiring vaso-
pressor therapy to maintain mean arterial blood pressure > 65 mmHg
for 248 h, SOFA score > 2 at ICU admission, and serum lactate
>2 mmol/L despite adequate fluid resuscitation [8].

Variables included year of admission for septic shock, demographics
(age, sex), and baseline comorbidities (AIDS, cancer, cirrhosis, heart fail-
ure (NY-II), chronic obstructive pulmonary disease (COPD), chronic
renal failure requiring dialysis, diabetes mellitus, and alcohol abuse), di-
agnosed according to criteria reported elsewhere [9]. Patients were con-
sidered immunocompromised if they had severe neutropenia (absolute
neutrophil count <500/microL), immunodeficiency secondary to cyto-
toxic drugs, or steroid treatment (20 mg prednisolone or equivalent/
day >2 weeks). Pathogens were considered potential causes of septic
shock if isolated or identified from the local site and/or blood cultures

within 48 h of septic shock onset and were classified as culture-
negative, gram-positive bacteria, gram-negative bacteria, anaerobes,
fungi or other. We also recorded the presence of bacteremia and
fungemia. Initial empirical antibiotic treatment was considered appro-
priate if >1 antibiotic administered within 24 h of first contact with
the patient matched the in vitro susceptibility of the pathogen consid-
ered the likely cause of infection. The appropriateness of antibiotic ther-
apy was not analyzed for episodes of septic shock with negative
cultures. Treatment decisions, including antibiotic prescriptions, were
taken by attending physicians following protocols based on local
adapted guidelines.

Sources of infection were classified based on clinical diagnosis
and/or isolation of pathogens as follows: respiratory infection, intraab-
dominal infection (peritonitis, abscess, small-bowel obstruction, spon-
taneous bacterial peritonitis, Clostridium difficile-associated colitis,
organ perforation, enterocolitis or diverticulitis, ischemic bowel, pan-
creatitis, or other), biliary infection (cholecystitis or cholangitis), genito-
urinary infection (pyelonephritis, obstructive uropathy-associated
urinary tract infection, or gynecologic infections), skin and soft-tissue
infection (cellulitis, abscess, or necrotizing fasciitis), or other.

In episodes where SC was necessary, attending physicians decided
what type of control was necessary (percutaneous/endoscopic or surgi-
cal). We recorded classified patients into those who received SC< 12 h
or> 12 h of diagnosis of CASS. Source control was considered adequate if
patients improved after intervention (disappearance of fever, normali-
zation of white blood counts, improvement of acute phase reactants,

Evolution of incidence of community-acquired septic shock

Episodes of septic shock/1000 admissions

2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 20l6

Years

Increase in incidence in septic shock patients: mean annual increase, 4.9% (95%
Cl: 1.8%-8.0%); p=0.005 for linear trend

Evolution of mortality during the period of study

40

Mortality (%)
N
wv

2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016
B Septic shock patients  OJAIl ICU patients

Years

Decrease in mortality in septic shock patients: mean annual decrease, 1.4% (95%

Cl: 0.4-2.3); p=0.009 for linear trend.

Fig. 1. Evolution of incidence and mortality of septic shock during the study period.
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and decrease in doses of vasopressors required) and required no new
intervention on the same focus during the ICU stay. In cases where
these variables could not be reviewed, the effectiveness of SC was not
evaluated.

We recorded complications of septic shock measured at or after ICU
admission that could be related to the natural history and/or manage-
ment of septic shock: acute kidney injury (AKI), thrombocytopenia,
acute respiratory distress syndrome (ARDS), and need for mechanical
ventilation or renal replacement therapy (RRT). AKI was defined as an
increase in serum creatinine >0.3 mg/dL within 48 h or 1.5 to 1.9
times baseline creatinine [10] and thrombocytopenia as <150,000 plate-
lets/ul [11]. ARDS was defined as PaO,/FiO, < 300 mmHg with bilateral
thoracic infiltrates, excluding heart failure [12].

Severity at admission included SOFA [11] and APACHE I [13] scores.
Patients were followed up until death or hospital discharge. The pri-
mary outcome variables were survival to ICU discharge and to hospital
discharge.

2.3. Statistical analysis

We used chi-square or Fisher's exact tests to compare categorical
variables and Student's t-test or the Mann-Whitney U-test to compare
continuous variables, as appropriate. ICU and hospital length of stay
was expressed as median and interquartile range (IQR). The IQR is the
difference between the first and third quartiles. Medians were com-
pared using the Mann-Whitney test. All variables significant in the uni-
variate analyses were included in the logistic regression models. All
tests were two-tailed, and P < 0.05 was considered significant. SPSS ver-
sion 23.0 for Windows (SPSS, Armonk, NY: IBM Corp.) was used for all
analyses.

3. Results

0f 29,624 patients admitted to the ICU during the study period, 625
(mean age, 65.5 + 14.4 years; male sex, 372 (59.5%); mean APACHE Il at
admission, 20.5 + 6.3; mean SOFA at admission, 9.1 + 2.5) met the
criteria for CASS, representing a mean annual incidence rate of 21.09 ep-
isodes/1000 admissions, increasing from 15.6 episodes/1000 admis-
sions in 2003 to 24.3 episodes/1000 admissions in 2016 (mean annual
increase, 4.9%; 95% CI: 1.8%-8.0%; p = 0.005 for linear trend) (Fig. 1).

Table 1 reports patients' characteristics. The most common comor-
bidities were diabetes (29.1%), cancer (20%), and COPD (15.2%). Infec-
tion was documented by positive cultures in 576 (92.2%) patients.
Blood cultures were positive in 328 (52.5%). Gram-negative microor-
ganisms accounted for 41.6%, and gram-positive microorganisms for
33.1%. The most frequent gram-positive microorganisms were Strepto-
coccus pneumoniae (28.5% with bacteremia), Staphylococcus aureus
(62.5% with bacteremia), and Streptococcus pyogenes (36% with bacter-
emia). The most frequent gram-negative microorganisms were
Escherichia coli (78.2% with bacteremia), Klebsiella pneumoniae (84.2%
with bacteremia), and Pseudomonas aeruginosa (71.4% with bacter-
emia). Empiric antibiotic treatment was appropriate in 544 (94.4%) of
the 576 patients with positive cultures.

The most common source of CASS was respiratory infection (27%),
followed by genitourinary infection (22.0%) and intraabdominal infec-
tion (20%). SC was required in 322 (51.5%) patients (64.2% surgical pro-
cedures and 35.8% percutaneous/endoscopic procedures). SC
interventions were performed within 12 h of septic shock onset in
72% of patients, of which 62.3% required surgical control and 37.7% per-
cutaneous/endoscopic control (p = 0.03), and were adequate in 87.4%
of the 254 cases where its effectiveness could be evaluated. Tables 2
and 3 show the characteristics of patients with SC vs. patients who did
not require SC and among patients with adequate SC vs. patients in
whom the SC was not effective. Patients who did not require SC showed
more previous comorbidities, and greater incidence of respiratory infec-
tions and ARDS than patients who required SC.

The most common complication of CASS was AKI (555 (88.8%) pa-
tients, 132 (23.7%) of whom required RRT, followed by thrombocytope-
nia (390 (62.5%) patients) and ARDS (142 (22.8%) patients); 410
(65.7%) patients required invasive mechanical ventilation.

The mean mortality associated with CASS during the study period
was 25.8% in the ICU and 29.6% in the hospital. Septic shock associated
ICU mortality decreased from 40% in 2003 to 26.5% in 2016 (average an-
nual decline, 1.4% (95% CI1.0.4-2.3); p = 0.009 for linear trend), while
the overall mortality in our ICU did not change significantly during the
study period. (Fig. 1). Multivariate linear regression to assess the rela-
tionship between changes in mortality over time (as percentages) and
year, APACHE II, and SOFA showed that changes in ICU mortality in pa-
tients with CASS were independent of APACHE II and SOFA scores.

Mortality differed depending on the origin of sepsis; mortality sec-
ondary to intraabdominal infections was 34.4%, skin and soft-tissue in-
fections 31.6%, respiratory infections 29.6%, biliary infections 17.5%,
and genitourinary infections 7.9%.

Mortality was lower in patients who required SC (20.8% vs. 31.3% in
those who did not require SC; p = 0.002) (Table 2). Among patients
who required SC, mortality was lower in those undergoing

Table 1
Characteristics of patients.
All patients N:625
Age, mean (£SD), years 65.6 (14.4)
APACHE II, mean (£SD) 20.5 (6.3)
SOFA score, mean (+SD) 9.1 (2.5)
Sex, male (%) 372 (59.5)
Comorbidities, n (%)
HIV/AIDS 24 (3.8)
Diabetes 182 (29.1)
Chronic obstructive pulmonary disease 95 (15.2)
Alcohol 64 (10.2)
Cirrhosis 47 (7.5)
Cancer 125 (20)
Chronic kidney disease (Dialysis) 14 (2.2)
Cardiac failure (NY-II) 71(11.4)
Neutropenia 22 (3.5)
Corticosteroid therapy 50 (8)
Chemotherapy 78(12.5)
Bacteremia, n (%) 328 (52.5)
Pathogens, n (%)
Gram-negative 260 (41.6)
Gram-positive 207 (33.1)
Anaerobes 17 (2.7)
Fungi 4(0.6)
Others® 3(0.5)
Polymicrobial 85 (13.6)
Culture negative 49 (7.8)
Appropriate empiric antibiotic therapy, n (%)° 544 (944)
Source, n (%)
Respiratory 169 (27.0)
Genitourinary 138 (22.1)
Intrabdominal 125 (20.0)
Biliary 80 (12.8)
Skin and soft tissue 80 (12.8)
Others® 33(5.3)
Source control, n (%) 322 (51.5)
Type of source control, n (%)¢
Non-invasive (percutaneous or endoscopic) 115 (35.8)
Invasive (surgical) 207 (64.2)
Time of source control, n (%)¢
<12h 232 (72.0)
>12h 90 (28.0)
Adequate source control, n (%)¢ 222 (87.4)
ICU LOS (days), median (IQR) 8 (10)
Hospital LOS (days), median (IQR) 19 (21)
Mortality, n (%) 161 (25.8)

¢ Influenza, Mycoplasma pneumonia, Pneumocystis jirovecii.

b Over 576 patients with positive culture.

¢ Bone and join infection, endocarditis, meningitis, ears, nose and throat (ENT), and
unknown origin.

4" Qver 322 patients who need source control.

€ Over 254 patients who source control could be evaluated.
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Table 2
Characteristics of patients with and without source control.

Variable, n (%) Patients with source  Patients with no source p

control (n: 322),n (%) control (n: 303), n (%)

Age, mean (4SD), years 67.10 (14.16) 64.14 (14.5) 0.007
APACHE I, mean (£SD) 19.12 (5.28) 22.16 (7.00) <0.001
SOFA, mean (+SD) 8.64 (2.47) 9.71 (2.56) <0.001
Sex
Male 179 (55.6) 200 (66.0) 0.002
Female 143 (44.4) 103 (34.0)
Comorbidities
Diabetes 83 (25.7) 99 (32.6) 0.344
Cancer 67 (20.8) 58 (19.1) 0.589
COPD 39 (12.1) 56 (18.5) 0.028
Alcoholism 23 (7.1) 41 (13.5) 0.009
Dialysis 8 (2.5) 6(1.2) 0.666
Cirrhosis 14 (4.3) 33(10.9) 0.002
Chronic cardiac 37 (11.5) 34 (11.2) 0.904
failure
Corticosteroids 18 (5.6) 32 (10.6) 0.023
Immunosuppression 27 (8.4) 51(16.8) 0.001
Neutropenia 6(1.2) 16 (5.3) 0.021
HIV 2(0.6) 22 (7.3) <0.001
Complications
Acute kidney failure 286 (88.8) 268 (88.4) 0.798
Renal replacement 64 (19.9) 68 (22.4) 0.444
therapy
Thrombocytopenia 205 (63.7) 184 (60.7) 0.450
Mechanical 211 (65.5) 199 (65.7) 0.945
ventilation
ARDS 31(9.6) 111 (36.6) <0.001
Bacteremia 169 (52.4) 159 (52.4) 0.966
Microbiology <0.001
Gram-positive 69 (214) 138 (45.5)
Gram-negative 159 (49.3) 101 (33.3)
Anaerobes 10(3.1) 7(2.3)
Fungi 41.2) 0(0)
Others® 0(0) 3(1)
Polymicrobial 66 (20.5) 19 (6.3)
Negative culture 14 (43) 35(11.5)
Source <0.001
Respiratory 1(0.3) 168 (55.4)
Abdominal 101 (31.4) 24 (7.9)
Genitourinary 80 (24.5) 58 (19.1)
Skin and soft tissue 65 (20.2) 15 (4.9)
Biliary 74 (22.3) 6(1.2)
Others® 1(0.3) 32 (10.6)
Appropriate antibiotic 289 (93.8) 255 (95.1) 0.485
treatment®
ICU mortality 67 (20.8) 95 (31.3) 0.002

2 Influenza, Mycoplasma pneumoniae, Pneumocystis jirovecii.

b Arthritis, endocarditis, ORL, SNC, unknown origin.

€ Over 576 patients with positive culture (308 with source control and 268 with not
source control).

percutaneous/endoscopic interventions (10.4% vs. 26.5% in those un-
dergoing surgical interventions; p < 0.001). In 222 (87.4%) of the 254
cases where its effectiveness could be evaluated, ICU mortality was
higher in patients with inadequate SC (84.4% vs. 10.8% in patients
with adequate SC; p < 0.001) (Table 3).

During the study period, mortality decreased from 56.3% in 2003 to
20% in 2016 (p = 0.02) among patients who did not require SC but did
not differ in those requiring SC (21.4% in 2003 to 27.6% in 2016; p =
0.43) (Fig. 2). There was a nonsignificant trend toward increased mortal-
ity with delayed SC (25.5% for SC>12 h vs. 19% for SC<12 h; p = 0.19).

Table 4 reports variables significantly associated with ICU mortality
in the univariate analyses. Variables independently associated with
worse prognosis in the multivariate analysis for ICU mortality adjusted
for age, comorbidities, and severity at ICU admission were APACHE II,
cirrhosis, ARDS, age, and thrombocytopenia (Table 5). Appropriate anti-
biotic treatment was independently associated with better survival.

We repeat a multivariate analysis in the group of patients without
SC, and the APACHE II, ARDS and cirrhosis were the variables indepen-
dently associated with a poor prognosis. The multivariate analysis in

the group who needed a SC showed that mechanical ventilation,
APACHE II and alcoholism were the variables associated a poor progno-
sis in those patients. Instead, appropriate antibiotic therapy and ade-
quate source control were independently associated with a better
survival (Table 5).

4. Discussion

This study using Sepsis-3 definitions from 2003 to 2016 found an in-
crease in the incidence of CASS in patients admitted to the ICU. Our find-
ings that the incidence rate of septic shock increased an average of 4.9%
per year are identical to those of a recent study in 27 US academic med-
ical centers during a ten-year period [7]. The increased incidence of sep-
sis is often attributed to better surveillance to recognize septic patients,
aging of the population, and increased use of invasive procedures and
immunosuppressive therapies [ 14,15]. Despite the increase in incidence
found in our study, the reported annual incidence is lower than in other

Table 3
Characteristics of patients with evaluable source control (n:254).

Variable Patients with Patients with p
adequate no adequate source
source control  control (n:32),

(n:222),n (%) n(%)

Age, mean (+SD), years 66.9 (14.46) 69.53 (12.12) 0.460
APACHE II, mean (£SD) 18.34 (5.14) 21.66 (5.11) <0.001
SOFA, mean (4SD) 8.40 (2.27) 9.53 (2.38) 0.015
Sex
Male 117 (52.7) 15 (46.9) 0.537
Female 105 (47.3) 17 (53.1)
Comorbidities
Diabetes 70 (31.5) 6(18.7) 0.140
Cancer 47 (21.2) 7(21.9) 0.928
COPD 30 (13.5) 4(12.5) 0.875
Alcoholism 17 (7.65) 2 (6.25) 0.777
Dialysis 5(2.25) 0(0) 0.391
Cirrhosis 7 (3.15) 2 (6.25) 0.379
Chronic cardiac failure 26 (11.7) 5(15.6) 0.527
Corticosteroids 15 (6.75) 0(0) 0.130
Immunosuppression 19 (8.55) 3(9.37) 0.878
Neutropenia 4(1.80) 1(3.12) 0.614
HIV 2(0.90) 0(0) 0.590
Complications
Acute kidney failure 200 (90.0) 29 (90.6) 0.924
Renal replacement therapy 43 (19.4) 11 (34.3) 0.052
Thrombocytopenia 139 (62.6) 22 (68.7) 0.500
Mechanical ventilation 140 (63.1) 32 (100) <0.001
ARDS 16 (7.2) 6(18.7) 0.030
Bacteremia 117 (52.7) 16 (50.0) 0.775
Microbiology 0.013
Grampositive 45 (20.3) 11 (34.3)
Gramnegative 114 (51.3) 9(28.1)
Anaerobes 6(2.7) 4(12.5)
Polymicrobial 42 (18.9) 7 (21.9)
Others? 0(0) 0(0)
Negative culture 13 (5.8) 1(3.1)
Source <0.001
Abdominal 65 (29.3) 13 (40.6)
Genitourinary 57 (25.7) 3(94)
Skin and soft tissue 38 (17.1) 16 (50.0)
Biliary 61 (27.5) 0(0)
Respiratory® 1(0.45) 0(0)
Early source control ({12h) 165 (74.3) 23 (71.8)
Type source control <0.001
Invasive (surgical) 134 (60.4) 30 (93.7)
Non-invasive (percutaneous 88 (39.6) 2(6.3)
or endoscopic)
Appropriate antibiotic 197 (94.2) 30 (96.7) 0.564
treatment®
ICU mortality 24 (10.8) 27 (84.4% <0.001

2 Influenza, Mycoplasma pneumoniae, Pneumocystis jirovecii.
b One case of empyema.
¢ Over 240 patients with positive culture.
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b Without source control
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Fig. 2. Mortality trends among patients who did not require source control and among
patients who required source control.

studies, probably due to the fact that only patients with community-
acquired infection were included and that we used strict criteria to de-
fine septic shock (Sepsis-3). Other studies that have analyzed the influ-
ence of the change in the definitions of septic shock have found a
reduction of almost 40% in cases of septic shock using the definition is
Sepsis-3 [16,17].

Concordant with other publications [18,19], the most common
source of sepsis was respiratory infection (27%), followed by genitouri-
nary tract infection (22.0%) and intraabdominal infection (20%).

Atotal of 322 (51.3%) patients required SC, a higher percentage than
in other recent studies [19,20]. Martinez et al. [19], evaluating the im-
pact of SC in the evolution of septic shock, reported that 32% required
SC. Another prospective observational multicenter study in Germany in-
cluding 1011 patients with severe sepsis or septic shock reported that
41.7% underwent SC [20]. This difference is likely due to the higher per-
centage of patients in our study with abdominal, biliary, urogenital, skin,
and soft-tissue infections potentially requiring SC (67.7% vs. 57.7% in
Martinez et al.'s study and 55.3% in the German study). Most patients
(72%) underwent SC interventions within 12 h of septic shock onset,
as recommended in the latest Surviving Sepsis Campaign guidelines
[21], arate very similar to the 75.7% in Martinez et al.'s recent study [19].

The crude ICU mortality for septic shock in our study was 25.8%,
which is lower than in other studies [22-24] but similar to recent studies
about different treatments for septic shock that found no significant dif-
ferences between control and treated groups (24.2%-32%) [25-27].
More importantly, mortality in the present study decreased from 40%
in 2003 to 26.5% in 2016, confirming the trend in decreasing mortality
in patients with severe sepsis and septic shock observed in different
studies, where the magnitude of the reduction depends on whether
clinical or administrative data were used [4-7].

Mortality was lower in the SC group (20.8% vs. 31.3% in patients that
did not undergo SC, p = 0.002), similar to in Martinez et al.'s study [19],
where ICU mortality was 21.2% in patients with SC and 25.1% in patients
without SC. We also found that, in patients who underwent required SC,
mortality was lower in those undergoing percutaneous/endoscopic in-
terventions (10.4% vs. 26.5% in those undergoing surgical interventions,
p <0.001). However, this difference could be attributed mainly to differ-
ences in the infection source, since mortality was lower in genitourinary
and biliary infections, which are predominantly treated with percutane-
ous/endoscopic techniques, than in abdominal, skin, and soft-tissue in-
fections, which are predominantly treated with surgical techniques.

In the cases in which the adequacy of SC could be evaluated, SC was
adequate in 87.4%, similar to the 86.7% reported by Bloos et al. [20],
where 28-day mortality was much higher in patients with inadequate

SC (65.5% vs. 26.7% in patients with adequate SC, p < 0.01). In the pres-
ent study, the difference in mortality was even greater (ICU mortality in
patients with inadequate SC 84.4% vs. 10.8% in those with adequate SC, p
<0.001).

Interestingly, during the study period, mortality among patients
who did not require SC decreased from 56.3% in 2003 to 20% in 2016
(p = 0.02), even though they significantly had more comorbidities; by
contrast, mortality among patients requiring SC did not decrease signif-
icantly (21.4% in 2003 to 27.6% in 2016; p = 0.43), suggesting that,
when required, SC is the most important determinant of pathogen
clearance and is therefore the main factor in improving prognosis,
whereas patients who do not require SC benefit more from improve-
ments in support treatments, such as, protective ventilation, the appli-
cation of the recommendations of the sepsis guidelines, to the early
diagnosis and treatment of patients with septic shock (resuscitation

Table 4
Prognostic factors associated with ICU mortality (Univariate analysis).

Variable Alive (n: 464),  Death (n: 161), p
n (%) n (%)
Age, mean (£SD), years 64.86 (14.63) 67.73 (13.89) 0.031

APACHE II, mean (4SD) 19.11 (5.39) 24.83 (7.02) <0.001
8.59 (2.27) 10.80 (2.67) <0.001
Sex
Male 282 (60.7) 90 (55.9) 0.27
Female 182 (39.2) 71 (44.0)
Comorbidities
Diabetes 142 (30.6) 40 (24.8) 0.166
Cancer 93 (20.0) 32(19.8) 0.96
COPD 63 (13.5) 32(19.8) 0.05
Alcoholism 32 (6.9) 22 (13.6) 0.09
Dialysis 9(1.9) 5(3.1) 038
Cirrhosis 20 (4.3) 27 (16.7) <0.001
Chronic cardiac failure 50(10.8) 21 (13.0) 0.72
Corticosteroids 36 (7.7) 14 (8.6) 0.70
Immunosuppression 60 (12.9) 18 (11.2) 0.56
Neutropenia 17 (3.7) 5(3.1) 0.74
HIV 19 (4.1) 5(3.1) 0.57
Complications
Acute kidney failure 403 (86.8) 152 (94.4) 0.009
Renal replacement therapy 81(17.4) 51(31.7) <0.001
Thrombocytopenia 275 (59.3) 115 (71.4) 0.005
Mechanical ventilation 259 (55.8) 151 (93.7) <0.001
ARDS 81 (17.4) 61 (37.8) <0.001
Bacteremia 238 (51.3) 90 (55.9) 0.31
Microbiology 0.343
Grampositive 136 (29.3) 71 (44.0)
Gramnegative 208 (44.8) 52 (32.3)
Anaerobes 9(1.9) 8(4.9)
Fungi 3(0.6) 1(0.6)
Others® 3(0.6) 0(0)
Polymicrobial 66 (14.2) 19(11.8)
Negative culture 39 (84) 10 (6.2)
Source <0.001
Respiratory 119 (25.7) 50 (31.0)
Abdominal 82 (17.7) 43 (26.7)
Genitourinary 127 (27.4) 11 (6.8)
Skin and soft tissue 55(11.8) 25 (15.5)
Biliary 66 (14.2) 14 (8.7)
Others® 15(3.2) 18 (11.2)
Appropriate antibiotic treatment® 406 (95.7) 138 (90.7) 0.022
Source control? 256 (55.1) 66 (40.9) 0.002
Time of source control <12 h 188 (73.4) 44 (66.6) 0.20
Adequate source control® 198 (97.5) 24 (47.0) <0.001
Type of source control
Non-invasive 104 (40.6) 12 (17.9) <0.001
Invasive 152 (59.4) 54 (82.0)

2 Influenza, Mycoplasma pneumoniae, Pneumocystis jirovecii.

b Arthritis, endocarditis, ORL, SNC, unknown origin.

€ Over 576 patients with positive culture, of which 424 in alive group and 152 in death
group.

4" Over 322 patients with source control.

€ Over 254 patients who source control could be evaluated as adequate or not, of which
203 in alive group and 51 in death group.
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Table 5
Multivariate analysis for independent factors associated with ICU mortality.

Variable All patients (95% CI) Patients with source control OR (95% CI) Patients without source control OR (95% CI)
APACHE Il 1.14 (1.10-1.18) 7.93 (2.73-23.0) 1.13 (1.08-1.19)

Cirrhosis 2.69 (1.28-5.66) 3.04 (1.22-7.51)

ARDS 2.54 (1.53-4.21) 2.24 (1.24-4.06)

Age 1.02 (1.00-1.03)

Thrombocytopenia 1.59 (0.99-2.54)

Mechanical ventilation 12.17 (1.44-102.35)

Alcoholism 5.05 (1.14-22.31)

Appropriate antibiotic treatment
Adequate source control

0.38 (0.16-0.87)

0.12 (0.02-0.56)
0.02 (0.006-0.78)

with fluids and early antibiotic treatment) together with a shorter delay
in admission to the ICU. More than half of the cases in the group that did
not require SC were septic shock secondary to pneumonia and therefore
these results would confirm those recently published by our group on
the progressive improvement in mortality of patients with severe
community-acquired pneumonia [28].

Among comorbidities, only alcoholism and cirrhosis were indepen-
dently associated with ICU mortality. Although in recent years the prog-
nosis of patients with septic shock and cirrhosis has improved [29], our
results confirm that this comorbidity significantly increases the risk of
poor outcome in patients with septic shock. Alcoholism is also associ-
ated with an increased severity of multiple organ dysfunction in pa-
tients with septic shock [30]. Finally, our results corroborate previous
findings that ARDS and thrombocytopenia were independently associ-
ated with poor prognosis in patients with septic shock [31,32] and the
importance of appropriate empiric antibiotic treatment and adequate
SC in reducing mortality in these patients [9,33,34].

Chief among the various limitations of our study is its retrospective
design. Moreover, this was a single-center study, so its results cannot
be extrapolated to other populations in hospitals with different charac-
teristics. On the other hand, although we adjusted for a number of pre-
disposing patient factors, there may be other confounding factors that
we did not measure. Furthermore, during the years included in the
study, the ICU admission criteria may have varied and therefore influ-
enced the incidence of community-acquired septic shock in the ICU
population. Nevertheless, our study also has strengths. We used the
Sepsis-3 definitions to uniformly select a large cohort of patients with
high severity from a long period. Patients were monitored until death
or hospital discharge, resulting in a homogeneous database with high-
quality control measures to ensure validity. Cases of sepsis were identi-
fied by clinical data rather than indirectly by using ICD-9-CM codes, in-
creasing the accuracy of identification. Finally, 92.2% of patients had
positive cultures and blood cultures were positive in 52.5%, which con-
firms the infectious origin of the shock.

5. Conclusions

Our study found a progressive increase in the incidence of patients
with CASS admitted to our ICU in recent years and a progressive de-
crease in associated mortality. The decrease in mortality was mainly
due to better outcomes in infections that did not require SC, suggesting
an improvement in the management of patients with septic shock. Ad-
ministering appropriate empirical antibiotic treatment and adequate SC
as early as possible is important for survival in septic shock. Older age,
alcoholism, and cirrhosis, together with the severity at admission and
organic dysfunctions due to shock, are associated with worse prognosis.
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