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ARTICLE INFO ABSTRACT
Purpose: Current guidelines recommend that rapid source control should be adopted in patients not >6-12 h after
g(emoris-' . sepsis is diagnosed. However, evidence level of this guideline is not specified, and there is no previous study on
eptic shoc|

patients with septic shock visiting the emergency department (ED). Therefore, we aimed to assess the impact of
rapid source control in patients with septic shock visiting the ED.

Materials and methods: In a prospective, observational, multicenter, registry-based study in 11 EDs, Cox propor-
tional hazards model was used to assess the independent effect of source control and time to source control on
28-day mortality.

Results: Cox proportional hazard models revealed that 28-day mortality was significantly lower in patients who
underwent source control (HR 0.538 (0.389-0.744), p <.001). However, no significant association between the
performance of source control after 6 h or 12 h from enrollment and 28-day mortality was noted.

Conclusions: Patients with septic shock visiting the ED who underwent source control showed better outcomes
than those who did not. We failed to demonstrate the performance of rapid source control reduced the 28-day
mortality in septic shock patients. Further studies are required to determine the impact of rapid source control
in sepsis and septic shock.
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1. Introduction problem with high mortality, affecting aging populations with more co-
morbidities [2,3]. Furthermore, patients who survive sepsis often have
long-term physical, psychological, social, and cognitive disabilities
with significant health care and social implications, increasing social

costs [2,4].

Despite recent advances in treatment, sepsis is still a disease that is
highly burdened by public health cost [1]. Sepsis remains a major health

Abbreviations: ED, emergency department; SSC, Surviving Sepsis Campaign; ICU,
intensive care unit; KoSS, Korean Shock Society; HR, hazard ratio; CI, confidence interval.
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Source control includes performing all physical measures in patients
with septic shock to eliminate sources of infection, to control contami-
nation, and to restore the patients' anatomy and function [5]. Surviving
Sepsis Campaign (SSC) recommends that an anatomically specific diag-
nosis of infection requiring the performance of rapid source control
should be established as early as possible in patients with sepsis or sep-
tic shock [6]. In 2016, the SSC recommended the target time (no more
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than 6-12 h after the diagnosis of sepsis or septic shock) of the perfor-
mance of source control was sufficient for most cases. It was a strong
recommendation, but the grading system of the evidence level was
not specific and the evidence of the effectiveness of performing source
control is lacking.

A few previous studies were conducted to investigate the impact of
performing rapid source control in patients with sepsis or septic
shock, and these studies showed inconsistent results regarding timing
of source control and outcomes [7,8]. The previous studies had focused
on patients with sepsis or septic shock who were admitted in the inten-
sive care unit (ICU) or general wards. Patients with sepsis or septic
shock are hospitalized commonly through the emergency department
(ED), but there is no study conducted that investigates on the relation-
ship between the performance of rapid source control and prognosis of
patients with sepsis and septic shock in the ED [9,10]. Therefore, we
aimed to assess the impact of performing rapid source control in pa-
tients with septic shock visiting the ED. The hypothesis of this study
was that delays in the performance of source control in patients with
septic shock would worsen patients' outcomes.

2. Materials and methods
2.1. Study design and population

We conducted a prospective, observational, multicenter, registry-
based study to investigate the impact of time in performing source con-
trol in patients with septic shock visiting the ED. We analyzed the data
from the Korean Shock Society (KoSS) septic shock registry from Octo-
ber 2015 to December 2017. This study was approved by the institu-
tional review boards of each participating institute, and informed
consent was obtained before data collection.

The methodology of the KoSS septic shock registry has been re-
ported previously [11-15]. Patients who visited the ED and met the fol-
lowing inclusion criteria were included in this study: suspected or
confirmed infection and evidence of refractory hypotension or hypoper-
fusion [16-18]. Hypotension was defined as having the following values:
a systolic blood pressure <90 mmHg, a mean arterial pressure
<70 mmHg, or a decrease in systolic blood pressure of >40 mmHg!° Re-
fractory hypotension was defined as a persistent hypotension after the
administration of intravenous fluid (20-30 mL/kg or at least 1 L of crys-
talloid solution administered over 30 min), or the need for the adminis-
tration of vasopressors to maintain a normal blood pressure after
intravenous fluid administration [11]. Hypoperfusion was defined as
having a serum lactate concentration of greater than or equal to
4 mmol/L [19,20]. Patients who signed a “do not attempt resuscitation”
order before the ED arrival or at the time of diagnosis, met the inclusion
criteria 6 h after the ED arrival, were transferred from the other hospi-
tals without meeting the inclusion criteria upon the ED arrival, or
were directly transferred from the EDs to the other hospitals were
excluded.

2.2. Data collection

All data were collected anonymously using standardized web-based
report forms by research coordinators or clinicians at each participating
hospital. Data were centrally reviewed at the coordinating hospital to
control quality of data. For this study, the following patients' demo-
graphic and clinical data were retrieved from the KoSS registry: age,
sex, initial vital signs, initial lactate, lactate clearance, result of blood cul-
ture and identified resistant bacteria, comorbidities, source of infection,
treatment bundles, types of source control, time to source control, and
severity score such as Sequential Organ Failure Assessment (SOFA)
score upon enrollment [21] or Acute Physiology and Chronic Health
Evaluation II score [22] using the worst parameters within 24 h of the
ED arrival.

Results of blood culture (called bacteremia in this study) were doc-
umented as positive or negative. Identified resistant bacteria were de-
fined as those with an identified organism with in vitro resistance to
administered empirical antibiotics on body fluid culture. Comorbidities
were documented such as HTN, DM, cardiac disease, cerebrovascular ac-
cident, chronic lung, renal, liver disease. Source of infection was
consisted of urinary tract, respiratory tract, gastrointestinal tract,
hepatobiliary and pancreas, and the other origins. Treatment bundles
were selected such as administration of vasopressor within 6 h, lactate
clearance and 3 h bundles; 1) Measure lactate level, 2) Obtain blood cul-
tures prior to administration of antibiotics, 3) Administer broad spec-
trum antibiotics, and 4) Administer 30 mlL/kg crystalloid for
hypotension or lactate 4 mmol/L [19]. “Time zero” of treatment bundles
was defined as the time of triage in the ED [23]. The types of source con-
trol were consisted of emergency surgery, percutaneous drainage, en-
doscopic intervention, removal of infected device, and others. Time to
source control was defined as the time from the enrollment to initiation
of source control. The decision to perform source control procedure or
surgery was at the discretion of the physician.

The primary outcome of this study was 28-day mortality. The sec-
ondary outcomes were rate of admission to the ICU, length of ICU and
hospital stay, application and duration of use of mechanical ventilators
and length of stay in the ICU.

2.3. Statistical analysis

The descriptive results were presented as frequencies and percent-
ages for categorical variables and medians and interquartile ranges for
continuous variables that do not follow a normal distribution. To com-
pare continuous variables, we used the Mann-Whitney U test. To com-
pare categorical variables, we used chi-squared test or Fisher's exact
test, as appropriate.

The Cox proportional hazards model was used to assess the indepen-
dent effect of source control and time to source control on 28-day mor-
tality, with multivariable adjustment for confounding variables
significant in univariate analysis. Variables yielding p below 0.2 by uni-
variate analysis were entered into backward multivariable analysis. If
variables had multicollinearity, only one variable was used as covariate.

Two-sided test was performed. Statistical tests were considered
with significance defined as p value <.05. We used Statistical Package
for the Social Sciences, version 20.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patient characteristics

A total of 2250 patients were eligible in KoSS septic shock registry
from November 2015 to December 2017 and thus were included in
this study (Fig. 1). 123 patients were lost to follow up after discharge be-
fore 28 day. The 28-day mortality rate was 21.3% (452 of 2127 patients).

The demographic and clinical characteristics and are shown in
Table 1. The median age was 70 years (60-78), and 1316 (58.5%) pa-
tients were male. There was no statistical difference in positive result
of blood culture (Survival group vs Non-survivor group; 43.3% vs
38.7%, p = .081) and identified organisms in vitro resistance to admin-
istered empirical antibiotics on body fluid culture (Survival group vs
Non-survivor group; 9.1% vs 9.7%, p = .696) between survivor and
non-survivor group according to 28-day mortality.

The respiratory tract (24.9%) was the most common site of infection,
followed by the urinary tract (18.8%) and gastrointestinal tract (13.0%).

3.2. Source control
Out of the 2250 patients included in this study, 524 (23.3%)

underwent source control. The following interventions were the types
of source control performed: percutaneous drainage (n = 301, 57.4%),
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emergency surgery (n = 103, 19.7%), endoscopic intervention (n = 78,
14.9%), removal of infected device (n = 32, 6.1%), and others (n = 10,
1.9%). The proportion of the performance of source control in the survi-
vor group was 26.9%, which was significantly higher from that in the
non-survivor (13.9%) group (p <.001).

The Cox proportional hazards model was used to assess the effect of
source control on 28-day mortality, with multivariable adjustment for
confounding variables The variables used as covariates in multivariable
analysis were p < .2 in univariate analysis (Table S1). In multivariable
analysis, performance of source control (Adjusted Hazard ratio (HR),
0.538; 95% confidence interval (CI), 0.389-0.744) and body tempera-
ture (Adjusted HR, 0.738; 95% CI, 0.677-0.805) were significantly asso-
ciated with a decreased risk of 28-day mortality (Table 2). Age
(Adjusted HR, 1.012; 95% CI, 1.004-1.020), respiratory rate (Adjusted
HR, 1.017; 95% CI, 1.002-1.033), lactate concentration (Adjusted HR,
1.117; 95% CI, 1.087-1.148), SOFA score (Adjusted HR, 1.163; 95% CI,
1.129-1.199), and chronic lung disease (Adjusted HR, 1.387; 95% (I,
1.008-1.906) were significantly associated with an increased risk of
28-day mortality.

As shown in Table 3, there was no difference in treatment bundles
between patients who underwent source control and patients who
did not. Patients who underwent source control were younger and
had higher initial lactate concentration and more positive results of
blood culture. Hepatobiliary and pancreas infection was the most com-
mon source of infection (49.2%) in patients who underwent source con-
trol. On the other hand, respiratory tract was the most common source
of infection (30.8%) in patients who did not.

Secondary outcomes measurements between source control and
non-source control groups are shown in Table S2. The rate of applying
mechanical ventilator was lower in patients who underwent source
control (24.0% vs. 29.0%, p = .028) than those patients who did not.
However, there was no association between source control and dura-
tion of use of mechanical ventilator. Other comparisons of the secondary
outcomes between source control and non-source control groups are
summarized in Table S2.

3.3. Time to source control

Median of time to source control in patients with septic shock visit-
ing the ED was 13.3 h (5.9-37.0) (Table S3). Source control was initiated

Enrolled patients
in KoSS septic shock registry
(n=2,250)

Patients underwent source control
(n=524)

Follow up loss after
discharge before 28 day

/ \ N

Survivor Non-survivor
(n=451, 86.6%) (n=63, 13.4%)

VAN

Source control Source control Source control| Source control
within 6h after 6h within 6h after 6h

n=112 (24.8%) n=339 (75.2%) n=19 (30.2%) n=44 (69.8%)

Source control Source control
within 12h after 12h
n=208 (46.1%) n=243 (53.9%)

Source control| Source control
within 12h after 12h
n=34 (54.0%) n=29 (46.0%)

Fig. 1. Flowchart of the study population.

Table 1

Demographic and clinical characteristics of the patients (n = 2250).

All patients (n = 2250)

Age (year)

Male

Vital sign
Body temperature (°C)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Heart rate (bpm)
Respiratory rate (rpm)

Lactate concentration (mmol/L)

SOFA score

APACHE score

70 (60-78)
1316 (58.5%)

37.6 (36.7-38.6)
93 (79-116)

57 (48-69)

109 (92-126)
20 (18-24)
33(1.9-54)

6 (4-8)

19 (13-25)

Bacteremia®
Resistant bacteria®

940 (41.8%)
207 (9.2%)

Comorbities

HTN 927 (41.2%)
DM 683 (30.4%)
Cardiac disease 298 (13.2%)
Cerebrovascular accident 275 (12.2%)
Chronic lung disease 179 (8%)
Chronic renal disease 167 (7.4%)
Chronic liver disease 254 (11.3%)
Source of infection

Urinary tract 423 (18.8%)
Respiratory tract 560 (24.9%)
Gl tract 292 (13.0%)
Hepatobiliary and pancreas 405 (18.0%)
Others*® 570 (25.3%)

Treatment variables

Measure lactate within 3 h 2103 (93.5%)

Blood culture prior to administration of antibiotics® 1589 (70.6%)
Administration of antibiotics within 3 h 1481 (65.8%)
IV fluid administration (>30 mL/kg) within 3 h 1619 (72%)
Administration of vasopressor within 6 h 1856 (82.5%)

Lactate clearance® 853 (37.9%)

Source control 524 (23.3%)
Time to source control (h)" 13.3 (5.9-37.0)
Source control after 6 h 390 (74.4%)
Source control after 12 h 275 (52.5%)

Type of source control

Surgery 103 (19.7%)

Percutaneous catheter drainage 301 (57.4%)

Endoscopic intervention 78 (14.9%)
Removal of infected device 32 (6.1%)
Others 10 (1.9%)

28-day mortality 452 (20.1%)

Categorical data are expressed as number (percentage) and continuous data are expressed
as median (interquartile range).
SOFA Sequential Organ Failure Assessment, HTN hypertension, DM diabetes mellitus.
The value of the lactate clearance variable was lost in 33 (2%) of 28-day survivors and 3
(0.7%) of 28-day Non-survivors. The value of the 28-day mortality variable was lost in
123 of 2250 (5.5%).

¢ Bacteremia indicates a positive blood culture.

b Resistant bacteria were defined as those with an identified organism with in vitro
resistance to an administered antibiotics on body fluid culture/

¢ Others include soft tissue/bone/joint infection, mixed infection origin, unknown ori-
gin, or others except for infection mentioned on the table and above.

4 Obtain blood cultures prior to administration of empirical antibiotics within 3 h from
triage in the Emergency Department.

¢ Normalization of lactate within 6 h.

T Time to source control was defined as the time from the enrollment to initiation of
source control.

in 134 patients (25.6%) within 6 h, 115 patients (21.9%) over 6 h, but
within 12 h, and 275 patients (52.5%) over 12 h. There was no statistical
difference in median of time to source control between 28-day survivors
(Median 13.6, IQR 6.0-42.5) and non-survivors (Median 10.4, IQR
4.4-25.9) (p = .082). There was no statistical difference in positive re-
sult of blood culture(bacteremia) and in inappropriate administration
of empirical antibiotics(resistant bacteria) between patients who
underwent source control within and after 6 h or 12 h (Within 6 h vs
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Table 2
Cox proportional hazard regression model of risk factors for 28-day mortality in total pa-

Table 3
Demographic and clinical characteristics of patients who underwent and who did not un-

tients (n = 2250). dergo source control (n = 2250).
Adjusted HR p Patients with ~ Patients without p
Age (year) 1012 0.002 souicgzczntrol souici ;ggtrol
(1.004-1.020) (n =524) (n = 1726)
Male 0.963 0.724 Age (year) 68 (58-76) 70 (61-78) 0.008
(0.780-1.188) Male 319 (60.9%) 997 (57.8%) 0213
Body temperature (°C) 0.738 <0.001 Vital sign
(0.677-0.805) Body temperature (°C) 37.6 37.6 (36.7-38.6) 0.998
Heart rate (bpm) 1.004 0.049 (36.6-38.6)
(1.000-1.008) Systolic BP (mmHg) 94 (80-116) 92 (78-115) 0.460
Respiratory rate (rpm) 1.017 0.030 Diastolic BP (mmHg) 58 (50-70) 57 (48-69) 0.159
(1.002-1.033) Heart rate (bpm) 106 (91-125) 109 (92-126) 0.266
Lactate concentration (mmol/L) 1117 <0.001 Respiratory rate (rpm) 20 (18-22) 20 (18-24) 0.002
(1.087-1.148) Lactate concentration (mmol/L) 3.8 (2.0-5.6) 3.1(1.8-5.3) 0.005
SOFA score 1.163 <0.001 SOFA score 6 (4-8) 6 (4-8) 0.696
(1.129-1.199) APACHE score 19 (14-25) 19 (13-25) 0.765
Comorbidities Bacteremia® 306 (58.4%) 634 (36.7%) <0.001
DM 1.039 0.718 Resistant bacteria® 54 (10.3%) 153 (8.9%) 0.388
(0.843-1.281) o
Chronic lung disease 1.387 0.044 Comorbidities
(1.008-1.906) HTN 213 (40.6%) 714 (41.4%) 0.775
Chronic renal disease 1.038 0.829 DM L 152 (29%) 531(30.8%) 0.446
(0.741-1.453) Cardiac disease 57 (10.9%) 241 (14%) 0.082
Source of infection Cerebrovascular accident 42 (8%) 233 (13.5%) 0.002
Urinary tract 1 Chronic lung disease 23 (4.4%) 156 (9%) <0.001
Respiratory tract 2297 <0.001 Chronic renal disease 33 (6.3%) 134 (7.8%) 0.215
(1.578-3.344) Chronic liver disease 81 (15.5%) 173 (10%) 0.001
Gl tract 1.946 0.002 Source of infection
g (1.273-2.973) Urinary tract 67(128%) 356 (20.6%) <0.001
Hepatobiliary and pancreas 1322 0.242 Respiratory tract 28 (5.3%) 532 (30.8%) <0.001
R (0.829-2.109) Gl tract 69(13.2%) 223 (129%) 0.783
Others 2.089 <0.001 Hepatobiliary and pancreas 258 (49.2%) 147 (8.5%) <0.001
, (1.431-3.052) Others® 102(195%) 468 (27.1%) 0.001
Treatment variables
Blood culture prior to administration of antibiotics® 0.926 0.472 Treatment variables
(0.750-1.143) Measure lactate within 3 h 484 (92.4%) 1619 (93.8%) 0.260
IV fluid administration (230 mL/kg) within 3 h 0.980 0.851 Blood culture prior to administration 383 (73.1%) 1206 (69.9%) 0.371
(0.793-1.211) of antibiotics?
Lactate clearance® 0.718 0.011 Administration of antibiotics 349 (66.6%) 1132 (65.6%) 0.507
(0.556-0.928) within 3 h
Source control 0.538 <0.001 IV fluid administration (>30 370 (70.6%) 1249 (72.4%) 0.562

(0.389-0.744)

Adjusted hazard ratios and 95% confidence intervals (CIs) for 28-day mortality in total
patients.
The covariates of Cox proportional hazard regression model adopted the variables with a p
of <0.2 in the univariate analysis shown in Table S1.
SOFA Sequential Organ Failure Assessment.

@ Others include soft tissue/bone/joint infection, mixed infection origin, unknown ori-
gin, or others except for infection mentioned on the table and above.

P Obtain blood cultures prior to administration of empirical antibiotics within 3 h from
triage in the Emergency Department.

€ Normalization of lactate within 6 h.

after 6 h; Bacteremia (51.5% vs 60.8%, p = .060), Resistant bacteria (7.5%
vs 11.3%, p = .210) and Within 12 h vs after 12 h; Bacteremia (55.4% vs
61.1%, p = .189), Resistant bacteria (11.2% vs 9.5%, p = .501). Treatment
bundles had no statistical difference between early vs. late source con-
trol group except measurement lactate within 3 h and lactate clearance
(Table S4).

The Cox proportional hazards model was used to assess the effect of
time to source control on 28-day mortality, with multivariable adjust-
ment for confounding variables. The variables used as covariates in mul-
tivariable analysis were p <.2 in univariate analysis (Table S3, Table 4).
In multivariable analysis, source control performed after 6 h and 12 h
were not associated with 28-day mortality (Adjusted HR, 1.418; 95%
Cl, 0.724-2.779; p = .309 and Adjusted HR, 1.263; 95% (I,
0.626-2.548; p = .514).

Secondary outcome measurements in the time to source control di-
vided by 6 h and 12 h are shown in Table S4. The rate of applying me-
chanical ventilator was higher in patients who underwent source

mL/kg) within 3 h
Administration of vasopressor
within 6 h

Lactate clearance®

28-day mortality

430(82.1%) 1426 (82.6%) 0.739

186 (35.5%)
63 (12.3%)

667 (38.6%) 0.114
389 (22.5%) <0.001

Categorical data are expressed as number (percentage) and are compared using the chi-
squared test; continuous data are expressed as median (interquartile range) and are com-
pared using the Mann-Whitney U test.
SOFA Sequential Organ Failure Assessment, HTN hypertension, DM diabetes mellitus.
The value of the lactate clearance variable was lost in 4 (0.8%) of patients who underwent
source control and in 33 (1.9%) of patients who did not. The value of the 28-day mortality
variable was lost in 10 (1.9%) of patients who underwent source control and 113 (6.5%) of
patients who did not.

@ Bacteremia indicates a positive blood culture.

b Resistant bacteria were defined as those with an identified organism with in vitro
resistance to an administered antibiotics on body fluid culture.

¢ Others include soft tissue/bone/joint infection, mixed infection origin, unknown ori-
gin, or others except for infection mentioned on the table and above.

4" Obtain blood cultures prior to administration of empirical antibiotics within 3 h from
triage in the Emergency Department.

¢ Normalization of lactate within 6 h.

control within 6 h than after 6 h (30.6% vs 21.8%, p = .040) and higher
in patients who underwent source control within 12 h than after 12 h
(30.1%vs 18.5%, p = .002). However, duration of use of mechanical ven-
tilator was not significantly different between the source control group
within and after 6 h or 12 h. Other comparisons of the secondary out-
comes between the source control group within and after 6 h or 12 h
are summarized in Table S4.
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3.4. Subgroup analysis in patients who underwent source control with
Sepsis-3 septic shock

Out of the 2250 patients included in this study, 1049 (46.6%) were
eligible for Sepsis-3 septic shock (hypotension, the need for vasopres-
sors, and lactate concentration > 2 mmol/L despite adequate intrave-
nous fluid administration) [24]. Among them, 281 (26.8%) patients
underwent source control. In multivariable analysis, source control per-
formed after 6 h and 12 h were not associated with 28-day mortality in
Sepsis-3 septic shock (Adjusted HR, 1.309; 95% CI, 0.612-2.797; p =
488 and Adjusted HR, 1.344; 95% CI, 0.612-2.951; p = .462)
(Tables S5 and S6).

3.5. Subgroup analysis in patients who underwent percutaneous catheter
drainage

Percutaneous catheter drainage was the most common source con-
trol measure in this study (n = 301, 57.4%). In multivariable analysis,
source control performed after 6 h and 12 h were not associated with
28-day mortality in patients who underwent percutaneous catheter
drainage (Adjusted HR, 1.085; 95% CI, 0.479-2.455; p = .845 and Ad-
justed HR, 1.040; 95% Cl, 0.437-2.471, p = .930) (Table S7, Table S8).

4. Discussion

This study revealed lower 28-day mortality in septic shock patients
who underwent source control after adjusting the confounding factors.
However, this study found no association between the time to source
control and 28-day mortality. One prospective, observational study in-
cluding 1011 patients with severe sepsis or septic shock found that per-
formance of source control within the first 6 h was associated with 16%
lower 28-day mortality [7]. This study was different from our study in
that it was conducted in ICU patients with severe sepsis and septic

Table 4
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shock. Another recent prospective, observational study including 3663
patients with severe sepsis and septic shock found that mortality was
lower in septic patients who underwent source control than in those pa-
tients who did not; however, the time to source control could not be
linked to survival in the study [8].

The result of this study is interesting because the SSCin 2016 recom-
mended that the target time (no >6-12 h after the establishment of the
diagnosis) of performance of source control was sufficient for most
cases [6]. It was based on several studies that demonstrated the impor-
tance of the performance of rapid source control [25-30]. However,
these studies included only single disease entity such as necrotizing fas-
ciitis, peptic ulcer perforation, and cholangitis. The definition of rapid
source control was also defined differently depending on each study
[25,28,31-33].

New paradigm of sepsis suggested that the best approach to treat-
ment is to minimize the time it takes for microorganisms to develop
into septic shock [34]. This concept supported the current concept of
rapid clearance of pathogen in patients with sepsis and septic shock.
Kumar et al. discussed the rapid administration of antibiotics; however,
they did not mention the performance of source control [34]. Although
it is reasonable to assume that the performance of rapid source control
is essential to increase survival in patients with septic shock, it has not
been fully proved through data.

It is clear that the performance of source control improves the prog-
nosis of patients with septic shock. In this study, 28-day mortality was
reduced in patients who underwent source control compared to pa-
tients who did not (HR, 0.538; 95% CI, 0.389-0.744). One study found
the source of infection in 80% of patients of surgical ICU who died of sep-
sis or septic shock through macroscopic findings in the autopsies, sug-
gesting that the need for performing source control might be
underassessed [35].

Failure of many attempts to demonstrate the association between
the optimal time of the performance of source control and mortality

Cox proportional hazard regression model of risk factors for 28-day mortality in patients who underwent source control (n = 524) measures.

Adjusted HR P

Adjusted HR p

Source control

Source control performed after 6 h* 1.418 (0.724-2.779)  0.309

Time to source control (h)?* 0.994 (0.988-1.001)  0.082
Type of source control

Surgery 1

Percutaneous catheter drainage 1.351 (0.538-3.389) 0.522
Endoscopic intervention 0.175 (0.020-1.536)  0.116
Removal of infected device 2.047 (0.540-7.761)  0.292
Others 0.945 (0.134-6.679)  0.955
Body temperature (°C) 0.767 (0.603-0.976)  0.031
Respiratory rate (rpm) 0.995 (0.937-1.056)  0.859
Lactate concentration (mmol/L) 1.058 (0.977-1.146)  0.163
SOFA score 1.254 (1.140-1.379)  <0.001
Bacteremia® 0.566 (0.301-1.065)  0.078
Chronic lung disease 4,966 (2.091-11.79)  <0.001
Source of infection

Urinary tract 1

Respiratory tract 3.533 (0.785-15.897) 0.100

Gl tract 3.360 (0.837-13.482) 0.087

Hepatobiliary and pancreas 1.632 (0.476-5.599) 0.436

Others® 2.376 (0.637-8.854)  0.197
Treatment variables

Blood culture prior to administration of antibiotics® 0.775 (0.416-1.444)  0.422

Administration of antibiotics within 3 h 0.749 (0.397-1.414) 0373
Lactate clearance® 0.400 (0.174-0.921)  0.031

Source control

Source control performed after 12 h* 1.263 (0.626-2.548) 0.514

Time to source control (h)?* 0.994 (0.987-1.001)  0.109
Type of source control

Surgery 1

Percutaneous catheter drainage 1.403 (0.56-3.515) 0.470
Endoscopic intervention 0.186 (0.021-1.626)  0.128
Removal of infected device 2.058 (0.537-7.888)  0.292
Others 0.956 (0.134-6.852)  0.965
Body temperature (°C) 0.771 (0.605-0.983)  0.036
Respiratory rate (rpm) 0.997 (0.939-1.059)  0.920
Lactate concentration (mmol/L) 1.052 (0.973-1.138)  0.200
SOFA score 1.253 (1.138-1.380)  <0.001
Bacteremia® 0.568 (0.301-1.07) 0.080
Chronic lung disease 4.835 (2.039-11.464) <0.001
Source of infection

Urinary tract 1

Respiratory tract 3.321 (0.725-15.217)  0.122

Gl tract 3.328 (0.829-13.362) 0.090

Hepatobiliary and pancreas 1.56 (0.453-5.371) 0.481

Others® 2.387 (0.639-8.919)  0.196
Treatment variables
Blood culture prior to administration of antibiotics® 0.807 (0.436-1.494)  0.495

Administration of antibiotics within 3 h 0.744 (0.393-1.408) 0.364
Lactate clearance® 0.398 (0.173-0.918)  0.031

Adjusted hazard ratios and 95% confidence intervals (Cls) for 28-day mortality in patients who underwent source control.
The covariates of Cox proportional hazard regression model adopted the variables with a p of <0.2 in the univariate analysis shown in Table S3.

SOFA Sequential Organ Failure Assessment.

¢ Time to source control was defined as the time from the enrollment to initiation of source control.

b Bacteremia indicates a positive blood culture.

¢ Others include soft tissue/bone/joint infection, mixed infection origin, unknown origin, or others except for infection mentioned on the table and above.

d

¢ Normalization of lactate within 6 h.

Obtain blood cultures prior to administration of empirical antibiotics within 3 h from triage in the Emergency Department.
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could be due to various types of source control, diverse disease entities,
and varying clinical decisions. First, as an example of disease entities,
when intra-abdominal infection becomes complicated, it often requires
more than one performance of source control [36], therefore increasing
morbidity, hospital stay, and mortality [37,38]. Hence, initial perfor-
mance of rapid source control to treat the intra-abdominal infection
could not guarantee a successful eradication of the infection. Second,
clinical decision could delay the performance of source control, leading
to the occurrence of favorable outcomes. For example, certain disorders,
such as necrotizing pancreatitis, require time to be anatomically de-
fined; hence, the need for a clinical intervention is also delayed [39].
Third, there are various types of source control, and there may be limi-
tations to study them together.

This study has several limitations. There may be other confounding
factors that we did not measure. Possible confounding factors related
to source control are the number of attempts in the performance of
source control, technical success of source control, and complications
of source control. The number of attempts of source control may be im-
portant, because the unstable patient condition does not allow complete
source control intervention. It can make clinicians to do only bridging
intervention first and complete source control could be performed
later. In our registry, 57.4% of patients who underwent source control
received percutaneous catheter drainage. Some of them could be just
“bridging intervention”. Furthermore, Even if the rapid source control
was performed, a good prognosis cannot be achieved if the removal is
unsuccessful or if fatal complications of intervention were made.
There is no data about occurrence of fatal complication during interven-
tion in our data. Finally, there were no data on patients who required
source control, but did not undergo. It could make the outcome of pa-
tients who did not undergo source control to be worsened.

However, this study also has corresponding strengths. First, we pro-
spectively enrolled a large cohort of patients with septic shock from a
multicenter. Variables were predefined to minimize the difference of
judgment among individual investigators. Second, this is the first
study to investigate the effect of the performance of source control in
patients with septic shock visiting the ED.

5. Conclusion

Among the patients who visited the ED with septic shock, those who
underwent source control showed better outcomes than those who did
not. But, we failed to demonstrate the performance of rapid source con-
trol reduced the 28-day mortality in septic shock patients. Well-
designed clinical trials including patients with severe sepsis and septic
shock and the number, technical success and needs of the performance
of source control should be investigated to determine the impact of the
performance of rapid source control.
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