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Abstract: Background: Hospitalized patients can develop septic shock at any time. Therefore, it is
important to identify septic patients in hospital wards and rapidly perform the optimal treatment.
Although the sepsis bundle has already been reported to improve survival rates, the controversy
over evidence of the effect of in-hospital sepsis continues to exist. We aimed to estimate the outcomes
and bundle compliance of patients with septic shock in hospital wards managed through the rapid
response system (RRS). Methods: A retrospective cohort study of 976 patients with septic shock
managed through the RRS at an academic, tertiary care hospital in Korea from 2008 to 2017. Results:
Of the 976 enrolled patients, the compliance of each sepsis bundle was high (80.8-100.0%), but the
overall success rate of the bundle was low (58.3%). The compliance rate for achieving the overall
sepsis bundle increased from 26.5% to 70.0%, and the 28-day mortality continuously decreased from
50% to 32.1% over 10 years. We analyzed the two groups according to whether they completed
the overall sepsis bundle or not. Of the 976 enrolled patients, 569 (58.3%) sepsis bundles were
completed, whereas 407 (41.7%) were incomplete. The complete bundle group showed lower 28-day
mortality than the incomplete bundle group (37.1% vs. 53.6%, p < 0.001). In the multivariate multiple
logistic regression model, the 28-day mortality was significantly associated with the complete bundle
(adjusted odds ratio (OR), 0.61; 95% confidence intervals (CI), 0.40-0.91; p = 0.017). The obtaining of
blood cultures (adjusted OR, 0.45; 95% CI, 0.33-0.63; p < 0.001) and lactate re-measurement (adjusted
OR, 0.69; 95% CI, 0.50-0.95; p = 0.024) in each component of the sepsis bundle were associated with
the 28-day mortality. Conclusions: The rapid response system provides improving sepsis bundle
compliances and survival in patients with septic shock in hospital wards.

Keywords: sepsis; shock; septic; rapid response systems; hospital-onset sepsis; hospital rapid

response team

1. Introduction

Sepsis and septic shock present in more than 50% of adult hospitalizations ending in
death or terminal discharge to a hospice. Since sepsis and septic shock patients require
invasive treatment and intensive hemodynamic monitoring, most of them need to be
treated in intensive care units (ICUs) [1]. Rescuing these patients requires early, aggressive,
and appropriate fluid resuscitation, control of the source of infection, and antimicrobial
therapy [2,3]. The surviving sepsis campaign (SSC) has been providing guidelines for the
treatment of sepsis since 2002 and has highlighted sepsis bundles [4,5].

According to the 7.5-year study of the SSC, the rate of mortality due to sepsis in
hospital wards was 40.3%, which is much higher than the 26.0% in emergency departments.
This was similar to the mortality rate (44.2%) among patients in the ICU [6]. In addition, the
cost of hospitalization for patients with hospital-onset sepsis is five times that of patients
with community-onset sepsis [7]. According to a recently reported large cohort study, the
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complete bundle of sepsis was not associated with outcome in hospital-onset sepsis, and
only early broad-spectrum intravenous antibiotic treatment among the bundle elements
was associated with reduced mortality [8]. The guidelines for the management of sepsis
focus on early detection and treatment of community-onset sepsis in emergency rooms.
However, other strategies may be required to detect and treat hospital-onset sepsis, i.e.,
sepsis occurring during hospitalization. Management strategies to improve the recognition
and management of hospital-onset sepsis are geared to the use of rapid response systems
(RRS) [7]. Although sepsis bundles have already been reported to improve survival rates,
the controversy over evidence of the effect on in-hospital sepsis continues to exist [8-10].
We aimed to estimate the outcomes and bundle compliance of patients with septic shock in
hospital wards managed through the RRS.

2. Materials and Methods
2.1. Study Design and Ethical Approval

We performed a retrospective cohort study to estimate the outcomes and bundle
compliance of patients with septic shock managed through the RRS in an academic, tertiary
care hospital equipped with approximately 2700 beds (Asan Medical Center, Seoul, Korea).
We collected and analyzed clinical data between March 2008 and December 2017.

The experimental plan used for this study received approval from our institutional
review board (IRB No. 2020-0286) and was conducted in accordance with the Korea Food
and Drug Administration and the International Conference on Harmonization of Good
Clinical Practice guidelines.

2.2. Data Collection and Definitions

The following data on sepsis patients triggering RRS activation were received from the
RRS registry and electronic medical records. During the study period, laboratory findings,
comorbidities, departments, sources of infection, and blood cultures were recorded to
identify the characteristics of patients with sepsis in hospital wards. Furthermore, to
confirm sepsis management in hospital wards, the amounts of fluids used for resuscitation,
application of vasopressors, use of point of care ultrasound, placement of central and
arterial catheters, and source control were assessed.

The severity of illness was assessed using the Sequential (Sepsis-related) Organ Func-
tion Assessment (SOFA) score, which was measured within 6 h after RRS activation. Time
zero was defined as the time reported by the attending staff for RRS activation or the time
of recognition of sepsis as reported by the RRS staff through the RRS screening system.

Data were collected on each element of the SSC sepsis bundle used to perform treat-
ment for patients [11]. The three-hour bundle for sepsis comprises four elements; the
measurement of the serum lactate level, the acquisition of blood cultures prior to antibiotic
therapy, the administration of broad-spectrum antibiotics, and the administration of IV flu-
ids. The six-hour bundle for sepsis comprises two elements; administration of vasopressors
and the re-measurement of serum lactate levels if the initial levels were elevated.

The primary outcome of this study was the 28-day mortality rate according to the
overall completion rate of the sepsis bundle. The secondary outcome was risk factors for
28-day mortality.

2.3. Role of Rapid Response Systems (RRS) in Sepsis

Our hospital has had the RRS since 2008. The RRS operated for 24 h a day, 7 days a
week and the team consist of intensivists and dedicated clinical nurse specialists. The RRS
was activated if a patient is identified by automated screening system consisting of vital
sign parameter or early warning score or laboratory measurement based on the electronic
medical record (EMR) or activated through direct phone call by ward staff or nurses.

We detected patients early through the screening system and performed sepsis assess-
ment, management and inter-professional collaboration with ward staff and nurses. We
performed invasive procedures or addition managements through the evaluation of fluid
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volume status. In addition, the RRS provided a staff education focus on early identification
and giving timely treatments and care bundles for sepsis.

2.4. Statistical Analysis

Statistical analysis of the collected data was performed using IBM SPSS Statistics
version 21 (IBM Corp., Armonk, NY, USA).

Data are presented as mean + SD for continuous variables, including age, SOFA
score, and laboratory data, and as frequencies (%) for categorical variables, including
sex, type of sepsis, and source of infection. Statistical analysis was performed using the
t-test for continuous variables and the x? or Fisher’s exact test for categorical variables
as appropriate.

The associations between bundle compliance and 28-day mortality were analyzed
using logistic regression. We adjusted for age, sex, call type, completion of all bundles,
use of ventilator support, positivity of blood cultures, initial serum lactate level, follow-
up serum lactate level, C-reactive protein level, procalcitonin level, total volume of fluid
administered over 6 h, use of inotropics, transfusion of red blood cells, use of steroids,
source control, and SOFA score. The results are presented as odds ratios (ORs) with 95%
confidence intervals (Cls). p-values of less than 0.05 were considered statistically significant.

3. Results

Figure 1 shows the flow diagram for sepsis management through the RRS. We man-
aged sepsis through the RRS during the study period. Of the 976 enrolled patients with
septic shock, the compliances of each sepsis bundle were high (80.8%-100.0%); however,
the overall completion rate of the bundles was shown to be low (58.3%; Tables 1 and S1).

RRS activation
n=18,961
Y
Reason for RRS activation ( Exclusion )
: Sepsis & septic shock 1. Sepsis (Sepsis-3 definition)
n=2756 n=1780

A 4

Septic shock
n=976

A A4

Complete Bundle Incomplete Bundle
n =569 (58.3%) n =407 (41.7%)

Figure 1. Flow diagram of the process of selection of study patients.
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Table 1. The 3 h and 6 h elements and compliance of sepsis bundle for patients with septic shock.

Variables All (n =976)
Measurement of lactate/3 h 939 (96.2)
Obtain blood cultures/3 h 791 (81.0)
Administer broad-spectrum intravenous antibiotics/3 h 940 (96.3)
Administer 30 mL/kg crystalloid /3 h 885 (90.7)
Application of vasopressors/6 h 976 (100.0)
Repeat the lactate measurement/6 h 789 (80.8)
Complete bundle. overall 569 (58.3)

Data are presented as 1 (%).

Figure 2 shows the compliance rate for achieving overall sepsis bundles and the 28-day
mortality rate for patients with septic shock who were referred to the RRS from March 2008
to December 2017. The compliance rate for achieving the overall sepsis bundle increased
and the 28-day mortality continuously decreased over 10 years.

70% A

—4-  28-day mortality
-8 Bundle compliance rate

60% -
50% A
40% -
30% -
20% A

10% -

0%

Figure 2.

2012 2013 2014 2015 2016 2017
Year

2008 2009 2010 2011

Compliance rate for achieving overall sepsis bundle and 28-day mortality rate of septic shock.

We analyzed the two groups according to whether or not they completed the overall
sepsis bundle. Of the 976 enrolled patients, 569 (58.3%) completed all sepsis bundles, while
407 (41.7%) did not complete them. The mean age, sex, co-morbidity, and department
did not differ significantly between the two groups. The SOFA score was significantly
higher in the incomplete bundle group than in the complete bundle group (10.6 & 3.5 vs.
11.1 £ 3.7, p = 0.029). C-reactive protein levels were significantly higher in the incomplete
bundle group than in the complete bundle group (12.20 &= 9.52 vs. 13.38 & 10.37, p = 0.002).
Serum creatinine levels were significantly higher in the incomplete bundle group than in
the complete bundle group (1.68 &+ 1.32 vs. 1.85 £ 1.59, p = 0.002; Table S2).

The initial management of shock within 6 h differed significantly in the two study groups.
The patients in the complete bundle group more frequently required fluid resuscitation
(234 £1.26 Lvs. 1.77 £1.36 L, p < 0.001), vasopressin (40.4% vs. 22.4%, p < 0.001), epinephrine
(12.0% vs. 6.9%, p = 0.005), use of point of care ultrasound (45.0% vs. 25.3%, p < 0.001), arterial
catheters (72.6% vs. 60.9%, p < 0.001), and source control (20.2% vs. 13.3%, p = 0.003) than
those in the incomplete bundle group; however, the patients in the incomplete bundle group
more frequently required dopamine (4.0% vs. 6.6%, p = 0.049), and mechanical ventilation
(32.3% vs. 39.1%, p = 0.018; Table 2) than those in the complete bundle group.
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Table 2. Management of shock over the initial 6 h (1 = 976).

All Complete Bundle Incomplete Bundle

Variables (n = 976) (n = 569) (n = 407) p-Value
6hour total fluid (L), mean (SD) 2.10 £ 1.33 234 +1.26 1.77 + 1.36 <0.001
Use of vasopressor, 1 (%)

Dopamine 50 (5.1) 23 (4.0) 27 (6.6) 0.049
Norepinephrine 969 (99.3) 567 (99.6) 402 (98.8) 0.113
Vasopressin 321 (32.9) 230 (40.4) 91 (22.4) <0.001
Epinephrine 96 (9.8) 68 (12.0) 28 (6.9) 0.005

Point of care ultrasound, 7 (%) 359 (36.8) 256 (45.0) 103 (25.3) <0.001
Arterial catheter, 1 (%) 66.1 (67.7) 413 (72.6) 248 (60.9) <0.001
Central venous catheter, 1 (%) 774 (79.3) 458 (80.5) 316 (77.6) 0.158
Ventilator support, 1 (%) 343 (35.1) 184 (32.3) 159 (39.1) 0.018
Use of inotropic agent, 1 (%) 95 (9.7) 49 (8.6) 46 (11.3) 0.099
Transfusion of RBC, n (%) 231 (23.7) 141 (24.8) 90 (22.1) 0.187
Use of corticosteroid therapy, # (%) 266 (27.3) 158 (27.8) 108 (26.5) 0.363
Source control, 1 (%) 169 (17.3) 115 (20.2) 54 (13.3) 0.003

Data are presented as 1 (%). ICU and mean + SD. RBC, red blood cell.

A total of 578 patients (59.2%) were transferred to the ICU, with the complete bundle
group accounting for a significantly higher proportion than the incomplete bundle group
(62.4% vs. 54.8%, p = 0.010). The overall 28-day mortality rate was 44.0%, with the rate
being significantly lower in the complete bundle group than in the incomplete bundle
group (37.1% vs. 53.6%, p <0.001), and similar tendencies being observed for the in-hospital
mortality rate (42.4% vs. 57.0%, p < 0.001; Table 3).

Table 3. Clinical outcomes (1 = 976).

All Complete Incomplete
Variables (1 = 976) Bundle Bundle p-Value
(n = 569) (n = 407)
Transfer to ICU, n (%) 578 (59.2) 355 (62.4) 223 (54.8) 0.010
28-day mortality, 1 (%) 429 (44.0) 211 (37.1) 218 (53.6) <0.001
Hospital mortality, 1 (%) 473 (48.5) 241 (42.4) 232 (57.0) <0.001

Data are presented as 1 (%). ICU, intensive care unit.

In the multiple multivariate logistic regression model, 28-day mortality was signifi-
cantly associated with all bundle completion (adjusted odds ratio, 0.61; 95% CI, 0.40-0.91;
p = 0.017), re-measured serum lactate level (adjusted odds ratio, 1.20; 95% CI, 1.12-1.29;
p <0.001), C-reactive protein (adjusted odds ratio, 1.04; 95% CI, 1.02-1.06; p < 0.001), in-
sertion of arterial catheter (adjusted odds ratio, 0.59; 95% CI, 0.38-0.91; p = 0.018), source
control (adjusted odds ratio, 0.50; 95% CI, 0.30-0.84; p = 0.008), and SOFA score (adjusted
odds ratio, 1.33; 95% CI, 1.23-1.44; p < 0.001, Table 4).

The obtaining of blood cultures (adjusted odds ratio, 0.45; 95% CI, 0.33-0.63; p < 0.001)
and the lactate level re-measurement (adjusted odds ratio, 0.69; 95% CI, 0.50-0.95; p = 0.024)
in each component of the sepsis bundle were associated with the risk of 28-day mortality
(Figure 3).

Table 4. Multivariate multiple logistic regression model for 28-day mortality in septic shock patients.

Simple Logistic Regression Multiple Logistic Regression
Variabl
ariables Unadjusted OR (95% CI) p-Value Adjusted OR (95% CI) p-Value
Age 1.00 (0.99-1.01) 0.823 1.01 (0.99-1.02) 0.237
Male 0.95 (0.73-1.23) 0.701 1.21 (0.83-1.78) 0.325
Call type (Screening/Direct call) 1.35 (1.04-1.74) 0.022 0.93 (0.63-1.36) 0.691
Complete bundle 0.51 (0.40-0.66) <0.001 0.61 (0.40-0.91) 0.017
Mechanical ventilator support 2.77 (2.11-3.62) <0.001 0.88 (0.88-1.43) 0.611
Positive blood culture 0.73 (0.56-0.93) 0.013 0.71 (0.48-1.04) 0.086
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Table 4. Cont.

Simple Logistic Regression

Multiple Logistic Regression

Variables Unadjusted OR (95% CI) p-Value Adjusted OR (95% CI) p-Value
Lactate (time zero), mmol/L 1.13 (1.08-1.18) <0.001 0.93 (0.84-1.03) 0.139
Lactate (re-measurement), mmol/L 1.20 (1.14-1.26) <0.001 1.20 (1.12-1.29) <0.001
C-reactive protein, mg/L 1.04 (1.03-1.06) <0.001 1.04 (1.02-1.06) <0.001
Procalcitonin, ng/mL 1.00 (1.00-1.00) 0.574 1.00 (1.00-1.00) 0.840
6 h total fluid, L 1.00 (0.91-1.10) 0.960 1.10 (0.53-1.29) 0.200
Arterial catheter 1.35 (1.02-1.77) 0.033 0.59 (0.38-0.91) 0.018
Central venous catheter 1.10 (0.81-1.51) 0.546 0.82 (0.49-1.37) 0.439
Point of care ultrasound 0.84 (0.65-1.09) 0.190 0.99 (0.37-1.45) 0.953
Use of inotropic agent 1.40 (0.92-2.15) 1.404 0.84 (0.45-1.55) 0.569
Transfusion of RBC 1.42 (1.06-1.92) 0.019 1.17 (0.75-1.83) 0.489
Use of corticosteroid therapy 1.49 (1.12-1.98) 0.006 0.89 (0.58-1.39) 0.621
Source control 0.40 (0.28-0.58) <0.001 0.50 (0.30-0.84) 0.008

SOFA score 1.35 (1.29-1.42) <0.001 1.33 (1.23-1.44) <0.001

OR, odds ratio, CI, confidence interval, RBC, red blood cell, SOFA, sequential (sepsis-related) organ failure assessment.

A. Unadjusted OR (95% CI)
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Figure 3. Multiple multivariate logistic regression model for bundle components with 28-day mortality in septic shock

patients; OR, odds ratio, CI, confidence interval.
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4. Discussion

In this study, we showed that RRSs have improved compliance with sepsis bundles for
10 years, and compliance of sepsis bundles was associated with reduced 28-day mortality
in patients with septic shock in hospital wards. The compliance rate of the 3/6-h bundle
increased from 26.5% to 70.0% and the 28-day mortality decreased from 50.0% to 32.1%
over 10 years. It was also confirmed that bundle completion, re-measured serum lactate
levels, C-reactive protein levels, insertion of arterial catheter, source control, and SOFA
score were associated with 28-day mortality. In addition, obtaining of blood cultures and
lactate re-measurement among the detailed elements of the sepsis bundle were classified
as factors associated with 28-day mortality.

One observational study conducted over 7.5 years in SSC reported a 3-5% decrease
in in-hospital mortality for every 10% increase in bundle compliance [6]. In addition, a
large-scale retrospective study reported that a more rapid completion of the 3 h bundle and
the administration of broad-spectrum antibiotics were associated with higher in-hospital
mortality among patients with severe sepsis and septic shock in the emergency depart-
ment [3]. Recently, the sepsis bundle core performance measure was rolled out in the
centers for medicare and medicaid services inpatient quality reporting program beginning
in 2015, with the aim of facilitating timely, high-quality sepsis care, and many studies
on hospital-onset sepsis have been reported [8,12,13]. According to a recently reported
large cohort study, the compliance rate for bundles in community-onset sepsis was 40.1%,
whereas it was only 12.2% in hospital-onset sepsis. The complete bundle was not associated
with outcome in hospital-onset sepsis, and only early broad-spectrum intravenous antibi-
otic treatment among the bundle elements was associated with outcome [8]. In addition,
a retrospective cohort study demonstrated that although sepsis bundle failure was not
associated with mortality, the overall compliance rate for bundles was only 33.0%, and this
study included only 9% of hospital-onset sepsis cases [14]. There is still controversy over
whether or not the compliance of bundle reduces mortality due to in-hospital sepsis. Our
study demonstrates that bundle compliance is associated with mortality in hospitalized
patients with septic shock. A possible explanation for this might be that the overall bundle
compliance rate in our study was found to be 58.3%, which is higher than that of previously
reported studies on hospital-onset sepsis. Considering the high rate of bundle compliance
in the emergency department, the difference in bundle compliance rate might have been
an influence.

In this study, we analyzed the factors associated with mortality among the detailed
elements of sepsis bundles, which, contrary to expectations, the obtaining of blood cultures
was classified as one of the factors associated with 28-day mortality. There was no signifi-
cant association between the administration of broad-spectrum antibiotics and outcome. A
retrospective review study demonstrated that the time required for the completion of a 3-h
bundle and the administration of broad-spectrum antibiotics were associated with higher
in-hospital mortality among patients with severe sepsis and septic shock in the emergency
department [3]. In contrast to patients staying in the emergency room, patients who are
hospitalized often become worse with sepsis while they are already infected, and they are
often already administering antibiotics. In this study, antibiotic administration in septic
shock was performed in 96.3% of cases. However, no analysis on the appropriateness,
addition, or change of antibiotics was conducted. In general, at the onset of sepsis, blood
cultures should be obtained prior to antibiotic administration, as the obtaining of blood
cultures during antibiotic therapy is associated with the loss of clinically relevant pathogen
identification [15]. It might be important to determine whether the deterioration of pa-
tients already receiving antibiotic therapy for septic shock is a deterioration of the existing
infection status, a mutation of the pathogens into antibiotic-resistant bacteria, or a new
infection. Therefore, further research on whether identifying the causative bacteria needs
to be carried out by conducting culture tests to identify new sources of infection rather than
using antibiotics will lead to the optimization of antibiotics and improved survival rates.
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In our analysis, another detailed element of the sepsis bundle associated with mortality
was lactate re-measurement and not initial lactate measurement. A possible explanation for
this might be that that lactate clearance is associated with the outcome rather than the initial
measurement of the level of lactate, reflecting tissue perfusion. This differs from the result
of a previous study that reported that early lactate measurement among bundle items was
associated with mortality in community-onset sepsis; however, lactate re-measurement was
not included in the statistics and analysis in that study [8]. In addition, in a retrospective
cohort study conducted at seven U.S. hospitals, the most common reasons for failure were
not measuring initial or repeat lactate levels but noncompliant care was not associated with
higher mortality [14]. A meta-analysis of four small randomized trials reported that the use
of lactate clearance as an umpire to guide early therapy is associated with a reduction in
the risk of death in adult patients with sepsis [16]. Early lactate clearance-guided therapy
was found to be effective in terms of significantly reducing mortality, shortening the length
of ICU stay and duration mechanical ventilation, and reducing the Acute Physiology and
Chronic Health Evaluation-II (APACHE-II) score [17]. Lactate re-measurement within
2—4 h is easy to forget because it is not included in the 1-hour bundle of sepsis; however,
this study suggests that it is necessary to check the repeated lactate level and perform
additional treatment according to the lactate clearance.

This study may support the hypothesis that the overall bundle compliance rate of
septic shock continues to increase as the RRS continues to operate and matures. Although
sepsis bundles consist of many simple elements, it is difficult to achieve all items in a fixed
time. In a previous study, 1647 out of 4108 patients with community-onset sepsis achieved
an overall compliance rate of 40.0%, while only 281 of 2296 patients with hospital-onset
sepsis achieved a bundle, showing an overall compliance rate of 12.2% [8]. Rhee et al.
reported that the cases in which sepsis bundles failed were more likely to have septic shock,
hospital-onset sepsis, vague rather than explicit infectious symptoms, and non-pulmonary
infections compared to cases that passed [14]. Although for sepsis third definition criteria
have been announced, the diagnosis of sepsis is still equivocal, and clinical judgment of
whether or not there is an infection is complicated [18]. In addition, since vital signs are
intermittently measured every 8-12 h and laboratory tests are not routinely performed in
hospital wards, the early detection of sepsis there is more difficult than it is in emergency
wards or ICUs. SSC international guidelines have emphasized that hospitals should have
a system for sepsis screening [4]; however, existing studies lack analysis of systems. The
RRS is equipped with a screening system that uses early warning scores or physiological
parameters that include hemodynamic indicators; as such, it is used as an important tool
for the early detection of sepsis patients. Our RRS is operating a 24 h EMR-based screening
system, and we observed that 57.5% of patients with septic shock were triggered to RRS
by the EMR-based screening system. Given that the detection of sepsis should lead to
immediate treatment, these findings support the RRS as a sepsis team plays a role in the
early detection of sepsis and its early management in hospital wards.

This study has some strengths, among which is the fact that we have identified
treatment performances and outcomes for septic shock patients in hospital wards. However,
there are several limitations that hinder the generalizability of our results. First, this study
was conducted on septic shock patients activated to the RRS due to clinical deterioration. It
is hard to verify whether the delayed recognition or delayed management of sepsis in the
ward caused the sepsis to deteriorate before the RRS was activated. The SSC recommends
the performance of the bundle of sepsis if sepsis is suspected, which should be carried out
before resorting to RRS, which is difficult to confirm through a record review due to the
uncertainty of time zero and is beyond the scope of this study. However, questions about
the initial treatment delay still stand. Second, the overall compliance rate in this study
was higher than those of other studies because the time zero was clearly based on the RRS
contact time assessed with sepsis. The criterion of “time zero” should be considered as the
reason why the bundle compliance rate differs in many studies [19-21]. It is difficult to
objectively define the timing of sepsis recognition presented in the SSC, and the definitions



J. Clin. Med. 2021, 10, 4244

90f 10

References

of time zero in existing retrospective studies vary. In addition, it is difficult to determine
whether the subtle change worsens sepsis, as patients who are hospitalized are already
undergoing acute treatment, unlike those in emergency rooms. Therefore, setting the
time zero of sepsis treatment also often depends on the clinical decision of the physician.
This suggests the need for objective criteria for a clear time zero. Third, we evaluated
the administration of antibiotics but not antibiotic adequacy or escalation to guidelines.
In hospital sepsis, antibiotics are often already being administered, so clear guidelines
for proper antibiotics to be administered or escalated are required. Lastly, this study is a
retrospective observational study in a single tertiary referral center. We included patients
according to the sepsis-3 definition, but some patients might be omitted. In addition,
as hospitals operate various types of RRS in terms of staff members or operating time,
depending on how RRS operates can affect the different results.

5. Conclusions

Surveillance, early management and complete bundle in patients with sepsis by RRS
was improved through the years and the compliance of sepsis bundles was associated
with reduced 28-day mortality in patients with septic shock in hospital wards. In addition,
obtaining blood cultures and lactate re-measurements, among the detailed elements of
sepsis bundles, were significantly associated with the 28-day mortality rate.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10.339
0/jem10184244 /51, Table S1. Sepsis bundle compliance and 28-day mortality for patients with septic
shock over 10 years, Table S2. Clinical characteristics of the 976 patients.

Author Contributions: Conception and design of the study were contributed by S.C., J.S., JWH.,
C.-M.L,, S.-B.H. Acquisition of data was contributed by S.C., J.S. Analyzing, calculations and inter-
pretation of data were contributed by S.C., J.S., D.K.O., S.-B.H. Writing the paper was contributed by
S.C.,J.S., S.-B.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a grant from the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (grant number: HI18C0599). The authors declare that they have no
conflict of interest.

Institutional Review Board Statement: The experimental plan used for this study received approval
from our institutional review board (IRB No0.2020-0286) and was conducted in accordance with the
Korea Food and Drug Administration and the International Conference on Harmonization Good
Clinical Practice guidelines.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We gratefully acknowledge all the following dedicated Asan Medical Center
(AMC) Medical Alert Team (MAT) nurses who working to improve patients’ safety and care: Jin
Mi Lee, Yu Jung Shin, Youn Kyung Jung, Eun-Joo Choi, Da Hye Kim, Un Jung Go, Hae Yeon Oh,
Garam Kim.

Conflicts of Interest: The authors declare that they have no competing interests.

1. Rhee, C,; Jones, TM.; Hamad, Y.; Pande, A.; Varon, J.; O'Brien, C.; Anderson, D.J.; Warren, D.K,; Dantes, R.B.; Epstein, L.;
et al. Centers for Disease Control and Prevention (CDC) Prevention Epicenters Program: Prevalence, underlying causes, and
preventability of sepsis-associated mortality in US acute care hospitals. JAMA Netw. Open 2019, 2, e187571. [CrossRef] [PubMed]

2. Rivers, E.; Nguyen, B.; Havstad, S.; Ressler, J.; Muzzin, A.; Knoblich, B.; Peterson, E.; Tomlanovich, M. Early Goal-Directed
Therapy Collaborative Group: Early goal-directed therapy in the treatment of severe sepsis and septic shock. N. Engl. ]. Med.
2001, 345, 1368-1377. [CrossRef]

3. Seymour, C.W.; Gesten, E,; Prescott, H.C.; Friedrich, M.E.; Iwashyna, T.J.; Phillips, G.S.; Lemeshow, S.; Osborn, T.; Terry, KM.;
Levy, M.M. Time to treatment and mortality during mandated emergency care for sepsis. N. Engl. . Med. 2017, 376, 2235-2244.

[CrossRef]


https://www.mdpi.com/article/10.3390/jcm10184244/s1
https://www.mdpi.com/article/10.3390/jcm10184244/s1
http://doi.org/10.1001/jamanetworkopen.2018.7571
http://www.ncbi.nlm.nih.gov/pubmed/30768188
http://doi.org/10.1056/NEJMoa010307
http://doi.org/10.1056/NEJMoa1703058

J. Clin. Med. 2021, 10, 4244 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, ]J.E.; Sprung, C.L.;
Nunnally, M.E; et al. Surviving sepsis campaign: International guidelines for management of sepsis and septic shock: 2016. Crit.
Care Med. 2017, 45, 486-552. [CrossRef] [PubMed]

Levy, M.M,; Evans, L.E.; Rhodes, A. The surviving sepsis campaign bundle: 2018 update. Crit. Care Med. 2018, 46, 997-1000.
[CrossRef]

Levy, M.M.; Rhodes, A.; Phillips, G.S.; Townsend, S.R.; Schorr, C.A.; Beale, R.; Osborn, T.; Lemeshow, S.; Chiche, J.D.; Artigas, A.;
et al. Surviving sepsis campaign: Association between performance metrics and outcomes in a 7.5-year study. Intensive Care Med.
2014, 40, 1623-1633. [CrossRef] [PubMed]

Page, D.B.; Donnelly, ]J.P.; Wang, H.E. Community-, healthcare-, and hospital-acquired severe sepsis hospitalizations in the
university healthsystem consortium. Crit. Care Med. 2015, 43, 1945-1951. [CrossRef]

Baghdadi, ].D.; Brook, R.H.; Uslan, D.Z.; Needleman, J.; Bell, D.S.; Cunningham, W.E.; Wong, M.D. Association of a care bundle
for early sepsis management with mortality among patients with hospital-onset or community-onset sepsis. JAMA Intern. Med.
2020, 180, 707-716. [CrossRef]

Bhattacharjee, P.; Edelson, D.P.; Churpek, M.M. Identifying patients with sepsis on the hospital wards. Chest 2017, 151, 898-907.
[CrossRef]

Teles, F.; Rodrigues, W.G.; Alves, M.G.T.C.; Albuquerque, C.ET.; Bastos, S.M.O.; Mota, M.F.A.; Mota, E.S; Silva, F].L. Impact of a
sepsis bundle in wards of a tertiary hospital. J. Intensive Care 2017, 5, 45. [CrossRef]

Dellinger, R.P.; Levy, M.M.; Rhodes, A.; Annane, D.; Gerlach, H.; Opal, S.M.; Sevransky, J.E.; Sprung, C.L.; Douglas, 1.S.;
Jaeschke, R.; et al. Surviving Sepsis Campaign Guidelines Committee including the Pediatric Subgroup: Surviving sepsis
campaign: International guidelines for management of severe sepsis and septic shock: 2012. Crit. Care Med. 2013, 41, 580-637.
[CrossRef]

Rhee, C.; Wang, R.; Zhang, Z.; Fram, D.; Kadri, S.S.; Klompas, M. CDC Prevention Epicenters Program: Epidemiology of
hospital-onset versus community-onset sepsis in U.S. hospitals and association with mortality: A retrospective analysis using
electronic clinical data. Crit. Care Med. 2019, 47, 1169-1176. [CrossRef]

Baghdadi, J.D.; Wong, M.D.; Uslan, D.Z.; Bell, D.; Cunningham, W.E.; Needleman, ].; Kerbel, R.; Brook, R. Adherence to the SEP-1
sepsis bundle in hospital-onset v. community-onset sepsis: A multicenter retrospective cohort study. J. Gen. Intern. Med. 2020, 35,
1153-1160. [CrossRef] [PubMed]

Rhee, C.; Filbin, M.; Massaro, A.E,; Bulger, A.; McEachern, D.; Tobin, K.A ; Kitch, B.; Thurlo-Walsh, B.; Kadar, A.; Koffman, A ; et al.
Centers for Disease Control and Prevention (CDC) Prevention Epicenters Program: Compliance with the national SEP-1 quality
measure and association with sepsis outcomes: A multicenter retrospective cohort study. Crit. Care Med. 2018, 46, 1585-1591.
[CrossRef] [PubMed]

Scheer, C.S.; Fuchs, C.; Griindling, M.; Vollmer, M.; Bast, ].; Bohnert, ].A.; Zimmermann, K.; Hahnenkamp, K.; Rehberg, S.;
Kuhn, S.O. Impact of antibiotic administration on blood culture positivity at the beginning of sepsis: A prospective clinical cohort
study. Clin. Microbiol. Infect. 2019, 25, 326-331. [CrossRef]

Gu, WJ.; Zhang, Z.; Bakker, J. Early lactate clearance-guided therapy in patients with sepsis: A meta-analysis with trial sequential
analysis of randomized controlled trials. Intensive Care Med. 2015, 41, 1862-1863. [CrossRef]

Pan, J.; Peng, M.; Liao, C.; Hu, X.; Wang, A.; Li, X. Relative efficacy and safety of early lactate clearance-guided therapy
resuscitation in patients with sepsis: A meta-analysis. Medicine 2019, 98, e14453. [CrossRef] [PubMed]

Burston, J.; Adhikari, S.; Hayen, A.; Doolan, H.; Kelly, M.L.; Fu, K.; Jensen, T.O.; Konecny, P. A role for antimicrobial stewardship
in clinical sepsis pathways: A prospective Interventional Study. Infect. Control Hosp. Epidemiol. 2017, 38, 1032-1038. [CrossRef]
Rhee, C.; Brown, S.R.; Jones, T.M.; O'Brien, C.; Pande, A.; Hamad, Y.; Bulger, A.L.; Tobin, K.A.; Massaro, A.F.; Anderson, D.].; et al.
CDC Prevention Epicenters Program: Variability in determining sepsis time zero and bundle compliance rates for the centers for
medicare and medicaid services SEP-1 measure. Infect. Control Hosp. Epidemiol. 2018, 39, 994-996. [CrossRef] [PubMed]

Sebat, F.,; Musthafa, A.A ; Johnson, D.; Kramer, A.A.; Shoffner, D.; Eliason, M.; Henry, K.; Spurlock, B. Effect of a rapid response
system for patients in shock on time to treatment and mortality during 5 years. Crit. Care Med. 2007, 35, 2568-2575. [CrossRef]
Scheer, C.S.; Fuchs, C.; Kuhn, S.O.; Vollmer, M.; Rehberg, S.; Friesecke, S.; Abel, P; Balau, V.; Bandt, C.; Meissner, K.; et al. Quality
improvement initiative for severe sepsis and septic shock reduces 90-day mortality: A 7.5-year observational study. Crit. Care
Med. 2017, 45, 241-252. [CrossRef] [PubMed]


http://doi.org/10.1097/CCM.0000000000002255
http://www.ncbi.nlm.nih.gov/pubmed/28098591
http://doi.org/10.1097/CCM.0000000000003119
http://doi.org/10.1007/s00134-014-3496-0
http://www.ncbi.nlm.nih.gov/pubmed/25270221
http://doi.org/10.1097/CCM.0000000000001164
http://doi.org/10.1001/jamainternmed.2020.0183
http://doi.org/10.1016/j.chest.2016.06.020
http://doi.org/10.1186/s40560-017-0231-2
http://doi.org/10.1097/CCM.0b013e31827e83af
http://doi.org/10.1097/CCM.0000000000003817
http://doi.org/10.1007/s11606-020-05653-0
http://www.ncbi.nlm.nih.gov/pubmed/32040837
http://doi.org/10.1097/CCM.0000000000003261
http://www.ncbi.nlm.nih.gov/pubmed/30015667
http://doi.org/10.1016/j.cmi.2018.05.016
http://doi.org/10.1007/s00134-015-3955-2
http://doi.org/10.1097/MD.0000000000014453
http://www.ncbi.nlm.nih.gov/pubmed/30813144
http://doi.org/10.1017/ice.2017.139
http://doi.org/10.1017/ice.2018.134
http://www.ncbi.nlm.nih.gov/pubmed/29932042
http://doi.org/10.1097/01.CCM.0000287593.54658.89
http://doi.org/10.1097/CCM.0000000000002069
http://www.ncbi.nlm.nih.gov/pubmed/27661863

	Introduction 
	Materials and Methods 
	Study Design and Ethical Approval 
	Data Collection and Definitions 
	Role of Rapid Response Systems (RRS) in Sepsis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

