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Abstract

Septic shock patients who survive past the acute period are associated with an increased risk of long-term mortality. However,
factors for predicting late death remain unclear. We aimed to investigate the prognostic factors associated with late mortal-
ity in septic shock patients with 28-day survival after admission. This retrospective observational study used a prospective,
multi-center registry of septic shock patients between October 2015 and December 2019 involving 12 emergency depart-
ments (EDs) from the Korean Shock Society. Adult septic shock patients visiting the ED with 28-day survival after admis-
sion were included. Among 4624 septic shock patients, 3588 (77.6%) who survived past day 28 were analyzed. The 90-day
mortality rate was 14.2%. Non-survivors were older (66.8 vs. 68.9 years; p =0.032) and had higher lactate levels (3.7 vs.
4.0 mmol/L; p =0.028) than survivors. Pulmonary and hepatobiliary infections and a history of malignancy (27.7 vs. 57.5%;
p <0.001) were more frequent in the non-survivor group than in the survivor group. Independent risk factors for late death
on multivariate regression analysis were age; malignancy; and hemoglobin, blood urea nitrogen, and albumin levels. The
length of intensive care unit stay and Sequential Organ Failure Assessment score were independently associated with late
death. Approximately, one-seventh of septic shock patients who survived past day 28 of admission died by day 90. Physicians
must pay attention to survivors with these risk factors during the post-acute period as they have an increased mortality risk.
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Introduction
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wonpia73@naver.com Sepsis is a leading cause of mortality worldwide, contribut-

ing to an estimated 11 million deaths in 2017 or approxi-
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initiation of treatment [3]. However, patients who survive an
episode of septic shock may have a significantly increased
risk of mortality for a prolonged time period [4]. The cause
for this increase in the risk of late mortality in critically
ill patients has long been disputed [5—7]. Previous studies
have aimed to examine whether this risk is associated with
pre-existing comorbidities or the sepsis episode itself [8,
9]. However, Shankar-Hari et al. observed an inconsistent
relationship between sepsis and 1-year post-acute mortal-
ity, which called for additional studies to better control for
potential confounding factors [6]. It might be reasonable
to separately identify the factors that determine long-term
and short-term survival after initial episodes of a critical
illness. However, most studies about septic shock reported a
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crude mortality rate that does not distinguish between early
and late deaths [10]. Moreover, few studies have separately
reported long-term survival from each time point of dis-
ease, for example, survival from the onset of critical illness
and survival after the initial episode. Furthermore, accu-
rate prognostication of the chance of survival is helpful for
deciding the treatment plans for patients and their families.
We hypothesized that the primary determinants of short-
term mortality from the onset of septic shock were distinct
from the main determinants of late death among those who
survive in the short term. This study aimed to investigate the
prognostic factors associated with late mortality in septic
shock patients who survived past day 28 of admission.

Methods
Study design and population

This study was a retrospective analysis of data from a pro-
spectively collected, multi-center registry of the Korean
Shock Society (KoSS) between October 2015 and Decem-
ber 2019. The KoSS is a collaborative research network that
investigates and works to improve the quality of diagno-
sis and management of sepsis. Since October 2015, KoSS
investigators have been prospectively collecting data from
septic shock patients at the emergency departments (EDs)
of 12 university-affiliated hospitals throughout South Korea
[11-14]. In this registry, patients aged 19 years or older
who had a suspected or confirmed infection and evidence
of refractory hypotension or hypoperfusion were enrolled
[15]. Hypotension was defined as systolic blood pressure
(SBP) <90 mmHg, mean arterial pressure < 70 mmHg, or a
decrease of >40 mmHg in SBP from the baseline value [16].
Refractory hypotension was defined as persistent hypoten-
sion despite fluid challenge (20-30 mL/kg or at least 1 L of
crystalloid solution administered over 30 min). Initial resus-
citation, including fluid therapy and vasopressor administra-
tion, was conducted following the Surviving Sepsis Cam-
paign guidelines. Hypoperfusion was defined as a serum
lactate level >4 mmol/L. We excluded patients who signed
a “do not attempt resuscitation” order, who did not meet the
inclusion criteria within 6 h of ED arrival. We also excluded
patients who were transferred from another hospital and did
not meet the inclusion criteria on ED arrival, and who were
directly transferred from the ED to other hospital due to
lack of information about initial management, diagnosis, and
prognosis. Among the patients who survived 28 days past
ED admission, we excluded those who were lost to follow-
up at day 90. The institutional review board of each institu-
tion approved the study protocol. Informed consent, which
allows multi-research using a registry, was obtained from the
patients before data collection.
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Data collection

The case report form from the KoSS septic shock registry
includes standard definitions of 200 variables, including
clinical characteristics, therapeutic interventions, and patient
outcomes. All data were collected in a web-based electronic
database by each hospital’s coordinator and anonymized
through a standardized registry form. Outliers or incorrect
values were primarily filtered by this data-entry system. To
regularly monitor and review data quality, a quality control
committee was established, consisting of emergency physi-
cians, regional research coordinators, and investigators from
all EDs. The committee members provided feedback to the
research coordinators and investigators on the results of the
quality control process, and questions concerning data were
clarified using the system’s query function or directly through
a telephone call.

Demographic and clinical data, including data on age, sex,
medical history, suspected infection site, initial vital signs, lab-
oratory values on admission, severity scores, and ED interven-
tions, were retrieved from the septic shock registry. Among the
medical history, the definition of malignancy refers to active
cancer within 6 months including solid tumors, hematologic
disease, and metastatic disease. The initial Sequential Organ
Failure Assessment (SOFA) and APACHE II scores were cal-
culated using the worst parameter values within 24 h of ED
arrival [17, 18]. The primary outcome of this study was the
90-day mortality rate.

Statistical analysis

Continuous variables were analyzed as median with the inter-
quartile range (IQR). Categorical variables were expressed as
numbers and percentages. The Student’s t-test or Mann—Whit-
ney U test was used to compare continuous variables, and the
chi-square test or Fisher’s exact test was used for categori-
cal variables. Univariate and multivariate analyses were per-
formed using logistic regression to determine the factors asso-
ciated with 90-day mortality. Variables with p values <0.1 in
univariate analysis were entered into the multivariate analyses.
The goodness of fit of the logistic model was evaluated using
the Hosmer—Lemeshow test. The results of multivariate logis-
tic regression analysis were reported as odds ratios (ORs) and
95% confidence intervals (CIs). A two-sided p value of <0.05
was considered statistically significant. All statistical analyses
were performed using SPSS for Windows version 21.0 (SPSS
Inc., Chicago, IL, USA).
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Results
Baseline characteristics and laboratory findings

From October 2015 to December 2019, 4625 patients were
enrolled in the KoSS septic shock registry. Of these, 1037
(22.4%) patients died by day 28 of admission. Among the
3,588 patients who survived past day 28, 219 patients were
excluded due to loss to follow-up. Finally, 3369 patients
were included in the study (Fig. 1). The overall 90-day mor-
tality rate was 14.2% (478 patients).

Table 1 presents the baseline characteristics of the study
population. Non-survivors were older than survivors and
were predominantly male. Malignancy was more com-
mon in the non-survivor group than in the survivor group.
Genitourinary infections were more common in the survi-
vor group than in the non-survivor group. However, pulmo-
nary and hepatobiliary infections were more common in the
non-survivor group than in the survivor group. There were
no significant differences in initial vital signs between the
two groups. Laboratory findings are presented in Table 2.
Hemoglobin and platelet levels were higher in the survivor
group than in the non-survivor group. Blood urea nitrogen
(BUN), C-reactive protein, and initial lactate levels were
significantly higher in the non-survivor group than in the
survival group. Prothrombin time was significantly longer in
the non-survivor group than in the survivor group.

Clinical characteristics and management of septic
shock

Clinical characteristics and details of septic shock manage-
ment are presented in Table 3. The initial SOFA score within

24 h of admission and APACHE II scores were significantly
higher in the non-survivor group than in the survivor group.
The length of intensive care unit (ICU) stay (days) was sig-
nificantly longer in the non-survivor group than in the sur-
vivor group.

There were no significant differences between the groups
in source control or interventions within 1 h, including blood
culture, antibiotic administration, vasopressor administra-
tion, and fluid infusion. The use of vasopressin and dual
vasopressor therapy was more common in the non-survivor
group than in the survivor group. The initiation of mechani-
cal ventilation and renal replacement therapy was more com-
mon in the non-survivor group than in the survivor group.

Factors associated with 90-day mortality

Multivariate analysis was performed to identify potential
risk factors associated with 90-day mortality, including vari-
ables with significant differences between the survivor and
non-survivor groups in univariate analysis (Table 4). In mul-
tivariate regression analysis, the following clinical factors
were found to be independent risk factors for 90-day mor-
tality: age, malignancy, hemoglobin levels, albumin levels,
BUN levels, initial SOFA score, and length of ICU stay.

Discussion

The main finding of this study was that an additional one-
seventh of patients died by day 90 after the initial sepsis epi-
sode, and the independent risk factors for 90-day mortality
included age, underlying medical conditions, length of ICU
stay, and SOFA scores but not the infection site or initial
management for septic shock.

Fig.1 Flow diagram of patient
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Table 1 Baseline characteristics

) Characteristics All patients Survivors Non-survivors p value
of the study population (n=3369) (n=2891) (n=478)
Age, years 69.0 [60.0-77.0]  69.0 [59.0-76.0] 70.0 [61.0-78.0] 0.003
Male 1896 (56.3) 1605 (55.5) 291 (60.9) 0.029
Medical history
Hypertension 1,381 (41.0) 1,204 (41.6) 177 (37.0) 0.063
Diabetes mellitus 1027 (30.5) 883 (30.5) 144 (30.1) 0.872
Cardiac disease 455 (13.5) 397 (13.7) 58 (12.1) 0.386
Chronic pulmonary disease 240 (7.1) 199 (6.9) 41 (8.6) 0.180
Malignancy 1,076 (31.9) 801 (27.7) 275 (57.5) <0.001
Chronic 277 (8.2) 228 (7.9) 49 (10.3) 0.087
renal disease
Liver cirrhosis 343 (10.2) 283 (9.8) 60 (12.6) 0.072
Cerebrovascular disease 406 (12.1) 356 (12.3) 50 (10.5) 0.288
Source of infection
Pulmonary 912 (27.1) 755 (26.1) 157 (32.8) 0.003
Genitourinary 947 (28.1) 860 (29.7) 87 (18.2) <0.001
Gastrointestinal 528 (15.7) 443 (15.3) 85 (17.8) 0.175
Hepatobiliary 762 (22.6) 635 (22.0) 127 (26.6) 0.029
Unknown 209 (6.2) 172 (5.9) 37(7.7) 0.151
Initial vital signs
Systolic blood pressure (mmHg)  93.0 [79.0-116.0] 94.0 [79.0-116.0] 91.0[79.0-111.0] 0.089
Diastolic blood pressure (mmHg) 56.0 [48.0-68.0] 57.0 [48.0-68.0]  56.0 [49.0-67.0] 0.688
Respiratory rate (per min) 20.0 [18.0-22.0] 20.0[18.0-22.0] 20.0[18.0-24.0] 0.637

Values are expressed as the median [interquartile range] or number (%)

In our study, the 90-day mortality rate among septic
shock survivors was 14.2%. This result is similar to that of
a previous study that evaluated late mortality in sepsis sur-
vivors 30 days after admission and reported that 17.4% of
patients died by day 183[19]. A previous systematic review
on post-acute mortality in sepsis patients reported that
16.1% of patients died after 1 year [6]. Consider our study
period, the 90-day mortality rate of our study could be inter-
preted slightly higher than those reported by previous stud-
ies. Moreover, Prescott et al. reported that the highest ORs
between the sepsis and other cohorts were observed during
31-90 days [9]; hence, physicians should pay attention to
sepsis survivors during this post-acute period, as there is
an increased risk of mortality. However, data about the risk
factors of late death are limited and debatable. Although
sepsis is associated with increased long-term mortality, there
is a debate about which factors act as the main determi-
nants of mortality after the initial episode. Some studies
have shown that late mortality after sepsis may be associated
with predisposing factors that initially put a patient at risk
for sepsis [20]. Conversely, other studies have reported that
the lasting damage from the sepsis episode itself is associ-
ated with increased mortality [21]. Our study showed that
age, malignancy, laboratory parameters (albumin, BUN,
and hemoglobin), initial SOFA scores, and length of ICU
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stay were independently associated with 90-day mortality
in sepsis survivors. Albumin and hemoglobin are laboratory
parameters that reflect the underlying medical condition of
patients and are known to be associated with outcomes [22,
23]. The SOFA score is commonly used for assessing organ
dysfunction and predicting the outcome but may be affected
by the baseline status of patients [24]. Nevertheless, it is
not clear whether laboratory markers were associated with
the underlying medical condition or the damage from the
sepsis episode. However, factors associated with the initial
episode, such as inflammatory markers, infection site, and
initial management, were not independent risk factors of late
death. Therefore, it might suggest that underlying medical
conditions were more related to late death than the char-
acteristics of sepsis itself, such as infection site and initial
management for septic shock.

There is a growing need for post-acute care after hos-
pitalization in sepsis patients. Septic shock survivors fre-
quently report new functional abilities and severe cogni-
tive impairment [25-28]. “Post-sepsis syndrome” is a term
used to describe the persistent adverse effects occurring
after the treatment of sepsis [29]. To treat these impair-
ments in sepsis survivors, several efforts have been made
in post-acute care, including rehabilitation, medication
optimization, and outpatient clinic follow-up after ICU
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Table 2 Laboratory findings of the study population
Variables All patients Survivors Non-survivors p value
(n=3369) (n=2891) (n=478)
White blood cells, X 10*/uL 10.4 [5.3-16.7] 10.5 [5.4-16.8] 9.9 [4.9-16.5] 0.198
Hemoglobin, g/dL 11.0 [9.3-12.6] 11.2[9.5-12.8] 9.8 [8.4-11.2] <0.001
Hematocrit, % 33.2[28.4-37.9] 33.9[28.9-38.4] 30.2 [25.6-34.1] <0.001
Platelets, x 10>/uL 148 [86-225] 149 [90-225] 136 [63-229] 0.027
Sodium, mmol/L 135 [132-138] 135 [132-138] 134 [130-138] 0.004
Potassium, mmol/L 4.1[3.6-4.6] 4.1[3.6-4.6] 4.3[3.7-4.8] <0.001
Chloride, mmol/L 100 [96-104] 100 [96-104] 99 [95-103] 0.013
Blood urea nitrogen, mg/dL 25.9[17.5-38.6] 25.5[17.3-37.4] 27.8[19.0-42.4] 0.005
Creatinine, mg/dL 1.3 [0.9-2.0] 1.3[0.9-2.0] 1.3 [0.9-2.1] 0.745
Albumin, g/dL 3.1[2.6-3.5] 3.1[2.7-3.5] 2.7[2.3-3.1] <0.001
AST, IU/L 38 [24-77] 37 [24-75] 40 [25-92] 0.108
ALT, IU/L 25 [15-52] 25 [15-52] 25 [14-52] 0.686
Prothrombin time (INR) 1.2[1.1-14] 1.2[1.1-1.4] 1.3[1.2-1.5] <0.001
C-reactive protein, mg/dL 12.5 [4.6-21.8] 12.2 [4.1-21.7] 14.7 [6.3-22.7] <0.001
Troponin-I, ng/mL 0.035[0.010-0.128] 0.035[0.010-0.119] 0.042 [0.011-0.166] 0.091
Initial lactate, mmol/L 3.0[1.84.8] 3.0[1.8-4.8] 3.3[1.9-5.0] 0.004
Arterial pH 7.443 [7.389-7.483] 7.440 [7.389-7.481] 7.453 [7.388-7.494] 0.013
PaCO, (mmHg) 28.2 [24.1-32.8] 28.3 [24.2-32.9] 28.0 [23.8-32.5] 0.268
PaO, (mmHg) 79.1 [66.1-95.0] 79.0 [66.0-94.2] 79.8 [66.8-98.5] 0.134
Bicarbonate (arterial, mmol/L) 19.4 [16.4-22.3] 19.4 [16.4-22.2] 19.6 [16.4-22.7] 0.550
Values are expressed as the median [interquartile range]
AST aspartate transaminase, ALT alanine transaminase, /NR international normalized ratio, BNP brain natriuretic peptide
Table 3 Clinical characteristics Variables All patients Survivors Non-survivors p value
and details of septic shock (n=3369) (n=2891) (n=478)
management
Initial SOFA score 6 [4-8] 5 [4-7] 6 [4-8] <0.001
APACHE II score 18 [13-24] 18 [13-24] 21 [16-27] <0.001
ICU length of stay (days) 4[3-9] 4 [3-8] 7 [4-15] <0.001
Source control 2416 (71.7%) 2089 (72.3%) 327 (68.4%) 0.089
Management
Blood culture within 1 h 1567 (46.5%) 1343 (46.5%) 224 (46.9%) 0.882
Antibiotic administration within 1 h 465 (13.8%) 399 (13.8%) 66 (13.8%) 1.000
Vasopressor administration within 1 h 517 (15.3%) 434 (15.0%) 83 (17.4%) 0.392
Fluid infusion (30 cc/kg) within 1 h 2463 (73.1%) 2115 (73.2%) 348 (72.8%) 0.867
Norepinephrine use 2968 (88.1%) 2543 (88.0%) 425 (88.9%) 0.594
Dopamine use 67 (2.0%) 57 (2.0%) 10 (2.1%) 0.859
Vasopressin use 499 (14.8%) 397 (13.7%) 102 (21.3%) <0.001
Dual vasopressor therapy 578 (17.2%) 462 (16.0%) 116 (24.3%) <0.001
Mechanical ventilation 657 (19.5%) 522 (18.1%) 135 (28.2%) <0.001
Renal replacement therapy 290 (8.6%) 221 (7.6%) 69 (14.4%) <0.001
Steroid use 702 (20.8%) 575 (19.9%) 127 (26.6%) 0.001

Values are expressed as the median [interquartile range] or number (%)

SOFA sequential organ failure assessment, APACHE II acute physiology and chronic health evaluation II,

ICU intensive care unit
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Table 4 Factors associated with 90-day mortality in septic shock sur-
vivors by multivariate logistic regression analysis

Characteristics Multivariate OR [95% CI] p value
Adjusted OR  95% CI
Age 1.033 1.019-1.044 <0.001
Malignancy 3.183 2.389-4.243  <0.001
Hemoglobin 0.915 0.859-0.975 0.006
Albumin 0.541 0.423-0.691 <0.001
Blood urea nitrogen 1.007 1.002-1.013 0.010
Initial SOFA score 1.062 1.015-1.112 0.010
ICU length of stay (days) 1.022 1.013-1.031 <0.001

Multivariate analysis included logistic regression analysis and back-
ward elimination

OR odds ratio, CI confidential interval, SOFA sequential organ failure
assessment, /CU intensive care unit

discharge [30]. However, Taylor et al. recently reported
that only 11% of patients received all the necessary ele-
ments of post-acute care within 90 days [31]. This suggests
that more attention and further efforts are needed by phy-
sicians treating sepsis patients during initial hospitaliza-
tion and thereafter. Further research to identify who may
benefit from post-acute care and on how to provide after
the initial sepsis episode is needed.

This study has several limitations. First, although this
study aimed to identify risk factors associated with late
death at admission, it would be more reasonable to use
data at 28-day or discharge rather than data at admission.
However, our septic shock registry has an inherent limi-
tation that only includes mortality evaluated at 28 and
90 days. So, data associated with the status at 28 days
were missing. Second, as this was a multi-center study,
the enrollment periods and case volumes varied accord-
ing to the hospital. Third, data that support the nutritional
status of the patients before sepsis and 28 days after were
missing. These data could be important for reflecting
underlying medical conditions and predicting long-term
mortality in sepsis survivors. Fourth, data on factors that
could affect outcomes, such as socioeconomic status, were
missing. As patients who survive often need extensive
care, socioeconomic status could be a confounding factor.
Fifth, data about the detailed information of malignancy
such as stage of the disease, kind of malignancy and kind
of treatment. If more information would be provided, find-
ings would be changed. Sixth, there is a possibility that
patients who experienced sepsis before were included
in this study. Lastly, 6.1% of patients who survived past
day 28 were excluded as they were lost to follow-up. This
could introduce a selection bias toward patients with
favorable outcomes.
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Conclusion

Septic shock patients are at risk of mortality after the acute
phase of the disease. This study found that among septic
shock patients who survived past day 28, about one-seventh
of the patients died by day 90. Physicians must pay attention
to sepsis survivors during the post-acute period as they have
an increased risk of mortality.
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