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SIC patients.

cerebrovascular disease.

Background: The prognostic value of body temperature in sepsis-induced coagulopathy (SIC) remains
unclear. In this study we aimed to investigate the association between temperature and mortality among

Methods: We analyzed data for 9,860 SIC patients from an intensive care database. Patients were
categorized by maximum temperature in the first 24 hours into the following: <36.0°C; 36.0-37.0°C;
37.0-38.0°C; 38.0-39.0°C; and >39.0°C. The primary outcome was 28-day mortality. We used
multivariate regression to analyze the temperature-mortality association.

Results: The 37.0-38.0°C, 38.0-39.0°C and >39.0°C groups correlated with lower 28-day mortality
(adjusted HR 0.70, 0.76 and 0.72, respectively), while the <36.0°C group correlated with higher mortality
compared to the 36.0-37.0°C group (adjusted HR 2.60). A nonlinear relationship was observed
between temperature and mortality. Subgroup analysis found no effect modification except in

Conclusion: A body temperature in the range of 37.0—38.0°C was associated with a significantly lower
mortality compared to the normal temperature (36.0-37.0°C) group. Additionally, a gradual but
statistically insignificant increase in mortality risk was observed when body temperature exceeded
38.0°C. Further research should validate these findings and elucidate involved mechanisms, especially
in cerebrovascular disease subgroups. [West J Emerg Med. 2024;25(5)697—707.]

INTRODUCTION

Sepsis, defined as life-threatening organ dysfunction due
to dysregulated host response to infection,' frequently leads
to derangements in coagulation ranging from subtle
activation to overt, disseminated intravascular coagulation
(DIC).* This condition in sepsis is associated with multiple
organ failure and high mortality.*> In 2017 the International
Society on Thrombosis and Haemostasis (ISTH) proposed
“sepsis-induced coagulopathy” (SIC) criteria to identify

early coagulopathy in sepsis, defined by sepsis plus
thrombocytopenia and prolonged prothrombin time.*
Several studies have validated SIC as an early identifier of
impending overt DIC in sepsis.”’ Sepsis-induced
coagulopathy correlates with mortality, with rates exceeding
30% at a score >4.* Compared to overt DIC criteria, SIC
demonstrates greater sensitivity in predicting mortality.’

In summary, SIC represents an early phase of coagulation
dysfunction in sepsis that often progresses to overt DIC. The
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high morbidity and mortality associated with SIC highlights
the need for early identification using simple criteria such as
the SIC score, allowing rapid initiation of interventions that
may improve outcomes in this high-risk population.
Monitoring body temperature changes is vital in evaluating
septic patient prognosis, as fever is a common symptom.®
Both hypothermia and hyperthermia in sepsis reflect immune
response to infection. However, their implications for
prognosis remain debated.” "?

Previous studies have associated hypothermia with poor
outcomes.'*' The prognostic value of hyperthermia is less
clear, with conflicting reports.'"-'*2° This highlights the need
to clarify the role of body temperature in sepsis.

Considering that SIC significantly influences sepsis
prognosis by altering coagulation,**'*>> an exploration of the
relationship between temperature and SIC will enhance our
comprehension of sepsis pathophysiology and facilitate more
precise prognostication and management strategies.
Nonetheless, the prognostic value of body temperature
abnormalities specifically within SIC has not been
comprehensively established. Therefore, we aimed to
investigate the association between body temperature and
the short term mortality of septic patients with coagulopathy.
The findings are expected to bridge a critical knowledge gap
concerning the intricate interplay between temperature
regulation and coagulation in sepsis.

MATERIALS AND METHODS
Data Source

The data utilized in this study was extracted from the
Medical Information Mart for Intensive Care-1V (MIMIC-
1V) database through the employment of Navicat Premium
15 software. MIMIC-IV, a collaborative effort between Beth
Israel Deaconess Medical Center (BIDMC) and
Massachusetts Institute of Technology (MIT), is a
comprehensive repository encompassing data from over
60,000 adult intensive care unit (ICU) admissions at Beth
Israel Deaconess Medical Center spanning from 2008 to
2019.* The data, collected during routine clinical care at
BIDMC, were de-identified, transformed, and made
accessible to researchers who have completed requisite
training in human research ethics and entered into a data use
agreement. Access to the database was secured by our
corresponding author, bearing certification No. 46450588.
The Institutional Review Board at BIDMC granted an
exemption from obtaining informed consent and approved
the sharing of the research resource.

Study Population

Patient data conforming to sepsis-induced coagulopathy
criteria were extracted from the MIMIC-IV database’s ICU
records. The patient selection process for this study adhered
to the following inclusion criteria: (1) hospital stay duration
of >24 hours; (2) age >18 years. Exclusion criteria

Population Health Research Capsule

What do we already know about this issue?
Body temperature is a critical vital sign,
but its prognostic value in sepsis-induced
coagulopathy (SIC) remains unclear,

with conflicting evidence on ideal
temperature ranges.

What was the research question?

We aimed to investigate the association
between body temperature and 28-day
mortality among SIC patients.

What was the major finding of the study?
Compared to 36.0-37.0°C, 37.0-38.0°C was
associated with lower mortality (adjusted HR
0.70, 95% CI 0.62-0.79, P <0.001).

How does this improve population health?
Identifying the optimal temperature range
in SIC could guide better thermoregulation
management, potentially reducing mortality
and improving outcomes in this

high-risk population.

encompassed: (1) presence of greater than 10% missing
individual data; (2) outliers, indicated by values exceeding
the mean + 3 Standard Deviation (SD). In cases of multiple
ICU admissions, solely data from the first ICU admission of
the initial hospital stay were considered.

Data Extraction

Structured Query Language (SQL) was harnessed to
extract data recorded on the first day of admission. Extracted
data included demographic details, fundamental vital signs,
comorbidities, basic laboratory parameters, and pre-
treatment scoring systems. Demographic data encompassed
race, gender, and age. Vital signs incorporated heart rate,
respiratory rate, and body temperature. Body temperature
was routinely measured by nurses at bedside, primarily
through the axillary and oral route, at 4-8 hour intervals. For
some ICU patients, occasional core temperatures from
esophageal and rectal probes were also available. We
extracted the maximum temperature on day one for each
patient. Comorbidities were categorized as myocardial
infarction, congestive heart failure, cerebrovascular disease,
chronic pulmonary disease, renal disease, and diabetes.
Laboratory parameters encompassed hemoglobin, platelet
count, white blood cell count, bicarbonate, creatinine, urea
nitrogen, glucose, Prothrombin Time (PT), Partial
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Thromboplastin Time (PTT), and International Normalized
Ratio (INR). Additionally, the Charlson Comorbidity Index
(CMI), Sequential Organ Failure Assessment (SOFA) score,
Simplified Acute Physiology Score II (SAPSII), Renal
Replacement Therapy (RRT), first-day ventilation use, and
vasopressor use were included. Variables with missing values
>40% were excluded during variable selection. For some of
the continuous variables included with missing data (see the
Supplementary Table S1 for missing data), we use the simple
substitution method to deal with them. Missing values are
replaced with means if they follow a normal or
approximately normal distribution, and with medians if they
follow a skewed distribution.

Primary and Secondary Outcomes

The primary outcome measure was 28-day mortality,
while secondary outcomes included 90-day mortality,
length of stay (LOS) in both the Intensive Care Unit (ICU),
and hospital.

Statistical Analysis

All participants were categorized into five groups based on
their maximum body temperature within the first 24 hours of
hospital admission: <36.0°C, 36.0-37.0°C, 37.0-38.0°C,
38.0-39.0°C, and >39.0°C. The reference group was defined as
the temperature category of 36.0-37.0°C. Normally distributed
continuous variables were presented as mean =+ standard
deviation, while non-normally distributed data were displayed
as median [interquartile range (IQR)]. Normality distribution
was assessed using the Shapiro-Wilk test. Categorical data
were presented as counts (percentages). To compare the
differences across groups, one-way analyses of variance
(normal distribution), Kruskal-Wallis tests (skewed
distribution), and chi-square tests (categorical variables)
were undertaken.

Univariate logistic regression analyses were performed to
explore the associations between each variable and the risks
of 28-day and 90-day mortality, with the results presented in
Supplementary Tables S2 and S3, respectively.

The association between body temperature and 28-day
mortality was examined via Cox proportional hazard
regression, with results expressed as Hazard Ratios (HR)
along with 95% Confidence Intervals (CI). For each
endpoint, four multivariate analytic models were developed:
Model 1, unadjusted covariates; Model 2, covariates
including gender, age, race, heart rate, and respiratory rate;
Model 3, further adjusted for hemoglobin, platelet count,
INR, white blood cell count, anion gap, bicarbonate, blood
urea nitrogen, creatinine, glucose, PT, and PTT; and
Model 4, encompassing all covariates. Linear trend tests
across temperature categories were performed using the
median temperature value in each group.

We also examined the linearity of the body temperature-
mortality association using curve fitting. For this analysis, we

modeled temperature as a continuous variable, rather than
using the pre-defined temperature categories. A two-
piecewise Cox model with smoothing spline was used to
determine the threshold relationship between body
temperature and mortality, with the threshold point
identified through likelihood ratio testing and

bootstrap resampling.

Furthermore, potential modifications of the relationship
between body temperature and mortality were assessed,
including the following variables: age (<70 vs. >70 years),
gender, SOFA score (<4 vs. >4), SAPSII (<42 vs. >42),
myocardial infarct (yes vs. no), cerebrovascular disease
(yes vs. no), chronic pulmonary disease (yes vs. no), diabetes
mellitus (yes vs. no) and renal disease (yes vs. no).
Heterogeneity among subgroups was assessed by
multivariate cox regression, and interactions between
subgroups and body temperature were examined by
likelihood ratio testing. To adjust for multiple comparisons
in these subgroup analyses, we applied the Bonferroni
correction. Specifically, we divided the predetermined
significance level of a=0.05 by the number of subgroup
comparisons (9), resulting in a Bonferroni-adjusted
significance level of 0.0056. We then evaluated whether the
association between temperature and SIC mortality differed
significantly in each subgroup, using this corrected
significance threshold.

Finally, Kaplan-Meier curves were constructed to visually
examine the association between temperature categories
and mortality.

Analyses were conducted using R software (http://www.
R-project.org, The R Foundation) and Free Statistics
software (versionl.7), with two-sided p < 0.05 considered
statistically significant.

We used Claude Al, an artificial intelligence writing
assistant developed by Anthropic, to aid in final polishing of
the manuscript. Claude Al provided suggestive content
which we then reviewed, edited, and approved before
inclusion. We take full responsibility for the content and
conclusions of the manuscript.

RESULT
Baseline Characteristics and Patient Qutcome

A total of 9,860 patients diagnosed with sepsis-induced
coagulopathy (SIC) were included in this comprehensive study
(Figure 1). The demographic details, vital signs, laboratory
parameters, and comorbidities of these patients at baseline are
meticulously presented in Table 1. Notably, compared to
patients with a body temperature between 38.0-39.0°C, the
mortality rate was slightly higher in the group with body
temperatures above 39°C. However, the highest mortality rate
was observed in the group with body temperatures below
36.0°C, suggesting a bimodal relationship between body
temperature and mortality in SIC patients.
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23,828 sepsis patients based on
sepsis 3.0 definition extracted Patients excluded: n=13,174
from MIMIC-IV database *  Time of los hospital or los ICU

or follow up less than 24hrs
(n=2,586)

* PLT missing (n=38)

* INR missing (n=1,124)

10,654 patients with SIC score *  SIC score <4 (n=9,426)

>4

Missing data of body temperature
(n=794)

9,860 patients were included

in this study
<36.0 36.0-37.0 37.0-38.0 38.0-39.0 239.0
(n=110) (n=2,261) (n=5,168) (n=1,678) (n=643)

Figure 1. Flowchart of the screening and enrollment of study
participants. MIMIC: Medical Information Mart for Intensive Care.
ICU, Intensive Care Unit; LOS, length of stay; PLT, platelet; INR,
International Normalized Ratio; S/C, sepsis-induced coagulopathy.

Relationships Between Body Temperature and Outcomes

Table 2 offers a comprehensive overview of the outcomes’
association with varying body temperatures. In the
unadjusted model (Model 1), the hazard ratios (HRs) and
95% confidence intervals (Cls) for 28-day all-cause mortality
were 2.82 (2.17, 3.66) for temperatures <36.0;°C, 0.62 (0.56,
0.69) for 37.0-38.0°C, 0.63 (0.55, 0.72) for 38.0-39.0°C, and
0.75 (0.62, 0.90) for >39.0°C, all compared to the reference
group of 36.0-37.0°C.

In the fully adjusted Model 4, which accounted for gender,
age, race, vital signs, laboratory parameters, comorbidities,
and severity scores, the association between temperature and
28-day mortality remained statistically significant. This
suggests a robust inverse relationship between body
temperature and short-term mortality risk in this
patient population.

The results from the additional regression models (Models
2 and 3) were provided in Supplementary Table S4. These
models showed consistent findings, with higher temperatures
being associated with lower mortality risk.

When temperature was examined as a continuous variable,
the fully adjusted Model 4 showed that for every 1°C increase
in body temperature, there was an 18% (HR 0.82, 95% CI
0.78-0.87) reduction in the risk of 28-day mortality.

The non-linear relationship between temperature and
28-day all-cause mortality was further demonstrated by the
smooth curve fitting analysis depicted in Figure 2 (p for
non-linearity <0.001). A similar protective association
was also observed for 90-day all-cause mortality
(Supplementary Figure S1).

Furthermore, our multivariate linear regression models
revealed that for every 1°C increase in body temperature,
there was a corresponding increase in ICU length of stay by

0.40 days (95% CI: 0.24-0.55 days) and total hospital length
of stay by 0.82 days (95% CI: 0.48-1.15 days) in the fully
adjusted analysis.

Threshold Effect Analysis of Body Temperature on SIC
Patients’ Mortality

We conducted a smoothing function analysis to assess the
potential non-linear relationship between body temperature
and 28-day mortality in SIC patients. After adjusting for
potential confounders including age, gender, laboratory
results and comorbidities, we observed a non-linear
association between body temperature and risk of 28-day
mortality (Figure 2). This non-linear relationship was
also observed when analyzing 90-day mortality
(Supplementary Figure S1).

Further spline analysis revealed a threshold effect,
with risk decreasing as body temperature increased up to
38.0°C (adjusted HR 0.640; 95% CI 0.589-0.696), after
which risk slightly increased but was no longer
statistically significant (adjusted HR 1.192; 95% CI
0.984-1.444). (Table 3)

The threshold effect at 38.0°C is illustrated by the spline
curve in Figure 2, which depicts the estimated adjusted
hazard ratios (solid line) and pointwise 95% confidence
intervals (shaded area) for the relationship between body
temperature and 28-day mortality risk. Our analyses indicate
a complex non-linear association between body temperature
and mortality risk in SIC patients, with hypothermia
conferring the highest risk.

Subgroup Analysis

To identify factors impacting the effect of body
temperature on 28-day mortality, comprehensive subgroup
analyses were conducted, as depicted in Figure 3. Interaction
p-values were largely non-significant across age, gender,
severity scores, comorbidities, and other subgroups.
Notably, an exception was observed for the cerebrovascular
disease subgroup (p < 0.001), where patients without
cerebrovascular disease exhibited a lower 28-day mortality
risk (adjusted HR: 0.78, 95% CI 0.73~0.83). Analogous
findings are discernible in the 90-day subgroup analysis
(Supplementary Figure S2).

Survival Analysis

The Kaplan—Meier survival analysis in Figure 4 highlights
the impact of varying body temperatures on
28-day survival. Mortality rates were notably higher in the
<36.0 group and comparatively lower in the 37.0-38.0 group
when contrasted with the reference group (36.0-37.0). This
trend is reaffirmed with adjusted HRs of 2.6 (95% CI 1.99 ~
3.42) and 0.7 (95% CI 0.63 ~0.78), respectively (Table 2).
Consistent outcomes are observed in the 90-day survival
analysis (Supplementary Figure S3).
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DISCUSSION

In our study, a significant revelation emerges from the
analysis. Specifically, SIC patients within the 37.0-38°C
temperature range exhibited the most favorable prognosis,
characterized by the lowest mortality. Conversely, low body
temperature (<36.0°C) was associated with higher mortality
in the SIC population similar to that observed in other septic
cohorts. Subgroup analyses, aside from cerebrovascular
disease, demonstrated no substantial effect modification by
age, gender, or comorbidities.

Our results contribute novel insights into the implications
of body temperature in SIC, marking a pioneering attempt at
investigating this association. Sepsis-induced coagulopathy
holds a pivotal place in the spectrum of sepsis-related
coagulation disorders, intimately connected with
disseminated intravascular coagulation (DIC).** Recognized
for its role in the pathogenesis of sepsis,

SIC acts as a bridge between early systemic inflammation and
full-blown DIC. By highlighting the potential

value of SIC as a marker and a possible therapeutic target,
our study underscores its significance in guiding clinical
decisions and furthering our understanding of

sepsis pathogenesis.

The observed differences in mortality and hospital stay
duration based on temperature groups underscore the
clinical significance of temperature management in SIC.
Patients in the hypothermic group (<36.0°C) displayed the
highest 28-day mortality risk, suggestive of severe
physiological distress and compromised organ function.”’
Correspondingly, maintaining a normothermic range
(37.0-38.0°C) was associated with improved survival
outcomes, highlighting the potential importance of
normothermia in enhancing patient prognosis.”® Our study
echoes previous reports associating lower temperatures with
heightened mortality risk in septic patients.'*'” Notably, our
definition of hypothermia (<36.0°C) within the SIC cohort
yielded a 2.6-fold increase in mortality after adjusting for
confounding factors, reaffirming the significance of
this observation.

The underlying mechanisms linking temperature with
mortality in sepsis are multifaceted. Hypothermia can
contribute to immune suppression, impaired
thermoregulation, and disrupted coagulation pathways by
causing platelet dysfunction and a mild decrease in platelet
count or other steps in the coagulation cascade, thereby
exacerbating mortality risk.>’ Conversely, fever has been
linked to improved survival due to enhanced bacterial
clearance, optimized antibiotic efficacy, and controlled
inflammatory responses.''** In contrast to prior
studies in sepsis populations, our findings in the sepsis-
induced coagulopathy (SIC) cohort did not indicate that an
early peak temperature above 39.5°C was associated
with worse outcomes.''*” In fact, patients with
temperatures in the 37.0-38.0°C range exhibited the

P-value
< 0.001
0.005
< 0.001
< 0.001
< 0.001
< 0.001

>39.0
643
369 (57.4)

n

357 (55.5)

11.2 (6.8, 21.4)
136 (21.2)
175 (27.2)

4.8 (2.5,9.3)

=1,678

1,063 (63.3)
917 (54.6)
305 (18.2)
408 (24.3)

38.0~<39.0
n

10.0 (6.0, 18.2)
3.8(2.0,7.7)

5,168

2,667 (51.6)

37.0~<38.0

2,796 (54.1)
2.9 (1.7, 5.6)
938 (18.2)
1,292 (25)

n
8.7 (5.4, 15.0)

Temperature (°C)

1,193 (52.8)

879 (38.9)
622 (27.5)
811 (35.9)

36.0~<37.0
n=2,261

8.5 (5.3, 15.1)
2.9(1.7,5.3)

<36.0
110

87 (79.1)
78 (70.9)

61 (55.5)
68 (61.8)

n
6.8 (3.9, 14.2)

4.4 (2.6,7.4)

9,860

Total
5,065 (51.4)
(5.6, 16.0)

5,341 (54.2)

3.1(158,6.2)
2,062 (20.9)
2,754 (27.9)

n
9.0

Characteristic
Los hospital (days), median (IQR) days
Los ICU (days), median (IQR) days

Vasopressor use, n (%)
28-day mortality, n (%)
90-day mortality, n (%)

Ventilator use, n (%)
INR, International Normalized Ratio; PT, prothrombin time; PTT, partial thromboplastin time; SOFA, sequential organ failure assessment; SAPSII, simplified acute physiology

score IlI; RRT, renal replacement therapy; LOS, length of stay.

HR, heartrate; RR, respiratory rate; WBC, white blood cell; HGB, hemoglobin; PLT, platelets; AG, anion gap; CO,, bicarbonate; BUN, blood urea nitrogen; Scr, serum creatinine;

Table 1. Continued.

QOutcomes
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Table 2. Results of multivariate regression analysis between temperature and outcomes.

Model | Model IV
Variable HR (95% CI) P-value HR (95% CI) P-value
Primary outcomes
28-day mortality®
Temperature 0.78 (0.74 ~0.83) <0.001 0.82 (0.78 ~0.87) 0.001
Body temperature
<36.0 2.82 (2.17 ~ 3.66) <0.001 2.6 (1.99~3.42) <0.001
36.0-37.0 1 (Ref) 1 (Ref)
37.0-38.0 0.62 (0.56 ~0.69) <0.001 0.7 (0.63~0.78) <0.001
38.0~-39.0 0.63 (0.55~0.72) <0.001 0.76 (0.66 ~ 0.88) 0.001
>39.0 0.75 (0.62~0.9) 0.002 0.72 (0.59~0.87) 0.001

Trend <0.001 <0.001
Secondary outcomes
90-day mortality

Temperature 0.79 (0.75~0.83) <0.001 0.84 (0.8~0.89) <0.001

Body temperature

<36.0 2.52 (1.97 ~3.23) <0.001 2.48 (1.92~3.2) <0.001

36.0-37.0 1 (Ref) 1 (Ref)

37.0-38.0 0.64 (0.59~0.7) <0.001 0.73 (0.67~0.8) <0.001

38.0-39.0 0.63 (0.56 ~0.71) <0.001 0.79 (0.69~0.89) <0.001

>39.0 0.72 (0.61~0.85) <0.001 0.73 (0.62~0.87) 0.001

Trend <0.001 <0.001
LOS ICUP 0.77* (0.61~0.92) <0.001 0.4* (0.24 ~0.55) <0.001
LOS hospital® 1.33* (1.01~1.66) <0.001 0.82* (0.48~1.15) <0.001

Note: Model | adjusted for nothing. Model IV adjusted for gender, age, race, HR, RR, hemoglobin, platelets, INR, WBC, anion gap,
bicarbonate, bun, creatinine, glucose, PT, PTT, myocardial infarction, congestive heart failure, cerebrovascular disease, chronic
pulmonary disease, renal disease, Charlson comorbidity index, SOFA score, SAPSII, RRT, first day ventilation use and vasopressor use.

3Logistic regression analysis.

®Linear regression analysis.

*Regression coefficient ().

HR, hazard ratio; Cl, confidence interval; LOS, length of stay.

lowest mortality, similar to those with temperatures
above 39.0°C.

We found that normothermia (37.0-38.0°C, defined as a
mild fever in some countries) was associated with reduced
mortality compared to 36.0-37.0°C. This is consistent with
previous findings. A multicenter RCT by Schortgen et al.
reported external cooling to achieve normothermia
(36.5-37.0°C) could reduce 14-day mortality compared to
external heating to achieve fever control.® However, a RCT
by Young et al. did not find a significant difference in 90-day
mortality between fever control and no fever control.””
The discrepancy may be explained by the different target
temperature ranges. Overall, maintaining normothermia
or mild fever appears to be beneficial based on
current evidence.

Fever is common in sepsis patients. However, studies on
the association between high fever (>39.0°C) and sepsis
mortality remain controversial.'®*! Our study showed
slightly increased mortality in high fever patients with SIC
than in mild fever patients, but did not reach statistically
significance Future research is warranted to clarify this
relationship in SIC patients.

Moreover, our results demonstrated a nonlinear
relationship between body temperature and both 28-day and
90-day all-cause mortality. Each Celsius degree increase in
temperature correlated with an 18% reduction in 28-day
mortality, underscoring the potential benefits of maintaining
normothermia during SIC treatment. However, the
relationship shifted beyond a temperature threshold of
38.0°C, where consistently increased temperatures correlated
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Figure 2. Smooth curve fitting for temperature and 28-day
mortality in patients with sepsis-induced coagulopathy.

with gradual, albeit statistically insignificant, increases
in mortality.

Notably, subgroup analysis revealed no significant
interaction on 28-day mortality in most subgroups,
suggesting that body temperature might independently

Table 3. Threshold effect analysis of the association between the
body temperature and the 28-day mortality in SIC patients.

Threshold of body temperature HR (95%Cl)
<38.095 0.640 (0.589, 0.696)
>38.095 1.192 (0.984, 1.444)

Note: The data have been adjusted for all of the factors included in
Model IV in Table 2.

HR, hazard ratio; CI/, confidence interval; SIC, sepsis-
induced coagulopathy.

influence the prognosis of SIC patients regardless of factors
like age, gender, or other comorbidities. However, a
significant interaction was observed in cerebrovascular
disease patients, indicating that this specific subgroup may
have unique thermoregulation characteristics warranting
further investigation.’> The phenomenon that patients with
sepsis complicated by cerebrovascular disease displayed
different patterns of fever and outcome associations merits
closer investigation. Several possible mechanisms may
underpin this interaction. First, thermoregulation in
cerebrovascular disease is impaired. Central
thermoregulation involves complex neural circuitry like the
preoptic anterior hypothalamus.** Ischemic or hemorrhagic
stroke can interrupt the involved pathways, compromising
thermoregulatory capacity.”* This may contribute to altered
fever responses in our subgroup of patients. Second, cerebral
inflammation is exacerbated by fever. Animal studies showed

Subgroup Total Event (%) HR (95%Cl) P for interaction
Age
<70 5294 939(17.7) 0.83(0.77~0.91) — 0.267
270 4566 1123 (24.6) 0.83(0.76~0.90) —
Gender
Male 6049 1157 (19.1) 0.81(0.75~0.88) —— 0.375
Female 3811 905(23.7) 0.85(0.78~0.93) —
Sofa
<4 4991 817(16.4) 0.76(0.68~0.83) +——=— 0.339
>4 4869 1245(25.6) 0.87 (0.80~0.93)
Sapsli
<42 5408 574(10.6) 0.85(0.75~0.96) —— 0.38
242 4452 1488 (33.4) 0.82(0.77~0.88) ——
Myocardial infarct
No 8148 1661 (20.4) 0.81(0.76~0.87) — 0.939
Yes 1712 401(23.4) 0.84(0.73~0.96) ——
Cerebrovascular disease
No 8722 1729 (19.8) 0.78(0.73~0.83) —— <0.001
Yes 1138 333(29.3) 1.10(0.95~1.27) —
Chronic pulmonary disease
No 7481 1520(20.3) 0.83(0.78~0.89) —— 0.642
Yes 2379 542(22.8) 0.81(0.72~0.91)  +——s—
Diabetes
No 6959 1474 (21.2) 0.83(0.77~0.89) — 0.989
Yes 2901 588(20.3) 0.82(0.73~0.91) —_—
Renal disease
No 7699 1493 (19.4) 0.84(0.78~0.90) — 0.262
Yes 2161 569 (26.3) 0.78(0.70~0.88) +——=——
T T T
0.71 1.0 1.41

Hazard Ratio, (95%Cl)

Figure 3. Subgroup analysis of association between temperature and 28-day mortality.
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Figure 4. Kaplan—Meier curve of 28-day mortality for patients with
sepsis-induced coagulopathy.

hyperthermia can worsen ischemic injuries via increased
neutrophil infiltration, blood-brain barrier dysfunction,
edema formation and neuronal loss.*>*® Therefore, febrile
responses in sepsis patients with preexisting cerebrovascular
lesions may worsen secondary insults through
neuroinflammation. Third, cerebral perfusion is impaired by
fever. Fever escalates metabolic demands while septic shock
reduces cerebral perfusion.’’>° The combined effects may
create mismatches in oxygen supply and demand, setting the
stage for ischemic damage. Strict fever control might help
conserve neuronal viability.

Our study holds several notable strengths. By exclusively
focusing on SIC patients, we address a crucial gap in the
literature. Our comprehensive analysis bolsters the reliability
and generalizability of our findings, while also uncovering
novel correlations and their implications. The observed non-
linear temperature-mortality relationship adds a new layer of
understanding to SIC management, highlighting potential
harm at both temperature extremes.

However, certain limitations should be acknowledged.
Our study’s retrospective nature and reliance on data from a
single center introduce potential biases and limit external
validity. Inclusion of patients receiving antipyretics or
temperature management could influence observed
temperatures. Additionally, the use of the highest body
temperature at ICU admission may not capture dynamic
temperature changes. It is also important to note that our
analysis was limited to 9,860 patients out of the initial cohort
of 23,828 patients due to the lack of available SIC scores,

which was our primary independent variable of interest. The
exclusion of patients without SIC scores may have
introduced potential selection bias, as these patients could
have differed systematically from those included in the
analysis. However, the large sample size of 9,860 patients
with complete data still provides a robust basis for our
findings. Future studies with more comprehensive data
collection would be valuable to further validate and
generalize our results.

CONCLUSION

In conclusion, our study identifies an association that
merits attention in the context of SIC patient management in
ICU settings. We found that among SIC patients on their first
day in the ICU, a body temperature from 37.0-38.0°C was
associated with a significantly improved prognosis, marked
by the lowest overall mortality risk, while the group with low
body temperature (<36.0°C) exhibited the highest mortality
risk. Additionally, a gradual but statistically non-significant
increase in mortality risk was observed when body
temperature exceeded 38.0°C. Future research on the impact
of rigorous temperature management on SIC patient
outcomes, and prospective validation of our association
between temperature and sepsis mortality, is needed to
provide a more comprehensive understanding of this
complex relationship.

AVAILABILITY OF DATA AND MATERIAL
All data in the article can be obtained from MIMIC-IV
database (https://mimic.physionet.org/).

ETHICS DECLARATIONS

The research protocol for this retrospective study using a
de-identified database was reviewed and approved by the
Institutional Review Board (IRB) of the Massachusetts
Institute of Technology and Beth Israel Deaconess Medical
Center. The requirement for informed consent was waived in
accordance with the US Code of Federal Regulations and
institutional guidelines.

Address for Correspondence: Weigan Xu, MD, First People’s
Hospital of Foshan, Department of Emergency, No. 81 Lingnan Ave.
North, Chancheng District, Foshan, Guangdong, China. Email:
113101993@qg.com. Jun Jiang, PhD, First People’s Hospital of
Foshan, Department of Emergency, No. 81 Lingnan Ave. North,
Chancheng District, Foshan, Guangdong, China.

Email: jiangjungd2@163.com

Confiicts of Interest. By the WestJEM article submission agreement,
all authors are required to disclose all affiliations, funding sources
and financial or management relationships that could be perceived
as potential sources of bias. This work was supported by the

Volume 25, No. 5: September 2024

705

Western Journal of Emergency Medicine


https://mimic.physionet.org/
mailto:113101993@qq.com
mailto:jiangjungd2@163.com

Relationship between Temperature and Prognosis in SIC Patients

Chen et al.

Guangdong Medical Science and Technology Research Fund
Project (grant no. A2023178 to ZTE), the Basic and Applied Basic
Research Fund of Guangdong (Regional Cooperation Fund Project,
2022) (grant no. 2022A1515140033 to JJ), the 14th Five-Year High-
Level Medical Key Specialty Project of Foshan, and the Foshan
Science and Technology Innovation Projects (2022) (grant no.
2220001004172 to GJC). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the
manuscript. There are no other conflicts of interest or sources of
funding to declare.

Copyright. © 2024 Chen et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES

1. Singer M, Deutschman CS, Seymour CW, et al. The third international
consensus definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315(8):801.

2. IbaT andLevy JH. Derangement of the endothelial glycocalyx in sepsis.
J Thromb Haemost. 2019;17(2):283-94.

3. Levi M and van der Poll T. Coagulation and sepsis. Thromb Res.
2017;149:38—44.

4. Iba T, Nisio MD, Levy JH, et al. New criteria for sepsis-induced
coagulopathy (SIC) following the revised sepsis definition: a
retrospective analysis of a nationwide survey. BMJ Open.
2017;7(9):e017046.

5. Gando S, Levi M, Toh CH. Disseminated intravascular coagulation. Nat
Rev Dis Primers. 2016;2:16037.

13.

14.

15.

16.

17.

18.

19.

20.

Lee B, Inui D, Suh G, et al. Association of body temperature and
antipyretic treatments with mortality of critically ill patients with and
without sepsis: multi-centered prospective observational study. Crit
Care. 2012;16(1):R33.

Laupland KB, Zahar JR, Adrie C, et al. Severe hypothermia

increases the risk for intensive care unit-acquired infection.

Clin Infect Dis. 2012;54(8):1064—70.

Rumbus Z, Matics R, Hegyi P, et al. Fever is associated with
reduced, hypothermia with increased mortality in septic patients:

A meta-analysis of clinical trials. Lazzeri C, ed. PLoS ONE.
2017;12(1):e0170152.

Shimazui T, Nakada T aki, Walley KR, et al. Significance

of body temperature in elderly patients with sepsis. Crit Care.
2020;24(1):387.

Ito Y, Kudo D, Kushimoto S. Association between low body temperature
on admission and in-hospital mortality according to body mass

index categories of patients with sepsis. Medicine.
2022;101(44):e31657.

Khodorkovsky B, Youssef E, Adamakos F, et al. Does initial temperature
in the emergency department predict outcomes in patients admitted for
sepsis? J Emerg Med. 2018;55(3):372—7.

Kushimoto S, Gando S, Saitoh D, et al. The impact of body temperature
abnormalities on the disease severity and outcome in patients with
severe sepsis: an analysis from a multicenter, prospective survey of
severe sepsis. Crit Care. 2013;17(6):R271.

Barie PS, Williams MD, McCollam JS, et al. Benefit/risk profile of
drotrecogin alfa (activated) in surgical patients with severe sepsis. Am J
Surg. 2004;188(3):212-20.

6. Iba T, Arakawa M, Di Nisio M, et al. Newly proposed sepsis-induced 21. Levi M, Toh CH, Thachil J, et al. Guidelines for the diagnosis and
coagulopathy precedes international society on thrombosis and management of disseminated intravascular coagulation. British
haemostasis overt-disseminated intravascular coagulation and predicts Committee for Standards in Haematology. Br J Haematol.
high mortality. J Intensive Care Med. 2020;35(7):643-9. 2009;145(1):24-33.

7. Yamakawa K, Yoshimura J, Ito T, et al. External validation of the two 22, Gando S, Saitoh D, Ogura H, et al. A multicenter, prospective validation
newly proposed criteria for assessing coagulopathy in sepsis. study of the Japanese association for acute medicine disseminated
Thromb Haemost. 2019;119(02):203-12. intravascular coagulation scoring system in patients with severe sepsis.

8. Schortgen F, Clabault K, Katsahian S, et al. Fever control using external Crit Care. 2013;17(3):R111.
cooling in septic shock: a randomized controlled trial. Am J Respir Crit  23. Johnson AEW, Bulgarelli L, Shen L, et al. MIMIC-IV, a freely accessible
Care Med. 2012;185(10):1088-95. electronic health record dataset. Sci Data. 2023;10(1):1.

9. Peres Bota D, Lopes Ferreira F, Mélot C, et al. Body 24. lba T and Levy JH. Sepsis-induced coagulopathy and disseminated
temperature alterations in the critically ill. Intensive Care Med. intravascular coagulation. Anesthesiology. 2020;132(5):1238-45.
2004;30(5):811-6. 25. Romanovsky AA. Thermoregulation: some concepts have changed.

10. Drewry AM, Ablordeppey EA, Murray ET, et al. Antipyretic therapy in Functional architecture of the thermoregulatory system. Am J Physiol
critically ill septic patients: a systematic review and meta-analysis. Regul Comp Physiol. 2007;292(1):R37—46.
Crit Care Med. 2017;45(5):806—13. 26. Young PJ and Saxena M. Fever management in intensive care patients
11. Young PJ, Saxena M, Beasley R, et al. Early peak temperature and with infections. Crit Care. 2014;18(2):206.
mortality in critically ill patients with or without infection. Intensive Care  27. Polderman KH. Mechanisms of action, physiological effects,
Med. 2012;38(3):437—44. and complications of hypothermia. Crit Care Med.
12. Schulman CI, Namias N, Doherty J, et al. The effect of antipyretic 2009;37(7 Suppl):S186-202.
therapy upon outcomes in critically ill patients: a randomized, 28. Suffredini AF and Munford RS. Novel therapies for septic shock over the
prospective study. Surg Infect (Larchmt). 2005;6(4):369—75. past 4 decades. JAMA. 2011;306(2):194-9.
Western Journal of Emergency Medicine 706 Volume 25, No. 5: September 2024


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Chen et al.

Relationship between Temperature and Prognosis in SIC Patients

29.

30.

31.

32.

33.

34.

Egi M and Morita K. Fever in non-neurological critically ill patients:

a systematic review of observational studies. J Crit Care.
2012;27(5):428-33.

Young P, Saxena M, Bellomo R, et al. Acetaminophen for fever in
critically ill patients with suspected infection. N Engl J Med.
2015;373(23):2215-24.

Shen Y, Lou Y, Zhu S. Hyperthermia is a predictor of high mortality in
patients with sepsis. Crit Care. 2020;24(1):543.

Greer DM, Funk SE, Reaven NL, et al. Impact of fever on outcome in
patients with stroke and neurologic injury: a comprehensive meta-
analysis. Stroke. 2008;39(11):3029-35.

Boulant JA. Role of the preoptic-anterior hypothalamus in
thermoregulation and fever. Clin Infect Dis. 2000;31(Suppl 5):S157-61.
Deb P, Sharma S, Hassan KM. Pathophysiologic mechanisms of acute
ischemic stroke: an overview with emphasis on therapeutic significance
beyond thrombolysis. Pathophysiology. 2010;17(3):197—-218.

35.

36.

37.

38.

39.

Maier CM, Ahern K v, Cheng ML, et al. Optimal depth and duration of
mild hypothermia in a focal model of transient cerebral ischemia: effects
on neurologic outcome, infarct size, apoptosis, and inflammation.
Stroke. 1998;29(10):2171-80.

Lee JE, Yoon YJ, Moseley ME, et al. Reduction in levels of matrix
metalloproteinases and increased expression of tissue inhibitor of
metalloproteinase-2 in response to mild hypothermia therapy in
experimental stroke. J Neurosurg. 2005;103(2):289-97.

Burkhart CS, Siegemund M, Steiner LA. Cerebral perfusion in sepsis.
Crit Care. 2010;14(2):215.

Sonneville R, de Montmollin E, Poujade J, et al. Potentially modifiable
factors contributing to sepsis-associated encephalopathy. Intensive
Care Med. 2017;43(8):1075-84.

Mazeraud A, Righy C, Bouchereau E, et al. Septic-associated
encephalopathy: a comprehensive review. Neurotherapeutics.
2020;17(2):392—403.

Volume 25, No. 5: September 2024

707

Western Journal of Emergency Medicine





