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Purpose: The purpose of our study was to explore the prognostic value of complete blood count and myocardial markers combination
with Sequential Organ Failure Assessment (SOFA) score in predicting the 28-day mortality among sepsis patients.

Patients and methods: A retrospective observational cohort study was performed. Three hundred and nineteen sepsis patients who
were hospitalized at the Second Affiliated Hospital of Chongqing Medical University, China, from January 2019 to September 2021
were included. The clinical and laboratory data, the Acute Physiological and Chronic Health Evaluation II (APACHE II) score and
SOFA score at the time of the initial sepsis diagnosis were collected, and the predictive values of the single and combination variables
for 28-day mortality were compared.

Results: The derivation cohort consisted of 221 patients and included 59 (26.7%) died. The area under the curve (AUC) [95%
confidence interval (CI)] of RDW and c¢TnT were 0.735 (0.663—0.807) and 0.753 (0.678-0.827) for mortality, and the cut-off value
were 14.05% and 0.039 ng/mL, respectively. The combination of RDW, ¢TnT and the SOFA score showed a better performance for the
prediction of mortality, and the AUC was significantly higher than that of the SOFA score (0.791 vs 0.726, DeLong test: P=0.032).
Multivariate Cox analysis identified that the combination of RDW, ¢TnT and the SOFA score (HR=6.133, P=0.004) and APACHE II
score (HR=1.093, P<0.001) were independent detrimental factors for 28-day mortality. The validation cohort consisted of 98 patients
and included 23 (23.5%) died. Similarly, the AUC of the RDW, cTnT and the SOFA score combination is significantly higher than that
of the SOFA score (0.821 vs 0.739, DeLong test: P=0.035).

Conclusion: RDW and ¢TnT showed good performance in predicting 28-day mortality rates among patients with sepsis. Combined
RDW and c¢TnT with the SOFA score can significantly improve the predictive value of SOFA score for the prognosis of sepsis.
Keywords: sepsis, septic shock, Sequential Organ Failure Assessment score, red blood cell distribution width, cardiac troponin T,

marker

Introduction

Sepsis is considered as a life-threatening systemic clinical syndrome caused by infection, involving activation of
inflammation, coagulation, immune and endocrine, and ultimately leads to dysfunction of one or more organs.' > In-
hospital mortality for sepsis was slightly declined in recent years due to the significant advances in critical care and

treatment, but hospitalization rate was still increased. The 30-day and 180-day readmission rates among survivors of
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sepsis also increased to 26% and 48%, respectively, resulting in a heavy financial burden and severely impaired in quality
of life.>*

There is currently no specific therapy for sepsis. Earlier recognition of risk factors, timely intervention and more
effective infection control are still the keys to improve the prognosis of sepsis. Sequential Organ Failure Assessment
(SOFA) score, a widely used and well-proven scoring system for assessing organ dysfunction, is also a validity method to
predict in-hospital mortality in patients with suspected infection. The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) consent to the use of SOFA score for diagnosis of Sepsis.'> However, not all target
organs that may be damaged by sepsis are included in the SOFA scoring system. Using it alone may result in delayed or
missed diagnosis of sepsis. It is reasonable to assume that SOFA score combined with biomarkers may increase the
sensitivity of sepsis diagnosis. There is growing evidence that cardiovascular dysfunction occurs frequently in patients
with sepsis, called septic cardiomyopathy (SCM), and may contribute to circulatory failure and worse multiple organ
dysfunction. We can detect abnormal heart movements utilizing echocardiography and to guide therapeutic decisions.
The manifestations were systolic or diastolic dysfunction, left or right ventricular dysfunction, global hypokinesia or
local ventricular wall movement abnormalities, or even mixed.® However, sometimes echocardiography may not be
immediately available due to the lack of trained technicians. With the popularity of Point-of-Care Testing, serum
myocardial markers have been widely used in sepsis and may represent a potential diagnostic avenue for SCM.® A
complex and persistent set of functional and phenotypic changes in innate and adaptive immune cells play a central role
in the septic inflammatory response, and leukocytosis or leukopenia can be observed at an early stage.” Excessive release
of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-a, interleukin (IL)-1, IL-17 and bacterial products
up-regulated the expression of granulocyte-macrophage-colony stimulating factor (GM-CSF), can stimulate the produc-
tion of circulating neutrophils.® Studies of septic patients and animal sepsis models showed that lymphocyte apoptosis
was an important pathogenesis of sepsis immunoparalysis, evidenced by accelerated apoptosis of lymphocytes only
observed in patients with sepsis.” A decrease in platelet (PLT) and hemoglobin (Hb) counts is not unusual in patients with
severe sepsis. Thrombocytopenia and anaemia occurring during sepsis are considered as a marker of disease severity and
a higher rate of death.'®'? The neutrophil-to-lymphocyte ratio (NLR) and red cell distribution width (RDW) as neotype
inflammatory markers have recently been shown to be associated with poor prognosis.'*'*

In this research, we analyzed the clinical data and outcomes of 319 septic patients to discuss whether combining
complete blood count and myocardial markers into SOFA score can help to improve its accuracy and practicability.

Methods

Study Population

This retrospective cohort study was conducted at the Second Affiliated Hospital of Chongqing Medical University in
China from January 2019 to September 2021. All adult patients (=18 years old) were hospitalized in the intensive care
unit (ICU) for sepsis and/or septic shock. All cases met the criteria for the diagnosis of sepsis 3.0." Sepsis was defined as
an exact infection accompanied by an increase of 2 points or more in the SOFA score. Septic shock was diagnosed if
serum lactate level was >2 mmol/L or vasopressors were required to maintain a mean arterial pressure >65 mmHg after
adequate fluid resuscitation. The exclusion criteria were as follows: patients with hematological disease, chronic renal
insufficiency, liver cirrhosis, pregnant females, or received medication that may induce morphologic changes in
hemocyte (such as erythropoietin, recombinant human granulocyte stimulating factor), radiotherapy and/or chemother-
apy-induced myelosuppression, acute coronary syndrome, chronic heart failure, consciousness disorder due to factors
other than sepsis and age younger than 18 years. All enrolled survivors were followed up for 28 days.

Data Collection

Laboratory parameters including oxygenation index, Hb, RDW, white blood cell count (WBC), neutrophil percentage
(NEU), lymphocyte count (LYM), NLR, PLT, lactates (LACs), C-reactive protein (CRP), myohemoglobin (MYO),
creatine kinase-MB (CK-MB), B type brain natriuretic peptide precursor (Pro-BNP) and cardiac troponin T (cTnT) were
collected at the time of diagnosis. The SOFA score and the Acute Physiological and Chronic Health Evaluation II
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(APACHE 1I) score were assessed after enrolment. For all subjects, demographic characteristics, comorbid diseases,
organ failure, whether received blood transfusion or continuous renal replacement therapy (CRRT) treatment, modes of
breathing support, hospitalization costs and time to administration of antibiotics were also recorded. Time to adminis-
tration of antibiotics, hereafter this text will be abbreviated as time-to-antibiotics, was defined as the time from diagnosis
of sepsis to antibiotic administration.

Laboratory Measurements

Hb, RDW, WBC, NEU, LYM and PLT were determined by Japan Sysmex XT-4000i Automated Hematology System
analyzer. The kit was a hemolytic agent for blood cell analysis, provided by Sysmex Corporation (Wuxi). CRP was
measured using a dry immunofluorescence quantitative method. The kit was provided by Zhonghan Shengtai
Biotechnology, and the instrument was Hangzhou Zhonghan Shengtai Jet.istar 3000. MYO, CK-MB, Pro-BNP and
cInT were measured using the double antibody sandwich method by Germany Roche Cobas €601 Automated
Electrochemiluminescence Immunoanalyzer. The kit was provided by Roche Diagnostics (Shanghai).

Statistical Analysis

Normally distributed measurement data were expressed as means and standard deviation (X+S), and the measurement data of
the skewed distribution was represented as the medians (interquartile range) (M [P,s, P-5]). Based on the data distribution,
numeric data were analyzed using Student’s t-test or the Mann—Whitney U-test respectively. Categorical variables were
displayed as frequencies and percentages (n [%]), and the Chi-square test and Fisher’s exact test were used to analyze
relationships between groups. Receiver-operating characteristic curve (ROC) analysis was performed to compare the ability of
each variable to predict the mortality, and the Hosmer—Lemeshow test was applied for goodness-of-fit test of the combination
variables. Cox proportional hazards model was used to determine risk factors for death. If P value of the variable was less than
0.05 after univariate Cox analysis, multivariate Cox analysis model was included. P < 0.05 was considered significant; P >
0.05 confirmed that the combination variable was a good fit, implying no difference between the expected and observed
outcomes. All data were performed using SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, USA). The area under the
curve (AUC) was compared using the MedCalc 19.5.6 Software.

Results

Characteristics of Patients

Baseline and outcome characteristics of all derivation and validation populations are presented in Table 1. Between
January 2019 and September 2021, a total of 319 patients with sepsis were enrolled in the study, among which 108 had
septic shock. The 319 patients were divided into two study populations: the 221 forming the derivation cohort and the
remaining 98 forming the validation cohort. The baseline characteristics of the two cohorts were similar.

The overall mortality was 25.7% (82/319) during follow-up. The mean age of the patients was 69.00 (57.00,78.00)
years old, and there were 197 males (61.8%) and 122 females (38.2%). Main common selection complications were
coronary heart disease (17.6%), chronic obstructive pulmonary disease (COPD)/chronic lung disease (12.2%), diabetes
(21.9%), cerebrovascular disease (17.2%) and hypertension (40.1%). Infectious pathogens were identified as gram-
positive bacteria, gram-negative bacteria, fungus, virus and mixed or culture negative (8.8%, 33.9%, 5.6%, 0.9% and
52.7%, respectively). The two most frequent primary sites of infection were intra-abdominal (41.7%) and pulmonary
(39.5%). Other sites of infection included urogenital (6.0%), bone, skin or soft tissue (3.4%), catheter or bacteremia
(2.2%), and central nervous system (1.9%). Besides, mixed infection and the source of infection in 5.6% of patients were
unknown. Mean APACHE II score and mean SOFA score were 14.00 (10.00, 20.00) and 5.00 (3.00, 7.00), respectively.

Derivation Study

We included 221 patients who had been admitted between 1 January 2019 and 1 May 2021 to the ICU within the
derivation cohort, 59 died. The frequency of pulmonary (32 [54.2%] vs 58 [35.8%], P=0.014), catheter and bacteremia (5
[8.5%] vs 1 [0.6%], P=0.001) infection was higher in non-survivors than in survivors, however, that of intra-abdominal
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Table | Comparisons of Clinical and Laboratory Variables in Patients with Sepsis

Variables Derivation Derivation Cohort Validation
and Cohort
Validation
Cohorts
Total (n=319) | Total (n=221) Non- Survivors Significance | Total (n=98) Significance
Survivors (n=162) of of
(n=59) Difference Difference
Between Between
Survivors Derivation
and Non- and
Survivors Validation
Cohorts

Male, n (%) 197 (61.8) 136 (61.5) 35 (59.3) 101 (62.3) 0.683 61 (62.2) 0.905

Age, years, M 69.00 70.00 74.00 (62.50, 69.00 (58.75, 0.025 67.50 (52.75, 0.136

[P2s, P7s] (57.00,78.00) (58.00,79.00) 81.75) 79.00) 76.25)

Septic shock 108 (33.9) 75 (33.9) 40 (67.8) 35 (21.6) <0.001 33 (33.7) 0.936

rate, n (%)

Oxygenation 222.00 220.63 165.36 236.44 0.001 226.83 0.822

index, mmHg, M | (162.00,302.46) | (160.00,303.17) | (107.14,291.53) | (178.04,304.90) (164.50,297.50)

[P25, P7s]

Mechanical 163 (51.1) 126 (57.0) 53 (89.8) 73 (45.1%) <0.001 37 (37.8) 0.002

ventilation, n (%)

NIV or HFNC, n 46 (14.4) 22 (10.0) 6 (10.2) 16 (9.9) 0.949 24 (24.5) 0.001

(%)

Blood 105 (32.9) 73 (33.0) 29 (49.2) 44 (27.2) 0.002 32 (32.7) 0.947

transfusion, n (%)

CRRT, n (%) 41 (12.9) 25 (11.3) 9 (15.3) 16 (9.9) 0.264 16 (16.3) 0.217

Time-to- 2.79 (1.75,4.33) | 2.83 (1.76,4.30) | 2.79 (1.83,4.40) | 2.83 (1.75,4.23) 0.783 2.63 (1.75,4.48) 0.590

antibiotics,

hours, M [Pys,

P7s]

MODS, n (%) 183 (57.4) 129 (58.4) 56 (94.9) 73 (45.1%) <0.001 54 (55.1) 0.586

Complication

Coronary heart 56 (17.6) 42 (19.0) 16 (27.1) 26 (16.0%) 0.064 14 (14.3%) 0.307

disease, n (%)

COPD/ chronic 39 (12.2%) 30 (13.6%) 12 (20.3) 18 (11.1%) 0.076 9 (9:2%) 0.269

lung disease, n

(%)

Diabetes, n (%) 70 (21.9) 46 (20.8) 15 (25.4) 31 (19.1) 0.308 24 (24.5) 0.464

Cerebrovascular 55 (17.2) 41 (18.6) 10 (16.9) 31 (19.1) 0.711 14 (14.3) 0.352

disease, n (%)

Hypertension, n 128 (40.1) 85 (38.5) 27 (45.8) 58 (35.8) 0.178 43 (43.9) 0.363

(%)

Site of infection

Pulmonary, n (%) 126 (39.5) 90 (40.7) 32 (54.2) 58 (35.8) 0.014 36 (36.7) 0.501

Urogenital, n (%) 19 (6.0) 12 (5.4) 0 (0.0) 12 (7.4) 0.032 7(7.0) 0.551

Catheter/ 7(22) 6(2.7) 5(8.5) | (0.6) 0.001 I (1.0) 0.341

Bacteremia, n

%)

Bone/Skin/Soft I (34 7 (3.2) I (1.7) 6 (3.7) 0451 4 (4.1) 0.680

tissue, n (%)

(Continued)
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Table | (Continued).

Variables Derivation Derivation Cohort Validation
and Cohort
Validation
Cohorts
Total (n=319) | Total (n=221) Non- Survivors Significance | Total (n=98) Significance
Survivors (n=162) of of
(n=59) Difference Difference
Between Between
Survivors Derivation
and Non- and
Survivors Validation
Cohorts
Intra-abdominal, 133 (41.7) 89 (40.3) 14 (23.7) 75 (46.3) 0.002 44 (44.9) 0.439
n (%)
Central nervous 6 (1.9) 5(2.3) I (1.7) 4 (2.5) 0.732 I (1.0) 0.451
system, n (%)
Mixed/Other, n 18 (5.6) 12 (5.4) 6 (10.2) 6 (3.7) 0.061 6 (6.1) 0.805
(%)
Microorganism
Gram positive, n 28 (8.8%) 16 (7.2%) 2 (34) 14 (8.6) 0.183 12 (12.2) 0.145
(%)
Gram negative, n 108 (33.9%) 71 (32.1%) 19 (32.2) 52 (32.1) 0.988 37 (37.8) 0.327
(%)
Fungus, n (%) 18 (5.6%) 12 (5.4%) 5(8.5) 7 (43) 0.228 6 (6.1) 0.805
Virus, n (%) 3 (0.9%) 3 (1.4%) I (1.7) 2 (1.2) 0.794 0 (0.0 0.247
Mixed/Culture 168 (52.7%) 119 (53.8%) 32 (54.2) 87 (53.7) 0.944 49 (50.0) 0.944
negative, n (%)
Hb, g/L, XS 105.33+£25.60 104.93+26.01 98.22+25.61 107.39+£25.80 0.020 106.23£24.76 0.675
RDWY, %, M [Ps, 14.10 (13.20, 14.20 (13.30, 15.40 (14.30, 13.90 (13.00, <0.001 13.95 (12.90, 0.272
P7s] 15.50) 15.55) 16.90) 14.93) 15.50)
WBC, 10°/L, M 11.43 (7.46, 11.31 (7.86, 13.56 (7.78, 11.20 (8.46, 0.191 12.93 (7.24, 0.893
[P2s, P7s] 18.20) 17.38) 23.59) 16.96) 18.69)
NEU, %, M [Pys, 90.20 (84.63, 90.50 (84.98, 91.55 (87.58, 90.10 (84.93, 0.219 89.90 (83.90, 0411
P7s] 93.58) 93.43) 93.60) 93.10) 93.90)
NLR, M [Pys, P7s] 16.16 (8.90, 16.16 (9.06, 22.05 (12.67, 16.06 (9.10, 0.568 18.06 (8.19, 0.937
29.41) 28.41) 31.61) 28.46) 36.85)
LYM, 10°L, M 0.58 (0.35, 0.57 (0.33, 0.57 (0.31, 0.62 (0.36, 0.222 0.58 (0.39, 0.318
[P2s, P7s] 0.99) 0.92) 0.89) 0.99) 1.08)
PLT, 10°/L, M 166.00 (97.75, | 168.50 (101.75, | 145.50 (58.75, | 172.00 (115.75, 0.019 146.00 (93.00, 0.191
[P2s, P7s] 227.00) 238.75) 213.00) 261.50) 214.00)
CRP, mg/L, M 117.32 (39.29, 117.90 (44.04, 137.64 (53.65, 11491 (42.12, 0311 11259 3I.11, 0.383
[P2s, P7s] 200.00) 200.00) 200.00) 192.96) 200.00)
MYO, ng/mL, M 140.65 (68.91, 180.25 (76.75, 387.45 (75.61, 167.40 (82.30, 0.003 101.70 (49.57, 0.011
[P2s, P7s] 431.73) 460.65) 1025.05) 380.88) 446.90)
CK-MB, ng/mL, 2.68 (1.43, 2.89 (1.50, 3.39 (221, 2.79 (1.40, 0.012 2.30 (1.20, 0.352
M [P35, P7s] 5.38) 5.37) 6.17) 5.02) 5.10)
Pro-BNP, pg/mL, 1217.44 1237.00 2818.50 790.59 (198.40, <0.001 1161.71 0.889
M [P35, P7s] (305.85, (314.21, (1186.26, 2105.97) (266.74,
3914.47) 3643.00) 10,206.00) 4333.05)
cTnT, ng/mL, M 0.030 (0.011, 0.033 (0.014, 0.066 (0.029, 0.024 (0.010, <0.001 0.023 (0.009, 0.018
[Pas, P7s] 0.071) 0.078) 0.325) 0.061) 0.059)
(Continued)
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Table | (Continued).

Variables Derivation Derivation Cohort Validation
and Cohort
Validation
Cohorts
Total (n=319) | Total (n=221) Non- Survivors Significance | Total (n=98) Significance
Survivors (n=162) of of
(n=59) Difference Difference
Between Between
Survivors Derivation
and Non- and
Survivors Validation
Cohorts
APACHE Il 14.00 (10.00, 14.00 (10.00, 20.00 (16.00, 13.00 (9.00, <0.001 12.00 (10.00, 0.271
Score, M [Pys, 20.00) 20.00) 25.00) 18.00) 19.00)
P7s]
SOFA Score, M 5.00 (3.00, 5.00 (3.00, 7.00 (4.25, 4.00 (3.00, <0.001 5.00 (3.00, 0.643
[P2s, P7s] 7.00) 7.00) 9.75) 6.25) 7.00)
Death, n (%) 82 (25.7) 59 (26.7) / / / 23 (23.5) 0.543

Abbreviations: NIV, noninvasive ventilation; HFNC, high flow nasal cannula; CRRT, continuous renal replacement therapy; MODS, multiple organ dysfunction syndrome;
COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; RDWV, red blood cell distribution width; WBC, white blood cell count; NEU, neutrophil percentage; NLR,
neutrophil-to-lymphocyte ratio; LYM, lymphocyte count; PLT, platelet; CRP, C-reactive protein; MYO, myohemoglobin; CK-MB, creatine kinase-MB; Pro-BNP, B type brain
natriuretic peptide precursor; cTnT, cardiac troponin T; APACHE Il, acute physiology and chronic health evaluation Il; SOFA, sequential organ failure assessment.

(14 [23.7%] vs 75 [46.3%], P=0.002) and urogenital (0 [0.0%] vs 12 [7.4%], P=0.032) infection was lower in non-
survivors than in survivors. The following parameters were significantly increased in non-survivors compared to
survivors: age, septic shock rate, mechanical ventilation rate, proportion of patients requiring blood transfusion, the
incidence of multiple organ dysfunction syndrome (MODS), APACHE II score, SOFA score, RDW, MYO, CK-MB, Pro-
BNP and ¢TnT. Non-survivors had significant lower oxygenation index, Hb and PLT than survivors. There was no
significant difference between survivors and non-survivors in terms of gender, usage rate of noninvasive ventilation
(NIV) or high flow nasal cannula (HFNC), usage rate of CRRT, time-to-antibiotics, select comorbidities, WBC, NEU,
NLR, LYM and CRP (Table 1).

Diagnostic Performance of Variables and Survival Analysis

The ROC curves used for the analysis of variables between the non-survivors and survivors were plotted (Figures 1-3).
The AUCs and the optimal cut-off values of the different variables are shown in Tables 2 and 3. The results showed that
WBC, NEU, NLR, LYM and CRP had no predictive value for death (all P>0.05). Of the complete blood count variables,
the largest AUC (95% confidence interval [CI]) was 0.735 (0.663-0.807) for RDW. The optimal cut-off point was
14.05% with a sensitivity of 83.1% and a specificity of 57.4%. The AUCs (95% CI) of Hb and PLT were 0.603 (0.518-
0.688) and 0.603 (0.516-0.690), respectively. The cut-off value of Hb and PLT were 101.50g/L (64.4% sensitivity and
58.4% specificity) and 71.50x10%/L (32.2% sensitivity and 88.8% specificity).

The ¢TnT had the greatest AUC (95% CI) among the myocardial markers, which is 0.753 (0.678—0.827). The optimal
cut-off point was 0.039 ng/mL with a sensitivity of 75.0% and a specificity of 61.7%. The AUCs (95% CI) of Pro-BNP,
MYO and CK-MB were 0.751 (0.674-0.828), 0.627 (0.524-0.729) and 0.604 (0.513-0.694), at the cut-off value of
1119.81 pg/mL, 414.70 ng/mL and 1.82 ng/mL, respectively.

The AUC of SOFA score was 0.726 with the 95% CI from 0.649 to 0.802, the sensitivity and the specificity were
72.9% and 63.0%, respectively. The AUC of APACHE II score was 0.782 with the 95% CI from 0.720 to 0.845, the
sensitivity and the specificity were 93.2% and 50.6%, respectively. We also plotted combined ROC curves for RDW,
¢TNT and SOFA score. The results showed that the AUCs of the combined variables (two variables or three variables)
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Figure | Receiver-operating characteristic curve of the Hb, RDW, WBC, NEU, LYM, NLR and PLT for the prediction of 28-day mortality.

were higher than that of the single SOFA score. The AUC (95% CI) of the RDW, cTnT and the SOFA score combination
was 0.791 (0.722-0.861), significantly higher than SOFA score (DeLong test: P=0.032), resulting in the sensitivity of
76.8% and the specificity of 75.8%. The combination of RDW, c¢TnT and the SOFA score also showed an excellent
goodness-of-fit (Hosmer-Lemeshow test: ¥2=13.414, P=0.098).

In the univariate Cox proportional hazard regression analyses, the 28-day mortality was significantly associated with
the APACHE II score, the SOFA score, RDW combined with the SOFA score, TnT combined with the SOFA score,
RDW combined with ¢cTnT, RDW combined with ¢TnT and the SOFA score. In the multivariate analyses, the APACHE
IT score (HR: 1.093; P<0.001) and RDW combined with c¢TnT and the SOFA score (HR: 6.133; P=0.004) were
independent prognostic factors for the 28-day mortality (Table 4).

Subgroup Analysis

We subdivided the patients into two groups using RDW values 14.05% (the optimal cut-off point of ROC curve of RDW
for 28-day mortality): RDW elevated group (RDW>14.05%) and RDW non-elevated group (RDW<14.05%). One
hundred and eighteen patients (53.4%) in the study population had elevated RDW and 103 patients (46.6%) had non-
elevated RDW at presentation. RDW elevated group had significantly higher mortality (49 [41.5%] vs 10 [9.7%],
P<0.001). These patients also had significantly higher proportion of patients with septic shock (52 [44.1%] vs 23
[22.3%], P=0.001), MODS (84 [71.2%] vs 45 [43.7%], P<0.001). Daily hospitalization costs, APACHE II score, SOFA

score, lactate levels, proportion of patients requiring blood transfusion and mechanical ventilation were significantly
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Figure 2 Receiver-operating characteristic curve of the CRP, MYO, CK-MB, Pro-BNP and cTnT for the prediction of 28-day mortality.

higher in RDW elevated patients compared to those in non-elevated patients (all P<0.001). Further details have been
provided in Tables 5.

Likewise, the study cohort was further divided into two groups based on ¢TnT values 0.039 ng/mL (the optimal cut-
off point of ROC curve of ¢TnT for 28-day mortality): 100 patients (45.2%) in cTnT elevated group (cTnT>0.039 ng/mL)
and 121 patients (54.8%) in cTnT non-elevated group (cTnT<0.039 ng/mL). Across the two study groups, cTnT elevated
showed a significant association with higher severity of illness as evidenced by higher proportion of patients requiring
blood transfusion and mechanical ventilation, with septic shock and MODS, daily hospitalization costs, APACHE II
score, SOFA score and lactate levels (all P<0.001). Patients with positive blood culture were higher in ¢TnT elevated
group although it did not reach the statistical significance (18 [18.0%] vs 12 [9.9%], P=0.081). 28-day mortality was
significantly higher in ¢TnT elevated group (42 [42.0%] vs 17 [14.0%], P<0.001). Further details have been provided in
Tables 5.

Validation Study

Ninety-eight patients including 23 deaths admitted to the ICU between 2 May 2021 and 30 September 2021 were
included in the validation cohort. The mortality, the septic shock rate, proportion of patients requiring blood transfusion
and CRRT, time-to-antibiotics, the comorbidities, the source of sepsis and pathogenic microorganisms were not
significantly different from that in the derivation group and described in Table 1. The ROC analysis for the validation
data is shown in Table 6 and Figure 4. The AUCs (95% CI) of RDW, cTnT, SOFA score and APACHE II score were
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Figure 3 Receiver-operating characteristic curve of the APACHE Il score, the SOFA score and the combination variables for the prediction of 28-day mortality.

0.771 (0.667-0.876), 0.786 (0.693-0.878), 0.739 (0.614-0.863) and 0.812 (0.713-0.911), respectively. The cut-off values
of parameters above were 14.15%, 0.039 ng/mL, 5.5 and 14.5, respectively. The AUC (95% CI) of the RDW, c¢TnT and
the SOFA score combination was 0.821 (0.721-0.920), significantly higher than SOFA score (DeLong test: P=0.035),
also higher sensitivity (73.9% vs 69.6%) and specificity (80.0% vs 70.7%). The Hosmer-Lemeshow %2 statistic was
9.525 (P=0.300), again confirmed the combination variable was a good calibration.

Discussion

In the derivation study, we illustrated the significant differences in Hb, RDW, PLT, MYO, CK-MB, Pro-BNP and ¢TnT
levels between death and survival groups of patients with sepsis. The performance of RDW, Pro-BNP and c¢TnT to
predict mortality for septic patients was found to be better than the SOFA score. Furthermore, the APACHE II score and
a combination of RDW, CTNT and SOFA score were observed to be independent predictors of 28-day mortality in this
sample of septic patients.

According to current consensus, sepsis is defined as a dysregulated host response to infection causing dysfunction of
at least one organ.' The septic organ dysfunction is often interdependent, especially in the presence of cardiovascular
failure, which generates hypoperfusion, thus worsening cellular hypoxia, tissue and organ out of order. This shows that
SCM plays a key role in septic multiple organ dysfunction; however, there is no unified definition, diagnostic criteria, and
treatment strategy for SCM. SCM was originally described as reversible significant myocardial suppression during
sepsis, characterized by a decline in left ventricular ejection fraction (LVEF) and ventricular dilation, which can be
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Table 2 Diagnostic Information for the Prediction of 28-Day Mortality According to the Complete Blood Count and Myocardial

Markers

Variables AUC (95% CI) SE Youden Index | Optimal Cutoff Point | Sensitivity (%) | Specificity (%) P

RDW, % 0.735 (0.663-0.807) | 0.037 0.405 14.05 83.1 574 <0.001
Hb, g/L 0.603 (0.518-0.688) | 0.043 0.228 101.50 64.4 584 0.019
WBC, 10°/L 0.558 (0.463-0.652) | 0.048 0.182 20.53 305 87.7 0.191
NEU, % 0.555 (0.466-0.644) | 0.045 0.132 90.75 579 55.3 0.219
NLR 0.525 (0.434-0.616) | 0.047 0.114 22.90 44.1 67.3 0.568
LYM, 10°/L 0.555 (0.461-0.649) | 0.048 0.178 0.345 41.1 76.7 0.222
PLT, 10°/L 0.603 (0.516-0.690) | 0.044 0.210 71.50 322 88.8 0.019
CRP, mg/L 0.542 (0.448-0.637) | 0.048 0.089 199.51 32.8 76.1 0.383
MYO, ng/mL 0.627 (0.524-0.729) | 0.052 0.338 414.70 51.8 82.0 0.009
CK-MB, ng/mL | 0.604 (0.513-0.694) | 0.046 0.234 1.82 84.2 39.2 0.032
Pro-BNP, pg/mL | 0.751 (0.674-0.828) | 0.039 0.390 1119.81 83.0 56.0 <0.001
cTnT, ng/mL 0.753 (0.678-0.827) | 0.038 0.367 0.039 75.0 61.7 <0.001

Abbreviations: Hb, hemoglobin; RDW, red blood cell distribution width; WBC, white blood cell count; NEU, neutrophil percentage; NLR, neutrophil-to-lymphocyte ratio;
LYM, lymphocyte count; PLT, platelet; CRP, C-reactive protein; MYO, myohemoglobin; CK-MB, creatine kinase-MB; Pro-BNP, B type brain natriuretic peptide precursor;
cTnT, cardiac troponin T; AUC, area under the curve; Cl, confidence interval; SE, standard error.

Table 3 Diagnostic Information for the Prediction of 28-Day Mortality According to the APACHE Il Score, The SOFA Score and the
Combination Variables

Variables AUC (95% CI) SE Youden Optimal Cutoff Sensitivity Specificity P
Index Point (%) (%)

APACHE Il score 0.782 (0.720-0.845) | 0.032 0.438 12.5 93.2% 50.6% <0.001
SOFA score 0.726 (0.649-0.802) | 0.039 0.359 5.5 72.9% 63.0% <0.001
RDW + SOFA score 0.771 (0.700-0.842) | 0.036 0.433 0.27 66.1% 77.2% <0.001
cTnT + SOFA score 0.765 (0.693-0.837) | 0.037 0.446 0.25 76.8% 67.8% <0.001
RDW + cTnT 0.772 (0.703-0.841) | 0.035 0.532 0.23 82.1% 71.1% <0.001
RDW + cTnT + SOFA 0.791 (0.722-0.861) | 0.036 0.526 0.26 76.8% 75.8% <0.001
score

Abbreviations: APACHE I, acute physiology and chronic health evaluation Il; SOFA, sequential organ failure assessment; RDWY, red blood cell distribution width; cTnT,
cardiac troponin T; AUC, area under the curve; Cl, confidence interval; SE, standard error.

Table 4 Univariate and Multivariate Cox Proportional Hazards Analysis for 28-Day Mortality

Variables b SE Wald Univariate HR (95% CI) P

APACHE Il Score 0.125 0.018 50.065 1.133 (1.095-1.173) <0.001
SOFA Score 0.195 0.034 33.604 1.215 (1.138-1.298) <0.001
RDW + SOFA Score 3410 0.489 48.548 30.272 (11.599-79.006) <0.001
cTnT + SOFA Score 3.303 0516 40.991 27.194 (9.893-74.751) <0.001
RDW + cTnT 3.141 0.564 31.034 23.125 (7.659-69.824) <0.001
RDW + cTnT + SOFA Score 3418 0.474 51.928 30.517 (12.044-77.324) <0.001
Variables b SE Wald Multivariate HR (95% CI) P

APACHE Il Score 0.089 0.022 16.020 1.093 (1.047-1.142) <0.001
RDW + cTnT + SOFA Score 1.814 0.629 8.302 6.133 (1.786-21.060) 0.004

Abbreviations: APACHE I, acute physiology and chronic health evaluation Il; SOFA, sequential organ failure assessment; RDW, red blood cell distribution width; cTnT,
cardiac troponin T; SE, standard error; HR, hazard ratio; Cl, confidence interval.
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Table 5 Clinical Characteristics of Patients with RDWV Elevated and RDW Non-Elevated, cTnT Elevated and cTnT Non-Elevated

Variables Total RDW RDW Non- Z/y2 P cTnT cTnT Non- Z/y2 P

(n=221) Elevated Elevated Elevated Elevated

Group Group (n=103) Group Group (n=121)
(n=118) (n=100)
Death, n (%) 59 (26.7) 49 (41.5) 10 (9.7) 28.448 | <0.001 42 (42.0) 17 (14.0) 21.857 | <0.001
Septic shock 75 (33.9) 52 (44.1) 23 (22.3) 11.591 | 0.001 46 (46.0) 29 (24.0) 11.855 | 0.001
rate, n (%)
Mechanical 126 (57.0) 8l (68.6) 45 (43.7) 13.974 | <0.001 67 (67.0) 59 (48.8) 7432 0.006
ventilation, n
(%)
MODS, n (%) 129 (58.4) 84 (71.2) 45 (43.7) 17.112 | <0.001 73 (73.0) 56 (46.3) 16.086 | <0.001
Blood 73 (33.0) 54 (45.8) 19 (18.4) 18.551 | <0.001 44 (44.0) 29 (24.0) 9.933 0.002
transfusion, n
(%)
Transfusion of 63 (28.5) 46 (39.0) 17 (16.5) 13.634 | <0.001 39 (39.0) 24 (19.8) 9.868 0.002
RBCs, n (%)
Transfusion of 46 (20.9) 35 (29.7) 11 (10.8) 11.788 | 0.001 29 (29.0) 17 (14.2) 7.257 0.007
plasma, n (%)
Transfusion of 15 (6.8) 13 (11.0) 2 (1.9) 7.159 0.007 11 (11.0) 4 (3.3) 5.123 0.024
platelet, n (%)
Positive blood 30 (13.6) 18 (15.3) 12 (11.7) 0.609 0.435 18 (18.0) 12 (9.9) 3.049 0.081
culture, n (%)
CRRT, n (%) 25 (11.3) I (9.3) 14 (13.6) 1.000 0.317 14 (14.0) 9.1 1.315 0.251
Number of 2.00 (1.00, 2.00 (1.00, 1.00 (1.00, 2.00) | —4.742 | <0.001 3.00 (1.00, 1.00 (1.00, 2.00) | —5.683 | <0.001
organs 3.00) 4.00) 4.00)
involved
Daily 4502.66 4589.81 4421.52 —2.008 | 0.045 5090.99 4196.84 —3.432 | 0.001
hospitalization (3268.72, (3399.21, 3lel.sl, (3618.46, (3034.58,
costs, CNY 6467.46) 7012.90) 5799.16) 7417.20) 5687.81)
APACHE I 14.00 16.00 (12.00, 12.00 (8.00, —3.970 | <0.001 18.00 (13.00, 12.00 (8.00, —5.034 | <0.001
score (10.00, 22.00) 18.00) 22.00) 17.75)
20.00)
SOFA score 5.00 (3.00, 6.00 (4.00, 4.00 (3.00, 6.00) | —3.170 | 0.002 6.00 (4.00, 4.00 (3.00, 6.00) | —4.340 | <0.001
7.00) 8.00) 9.00)

Lactates, 1.60 (1.04, 1.70 (1.25, 1.40 (1.00, 2.28) | —3.318 | 0.001 1.82 (1.30, 1.40 (1.00, 2.20) | —4.026 | <0.001
mmol/L 2.50) 3.37) 3.86)

Abbreviations: RDW, red blood cell distribution width; cTnT, cardiac troponin T; RBC, red blood cell; CRRT, continuous renal replacement therapy; MODS, multiple organ
dysfunction syndrome; APACHE I, acute physiology And chronic health evaluation II; SOFA, sequential organ failure assessment.

recovered within 7-10 days.'> Evaluation of cardiac function by echocardiography is the primary basis for the diagnosis
of SCM nowadays, but several studies analyzing the LVEF and mortality indicated that LVEF was not an ideal predictor
of mortality in patients with sepsis.'®"”

Measurement of serum myocardial markers can be used as a supplement to echocardiography. Myocardial markers
can be broadly divided into three categories, representing damage or necrosis of cardiomyocytes, cardiac insufficiency or
circulatory disturbance, and inflammation of cardiac bistiocyte, respectively. Commonly used clinical myocardial
markers include MYO, CK-MB, cTnT, BNP and CRP. Serum cardiac troponin is a specific marker of myocardial
damage or necrosis with a sensitivity and specificity up to 90% and 95%.'® Previous studies have shown that ¢TnT
elevation is common in critical illness patients. In a prospective study of patients admitted for non-cardiac reasons,
although the cTnT levels 84% (121/144) of patients were equal or greater than 15 ng/L at least once, about half of
patients had no electrocardiograph changes. Moreover, only 27% of them had a suspicious myocardial infarction and
14% of them had a definite myocardial infarction."” Further study by Ostermann et al*® found that cTnT was significantly
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Table 6 Diagnostic Information for the Prediction of 28-Day Mortality According to the Validation Data

Variables AUC (95% CI) SE Youden Optimal Cutoff Sensitivity Specificity P
Index Point (%) (%)

RDW 0.771 (0.667-0.876) 0.053 0.466 14.15 82.6 64.0 <0.001
cTnT 0.786 (0.693-0.878) 0.047 0.476 0.039 783 69.3 <0.001
APACHE Il score 0.812 (0.713-0.911) 0.050 0.573 14.5 82.6 747 <0.001
SOFA score 0.739 (0.614-0.863) 0.063 0.403 5.5 69.6 70.7 0.001
RDW + cTnT + SOFA 0.821 (0.721-0.920) 0.051 0.539 0.21 739 80.0 <0.001
score

Abbreviations: RDW, red blood cell distribution width; cTnT, cardiac troponin T; APACHE I, acute physiology and chronic health evaluation Il; SOFA, sequential organ
failure assessment; AUC, area under the curve; Cl, confidence interval; SE, standard error.

associated with IL-6 and procalcitonin, and sepsis was the first common cause of for ¢cTnT raised in patients admitted for
non-cardiac reasons, with a whopping 71%. Landesberg et al*' described a correlation between raised troponin levels and
left ventricular diastolic dysfunction and right ventricular dilatation in patients with sepsis and septic shock. Another
American study analyzed 37 septic shock patients and measured cardiac troponin I (¢Tnl), which is another subtype of
troponin found that patients with elevated cTnl levels (>1.0ng/mL) had higher need for inotropic/vasopressor support
(94% vs 53%, P=0.018), higher APACHE II score (28 vs 20, p=0.004) and higher mortality (56% vs 24%, P=0.04)

ROC curve
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Figure 4 Receiver-operating characteristic curve of the validation data for the prediction of 28-day mortality.
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compared to those with normal c¢Tnl (< 1.0 ng/mL). The AUC of c¢Tnl as a predictor of death was 0.742 with the 95% CI
from 0.550 to 0.934 (P=0.019). In our study, also found that those with elevated cTnT levels had a higher rate of septic
shock (46% vs 24%, P=0.001), higher APACHE II score (18 vs 12, P<0.001) and higher mortality (42% vs 14%,
P<0.001) compared to those with non-elevated cTnT levels. Similarly, the AUCs (95% CI) of ¢cTnT in the derivation and
validation cohorts were 0.753 (0.678-0.827) and 0.771 (0.667-0.876), respectively. A recent prospective study of 93
patients with septic shock indicated a significant negative correlation between elevated plasma BNP levels and depressed
left ventricular ejection fraction.”® The reason for high serum BNP and Pro-BNP levels observed in septic shock patients
is not entirely clear. It is generally believed that BNP is released as a result of heart chamber ventricular volume
expansion or ventricular wall stretch increases, but it is not the only reason. Excessive inflammatory response to sepsis
may also be a potential factor.>* A single center observational study concluded that BNP above 1000 pg/mL was a strong
predictor of mortality in patients with sepsis.”> We also found a similar BNP cut-off level. In our study, a cut-off level of
Pro-BNP of 1119.81pg/mL showed the greatest discrimination for 28-day mortality with AUC (95% CI) of 0.751 (0.674—
0.828). However, other studies have used lower cut-off values.”® This may be due to the heterogeneity of the included
patients. We found that elevated MYO and CK-MB concentration in non-survivors compared to survivors. The
prognostic values of elevated MYO and CK-MB levels regarding 28-day mortality have also been established by
performing ROC analysis, but their AUCs were significantly lower than that of ¢cTnT and BNP (0.627 and 0.604,
respectively). Conversely, our study has failed to show a correlation between CRP elevated and mortality.

Many studies have reported an association between complete blood count and sepsis. As the main cells of the innate
immune system, neutrophil is the first line of defense in protecting the host from infection, and delayed apoptosis of
neutrophil has been observed in sepsis.”’ It was reported that delta neutrophil index was significantly higher in non-
survivors and it was an independent predictor for 28-day mortality in patients with sepsis.”® Lymphopenia has been
described in both septic patients and animal sepsis models.” A Taiwan cohort study of septic patients in the emergency
department illustrated patients who died had higher WBC levels, but lower LYM levels.”” However, a Korea study of
severe sepsis and septic shock found that WBC was not different between survivors and non-survivors.*® WBC, NEU and
LYM did not show any predictive value in terms of 28-day mortality in this study. Whether these variables affect the
mortality of sepsis remains uncertain, and much more clinical studies are needed. In a recent Mate analysis, NLR has
been identified as a helpful infection marker, and high NLR is a potential parameter for predicting mortality.>' We also
found NLR higher in non-survivors but it did not reach the statistical significance (22.05[12.67,31.61] vs 16.06
[9.10,28.46], P=0.568), which might be related to insufficient sample size.

PLT has been shown to play a crucial role in the pathogenesis of non-hemostatic illness, including immune,
inflammation and malignant diseases. In addition to participating in hemostatic process, PLT can also affect immune
responses by directly binding to microorganisms, synthesizing immunomodulatory molecules and activating T cells in
septic patients, and may be one of the first cell types to be activated.*>** The vast majority of patients with severe sepsis
usually develop thrombocytopenia, with a reported incidence of up to 55%.>* Azkarate et al>> conducted a prospective,
observational study over a period of 6 years using multivariate analysis and found that thrombocytopenia was
significantly correlated to mortality in 1136 patients with severe sepsis and septic shock. The odds ratio (OR) was
2.74 with the 95% CI from 1.77 to 4.22. It is well known that PLT is also included in SOFA score. Anemia seems to be
more common than thrombocytopenia in sepsis. A previous study that enrolled 821 critically ill patients found that lower
Hb was associated with worsening respiratory SOFA score the following day, and increasing Hb can reduce the
probability of deteriorating respiratory dysfunction scores, with a OR (95% CI) of 0.64 (0.53-0.77).'"> RDW is an
indicator to measure the heterogeneity of circulating red blood cells (RBCs), which has been utilized in various disorders,
such as inflammatory bowel disease, cardiac-cerebral vascular disease, pulmonary embolism, tumors, sepsis or septic
shock, other than traditionally for interpretation of hematological system diseases.*®*” Some studies suggested that the
inhibition of RBCs maturation by abundant inflammatory cytokines, leading to the release of immature erythrocyte into
peripheral circulation, is a possible cause for RDW rise.*®** Chun-Kuei Chen et al*® analyzed 6973 septic patients and
revealed that the death group had higher RDW levels than the survival group (15.7% vs 13.8%), and the AUC of RDW to
predict in-hospital mortality was 0.75 (95% CI: 0.72-0.77). Jo et al.*® Jandial et al*® confirmed that RDW showed a
hierarchical association with 28-day or 30-day mortality in patients with severe sepsis or septic shock. In the derivation
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study, we also found that the performance of PLT, Hb and RDW in predicting mortality was good for septic patients. The
AUC of RDW in predicting 28-day mortality was 0.735 (95% CI: 0.663-0.807), which was significantly higher than that
of PLT (0.603) and Hb (0.603). The RDW of the death and survival groups was 15.4% and 13.9%, respectively. The
above results are highly consistent with the research results of Chun-Kuei’s.?” The present study found that patients with
elevated RDW tended to have higher APACHE II score and SOFA score (all P<0.05), which is consistent with Jo’s study.
Besides, Jo et al*® observed that the 28-day mortality rate of patients with RDW > 14.0% was 37.5%, while in our study a
higher 28-day mortality rate was shown (RDW > 14.05%; mortality, 41.5%). The AUC for RDW was 0.771 (95% CI:
0.667-0.876) in our validation study, again implying RDW performed well in predicting mortality.

Multiple clinical scores were developed for severity and outcome prediction in patients with sepsis and septic shock.
The most prominent scores are the APACHE II score and SOFA score, but neither included RDW and ¢TnT. Khwannimit
et al*! conducted a study on 2350 patients with sepsis in a middle-income country and concluded that the SOFA score
presented a better prognosis accuracy for in-hospital mortality than qSOFA and SIRS criteria. A recent meta-regression
analysis also confirmed that SOFA score was significantly associated with mortality (slope=0.49, 95% CI:0.17-0.82).*
However, regarding the association between SOFA score and mortality, studies differed in SOFA score cut-off levels and
correlated mortality. In this study, the SOFA score also presented a good discrimination for 28-day mortality, but it was
still lower than APACHE II Score. In this study, we proved that integration of RDW and cTnT into SOFA score could
increase the performance of this score easily, with well sensitivity (76.8% and 73.9%) and specificity (75.8% and 80.0%).
From the Cox analysis, we found that the combination of RDW, ¢TnT and the SOFA score was independent detrimental
factors for 28-day mortality. To the best of our knowledge, this is the first study to assess the predictive power of the
combination of the RDW, ¢TnT and SOFA score for mortality in patients with sepsis.

In our study, we also found a similar initial oxygenation index (226.83 [164.50, 297.50] vs 220.63 [160.00, 303.17],
P=0.822) but a lower rate of intubation (37 [37.8%] vs 126 [57.0%], P=0.002) in the validation cohort compared with
derivation cohort. Perhaps because we prefer to give patients with acute hypoxemic respiratory failure the opportunity to
try NIV or HFNC prior to intubation in recent years. Indeed, validation cohort had a higher usage rate of NIV or HFNC
than derivation cohort (24 [24.5%] vs 22 [10.0%], P=0.001).

There are several limitations we must admit. First, this is a retrospective study, involving patients from one medical
center in China with a limited sample size. Hence, there may be some potential sampling error, and some treatments may
be influenced by the subjective consciousness of physician. Second, most of the cases were patients with pulmonary and
intra-abdominal infections (81.2%), and there were few urogenital, catheter, central nervous system, bone, skin or soft
tissue infections, so subgroup analysis based on the site of infection could not be performed. Third, the follow-up period
was not long enough to assess long-term prognosis. Multi-center prospective studies that have sufficient follow-up time
should be conducted in the future.

Conclusion

RDW and c¢TnT are relatively easy to obtain as frequently used laboratory tests and had higher predictive value of 28-day
mortality compared to other complete blood count and myocardial markers. The combination of RDW, c¢TnT and SOFA
score can significantly improve the predictive value of SOFA score for the prognosis of sepsis. APACHE II score and
combination of RDW, ¢TnT and SOFA score at diagnosis are independent predictors of mortality in patients with sepsis.
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SOFA, sequential organ failure assessment; APACHE II, acute physiological and chronic health evaluation II; ROC,
receiver operating characteristic; RDW, red blood cell distribution width; ¢TnT, cardiac troponin T; CI, confidence
interval; SCM, septic cardiomyopathy; TNF, tumor necrosis factor; IL, interleukin; GM-CSF, granulocyte-macrophage-
colony stimulating factor; PLT, platelet; Hb, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; ICU, intensive care unit;
WBC, white blood cell count; NEU, neutrophil percentage; LYM, lymphocyte count; LAC, lactate; CRP, C-reactive
protein; MYO, myohemoglobin; CK-MB, creatine kinase-MB; Pro-BNP, B type brain natriuretic peptide precursor;
CRRT, continuous renal replacement therapy; AUC, area under the curve; COPD, chronic obstructive pulmonary disease;
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MODS, multiple organ dysfunction syndrome; NIV, noninvasive ventilation, HFNC, high flow nasal cannula; LVEF, left
ventricular ejection fraction; ¢Tnl, cardiac troponin I; OR, odds ratio; RBCs, red blood cells.
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