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Abstract

Background
The associations of serum cytokine levels and critically ill patient outcomes after surgery remain unclear.
The use of cytokine markers to predict outcomes in critically ill patients is controversial.

Objective
To determine the levels of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-α and procalcitonin in critical surgical ICU
(SICU) patients and evaluate their associations with patient outcome and clinical signi�cance.

Methods
This was a retrospective cohort study of consecutive patients admitted to the SICU in Zhongshan
Hospital, Fudan University. The program ran from January 1, 2018, to June 30, 2019. The levels of IL-1β,
IL-2, IL-6, IL-8, IL-10, TNF-α and procalcitonin were detected, and their relationship with patient outcomes
was investigated. The primary outcome was in-hospital mortality, compared by a multivariable logistic
regression analysis among the survivors and nonsurvivors.

Results
Overall, 5,257 patients were included in this study for their �rst SICU admission; 5,099 patients survived,
158 patients died, and the mortality rate was 3.0% (158/5,257). Univariate and multivariate analyses
showed that nonsurvivors had increased levels of IL-1β (OR = 1.855, P = 0.000) and IL-2 (OR = 1.51, P = 
0.000) compared with survivors. In addition, 196 patients (3.7%) were readmitted to the SICU, and data
from 187 patients were collected. Of these, 161 patients survived, and 26 patients died; the mortality rate
was 13.9% (26/187), which was much higher than that of the �rst round of patients. The level of IL-2
signi�cantly in�uenced SICU readmission (OR = 3.921, P = 0.000). For the third round of SICU admission,
10 patients were included, 7 patients survived, and 3 patients died; the mortality rate was 30.0% (3/10).
Furthermore, older age, longer time of SICU stay, and higher rate of mechanical ventilation and CRRT were
associated with patient death.

Conclusions
High levels of cytokines may be risk factors for mortality and SICU readmission in critically ill patients
who receive surgery. Further work is still needed to determine which unmeasured characteristics and
therapies may contribute to the increased risk observed.
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Background
Despite advances in the management of critically ill patients, mortality among the ICU population
remains high. Outcome prediction could provide useful information regarding therapeutic decision
making and guide resource allocation[1]. However, the prediction of ICU mortality is still challenging.

There is mounting evidence indicating that cytokines are implicated in the pathogenesis of critical
illness[2]. The occurrence and development of illness are closely associated with the human immune
system. Cytokines play an important role in regulating the immunologic response, which mediates the
severity of disease and associated complications. For example, IL-2, an important component of cellular
immunity that promotes the differentiation of activated T cells, directly affects the function of immune
cells and the local immune status[3]. In critically ill states, high levels of in�ammatory cytokines are
positively related to the severity of underlying disease, and their persistence in the circulation and intense
activation of in�ammatory mediators play important roles in the development of multiple organ failure
(MOF)[4, 5]. The serum level of IL-6 is associated with clinical outcome or organ dysfunction severity in
critically ill patients[6, 7] and may be useful for predicting the development of acute kidney injury. In
sepsis, the balance between tumor necrosis factor-alpha (TNF-a) and interleukin-10 (IL-10) determines
clinical outcome[8].

Cytokine responses in critically ill patients who have just undergone surgery have been less investigated.
In particular, the associations between cytokine expression and outcomes in such patients have not been
well de�ned. A variety of pro- and anti-in�ammatory mediators seem to be involved in the pathogenesis
of systemic in�ammatory response syndrome (SIRS)[9] after operation; however, the pattern of their
evolution during the course of SIRS remains largely unexplored. One study reported that early after the
end of the operation, IL-6, IL-8 and IL-10 were elevated compared to their baseline levels. These increases
were followed by increases in TNF-α, which was increased after one day. Moreover, it was shown that the
balance between TNF-α and IL-10 may be related to the occurrence of postoperative complications[10].

The purpose of this study was to identify the expression levels of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-α and
procalcitonin in critical surgical ICU (SICU) patients and to investigate whether the expression level is
associated with key clinical outcomes such as ICU readmission and mortality risk in SICU patients.
Furthermore, in readmitted patients, we evaluated the correlation between cytokine levels and patient
mortality and the rate of a third readmission to the SICU.

Materials And Methods

Setting and patients
Before the analysis, all the patients’ information was anonymized and deidenti�ed. All participants
provided written informed consent.
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This study was conducted in the SICU in a teaching hospital that has 28 beds and included all
mechanically ventilated, critically ill patients who received surgery. Adult (≥ 18 years of age) critically ill
patients who recently received surgery were enrolled. Patients were excluded if baseline data were
missing or data on serum cytokine expression levels on SICU admission were lacking. In total, 5,257
patients were enrolled.

Data Collection
We extracted the following data of critically ill patients who received surgery: demographics, diagnosis,
surgical status and urgency (emergency surgery or elective surgery), cytokine level (IL-1β, IL-2, IL-6, IL-8,
IL-10, TNF-α and procalcitonin), type of organ support (i.e., mechanical ventilation or continuous renal
replacement therapy (CRRT)), etc. The data of age, sex, admitting diagnosis, and severity of illness were
recorded upon entry into the SICU. Data were collected daily by trained data collectors from the time of
SICU admission to death or SICU discharge. Data included in this study were collected between January
1, 2018, and June 31, 2019.

These analyses were carried out retrospectively, and informed consent was required. The procedure
mentioned in this study was in accordance with the standards of the Ethics Committee for Human
Experimentation of Zhongshan Hospital, Fudan University.

Cytokine Measurements
Blood samples were collected within 24 h of SICU admission to check the expression levels of IL-1β, IL-2,
IL-6, IL-8, IL-10, TNF-a and procalcitonin. Concentrations of these parameters were measured in duplicate
after staining with monoclonal antibodies and passage through IMMULITE 1000 Immunoassay System
(Siemens, Berlin). Normal levels of detection were lower than 5 pg/ml for IL-1β, 223–710 U/ml for IL-2,
lower than 3.4 pg/ml for IL-6, lower than 62 pg/ml for IL-8, lower than 9.1 pg/ml for IL-10, lower than
8.1 pg/ml for TNF-α and lower than 0.5 ng/ml for procalcitonin.

Outcomes
The primary outcome was hospital mortality. Secondary outcomes included several SICU-speci�c
outcomes: SICU readmission, SICU length of stay, receipt of tracheostomy, total days of organ support,
receipt and duration of mechanical ventilation at any time during SICU admission, and receipt and
duration of renal replacement therapy. Mechanical ventilation was de�ned as positive pressure
ventilation via an endotracheal tube or tracheostomy. Renal replacement therapy included all forms of
continuous renal replacement therapy and intermittent hemodialysis.

Statistical analysis
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All statistical analyses were conducted using the statistical package SPSS for Windows (Version 22.0,
SPSS, Chicago, IL). Data are presented as medians and interquartile ranges (IQRs) for data that did not
follow a normal distribution and as the means ± standard deviations (SDs) for parameters that followed a
normal distribution. Between-group comparisons were performed with Student’s t-test or the Mann-
Whitney-Wilcoxon test. Outcome frequency was examined using descriptive statistics. The chi-square test
or Fisher’s exact test was used for univariate analysis of the collected variables. Multilevel mixed-effects
logistic regression analysis was performed to examine the association between cytokine expression level
and hospital mortality. The odds ratios (ORs) and 95% con�dence intervals (CI) are reported. Those
variables that were signi�cantly related to outcome were also included in a multivariate logistic
regression analysis to examine their independent effect on outcome. Kaplan-Meier survival curves were
plotted and compared using the log-rank test for overall survival analysis. Time to events (death or
readmission) was de�ned as the time from SICU admission to the event being analyzed. A P value < 0.05
was considered to show statistical signi�cance.

Results
Demographics and clinical characteristics A total of 5,257 patients were included in this study. The mean
age of the nonsurvivors was 69.7 ± 17.1 years, which was older than that of survivors. Overall, 5,099
patients survived, and 158 patients died, yielding a mortality rate of 3.0%. Death occurred 1–228 days
following SICU admission. In the nonsurvivor group, the length of SICU stay and length of mechanical
ventilation were much longer than those in the survivor group; the rates of SICU readmission, mechanical
ventilation, CRRT, tracheotomy and emergency surgery were much higher in the nonsurvivor group than
the survivor group. According to the department, the highest mortality rate occurred in the general surgery
department (6.2%), and the lowest occurred in the thoracic surgery department (0.5%). The demographics
and clinical characteristics of survivors and nonsurvivors are shown in Table 1.
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Table 1
Baseline patient characteristics (n = 5,257)

Variables Outcome (n = 5,257) t/z/χ2 P value

Nonsurvivors

(n = 158)

Survivors

(n = 5,099)

Age (year) 69.7 ± 17.1 62.1 ± 16.2 5.748 0.000

Sex, No. (%)     0.611 0.434

Male 99 (3.2%) 3,037 (96.8%)

Female 59 (2.8%) 2,062 (97.2%)

Length of SICU stay (h) 338.5 ± 649.6 63.7 ± 144.7 15.575 0.000

Length of SICU stay     326.208 0.000

7 days 65 (19.2%) 273 (80.8%)

≤7 days 93 (1.9%) 4,826 (98.1%)

SICU readmission     88.864 0.000

Yes 28 (14.3%) 168 (85.7%)

No 130 (2.6%) 4,931 (97.4%)

Mechanical ventilation     394.924 0.000

Yes 141 (11.5%) 1,087 (88.5%)

No 17 (0.4%) 4,012 (99.6%)

Length of mechanical ventilation (h) 396.0 ± 774.7 109.7 ± 311.9 8.262 0.000

Tracheotomy        

Yes 49 (19.4%) 203 (80.6%) 245.402 0.000

No 109 (2.2%) 4,896 (97.8%)    

CRRT     315.779 0.000

Yes 45 (25.4%) 132 (74.6%)

No 113 (2.2%) 4,967 (97.8%)

Length of CRRT (h) 87.6 ± 83.0 70.7 ± 94.8 1.071 0.286

Emergency surgery     145.588 0.000

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy
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Variables Outcome (n = 5,257) t/z/χ2 P value

Nonsurvivors

(n = 158)

Survivors

(n = 5,099)

Yes 149 (9.6%) 1,406 (90.4%)    

No 8 (0.2%) 3,679 (99.8%)    

Not known 1 (6.7%) 14 (93.3%)    

Department     71.338 0.000

General surgery 76 (6.2%) 1,152 (93.8%)

Thoracic surgery 6 (0.5%) 1,267 (99.5%)

Orthopedics 11 (2.6%) 406 (97.4%)

Neurosurgery 26 (3.3%) 772 (96.7%)

Endovascular surgery 23 (4.1%) 535 (95.9%)

Urologic surgery 4 (1.3%) 313 (98.7%)

Others 12 (1.8%) 654 (98.2%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy

Cytokine levels were increased in nonsurvivors To determine whether cytokine levels were associated with
hospital mortality, we assessed the difference between survivors and nonsurvivors. Nonsurvivors had
increased levels of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a and procalcitonin compared with survivors (Table 2).
Univariate and multivariate analyses showed that there was a signi�cant correlation between the levels of
IL-1β and IL-2 and outcomes, but no correlation was noted between IL-6, IL-8, IL-10, TNF-a and
procalcitonin expression and outcomes in the patients (Table 3).
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Table 2
Cytokine levels in survivors and nonsurvivors (n = 5,257)

Cytokines Outcome (n = 5,257) z P value

Nonsurvivors

(n = 158)

Survivors

(n = 5,099)

IL-1β (pg/ml)     -10.415 0.000

Normal (≤ 5) 128 (2.5%) 4,922 (97.5%)

5 ~ 10 12 (9.0%) 121 (91.0%)

≥ 10 18 (24.3%) 56 (75.7%)

IL-2 (U/ml)     -14.487 0.000

Normal (223–710) 31 (1.0%) 3,181 (99.0%)

710-1,000 22 (2.3%) 922 (97.7%)

1,000–2,000 51 (5.8%) 786 (94.2%)

2,000–3,000 27 (16.3%) 139 (83.7%)

≥ 3,000 27 (27.6%) 71 (72.4%)

IL-6 (pg/ml)     -8.93 0.000

Normal ( 3.4) 3 (0.8%) 387 (99.2%)

3.4–50 46 (1.6%) 2,756 (98.4%)

50–100 29 (3.7%) 762 (96.3%)

100–200 22 (3.7%) 578 (96.3%)

≥ 200 58 (8.6%) 616 (91.4%)

IL-8 (pg/ml)     -10.964 0.000

Normal (< 62) 87 (1.9%) 4,378 (98.1%)

62–100 22 (6.9%) 295 (93.1%)

100–150 13 (7.6%) 159 (92.4%)

150–200 5 (5.2%) 92 (94.8%)

≥ 200 31 (15.0%) 175 (85.0%)

IL-10 (pg/ml)     -9.474 0.000

Normal (< 9.1) 79 (1.9%) 3,994 (98.1%)

TNF-a tumor necrosis factor-alpha, IL interleukin
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9.1–20 25 (3.6%) 675 (96.4%)

20–50 19 (6.4%) 278 (93.6%)

50–100 11 (12.5%) 77 (87.5%)

≥ 100 24 (24.2%) 75 (75.8%)

TNF-α (pg/ml)     -10.544 0.000

Normal (< 8.1) 21 (0.9%) 2,330 (99.1%)

8.1–15 47 (2.8%) 1,642 (97.2%)

15–30 40 (4.8%) 797 (95.2%)

30–50 26 (10.9%) 212 (89.1%)

≥ 50 24 (16.9%) 118 (83.1%)

Procalcitonin (ng/ml)     -10.938 0.000

Normal (< 0.5) 72 (1.9%) 3,706 (98.1%)

0.5-2 27 (3.4%) 766 (96.6%)

2–5 17 (5.7%) 281 (94.3%)

5–10 13 (6.5%) 188 (93.5%)

≥ 10 29 (15.5%) 158 (84.5%)

TNF-a tumor necrosis factor-alpha, IL interleukin
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Table 3
Analysis of cytokine levels in relation to outcomes of patients

Variables β SE P value OR 95% CI

Univariate analysis          

Sex -0.183 0.214 0.392 0.833 (0.547, 1.267)

Length of SICU stay -0.949 0.219 0.000 0.387 (0.252, 0.595)

SICU readmission 0.933 0.286 0.001 2.543 (1.452, 4.454)

Mechanical ventilation 2.464 0.312 0.000 11.75 (6.378, 21.649)

CRRT 0.911 0.268 0.001 2.487 (1.472, 4.202)

Department 0.064 0.08 0.430 1.066 (0.91, 1.248)

IL1 0.604 0.157 0.000 1.83 (1.345, 2.488)

IL2 0.406 0.1 0.000 1.5 (1.234, 1.824)

IL6 -0.119 0.1 0.231 0.887 (0.73, 1.079)

IL8 0.018 0.095 0.848 1.018 (0.846, 1.226)

IL10 -0.06 0.11 0.584 0.942 (0.76, 1.168)

TNF-α 0.077 0.114 0.502 1.08 (0.863, 1.351)

Procalcitonin 0.097 0.081 0.231 1.102 (0.940, 1.292)

Multivariate analysis          

Length of SICU stay -1.046 0.199 0.000 0.351 (0.238, 0.519)

SICU readmission 0.963 0.258 0.000 2.62 (1.579, 4.347)

Mechanical ventilation 2.413 0.279 0.000 11.163 (6.461, 19.290)

CRRT 0.888 0.243 0.000 2.43 (1.508, 3.916)

IL1 0.618 0.127 0.000 1.855 (1.446, 2.38)

IL2 0.412 0.077 0.000 1.51 (1.299, 1.754)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy

Cytokine levels were increased in SICU readmission patients Of the 5,257 patients, 196 patients were
readmitted to the SICU, giving a rate of 3.7%. In the readmitted group, the length of SICU stay and length
of mechanical ventilation were much longer than those in the other group; the rates of mechanical
ventilation, CRRT, tracheotomy and emergency surgery were much higher in patients who were readmitted
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than those in patients who were not readmitted. According to the department, the highest readmission
rate occurred in the general surgery department (5.0%).

To determine whether cytokine levels were associated with the SICU readmission rate, we assessed the
difference between the two groups. The readmission group patients had increased levels of IL-1β, IL-2, IL-
6, IL-8, IL-10, TNF-a and procalcitonin (Table 4). Univariate and multivariate analyses showed that
mechanical ventilation and the level of IL-2 could signi�cantly in�uence SICU readmission, but no
correlation was noted between IL-1β, IL-6, IL-8, IL-10, TNF-a and procalcitonin levels and SICU
readmission in the patients (Table 5).



Page 12/27

Table 4
Cytokine levels in patients with or without SICU readmission (n = 5,257)

Variables SICU readmission (n = 5,257) z/χ2 P value

Yes (n = 196) No (n = 5,061)

Age (years) 65.4 ± 16.8 62.2 ± 16.3 -1.698 0.089

Sex, No. (%)     0.366 0.545

Male 121 (3.9%) 3015 (96.1%)

Female 75 (3.5%) 2046 (96.5%)

Length of SICU stay (h) 111.4 ± 142.6 62.7 ± 115.3 -6.999 0.000

Length of SICU stay     52.437 0.000

> 7 days 37 (10.9%) 301 (89.1%)

≤ 7 days 159 (3.2%) 4,760 (96.8%)

Length of mechanical ventilation (h) 363.1 ± 509.4 124.2 ± 712.2 -9.013 0.000

Mechanical ventilation     154.379 0.000

Yes 118 (9.6%) 1,110 (90.4%)

No 78 (1.9%) 3,951 (98.1%)

Tracheotomy        

Yes 45 (17.9%) 207 (82.1%) 147.202 0.000

No 151 (3.0%) 4,854 (97.0%)

Length of CRRT 120.3 ± 84.7 68.3 ± 91.4 -3.854 0.000

CRRT     43.814 0.000

Yes 23 (13.0%) 154 (87.0%)

No 173 (3.4%) 4,907 (96.6%)

Emergency surgery        

Yes 86 (5.7%) 1,433 (94.3%) 21.965 0.000

No 110 (3.0%) 3,613 (97.0%)

Not known 0 (0%) 15 (100%)

Department     9.365 0.025

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy
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Variables SICU readmission (n = 5,257) z/χ2 P value

Yes (n = 196) No (n = 5,061)

General surgery 62 (5.0%) 1,166 (95.0%)

Thoracic surgery 38 (3.0%) 1,235 (97.0%)

Neurosurgery 31 (3.9%) 767 (96.1%)

Endovascular surgery 20 (3.6%) 538 (96.4%)

Orthopedics 11 (2.6%) 406 (97.4%)

Urologic surgery 10 (3.2%) 307 (96.8%)

Others 24 (3.6%) 642 (96.4%)

IL-1β (pg/ml)     -3.775 0.000

Normal (≤ 5) 176 (3.5%) 4,878 (96.5%)

5 ~ 10 12 (8.7%) 126 (91.3%)

≥ 10 8 (12.3%) 57 (87.7%)

IL-2 (U/ml)     -7.427 0.000

Normal (223–710) 76 (2.3%) 3,236 (97.7%)

710-1,000 47 (5.2%) 860 (94.8%)

1,000–2,000 48 (6.2%) 727 (93.8%)

2,000–3,000 10 (6.0%) 156 (94.0%)

≥ 3,000 15 (15.5%) 82 (84.5%)

IL-6 (pg/ml)     -5.592 0.000

Normal (< 3.4) 10 (2.6%) 380 (97.4%)

3.4–50 78 (2.9%) 2,724 (97.1%)

50–100 30 (3.8%) 761 (96.2%)

100–200 29 (4.8%) 571 (95.2%)

≥ 200 49 (7.3%) 625 (92.7%)

IL-8 (pg/ml)     -3.261 0.001

Normal (< 62) 148 (3.3%) 4,317 (96.7%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy
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Variables SICU readmission (n = 5,257) z/χ2 P value

Yes (n = 196) No (n = 5,061)

62–100 22 (6.9%) 295 (93.1%)

100–150 8 (4.7%) 164 (95.3%)

150–200 5 (5.2%) 92 (94.8%)

≥ 200 13 (6.3%) 193 (93.7%)

IL-10 (pg/ml)     -4.357 0.000

Normal (< 9.1) 125 (3.1%) 3,948 (96.9%)

9.1–20 41 (5.9%) 659 (94.1%)

20–50 15 (5.1%) 282 (94.9%)

50–100 6 (6.8%) 82 (93.2%)

≥ 100 9 (9.1%) 90 (90.9%)

TNF-α (pg/ml)     -4.474 0.000

Normal (< 8.1) 64 (2.5%) 2,487 (97.5%)

8.1–15 58 (3.8%) 1,481 (96.2%)

15–30 39 (5.6%) 657 (94.4%)

30–50 19 (7.1%) 248 (92.9%)

≥ 50 16 (7.8%) 188 (92.2%)

Procalcitonin (ng/ml)     -5.911 0.000

Normal (< 0.5) 102 (2.6%) 3,766 (97.4%)

0.5-2 38 (5.1%) 712 (94.9%)

2–5 27 (8.8%) 281 (91.2%)

5–10 15 (10.2%) 132 (89.8%)

≥ 10 14 (7.6%) 170 (92.4%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy



Page 15/27

Table 5
Analysis of cytokine levels in relation to SICU readmission of patients

Variables β SE P value OR 95% CI

Univariate analysis          

Sex -0.065 0.178 0.717 0.937 (0.661, 1.329)

Length of SICU stay -0.356 0.235 0.130 0.7 (0.442, 1.111)

Mechanical ventilation 1.315 0.2 0.000 3.724 (2.518, 5.508)

CRRT 0.385 0.306 0.208 1.47 (0.807, 2.678)

Department 0.068 0.069 0.328 1.07 (0.934, 1.226)

IL1 0.28 0.177 0.113 1.324 (0.936, 1.871)

IL2 0.249 0.095 0.009 1.283 (1.065, 1.545)

IL6 0.159 0.082 0.052 1.172 (0.999, 1.376)

IL8 -0.101 0.102 0.320 0.904 (0.740, 1.103)

IL10 -0.17 0.112 0.128 0.844 (0.677, 1.05)

TNF-α -0.057 0.107 0.596 0.945 (0.766, 1.166)

Procalcitonin 0.018 0.084 0.835 1.018 (0.863, 1.200)

Multivariate analysis          

Mechanical ventilation 1.366 0.166 0.000 1.29 (1.134, 1.467)

IL2 0.254 0.066 0.000 3.921 (2.829, 5.434)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy

Correlation between cytokine levels in patients with SICU readmission and outcomes Among the 196
patients with SICU readmission, the cytokine levels of 187 patients readmission were tested and
collected. Overall, 161 patients survived, and 26 patients died; the mortality rate was 13.9%, which was
much higher than that seen with the �rst SICU admission (3.0%).

For the third SICU admission, 10 patients (5.3%, 10/187) were admitted, of which 8 patients were female,
accounting for 80.0%. Seven patients survived, and 3 patients died, with a mortality rate of 30.0% (3/7),
which was much higher than that of the �rst and second SICU admissions.

To determine the outcomes and risk factors, we assessed the difference between survivors and
nonsurvivors. Nonsurvivors had increased levels of IL-2 and procalcitonin compared with survivors, but
no correlation was noted between IL-1β, IL-6, IL-8, IL-10 and TNF-a levels and outcomes in the patients.
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Differences between the two groups were noted in the variables of age, length of SICU stay, mechanical
ventilation, CRRT and department (Table 6).
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Table 6
Outcomes and risk factors for patients readmitted to the SICU

Variable Outcomes (n = 187) t/z/χ2 P value

Nonsurvivors

(n = 26)

Survivors

(n = 161)

Age 73.9 ± 15.8 63.9 ± 16.8 2.817 0.005

Sex     0.091 0.763

Male 16 (13.3%) 104 (86.7%)

Female 10 (14.9%) 57 (85.1%)

Length of SICU stay     4.586 0.032

> 7 days 9 (25.0%) 27 (75.0%)

≤ 7days 17 (11.3%) 134 (88.7%)

Admitted to SICU for the third time     0.86 0.354

Yes 2 (25.0%) 6 (75.0%)

No 24 (13.4%) 155 (86.6%)

Mechanical ventilation     7.986 0.005

Yes 22 (19.8%) 89 (80.2%)

No 4 (5.3%) 72 (94.7%)

CRRT     6.685 0.010

Yes 7 (31.8%) 15 (68.2%)

No 19 (11.5%) 146 (88.5%)

Department     11.380 0.007

General surgery 13 (22.0%) 46 (78.0%)

Neurosurgery 5 (13.9%) 31 (86.1%)

Endovascular surgery 4 (28.6%) 10 (71.4%)

Others 4 (5.1%) 74 (94.9%)

IL-1β (pg/ml)     -0.806 0.421

Normal (≤ 5) 25 (14.7%) 145 (85.3%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy
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Variable Outcomes (n = 187) t/z/χ2 P value

Nonsurvivors

(n = 26)

Survivors

(n = 161)

5–10 0 (0%) 9 (100%)

≥ 10 1 (12.5%) 7 (87.5%)

IL-2 (U/ml)     -3.478 0.001

Normal (223–710) 5 (5.8%) 81 (94.2%)

710-1,000 3 (9.4%) 29 (90.6%)

1,000–2,000 11 (23.4%) 36 (76.6%)

2,000–3,000 3 (30.0%) 7 (70.0%)

≥ 3,000 4 (33.3%) 8 (66.7%)

IL-6 (pg/ml)     -1.602 0.109

Normal (< 3.4) 0 (0%) 9 (100%)

3.4–50 8 (10.7%) 67 (89.3%)

50–100 5 (17.9%) 23 (82.1%)

100–200 4 (13.8%) 25 (86.2%)

≥ 200 9 (19.6%) 37 (80.4%)

IL-8 (pg/ml)     -1 0.317

Normal (< 62) 18 (12.7%) 124 (87.3%)

62–100 4 (19.0%) 17 (81.0%)

100–150 1 (12.5%) 7 (87.5%)

150–200 0 (0%) 4 (100%)

≥ 200 3 (25.0%) 9 (75.0%)

IL-10 (pg/ml)     -1.109 0.268

Normal (< 9.1) 16 (13.2%) 105 (86.8%)

9.1–20 2 (5.1%) 37 (94.9%)

20–50 3 (21.4%) 11 (78.6%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy
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Variable Outcomes (n = 187) t/z/χ2 P value

Nonsurvivors

(n = 26)

Survivors

(n = 161)

50–100 2 (50.0%) 2 (50.0%)

≥ 100 3 (33.3%) 6 (66.7%)

TNF-α (pg/ml)     -1.273 0.203

Normal (< 8.1) 5 (7.0%) 66 (93.0%)

8.1–15 11 (19.0%) 47 (81.0%)

15–30 5 (13.9%) 31 (86.1%)

30–50 3 (20.0%) 12 (80.0%)

≥ 50 1 (16.7%) 5 (83.3%)

Procalcitonin (ng/ml)     -2.031 0.042

Normal (< 0.5) 10 (8.7%) 105 (91.3%)

0.5-2 5 (14.3%) 30 (85.7%)

2–5 4 (23.5%) 13 (76.5%)

5–10 1 (20.0%) 4 (80.0%)

≥ 10 3 (25.0%) 9 (75.0%)

SICU surgical intensive care unit, TNF-a tumor necrosis factor-alpha, IL interleukin, CRRT continuous
renal replacement therapy

The prognostic signi�cance of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a and procalcitonin Overall 158 (3.0%) of
5,257 patients died, and 5,099 (97.0%) remained alive. The overall survival for patients with higher levels
of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a and procalcitonin was signi�cantly lower than that for patients with
normal levels (Fig. 1) (Table 7).
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Table 7
Survival time of the patients

Cytokines Survival time (95% CI) (days)

IL-1β (pg/ml)    

  Normal (≤ 5) 57 (40.004, 73.996)

  5 ~ 10 68 (39.625, 68.017)

  ≥ 10 28 (13.122, 28.360)

IL-2 (U/ml)    

  Normal (223–710) 77 (56.907, 97.093)

  710-1,000 41 (16.838, 65.162)

  1,000–2,000 51 (36.087, 65.913)

  2,000–3,000 63 (14.28, 111.72)

  ≥ 3,000 14 (2.452, 25.548)

IL-6 (pg/ml)    

  Normal (< 3.4) 16 (15.26,18.651)

  3.4–50 77 (43.82,110.18)

  50–100 37 (15.72,58.28)

  100–200 28 (15.495,40.505)

  ≥ 200 58 (33.834,82.166)

IL-8 (pg/ml)    

  Normal (< 62) 57 (29.215, 84.785)

  62–100 41 (9.561, 72.439)

  100–150 58 (5.168, 110.832)

  150–200 19 (15.876, 22.702)

  ≥ 200 78 (55.499, 100.945)

IL-10 (pg/ml)    

  Normal (< 9.1) 51 (30.82, 71.18)

  9.1–20 47 (36.221, 142.982)

  20–50 63 (28.065, 97.935)

TNF-a tumor necrosis factor-alpha, IL interleukin
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Cytokines Survival time (95% CI) (days)

  50–100 35 (1.411, 68.589)

  ≥ 100 26 (8.111, 43.889)

TNF-α (pg/ml)    

  Normal (< 8.1) 77 (51.041, 102.959)

  8.1–15 45 (12.678, 77.322)

  15–30 47 (17.999, 76.001)

  30–50 63 (26.616, 99.384)

  ≥ 50 58 (32.077, 58.024)

Procalcitonin (ng/ml)    

  Normal (< 0.5) 66 (29.409, 102.591)

  0.5-2 58 (23.514, 92.486)

  2–5 25 (5.611, 55.102)

  5–10 51 (27.84, 74.16)

  ≥ 10 37 (2.289, 71.711)

TNF-a tumor necrosis factor-alpha, IL interleukin

Discussion
Despite advances in supportive therapy and many clinical trials, among critically ill patients, adverse
outcomes (sepsis, septic shock, organ dysfunction/failure, and mortality) remain high[11, 12].
Consequently, there is an urgent demand for better identi�cation of variables for high-risk patients. At
present, the determination of ICU patient risk mainly relies on clinical judgment and severity scores (such
as APACHE scores), which incorporate patients’ previous health statuses, along with clinical and
laboratory variables, which track the function of multiple organ systems[13–16]. In recent decades, our
knowledge of the biochemical processes underlying critical illness has considerably improved. We
realized that cytokines perform important roles in host defense and maintenance of tissue homeostasis;
however, abnormal or excessive production of cytokines disrupts these functions, resulting in
in�ammation and tissue injury[17], and there is strong evidence that cytokines work as important
mediators of in�ammatory and immunologic diseases and that elevated cytokine levels can contribute to
organ dysfunction[18–20]. Evidence suggests that cytokines, including IL-8, TNF-a, and IL-10, strongly
predict clinical outcome alone or in combination with other variables or widely accepted severity
scores[21, 22].
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Our study focused on critically ill patients after surgery, who received almost all possible surgeries in the
SICU. For the �rst SICU admission, the mortality rate of the entire group was 3.0% (158/5257), and the
readmission rate was 3.7% (196/5,257). In agreement with other �ndings, we found higher levels of IL-1β,
IL-2, IL-6, IL-8, IL-10, TNF-α and procalcitonin in nonsurvivors than in survivors[17, 21]. Univariate and
multivariate analyses showed that the in�uence of IL-1β (OR = 1.855, P = 0.000) and IL-2 (OR = 1.51, P = 
0.000) on survival was signi�cant. We also showed that cytokine levels correlated positively with the
SICU readmission rate. Although the univariate and multivariate analyses only showed that the levels of
IL-2 (OR = 3.921, P = 0.000) could signi�cantly in�uence the readmission rate, the SICU readmission rate
was increased in patients with high levels of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-α and procalcitonin
compared with that in patients with normal levels. Our study revealed that in the entire population of
critically ill patients after surgery, cytokines represent independent outcome predictors; in addition, IL-1β
and IL-2 can determine mortality, and IL-2 can also in�uence the readmission rate.

Similar results were noted at SICU readmission. In total, 187 patients were included, including 161
survivors and 26 nonsurvivors, with a mortality rate of 13.9% (26/187), which was much higher than that
for the �rst SICU admission (3.0%). We still noted increased IL-2 levels in nonsurvivors (z=-3.478, p = 
0.001). As a key cytokine involved in the immune response, IL-2 regulation can promote the
differentiation of T cells and enhance the killing effect[3]. In a previous report, IL-2 levels were evaluated
in the oral �uids of patients with hepatitis C or B and HIV[23]. Therefore, we can assume that IL-2 has a
distinctive value for determining the state of local immunity in individuals, especially in critically ill
patients. This has led to the development of novel therapeutic strategies using regulatory cytokines or
cytokine-targeted biologics for the treatment of various diseases. According to some reports, the
administration of low-dose IL-2 has resulted in promising results in treating autoimmune conditions such
as chronic refractory graft-versus-host disease (GVHD), hepatitis C virus-induced vasculitis, and type 1
diabetes [24–26]. Some clinical trials have suggested that low-dose IL-2 might be effective in the
treatment of systemic lupus erythematosus[27, 28].

We also analyzed patients who were admitted to the SICU for a third time. In total, 10 patients were
included, including 2 males and 8 females and 3 nonsurvivors and 7 survivors, with a mortality of 30.0%
(3/10). We also noted increased IL-2 levels in nonsurvivors. As previously mentioned, we were able to
demonstrate that older age, longer SICU stay, emergency surgery, high rate of mechanical ventilation and
CRRT were associated with mortality and SICU readmission. One hypothesis is that these factors,
including cytokine levels, correlate positively with the severity of critical illness and organ dysfunction.
Regrettably, we omitted the data of the APACHE II score and could not analyze its association with
outcomes. However, some studies have demonstrated that in nonseptic patients, cytokines represent
independent outcome predictors along with disease severity scores, including APACHE II scores[4, 29].
However, other reports show contrasting results: cytokine levels cannot predict patient outcomes in
nonseptic SICU patients[30, 31]. Differences in patient condition (especially at diagnosis), the cytokine
assays used and the data analysis methods used may explain the disparate results.
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Limitations
Potential limitations of this work include two points. First, we detected cytokines only on admission to the
SICU. Sequential assessments of changes in cytokine levels may provide stronger evidence for the
associations of the variables and outcomes. Second, we omitted the APACHE II score data, so the
association between it, cytokine level and severity of disease could not be analyzed. Future studies
should be undertaken to look at the association in critically ill patients after surgery.

Conclusion
In summary, the mortality rate increased with increasing number of admissions to the SICU (3.0%<13.9%
<30.0%). In critically ill patients after surgery, cytokine levels, including IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a
and procalcitonin levels, on admission to the SICU can predict outcome. Importantly, IL-2 seems to be the
sole variable determining the outcome. Further studies are needed to explore the combined effect of
cytokines and the sequential changes in cytokine levels in critically ill surgical patients.
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Figure 1

Association between overall survival and IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a and procalcitonin levels in
5,257 patients. (A-G) Patients with higher levels of IL-1β, IL-2, IL-6, IL-8, IL-10, TNF-a and procalcitonin
showed longer survival times than those with normal levels


