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Purpose: Intra-abdominal infection is considered the second most common cause of sepsis and results in localized or diffused
inflammation of the peritoneum. The main treatment for abdominal sepsis is an emergency laparotomy for source control. However,
surgical trauma also causes inflammation, and patients become susceptible to postoperative complications. Therefore, it is necessary to
identify biomarkers that can be used to distinguish sepsis from abdominal infection. This prospective study investigated whether
cytokine levels in the peritoneum could predict complications and indicate severity of sepsis following emergency laparotomy.
Methods: We prospectively observed 97 patients with abdominal infection admitted to the Intensive Care Unit (ICU). After
emergency laparotomy,SEPSIS-3 criteria were used for the diagnosis of sepsis or septic shock. Blood and peritoneal fluid samples
were drawn at postoperative admission to the ICU and cytokine concentrations were measured by flow cytometry.

Results: Fifty-eight postoperative patients were enrolled. We found significant elevations in the peritoneal concentrations of IL-1p,
IL-6, TNF-a, IL-17, and IL-2 in patients with sepsis or septic shock compared to the patients without sepsis after surgery. Positive
correlations between levels of these peritoneal cytokines with APACHE II scores were found: IL-6, in particular, had the highest
correlation coefficient of 0.833. Meanwhile, IL-10 in blood, MCP-1 and IL-8 in both blood and peritoneum were simultaneously
increased in patients with sepsis and septic shock, and also positively correlated with disease severity.

Conclusion: The cytokine storm that occurs in the abdominal cavity after emergency laparotomy may be the main mechanism leading
to sepsis. It may be valuable to measure IL-1f, IL-6, TNF-a,IL-17, IL-2, MCP-1, and IL-8 in the peritoneal fluid, combined with
serum IL-10, MCP-1 and IL-8, in a panel of cytokines, to assess the severity of sepsis and predict mortality from abdominal infection
after emergency laparotomy.
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Plain Language Summary

Sepsis is an uncontrolled immune response occurring after infection. Abdominal infection is considered the second leading cause of
sepsis. Although not familiar to the general public, sepsis has mortality rate as high as 20%. Therefore, early identification and control
are particularly important. Currently, there is no single cytokine available to act as a good sepsis biomarker for diagnosing or
predicting outcomes. This study was conducted to investigate whether a specific biomarker exists to distinguish sepsis from abdominal
infection after surgical intervention. We observed 58 patients with abdominal infection admitted to the Intensive Care Unit (ICU) after
an emergency laparotomy. We divided patients into three groups according to severity: from abdominal infection to septic shock.
Meanwhile, we collected blood and peritoneal fluid to measure the concentrations of cytokines. Elevations in peritoneal concentrations
of IL-1B, IL-6, TNF-a, IL-17, IL-2, MCP-1, and IL-8 were found combined with an increase in serum IL-10, MCP-1, and IL-8 in
patients with sepsis or septic shock compared to the patients with no sepsis after surgery. Furthermore, these increases were positively
correlated with the severity of abdominal infection.
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This study suggests that the cytokine storm that occurred in the abdominal cavity combined with a particular change in serum
cytokines may be valuable for assessing the severity of sepsis and predicting mortality from abdominal infection after emergency
laparotomy. The cytokine panel both from the abdominal cavity and peripheral blood samples will be useful to identify and control

abdominal sepsis after emergency surgery.

Introduction

Abdominal sepsis, or secondary peritonitis, is a challenge facing surgeons and Intensive Care Unit (ICU) clinicians
worldwide every day. The main treatment involves emergency laparotomy with source control and subsequent return to
the ICU ward to correct the altered physiology.! Despite substantial advances in clinical understanding and disease
definition, without timely control, abdominal infection can have a poor prognosis and further deteriorates into sepsis or
septic shock, with the potential for extremely high mortality rates for ICU patients.”

Sepsis is an uncontrolled response of the immune system to infection,® in which high levels of circulating cytokines
lead to a generalized inflammatory response with organ failure and, in up to 20% cases, to death.* In the presence of
secondary peritonitis, the abdominal cavity is a rich reservoir of inflammatory cytokines.” Abdominal visceral damage,
peritoneal irritation, and intra abdominal contamination are all potent triggers for the systemic cytokine response, in
which immune cells are stimulated to produce a series of serum markers, including cytokines and chemokines.® Once the
inflammatory cytokines from the peritoneum enter the systemic circulation, multi-organ failure may potentially occur.
Furthermore, surgical trauma causes inflammation and postoperative immunosuppression. Patients become susceptible to
infections, which is a major cause of postoperative morbidity and mortality in this population.” Therefore, rapid
recognition of this inflammatory dysregulation is critical for the management of septic patients to optimize their chance
of survival. The value of inflammatory biomarkers for the early identification of sepsis has been investigated. In animals
with septic peritonitis, a concentration of cytokines in abdominal fluid has a diagnostic sensitivity and specificity.®
However, these variables have not been evaluated in patients with septic peritonitis who undergo surgery, and the
conclusions are controversial.

We conducted studies to evaluate inflammatory biomarkers in both peripheral blood and peritoneal blood as
predictors of abdominal septic peritonitis after surgery. Herein, we tested a novel approach of simultaneous measurement
of 14 inflammatory-related cytokines/chemokines using the multiplex technique by flow cytometry, to identify useful
inflammatory biomarkers capable of distinguishing patients with a high risk of developing sepsis or septic shock and
death after abdominal surgery. A further study was conducted that evaluated the association between cytokines and an
organ dysfunction assessment score system to determine whether peritoneal or serum cytokines could predict mortality
and provide a powerful rapid diagnostic tool for clinical practice in abdominal septic patients.

Materials and Methods

Study Population

This study was conducted at the Department of Critical Care Medicine of Tianjin Medical University General Hospital.
From April 2021 to March 2022, a total of 97 patients with abdominal infection were admitted to our department. Fifty-
eight of all consecutive patients (59.8%) were included if there was evidence of sepsis or septic shock after emergency
laparotomy. The study protocol was approved by the Ethics Committee of Tianjin Medical University General Hospital
and written informed consents were obtained from patients, patient-authorized representatives, or legal representatives.

Selection of Cases and Inclusion Criteria
Ninety-seven patients with intra-abdominal infection were tested at our department during the study period. The
diagnosis of intra-abdominal infection is primarily clinical. Patients typically present with rapid-onset abdominal pain
and signs of local and systemic inflammation (prolonged fever, pain, abdominal tenderness, absence of intestinal sounds,
increased white blood cell count, tachycardia, and/or tachypnea). Patients requiring emergency intervention for peritonitis
were enrolled in our study.

Surgery was conducted by senior surgeon who had performed more than 500 laparotomies in the last 5 years. During
the intra-abdominal operation, the senior surgeon determined the decision based on the degree of abdominal
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contamination, the clinical status of the patient and the surgeon’s experience. All patients underwent a midline
laparotomy with complete exploration of the peritoneal cavity. The gross purulent exudates were aspirated and the
debris and particles were removed, followed by abundant peritoneal lavage.

Exclusion criteria were age younger than 18 years or older than 80 years, or a body mass index (BMI) greater than 31.
Patients were excluded because they had a history of immunosuppressive therapy within 8§ weeks prior to surgery or
chemotherapy within 6 months prior to surgery. Transplant recipients were also excluded. Other exclusion criteria for
liver cirrhosis, acute non-infectious pancreatitis, and extra-abdominal sepsis were known. Patients were also excluded
when disagreement occurred about surgical intervention or lack of informed consent.

Fifty-eight patients were finally included in our study who presented hypotension and signs of hypoperfusion, such as
oliguria, acute altered mental state, and lactic acidosis, symptoms which were indicative of sepsis or septic shock.
Patients were assigned to three groups according to the severity of infection after surgery. Three groups included
abdominal infection group, the abdominal sepsis group, and the abdominal septic shock group separately. Of the 58
patients, 42 were enrolled in the sepsis group because they met two or more criteria of the quick Sequential Organ Failure
Assessment (QSOFA) criteria: (1) low mean blood pressure (<65 mmHg); (2) tachypnea (>22/min); (3) altered mental
status (Glasgow Coma Scale, GCS <15). Furthermore, 17 patients of the 42 patients with sepsis were assigned to the
septic shock group. Septic shock was defined as not only meeting more than two criteria for qSOFA, but also having
hypotension (mean arterial pressure <65 mmHg) after a minimum of 2 L fluid bolus followed by continuous infusion of
vasopressors. The use of vasopressors was defined as therapy with any dose of epinephrine, norepinephrine, dopamine,
vasopressin, or other vasopressors. The remaining 16 patients were designated as the abdominal infection control group
and did not meet the diagnosis criteria for sepsis or septic shock after surgery.

In a word, among the 58 patients, 25 Patients were enrolled for the sepsis group and 17 patients were enrolled for the
septic shock group. Other 16 patients were described as abdominal infection control group without sepsis or septic shock.

Data Collection and Outcome Measurements

Blood samples were taken through an arterial line at admission after surgery. Peritoneal fluid samples were taken from the
abdominal drain. All samples were kept on ice and centrifuged within one hour of collection. Blood and peritoneal fluid samples
were spun at 1500 g for 20 min. The supernatant was stored at —20 °C in our department, and then transferred to our lab for the
—80 degrees °C within 12 hours of sampling.

Routine laboratory and clinical data were collected daily. All treatments were in performed in accordance with
standard guidelines under the responsibility of the attending physician, who was usually not the local investigator of the
trial. The clinical and severity characteristics at the time of admission to the ICU were evaluated: temperature, white
blood cell count (WBC), serum lactate values, surgery location, result of positive pathogens from blood culture, the
Acute Physiology, Age, and Chronic Health Evaluation (APACHE-II) score and predicted acute organ dysfunction
related to sepsis using Sequential Organ Failure Assessment (SOFA) score.

The primary outcome was 90-day all-cause mortality. Secondary outcomes included the time to discharge from the
ICU, the time to wean from mechanical ventilation, the number of days that the patients were free of vasopressors (days
without vasopressors) and the time to be free of renal replacement treatment (RRT). Adverse outcomes included
gastrointestinal bleeding, incidence of anastomotic fistula or local recurrence, episodes of heart or respiratory failure,
and neurologic impairment at the time of ICU and hospital discharge. All adverse events after abdominal surgery were
recorded according to the classification of the Medical Dictionary of Regulatory Activities.

Enzyme Linked Immunosorbent Assay

Concentrations of the Interleukin-1p (IL)-1p8, IL-2, IL-4, IL-6, IL-10, IL12, IL-17, interferon-y (IFN-y), monocyte
chemo-attractant protein 1 (MCP-1), tumor necrosis factor-o (TNF-a), C-X-C Motif Chemokine Ligand-10 (CXCL10,
IP-10), IL-8, and Free Active Transforming Growth Factor-B (TGF-B) in serum and peritoneal fluid samples were
determined using the LEGENDplex™ Human Essential Immune Response Panel (13plex) (BioLegend, San Diego, CA)
using flow cytometry. The assays were conducted in strict accordance with the instrument operating instructions, and the
data were analyzed using LEGENDplex ™ data analysis software. Observed cytokine concentrations were reported in pg/
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mL or ng/mL. If the observed cytokine concentration of a specific sample was outside the detection range, the maximum
or minimum observed cytokine concentration value was reported. IL-3 levels were measured in duplicate using
a sandwich enzyme-linked immunosorbent assay (ELISA) using a commercially available kit (NeoBioscience
Technology, Beijing, China). All samples were tested by the same investigator, who was blind to the clinical situation.
All samples were analyzed in the same assay to avoid variance between assays.

Statistical Analysis

Continuous variables are presented as means and standard deviations, compared using variance and f-test analyses.
Categorical variables are presented as the number of patients in each category and the corresponding percentages. The
missing data were not replaced. The results obtained for the variables of abdominal fluid and peripheral blood were
compared using the Spearman correlation coefficient to identify factors that were significantly associated with the
outcomes. All reported P-values were 2-sided, and P-values <0.05 were considered statistically significant. Statistical
analyses were performed with SPSS version 25.0 statistical software (IBM Corp).

Results

Baseline Characteristics of Patients

Fifty-eight patients were enrolled in the study and were assigned to the 3 groups: (1) patients with abdominal infection
group, 16 patients received surgery in the absence of sepsis or septic shock (age: 58.75 £ 17.52 years); (2) patients with
postoperative abdominal sepsis, 25 patients received source control of postoperative sepsis (age: 68.60 £ 14.89 years);
and (3) abdominal septic shock group, 17 patients after abdominal surgery were admitted in ICU for septic shock (age:
65.94 + 12.28 years). Most patients were male, with no differences between the three groups (Figure 1a). Patients with
abdominal sepsis were significantly older than the only infection group (p=0.045, Figure 1b). Furthermore, no differences
were found in patients with and without cardiovascular, respiratory, hematologic, liver, and kidney dysfunction/failure
between the sepsis group and the septic shock group (Table 1, Figure 1f).

The distribution of causes in abdominal sepsis is shown in Table 1 and Figure 1d. Perforation, especially in the
stomach (22/58), was the most frequent cause of abdominal infection. Other causes included acute intestinal obstruction,
anastomotic leakage, or purulent collection. Only half of the patients (30/58) had positive blood microbiological data,
especially in the sepsis and septic shock groups, respectively. Gram-positive bacteremia (GPB) was the main cause of
bloodstream infection after abdominal surgery. Escherichia coli (40%) was the predominant organism in Gram-negative
bacteremia (GNB), while Enterococci were the leading GPB type. Other organisms included Enterobacter cloacae,
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Staphylococcus aureus. The incidence of bloodstream infection
was much higher in postoperative patients with GNB compared to those with GPB infection (20/30 vs 8/30), but there
was no significant difference in microorganism cultures between the abdominal sepsis group and the septic shock group
(Table 1, Figure le).

Outcomes and Serious Adverse Events

The results showed that the APACHE II score was statistically higher in the sepsis and septic shock groups compared to
the abdominal infection group (p=0.001). Furthermore, the septic shock group showed a higher score than the patients
with sepsis (p=0.001). (Table 1, Figure 1c) Analysis of the SOFA score showed that the sepsis (p=0.008) and septic shock
groups (p=0.001) had a significantly higher score than the infection group, but there were no differences between each
group. (Table 1, Figure lc).

On day 90, deaths had occurred in 5 of 17 (29.4%) patients in the septic shock group versus the abdominal infection
group (p=0.025). Furthermore, death occurred in 2 of 25 patients (8%) in the abdominal sepsis group versus 0 of 16
patients in the control group (p=0.017). Significant differences were observed after surgery between the only infection
patients and those patients who developed sepsis or septic shock postoperatively (Figure 2a). There were no significant
differences in length of stay in the ICU, ventilation-free days or days of renal replacement (Table 2). However, there were
more episodes of administered for vasopressors (vasopressor free days) in the sepsis (p=0.009) and septic shock groups
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Figure | Baseline characteristics of abdominal infection in patients after laparotomy. There were no sex-based differences between the three groups (a), but patients with
abdominal sepsis were older than those in the only infection group (b). The APACHE Il score was higher in the sepsis and septic shock groups, especially the septic shock
group. The SOFA score was only higher between the non-sepsis group and the sepsis or septic group (c). The causes of abdominal infection are shown in (d). Positive blood
microbiological data are shown, but no significant differences in microorganism cultures were observed between the sepsis group and the septic shock group (e). No
differences were found in patients with and without organ dysfunction between these two groups (f). *p<0.005 abdominal-infectious control vs sepsis groups. **p<0.005
sepsis group vs abdominal septic shock group.
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Table | Baseline Characteristics

Characteristic Abdominal Infection | Abdominal Sepsis | Abdominal Septic Shock
(n=16) (n=25) (n=17)

Male, No./total No. (%) 8/16 (50%) 18/25 (72%) 9/17 (52%)

Age, mean (SD), y 58.75+17.52 68.6114.89 65.10+15.28

SOFA score, mean (SD) 1.18£1.32 8.28+7.48 14.47+7.35

APACHE Il score, mean (SD) 9.33+1.03 13.12£1.55 18.00£1.54

Type of admission, No./total No. (%)

Perforation 14/16 (87%) 14/25 (56%) 10/17 (59%)
Acute intestinal obstruction 2/16 (13%) 8/25 (32%) 2/17 (11%)
Anastomotic leakage 0 3/25 (12%) 3/17 (17%)
Rupture of liver abscess 0 0 2/17 (11%)

Organ dysfunction, No.

Circulation/ Microcirculatory 0 6 6
Respiratory | 5 4
Coagulation 0 | 2
Liver 0 | |
Renal 0 6 5
Central nervous system 0 0 |

Species distribution of pathogens isolated from patients with bloodstream infections

Gram-negative bacteria

Escherichia coli 0 8 4
Pseudomonas aeruginosa 0 4 |
Klebsiella pneumoniae 0 2 0
Enterobacter cloacae 0 0 |

Gram-positive bacteria

Enterococci 0 3 3
Staphylococcus aureus 0 | |
Fungi

Candida albicans 0 0 2

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment.

(p=0.01) compared to the only infection group (Table 2, Figure 2b). Secondary abdominal infections, intestinal
obstruction, gastrointestinal bleeding, anastomotic fistula, cerebrovascular disease, or other adverse events were not
significantly different across the three groups (Table 2, Figure 2c).
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Figure 2 Outcomes and serious adverse events of abdominal infection after laparotomy. Mortality was significantly higher in the septic shock group compared to the other
two groups (a). There were more vasopressors administered in the sepsis or septic group compared to the non-sepsis group (b). Adverse events are listed; No significant
differences were observed across the three groups (c). ¥p<0.005 abdominal-infectious control vs sepsis groups. **p<0.005 sepsis group vs abdominal septic shock group.

Nine Biomarkers of the Abdominal Cavity Increased in the Sepsis or Septic Shock
Groups After Abdominal Plasma

We investigated the role of the cytokine storm in both the abdominal surgical location and the peripheral plasma during
the pathophysiology of sepsis and their association with severity. The concentrations of 14 biomarkers in the peritoneal
fluid in the abdominal infection, abdominal-sepsis, and abdominal-septic shock groups are shown in Table 3. Nine
cytokines, including IL-1f, IL-17, IL-2, TNF-a, IL-8, IL-6, MCP-1, IP-10, IL-8, and TGF-f, revealed a statistically
significant increase in sepsis groups compared to the only infection control group. IFN-a, IL-3, IL-4, IL-10, and IL-12
were not detected differences among the three groups (Table 3, Figure 3).

Furthermore, we found an intermediate relationship, with correlation coefficients ranging from 0.417 to 0.833,
between the evaluation of the severity of the disease and levels of peritoneal biomarkers. Analysis of these cytokines,
especially for concentrations of IL-1B (Spearman correlation coefficient, R=0.429, p=0.033), IL-2 (R=0.417, p=0.04),
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Table 2 Primary and Secondary End Points

End Point Abdominal Abdominal Abdominal Septic P values " ¢
Infection® (n=16) | Sepsis® (n=25) Shock® (n=17)
Primary outcome
90-day Mortality, No./total No. (%) 0/16 2/25 (8%) 5/17 (29.4%) 0.017 *,0.025 >
Secondary outcome
Length of stay in ICU, median, day 1.5+0.81 8.4+5.6 17.549.6 0.003*
Mechanical ventilation free time, median, day 1.0£0.1 1.6%1.2 2.7+2.0 NS
Required Renal Replacement Treatment, No 0 | 2 NS
Duration of vasoactive drugs in days, median 0+0 1.1£0.35 1.45+1.03 0.009 *,0.01 *
Adverse Events
Secondary abdominal infections, No. 0 3 5
Intestinal obstruction, No. 0 2 2
Pneumonia, No. 0 5 7
Anastomotic fistula, No. 0 2 |
Gastrointestinal bleeding 0 2 3
Cerebrovascular disease, No. 0 0 |

Notes: P *®Value between abdominal infection group and sepsis group (t-test). P *Value between abdominal infection group and septic shock group (t-test). P value
<0.05 is significant.

Table 3 Levels of 14 Biomarkers in the Abdominal Cavity of Enrolled Patients

Cytokine Levels at Abdominal Infection > | Abdominal Sepsis ° Abdominal Septic P values ** ¢
Admission (n=16) (n=25) Shock® (n=17)

IL-4 (pg/mL), median 4.48+2.34 32.18+8.78 78.51+25.33 NS

IL-2 (pg/mL), median 3.97£1.21 4.24+0.97 8.57+3.82 0.012%,0.018">
IP-10 (pg/mL), median 10.80+2.98 143.80+82.95 188.32+28.26 0.043%,0.005"
IL-1B(pg/mL), median 57.78+24.64 106.55+83.68 305.31+87.56 0.002°,0.003"
TNF-a(ng/mL), median 1394.0+221.84 2412.7+168.33 3426.9+252.69 0.005°,0.002°
MCP-| (pg./mL), median 26.8619.71 69.92+16.50 115.32£45.22 0.001°¢,0.014%
IL-17 (pg/mL), median 14.40+7.51 33.53+4.26 46.05+12.22 0.013%,0.001°
IL-6 (pg/mL), median 130.51+42.84 316.73£189.42 698.15+220.01 0.003%,0.001°
IL-10 (pg/mL), median 14.34+10.65 173.53+61.32 382.50+54.86 NS
IFN-y(pg/mL), median 20.83+9.96 37.03+£20.01 58.50+25.14 NS

IL-12 (pg/mL), median 374.72+106.87 392.33+96.42 538.93+235.06 NS

IL-8 (pg/mL), median 28.13+6.02 174.88+52.77 425.74+228.49 0.001%
TGF-B(ng/mL), median 179.68+63.02 209.01+60.37 821.23+225.09 0.001%

IL-3 (ng/mL), median 977.83£121.73 931.98+200.40 732.97+257.64 NS

Notes: P **Value between abdominal infection group and sepsis group (t-test). P *Value between abdominal infection group and septic shock group (t-test).

P value <0.05 is significant.

816

https:

Dove!

Journal of Inflammation Research 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Zhao et al

IL-1B IL-6 TNF-a
10007 ———0 15000 % 10000- %

*k *%
- *%
AA

800- 8000~ ¢ |nfection

u 1000+ u w @ Sepsis
600 6000 1+ Septic shock

pg/ml
pg/ml
ng/ml

- i - 4000 .
400 500- .

4 " 20001 . i
200 LYV W - i vy
0- ! 0-—%—|—|— 0-— T T

150~ " 40

* 300 X

100 . 200- N

pg/ml

100

1000~ 800 1500 .
* *

800- i 600 —

00 _ . 1000- o
E - AN g Ab E Aaad
a . 5,400- . B’ A A
2 400 i o € 500

200
200- IV Y8 WY ‘;:' E Al

oLl 0- 0

Figure 3 Comparative analysis of peritoneal biomarker levels in the different groups. IL-1, IL-17, IL-2, TNF-a, IL-8, IL-6, MCP-I, IP-10, IL-8, and TGF-$ were higher in the
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Table 4 Correlation Between Peritoneal Cytokines and Severity of
lliness Parameters

Cytokine Levels at Admission APACHE Il Score
R P value

IL-1B in abdominal fluid 0.429 0.003
IL-2 in abdominal fluid 0417 0.004
IL-6 in abdominal fluid 0.833 0.001
TNF-a in abdominal fluid 0.766 0.001
MCP-1I in abdominal fluid 0.677 0.001
IL-17 in abdominal fluid 0.622 0.001
IP-10 in abdominal fluid 0.363 0.072
IL-8 in abdominal fluid 0.686 0.001
TGF-Bin abdominal fluid 0.377 0.064

TNF-a (R=0.766, p=0.001), IL-8 (R=0.686, p=0.001), IL-6 (R=0.833, p=0.001), MCP-1 (R=0.677, p=0.001), and IL-17
(R=0.622, p=0.001) showed positive correlations with APACHE II scores. Among these, IL-6 had the highest correlation
coefficient of 0.833 (Table 4, Figure 4).

Six Biomarkers of Circulation Blood Increased in the Sepsis or Septic Shock Groups
After Abdominal Surgery

Based on the same analysis, we also compared the same cytokines in plasma among the three groups (Table 5). Serum
levels of IL-10, IL-12, MCP-1, IL-6, IL-8, and TGF-3 were increased significantly in septic shock, especially for levels
of IL-10, IL-12, and MCP-1 that showed statistical differences among the three groups (Table 5, Figure 5). The analysis
showed that five cytokines showed a positive correlation with the APACHE II score (Table 6, Figure 6): IL-10 (R=0.592,
p=0.002), IL-12 (R=0.638, p=0.001), MCP-1 (R=0.748, p=0.001), IL-8 (R=0.507, p=0.01), and TGF-B (R=0.543,
p=0.001). Meanwhile, MCP-1 in plasma showed the strongest correlation with disease severity. However, both IL-3,
IL-4, and IFN-y both from plasma and peritoneal lavage were not significantly different between the three groups
(P>0.05) (Table 3, Table 5).

Discussion

Mortality rates remain extremely high for abdominal sepsis in ICU patients, and surgery often provides the only
opportunity for definitive treatment. Dysregulated inflammation after abdominal surgery may induce a cytokine storm,
with signs of excessive inflammation, as well as immune suppression.’ To date, no single cytokine has been identified to
act as a good sepsis biomarker to diagnose or predict severity and outcomes. As a result, researchers have focused on
a combined cytokine panel having a stronger association with mortality than any individual cytokine during sepsis to
predict the severity results of abdominal sepsis.'’

Previous studies have paid greater attention to cytokine storms in serum. However, surgeons and researchers believe that
peritoneal cytokines respond more extensively compared to systemic cytokines.'' Furthermore, emergency abdominal surgery
is characterized by a severe disorder of peritoneal cytokine storm during the postoperative course. Hendriks demonstrated that
peritoneal cytokine levels, especially IL-6, TNF-a, and IL-10, were dramatically different in rats model of intraperitoneal
sepsis that survived or died.'? Visceral ischemia-reperfusion injury after sepsis up-regulates the expression of both proin-
flammatory (eg, IL-6 and TNF-a) and anti-inflammatory (eg, IL-10) cytokines in the intestine.'® Since animal models have
shown that peritoneal cytokine storms are correlated with clinical outcomes, the peritoneal cytokine response may be more
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Figure 4 Positive correlation between peritoneal biomarkers and predictive risk of severity of sepsis. Peritoneal concentrations of IL-1p, IL-2, TNF-q, IL-8, IL-6, MCP-1, and
IL-17 showed positive correlations with APACHE Il scores. The correlation coefficients ranged from 0.417 to 0.833.
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Table 5 Levels of 14 Biomarkers in the Serum of Enrolled Patients

Cytokine Levels at Abdominal Abdominal Abdominal P values * ¢
Admission Infection * Sepsis P Septic Shock ©
(n=16) (n=25) (n=17)

IL-4 (pg/mL), median 4.22+1.06 16.20%15.6 17.34+13.21 NS
IL-2 (pg/mL), median 4.62%1.56 3.00+0.59 3.92+1.20 NS
IP-10 (pg/mL), median 72.70+30.78 96.48+48.72 118.72+57.79 NS
IL-1B (pg/mL), median 17.29+7.30 20.83+9.97 37.04+21.02 NS
TNF-a (ng/mL), median 1167.0+£213.13 1232.5+278.84 1550.6+158.75 NS
MCP-1 (pg/mL), median 13.09+6.38 55.86%11.09 123.61+63.11 0.043%,0.002°¢
IL-17 (pg/mL), median 6.87+0.90 9.08+2.82 15.07+4.32 NS
IL-6 (pg/mL), median 158.82+118.27 310.99+89.78 375.40+196.44 0015 *
IL-10 (ng/mL), median 852.50+85.04 1480.2+413.49 2248.5£931.02 0.023%,0.001°¢
IFN-y (pg/mL), median 76.35426.65 77.77+24.64 106.55+83.69 NS
IL-12 (ng/mL), median 755.52+121.83 1075.4+239.59 1516.2+341.96 0.013%,0.001°¢
IL-8 (pg/mL), median 264.95+60.21 397.52+57.34 467.75+138.06 0.006*
TGF-B (ng/mL), median 788.24+235.83 786.78+157.31 1316.5+260.37 0.001%
IL-3 (ng/mL), median 599.76+299.51 673.15+378.98 532.78%171.59 NS

Notes: P **Value between abdominal infection group and sepsis group (t-test). P *Value between abdominal infection group and septic
shock group (t-test). P value <0.05 is significant.

severe than the systemic response after abdominal surgery. However, very few studies have demonstrated the role of peritoneal
cytokine levels in predicting the severity of the disease and mortality in patients with sepsis. Therefore, the aim of this study
was to compare peritoneal cytokine levels with serum cytokine storms to predict the severity of disease and the risk of death of
patients with abdominal sepsis patients following emergency surgery.

Our primary hypothesis was confirmed by significant elevations in peritoneal concentrations of IL-1p, IL-6, TNF-a,
IL-17, and IL-2 in sepsis patients compared to the non-sepsis patients. TNF-a, IL-1p and IL-6 are prominent pro-
inflammatory cytokines released during infection. Previous studies have suggested that elevated serum levels of IL-1, IL-
6, and TNF-a are typical characteristics of cytokine storms.'*!> We interpreted an increase in peritoneal cytokine levels
of TNF-q, IL-1B, and IL-6 as indicative of an initial inflammatory response of the peritoneal and further inducing
cytokine storms in the abdomen during the postoperative course. IL-17 and IL-2 are important links between innate and
adaptive immune processes. IL-17 is recognized as a hallmark molecule of CD4" T helper 17 (Th17) cells,'® and IL-2 is
a marker of strong and long-lasting activation within the lymphocyte immune responses.'’ Significant increases in
peritoneal levels of IL-17 and IL-2 can interact with other proinflammatory cytokines, especially TNF-a, IL-1p, and IL-6,
to drive an amplified immune response, and contribute to the development of sepsis.'® According to our finding, higher
levels of peritoneal IL-1pB, IL-6, TNF-a, IL-17, and IL-2 observed in this study may support the idea that the abdomen
can mount a pro-inflammatory response while avoiding a state of immune paralysis, which may a dominant anti-
inflammatory cytokine response pattern after surgery.

Surgeons and researchers believed that the peritoneal cytokine storms in the original infectious cavity were faster and
greater and seemed to be more sensitive in determining postoperative inflammatory reaction. Previous studies demon-
strated correlations between the severity of abdominal sepsis and systemic cytokine storms.'® There is also a correlation
between cytokine disorder and duration of surgery, blood loss, and bacterial count. Furthermore, a correlation has been
shown between cytokine storms and postoperative complications.”?' Bozza et al demonstrated that high IL-1p, IL-4,
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Figure 5 Comparative analysis of serum biomarker levels in the different groups. Serum levels of IL-10, IL-12, MCP-1, IL-6, IL-8, and TGF-f were increased significantly in
septic shock, especially for levels of IL-10, IL-12, and MCP-1 that showed statistical differences between the three groups. *p <0.005 abdominal infectious control vs

abdominal sepsis group. **p<0.005 sepsis group vs abdominal septic shock group.

and IL-6 significantly predicted mortality.”> We observed that not only did the same cytokine storms occur in the
abdominal cavity, but also peritoneal IL-1f, IL-6, TNF-a, IL-17, IL-2 had a positive correlation with APACHE II scores.
This phenomenon supported the notion that elevated levels of peritoneal cytokine storms were apparently related to the
severity of the disease in abdominal sepsis. Furthermore, the regression coefficient of IL-6 in the abdominal cavity was
the highest, which supported IL-6 as the center of cytokine storms as in previous studies.”> Our findings convinced

Table 6 Correlation Between Serum Cytokines and Severity

of lliness Parameters

Cytokine Levels at Admission

APACHE Il Score

R P value
IL-10 in serum 0.592 0.002
IL-12 in serum 0.638 0.001
MCP-1 in serum 0.748 0.001
IL-8 in serum 0.507 0.01
TGF-B in serum 0.543 0.001
IL-6 in serum 0.384 0.583
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patients who underwent abdominal sepsis that they had a more hostile peritoneal cavity and provided a panel of pro-
inflammatory cytokines to potentially predict worse outcomes after surgical management.

We found that serum IL-10 overproduction was associated with the severity and fatal outcome of sepsis after
emergency surgery. A similar phenomenon was identified in a previous study for patients with postoperative multiorgan
failure (cardiovascular), which also showed that the serum level of IL-10 was higher in the sepsis group and in non-
survivors at all time points.** As we mentioned above, peritoneal pro-inflammatory cytokines increased to induce
inflammatory responses after abdominal surgery. Our results supported that these pro-inflammatory cytokine storms in
the cavity were inhibited primarily by IL-10. High IL-10 in peripheral blood were not only associated with sepsis-
induced immunosuppression,” but also supported the previous understanding that IL-10 has the ability to block the
production of inflammatory cytokines even in the abdominal cavity.”®*” Therefore, our results suggest that increased
levels of systemic IL-10 combined with storms of pro-inflammatory cytokines in the peritoneum after emergency surgery
correlate with a poor outcome of abdominal sepsis. This observation also reflected an inflammatory imbalance between
pro- and anti-inflammatory cytokine relationships both in the peritoneum and in the circulation during the postoperative
period.

Chemokines are another important category of cytokines in the pathogenesis of sepsis. Our study found that
chemokines, especially MCP and IL-8, both in the blood and in the cavity, were extremely high in peritoneal sepsis
and septic shock and correlated strongly with the severity of the disease. Several previous studies have shown that serum
levels of IL-8 and MCP-1 were significantly higher in non-survivors compared to sepsis survivors.”*~° Previous studies
have also observed that IL-8 and MCP-1 have a positive correlation with the SOFA score and were higher in non-
survivors within the first 24 hours after admission to the ICU.?® Our results strongly suggested that MCP-1 and IL-8
acted as key chemokines to induce cytokine storms in the abdomen and serum during the progression of sepsis. Unlike
other cytokines, which have broad effects on many cells, chemokines are usually cell-specific. MCP-1 is an important
molecule for monocyte recruitment by regulating the production of pro-inflammatory cytokines.>' IL-8 plays a critical
role in sepsis through neutrophil recruitment to vital organs.*> We found that pro-inflammatory cytokines only increased
in the peritoneum, while peripheral blood and peritoneal chemokines increased during the primary phase after surgery.
This pattern might represent a peritoneal environment that recruited immune cells to continue the pro-inflammatory
cascade within the peritoneal cavity. Furthermore, elevated peritoneal cytokine concentrations, surgical stimulation
during damage control surgery, and potential intraoperative physiological changes may all contribute to the trend for
increased serum chemokines in the early phase of postoperative care. Therefore, the MCP-1 and IL-8 chemokines in the
blood and abdominal cavity could be potential markers for predicting the severity of disease and the risk of death from
abdominal infections after emergency surgery.

In contrast to previous research, we found that serum IL-12 concentration increased significantly in patients with
sepsis or in non-survivors. However, a previous study suggested that increased IL-12 production was associated with
a favorable outcome following sepsis.” IL-12 is believed to exert a protective effect during the sepsis stage through
regulation of cellular immunity and phagocytic functions.** Conflicting data for IL-12 in the index study could be due to
an imbalanced and excessive inflammatory response due to sepsis. Another potential reason why serum IL-12 concen-
trations were different from previous studies could be attributed to the small sample size in our study. Specifically, the
elevated serum concentration of IL-12 observed in patients with sepsis within our cohort warrants further exploration in
future.

In this study, we developed a unique strategy targeting a combination of circulation and peritoneal biomarkers to
rapidly detect sepsis after surgery. The current study identified several novel and interesting relationships between serum
cytokine levels in the peritoneal and circulation released to attenuate abdominal infection injury after surgery. Moreover,
the relative ease of measuring cytokine levels allow for a rapid diagnosis at the bedside, which allows doctors to choose
or modify the diagnostic algorithm and therapeutic decisions in real time. We believe that the potential utility of the
peritoneal cytokine panel will help improve the severity and outcome of abdominal sepsis after emergency surgery.

The present study still has some limitations. First, the sample size of the study was too small to clearly define the
diagnostic role of cytokine dosage in serum and abdominal effusion and its real clinical use, but this was a pilot study that
provides a good rationale for verification in a large clinical trial; Second, in theory, the stronger the cytokine storm in

Journal of Inflammation Research 2023:16 hetps: 823
Dove


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

sepsis, the more severe the damage to multiple organs. However, hundreds of cytokines, which have the potential for
substantial adverse effects on the body, were not evaluated. In future research, we anticipate that each cytokine will
receive a more reasonable and accurate weight coefficient according to its damage during sepsis. Third, we studied the
cytokine profile at a single time point (post-operation at admission). Measurement of cytokines at different time points
could have given information about trends of these cytokines in relation to disease progression and better differentiation
between survivors and non-survivors. Future studies should expand the sample size, and serial measurement of cytokines
at different time points during treatment may achieve a more comprehensive clinical picture.

Conclusions

A cytokine storm was found to develop both in the peritoneum and in the circulation shortly after abdominal surgery in
patients with secondary peritonitis. We found increased trends for peritoneal pro-inflammatory cytokines levels of IL-1,
IL-6, TNF-a, IL-17, IL-2, and circulation anti-inflammatory biomarkers of IL-10 in a surgical abdominal sepsis cohort,
and MCP-1 and IL-8 increased in both serum and peritoneum. All of the cytokines and chemokines mentioned above
increased to aggravate cytokine storms after abdominal infection and could be the main mechanism that leads to sepsis.
As a result, we suggested to measure IL-1p, IL-6, TNF-a, IL-17, IL-2, MCP-1, and IL-8 in the peritoneal fluid, combined
with serum IL-10, MCP-1, and IL-8, in a panel of cytokines, which may be valuable to assess the severity of sepsis and
predict mortality from abdominal infection after emergency surgery.
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