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Background: Sepsis is a main cause of morbidity and mortality in critically ill patients. The epidemiology of sepsis in high-income countries is well-known, but information on sepsis in middle- or low-income countries is still deficient, especially in China. The purpose of this study was to explore the prevalence, characteristics, risk factors, treatment, and outcomes of sepsis in critically ill patients in tertiary hospitals in China.

Methods: A multicenter prospective observational cohort study was performed with consecutively collected data from adults who stayed in any intensive care unit (ICU) for at least 24 h; data were collected from 1 January 2014 to 31 August 2015, and patients were followed until death or discharge from the hospital.

Results: A total of 4,910 patients were enrolled in the study. Of these, 2,086 (42.5%) presented with sepsis or septic shock on admission to the ICU or within the first 48 h after admission to the ICU. ICU mortality was higher in patients with sepsis (13.1%) and septic shock (39.0%) and varied according to geographical region. Acinetobacter, Pseudomonas, and Staphylococcus infections were associated with increased ICU mortality. In addition, age, Acute Physiology, and Chronic Health Evaluation II (APACHE II) scores, pre-existing cardiovascular diseases, malignant tumors, renal replacement therapy (RRT), and septic shock were independent risk factors for mortality in patients with sepsis. The prompt administration of antibiotics (OR 0.65, 95% CI 0.46–0.92) and 30 mL/kg of initial fluid resuscitation during the first 3 h (OR 0.43, 95% CI 0.30–0.63) improved the outcome in patients with septic shock.

Conclusions: Sepsis was common and was associated with a high mortality rate in critically ill patients in tertiary hospitals in China. The prompt administration of antibiotics and 30 mL/kg fluid resuscitation decreased the risk of mortality.
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INTRODUCTION

Sepsis is a major challenge for public health; it is the main cause of morbidity and mortality in intensive care units (ICUs) and is associated with poor outcomes (1–4). In the United States, the incidence of sepsis is 535 cases per 100,000 person-years and is increasing (5). A meta-analysis of data from high-income countries predicted that 31.5 million sepsis and 19.4 million severe sepsis cases will occur annually worldwide (6). Recently, global data from the Intensive Care Over Nations (ICON) audit showed that 29.5% of patients had sepsis during their ICU stay, and the occurrence rates varied regionally from 13.6 to 39.3% (7).

Although several studies have shown that mortality due to sepsis has declined in the past two decades due to advanced supportive care and the introduction of guidelines, the exact mortality rate is still controversial (8–10). In the United States, mortality due to sepsis decreased from 27.8 to 17.9% between 1979 and 2000 (8). Similarly, in Australia and New Zealand, mortality decreased by almost half (from 35.0 to 18.4%) between 2000 and 2012 (9). However, a multicenter study showed that the in-hospital mortality rate in patients with septic shock was 50.9% in Germany and 58.6% in Italy (10, 11).

To date, there have been few large epidemiological investigations of sepsis in middle- and low-income countries. The ICON audit indicated that low income was associated with increased mortality (12). A multicenter point-prevalence study in Turkey showed that the prevalence of sepsis was 30.8%, with a 75.9% mortality rate in patients with septic shock (13). China is a middle-income country that accounts for one-fifth of the world's population. Information on the epidemiology of sepsis has thus far been limited to particular populations (14–16) or obtained with a cross-sectional study (17), which may not accurately reflect the epidemiology of sepsis in critically ill patients.

The aim of this prospective multicenter observational cohort study, which was conducted by the China Critical Care Sepsis Trial (CCCST) group, was to explore the prevalence, characteristics, risk factors, treatment, and outcomes of sepsis in critically ill patients in tertiary hospitals in China.



METHODS


Study Design

The CCCST was a prospective multicenter observational cohort study designed to assess the prevalence, characteristics, risk factors, and short- and long-term outcomes in critically ill patients in 18 ICUs in 16 tertiary hospitals in 7 geographical regions from 1 January 2014 to 31 August 2015. Eligible patients who were admitted consecutively to ICUs were aged 18 years or older and stayed in the ICU for at least 24 h. If the patients were admitted to the ICU repeatedly during the same hospitalization event, only the first admission was considered.



Data Collection

The following variables were extracted from the CCCST dataset: baseline demographic data (age, sex, height, and weight), source and type of admission, main diagnosis, and comorbid conditions. The severity of illness was represented by the Acute Physiology and Chronic Health Evaluation II (APACHE II) score (18) and the Sequential Organ Failure Assessment (SOFA) score (19), which were calculated based on clinical and laboratory values. The APACHE II score was calculated within 24 h of admission to the ICU. The SOFA score was recorded consecutively for 7 days after admission to the ICU, and each component of the SOFA score was evaluated at the onset of sepsis. The use of mechanical ventilation (MV), the use of vasopressors (including dopamine, epinephrine, norepinephrine, and dobutamine), the serum creatinine (SCr) level, and urine output were also continuously recorded for 7 days or until discharge. Other clinical variables, such as blood pressure, arterial partial oxygen pressure (PaO2), fraction of inspired oxygen (FiO2), nutritional therapy, and renal replacement therapy (RRT), were recorded.

The occurrence, severity, and diagnosis of sepsis were assessed consecutively for 28 days or until discharge. The sites and types of infection, biological samples, and culture results were also recorded. The interval between the first use of targeted antibiotics and the onset of sepsis or septic shock, other antibiotics administered before sepsis and retained pre-sepsis blood cultures were also recorded. The primary outcome was ICU mortality and in-hospital mortality; the lengths of ICU and hospital stays were secondary outcomes.



Definitions

According to the “Surviving Sepsis Campaign (SSC): International Guidelines for the Management of Sepsis and Septic Shock: 2016” (20), sepsis was defined as life-threatening organ failure (an acute change in the SOFA score ≥2 points) caused by infection on admission to the ICU or within the first 48 h after admission to the ICU. Septic shock was defined as sepsis associated with hypotension that required the administration of vasopressors to maintain a mean arterial pressure >65 mmHg and a serum lactate level >2 mmol/L, despite adequate fluid resuscitation. Community-acquired sepsis was defined as sepsis that was present on admission or that developed within 48 h after hospital admission. Hospital-acquired sepsis was defined as sepsis that developed >48 h after hospital admission. For patients with multiple episodes of sepsis, only the first episode was recorded. Acute kidney injury (AKI) and severity were categorized according to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines (21). Acute respiratory distress syndrome (ARDS) was defined as a PaO2/FIO2 ratio <300 mmHg, according to the Berlin definition (22). According to the International Sepsis Forum Consensus Conference on the Definitions of Infection in the Intensive Care Unit, catheter-related sepsis was defined as at least one positive peripheral blood culture with (1) the same microorganism (the same species with the same sensitivities) isolated from the catheter segment or the periphery; (2) the same microorganism isolated from the peripheral blood; or (3) the same organism identified in paired central and peripheral blood cultures, wherein the central blood culture was positive ≥2 h earlier than the peripheral blood culture (23). An unscheduled operation without sufficient preparation within 24 h of the onset of injury was defined as emergency surgery. However, elective surgery was performed after adequate preoperative preparation.



Statistical Analysis

Continuous variables are presented as the means ± standard deviations (SDs) or medians [interquartile ranges (IQRs)], and categorical variables are presented as percentages. Differences between the groups were compared with the t-test, one-way analysis of variance or Wilcoxon rank-sum test for continuous variables and the chi-squared test for categorical variables. Multivariable stepwise logistic regression analysis was used to explore the risk factors for ICU mortality in patients with sepsis or septic shock. Variables with a p < 0.2 in the univariate analysis were entered into the multivariable logistic regression analysis. In the multivariable analysis, the centers were included as a random effect. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated by logistic regression analysis. A two-sided p < 0.05 was considered statistically significant. All analyses were performed with IBM SPSS statistical software version 25.0 for Windows (IBM, Armonk, NY, USA) and R version 3.6.1 (http://www.r-project.org).




RESULTS


Characteristics of the Participants

A total of 14,604 critically ill patients were consecutively admitted to the ICUs. A total of 4,910 patients were included in the CCCST. Of those, 2,086 (42.5%) had sepsis, including 1,134 (54.4%) with septic shock (Figure 1). Among all the participants, 3,009 (61.3%) patients had at least one episode of acute organ dysfunction. Patients with sepsis were more likely to be male (65.3 vs. 62.5%), have higher APACHE II (19.0 vs. 13.0) and SOFA (8.0 vs. 6.0) scores, have more comorbid conditions (no comorbidities, 25.1 vs. 38.5%) and organ dysfunction (no organ dysfunction, 22.2 vs. 50.9%), require more MV (77.4 vs. 64.2%) and RRT (18.3 vs. 11.6%), have a longer length of ICU stay (days, 8.0 vs. 4.0) and have higher ICU (27.2 vs. 9.5%) and in-hospital (33.0 vs. 13.1%) mortality rates than those who did not develop sepsis (Table 1). When sepsis was redefined based on the Sepsis-1 definition (see Supplementary Table 1), 200 (4.1%) non-sepsis patients met the definition. The characteristics and outcomes are shown in Supplementary Table 2.


[image: Figure 1]
FIGURE 1. Flowchart of all the participants during the study period. ICU, intensive care unit.



Table 1. Baseline characteristics of all the subjects.
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Distribution of Sites and Isolated Organisms

The most common site of infection in patients with sepsis was the lungs (55.5%), followed by the abdomen (24.4%). Microorganism culture was performed in 1,843 (88.4%) patients, and 1,275 (61.1%) had one or more positive cultures (Table 2). Among the patients with positive isolates, 407 (31.9%) were infected by gram-positive organisms, and 949 (74.4%) were infected by gram-negative organisms. Acinetobacter (29.0%) was the most common gram-negative organism and was usually isolated from the lungs (37.3%), pleura (42.9%), bloodstream (29.7%), catheter-related locations (42.9%), and central nervous system (CNS) (50.0%). Staphylococcus (18.2%) was the most common gram-positive organism and was usually isolated from patients with wound/soft tissue infections (26.8%) (Table 2, Supplementary Table 3). Patients with hospital-acquired sepsis were more likely to have positive cultures of Acinetobacter (34.2 vs. 25.2%) and Pseudomonas (25.1 vs. 19.8). In the patients with septic shock, Pseudomonas (24.1 vs. 19.3%) and Candida (21.8 vs. 19.3%) isolates were likely to be present; Klebsiella isolates were less common than Pseudomonas and Candida (8.9 vs. 15.1%) isolates (Table 2). The microorganism species were significantly different according to region (see Supplementary Table 4).


Table 2. Distribution of the most common sites of infection and isolated organism.
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Organ Dysfunction and Elements of Sepsis

Among all patients with sepsis, approximately three-fourths (74.4%) had been given antibiotics before the onset of sepsis, and 63.2% retained bacteria in their blood culture. Patients with hospital-acquired sepsis were more likely to have higher sub-SOFA scores in any organ (except the kidneys and CNS) and more likely to have AKI (45.1 vs. 39.1%) but less likely to have ARDS (37.3 vs. 49.4%) than those with community-acquired sepsis. The patients with hospital-acquired sepsis commonly received more antibiotics pre-ICU (79.8 vs. 70.4%), antibiotics within 1 h after the recognition of sepsis (76.5 vs. 53.6%) and enteral nutritional therapy (61.8 vs. 52.3%) (Table 3).


Table 3. Organ dysfunction scores, use of antibiotics, and use of nutritional therapy in patients with sepsis.
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Among the patients with septic shock, the non-survivors were older, received more MV and RRT, had a longer length of hospital stay, and were more likely to have ARDS and AKI than the survivors (see Supplementary Table 5). During the first 3 h after admission to the ICU or the onset of septic shock, the survivors seemed more likely to fulfill the resuscitation goal of 30 ml/kg fluid bolus than non-survivors (43.6 vs. 32.4%), although there were no significant differences in intravenous fluid administration between the groups (24.2 vs. 21.1 ml/kg). The survivors were also commonly given antibiotics within 1 h (55.9 vs. 49.3%) of onset (Table 4).


Table 4. Early management of patients with septic shock.
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Outcomes

The ICU mortality rates were 27.2% in patients with sepsis and 9.5% in those without sepsis; the in-hospital mortality rates were 33.0 vs. 13.1%, respectively (Table 1). The ICU and in-hospital mortality varied by region (see Supplementary Table 6). In those patients without sepsis, the ICU mortality ranged from 0.8% (Central China) to 13.9% (North China), while in patients with septic shock, the ICU mortality ranged from 20.0% (East China) to 50.0% (Southwest China). There was also a gradual increase in ICU and in-hospital mortality with increasing severity of sepsis (Table 5). Although the patients with septic shock had a decreased length of hospital stay, they did have a significantly increased in-hospital mortality (Table 5). In addition, there was a direct relationship between the number of dysfunctional organs and ICU mortality (Figure 2, Supplementary Figure 1).


Table 5. Severity on admission to the ICU, length of stay and mortality in patients with sepsis.
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FIGURE 2. Frequency of organ dysfunction and ICU mortality.




Factors Associated With Mortality in All Patients With Sepsis

According to the univariate analysis, lung infection was associated with high ICU mortality, and wound/soft tissue infection was associated with low mortality. However, patients with unknown sites of infection did not have elevated mortality rates. Gram-positive (especially Staphylococcus) and gram-negative (Acinetobacter and Pseudomonas) organisms were associated with elevated mortality in patients with positive cultures, whereas Escherichia did not increase ICU mortality (Table 6).


Table 6. Associations of sites of infection and isolated organisms with ICU mortality in patients with positive cultures.
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After adjusting for potential confounders, having no comorbid conditions and the use of antibiotics within 1 h of sepsis onset were associated with relatively lower ICU mortality in patients with sepsis. However, advanced age; high APACHE II score; comorbid cardiovascular diseases and tumors; infection with Acinetobacter, Pseudomonas, and Staphylococcus; and the use of RRT were independent risk factors for ICU mortality in patients with sepsis. Patients with septic shock had a nearly 3-fold increased risk of mortality than those without shock (OR 2.92, 95% CI 2.04–4.17, Table 7). Similarly, the Kaplan-Meier survival curves showed a decreased probability of survival in patients with septic shock than in those without shock (see Supplementary Figure 2). Achieving the resuscitation goal of 30 ml/kg during the first 3 h (OR 0.43, 95% CI, 0.30–0.63) and administering antibiotics within 1 h (OR 0.65, 95% CI, 0.46–0.92) of the onset of septic shock decreased the odds ratio for mortality in patients with septic shock (Table 7).


Table 7. Multivariate logistic regression analysis of ICU mortality in patients with sepsis or septic shock.
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DISCUSSION

This large-scale multicenter prospective cohort study showed a high prevalence of sepsis in Chinese ICUs in tertiary hospitals. More than two-fifths of the patients developed sepsis on admission to the ICU or within 48 h after their ICU admission, more than half was septic shock. And the in-hospital mortality in those patients with septic shock was as high as 44.4%. Furthermore, Acinetobacter and Pseudomonas were the most common isolated microorganisms, and the prompt administration of antibiotics and sufficient fluid resuscitation improved survival.

The prevalence of sepsis in Chinese ICUs was similar to that in another cross-sectional study in China (17) and higher than that in other previous studies (7, 10, 13, 24). Several reasons may explain the differences. First, we excluded those who stayed in the ICU for <24 h. Second, different definitions of sepsis and organ dysfunction might be associated with difference prevalence. Moreover, the type of ICU may affect the prevalence.

In our cohort study, the overall ICU and in-hospital mortality rates were 17.0 and 21.5%, respectively. The patients with sepsis had an elevated mortality rate: more than one-quarter of the patients with sepsis (27.2%) died in the ICU, and one-third of the patients with sepsis (33.0%) died during hospitalization. In patients with septic shock, the mortality rates increased to 39.0% in the ICU and 44.4% in the hospital. These results were similar to those reported by the ICON audit (7), the Sepsis Occurrence in Acutely Ill Patients (SOAP) study (25) and a study in Norway (26) but higher than those reported in other studies (27, 28). These discrepancies may be associated with multiple organ complications, geographical regions and the national income level. Several previous studies have reported that the mortality ranged from 7.0 to 15.0% in sepsis patients with one organ failure, while the mortality reached 45.0–88.6% in patients with four or more organ failures (14, 25, 29). Our study showed that the ICU mortality rate was 9.9% in sepsis patients with one organ failure, while it was 60.8% in those with four or more organ failures. Another finding in our study was that the mortality varied considerable among different geographical regions, which was similar to the result reported by Xie et al. (17). Patients in Southwest China had a relatively high mortality rate, which may be related to the relatively underdeveloped economy. Previous studies have found that a low gross national income was associated with a higher mortality rate (12), especially in low-income countries (30, 31). However, we did not find significantly different outcomes when sepsis was defined using the Sepsis-1 and Sepsis-3 definitions.

As in other studies, the most common site of infection was the lungs in patients with sepsis (15, 17, 25, 32). The frequency of abdominal infection was higher than that reported in previous studies (15, 33, 34). Nevertheless, several national studies reported similar rates of abdominal infection, ranging from 21.3 to 26.0% (24.4% in our study) (17, 25, 35, 36). Hospital-acquired sepsis was more likely to be associated with lung infections and less likely to be associated with abdominal infections than community-acquired sepsis. Recent studies showed that patients with hospital-acquired sepsis had an elevated mortality (37–39). However, we did not find that hospital-acquired sepsis was associated with significantly increased mortality, which may be related to our failure to include ICU-acquired sepsis.

In our study, organisms were isolated from 61.6% of the patients with sepsis; previous epidemiological studies reported both lower (11) and higher (7, 32, 40) rates of positive isolates than that in our study. Over 70% of the patients were infected by gram-negative organisms, while one-third of the patients were infected by gram-positive organisms. Interestingly, Acinetobacter was isolated from 29.0% of the sepsis patients, which was higher than the proportions reported in previous studies (7, 14, 32), possibly because of different control strategies, the use of broad-spectrum antibiotics and the multidrug resistance of Acinetobacter species, especially the high level of resistance to carbapenems. The attention paid to sanitary precautions and the quality of care have improved substantially, but nosocomial infections still occur. In addition, there were significant regional differences in the organisms isolated from the cultures, and the reasons for the variations in the distributions of microorganisms in our study are unknown; these results are probably associated with cultivation techniques and methods.

The SSC 2016 and other studies have recommended the early optimization of antibiotic therapy, and early sufficient fluid resuscitation can improve the outcomes of patients with sepsis or septic shock (20, 41, 42). Our results show that initial antibiotic administration within 1 h of the onset of sepsis decreased ICU mortality by 42% in patients with sepsis (OR 0.58, 95% CI: 0.42–0.81), and early effective fluid resuscitation decreased ICU mortality by more than half in septic shock patients (OR 0.43, 95% CI: 0.30–0.63). However, we were unable to assess the effects of the dose of antimicrobial pharmacokinetics on outcomes in those patients, which is another important factor affecting the outcomes (20, 43, 44). In addition, RRT and pre-existing cardiovascular disease and malignant tumors were also associated with mortality.

This was the first cohort study to investigate the epidemiology of sepsis in critically ill patients in tertiary hospitals in China. The sample size included in the study was very large, which was an obvious strength. Nevertheless, there were still several limitations of this study. First, we excluded patients who stayed in the ICU for <24 h and those who stopped treatment within 48 h of admission to the ICU, which may have resulted in the underestimation of the prevalence and outcomes of sepsis. Second, we recorded only the first episode of sepsis for each patient because the number of patients who had two or more episodes during their ICU stay could not be estimated. Third, some of the data that were collected at the bedside (such as Glasgow coma scale score, urine output and hourly fluid balance) may not have been entered into the medical records. Fourth, the inclusion of two centers with small sample sizes (59 eligible participants) may have affected the results, although we adjusted for center in the statistical analysis. Fifth, the data of feeding strategy were not collected and we could not investigate the association between the feeding approach and outcomes (20). In addition, due to traditional beliefs, some critically ill patients terminated therapy and returned home before improvement or death, which may have led to the underestimation of ICU or in-hospital mortality. However, the proportion of the patients who did so is unknown. Despite several limitations of our research, we report the prevalence, etiology, and prognosis of sepsis and the associated risk factors in critically ill adults in tertiary hospitals in China, providing a basis for further epidemiological and health burden studies of sepsis in China.

In conclusion, sepsis is common in critically ill patients in tertiary hospitals in China and is associated with increased mortality. Acinetobacter, Pseudomonas, and Staphylococcus infections were independent risk factors for ICU mortality. The initial administration of antibiotics within 1 h of sepsis onset and adequate fluid resuscitation decreased the risk of mortality. To reduce the burden of sepsis, national policies are urgently needed. Health-care-associated infection prevention programmes, early detection strategies, and appropriate antibiotic and fluid management strategies for the treatment of sepsis are critical.
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2.18(1.70-2.78)
3.18(2.38-4.27)
1.37 (0.95-1.99)
1.31(1.00-1.78)
1.99 (1.56-2.65)
059 (0.43-0.80)
083 (0.57-1.20)
2.39(1.82-3.13)
084 (0.64-1.10)
0.99(0.74-1.32)
068 (0.21-1.46)

*percentage is not equal to 100 because patients may have one or more sites of infection;
“patients may have had more than one organism isolated; CNS, central nervous system;

$Candida, yeasts, Aspergillus and Pneumocystis carir
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