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Objectives: This study aimed to examine the clinical characteristics and risk factors associated with the development of chronic critical illness (CCI) in children with sepsis.



Methods: A retrospective analysis was conducted on children diagnosed with sepsis and admitted to the Pediatric Intensive Care Unit (PICU) at Chongqing Medical University Affiliated Children's Hospital between January 2015 and December 2022. Patients were categorized into two groups based on clinical outcomes: CCI group, defined by an ICU stay ≥14 days with persistent organ dysfunction, and non-CCI group, including patients with rapid recovery or early death. Data on baseline demographics, clinical characteristics, and diagnostic and therapeutic differences were collected and analyzed.



Results: Among 1,326 children with sepsis, 244 were classified in the CCI group (135 males, 109 females) and 1,082 were classified in the non-CCI group (651 males, 431 females), including 163 cases in the early death group and 919 cases in the rapid recovery group. No significant differences were observed between the groups in terms of sex, age distribution, or prevalence of septic shock. Respiratory and gastrointestinal infections were the predominant sources of infection in both groups. Compared to the non-CCI group, the CCI group exhibited significantly higher weights, pediatric sequential organ failure assessment (pSOFA) scores, rates of underlying respiratory diseases, trauma, surgical interventions, mechanical ventilation duration, ICU stay, total hospital stay, and secondary infection rates. Multivariate logistic regression identified pSOFA score, underlying respiratory diseases, trauma, prolonged mechanical ventilation, surgical interventions, and secondary infections as independent risk factors for the development of CCI in children with sepsis. Based on ROC analysis, the AUC of the established CCI prediction model was 0.902 (95% CI: 0.873–0.928). Secondary infections were also a prominent clinical feature of CCI cases.



Conclusions: CCI in pediatric sepsis is associated with underlying respiratory diseases, trauma, elevated pSOFA scores, surgical procedures, prolonged mechanical ventilation and secondary infections. These factors contribute to extended hospital stays, elevated secondary infection rates, and poor clinical outcomes. The persistence of pro-inflammatory mediators and subsequent immunosuppression may underlie the development of CCI in this population.
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Background

Sepsis is a complex clinical syndrome resulting from a dysregulated host response to infection, leading to life-threatening organ dysfunction and posing a significant threat to pediatric health. Approximately 25 million children are affected by sepsis each year, resulting in over 3 million deaths (1). In resource-limited regions, particularly in Africa and Asia, sepsis is the leading cause of mortality among children under the age of 5, accounting for 36.7% of all childhood deaths (2). While significant advancements in diagnostic and therapeutic strategies have reduced in-hospital mortality rates, with age-standardized sepsis mortality declining by 52.8% (47.7%–57.5%) between 1990 and 2017 (1), this reduction has not translated to improved long-term outcomes. Rather, increased short-term survival among sepsis patients has been linked to an increased incidence of chronic critical illness (CCI), with up to 33% of survivors developing this condition (3, 4). Patients with CCI frequently experience late complications of sepsis, which significantly contribute to mortality. However, much of the current understanding of CCI stems from studies on adult populations, leaving substantial gaps in the epidemiological and clinical characterization of CCI in children following sepsis.

CCI refers to patients who survive the initial hyperinflammatory phase of sepsis, commonly referred to as the “cytokine storm”, but fail to achieve full recovery, requiring prolonged critical care. Although a universally accepted definition is lacking, CCI is broadly characterized by persistent organ dysfunction necessitating extended hospitalization and substantial resource utilization, including prolonged intensive care unit (ICU) stays (5, 6). A 2-week ICU stay, as defined by length-of-stay data from Shands UF Health, serves as the standard for identifying CCI (7). Evidence suggests that patients with CCI experience higher rates of secondary infections, longer hospital stays, and poorer outcomes (8). Approximately 60% of CCI patients are readmitted within six months (9), predominantly due to recurrent infections, with mortality rates reaching 40% within this period (10). Alarmingly, 70% of CCI patients succumb to their illness before the cessation of treatment (11). These findings underscore the severe burden of CCI and its significant implications for clinical management and outcomes.

CCI is partially attributed to a malfunctioning host response to prolonged activation of pattern recognition receptors (PRRs), leading to deregulated hematopoiesis, persistent inflammation, T cell decline, and an increase in immunosuppressive cell activities. These attributes hint that CCI might constitute a unique pathophysiological state with distinct mechanisms (12). The core pathology of sepsis encompasses immune dysregulation, with studies in adults revealing that CCI patients frequently enter a prolonged immunosuppressive phase, marked by heightened vulnerability to secondary infections and elevated mortality risks. Although there's a prevalent clinical belief linking CCI to chronic immunosuppression, solid clinical evidence supporting this link is still scant. Currently, the underlying mechanisms of immunosuppression and inflammation in sepsis remain elusive, hindering efforts to prevent secondary infections and enhance long-term outcomes. To bridge these knowledge gaps, this study compared the clinical profiles of pediatric sepsis patients with prolonged vs. swift recovery, assessed risk factors for CCI development, and delved into the biological and pathophysiological features and mechanisms underlying the diverse clinical courses.



Subjects and methods


Study population

This retrospective observational study analyzed 1,353 pediatric sepsis patients admitted to the Pediatric Intensive Care Unit (PICU) of Chongqing Medical University Affiliated Children's Hospital between January 2015 and December 2022. Comprehensive data were collected for each patient, including demographic characteristics, clinical manifestations, underlying diseases, laboratory test results, secondary infections, treatment interventions, and final outcomes.



Inclusion and exclusion criteria

The inclusion criteria for the study included: (1) Patients admitted to the ICU; (2) Age range 0–18 years; (3) Clinically diagnosed with sepsis or septic shock, representing the patient's first episode of sepsis; and (4) Patients enrolled in the sepsis clinical management protocol. The exclusion criteria for the study included: (1) Patients not admitted to the PICU or not meeting the diagnostic criteria for sepsis; (2) Severe traumatic brain injury, evidenced by a Glasgow Coma Scale (GCS) score <8 and confirmed neurological injury on CT imaging; and (3) Patients with incomplete medical records.

Approval for conducting the study was granted by the Ethics Committee of Chongqing Medical University Affiliated Children's Hospital (Approval Number: 534/2022). Guardians of all participants were informed and provided their consent, adhering to ethical guidelines for research.




Data collection and methods


Data collection

Clinical data were obtained retrospectively through the hospital's electronic medical record system and supplemented by follow-up visits. Demographic variables included sex, age, and weight. Clinical characteristics included the primary source of infection, severity of sepsis (whether complicated by septic shock), organ dysfunction scores, and presence of underlying diseases. Laboratory tests encompassed essential indicators like white blood cell count, neutrophil count, lymphocyte count, hemoglobin levels, platelet count, procalcitonin, bilirubin, creatinine, albumin, and D-dimer levels. The treatment-related data documented the use of vasoactive medications, cardiopulmonary resuscitation, the duration of mechanical ventilation, surgical interventions, blood transfusions, blood purification therapies, length of ICU stay, and overall hospital stay. Additionally, secondary infection records were reviewed, noting the occurrence and specific anatomical sites of infections acquired during hospitalization. These comprehensive datasets provided a robust basis for subsequent analysis.



Diagnostic criteria

The diagnosis of sepsis was established using the pediatric sequential organ failure assessment (pSOFA) score, which assesses dysfunction across various organ systems, including respiratory, coagulation, liver, and kidney functions. A pSOFA score of 2 or higher was deemed indicative of sepsis, in line with established guidelines (13). Septic shock was characterized as severe infection leading to cardiovascular dysfunction, manifested by hypotension, the need for vasoactive drug treatment, or signs of perfusion abnormalities. Additionally, the “2024 International Consensus Standards for Pediatric Sepsis and Septic Shock” were adopted, incorporating the Phoenix Sepsis Score (PSS) for a comprehensive evaluation. The PSS assesses cardiovascular, respiratory, neurological, and coagulation functions, with a score of 2 or higher confirming sepsis in children with suspected or confirmed infections. Further, septic shock was defined as sepsis accompanied by a PSS cardiovascular score of at least 1 (14).



Group classification

Pediatric patients diagnosed with sepsis or septic shock in our hospital's PICU were categorized into three groups based on their clinical courses: rapid acute progression (RAP, comprising 919 cases), early death (163 cases), and complex chronic immunosuppression (CCI, 244 cases). The CCI group was distinguished by clinical immunosuppression, often manifested through secondary infections following sepsis.

The CCI group encompassed patients with an ICU stay of at least 14 days and persistent organ dysfunction, as determined by a cardiovascular pSOFA score of ≥1 or any other organ system pSOFA score of ≥2 at day 14. Additionally, patients with an ICU stay of less than 14 days who were transferred to another hospital, a long-term acute care facility, or hospice while still exhibiting organ dysfunction at discharge were also included in the CCI group. Patients who did not meet the CCI criteria were placed in the non-CCI group, which encompassed those in the rapid recovery and early death categories.



Statistical analysis

The data were analyzed using SPSS version 26.0 statistical software. Categorical variables were presented as frequencies (n) and percentages (%), with group differences tested using the Chi-square (χ2) test. Non-normally distributed data were described using medians with interquartile ranges (Q1, Q3), and group comparisons were conducted using the Mann–Whitney U test. To identify factors linked to study outcomes, univariate analysis was initially used to screen potential risk factors. Subsequently, Lasso regression was applied to select more robust predictive variables, retaining only those with statistical significance (P < 0.05). Multivariate logistic regression analysis, utilizing the backward elimination method, was employed to quantify the risks associated with the selected predictive variables. The predictive performance of the final model was assessed using the area under the receiver operating characteristic curve (AUROC). Statistical significance was established at a two-tailed P < 0.05.




Results


Patient demographics and sepsis characteristics

This study included 1,326 pediatric sepsis patients, comprising 244 cases in the CCI group (135 males and 109 females), including 28 cases in the CCI mortality group and 216 in the survival group. The remaining 1,082 cases were classified in the non-CCI group (651 males and 431 females), including 163 cases in the early death group and 919 in the rapid recovery group. The CCI group accounted for 18.4% of pediatric sepsis patients, with a mortality rate of 11.5%, both significantly lower than the proportions found in adult studies (3). In contrast, the rapid recovery group accounted for 69.3% of the cohort, indicating a generally favorable prognosis for the majority of pediatric sepsis patients. Children in the CCI group were older and had higher body weights compared to those in the non-CCI group. Additionally, both hospital and PICU stays were significantly longer for patients in the CCI group (P < 0.05, Table 1).


TABLE 1 Comparison of patient demographics between the two groups.
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Clinical characteristics of CCI

In the CCI group, respiratory infections were the most common source of sepsis, followed by gastrointestinal infections, with the overall distribution of infection sources resembling that of the control group. Slight differences were observed in the prevalence of other sources of infection between the groups. Regarding sepsis severity, the incidence of septic shock was comparable between the CCI and control groups. However, patients in the CCI group exhibited significantly higher pSOFA scores across most parameters, except for liver function, as well as higher total pSOFA scores (P < 0.05, Table 2). These findings suggest a strong association between the degree of organ dysfunction and both disease outcome and the development of CCI.


TABLE 2 Comparison of characteristics between the two groups.
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Analysis of underlying diseases

The proportion of patients with underlying diseases in the CCI group was significantly higher than that in the control group. Notably, patients with respiratory system disorders, such as bronchopulmonary dysplasia and congenital airway and lung maldevelopment, as well as those with trauma, demonstrated a significantly higher likelihood of progressing to CCI (P < 0.05, Table 3).


TABLE 3 Comparison of underlying diseases between the two groups.
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Laboratory parameters

No significant differences were observed in white blood cell count (WBC), hemoglobin (Hb) levels, absolute lymphocyte count, absolute neutrophil count, platelet count, bilirubin levels, creatinine levels, or albumin levels between the CCI and control groups. However, procalcitonin (PCT) was significantly lower, while D-dimer levels were significantly higher in the CCI group compared to the control group (P < 0.05, Table 4).


TABLE 4 Comparison of laboratory indicators between the two groups.
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Treatment and secondary infections

The CCI group demonstrated a significantly greater reliance on vasoactive drugs, along with significantly higher rates and durations of mechanical ventilation use, frequencies of surgical procedures, and use of blood purification therapies compared to the control group (P < 0.05, Table 5).


TABLE 5 Comparison of treatment between the two groups.
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Secondary infections were more prevalent and numerous in the CCI group compared to the control group, with significantly higher rates of respiratory, urinary tract, surgical site, bloodstream, catheter-related, and fungal infections. These differences suggest a strong association between secondary infections and the progression of sepsis into CCI. Furthermore, the high incidence of secondary infections highlights their role as a key clinical characteristic of CCI, reflecting a greater degree of immunosuppression in this group.



Risk factors and diagnostic value analysis

Univariate analysis was conducted to preliminarily screen potential risk factors, retaining those variables with statistical significance (P < 0.05). These variables were further refined using a Lasso regression model to identify robust predictors. Subsequently, multivariate logistic regression analysis was performed to assess the risk factors for CCI in pediatric sepsis patients (P < 0.05, Table 6). Multivariate logistic regression analysis identified pSOFA score, underlying diseases, trauma, days of mechanical ventilation, and surgical procedures as independent risk factors for the development of CCI, with necrotizing soft tissue infection (NSTI) and blood transfusions identified as potential protective factors (P < 0.05, Table 7). Additionally, secondary infections were found to function as both a significant risk factor and a defining clinical characteristic of CCI.


TABLE 6 Multivariate regression analysis of CCI patients.
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TABLE 7 ROC curve analysis of independent predictors of CCI patients.
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ROC curves were plotted for pSOFA score, source of sepsis infection (NSTI), underlying diseases, trauma, days of mechanical ventilation, surgical procedures, blood transfusion, and secondary infections (Figure 1), with AUC values of 0.663, 0.524, 0.513, 0.519, 0.869, 0.551, 0.534, and 0.628, respectively. The ROC curve for days of mechanical ventilation had the largest AUC, indicating the greatest predictive value for sepsis leading to CCI. Based on ROC analysis, the AUC of the established CCI prediction model was 0.902 (95% CI: 0.873–0.928).


[image: Figure 1]
FIGURE 1
ROC curve analysis of independent predictors of CCI in children with sepsis. AUC: 0.902 (0.876–0.928).





Discussion

CCI following sepsis is an increasingly prominent issue in critical care medicine. Although standardized diagnostic criteria are lacking, CCI is widely defined as persistent organ dysfunction requiring an ICU stay exceeding 14 days, reflecting a transition from acute organ dysfunction to chronic failure with ongoing organ dysfunction (10, 15). Recent studies have highlighted several risk factors for the development of CCI following sepsis, including advanced age, male sex, and pre-existing conditions (16, 17). A key contributor to the progression of CCI is sepsis-induced immunosuppression, which markedly increases the risk of secondary infections (15, 18). This association underscores the critical interplay between immune dysregulation and the pathogenesis of CCI, with secondary infections not only complicating clinical management but also exacerbating long-term outcomes. Despite these insights, research on pediatric populations remains notably limited. Data on epidemiology, clinical characteristics, and mechanisms underlying CCI in children following sepsis are scarce, and the absence of pediatric-specific diagnostic criteria further complicates efforts to address this condition. This knowledge gap is a considerable obstacle to formulating effective prevention and treatment strategies. This study identified key independent risk factors for the development of CCI by comparing patients in the RAP and early death groups. These factors included higher pSOFA scores, underlying respiratory diseases, trauma, prolonged mechanical ventilation, surgical interventions, and secondary infections.

This study was conducted at the largest pediatric intensive care unit (PICU) in Southwest China, involving a retrospective and in-depth analysis of clinical outcomes in children with sepsis over nearly eight years. Analysis revealed that 12.3% of patients experienced early mortality, while 18.4% progressed to CCI. The remaining 69.3% were categorized into an early recovery group, demonstrating favorable prognoses. The proportion of children developing CCI (18.4%) was lower than that reported in adults (33%) (3), although it remains clinically significant. Notably, the mortality rate in the pediatric CCI group (11.5%) was also significantly lower than that observed in adults, potentially attributable to the unique physiological characteristics and enhanced immune recovery capacity of children, combined with the advanced treatment capabilities of our center.

Both patient groups were similar in age, weight, sepsis severity, and infection sources, primarily respiratory infections. Our findings further highlighted a strong correlation between higher pSOFA scores and the development of CCI, indicating that severe organ dysfunction plays a crucial role in both sepsis prognosis and CCI prediction. Additionally, underlying medical conditions emerged as a significant factor influencing patient outcomes. Our study showed a notable link between these conditions and the progression of sepsis to CCI, potentially due to the immune and physiological disturbances they cause. Notably, patients with pre-existing conditions, particularly respiratory diseases like bronchopulmonary dysplasia and congenital airway or lung anomalies, faced a substantially greater risk of CCI. Conversely, those without such conditions had a relatively lower risk. This discrepancy could be attributed to the increased likelihood and extended duration of mechanical ventilation in patients with respiratory comorbidities, both of which contribute to CCI development. Trauma was also identified as a contributing factor to CCI, potentially due to the exacerbated inflammatory response, local hemodynamic disturbances, and heightened physiological stress triggered by injury. These findings underscore the multifactorial nature of CCI development and highlight the importance of addressing underlying and contributing factors to mitigate its progression.

Regarding laboratory parameters, there were no notable differences between the CCI and control groups in terms of WBC count, Hb levels, absolute lymphocyte count, absolute neutrophil count, platelet count, bilirubin levels, creatinine levels, or albumin levels. However, the CCI group exhibited significantly lower PCT levels and notably higher D-dimer levels compared to the control group. D-dimer is a specific biomarker generated during fibrinolysis and fibrin degradation following thrombosis, playing a critical role in the diagnosis and assessment of sepsis (19, 20). These observations align with the findings of the recently published Pediatric Sepsis Phoenix Sepsis Score (PSS) study by Schlapbach et al. (14). The potential mechanisms underlying elevated D-dimer levels, such as hypercoagulability, hyperfibrinolysis, or endothelial injury, suggest that increased D-dimer is associated with adverse clinical outcomes (21). This study underscores the importance of D-dimer as both a diagnostic and prognostic indicator in sepsis, with its abnormal elevations closely linked to disease severity and the risk of CCI in sepsis patients. Procalcitonin (PCT), as a relatively specific inflammatory marker for sepsis, plays a significant role in assessing disease severity (22). The host response varies depending on the type of pathogen, leading to varying degrees of PCT elevation. Since the biomarkers we compared were based on laboratory results obtained within 24 h of admission to the pediatric intensive care unit (PICU), our findings suggest that early PCT levels are not directly associated with the development of chronic critical illness (CCI) following sepsis. In future studies, we aim to further explore the relationship between these biomarkers and the pathophysiology of CCI to elucidate the underlying clinical phenomena.

In terms of treatment, patients in the CCI group required substantially longer durations of mechanical ventilation and more frequent vasoactive drug therapy, surgical interventions, and blood purification procedures compared to those in the RAP group. Univariate analysis identified key factors such as prolonged mechanical ventilation and surgical interventions as significant contributors to CCI development. In addition to trauma, patients undergoing surgical procedures demonstrated a higher risk of progressing to CCI. This is consistent with findings from surgical ICU populations, where over one-third of patients with abdominal sepsis develop CCI, often accompanied by poor long-term prognoses (16). These observations underscore the heightened vulnerability of surgical ICU survivors to prolonged critical illness and pronounced immunosuppression, emphasizing the need for targeted management strategies to mitigate these risks. In this study, intergroup analysis revealed a relatively higher transfusion rate in the pediatric sepsis chronic critical illness (CCI) group. The primary reasons for this observation include prolonged ICU stays, recurrent infections, and frequent blood sampling, all of which contribute to an increased risk of anemia and, consequently, a higher likelihood of transfusion. Therefore, transfusion should not be considered a true protective factor but rather a consequence of chronic critical illness.

Gentile et al. identified and characterized the clinical phenotype of CCI as persistent inflammation-immunosuppression and catabolism syndrome (PICS) (4). This syndrome, a hallmark of various conditions, including sepsis, trauma, advanced malignancies, and chronic inflammatory diseases, provides a novel framework for understanding the complex pathophysiological mechanisms underlying CCI. PICS highlights the interplay between persistent inflammatory responses and profound immunosuppression as central drivers of CCI progression. This is consistent with our findings, which identified immune dysregulation as a pivotal factor in the occurrence and development of CCI. Immune imbalance, a defining feature of sepsis pathogenesis, manifests in CCI patients as a prolonged state of immunosuppression, substantially increasing their susceptibility to secondary infections and mortality. In the current study, immunosuppression was clinically determined by the occurrence of post-sepsis secondary infections, consistent with previous findings (15). Our research confirmed that immunosuppression is a central mechanism in the pathophysiology of post-sepsis CCI. Notably, secondary infections were markedly more prevalent in the CCI group compared to the non-CCI group, with the most common types including urinary, respiratory, gastrointestinal, and bloodstream infections (particularly catheter-related infections). These infections serve as both a driving risk factor and a clinical hallmark of CCI, indicating their dual significance. This study provided further evidence that immunosuppression following pediatric sepsis contributes to the onset of secondary infections, which play a pivotal role in progression to CCI. Early detection and effective management of immunosuppression are crucial for preventing progression from pediatric sepsis to CCI and improving patient outcomes and long-term prognosis.

Multivariate logistic regression analysis identified several independent risk factors for the development of CCI in pediatric sepsis patients, including pSOFA score, respiratory system diseases, trauma, prolonged mechanical ventilation, surgical interventions, and secondary infections. Among these factors, prolonged mechanical ventilation demonstrated the highest predictive value, as evidenced by its largest AUC value. This strong predictive capacity may be linked to its association with critical illness myopathy (CIM), immunosuppression, and ICU-acquired weakness (ICU-AW). These complications increase the vulnerability of CCI patients to secondary infections, particularly ventilator-associated pneumonia, which can further prolong mechanical ventilation duration and exacerbate the risk of CCI. Thus, prolonged mechanical ventilation not only predicts the development of CCI but also plays a critical role in its pathogenesis. These findings highlight the importance of early recognition and targeted management of high-risk patients to mitigate the progression of sepsis to CCI. Immunosuppression, a central mechanism in this progression, significantly increases susceptibility to secondary infections, perpetuates organ dysfunction, delays recovery, and contributes to the chronic deterioration of the clinical condition. Understanding the role of immunosuppression in the development of CCI is crucial for advancing diagnostic and therapeutic strategies. Addressing this mechanism could lead to innovative treatment approaches aimed at improving the prognosis of sepsis patients. Furthermore, our study established immunosuppression as a hallmark of CCI, underscoring its pivotal role in shaping disease trajectory and outcomes.

This study has several limitations. As a single-center retrospective analysis, it is subject to potential selection bias, limiting the generalizability of its findings, and propose future multicenter prospective studies for validation. Additionally, the study included only a limited set of immune function evaluation markers, restricting the depth of immunological insights. The absence of dynamic follow-up data hindered the ability to track immunosuppression progression and its impact over time. Future research should explore the precise mechanisms underlying sepsis-induced immunosuppression and the development of strategies to modulate immune responses effectively. Such efforts are crucial to preventing and managing chronic critical illness, thereby reducing its incidence and improving long-term survival outcomes and quality of life for sepsis patients.

Our study indicated that CCI in pediatric sepsis was strongly linked to underlying respiratory diseases, trauma, elevated pSOFA scores, surgical procedures, and prolonged mechanical ventilation. These factors contributed to extended hospital stays, elevated secondary infection rates, and adverse clinical outcomes. The persistence of pro-inflammatory mediators and subsequent immunosuppression likely play a pivotal role in the progression to CCI within this population. By conducting a comprehensive analysis of the clinical features and risk factors related to CCI in pediatric sepsis, this study lays a crucial groundwork for the formulation of more targeted prevention and treatment approaches. This, in turn, holds the promise of substantially enhancing the outcomes for this susceptible patient group.
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