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Abstract 

Despite advances in prevention and treatment, sepsis remains to be one of the leading causes of child 

mortality worldwide. Inability to notice the transition from a local infectious inflammatory condition to a 

generalized one delays the initiation of diagnosis and treatment. The sooner therapy is initiated, the greater the 

patient's chances of survival. The purpose of this study is to go over current diagnostic and treatment guidelines 

for sepsis and septic shock in children and to discusses the current definitions, epidemiology, and strategies for 

detecting pediatric sepsis early. 
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1. Introduction 

Sepsis and its classification are life-threatening conditions with high morbidity and mortality rates, so that in 

2020, the World Health Organization officially stated that sepsis cases are included in the main causes of 

maternal and infant morbidity and mortality [1,2]. Sepsis is an organ dysfunction that can threaten a human's 

life and is typically brought on by a severe infection. Septic shock is defined as sepsis accompanied by cardio-

vascular dysfunction that continues to manifest despite the administration of fluid resuscitation [3,4]. It is a 

subtype of sepsis characterized by significant circulatory, cellular, and metabolic abnormalities with a higher 

mortality risk [2]. Respiratory, urinary tract, and skin infections are the most common causes of sepsis. Sepsis 

is caused by a variety of etiological agents, which might include bacterial, viral, mycoplasma, and fungal 

infections, either alone or in combination [5].  

The concept of pediatric sepsis is continually evolving, and there is a significant disparity between the 

research and clinical definitions of sepsis, which affects the implementation of research findings to clinical 

practice. It often results in differences in understanding among doctors which results in the frequent occurrence 

of underdiagnosed/over diagnosed sepsis in patients treated. In fact, sepsis has a tendency to cause conditions 

to quickly change to life-threatening conditions [6]. In spite of this, early diagnosis and implementation of 

current treatment guidelines have been found to enhance patient outcomes [7–9]. On the other hand, there is a 

relatively low level of compliance with treatment guidelines at the moment, and it has been shown that enhanced 

care and outcomes can be achieved only through the implementation of protocols [8]. 

 

2. Epidemiology 

Globally, sepsis is the leading cause of child morbidity, mortality, and healthcare utilization [3]. There are 

an estimated 22 cases of children sepsis per 100,000 person-years and 2,202 cases of neonatal sepsis per 100,000 

live births worldwide, resulting in an annual incidence of 1.2 million cases of childhood sepsis [10]. Sepsis 
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affects more than 4% of all hospitalized children under the age of 18 and 8% of patients treated to PICUs in 

high-income nations [3,11]. Children with sepsis have a mortality rate ranging from 4% to 50%, depending on 

the severity of the illness, risk factors, and demographic [12–14]. The majority of children who die from sepsis 

have refractory shock and/or multiple organ dysfunction syndrome, and many die within 48 to 72 hours of 

undergoing treatment [15]. Early recognition, resuscitation, and care are thus important to improving outcomes 

for children with sepsis. 

3. Pathophysiology 

The progression of sepsis is a complex interaction between bacteria that cause infections and immunological 

responses from the host. The innate immune cells activate, which are constituted mostly of macrophages, 

monocytes, neutrophils, and natural killer (NK) cells, is the initial stage in the start of a host immunological 

response to a pathogen. This activates intracellular signal transduction pathways, resulting in the transcription 

and release of proinflammatory cytokines, including various proinflammatory interleukins (ILs), such as IL-1, 

IL-12, IL-18, tumor necrosis factor alpha (TNF-), and interferon (IFN), as well as clinical symptoms [16]. This 

further activates cytokines complement and coagulation pathways and, via negative feedback, downregulates 

adaptive immune system components [17]. The progression of clinical symptoms in sepsis is frequently linked 

to the detection of elevated levels of these cells, which is in turn correlated with increased spontaneous 

production and release of neutrophil extracellular traps (NETs) [18]. NETs are loose structures outside of cells 

that are made of decondensed chromatin, granular proteins, and nuclei that can stop pathogens from moving. 

The increased number of NETs, which can be caused by too much production or insufficient degradation, has 

been referred to hypercoagulability and endothelial damage, both of which are closely linked to organ 

dysfunction [19]. 

4. Diagnostic Approach 

In all health-care settings, early diagnosis of sepsis is crucial. Because the vast majority of sepsis patients 

occur in the community, the first point of contact with health workers in primary care, ambulance services, or 

the emergency department (ED) is crucial for detecting sepsis early [20,21]. Early detection in non-acute and 

prehospital situations has been linked to faster treatment and better outcomes [20]. The clinician must undertake 

a comprehensive anamnesis and physical examination to decide if the patient has sepsis risk factors [22]. Table 

1 lists signs and symptoms that require clinical concern for sepsis [23]: 

Table 1. Warning signs and symptoms for sepsis 

Warning signs and symptoms for sepsis 

Fever > 38°C Hypothermia 

Tachypnea Apnea 

Difficulty in breathing / respiratory distress Cyanotic / mottled skin / ashen appearance  

Tachycardia Bradycardia 

Abnormal capillary refill time (> 3 seconds) Reduced urine output 

Weak pulses Non-blanching rash 

Altered mental status (irritability, 

inappropriate crying, confused) 

Abnormal drowsiness (difficult to arouse, 

lethargic or obtunded) 
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White Blood Cell (WBC) count and differential, C-reactive protein (CRP), and procalcitonin (PCT) are non-

specific indicators of an ongoing inflammatory response that are used to diagnose sepsis. No test is sensitive or 

specific enough to diagnose sepsis, and there is no evidence that they can reliably identify sepsis [21,24]. 

Despite the lack of prospective pediatric sepsis research and ongoing issues with diagnostic criteria, it has 

been shown that early recognition and provision of medication (within one hour) are the most crucial aspects of 

sepsis management [6–9,25]. While timely diagnosis is essential, it can be challenging. To minimize delays in 

recognizing severe sepsis and septic shock, each pediatric institution should develop multidisciplinary 

protocols/guidelines to promote early identification and treatment. The main components of the introductory 

bundle recommended by the Pediatric Surviving Sepsis Campaign International Guidelines 2020 include [3]: 

4.1. Systematic Screening for Identification 

A septic shock identification or trigger tool should be implemented in health facilities/institutions that should 

consist of clinical diagnoses and findings (eg, high-risk conditions, vital signs, and/or physical findings) that 

prompt further evaluation. The tool’s algorithms are trained to conduct difficult tasks on vast amounts of data 

to anticipate unfavorable outcomes, rather than using rule-based criteria like SIRS, the pediatric sequential organ 

failure assessment, or the pediatric early warning score. Those allow incorporation of vital sign changes, which 

are more sensitive in identifying changes in a patient's clinical status than absolute readings, especially in 

patients with abnormal baseline vital signs or laboratory data [2,26]. An example of a sepsis trigger tool designed 

incorporating vital sign thresholds used in the Pediatric Advanced Life Support is provided [27–29]. Each 

institution should base their vital sign triggers on their best interpretation of the evidence and what will be most 

functional in their system [3,26]. 

4.2. Rapid Clinical Assessment 

Once the sepsis trigger tool suggests that a patient may have severe condition of sepsis/septic shock, all 

clinicians involved should evaluate the patient within 15 minutes to confirm septic shock, integrate further 

monitoring, and decide the most appropriate resuscitation plan [29].  

4.3. Rapid initiation of resuscitation 

Resuscitation should be initiated within 15 minutes of confirming of septic shock. Within the first few hours 

of care, goal-targeted therapy for septic shock refers to an intensive, methodical strategy to resuscitation aimed 

at increasing physiologic indications of perfusion and vital organ function [3,29]. Essential actions included: 

• Identification of septic shock 

• Vascular access and rapid fluid resuscitation 

• Empiric antimicrobial therapy 

• Initiation of vasoactive agents to patients not responding sufficiently to fluid resuscitation 

5. Conclusion 

Sepsis in pediatrics continues to have a significant global impact. The definition of sepsis that evolving will 

ease the implementation of new research findings into clinical practice. The treatment of sepsis begins with an 

accurate and early recognition; best practice alerts and the application of guidelines have frequently showed a 

reduction in the time to the first intervention. Integration of a trigger tool into the real-world clinical setting is 

just as crucial. Combining technological learning with human factors principles leading to a better diagnostic 

of sepsis with early recognition to improves patient outcomes. 

153

Neurinda Permata Kusumastuti / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

References 

[1] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al. Global, Regional, and National Sepsis 

Incidence and Mortality, 1990–2017: Analysis for the Global Burden of Disease Study. The Lancet 2020;395:200–11. 

https://doi.org/10.1016/S0140-6736(19)32989-7. 
[2] Singer M, Deutschman CS, Seymour C, Shankar-Hari M, Annane D, Bauer M, et al. The Third International Consensus 

Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA - Journal of the American Medical Association 2016;315:801–10. 

https://doi.org/10.1001/jama.2016.0287. 

[3] Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, et al. Surviving Sepsis Campaign International 

Guidelines for the Management of Septic Shock and Sepsis-Associated Organ Dysfunction in Children. Pediatric Critical 

Care Medicine 2020;21:e52–106. https://doi.org/10.1097/PCC.0000000000002198. 
[4] Schlapbach LJ, Kissoon N. Defining Pediatric Sepsis. JAMA Pediatr 2018;172:313. 

https://doi.org/10.1001/jamapediatrics.2017.5208. 

[5] Kissoon N, Uyeki TM. Sepsis and the Global Burden of Disease in Children. JAMA Pediatr 2016;170:107. 

https://doi.org/10.1001/jamapediatrics.2015.3241. 

[6] Mathias B, Mira JC, Larson SD. Pediatric sepsis. Curr Opin Pediatr 2016;28:380–7. 
https://doi.org/10.1097/MOP.0000000000000337. 

[7] Venkatesh B, Schlapbach L, Mason D, Wilks K, Seaton R, Lister P, et al. Impact of 1-hour and 3-hour Sepsis Time Bundles 

on Patient Outcomes and Antimicrobial Use: A Before and After Cohort Study. Lancet Reg Health West Pac 2022;18:100305. 

https://doi.org/10.1016/j.lanwpc.2021.100305. 

[8] Hilarius KWE, Skippen PW, Kissoon N. Early Recognition and Emergency Treatment of Sepsis and Septic Shock in Children. 
Pediatr Emerg Care 2020;36. 

[9] Rodrigues-Santos G, de Magalhães-Barbosa MC, Raymundo CE, Lima-Setta F, da Cunha AJLA, Prata-Barbosa A. 

Improvement of 1st-hour Bundle Compliance and Sepsis Mortality in Pediatrics After The Implementation of The Surviving 

Sepsis Campaign Guidelines. J Pediatr (Rio J) 2021;97:459–67. https://doi.org/10.1016/j.jped.2020.09.005. 

[10] Fleischmann-Struzek C, Goldfarb DM, Schlattmann P, Schlapbach LJ, Reinhart K, Kissoon N. The Global Burden of 
Paediatric and Neonatal Sepsis: A Systematic Review. Lancet Respir Med 2018;6:223–30. https://doi.org/10.1016/S2213-

2600(18)30063-8. 

[11] Weiss SL, Fitzgerald JC, Pappachan J, Wheeler D, Jaramillo-Bustamante JC, Salloo A, et al. Global Epidemiology of Pediatric 

Severe Sepsis: The Sepsis Prevalence, Outcomes, and Therapies Study. Am J Respir Crit Care Med 2015;191:1147–57. 

https://doi.org/10.1164/rccm.201412-2323OC. 
[12] Tan B, Wong JJ-M, Sultana R, Koh JCJW, Jit M, Mok YH, et al. Global Case-Fatality Rates in Pediatric Severe Sepsis and 

Septic Shock. JAMA Pediatr 2019;173:352. https://doi.org/10.1001/jamapediatrics.2018.4839. 

[13] Ames SG, Davis BS, Angus DC, Carcillo JA, Kahn JM. Hospital Variation in Risk-Adjusted Pediatric Sepsis Mortality*. 

Pediatric Critical Care Medicine 2018;19:390–6. https://doi.org/10.1097/PCC.0000000000001502. 
[14] Prout AJ, Talisa VB, Carcillo JA, Mayr FB, Angus DC, Seymour CW, et al. Children with Chronic Disease Bear the Highest 

Burden of Pediatric Sepsis. J Pediatr 2018;199:194-199.e1. https://doi.org/10.1016/j.jpeds.2018.03.056. 

[15] Weiss SL, Balamuth F, Hensley J, Fitzgerald JC, Bush J, Nadkarni VM, et al. The Epidemiology of Hospital Death Following 

Pediatric Severe Sepsis. Pediatric Critical Care Medicine 2017;18:823–30. https://doi.org/10.1097/PCC.0000000000001222. 

[16] Rubio I, Osuchowski MF, Shankar-Hari M, Skirecki T, Winkler MS, Lachmann G, et al. Current Gaps in Sepsis Immunology: 
New Opportunities for Translational Research. Lancet Infect Dis 2019;19:e422–36. https://doi.org/10.1016/S1473-

3099(19)30567-5. 

[17] Hotchkiss RS, Moldawer LL, Opal SM, Reinhart K, Turnbull IR, Vincent J-L. Sepsis and Septic Shock. Nat Rev Dis Primers 

2016;2:16045. https://doi.org/10.1038/nrdp.2016.45. 

[18] Cox LE, Walstein K, Völlger L, Reuner F, Bick A, Dötsch A, et al. Neutrophil Extracellular Trap Formation and Nuclease 
Activity in Septic Patients. BMC Anesthesiol 2020;20:15. https://doi.org/10.1186/s12871-019-0911-7. 

[19] Ortmann W, Kolaczkowska E. Age is The Work of Art? Impact of Neutrophil and Organism Age on Neutrophil Extracellular 

Trap Formation. Cell Tissue Res 2018;371:473–88. https://doi.org/10.1007/s00441-017-2751-4. 

[20] Kim H il, Park S. Sepsis: Early Recognition and Optimized Treatment. Tuberc Respir Dis (Seoul) 2019;82:6. 

https://doi.org/10.4046/trd.2018.0041. 
[21] Plunkett A, Tong J. Sepsis in Children. BMJ 2015;350:h3017–h3017. https://doi.org/10.1136/bmj.h3017. 

[22] Peshimam N, Nadel S. Sepsis in Children: State-of-The-Art Treatment. Ther Adv Infect Dis 2021;8:204993612110553. 

https://doi.org/10.1177/20499361211055332. 

[23] Sepsis: Recognition, Diagnosis and Early Management NICE Guideline. 2017. 

[24] Lanziotti VS, Póvoa P, Soares M, Silva JRL e, Barbosa AP, Salluh JIF. Use of Biomarkers in Pediatric Sepsis: Literature 
Review. Rev Bras Ter Intensiva 2016;28. https://doi.org/10.5935/0103-507X.20160080. 

[25] Farrell CA. Diagnosis and Management of Sepsis in The Paediatric Patient. Canadian Paediatric Society 2020. 

[26] Eisenberg MA, Balamuth F. Pediatric Sepsis Screening in US Hospitals. Pediatr Res 2022;91:351–8. 

https://doi.org/10.1038/s41390-021-01708-y. 

[27] Topjian AA, Raymond TT, Atkins D, Chan M, Duff JP, Joyner BL, et al. Part 4: Pediatric Basic and Advanced Life Support: 
2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. 

154

Neurinda Permata Kusumastuti / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

Circulation 2020;142. https://doi.org/10.1161/CIR.0000000000000901. 

[28] Parshuram CS, Dryden-Palmer K, Farrell C, Gottesman R, Gray M, Hutchison JS, et al. Effect of a Pediatric Early Warning 

System on All-Cause Mortality in Hospitalized Pediatric Patients. JAMA 2018;319:1002. 

https://doi.org/10.1001/jama.2018.0948. 
[29] Balamuth F, Alpern ER, Abbadessa MK, Hayes K, Schast A, Lavelle J, et al. Improving Recognition of Pediatric Severe 

Sepsis in the Emergency Department: Contributions of a Vital Sign–Based Electronic Alert and Bedside Clinician 

Identification. Ann Emerg Med 2017;70:759-768.e2. https://doi.org/10.1016/j.annemergmed.2017.03.019. 

  

155

Neurinda Permata Kusumastuti / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org


