
Niranjan “Tex” Kissoon, MD, MCCM,FRCP(C),FAAP,FACPE. 
UBC and BCCH Professor, Global Child Health  
University of British Columbia, 
Vice President Medical Affairs, 
BC Children’s Hospital and Sunny Hill Medical Center, 
Vancouver, Canada 
 

Diagnosis of Sepsis in Newborn 
and Children 



Diagnosis of Sepsis 

• What is sepsis? 
• Is context dependant 
• Varies depending on definitions  
• Is changing based on technology and 

improved knowledge 
• Concluding remarks  

 



• CMPA identified 327 cases involving sepsis 
— including 204 deaths —between 2009 
and 2013. 

• “Inadequate patient assessment” was a 
factor in 75 % of cases (168 lawsuits, and 
159 complaints). 

• Forty per cent of legal actions resulted in an 
“unfavourable” outcome for the doctor. 

• Settlements often come after years of 
expensive litigation. 

• Included a nine-year-old boy with chicken 
pox who died of profound septic shock 
hours after he was discharged from an 
emergency department for the fourth time. 

 



Core temp     <36OC or >38.5OC 
Tachycardia     >2SD for age 
Respiratory rate   >2SD for age 
White cell count    elevated or suppressed for age 

Sepsis 

A suspected or proven infection caused by any pathogen OR a clinical syndrome  
Associated with a high probability of infection.. 

And 
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Trajectory of Sepsis and Interventions 
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Diagnostic Criteria for Sepsis, Severe 
Sepsis and Septic Shock 

• General Variables 
– Fever, hypothermia, tachycardia, tachypnoea, altered 

mental status, hypoglycemia, substantial edema 
 

• Inflammatory Variables 
– Leucocytosis, leucopenia, > 10% immature WBC, elevated 

CRP or calcitonin 
 

• Hemodynamic Variables 
– Arterial hypotension, elevated or decreased mixed venous 

O2 saturation and cardiac index 



Diagnostic Criteria for Sepsis, Severe 
Sepsis and Septic Shock 

• Organ Dysfunction Variables 
– Hypoxemia, oliguria, elevated creatinine, coagulation 

abnormalities, paralytic ileus, thrombocytopenia, 
hyperbilirubinemia 

 
• Tissue Perfusion Variables 

– Decreased capillary refill or mottling, hyperlactatemia, 
 

• Severe sepsis ( sepsis + organ dysfunction) 
 

• Septic shock ( severe sepsis + fluid intractable 
hypotension or hyperlactatemia 



Suspicion of Sepsis in Community 

Any Newborn  
– feels feverish (hot) or cold 
– peri-umbilical pus, swelling 

or redness 
– poor or no sucking (not 

feeding) 
– feeble or no cry 
– drowsy, difficult to arose 
– convulsion 
– repeated vomiting 

Any Child  
– Not feeding 
– Feeling cold 
– Convulsion 
– Disoriented, difficult to 

engage 
– Repeated vomiting 

 

Interrupting Pathways to Sepsis Project - Bangladesh 



Suspicion of Sepsis at Health Facility 



Wiens et  al  Pediatr Crit Care Med 2016; 17:400–405 

• 1101 (86%) met the sepsis criteria.  
• The SIRS criteria captured 61deaths, sensitivity 95% 

(95% CI, 90–100%) and specificity and 15% (95% CI, 13–
17%). 

• Most discriminatory individual component of the SIRS 
criteria was the WBC count, which alone had a 
sensitivity of 72% and a specificity of 56% for the 
identification of in hospital mortality. 

• Having any two criteria had sensitivity equal to the 
   full sepsis definition but had lower specificity (0.12). 





Bradshaw C, et al. 
Implementation of an Inpatient 
Pediatric Sepsis Identification 
Pathway. Pediatrics. 
2016;137(3):e20144082 
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Defining Pediatric Severe Sepsis 

Weiss SL et al PCCM 2012 

PICU – 42 beds, 1729 patients 
 
Consensus guidelines (research criteria) 
N= 90 (5.2%) 
 
Diagnosis by healthcare professionals 
(clinical criteria) n= 92 (5.6%) 
    
 ICD 9 (administrative criteria) 
N=103 (6.0%) 



Discordant Identification of Severe 
Sepsis 

• Only 301/706 patients 
(42.6 %) were identified 
by both criteria (κ 0.57 ± 
0.02). 

•  The 137/438 of patients 
(31 %) who did not meet 
consensus criteria were 
younger, had a lower 
severity of illness, and a 
lower PICU mortality than 
those who met consensus 
criteria or both 
definitions. 

                            Weiss et al. Critical Care (2015) 19:325 

Agreement was lowest in North America 
(31 %) moderate in Australia and New 
Zealand (45 %) and Europe (51 %); and 
highest in Asia (72 %), Africa (72 %), 
and South America (85 %).  
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Sepsis Detection Methods 
Algorithmic Alert vs. Physician Judgement 

Balamuth F et al Acad Emerg Med. 2015 November ; 22(11): 1298–1306  



What is the probability this patient is 
septic? 



Lactate Clearance, Normalization and 
Organ Dysfunction in Sepsis 

Scott HF et al J Pediatr 2016;170:149-55 

• Lactate normalization was associated with 
decreased risk of persistent organ dysfunction 
(RR 0.46, 0.29-0.73.  

• Lactate clearance was not (RR 0.70, 0.35-1.41.  



Still Laborious and Slow?  

• Colonies or or a positive  
   blood culture bottle! 

 
• Plate Innoculated 

 
• Instrument Loaded 



Matrix Assisted Laser 
Desorption/Ionization  (MALDI)  

From Sauer, Nature Review Methods 2010 



PCR Followed by Mass Spec 
• Whole  samples and paired blood cultures (247 

from 175 patients) 
• Blood Culture  

– Agreement between PCR-MS and conventional 
method (blood culture) = 94%  

– Sensitivity 97%, specificity 99% for PCR-MS 

• PCR-MS identified 13 more pathogens not 
found by conventional  means 

Elena Jordana-Lluch et al PLOS One 2013 



Rapid Molecular Diagnostics  

• Biomarkers - characteristics that can be measured 
and evaluated as an indicator of pathological 
processes or responses to a therapeutic 
intervention 

• Ideal for all biomarkers 
– sensitivity, specificity, predictive value 

• Ideal for acute conditions 
– readily obtainable from body fluids or tissue samples 
– test results available in a relatively short period 

Atkinson AJ Jr, et al.: Clin Pharmacol Ther 2001. 
 



Gene Expression Profiles 

Ramilo O, Mejias A. Cell Host Microbe 2009; 6:199–200. 



Transcriptional Profiling: Ready for 
prime time 

Mejias A and Ramilo O Transcriptional profiling in infectious diseases J Infection 2014;68:S94 
 



New Diagnostic Biomarkers in 
Pediatric Sepsis 

Alqahtani MF et al PLoS ONE 2016; 11(4): e0153645. 



Sidestream Dark-Field Images of 
Sublingual Microcirculation 

Vincent JL and De Backer D NEJM 369;18;2013 



Persistent low microcirculatory vessel 
density in nonsurvivors of sepsis 

Top A et al Crit Care Med 2011;39:8  



Mortality Prediction in PICU 

• Septic shock (2005 consensus) was sensitive but 
not specific (AUC = 0.69; 95% CI 0.65–0.72). 

• Oxygenation markers, ventilator support, 
hypotension, cardiac arrest, serum lactate, pupil 
responsiveness, and immunosuppression were the 
best-performing predictors (0.843; 0.811–0.875).  

• The sepsis score performed comparably when 
applied to all children admitted with invasive 
infection (0.810; 0.781–0.840). 

Schlapbach L J et al  Intensive Care Med 2017; 



Mortality Prediction in PICU 

Schlapbach L J et al  Intensive Care Med 2017; 

Every one-point increase 
was associated with a 28.5% 
(23.8–33.2%) increase in 
the odds of death.  
 
Children with a score ≥6 
had 19.8% mortality and 
accounted for 74.3% of 
deaths.  
 
 



 
 

• Intuition that something was wrong despite the clinical 
assessment of non-severe illness substantially increased 
the risk of serious illness (LR 25.5, 95% CI 7.9 to 82.0) 

• Strongly associated with gut feeling : children’s overall 
response (drowsiness, no laughing), abnormal breathing, 
weight loss, and convulsions. 

• Strongest contextual factor was the parents’ concern that 
the illness was different from their previous experience 
(OR 36.3, 95% CI 12.3 to 107). 

BMJ 2012 



Conclusions 

• Sepsis is a life threatening organ dysfunction 
caused by a dysregulated host response to 
infection 

• Present definitions and methods of diagnosis are 
imperfect 

• Approaches are context dependent and should 
be pragmatic  

• Move afoot to change the current state. 
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