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Abstract 
Aim: To determines the predictors of outcome in pediatric septic shock in patients admitted 
to the PICU of a tertiary care hospital in Bihar Region.  
Material & Methods: The study was carried out in the Pediatric Intensive Care Unit of the 
Department of Pediatrics in Nalanda medical College and Hospital, Patna, Bihar. It was a 
prospective, observational study done in a time period of seven months.  
Results: During the study period of 6 months, total 120 cases were admitted in PICU. There 
were 86 cases of shock of different etiologies and of these 50 cases of septic shock were 
enrolled in the study. On analysis of the vital parameters, a delayed capillary refill time (>3 
seconds) was a statistically significant (p=0.005) predictor of poor outcome with all the 8 
patients having failed to survive, having a prolonged CRT on admission. Statistical 
association of the other vital parameters with outcome. 
Conclusion: A delayed capillary refill time on admission and a low mean pH were 
statistically significant predictors of mortality in this study.  
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Introduction 

Sepsis in children is a significant cause of 
morbidity and mortality worldwide. [1] 
The mortality rate of sepsis in children 
from pediatric intensive care unit (PICU) 
of developing countries is higher than 
50%. [2] World Health Organization 
statistics have shown that 80% of death in 
children <4 years can be classified as 
sepsis-related deaths. [3] Assessment of 
severity of illness at admission is 
important for effective patient 
management, prognostication, and 

optimum utilization of resources. [4] 
Patient’s outcome in PICU of developing 
country is affected by not only by clinical 
diagnosis at admission but also by 
demographic characteristics of the 
population, available infrastructure, and 
admission policies of PICU. 
In the absence of specialized pediatric 
sepsis scores, some hospitals have 
implemented home-grown computerized 
sepsis prediction systems, which may 
benefit from site specificity [5]. 
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Computerized prediction systems offer a 
compelling alternative to manual 
application of generalized scoring systems. 
Such systems may access electronic health 
record (EHR) data for clinical decision 
support. These systems have the potential 
to identify septic patients who might 
otherwise have a delay in diagnosis or be 
missed entirely and could provide early 
warning of sepsis for hospitalized pediatric 
patients on hospital wards or in intensive 
care. Studies in adults show that the setting 
of hospital-acquired sepsis among 
inpatients is both distinct and substantially 
more deadly [6-8], and children with 
hospital acquired sepsis have higher risk of 
delayed sepsis care than those presenting 
to an emergency department [9]. 
In India, overall mortality rate in patients 
with pediatric septic shock is around 47% 
which is comparable to global figure of 
around 50% [10]. However, even when 
considering such high mortality figures, 
very few studies have been done till date 
to assess predictors of outcome in septic 
shock, especially in Indian scenario, to the 
best of our knowledge. 
Material & Methods: 
The study was carried out in the Pediatric 
Intensive Care Unit of the Department of 
Pediatrics in Nalanda medical College and 
Hospital, Patna, Bihar. It was a 
prospective, observational study done in a 
time period of seven months.  
All children aged 1 month – 18 years, 
admitted with or having developed septic 
shock during the course of hospital stay 
were included. 
Patients of malignancy, on immuno 
suppressive or chemotherapy drugs, who 
left the treatment in between or whose 
parents did not consent, were excluded. 
Diagnostic criteria: 
Septic Shock: Sepsis plus cardiovascular 
organ dysfunction as described below. 
Despite >40ml/kg of isotonic intravenous 
fluid in one hour: 

• Hypotension of blood pressure less 
than fifth percentile for age or systolic 
blood pressure less than two SD below 
normal for age, or 

• Need for vasoactive drug to maintain 
blood pressure, or 

• Any two of the following: 
 Unexplained metabolic acidosis: base 

deficit > 5mEq/L. 
 Increased arterial lactate > two times 

upper limit of normal. 
 Oliguria: urine output < 

0.5mL/kg/hour. 
 Prolonged capillary refill time: > five 

seconds. 
 Core to peripheral temperature gap > 3̊ 

C (5.4̊ F). 
Systemic Inflammatory Response 
Syndrome (SIRS): 
Two of four criteria, one of which must be 
abnormal temperature or abnormal 
leukocyte count 
1. Core temperature > 38.5oC (101.3oF) 

or < 36oC (96.8oF) (rectal, bladder, 
oral or central catheter) 

2. Tachycardia: 
3. Respiratory Rate more than two SD 

above normal for age or acute need for 
mechanical ventilation not related to 
neuromuscular disease or general 
anesthesia. 

4. Leukocyte count elevated or depressed 
for age (not secondary to 
chemotherapy) or more than 10% 
immature neutrophils. 

Sepsis: SIRS in the presence of or as a 
result of suspected or proven infection. 
Refractory Septic Shock: Septic shock 
which lasts for more than one hour and 
does not respond to fluid or pressor 
administration. 
Multi Organ Dysfunction Syndrome 
(MODS): MODS is defined as a clinical 
syndrome characterized by the 
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development of progressive and 
potentially reversible physiologic 
dysfunction in two or more organs or 
organ systems that is induced by a variety 
of acute insults, including sepsis and 
homeostasis cannot be maintained without 
intervention. 
Outcome was defined on the basis of 
survival. The patients who completely 
recovered from septic shock and got 
discharged uneventfully, were categorized 
as survivors while those who expired 
during the treatment were categorized as 
non-survivors. 
A written informed consent was obtained 
in a language well understood by the 
parents/guardians. 
A detailed history, general physical 
examination and systemic examination 

findings at the time of diagnosis of septic 
shock, were recorded on a standardized 
proforma. 
Results: 
During the study period of 6 months, total 
120 cases were admitted in PICU. There 
were 86 cases of shock of different 
etiologies and of these 50 cases of septic 
shock were enrolled in the study. 42 of 50 
(84%) cases enrolled in the study were 
discharged after recovery while 8 (16%) 
expired. 
On analysis of clinical symptoms as 
predictors of outcome, fever was the most 
common symptom present in all the 
patients. Details of other parameters and 
their association with the outcome are 
mentioned in Table 1. 

Table 1: Clinical symptoms as a predictor of outcome (n=50). 

 
On analysis of the vital parameters, a delayed capillary refill time (>3 seconds) was a 
statistically significant (p=0.005) predictor of poor outcome with all the 8 patients having 
failed to survive, having a prolonged CRT on admission. Statistical association of the other 
vital parameters with outcome is shown in Table 2. 

Table 2: Vital parameters as a predictor of outcome (n=50). 

Characteristic Expiry (n=8) Discharge (n=42) Statistical significance 
Heart rate (according to age)  

χ2=1.652; p=0.472# Below normal 0 0 
Normal 0 8 (19.04%) 
Above normal 8 (100%) 34 (80.96%) 
Blood pressure   

Characteristic Expiry (n=8) % Discharge (n=42) % P-value 
Fever 9 (100%) 100 38 (100%) 100 - 

Altered mental status 3 (33.3%) 50 16 (42.1%) 42.85 χ2=0.462; 
p=0.874# 

Breathlessness 8 (88.9%) 87.5 23 (60.5%) 76.19 χ2=2.778; 
p=0.177# 

Abdominal pain 3 (33.3%) 37.5 17 (44.7%) 50 χ2=0.291; 
p=0.701# 

Decreased urine output 1 (11.1%) 12.5 8 (21.1%) 26.19 χ2=0.382; 
p=0.573# 

Bleeding 1 (11.1%) 1 3 (7.9%) 11.90 χ2=0.095; 
p=1.000# 
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Below normal 8 (100%) 41 (97.6%) χ2=0.218; p=1.000# 
Normal 0 1 (2.3%) 
Above normal 0 0 
Respiratory rate  

 
χ2=0.279; p=1.000# 

Below normal 0 0 
Normal 0 2 (4.7%) 
Above normal 8 (100%) 40 (95.2%) 
Temperature  

χ2=0.089; p=1.000# Below normal 0 0 
Normal 2 (25%) 12 (28.5%) 
Above normal 6 (75%) 30 (71.4%) 
Capillary refill time  

χ2=6.572; p=0.005# Normal 0 (0%) 15 (35.7%) 
Delayed CRT 8 (100%) 27 (64.2%) 

 
Amongst the laboratory predictors, a low mean pH (Table 3) on admission had a statistically 
significant (p=0.005) association with a poor outcome. 

Table 3: Arterial Blood gas parameters as a predictor of outcome (n=50) 

Characteristic Expiry (n=8) Discharge (n=42) Statistical significance 
Mean pH+SD 7.32 + 0.05 7.38 + 0.05 ‘t’=2.682; p=0.005 
Mean pO2+SD 86.90 + 21.63 122.74 + 66.82 ‘t’=1.461; p=0.152 
Mean pCO2+SD 40.27 + 9.12 35.88 + 11.30 ‘t’=1.770; p=0.102 
Mean HCO3-+SD 15.62 + 3.49 19.02 + 4.77 ‘t’=1.492; p=0.166 

 
None of the other laboratory markers of sepsis (Table 4) or any positive microbiologic culture 
(Table 5) was found to have significant statistical association with outcome. 

Table 4: Laboratory markers of sepsis as a predictor of outcome (n=50) 

Characteristic Expiry (n=8) Discharge (n=42) Statistical significance 
Mean TLC+SD (‘000) 15.63 + 7.52 14.53 + 8.53 ‘t’=0.229; p=0.862 
Mean Polymorphs+SD 70.33 + 21.80 72.81 + 16.29 ‘t’=0.289; p=0.766 
Mean RBS+SD 120.37 + 48.15 110.38 + 41.55 ‘t’=0.581; p=0.654 
Mean CRP+SD 3.64 + 2.61 5.82 + 6.84 ‘t’=0.682; p=0.491 
Mean ESR+SD 21.53 + 12.86 25.91 + 12.12 ‘t’=0.530; p=0.793 

Table 5: Microbiological positivity as a predictor of outcome (n=50) 

Characteristic Expiry (n=8) Discharge (n=42) Statistical significance 
Positive blood culture 0 1 (2.3%) - 
Positive urine culture 3 (37.5%) 5 (11.9%) χ2=0.863; p=0.351 
Other body fluid positivity 2 (25%) 17 (40.4%) χ2=1.49; p=0.283 

Discussion: 
Komorowski et al. [11] developed the AI 
Clinician, a reinforcement learning model, 

and retrospective results indicated that 
patients who received treatments similar to 
those the model recommended had the 
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lowest mortality. The AI Clinician was 
developed with a variety of data inputs, 
some of which have limited EHR 
availability or would not have been 
immediately available to the clinician at 
the time of treatment. It provides useful 
treatment recommendations when no gold 
standard for treatment exists, which is a 
significant current need in the US 
healthcare delivery landscape. However, 
while Komorowski et al. derived some 
insight into the tool’s interpretability by 
estimating relative importance of model 
parameters, CDS tools that recommend 
treatment plans must also provide 
clinicians with transparency along with 
treatment recommendations, such that 
clinicians can easily and efficiently 
interpret the basis for those 
recommendations [11-12]. Nemati et al. 
developed the Artificial Intelligence Sepsis 
Expert algorithm, a sepsis prediction 
model derived from a combination of 
electronic medical record (EMR) and high-
frequency physiologic data. Retrospective 
results indicated that the model could 
accurately predict the onset of sepsis in an 
ICU patient 4–12 h prior to clinical 
recognition [13]. 
Early recognition, resuscitation, and 
referral can be lifesaving in sepsis; yet, the 
majority of children had a fever duration 
over 48 h and were evaluated by providers 
at other health facilities prior to 
presentation at MNH, raising concerns 
about delays to definitive care. This, too, 
has been previously described; in South 
Africa, 40% of critically ill children were 
evaluated by >1 medical provider prior to 
referral to a tertiary care center, which 
resulted in delays in definitive care [14]. 
We used SIRS criteria to identify patients 
with sepsis, and though these are the 
current, accepted criteria to identify 
pediatric sepsis, there has been much 
criticism regarding this operational 
definition [15-17]. One criticism is that the 
definition of sepsis is highly context-
dependent, especially in LMIC settings 

where diagnostic testing may be entirely 
unavailable or not available within a time 
frame relevant to guide acute care [15]. In 
Uganda, researchers used SIRS criteria to 
identify sepsis in children with suspected 
infection; 86% met SIRS criteria, which 
captured 94% of all inpatient deaths, 
showing that SIRS criteria is highly 
sensitive for sepsis, but not specific, nor is 
it helpful in predicting mortality in this 
population and setting [16]. 
In a study by Khilnani et al., it was 
observed that almost half of children who 
expired in tertiary care PICU had 
multiorgan dysfunction. [18-19] Although 
each one of parameters including the 
number of organ dysfunction, PRISM 
score, duration of PICU stay could 
influence final outcome; however, our 
study revealed that none of them could 
independently predict mortality among 
children with sepsis. Surprisingly, we did 
not find any significance of malnutrition to 
the final outcome in contrast to findings of 
others from India. This could probably 
generate from the fact that we defined 
malnutrition on basis of weight for age 
alone, rather than weight for height and 
height for age. [20] 
Conclusion: 
A delayed capillary refill time on 
admission and a low mean pH were 
statistically significant predictors of 
mortality in this study.Sepsis in Indian 
children is associated with high mortality. 
The multiorgan dysfunction syndrome, 
high PRISM score and need for multiple 
inotropes, deranged hematological and 
biochemical variables are important risk 
factors for mortality in combination 
although we are yet to identify a single 
independent predictor for overall 
mortality. 
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