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Abstract 

Objective: To determine prevalence of adrenal insufficiency in catecholamine-resistent pediatric 

shock; and to study association between serum cortisol level and severity of illness in catecholamine 

resistant pediatric shock. 

Study design: Prospective observational study 

Setting: Pediatric intensive care unit in a tertiary care hospital. 

Patients: 114 pediatric patients with catecholamine refractory shock.  

Interventions: Serum cortisol and outcome parameters of mortality, vasoactive inotropic score, 

Pediatric Risk of Mortality Score and mechanical ventilation rate were recorded. 

Results: The prevalence of adrenal insufficiency in our study was 14.03%. Mortality as primary 

outcome variable was significantly correlated to age (0.737), weight (0.291), adrenal insufficiency 

(0.354), Pediatric Risk of Mortality Score (0.677), and vasoactive inotropic score (0.268). Increase in 

age, higher incidence of adrenal insufficiency and Pediatric Risk of Mortality Score were associated 

with the highest odds of dying with 13.7(95% CI, 0.2-943), 2.36 (95% CI, 1.86-2.82) and 1.47 (95% 

CI, 1.16-1.86) respectively. Overall, the outcome variables were significant in patients with adrenal 

insufficiency and those with unusually high adrenal cortisol response. 

Conclusion: We concluded, adrenal response is varied in a wide spectrum of disease conditions in 

critically ill children. Both low and abnormally high cortisol response to acute illness is associated with 

poor clinical outcome in the form of high mortality, increased need for catecholamines and higher rates 

of mechanical ventilation. 

 
Keywords: Adrenal insufficiency, serum cortisol, catecholamine-resistant shock, vasoactive inotropic 

score, pediatric risk of mortality score 

 

Introduction 

Shock acts as a strong stimulator for the activation of the hypothalamic pituitary adrenal 

(HPA) axis, to increase serum levels of cortisol-releasing hormone, adrenocorticotropic 

hormone, and cortisol in acutely ill patients [1]. Patients that fail to optimally activate the 

HPA axis and consequent cortisol production during critical illness have higher mortality and 

morbidity [1, 2]. After initial enthusiasm regarding the role of steroids in shock waned because 

of various meta analysis showing no benefit [3], their use resurfaced after 1990s, mainly in 

critical care situations [4]. The revived practice was based on the observations that a 

substantial increase in cortisol is expected in critical care situations, such as trauma, surgery, 

shock and others. Further, studies observed that some patients in critical situation exhibit a 

blunted cortisol response, which led some experts to propound a supplementation of cortisol 

in physiological doses to these patients4. The expression “relative adrenal insufficiency” was 

suggested to describe those critically sick patients who in absence of an underlying HPA axis 

dysfunction, had inadequate cortisol response for the severity of the illness [5].  

Only few observational studies regarding adrenal insufficiency (AI) in critically sick children 

have been published [6-14]. These studies used different definitions for the diagnosis of AI and 

focused mainly on patients with septic shock [9, 11, 12]. Few studies also conducted 

corticotropin stimulation tests using different doses of the ACTH [7, 8, 14]. However, there is 

no consensus regarding the definition of AI in critically ill children with shock and the role 

of corticosteroids in these patients is controversial and may be potentially harmful [15- 18]. 
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There is also ambiguity in the 2008 and 2012 surviving 

sepsis guidelines for adults. While 2008 guidelines in adults 

suggest that AI on account of catecholamine-resistant septic 

shock is accepted at a random serum cortisol of < 18 mg/dL, 

2012 sepsis guidelines suggest that inappropriately low 

random cortisol level (<18 mg/dL) in a patient with shock 

would be taken as an indication for initiating steroid therapy 
[19, 20]. Further, performing ACTH stimulation test is not 

recommended by these guidelines because two large studies 

on corticosteroids in sepsis did not show any interaction 

between hydrocortisone replacement and response to ACTH 

on mortality [21, 22]. 

The objectives of this study were to determine prevalence of 

AI in catecholamine-resistent pediatric shock; and to study 

association between serum cortisol level and severity of 

illness in catecholamine resistant pediatric septic shock, in 

the light of current guidelines.  

 

Material and methods 

This was a prospective longitudinal study conducted in the 

pediatric intensive care unit (PICU) of Department of 

Pediatrics at SKIMS, Srinagar, over a period of two years 

(January 2014- December 2015). One hundred and fourteen 

consecutive children in the age group of 1 month and 17 

years, who had catecholamine refractory shock constituted 

the study group. We excluded patients who had received 

systemic steroids for more than 10 days in the previous 

month or had more than one dose of systemic steroids 

within the 24 hours before admission or patients with known 

central or primary AI. Shock was defined as per the 

American Academy of pediatrics practice guidelines23. 

Shock was classified functionally into hypovolemic, 

cardiogenic, distributive and obstructive shock on the basis 

of history, clinical examination and bedside 

echocardiography. Catecholamine refractory shock was 

defined as persistent hypotension after adequate fluid 

resuscitation and titration of a single vasopressor. Our unit 

uses a protocolized approach to septic shock according to 

the surviving sepsis guidelines [19]. Serum cortisol level was 

measured before starting the patients on hydrocortisone 

which was given as bolus of 100mg/mm2 followed by 

100mg/mm2 per day divided every 4 hours. Hydrocortisone 

was discontinued if the random cortisol level drawn before 

the initial bolus was ≥18 µg/dl. Cortisol measurements were 

done using chemi-luminescent immunoassay method. 

Various authors in different studies have proposed varied 

definitions for AI [9, 10, 11]. We adopted 2012 sepsis 

guidelines to define AI as an inappropriately low random 

cortisol level (<18 mg/dL) in a patient presenting with shock 
[20]. Patient parameters recorded included: baseline 

characteristics (age, sex, weight, diagnosis), Pediatric Risk 

of Mortality Score (PRISM III), mechanical ventilation rates 

and vasoactive inotropic score (VIS). All parameters were 

recorded within the first 12 hours of PICU admission except 

PRISM-III score which was recorded within first 4 hours of 

admission24. The VIS was calculated by using the formula: 

dopamine (mg/kg/min) x1+ dobutamine (mg/kg/min) x1 + 

epinephrine(mg/kg/min)x100 + norepinephrine (mg/kg/min) 

x100 +phenylephrine (mg/kg/min) x100 + 

vasopressin(U/kg/min) x10,000 + milrinone 

(mg/kg/min)x10 [25-27]. The study was approved by hospital 

ethical committee. 

The primary outcome measure was mortality. Secondary 

objectives were to determine the relationship of serum 

cortisol with clinically important parameters PRISM-III 

score, VIS and need for mechanical ventilation. 

 

Statistical analysis: 

Statistical Package for Social Sciences (SPSS) version 20 

and XLSTAT 2016 were used for statistical analysis of the 

data. A logistic regression model using age, weight, AI, 

PRISM-III score and VIS as potential confounders was used 

to assess the relationship between different 

variables and mortality. Calibration of logistic model was 

assessed using the Hosmer-Lameshow goodness-of-fit test 
[28]. Results were presented as percent (%), median, 

interquartile range (IQR), and 95TH percent confidence 

interval (95th CI). Values were compared by using the 

Mann-Whitney nonparametric test, the threshold of 

statistical significance being set at P < 0.05. 

 

Results 

During the study period 114 pediatric patients with 

catecholamine resistant shock met the eligibility criteria. 

Baseline patient characteristics are summarized in table.1. 

Etiology of shock was septic in 90 (78.9%), cardiogenic in 

20 (17.5%) and neurogenic in 4(3.5%) patients. Pneumonia 

(24%) was the most common underlying infection in septic 

shock. The etiology of cardiogenic shock was congenital 

heart lesions in 42.9% and dilated cardiomyopathy in 28.6% 

patients. The median (IQR) basal serum cortisol, PRISM-III 

score and VIS in our patients were 25 (21.6-32) μg/dl, 10(6-

18) and 52.5 (10-185) respectively. Total of 51(44.7%) 

patients needed mechanical ventilation. The relationship of 

outcome variables with the type of shock is presented in 

figure.1. On Spearman’s correlation mortality was found to 

be significantly correlated to age (0.737), weight (0.291), AI 

(0.354), PRISM-III (0.677), and VIS (0.268). All the 

variables found to be significantly correlated to the 

mortality, were entered into a logistic regression model. The 

Hosmer-Lameshow goodness-of-fit test showed that the 

model was well calibrated with a significant p-value of 

0.112. All the variables remain independently associated 

with death. Increase in age, higher incidence of AI and 

PRISM-III were associated with the highest odds of dying 

with 13.7(95% CI, 0.2-943), 2.36 (95% CI, 1.86-2.82) and 

1.47 (95% CI, 1.16-1.86) respectively. The AI as defined by 

serum cortisol level of <18 mcg/dl (group-I)) was observed 

in 16(14.03%) patients; serum cortisol of 18-45 mcg/dl 

(group-II)) was observed in 80 (70.2%) patients; and 

cortisol of >45mcg/dl(group-III) was observed in 

18(15.79%) patients. The overall mortality was 39.5%, 

being highest (45%) in cardiogenic shock followed by 

neurogenic shock (25%). Mortality was 75% in group-I, 

27.5% in group-II and 61.1%. All the outcome variables of 

mortality, PRISM-III score, VIS and mechanical ventilation 

rate were significant in group-I and group-II. The median 

(IQR) cortisol in non-survivors and survivors was 21(6.6-

50.09) mcg/dl and 31.99 (18.44-55.76) mcg/dl respectively 

(p=0.08). Table 2 and Figure-2 depicts the comparison of 

PRISM-III and VIS between patients with AI and with no 

AI. 
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Table 1: Baseline characteristics, therapy received and univariate comparisons between survivors and non-survivors 
 

Characteristic All subjects (n=228) Survivors (n=148) Non-survivorsa (n=80) P value 

Age(months), median (IQR) 23.3(8-72) 25.5(11.5-66) 21.5(8-78) 0.16 

Male, no.(%) 121(53.1) 77(52) 44(55) 0.82 

Weight(kg), median (IQR) 11.2(5-18.6) 11.8(7.6-16.5) 11.2(6.5-17.2) 0.85 

Respiratory disease, no.(%) 148(64.9) 103(69.6) 45(56.2) 0.37 

Hemato-oncologic disease, no.(%) 31(13.6) 17(11.5) 14(17.5) 0.32 

Neurologic disease, no.(%) 25(11) 11(7.4) 14(17.5) 0.049 

Renal disease, no.(%) 22(9.6) 16(10.8) 6(7.5) 0.64 

Gastrointestinal disease, no.(%) 2(0.90) 1(0.7) 1(1.3) 1.0 

Vital signs, median (IQR) 

GCS 

Temperature, degree C 

Heart rate, beats/minute 

CVP, mmHg 

MAP, mmHg 

 

9(6-14) 

36.4(32.6-39.8) 

167(134-214) 

3.4(3-6.2) 

36.2(34.1-67.1) 

 

9(4-14) 

36.5(31.2-39.4) 

164(126-188) 

3.6(3.3-5.5) 

52.4(38.3-66.4) 

 

7(4-13) 

37.2(36.3-40.1) 

173(138-206) 

4.1(3.3-6.4) 

45.5(41.1-64.2) 

 

0.66 

0.83 

0.55 

0.63 

0.50 

PRISM-III score, median (IQR) 12(8-18) 10(8-15) 18(9-22.5) 0.004 

PELOD score, median (IQR) 14(8.2-18) 10.2(6.6-16.8) 15.4(10-18.6) 0.027 

Laboratory values, median (IQR) 

Hematocrit,% 

Total leukocyte count, per mm3 

Platelet count, per mm3 

pH 

Creatinine, mg/dl 

Total bilirubin, mg/dl 

Albumin, mg/dl 

Prothrombin time, seconds 

 

29.1(20.2-57.1) 

4.6(2.1-20.6) 

116(16-365) 

7.21(6.9-7.34) 

1.1(0.41-3.72) 

1.10(0.4-4.8) 

3.2(1.44-4.2) 

22.3(13.4-53.4) 

 

32.1(24.1-53.2) 

5.6(1.8-19.6) 

122(38-285) 

7.24(7.1-7.28) 

0.9(0.42-2.4) 

0.84(0.44-4.6) 

3.7(1.8-4.4) 

18.2(13-42) 

 

37.1(25.2-47.3) 

3.2(2.3-13.5) 

84(33-310) 

7.10(7.0-7.18) 

1.14(0.67-3.8) 

1.3(0.64-4.82) 

2.5(1.2-4.4) 

25(14.2-55.4) 

 

0.37 

0.042 

0.22 

0.014 

0.061 

0.065 

0.045 

0.088 

Serum cortisol ( mcg/dl) 25(20-30.2) 25.6(21.6-28) 20(5.43-35) 0.080 

Therapy during first 72 hours 

Additional fluids, ml/kg, median (IQR) 

0-6 

7-72 

VIS, median (IQR) 

6 hours 

24 hours 

72 hours 

Mechanical ventilation, no.(%) 

0-6 

7-72 

 

 

60(20-100) 

10(10-40) 

 

95(10-240) 

50(10-240) 

30(10-150) 

 

90 

39 

 

 

60(20-90) 

10(0-40) 

 

40(10-210) 

40(0-195) 

20(0-100) 

 

47 

18 

 

 

60(40-100) 

20(20-40) 

 

110(65-220) 

55.5(10-230) 

30.5(0-150) 

 

43 

21 

 

 

0.31 

0.041 

 

0.007 

0.032 

0.037 

 

0.041 

0.032 

Duration of hospital stay, days 17(9-28) 22(10-30) 16(6.7-25) 0.082 

a-mortality(non-survivors ) corresponds to 60-day mortality 

IQR-interquartile range; CVP-central venous pressure; MAP-mean arterial pressure; PRISM-pediatric risk of mortality; PELOD-pediatric 

logistic organ dysfunction; VIS-vaso-active inotropic score. 
 

Table 2: Baseline characteristics, therapy, and outcome comparisons between low(<18 mcg/dl) and normal(>18mcg/dl) baseline cortisol 

groups. 
 

Characteristics Cortisol <18 mcg/dl, n=46 Cortisol>18mcg/dl, n=182 P value 

Age(years), median (IQR) 24.2(8-80) 23.2(11-76) 0.21 

Vital signs, median (IQR) 

GCS 

Temperature, degree C 

Heart rate, beats/minute 

CVP, mmHg 

MAP, mmHg 

 

7(4-13) 

35.6(3-39.4) 

176(130-210) 

4.4(3.2-5.5) 

48.3(33.5-64.5) 

 

9(5-13) 

36.4(34.6-40.5) 

162(133-192) 

3.6(3.1-6.4) 

54.2(36.2-66.5) 

 

0.91 

0.61 

0.20 

0.84 

0.61 

PRISM-III, median (IQR) 11(8-18.5) 15(9-22) 0.12 

Laboratory values, median (IQR) 

Hematocrit,% 

Total leukocyte count, per mm3 

Platelet count, per mm3 

pH 

Creatinine, mg/dl 

Total bilirubin, mg/dl 

Albumin, mg/dl 

Prothrombin time, seconds 

Lactate on admission,mmol/l, median (IQR) 

 

33.8(24.2-48.6) 

2.8(1.3-13.5) 

68(32-260) 

7.06(6.9-7.20) 

1.11(0.63-3.9) 

1.2(0.60-3.74) 

2.5(1.4-3.8) 

26(16-58.5) 

4.7(4.2-6.6) 

 

32.2(26.2-52.2) 

5.4(2.8-19.2) 

122(36-292) 

7.20(7.0-7.28) 

0.9(0.46-3.4) 

0.86(0.44-3.6) 

3.2(2.0-4.5) 

17(13-45) 

4.2(3.5-5.9) 

 

0.61 

0.058 

0.11 

0.014 

0.088 

0.071 

0.076 

0.011 

0.14 

Therapy during first 72 hours 

Additional fluids, ml/kg, median (IQR) 

0-6 

7-72 

60(40-100) 

40(20-40) 

66(20-320) 

57.5(12-230) 

60(20-90) 

10(0-40) 

60(102.2-280) 

40(0-210) 

0.48 

0.07 

0.22 

0.27 
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VIS, median (IQR) 

6 hours 

24 hours 

72 hours 

Mechanical ventilation, no.(%) 

0-6 

7-72 

26.5(0-150) 

31 

23 

8 

20(0-100) 

98 

74 

24 

0.11 

0.42 

0.46 

0.49 

Outcome 

PELOD score, hours, median (IQR) 

0 

6 

24 

48 

72 

Duration of hospital stay, days 

Mortality, no(%) 

In-hospital 

60-day 

14.5(10-18.8) 

14.5(10.1-17.4) 

13.3(9.5-16.6) 

11.5(8.2-16.5) 

10.5(7.1-16.2) 

14(4.3-18.5) 

24 

19 

5 

12.1(10.5-17.8) 

12(10.3-16.8) 

11.1(8-14.8) 

8.4(6.5-14.5) 

8.5(6.5-13.6) 

21(11-31) 

56 

43 

13 

0.21 

0.20 

0.51 

0.045 

0.058 

<0.001 

0.087 

0.088 

0.54 

 

 
 

Fig 1: Outcome Parameters in different types of shock 

 

 
 

Fig 2: Comparison of Pediatric Risk of Mortality Score (PRISM-III) and vasoactive inotropic score (VAS) in patients with and without 

adrenal insufficiency. PRISM-III- Pediatric Risk of Mortality Score; VIS- vasoactive inotropic score; AI-adrenal insufficiency; 
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Discussion 

We observed an overall mortality of 39.5% in patients with 

shock. Septic shock was the predominant (78.9%) clinical 

type and pneumonia (24%) was the most common 

underlying infection. Fisher et al. in their study on clinical 

spectrum of shock in pediatric patients reported septic shock 

as the underlying physiology in 57% of cases, followed by 

hypovolemic and distributive shock [29]. Pneumonia as the 

most common underlying infection in septic shock was 

consistent with the findings in other studies [30]. In our study 

the mortality was highest (45%) in cardiogenic shock 

followed by neurogenic shock. In critically ill pediatric 

patients, cardiogenic shock represents 5-13% of diagnosed 

cases of shock [29. It is the most advanced and most serious 

stage of heart failure. When associated with extracardiac 

comorbidities (sepsis, acute renal failure, liver failure), the 

mortality rate can increase by fivefold [31]. Although 

cardiogenic shock is fatal in 5–10% of cases who need 

hospitalization, the high mortality in our patients can be 

explained by the fact that our patient population contained 

high number of unoperated and complicated congenital 

heart diseases [31]. Further, the majority of the shock patients 

were in decompensated stage at admission and often 

complicated by extracardiac comorbidities. Further, we 

recruited a relatively sick patient cohort for study as 

supported by high PRISM-III score, VAS, and higher rates 

of ventilation; which perhaps accounted for overall higher 

mortality in our study as against existing literature [32]. 

The optimum range for serum cortisol in patients with shock 

remains unclear [19, 20]. In addition, the lack of uniform 

criteria for diagnosis of AI in shock has lead to the reported 

incidence varying from 4.5 to 41.9% on admission [19, 20, 33]. 

The prevalence of AI in our study was 14.03%, consistent 

with existing literature. We observed a mortality of 75% in 

patients with AI, statistically higher than those with 

adequate adrenal response. Sarthi M and colleagues studied 

adrenal status in children with septic shock using low dose 

ACTH (1mcg) stimulation test and observed a mortality of 

56% in patients with AI [12]. They further reported that 6 

(75%) of the 8 children with catecholamine refractory shock 

died compared with 9(41%) of 22 with catecholamine 

responsive shock (p =0 .09). They used basal cortisol levels 

<7 mcg/dL and/or peak cortisol level <18 mcg/dL as the 

criteria for AI [12].  

Eighteen (15.8%) study patients had unusually high serum 

cortisol (>45mcg/dl [34]) response on admission. Out of these 

11(61%) patients died during the hospital stay. The 

observed high mortality in patients with cortisol of 

>46mcg/dl was consistent with the findings of Susan S Sam 

et al., who reported 81% mortality in patients with cortisol 

level >1242nmol/l (45mcg/dl) [35]. D Annane and colleagues 

observed that values of serum cortisol >34mcg/dl or even 

45mcg/dl were significantly associated with high death rates 

and concluded that the basal serum cortisol rises with the 

severity of illness and correlates with high mortality in 

various critically ill patients [36]. The association of high 

cortisol with high mortality as reported in our study, is 

perhaps related more to the severity of underlying illness, 

rather than due to the direct deleterious effect of high serum 

cortisol, as supported by other studies [34].  

We reported a significantly high median (IQR) PRISM-III 

score in patients with adrenal insufficiency and those with 

unusually high serum cortisol response. Recently, there have 

been multiple changes to the data collection process for the 

PRISM score [24]. First, the time period for measuring 

PRISM has changed [24]. Physiologic variables are measured 

only during the first four hours of intensive unit care, to best 

separate the predictor variables from any bias due to therapy 
[24]. Second, only the first intensive unit admission in any 

hospitalization is included and outcome is predicted at 

hospital discharge, rather than ICU discharge [37]. We 

recorded the physiological variables at the time of admission 

to PICU and the outcome was measured for the total stay in 

the hospital, which included ICU and non-ICU care. Mark 

Hatherill and coworkers in a study on AI in septic shock 

reported similar observations of significantly high PRISM in 

patients with AI [18(9-36) vs 12(4-26)] [38]. As their 

observation was based upon the first 24 hours of PICU 

physiological data, they concluded that pre-admission 

stabilization might result in artificially low PRISM scores 
[38]. 

We used the vasoactive-Inotropic Score (VIS) as an 

objective clinical tool to quantify the need of cardiovascular 

support in patients with shock. VIS has been used as a 

predictor of morbidity and mortality in children in septic 

shock and after cardiac surgery [26, 39]. We reported a 

significantly higher median (IQR) VIS in group-I and 

group-III. Most of the studies have used the number of 

catecholamines as the tool to assess the need for 

cardiovascular support in patients with AI [12, 33]. Pizarro CF 

et al. in a study on 57 patients with septic shock observed 

that all children with fluid-responsive shock had adequate 

cortisol response (>9 microg/dL) and those with AI had a 

higher risk of catecholamine resistant shock (RR, 1.88; 95% 

CI, 1.26-2.79) [11].  

The rate of mechanical ventilation in our study patients in 

group-I and group-III were 81.2% and 72.2% respectively, 

significantly higher than those with optimal adrenal 

response. Chung-Jen Huang and Horng Chyuan Lin in a 

prospective, randomized study observed that the successful 

ventilator weaning percentage was significantly higher in 

patients with adequate adrenal reserve (88.4%) than those 

with AI (68.6%) [40]. They concluded that for patients with 

respiratory failure, early identification of AI and appropriate 

supplementation with stress dose hydrocortisone increase 

the success of ventilator weaning and shortens the weaning 

period [40].  

Our study had many limitations. Study sample size was 

smaller. Single measurement of cortisol was taken from 

catecholamine resistant shock patients, no repeat assays 

were done to monitor the response to management. ACTH 

stimulation test was not done, and response to IV steroids 

was not documented. 

We concluded, adrenal response is varied in a wide 

spectrum of disease conditions in critically ill children. Both 

low and abnormally high cortisol response to acute illness is 

associated with poor clinical outcome in the form of high 

mortality, increased need for catecholamines and higher 

rates of mechanical ventilation. Despite the correlation 

between serum cortisol and clinically important outcome 

parameters, it is difficult to usefully estimate the appropriate 

cortisol response that children with critical illness should 

mount during shock. There is need for further research to 

demonstrate such adequate cortisol response and larger 

studies are needed to demonstrate the cut-off values in 

pediatric shock patients above or below which mortality 

increases significantly.  

 



 

~ 147 ~ 

International Journal of Applied Research 
 

References 

1. Nylen ES, Muller B. Endocrine changes in critical 

illness. J Intensive Care Med. 2004; 19(2):67-82. 

2. Dimopoulou I, Stamoulis K, Ilias I et al. A prospective 

study on adrenal cortex responses and outcome 

prediction in acute critical illness: results from a large 

cohort of 203 mixed ICU patients. Intensive Care Med. 

2007; 33(12):2116-21. 

3. Lefering R, Neugebauer EA. Steroid controversy in 

sepsis and septic shock: a meta-analysis. Crit Care Med. 

1995; 23:1294-303. 

4. Rafael Barberena Moraes, Mauro A, Czepielewski et al. 

Diagnosis of adrenal failure in critically ill patients. Arq 

Bras Endocrinol Metab. 2011; 55(5):295-302. 

5. Rothwell PM, Udwadia ZF, Lawler PG. Cortisol 

response to corticotrophin and survival in septic shock. 

Lancet. 1991; 337:582-3. 

6. Hebbar K, Rigby MR, Felner EI et al. Neuroendocrine 

dysfunction in pediatric critical illness. Pediatr Crit 

Care Med. 2009; 10:3-40. 

7. Ando M, Park IS, Wada N et al. Steroid 

supplementation: a legitimate pharmacotherapy after 

neonatal open heart surgery. Ann Thorac Surg. 2005; 

80:1672-1678. 

8. Bone M, Diver M, Selby A et al. Assessment of adrenal 

function in the initial phase of meningococcal disease. 

Pediatrics 2002; 110:563-569. 

9. Casartelli CH, Garcia PC, Branco RG et al. Adrenal 

response in children with septic shock. Intensive Care 

Med. 2007; 33:1609-1613. 

10. Menon K, Clarson C. Adrenal function in pediatric 

critical illness. Pediatr Crit Care Med. 2002; 3:112-116. 

11. Pizarro CF, Troster EJ, Damiani D et al. Absolute and 

relative adrenal insufficiency in children with septic 

shock. Crit Care Med. 2005; 33:855-859. 

12. Sarthi M, Lodha R, Vivekanandhan S et al. Adrenal 

status in children with septic shock using low-dose 

stimulation test. Pediatr Crit Care Med. 2007; 8:23-28. 

13. Samransamruajkit R, Jitchaiwat S, Deerojanawong J, et 

al. Adrenal insufficiency in early phase of pediatric 

acute lung injury/acute respiratory distress syndrome. J 

Crit Care. 2007; 22:314-318. 

14. Gajarski RJ, Stefanelli CB, Graziano JN et al. 

Adrenocortical response in infants undergoing cardiac 

surgery with cardiopulmonary bypass and circulatory 

arrest. Pediatr Crit Care Med. 2010; 11:44-51. 

15. Menon K, Lawson M. Identification of adrenal 

insufficiency in pediatric critical illness. Pediatr Crit 

Care Med. 2007; 8:276-278. 

16. Brierley J, Carcillo JA, Choong K et al. Clinical 

practice parameters for hemodynamic support of 

pediatric and neonatal septic shock: 2007 update from 

the American College of Critical Care Medicine. Crit 

Care Med. 2009; 37:666-688. 

17. Patel GP, Balk RA. Systemic steroids in severe sepsis 

and septic shock. Am J Respir Crit Care Med. 2012; 

185(2):133-9. 

18.  Markovitz BP, Goodman DM, Watson RS et al. A 

retrospective cohort study of prognostic factors 

associated with outcome in pediatric severe sepsis: what 

is the role of steroids?. Pediatr Crit Care Med. 2005; 

6:270-274. 

19. Dellinger RP, Levy MM, Carlet JM et al. Surviving 

Sepsis Campaign: international guidelines for 

management of severe sepsis and septic shock: 2008. 

Intensive Care Med. 2008; 34:17-60 

20. Dellinger RP, Levy MM, Rhodes A et al. Surviving 

sepsis campaign: international guidelines for 

management of severe sepsis and septic shock: 2012. 

Crit Care Med. 2013; 41:580-637. 

21. Annane D, Sebille V, Charpentier C et al. Effect of 

treatment with low doses of hydrocortisone and 

fludrocortisones on mortality in patients with septic 

shock. JAMA. 2002; 288:862-71. 

22. Sprung CL, Annane D, Keh D et al. Hydrocortisone 

therapy for patients with septic shock. N Engl J Med. 

2008; 358:111-24. 

23. McInerny T, Adam HM, Campbell DE, Kamat DM, 

Kelleher KJ. (eds.). American Academy of Pediatrics: 

Textbook of Pediatric Care. 5th edition. America: 

American Academy of Pediatrics, 2009. 

24. Pollack MM, Holubkov R, Funai T et al. The pediatric 

risk of mortality score: update 2015. Pediatric Critical 

Care Medicine. 2016; 17(1):2-9. 

25. Wernovsky G, Wypij D, Jonas RA et al. Postoperative 

course and hemodynamic profile after the arterial 

switch operation in neonates and infants. A comparison 

of low-flow cardiopulmonary bypass and circulatory 

arrest. Circulation. 1995; 92:2226-35. 

26. Gaies MG, Gurney JG, Yen AH et al. Vasoactive-

inotropic score as a predictor of morbidity and mortality 

in infants after cardiopulmonary bypass. Pediatr Crit 

Care Med. 2010; 11:234-8.  

27. Crow SS, Robinson JA, Burkhart HM et al. Duration 

and magnitude of vasopressor support predicts poor 

outcome after infant cardiac operations. Ann Thorac 

Surg. 2014; 98:655-61. 

28. Hosmer DW. Lemeshow. Applied Logistic Regression. 

Ed. John Wolfley y Sons. 1989; 81:8-20. 

29. Fisher JD, Nelson DG, Beyersdorf H et al. Clinical 

spectrum of shock in the pediatric emergency 

department. Pediatr Emerg Care. 2010; 26(9):622-5. 

30. Watson RS, Carcillo JA, Linde-Zwirble WT, et al. The 

epidemiology of severe sepsis in children in the United 

States. American journal of respiratory and critical care 

medicine. 2003 Mar; 1;167(5):695-701. 

31. Rossano JW, Kim JJ, Decker JA, et al. Prevalence, 

morbidity, and mortality of heart failure-related 

hospitalizations in children in the United States: a 

population-based study. J Card Fail. 2012; 18(6):459-

70. 

32. Carcillo JA, Kuch BA, Han YY et al. Mortality and 

functional morbidity after use of PALS/APLS by 

community physicians. Pediatrics. 2009; 124(2):500-8. 

33. Menon K, Ward RE, Lawson ML, et al. Canadian 

Critical Care Trials Group. A prospective multicenter 

study of adrenal function in critically ill children. Am J 

Respir Crit Care Med. 2010; 182(2):246-51. 

34. Jurney TH, Cockrell JL, Lindberg JS et al. Spectrum of 

serum cortisol response to ACTH in ICU patients. 

Chest. 1987; 92:292-295. 

35. Sam S, Corbridge TC, Mokhlesi B, Comellas AP, 

Molitch ME; Cortisol levels and mortality in severe 

sepsis. Clinical endocrinology. 2004; 60:29-35. 

36. Annane D, Sébille V, Troché G et al. A 3 – level 

prognostic classification in septic shock based on 

cortisol levels and cortisol response to corticotrophin. 

JAMA, 2000; 283:1038-45 



 

~ 148 ~ 

International Journal of Applied Research 
 

37. Pollack MM, Holubkov R, Funai T et al.: Simultaneous 

prediction of new morbidity, mortality, and survival 

without new morbidity from pediatric intensive care: A 

new paradigm for outcomes assessment. Critical Care 

Medicine. 2015; 43:1699-1709. 

38. Hatherill M, Tibby SM, Hilliard T et al. Adrenal 

insufficiency in septic shock. Archives of disease in 

childhood. 1999; 80(1):51-5. 

39. Haque A, Siddiqui NR, Munir O et al. Association 

between vasoactive-inotropic score and mortality in 

pediatric septic shock. Indian Pediatr 2015; 52:311-3. 

40. Huang CJ, Lin HC. Association between adrenal 

insufficiency and ventilator weaning. Am J Respir Crit 

Care Med. 2006; 173:276-280.  

 


