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Ab s t r ac t
Background: The number of pediatric oncology patients admitted to the intensive care unit (ICU) has increased, and their hospital outcomes are 
improving. Since scarce data are available about this patient population, we conducted this retrospective study to evaluate the epidemiology 
and predictors of hospital outcomes.
Materials and methods: We included all children with cancers who were admitted to our ICU over 1 year. We excluded children admitted after 
elective surgery and those following bone marrow transplant. We collected data about demographics, admission diagnosis, type of malignancies, 
and ICU interventions. The primary outcome was the hospital outcome. The secondary outcomes were ICU length of stay (LOS), and ICU and 
hospital mortality. We analyzed the predictors of hospital outcome.
Results: Two hundred pediatric oncology patients were admitted from November 1, 2014 to October 30, 2015. Seventy-eight children had 
solid organ malignancies, and the rest had hematological malignancies. Hematooncology malignancy patients had significantly higher hospital 
mortality than those with solid organ malignancies. (61.5 vs 34.6%, p = 0.015). On multivariate regression analysis, mechanical ventilation [odds 
ratio (OR), 14.64; 95% confidence interval (CI): 1.23–165.05; p <0.030], inotropes (OR, 9.81; 95% CI: 1.222–78.66; p <0.032), and the presence of 
coagulopathy (OR, 3.86; 95% CI: 1.568–9.514; p <0.003) were independent predictors of hospital mortality.
Conclusion: In this retrospective cohort of 200 children with malignancies, we found that children with hematologic cancer had significantly 
higher hospital mortality as compared to those with solid tumors. The need for mechanical ventilation, use of inotrope infusion, and coagulopathy 
were independent predictors of mortality.
Keywords: Critical care oncology, Hematooncology, Hospital mortality, ICU mortality, ICU outcomes, Intensive care in pediatric cancer, Pediatric 
cancers, Solid tumors.
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In t r o d u c t i o n
Therapeutic advances in pediatric cancer have significantly improved 
the overall survival; however, this comes at the cost of increasing 
intensive care unit (ICU) admissions.1–5 Nearly 40% of pediatric oncology 
patients require ICU admission during the course of their treatment.6 
The mortality rate in children without cancer admitted to the pediatric 
intensive care unit (PICU) which was 11% in 1982 decreased to around 
5% in 2006 and by 2015 had further decreased to a mere 2.7%.7 This 
is in glaring contrast to a nearly 20% mortality in pediatric patients 
with cancer in 2019, which has more or less remained constant, when 
postoperative patients were excluded.6 Over the years, the commonest 
reasons for ICU admissions in pediatric cancer patients have been 
sepsis or septic shock and respiratory failure, with mortality of 20 to 
84%.8–10 Various risk factors for mortality in children with cancer have 
been identified, such as sepsis, need for mechanical ventilation, renal 
replacement therapy, and history of bone marrow transplant.10–12 
Pediatric patients with hematological malignancies have greater 
admission illness severity, infection rates, and mortality as compared 
to those with solid tumors.10 We conducted this analysis to assess the 
clinical characteristics and predictors of hospital outcomes of pediatric 
cancer patients admitted to the ICU. 

Mat e r ia  l s a n d Me t h o d s
We retrospectively analyzed the data of all unplanned pediatric 
oncology patients admitted to our ICU, at a tertiary referral cancer 
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center over an 1-year period (November 01, 2014 to October 
30, 2015). The study was approved by the Institutional Ethics 
Committee, which waived off the need for informed consent. 

We included data of all patients who were <18-year-old. 
The patients were broadly categorized into a solid organ and 
hematological malignancies, using the International Classification 
of Childhood Cancer-3. We excluded planned postoperative 
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admissions and those who had undergone bone marrow 
transplant.

Our ICU is a mixed adult and pediatric ICU. Acutely ill children 
from oncology are admitted to the ICU if they require respiratory, 
or any other organ support or intense monitoring. We collected 
the demographic data, ICU admission diagnosis (respiratory 
failure, cardiac failure, etc., see Appendix I for definitions), type 
of malignancies, ICU interventions required such as mechanical 
ventilation, vasopressor, and inotropic support, dialysis, and need 
for transfusion of blood and blood products. The primary endpoint 
was the hospital outcome. The secondary outcomes were ICU and 
hospital length of stay (LOS), and ICU mortality. We also analyzed 
the predictors of hospital outcome.

Statistics
Categorical variables are presented as counts (percentage) and 
compared using Fisher’s exact test or chi-square test as applicable. 
For continuous variables, Student’s t test was used. Univariate 
analysis was performed to identify factors predicting ICU mortality, 
and variables with a p value <0.2 were used for multivariable 
analysis. Multivariable logistic regression analysis was performed 
by backward stepwise selection of variables. SPSS software version 
21 (IBM, Chicago) was used for statistical analysis. p value of <0.05 
was considered statistically significant. 

Re s u lts
We collected data of 200 pediatric oncology patients. Of these, 
78 patients had solid organ malignancies (83 admissions) and the 
remaining 122 had hematological malignancies (142 admissions). 
There were 136 males, and the median age of the patients was 8 
(0.5–18) years. The median ICU LOS was 4 (1–31) days, while the 
median hospital LOS was 12 (1–76)  days. Table 1 shows the ICU 
admission diagnosis for this cohort.

The ICU and hospital mortality in our study cohort were 45 
and 51%, respectively. The hospital mortality of patients with 
hematological malignancies was significantly higher than those 
with solid organ malignancies (61.5 vs 34.6%; p = 0.015). The mean 
duration of ICU stay was higher for survivors as compared to non-
survivors (5.30 ±  5.46 vs 3.74 ±  3.24  days; p =  0.07). The mean 
duration of hospital stay was also higher for survivors as compared 
to non-survivors [19.65 ( ± 14.53) days vs 10.91 days ( ± 9.32); p <0.01]. 
The hematological malignancy patients had significantly higher 
ICU mortality than those with solid organ malignancies (54.1 vs 
30.8%; p =  0.026). On multivariate regression analysis, the need 

for ventilation, inotropes, and the presence of coagulopathy were 
independent predictors of hospital mortality (Table 2).

Forty-three percent of patients had presented to ICU with 
respiratory failure, and 78% of these patients required mechanical 
ventilation. ICU mortality in ventilated patients was significantly 
higher than patients who did not need ventilation (55.8 vs 9.1%; 
p <0.001). The mortality rates for ventilated patients were 54% for 
hematologic and 30.8% for solid tumors patients. The duration 
of ventilation for survivors was 3.7 (  ±  3.24) (range 1–14)  days 
(p = 0.031). Thirty-five patients were initially offered noninvasive 
ventilation (NIV), of which 19 patients subsequently required 
invasive mechanical ventilation (IMV). The mean duration of NIV 
was 1.8 ( ± 1.55) days (Table 3). The incidence of septic shock at 
admission was higher in patients with hematological malignancy, 
and the mortality in these patients was 50%. Seventy-eight patients 
(39%) had coagulopathy at admission. The mean international 
normalized ratio (INR) of 77 patients (data missing for one patient) 
was 2.0549 (  ±  1.79); of these, 26 patients needed frequent 
fresh frozen plasma (FFP) transfusions and 8 (32.0%) patients 
died. The mean platelet count was 47.70 ×  103 ( ±  53.77)/mm3 
(minimum, 3 × 103/mm3; max, 319 × 103/mm3); 62 patients were 
transfused random donor platelets or single donor platelets as 
per availability, and 40 (64.5%) patients died. Twenty-one children 
with solid tumors had neutropenia, of which 10 (47.6%) died in the 
hospital; while 43 children with hematological malignancies had 
neutropenia, and 24 (55.8%) died in the hospital (p <0.44).

Di s c u s s i o n
In this retrospective analysis of the largest cohort of pediatric 
oncology patients from a single center in India, we found that 
children with hematologic cancer had significantly higher hospital 
mortality as compared to those with solid tumors. Children who 
required mechanical ventilation, inotrope infusion, and had 
coagulopathy had higher mortality, and we found these factors to 
be independent predictors of mortality. 

In this analysis, we found overall ICU and hospital mortality of 45 
and 51%, respectively. These figures are much higher than those in 

Table 1: ICU admission diagnosis

ICU admission diagnosis
Total  

complications, n
Hematological  

malignancies, n (%)
Solid organ  

malignancies, n (%)
Acute respiratory failure 86   61 (70.9) 25 (29.1)
Encephalopathy 46   29 (63.1) 17 (36.9)
Cardiac failure 19   8 (42.1) 11 (57.9)
Postop. patients# 18   1 (5.6) 17 (94.4)
Septic shock 18   14 (77.8)   4 (22.2)
Coagulopathy 78   56 (71.79)   22 (28.21)
Cardiac arrest^   4    4 (100)   0
Renal failure   3   1 (33.3)   2 (66.7)
Other   6   4 (66.7)   2 (33.3)

#Unplanned admission from wards for postoperative patients for ventilator support and/or vasopressors; 
^Admissions after cardiac arrests in wards (code blue patients); for definitions, see Appendix I

Table 2: Independent predictors of ICU mortality on multivariate analysis

Odds ratio
95% confidence 

interval p value
Mechanical ventilation 14.64   1.23–165.05 0.030
Inotropes   9.81 1.222–78.66 0.032
Coagulopathy   3.86 1.568–9.514 0.003
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Eighty-six (43%) patients presented to us with acute respiratory 
failure (ARF), and their overall survival rate was 52%. The need for 
IMV was an independent predictor of hospital mortality [odds ratio 
(OR), 14.637; 95% confidence interval (CI): 1.298–165.053; p <0.030]. 
This is consistent with several other reports.1,3,11,15 Wösten-van 
Asperen et al. conducted a systematic review that included 16,853 
admissions of children with cancer from 31 studies. They found that 
the risk of death was significantly higher (OR, 18.49; CI, 13.79–24.78; 
p <0.001) when mechanical ventilation was required.6

Thirty-five children in our study were initially given NIV, of 
which 19 (54%) patients failed NIV and required IMV. Out of these, 
11 children subsequently died, suggesting that delay in intubation 
and IMV is likely to increase mortality. In a small study in adult 
immunocompromised patients, the early use of NIV in hypoxic 
respiratory failure was shown to reduce the need for intubation and 
mechanical ventilation and also to reduce serious complications 
and mortality.16 Later, Pancera et al. described similar encouraging 
results of NIV as the first line of therapy in pediatric patients with 
malignancies. NIV was used successfully in 74% of children.17 They 
cautioned against its use in patients who had high severity of illness 
and cardiovascular dysfunction. Pistra et al. reported that the success 
of NIV is highest in the presence of single organ failure, and the 
number of organ failures at ICU admission is a strong predictor of 
failure of NIV (OR, 5.26; 95% CI: 1.7–16.4; p = 0.004).18 Garcio-Salida 
reported the outcomes of 69 pediatric oncology patients with 88 
episodes of ARF admitted to PICU, over 4 years.19 They reported 
that high-flow oxygen nasal cannula (HFNC), NIV, or O2 by nasal 
cannula in that order were the types of respiratory support offered 
at admission. IMV was required in 47 patients, of whom 37 patients 
needed IMV because primary support that was offered failed. A large 
proportion of children, who were given HFNC or NIV, did not need 
mechanical ventilation. However, if these two therapies failed, the 
outcomes worsened. They suggested the need for further studies for 
assessing the utility of noninvasive respiratory support in pediatric 
oncology patients.

In our study, of the 82 patients who later developed circulatory 
failure and hypotension, 55 patients died (64.7%).On univariate 
analysis, use of vasopressors (19 vs 54; p <0.001) and inotropes 
(2 vs 13; p <0.001) was associated with increased ICU mortality  
(Table 2), but not on multivariate analysis .On multivariate analysis, 
the need for inotropic (dobutamine) support was associated with 
increased mortality. Fifteen children needed inotropic support; 
of these, 5 patients had solid tumors, while 10 had hematological 
malignancies. All patients had cardiac dysfunction with reduced 
myocardial contractility on admission. Two patients developed 
septic shock during ICU stay. Their mean ICU LOS was 2.8 

non-oncology admissions to PICUs. An early study from Spain found 
that the overall mortality in non-cancer general pediatric patients 
was 5.4 ( ± 3.2)%.12 In 2015, Butt et al., in an editorial, noted that the 
mortality of pediatric patients in PICUs has significantly decreased 
over time from 11 (1982) to 2.7% (2015).7 However, pediatric patients 
with malignancy are immunodeficient either due to disease or due 
to treatment and are susceptible to repeated infections. A recent 
Brazilian study found that children with hematological malignancies 
received corticosteroids more often (68.4 vs 50.3%; p = 0.02) and 
had higher proportionate use of chemotherapy (84.2 vs 67.3%; 
p = 0.01) as compared to those with solid tumors. As a consequence, 
neutropenia (54.4 vs 21.6%; p <0.001) and mucositis (29.8 vs 12.4%; 
p <0.001) occurred more frequently in these children, making them 
more susceptible to bloodstream infections.13

In our patient cohort, children with hematological malignancies 
had significantly higher ICU (54 vs 30.8%, respectively; p = 0.026) and 
hospital mortality (61.5 vs 34.9%, respectively; p = 0.015) as compared 
to those with solid organ malignancies. This is consistent with several 
other reports. Zinter et al. reported that children with hematological 
malignancies had twice the mortality as compared to those with solid 
tumors (9.6 vs 4.5%), relative risk (RR) = 2.1 (95% CI: 1.8–2.5; p <0.001).11 
The patients with hematological malignancies were sicker (PRISM 3 
score, 8 vs 2; p <0.001) and had higher incidence of sepsis (27 vs 9%, 
RR = 2.9; 95% CI: 2.6–3.1; p <0.001). Apart from this, diagnosis of acute 
myeloid leukemia and history of bone marrow transplant were also 
independently associated with mortality. An Egyptian study reported 
similarly higher mortality rates in children with hematological 
malignancies (46 vs 22%; p = 0.002). The authors attributed this 
difference to a higher level of immunosuppression in children with 
hematological malignancies and those with solid tumors being 
admitted for postoperative care or intense monitoring.10 Dalton et al. 
in a multicenter retrospective cohort study from 20 ICUs spanning 
3 years found a similar overall survival of children with or without 
malignancies (95 vs 96%; p = 0.2). However, a large number (72%) of 
cancer patients were admitted after elective surgery and survived 
to discharge. Among these children, if mechanical ventilation and 
vasopressors were needed, then the survival decreased to 71%.5 In 
children who were not admitted postoperatively and who needed 
both mechanical ventilation and vasopressors, the survival rate 
dropped to 46%. A small single-center retrospective study from 
Pakistan found that though the overall mortality of children with 
cancer was only 32.4%, and this was largely due to low mortality 
(16.7%) in children admitted for postoperative care.14 In an old study 
from Israel, the overall mortality was 44%, where the study cohort 
mainly consisted of children with solid tumors (52%), intracranial 
tumors (30%), and extracranial (22%).15

Table 3: Interventions in the ICU and mortality (N = 200 patients)

Interventions Total, n Survived, n (%) Mortality, n (%) p value
Ventilation 156    70 (44.8)    86 (55.8) <0.001
NIV   35 21 (60) 14 (40) 0.472
Invasive ventilation 121    49 (40.4)    72 (59.6) <0.001
Vasopressors   76    20 (25.3)    56 (74.7) <0.001
Inotropes   15    2 (13.3)    13 (86.7) <0.001
Renal replacement therapy   14    3 (21.4)    11 (78.6) 0.012
PRBC transfusions   53    25 (48.2)    28 (52.8) 0.181
FFP transfusions   38    24 (63.15)    14 (36.84) 0.261
Platelet transfusions   97    61 (62.88)    36 (37.11) 0.029

PRBC, packed red blood cells; FFP, fresh frozen plasma
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Apart from direct effect, the immune-mediated mechanisms of 
chemotherapeutic agents also cause bone marrow hypoplasia. 
In addition, apoptotic effects on megakaryocytes, splenic 
sequestration due to hepatotoxicity of the drugs, inhibition of 
platelet release and platelet-derived growth factor, and toxic 
mediators released in the bone marrow all affect thrombocyte 
counts.22 In critically ill patients, the commonest etiology for 
thrombocytopenia is sepsis, caused by multiple mechanisms, 
such as immune-mediation, sequestration of platelets, interaction 
between platelet receptors, and as a part of disseminated 
intravascular coagulation (DIC).23 Raised INR is common in critically 
ill and is caused by many conditions, such as liver disease, DIC, 
vitamin K deficiency, inherited deficiency coagulation factors 
due to production defects, etc.24 Coagulopathy and its causes in 
pediatric patients have been extensively reviewed by Parker.25 To 
our knowledge, this is the first study to find a correlation between 
the presence of coagulopathy and mortality in pediatric oncology 
patients. The incidence of thrombocytopenia and raised INR was 
more common in patients with hematological malignancies, and 
they needed FFP and platelet transfusions (Table 4).

Various studies show that the number of multi-organ failures is 
directly related to prognosis and mortality exceeds 70%, if three or 
more organ systems are involved.10,15,21 We found that children with 
septic shock requiring mechanical ventilation and vasopressors had 
significantly higher mortality. Nearly 12% of our patients had cardiac 
arrest within 24 hours of ICU admission, which probably indicates 
high severity of illness. In our cohort, we found that as compared 
to children with solid tumors, patients with hematological 
malignancies had a higher number of organ failures and greater 
mortality, though we did not use any severity of illness score, since 
none has been validated in the oncology cohort (Table 5).

The strengths of our study are that it is the largest data set 
from a single center from India. The limitations of our study are 

( ± 2.81) days. Only two patients survived to be discharged from 
ICU, of which one died in hospital subsequently. On multivariate 
analysis, the need for inotropes, that is, dobutamine (OR, 9.806; 95% 
CI: −1.222 to 78.660; p = 0.032), was an independent predictor of 
mortality (Table 2). Most of the previous studies have reported the 
use of vasoactive medications and mortality, but none of them have 
given discrete effects of either vasopressors or inotropes on survival 
of patients. Butt et al looked at the outcomes of 133 patients with 
hematological malignancies admitted to PICU. Of the 36 patients 
who had a peripheral circulatory failure, the causes were sepsis (28), 
drug-induced cardiomyopathy (7), and anemia (1). Twenty-seven 
(75%) of these patients died. In a study in 1996, van Veen reported 
that in pediatric oncology patients, when patients on mechanical 
ventilation needed inotropic support, the mortality increased 
to 69%, as compared to 55% with ventilation alone. Dalton et al. 
reported that of the 226 nonoperative patients in their cohort, 58 
(42.6%) patients received vasoactive medications. They further 
reported that if the patients needed both mechanical ventilation 
and vasoactive medications, the survival came down to 46% 
compared to mechanical ventilation (93%) and vasoactive agents 
(89%), either used alone.5 Tamburro et al. reported that when the 
reason for mechanical ventilation was a cardiovascular failure, the 
odds ratio (5.00, 95% CI: 2.60–10.06) for mortality was higher in the 
pediatric oncology than transplant recipients (4.70, 95% CI: 2.14, 
10.92).20 A small study in 36 pediatric oncology patients looked at 
risk factors predictive of mortality and found that need for inotropic 
support along with sepsis, organ system dysfunction, and the need 
for mechanical ventilation predicted mortality. Of the 23 patients 
who received inotropic support, 74% died.21 In the study discussed 
above about NIV support in children, hemodynamic failure was a 
risk factor for mortality if associated with respiratory failure.19

We found that coagulopathy was an independent predictor 
of hospital mortality (OR, 3.86; 95% CI: −1.568 to 9.51; p <0.003). 

Table 4: Hematological disturbances, intervention, and mortality (n = 200)

ICU admission  
diagnosis/intervention Total, n (%)

Hematological  
malignancies, n (%) Mortality, n (%) 

Solid organ  
malignancies, n (%) Mortality, n (%) 

Coagulopathy 78 (39) 56 (71.79) 35 (44.87) 22 (28.21) 10 (45.45)
FFP transfusions   23 (11.5) 16 (69.56) 11 (47.82)   7 (30.44)   3 (42.85)
Platelet transfusions   59 (29.5) 46 (77.96) 28 (47.45) 13 (22.04)   7 (53.84)

Table 5: Variables predicting mortality (univariate analysis)

Variables Odds ratio CI p value
Hypotension   6.50 3.59–11.74 <0.001
Cardiac arrest within 24 hours of ICU admission 15.47   1.94–123.06 0.002
Need for vasopressors   8.43 4.51–15.76 <0.001
Need for inotropes 10.35 2.27–47.06 0.001
NIV   0.58 0.29–1.18 0.315
IMV 12.17 4.20–35.28 <0.001
Renal failure   4.41 1.52–12.71 0.007
Neutropenia   1.61 0.91–2.87 0.44
Coagulopathy   2.73 1.55–4.79 0.001
Tumor lysis syndrome   1.20 0.39–3.71 0.783
Altered sensorium/seizures/encephalopathy   0.83 0.45–1.54 0.568
Enterocolitis   2.25 1.07–4.74 0.012
Significant pulmonary bleed 12.09 1.48–98.41 0.019
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the exclusion of hematopoietic stem cell transplant patients and 
the lack of formal calculation of a severity score, owing to the 
retrospective nature of the study.

We hope that this data will help in guiding the pediatric 
intensivists in risk stratification of children with cancer by 
identifying patients who are likely to have poor outcomes and also 
identifying patients who may benefit from ICU admission. This will 
help in better allocation of resources and explaining the prognosis 
of the child to the family members. Further research is needed in 
validating the scoring systems in children with malignancy, since 
no such score is currently validated in the Indian population. 

Co n c lu s i o n
In this retrospective cohort of 200 children with malignancies, 
we found that children with hematologic cancer had significantly 
higher hospital mortality as compared to those with solid tumors. 
The need for mechanical ventilation, use of inotrope infusion, and 
coagulopathy were independent predictors of mortality. 
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Prolonged capillary refill: _5 seconds
Core to peripheral temperature gap _3°C
Goldstein B, Giroir B, Randolph A; International Consensus 

Conference on Pediatric Sepsis. International pediatric sepsis 
consensus conference: definitions for sepsis and organ dysfunction 
in pediatrics. Pediatr Crit Care Med 2005;6(1):2–8. DOI: 10.1097/01.
PCC.0000149131.72248.E6.

Renal Failure
KDIGO criteria.

Sutherland SM, Byrnes JJ, Kothari M, Longhurst CA, Dutta S, 
Garcia P, et al., AKI in hospitalized children: Comparing the pRIFLE, 
AKIN, and KDIGO definitions. Clin J Am Soc Nephrol 2015;10(4):554–
561. DOI: 10.2215/CJN.01900214. 

Neutropenia
Absolute neutrophil count <1000/mm3.

Coagulopathy
Presence of low platelets (<50 × 103/mm3) and/or raised INR (>1.4).

Cardiac Failure
Screening echocardiography showing moderate cardiac function 
(<35%) with need for inotropes.

Respiratory Failure
Acute respirator y fai lure describes any impairment in 
oxygenation or ventilation in which the arterial oxygen tension 
falls below 60 mm Hg (acute hypoxemia), the carbon dioxide 
tension rises above 50 mm Hg (acute hypercarbia, hypercapnia), 
and the pH drops below 7.35, or both. For patients who have 
underlying chronic respiratory failure, acute hypercarbia can be 
diagnosed by an increase in PCO2 by 20 mm Hg from baseline. 
From a functional standpoint, respiratory failure is defined as 
the inability of the respiratory system to meet the metabolic 
needs of the tissues.

Nitu ME, Eigen H. Respiratory failure. Pediatr Rev 2009;30(12): 
470–477; quiz 478. DOI: 10.1542/pir.30-12-470. 

Ap p e n d i x I

De f i n i t i o n s

Septic Shock
The American College of Critical Care Medicine defines sepsis as 
the presence of hypothermia or hyperthermia plus clinical signs 
of inadequate tissue perfusion including any of the following: 
Decreased or altered mental status; capillary refill time >2 seconds, 
diminished pulses, and mottled cool extremities (cold shock); flash 
capillary refill, bounding peripheral pulses, wide pulse pressure 
(warm shock); and urine output <1 mL/kg/hour. Hypotension is not 
necessary for the clinical diagnosis of septic shock, but its presence 
in a child with clinical suspicion of infection is confirmatory.

Davis AL, Carcillo JA, Aneja RK, Deymann AJ, Lin JC, Nguyen TC, 
et al., American College of Critical Care Medicine clinical practice 
parameters for hemodynamic support of pediatric and neonatal 
septic shock. Crit Care Med 2017;45(6):1061–1093. DOI: 10.1097/
CCM.0000000000002425. 

Hypotension
As per Pediatric Sepsis Consensus Conference 2005 (PSCC) Criteria.

Cardiovascular Dysfunction
Despite administration of isotonic intravenous fluid bolus ≥40 mL/
kg in 1 hour

•	 Decrease in BP (hypotension) <5th percentile for age or systolic 
BP <2 SD below normal for age

OR

•	 Need for vasoactive drug to maintain BP in normal range 
(dopamine ≥5 μg/kg/minute or dobutamine, epinephrine, or 
norepinephrine at any dose

OR

•	 Two of the following

Unexplained metabolic acidosis: Base deficit ≥5.0 mEq/L
Increased arterial lactate >2 times upper limit of normal
Oliguria: Urine output ≤0.5 mL/kg/hr
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