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Clinical outcomes after utilizing surviving sepsis 
campaign in children with septic shock and 
prognostic value of initial plasma NT-proBNP
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ct Background and Objective: The surviving sepsis campaign treatment guideline (SSC) 
implementation is associated with improved outcome in adults with severe sepsis. The effect 
on outcome of pediatric sepsis is less clear. Purpose: To determine the clinical outcomes 
of SSC implementation and to investigate the prognostic value of initial plasma NT-proBNP 
and procalcitonin in children. Materials and Methods: Infants and children (aged 
1month/0-15 years with severe sepsis or septic shock) were prospectively enrolled 
and treated according to the guidelines. Initial blood drawn was saved for NT-pro-BNP, 
procalcitonin measurements and clinical data were also recorded. Results:  A total of 
47 subjects were recruited. Since the application of the SSC, our mortality rate had 
signifi cantly decreased from 42-19% (P = 0.003) as compared to the data in the previous 
3 years. Clinical factors that signifi cantly increased the mortality rate were:  Initial central 
venous oxygen saturation < 7 0% after fl uid resuscitation [odds ratio (OR) = 23.3; 95% 
confi dence interval (CI) 3.7-143; P = 0.001], and initial albumin level (≤ 3 g/dl, OR = 6.7; 
95% CI 1.2-37.5, P = 0.03). There was asignifi cant difference between the initial NT-proBNP 
levels between survivors and non survivors, (6280.3 ± 9597 ng/L, P < 0.001), but not for 
procalcitonin (12.7 ± 24.8, 29.3 ± 46 g/L, P = 0.1), respectively.  An initial NT-proBNP 
level of more than 11,200 pg/ml predicted Pediatric Intensive Care Unit (PICU) mortality 
with a sensitivity of 85.7% and a specifi city of 90%. Conclusions:  A modifi ed SSC for 
severe sepsis and septic shock signifi cantly reduced the mortality rate in our PICU. High 
initial NT-ProBNP level was associated with mortality.
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Introduction
Sepsis is a common clinical condition with a signifi cant 

impact on healthcare resources and expense. According 
to World Health Organization estimates, sepsis accounts 
for 60-80% of lost lives per year in childhood.[1] It 

From:
Department of Pediatrics, Division of Pediatric Pulmonary and Critical Care, 
King Chulalongkorn Memorial Hospital, Bangkok, Thailand

Correspondence:
Asso Prof. Rujipat Samransamruajkit, Department of Pediatrics,
Division of Pediatric Pulmonary and Critical Care,
King Chulalongkorn Memorial Hospital,
Bangkok - 10330 Thailand. 
E-mail: rujipatrs@gmail.com

accounts for approximately 20% of all admissions to 
the intensive care unit and is remain the leading cause 
of morbidity and mortality in the pediatric intensive 
care unit (PICU). Data from the surviving sepsis 
campaign showed a mortality of 34.8% and the number 
is higher in developing country.[2,3] Recent data from 
Italian PICU (n = 22) reported mortality as high as 50% 
in children with septic shock.[3] Their mortality was 
close to our previous report.[4] The growing number 
of patients with severe sepsis and septic shock with 
signifi cant mortality requires changes in the current 
management protocols. In 2002, the American college 
of critical care medicine fi rst published clinical practice 
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parameters for hemodynamic support of pediatric and 
neonatal with septic shock.[5] Han et al., later reported 
that early recognition and aggressive resuscitation of 
pediatric-neonatal septic shock by community physicians 
can save lives.[6] It has been associated with better 
outcome.[7,8]

Previous reports have shown a reduction of incidence 
with using bundled care such as catheter-related infection 
or morbidity and mortality in mechanically ventilated 
patients by changing clinical practice.[9,10] The current 
guidelines recommend stepwise use of fl uid resuscitation 
and inotropic support to attain optimal blood pressure 
and achieve adequate tissue perfusion.[2] We believe 
that if the bundle guidelines are well-organized, and 
performed reliably and timely, we can achieve the 
desired outcome of reducing sepsis-related death at 
our institution by at least 5-10%. Thus, the purpose of 
our study was to determine the clinical outcomes after 
using surviving sepsis campaign guideline also assess 
the prognostic value of initial NT-ProBNP and plasma 
procalcitonin in children with severe sepsis and septic 
shock.

Materials and Methods
We prospectively employed a before and after study 

in the PICU of University referral hospital, Bangkok, 
Thailand. The study compares time periods before 
(2007-2009) implementation of the interventions, and 
the period of intervention from April, 2010 to May, 
2011 with wash-out period from January, 2010-March, 
2010. The educational program was done through a 
protocol based on surviving sepsis campaign guideline 
including lectures by ER personnel, healthcare workers 
at pediatric ward, pediatric residents and fellows. The 
protocol addressed the importance of early diagnosis 
and therapeutic interventions, quality indicators and 
the data collection (See details of protocol in Appendix 
1).

Patients aged between 1 month through 15 years with 
diagnosis of severe sepsis or septic shock who were 
admitted to the pediatric ward prior to PICU admission 
or directly to PICU were recruited to our study. This 
investigation was approved by our institutional review 
board. Informed consent was required for enrollment  
to the study. Clinical data collected included age, sex, 
admission date, the time of diagnosis before PICU 
admission, location, time of antibiotics given, length 
of stay and PRISM score. Blood was also drawn at the 
time of diagnosis and saved for further analysis. Once a 
patient met the inclusion criteria, the acute interventions 
including fl uid resuscitation to achieve adequate tissue 

perfusion, administration of antibiotic, hydrocortisone if 
clinically indicated, early use of inotrope or vasopressor 
and post acute intervention bundle care to be completed 
within 24 h. Blood was collected for a basic laboratory 
work up including blood culture prior to antibiotic 
administration.

The Pediatric Critical Care Society sepsis defi nition 
was used for recruiting the subjects. (Appendix I).[11] 
The PICU physicians, fellows, and nurses were notifi ed 
simultaneously of the cases enrolled.

A modifi ed early goal directed in children with Severe 
Sepsis and Septic shock for 6 hrs and 24 hrs bundle.

Statistical analysis
Data are presented with mean ± standard deviation or 

median depending of the normality of their distribution. 
If data were normally distributed, the comparisons 
were performed using Student’s t-test, otherwise, 
Wilcox on rank-sum (Mann-Whitney) test was used. 
Fischer’s exact test was used to compare proportion 
variability. Multivariate logistic regression analysis 
was performed for different risk factors associate with 
mortality. Receiver-operating characteristic (ROC) 
curves were constructed to illustrate a cut off value of 
PCT and NT-proBNP levels. All tests of signifi cance 
were two-tailed. A P values of < 0.05 was considered 
signifi cant. All statistical analyses were performed using 
the software SPSS, version 16 (Chicago, IL, USA).

Results
There were 47 patients enrolled in our 1-year 

prospective study. Their age was at 5.4 ± 4.9 years 
(range: 1 month-15 years). There were 22 males (46.8%) 
and 25 females (53.2%). Nine patients (9/47, 19%) 
expired. Thirty patients (63.8%) had underlying diseases 
in addition to sepsis, leukemia (25.5%) was the most 
common. Chronic liver disease was found in 6 (12.7%), 
neuromuscular disease in 4 (8.5%), and immunodefi ciency 
in 3 (6.4%). There were 31 (66%) patients who developed 
respiratory failure and required mechanical ventilation. 
Their mean initial PRISM III score was 9.1 ± 5.8. Mean 
initial superior vena cava oxygen saturation (iScvO2) 
at admission to PICU was 73.4% ± 6.2% (range: 52-
87%) as shown in Table 1. Initial oxygen index was 
9.9 + 8.6 and PaO2/FiO2 ratio was 210.1 + 95.1. Initial 
positive inspiratory pressure (PIP) for those mechanical 
ventilated was at 23.7 + 6.90 (cmH2O). Maximum PIP 
was significantly lower in survivors compared with 
nonsurvivors (21.9 ± 7.2, 28.4 ± 2.7 cm H2O, P = 0.02). 
Initial arterial pH was signifi cantly lower in the non 
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survival group compared to the survival group (7.3 ± 0.1 
and 7.4 ± 0.1, P = 0.04) [Table 2].

Sepsis bundled care compliance
The overall compliance of our sepsis bundle was 

at 70% by measuring from each item. To achieve 

optimum oxygen delivery by keeping Hb at 10 g/dl,[7] 
17 patients (36%) were given blood transfusions. FFP 
and platelets were given in 21 patients (44.7%). A total of 
42 patients (87.2%) were given antibiotics within an hour 
of severe sepsis or septic shock diagnosis. All patients 
were transferred out of ER to PICU within 1.1 ± 0.2 h.

Hemodynamic resuscitation compliance
A total of 0.9% NSS was selected as a first choice 

in 95% of initial fl uid resuscitation after enrollment. 
18.8 ± 3.4 CC/kg was given in the first 15 min, 
43.1 ± 13.1 CC/kg in the 1st hour, and 68.3 ± 19.22 CC/kg in 
the fi rst 6 h of fl uid resuscitation. Inotropic or vasopressor 
agents were started via peripheral line after fluid 
resuscitation within 33.8 ± 5.5 min to achieve optimum 
cardiac output (by using update pediatric hemodynamic 
parameters guideline).[12] Dopamine was used as a 
fi rst-line inotrope in 95.7% after fl uid refractory shock 
was suspected. Central venous line (internal jugular 
38.3%, subclavian 23.4%, and femoral 38.3%) were 
inserted in children with fl uid refractory septic shock 
within 2 ± 0.3 h after initiation of fl uid resuscitation to 
achieve a CVP goal of 8-12 mmHg. The initial CVP upon 
insertion was measured at 8.2 ± 2.8 mmHg.

ScvO2 monitoring
Central venous oxygen saturation (ScvO2) level of at 

least 70% was achieved in 89.4% of patients in the fi rst 
6 h. Levels were signifi cantly different between survivors 
and non-survivors [Figure 1, Table 2, P < 0.01]. Children 
who did not achieve ScvO2 ≥ 70% at 6 h (3/9, 33%) after 
resuscitation expired. [Figure 1] If they had a follow-up 
ScvO2 < 70% at 6 h after resuscitation, they would have 
a signifi cant risk of dying [odds ratio (OR) =23.3; 95% 
confi dence interval (CI) =3.7 − 143; P = 0.001].

Primary outcome
After full implementation of the SSC bundle, we 

found signifi cant reduction of our septic shock 28-days 
PICU mortality from 42% (28/66) in the 3 years prior 
period down to 19.1% (9/47,*P = 0.003) in the 1-year 
intervention period and duration of PICU admission 
from 14.1 ± 14.5 (d) down to 8.6 ± 12.4 (d) (P = 0.04). 
Baseline clinical characteristics were comparable 
between two periods.[Tables 1 and 3] Among children 
with septic shock the amount of resuscitative fl uids 
administered differed signifi cantly between survivors 
and non-survivors at 1 and 6 h [P < 0.04, Figure 2].

Sepsis biomarkers
Mean initial procalcitonin and NT-proBNP levels 

were at 15.7 ± 29.8 (g/L) and 9780.5 ± 12531(ng/L), 
respectively. There was a signifi cant increased difference 

Table 1: Baseline demographic data of subjects enrolled 
in the study compared between preinterventional period 
(2007-2009) and interventional period (2010-2011). 
(Data represent as mean ± standard deviation)

Baseline clinical 
data

Preinterventional 
period (2007-2009) 

(N=66)

Interventional 
period (2010-2011) 

(N=47)

P value

Age (year) mean (SD) 5.9±4.8 5.38±4.95 NS
Sex (M:F) 38:28 22:25 NS
BW (Kg) 20.5±15.4 19.5±17.5 NS
Initial ScvO2 N/A 73.4±6.2 (52-87)
Underlying disease 
number (%)

Hematologic 
malignancy

19 (28.7) 12 (25.5) NS

Chronic liver disease 10 (15.1) 6 (12.7) NS
Neuromuscular 
disease

7 (10.6) 4 (8.5) NS

Chronic lung disease 6 (9.1) 2 (4.2) NS
Connective tissue 
disease

4 (6.1) 2 (4.2) NS

Others 5 (7.5) 4 (8.5) NS
None 15 (22.7) 17 (36.1) NS

Primary site of 
infection number (%)

Pneumonia 36 (55) 23 (48.9) NS
Bacteremia 11 (16.5) 7 (14.9) NS
UTI 8 (12) 5 (10.6) NS
Others 11 (16.5) 12 (25.5) NS

N/A: Not applicable, NS: Not significant, ScvO2: Central venous oxygen saturation, 
UTI: Urinary tract infection

Table 2: Baseline clinical characteristic and Laboratory 
parameters admitted to pediatric intensive care unit 
compared between survivor and nonsurvivor group.
(*significant P<0.05) (Data represent as mean±standard 
deviation)

Clinical and 
laboratory 
parameters

Survivor group 
(N=38)

Mortality group 
(N=9)

P value

PRISM III score 8.5+5.7 11.6+5.4 0.1
SOFA score* 8.1+2.5 10.0+2.3 0.04
ICVP (mmHg) 7.9+2.3 9.5+4.2 0.1
iSCVO2 Sat* 74.6+5.7 68.5+6.3 <0.01
Laboratory data

iANC 5797.6+6773.7 6032.5+5918.2 0.9
PTT* 36.6+11.0 47.2+14.4 0.02
Albumin*(g/dl) 3.3+0.5 2.6+0.6 <0.01
HCO3 (meq/L) 18.7+3.9 16.7+4.7 0.2
DTX (mg/dl) 140.1+53.5 147.6+56.5 0.71

Biomarkers
Procalcitonin (g/L) 12.7+24.8 29.3+46.3 0.1
NT-pBNP*(pg/ml)* 6280.2+1723.8 9597.9+4843.1 <0.01

ICVP: Initial central venous pressure, iANC: Initial absolute neutrophil count, 
iSCVO2: Initial superior vena cava oxygen saturation; NT-pBNP: Plasma NT-pro-brain 
natriuretic protein, *Statistically significant
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procalcitonin levels. There was a signifi cant correlation 
between initial procalcitonin level and initial plasma 
NT-proBNP level (R = 0.49, P = 0.001,) In the ROC curve 
analysis for NT-proBNP level and predictor of mortality, 
the area under the curve (AUC) for PICU mortality was 
0.93 (95% CI, 0.79-1) compared to AUC = 0.68 (95% 
CI, 0.48-0.88) for procalcitonin [Figure 4].

Discussion
The mortality rate of severe sepsis and septic shock 

in our PICU was previously quite high similar to 
other developing countries.[1,3] Therefore, new sepsis 
management protocol needed to be implemented. 
Sepsis is associated with imbalance between oxygen 
delivery and demand. The treatment strategy to correct 
this imbalance is referred to as goal-directed therapy. 
Rivers et al.,[13] fi rstly introduced early goal-directed 

Figure 3: Demonstrates the levels of initial pBNP was significantly higher 
in non survivors compared with survivors (P < 0.01)

Figure 1: Demonstrates the difference of sepsis mortality compared 
between the group that achieved central venous oxygen saturation 
target goal >70% after initial fluids resuscitation and the group that had 
ScvO2 < 70% after fluids resuscitation (*P < 0.01)
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Figure 2: Demonstrates the total amount of volume resuscitation (cc/
kg) in children with septic shock compared between survivors and non 
survivors at 1 and 6 h after fluid resuscitation (*P < 0.04)

in the initial NT-proBNP levels survivors versus non 
survivors, [Figure 3, P < 0.001], but not on initial 

Table 3: Compare baseline clinical characteristic between 
septic shock children preintervention period (2007-2009) 
and post intervention period (2010-2011)

Baseline clinical 
characteristic

Preintervention 
(2007-2009, 
N=66)

Postintervention 
(2010-2011, 
N=47)

P value

Age (year) 5.9±4.8 5.38±4.9 NS
Sex (M: F) 38:28 22:25 NS
PRISM III score 8.5±4.7 9.1±5.8 NS
Initial HCO3 18.5±6.4 18.33±4.11 NS
*Duration of PICU 
admission (d)

14.1±14.5 8.6±12.4 0.04*

*Mortality 42% 19% 0.003*
*Statistically significant. PICU: Pediatric intensive care unit, NS: Not significant

Sepsis bundles care

Sepsis resuscitation bundle 
(First 6 h)
Serum lactate measure
Blood culture specimens 
obtained prior to antibiotic 
administration
Broad-spectrum antibiotics 
administered within 3 h for ED 
admissions and 1 h for non-ED 
admission or intensive care unit 
(pediatric intensive care unit) 
admissions
*Use clinical practice parameters 
for hemodynamic support of 
pediatric and neonatal septic 
shock guideline
(see in diagram)
In the event of persistent 
hypotension despite fluid 
resuscitation (septic shock) and/
or lactate >4 mmol/L (36 mg/dl)
Achieve central venous 
pressureof ≥8 mmHg achieve 
central venous oxygen 
saturation (ScvO2) of ≥70%

Sepsis management bundle 
(First 24 h): To be start immediately 
and completed within 24 h: 
Low-dose corticosteroids 
administered for septic shock in 
accordance with a standardized 
hospital policy.
Blood product administration, give 
PRBC transfusion if hemoglobin
<10 g/dl
Blood glucose control maintained 
at or above lower limit of normal, 
but≤150 mg/dl (8.3 mmol/L)
Inspiratory plateau pressure kept 
below 30 cm H2O for mechanically 
ventilated patients. (Prefer use
of PC mode)
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therapy management algorithm in adults sepsis since 
admission to emergency department. Early resuscitation 
in severe sepsis and septic shock can modulate 
inflammation and result in significant reduction 
morbidity and mortality as well as health care resource 
consumption.[14,15] Han et al.,[6] previously reported that 
early reversal of pediatric-neonatal septic shock by 
community physicians is associated with improved 
outcome. It showed the importance of early and 
aggressive hemodynamic resuscitation in children with 
septic shock. Additionally, previous analysis of utilized 
bundled care for adult septic shock demonstrated 
consistent and signifi cant improvement in survival.[16,17] 
This study also shows that implementing a sepsis bundle 
in our hospital could signifi cantly improve outcome, 
given the fact that our previous baseline clinical data for 
the preintervention period (3 years prior) is comparable 
with 14 months of interventional period [Tables 1 and 3].

Early recognition of sepsis, hemodynamic optimization 
with fl uid resuscitation, and rapid vasopressor used may 
contribute to our success in reducing sepsis mortality. 
Intravenous antimicrobial therapy is a key element in 
treating septic patients. Every hour of delay in appropriate 
antibiotic administration was associated with a signifi cant 
increase in mortality.[18-20] This study demonstrated that 
87.2% (n = 41) of our subjects received antibiotics within 
1 h of enrollment. The compliance of the sepsis bundle 
played a signifi cant part of improving outcome. Prior 
to the implementation of a written sepsis protocol and 
educational program, our overall compliance was not 
good. Our compliance of the bundle was at 30% at the 
baseline and continues to increase over time. This study 
achieved a high compliance rate (70%) of the sepsis 
bundle at the end of the study which was much better 

compared to most of the previous published data that 
ranged between 30% and 55%.[21] Additionally, recent 
studies in adult sepsis from most of the Asian countries 
had reported even lower compliance rate (7.6-54%).[22,23]

We utilized a modifi ed model of rapid response team 
(trained fellow, pediatric residents, and nurses) with 
rapid transfer of critically ill sepsis patients from their 
initial location (ER, medical, and surgical ward) to the 
PICU or wards for continued EGDT. Multiple clinical 
staff models may be required to achieve a consistent 
level of quality care for the treatment of sepsis.[24-26] 
This team model plays a vital part in achieving sepsis 
bundle compliance which resulted in early therapeutic 
interventions.[22] Logistic issues regarding early 
hemodynamic optimization limit its generalizability 
because of inadequate resources even in industrialized 
country. Recent multicenter study[27] reported overall 
in-hospital mortality rate reduction from 23.1% to 18.8% 
without including ScvO2 > 70% as a directed goal therapy. 
In contrast, another multicenter study showed that the 
only intervention from the sepsis bundle that impacts 
on mortality was the achievement of ScvO2 > 70%.[14,28,29] 
Nevertheless, we found in our study that targeted 
ScvO2 (>70%) at 6 has a better outcome (89.4% in fi rst 6 
h, OR: 0.8 (0.7-0.9), 95% CI, P = 0.02). Although a normal 
ScvO2 does not exclude tissue hypoxia, a low ScvO2 is an 
important sign of inadequate tissue perfusion.[30]

Several biomarkers have been investigated in severe 
sepsis and septic shock. Procalcitonin, a calcitonin 
precursor, seems to be among the most promising.[31] It has 
recently been linked to severity of bacterial infection.[32] 
In addition, children are more likely to have cardiac 
dysfunction than adults in severe sepsis or septic shock, 
with 58% having low cardiac output with high systemic 
vascular resistance and 22% having both low cardiac 
output and low systemic vascular resistance.[33,34] Thus, 
a biomarker that could be linked to cardiac dysfunction 
in children with septic shock would be helpful. Plasma 
NT-PBNP is a biomarker, synthesized and secreted by 
myocytes and fi broblasts in the atria and ventricle that 
has been associated with cardiac dysfunction.[35,36] Our 
study reveals significant correlation between initial 
procalcitonin level and plasma NT-proBNP levels drawn 
at initial resuscitation. This may indicate the severity 
of infection related with higher level of NT-proBNP. 
We observed that initial plasma NT-PBNP levels were 
signifi cantly elevated in all septic patients and were 
signifi cantly higher in non survivors compared with 
survivors. Moreover, initial plasma NT-proBNP levels 
were also found to be an independent prognostic 
marker of hospital mortality and were a better predict 

Figure 4: Demonstrates receiver-operator characteristic curves for 
predictive of mortality in children with septic shock compared between 
initial NT-proBNP (levels > 11,200 ng/L, sensitivity 85%, specificity 93%) 
and initial procalcitonin (levels > 1.42 /L, sensitivity 85%, specificity 49%)
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PICU mortality than initial procalcitonin. A recent 
article reported that BNP level at intensive care unit 
entry correlates with mortality and could have a role 
in guiding fluid therapy in septic patients.[37] They 
reported that the volume of positive fluid balance 
was independently associated with rise in BNP level. 
Although early goal-directed therapy requires volume 
resuscitation, negative fl uid balance should be targeted 
after hemodynamic stabilization.[38] Further studies on 
the role of this marker in relation to cardiac dysfunction 
in sepsis and guiding fl uid management are required.

Conclusion
Applying the sepsis management bundle in a single 

center tertiary care setting resulted in reduced mortality 
for children presenting with severe sepsis and septic 
shock. The sepsis bundle is a quality improvement 
program that should be implemented in all hospital 
settings and effort should be made to continue improving 
compliance. It also requires a coordinated effort among 
healthcare team such as emergency room physicians, 
ward physicians, nurses, and intensivists. However, the 
importance of each component in the bundle should 
be studied perhaps the bundle could be modifi ed to 
suit individual institution capabilities. Last, continued 
education for all healthcare providers involved in 
sepsis care is mandatory for sustained improvement in 
patient outcomes.
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