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Abstract
Background The sequential organ failure assessment (SOFA)
score is easy to calculate and has been well validated as an
outcome predictor in critically ill adult patients. However, its
use in children has been limited, mainly because of differences
in basal reference levels of serum creatinine.
Methods Data include 87 patients requiring continuous renal
replacement therapy (CRRT) between January 2005 and
July 2011. We modified the SOFA score by excluding
the renal component to an extrarenal SOFA score, based
on the assumption that CRRT may mitigate the renal
effect on outcome and investigated the utility in predicting
outcome with comparison with pediatric risk of mortality
(PRISM) III, pediatric logistic organ dysfunction (PELOD),
and SOFA scores.
Results Results showed that 95.4 % (n=83) had multiple
organ dysfunction syndrome with an overall mortality of
50.6 %. The extrarenal SOFA score at CRRT initiation and
≥20 % fluid overload were significantly associated with mor-
tality. In comparison with the predictive power of various
scoring systems, the extrarenal SOFA score showed the largest
area under the receiver operating characteristic curve
(extrarenal SOFA 0.774, SOFA 0.770, PRISM III 0.660, and
PELOD 0.650).
Conclusions The extrarenal SOFA score may be a useful
prognostic marker in critically ill children treated with CRRT.
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Introduction

Pediatric patients with multiple organ dysfunction syndrome
(MODS) often require several types of medications, blood
product transfusions and nutritional support, which makes
controlling and maintaining an adequate volume status diffi-
cult. Hence, these patients often require continuous renal
replacement therapy (CRRT). CRRT has advantages in that
it allows continuous and programmed removal of fluid and
metabolic correction that is well tolerated in hemodynamically
unstable, critically ill patients [1, 2].

To evaluate the severity of MODS and to predict outcome,
several scoring systems have been developed. Among them,
the sequential organ failure assessment (SOFA) score is wide-
ly used to assess morbidity and has been well validated as an
outcome predictor in various settings for critically ill adult
patients [3–7]. SOFA provides a direct assessment of dysfunc-
tion in each of six organs using simple and easily measurable
methods and without the need for complicated formulas or
invasive procedures. In addition, it is specifically designed to
account for several therapeutic interventions such as mechan-
ical ventilation and the use of vasoactive drugs.

Despite its advantages, SOFA use in children has been
limited mainly because of differences in the basal reference
level of serum creatinine between children and adults. How-
ever, the impact of the renal component of the SOFA score on
outcome prediction may be mitigated by CRRT management.
Therefore, we modified the SOFA score by excluding the

W.K. Jhang :Y.A.Kim : E. J. Ha :Y. J. Lee : J. H. Lee :Y. S. Park :
S. J. Park (*)
Division of Pediatric Critical Care Medicine, Department of
Pediatrics, Asan Medical Center Children’s Hospital, University of
Ulsan College of Medicine, 88, Olympic-ro-43-gil, Songpa-gu
Seoul 138-736, Korea
e-mail: drpsj@amc.seoul.kr

Pediatr Nephrol (2014) 29:1089–1095
DOI 10.1007/s00467-013-2741-z



renal component to develop an extrarenal SOFA score for
application in pediatric patients treated with CRRT.

The purpose of this study was to evaluate the usefulness of
our extrarenal SOFA score in the prediction of outcome in
critically ill pediatric patients requiring CRRT treatment.

Materials and methods

Participants

All consecutive patients admitted to our pediatric intensive
care unit (PICU) and requiring CRRT management between
January 2005 and July 2011 were included in this study.
Patients who were in a vegetative state, had chronic renal
failure, or who underwent CRRT for less than 24 h were
excluded. This study was approved by the institutional review
board of the Asan Medical Center, Seoul, Korea with waived
parental consent owing to the retrospective nature of the
analyses.

Data collection

The following baseline demographic data were gathered: age,
weight, sex, underlying disease, diagnosis on admission to the
PICU, leading causes of CRRT initiation, number of organs in
failure, blood urea nitrogen (BUN), glomerular filtration rate
(GFR), and levels of creatinine (Cr), C-reactive protein (CRP),
and brain natriuretic peptide (BNP). The length of PICU and
hospital stay, the interval from PICU admission to CRRT
initiation, and the duration of CRRT support were also calcu-
lated. The percentage fluid overload (% FO) was calculated
for each patient using the following formula: (total patient
fluid input – total patient fluid output) (liters)/PICU admission

body weight (kg)×100 (%) [8]. To evaluate disease severity,
the pediatric risk of mortality (PRISM) III, pediatric logistic
organ dysfunction (PELOD), and SOFA scores were
calculated on admission to the PICU and at CRRT initiation.

Use of the SOFA score in pediatric patients required several
modifications owing to variations in normal ranges according
to age, especially in the definition of hypotension and in the
renal scoring system. We modified the criterion of hypoten-
sion of the cardiovascular component of SOFA to systolic
blood pressure below the fifth percentile for age and we
assigned 1 point to patients showing hypotension in the
absence of any inotropic agent use (Table 1). The
extrarenal SOFA score was defined as the standard SOFA
score excluding the renal component, which was also
calculated on admission to the PICU and at CRRT initiation.
For these scorings, we recorded the worst or the most abnor-
mal value over 24 h of PICU stay. The pre-sedation status was
used to evaluate neurological status in patients under sedation.
Organ failure was defined using previously reported criteria
[9], and MODS was defined as the simultaneous presence of
two or more organs in failure. The outcome variable was
defined as PICU mortality.

Statistical analysis

Data were analyzed using the Statistical Package for Social
Science (SPSS version 14.0 for windows, SPSS, Chicago, IL,
USA) software. Categorical variables are expressed as number
and proportion. Continuous data are presented as means ±
standard deviations. Comparisons between two subgroups
were made using the Student’s t test for continuous data and
the Chi-squared test for categorical variables. Risk factors for
mortality were evaluated in univariate and multivariate logistic
regression analyses. Multivariate logistic regression analysis

Table 1 Modified sequential organ failure assessment (SOFA) score for pediatric patients

Variables 0 1 2 3 4

Respiratory

PaO2/FiO2 (mmHg) >400 ≤400 ≤300 ≤200 ≤100
Coagulation

Platelet×103/μL >150 ≤150 ≤100 ≤50 ≤20
Liver

Bilirubin (mg/dL) <1.2 1.2–1.9 2.0–5.9 6.0–11.9 >12.0

Cardiovascular No hypotension SBP<5th ‰
for age

*Dopamine ≤5 or
dobutamine
(any dose)

*Dopamine>5 or
epinephrine ≤0.1 or
norepinephrine ≤0.1

*Dopamine >15 or
epinephrine >0.1 or
norepinephrine >0.1

Hypotension

Central nervous system

Glasgow coma score scale 15 13–14 10–12 6–9 <6

Renal

Creatinine (mg/dl) <1.2 1.2–1.9 2.0–3.4 3.5–4.9 >5

*Adrenergic agents administered for at least 1 h (doses given are in μg/kg/min)
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with backward elimination was conducted using variables
yielding p values<0.05 by univariate analysis to estimate the
independent association of each covariate. Results are summa-
rized as odds ratio (OR) and the respective 95 % confidence
intervals (CI). The discriminative power of scores for predicting
PICU mortality was evaluated by constructing receiver operat-
ing characteristic (ROC) curves and defined by the calculated
area under the ROC curve (AUROC) with a 95 % confidence
interval (95 % CI), with an optimal cutoff point chosen during
analysis. For all comparisons, variables with a p value less than
0.05 were considered statistically significant.

Results

Demographic data

During the 78-month study period, 87 patients with a mean
age of 7.9±6.4 years were included. There were 39 boys and
48 girls. CRRT was carried out with a mean PICU stay
of 6.45±17.26 days, with 66 patients (75.8 %) given CRRT
within 7 days of the PICU stay. Of the 87 patients, 73 (83.9 %)
requiredmechanical ventilator support at CRRT initiation, and
60 (68.9 %) patients were managed with inotropic agents at
CRRT initiation. The most common co-morbid disease
was hemato-oncological disease in 43 cases (52.8 %).
Sepsis-induced acute kidney injury (AKI) was the most
common leading cause of CRRT (37.9 %; Table 2), with a
significant difference in incidence between the survivor
group (23.3 %) and non-survivor group (59.1 %; p=0.001). In
addition, 83 (95.4 %) patients presented with two or more
organ dysfunctions and were therefore given a diagnosis of
MODS.

Outcome data

The total ICU mortality rate was 50.6 %, which was signifi-
cantly higher than the overall mortality of critically ill patients
admitted to the PICU during the same period (12.0 %). Mor-
tality among patients of less than 1 year of age was 61.1 %,
which was higher than that of older children (47.8 %); how-
ever, this difference did not reach statistical significance.
There was no significant difference between survivors and
nonsurvivors with respect to age, baseline body weight, BUN,
Cr, GFR, and length of PICU stay (Table 3). The % FO at
CRRT initiation was higher in nonsurvivors (19.84±24.61 %)
than in survivors (13.10±16.97 %), but this difference failed
to reach statistical significance. When patients were stratified
by fluid overload to ≥20 % and <20 %, survival rates were
better for patients with <20 % FO (56.3 %) versus ≥20 % FO
(31.8 %). In multivariate logistic regression analysis, the 20%
FO was significantly associated with mortality (OR 4.462,
95 % CI 1.260–15.805, p=0.020, Table 4).

Comparisons of scoring systems

The PRISM III, PELOD, SOFA, and extrarenal SOFA scores
on PICU admission did not show significant differences be-
tween survivors and nonsurvivors. However, all these scores
at CRRT initiation showed significant differences between the
two groups (Table 3). In terms of specific organ components
of the SOFA score, higher individual organ failure scores
except in the renal component had a tendency toward in-
creased mortality. However, this was only statistically signif-
icant for respiratory, cardiovascular, and liver components
(Fig. 1). Comparing the predictive capacity of the scores for
PICU mortality, extrarenal SOFA score at CRRT initiation
presented the largest AUROC curve (0.774, 95 % CI 0.676–
0.872) followed by the SOFA score at CRRT initiation (0.770,
95 % CI 0.672–0.867), PRISM III at CRRT initiation (0.660,
95 % CI 0.545–0.775), and PELOD score at CRRT initiation
(0.650, 95 % CI 0.535–0.766) (Fig. 2). Multivariate logistic
regression analysis also showed that the extrarenal SOFA
score at CRRT initiation (OR 1.382, 95 % CI 1.159–1.648,
p<0.001) was significantly correlated with PICU mortality
(Table 4). A cutoff point of 10.5 was obtained for the
extrarenal SOFA score at CRRT initiation and showed the
maximum sum of sensitivity (72.7 %) and specificity (72.1 %)
for predicting PICU mortality. When patients were catego-
rized as having a low extrarenal SOFA score (<10.5) or a high

Table 2 Underlying diseases and leading causes of continuous renal
replacement therapy

Variable All Survivors Nonsurvivors
(n=87) (n=43) (n=44)

Underlying disease

Hemato-oncologic 46 19 27

Gastrointestinal 14 9 5

Cardiac 7 3 4

Genetic/metabolic 5 4 1

Neurology 4 2 2

Nephrology 1 0 1

Respiratory 4 3 1

Rhabdomyolysis 2 2 0

Trauma/Iinfection 4 2 2

Leading causes of CRRT

Sepsis-related AKI 36 10 26

Hemorrhagic shock 9 4 5

Tumor lysis syndrome 9 7 2

Chemotherapy-induced AKI 8 6 2

Hyperammonemia 7 4 3

Rhabdomyolysis 7 6 1

Hepatorenal syndrome 7 4 3

Heart failure 4 1 3

CRRTcontinuous renal replacement therapy, AKI acute kidney injury

Pediatr Nephrol (2014) 29:1089–1095 1091



extrarenal SOFA score (≥10.5) at CRRT initiation, the
mortality rate was significantly higher in the high
extrarenal SOFA score at CRRT initiation group (72.7 %)
than in the low extrarenal SOFA score at CRRT initiation
group (27.9 %;p<0.001).

Discussion

Acute kidney injury (AKI) is a serious complication that
commonly occurs in patients in the ICU [10, 11]. It is often
accompanied by MODS [12–15], which can complicate the

clinical course of AKI and is themajor cause of highmorbidity
and mortality in the ICU. In our present study, 95.4 % of
patients had MODS, and the overall mortality was 50.6 %.
Among the patients included, 22 (25.6 %) showed ≥20 % FO,
which was significantly associated with mortality by multivar-
iate logistic regression analysis (OR 4.462, 95 % CI 1.260–
15.805, p=0.020). FO has been reported to be an important
risk factor in patients with CRRT [13, 14, 16, 17]. Patients with
MODS frequently required CRRT because it is an established
safe renal support method and it can manage FO effectively.

It is important to objectively assess the severity of illness
and organ dysfunction to predict outcome in critically ill
patients and several organ dysfunction scoring systems have
been developed, such as the MODS score, SOFA score, and
PELOD score [18–20]. While the PELOD score is most
commonly used for pediatric patients, it has several
disadvantages: it is too complex to use repeatedly, and
it does not take into consideration the use of vasoactive drugs,
which are known to have an impact on patient prognosis [20].
In contrast, the SOFA score is easy to calculate and takes into
account therapeutic interventions such as mechanical ventila-
tion and vasoactive drugs, which makes it more appropriate to

Table 3 Clinical variables in survivors and non-survivors

Variable Total Survivors Non-survivors p value
(n=87) (n=43) (n=44)

Age (years) 7.856.37 7.59±5.63 8.11±7.08 0.706

Baseline bodyweight (kg) 29.02±19.67 30.64±19.10 27.43±20.30 0.451

PICU stay (days) 20.97±15.76 20.51±16.91 21.43±14.73 0.787

Duration of CRRT (days) 13.31±11.91 14.90±15.12 11.72±7.86 0.221

ICU days until CRRT initiation (days) 6.45±17.26 5.93±9.28 6.97±22.62 0.779

BUN (mg/dL) on PICU admission 33.00±29.35 31.09±28.23 34.90±30.64 0.550

BUN at CRRT initiation (mg/dL) 51.71±35.02 45.26±30.67 58.02±38.11 0.089

Cr (mg/dL) on PICU admission 1.25±1.48 1.50±1.86 1.01±0.95 0.123

Cr at CRRT initiation (mg/dL) 1.78±1.48 1.87±1.77 1.70±1.14 0.575

GFR on PICU admission 65.35±51.22 60.04±44.47 55.19±44.52 0.623

GFR at CRRT initiation 41.45±40.92 44.62±42.76 38.36±39.29 0.479

Percentage fluid overload 16.47±21.28 13.10±16.97 19.84±24.61 0.143

BNP (pg/mL) 1,746.19±3,695.26 1,612.90±4,360.18 1,887.17±2,886.98 0.739

Number of organ failure 3.48±1.19 3.04±1.11 3.90±1.13 0.001

PRISM III on PICU admission 13.93±6.79 13.23±5.54 14.61±7.83 0.346

PRISM III at CRRT initiation 16.63±6.02 15.04±5.98 18.18±5.71 0.014

PELOD on PICU admission 13.03±9.91 13.32±9.85 12.75±10.07 0.788

PELOD at CRRT initiation 16.78±10.55 14.09±10.05 19.41±10.49 0.018

SOFA on PICU admission 8.60±3.43 8.16±3.10 9.04±3.71 0.233

SOFA at CRRT initiation 11.25±3.72 9.48±3.39 12.97±3.23 <0.001

Extrarenal SOFA on PICU admission 7.88±3.58 7.20±3.01 8.54±3.99 0.082

Extrarenal SOFA at CRRT initiation 10.11±3.81 8.30±3.34 11.88±3.40 <0.001

PICU pediatric intensive care unit, CRRTcontinuous renal replacement therapy, ICU intensive care unit, BUN blood urea nitrogen; Cr creatinine, GFR
glomerular filtration rate, BNPbrain natriuretic peptide, PRISMpediatric risk of mortality, PELODpediatric logistic organ dysfunction, SOFA sequential
organ failure assessment

Table 4 Multivariate logistic regression analysis

Variable Odds ratio 95 % CI p value

≥ 20 % fluid overload 4.462 1.260–15.805 0.020

Extrarenal SOFA at CRRT
initiation

1.382 1.159–1.648 <0.001

SOFA, Sequential organ failure assessment, CRRT continuous renal
replacement therapy
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assess the severity of organ dysfunction after therapeutic
management. Moreover, this score has been extensively eval-
uated and is well validated as an outcome predictor in critically
ill adult patients. However, despite several advantages, the
SOFA score has rarely been used for pediatric patients owing
to the differences between adults and children in the normal
range of variables [21]. Thus, when we applied this scoring
system to pediatric patients, we modified the criterion for
hypotension in the cardiovascular component.

Specifically, when we first broke down the SOFA score
into individual organ scores, we found that mortality did not
increase with increasing renal score, but did tend to increase
with increasing score for the other organ components. One of
the reasons is thought to be that the basal reference level of
serum Cr is different from that of adults and may vary by age
or size. However, even when corrected for age-appropriate
normal values the renal component of the SOFA score showed
weak power for predicting outcome. Furthermore, we found
no difference between the survivor and nonsurvivor groups
with regard to the levels of serum Cr (p=0.575). These results
are consistent with those of previous studies showing no
relationship between serum Cr level and mortality in pediatric
patients with AKI managed with CRRT [14, 17, 22]. On the
basis of these findings, we assumed that CRRT management
mitigates the effect of the renal component on the outcome

prediction of the SOFA score. Thus, for patients who were
managed with CRRT, we developed an extrarenal SOFA score
by excluding the renal component from the SOFA score.

We compared the scoring systems PRISM III, PELOD,
SOFA, and extra-renal SOFA scores, not only at PICU admis-
sion, but also at CRRT initiation. At PICU admission, none of
the scores correlated significantly with mortality. However, at
CRRT initiation, all four scores positively correlated with
mortality.We interpret these results as follows: organ dysfunc-
tion is a dynamic process in which the severity of dysfunction
changes with time. Furthermore, therapeutic interventions
performed after ICU admission can have an impact on the
clinical course of the disease and on the progression of organ
dysfunction. From this perspective, the initial scores on PICU
admission may simply reflect the pre-admission state of organ
function. Thus, in order to capture the dynamically changing
states of critically ill patients, it is preferential to use scoring
systems such as the SOFA or extra-renal SOFA scores that
allow repeated serial assessments with easy calculations.

Our present results show that the extra-renal SOFA score at
CRRT initiation has a good predictive value for PICU mor-
tality of patients treated with CRRT, as shown by the AUC
(0.774, 95 % CI 0.676–0.872). The results of a multivariate
logistic regression using mortality as the outcome variable
also showed that the extrarenal SOFA score at CRRT initiation

Fig. 1 Mortality rate in relation to the changes in individual organ dysfunction scores in the sequential organ failure assessment (SOFA) score
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is a significant predictor ofmortality (OR 1.382, 95%CI 1.159–
1.648, p<0.001).

Several limitations should be addressed. First, our study
was retrospective and observational in nature, and all the
scores were also calculated retrospectively. Second, in sedated
patients, we assumed the neurological component to be the
pre-sedated state, which may cause some differences in
representing the actual neurological status. Third, it was per-
formed in a single medical center and the sample size was
relatively small. Fourth, we included only a specific group of
critically ill pediatric patients requiring CRRT treatment,
which may raise the issue of the validity of our estimation
and the use of the extrarenal SOFA score in general. Fifth, our
extrarenal SOFA score is calculated by excluding the renal
component from the SOFA score. This is based on the assump-
tion that CRRT might mitigate the renal effect on outcome
prediction. However, we did not thoroughly explore other
modifications that could evaluate renal dysfunction better.

In conclusion, proper assessment of the severity of organ
dysfunction is critical in the management of MODS and in the
prediction of outcome for critically ill pediatric patients
requiring CRRT. Our results suggest that the extrarenal SOFA
score might be a feasible and reliable outcome predictor in
critically ill pediatric patients requiring CRRT.
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