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Objectives: The Pediatric Logistic Organ Dysfunction-2 is a 
validated score that quantifies organ dysfunction severity and 
requires complex data collection that is time-consuming and sub-
ject to errors. We hypothesized that a computer algorithm that 
automatically collects and calculates the Pediatric Logistic Organ 
Dysfunction-2 (aPELOD-2) score would be valid, fast and at least 
as accurate as a manual approach (mPELOD-2).
Design: Retrospective cohort study.
Setting: Single center tertiary medical and surgical pediatric crit-
ical care unit (Sainte-Justine Hospital, Montreal, Canada).
Patients: Critically ill children participating in four clinical studies 
between January 2013 and August 2018, a period during which 
mPELOD-2 data were manually collected.
Interventions: None.
Measurements and Main Results: The aPELOD-2 was calcu-
lated for all consecutive admissions between 2013 and 2018 
(n = 5,279) and had a good survival discrimination with an area 
under the receiver operating characteristic curve of 0.84 (95% CI, 
0.81–0.88). We also collected data from four single-center stud-
ies in which mPELOD-2 was calculated (n = 796, 57% medical, 
43% surgical) and compared these measurements to those of the 
aPELOD-2. For those patients, median age was 15 months (in-
terquartile range, 3–73 mo), median ICU stay was 5 days (inter-
quartile range, 3–9 d), mortality was 3.9% (n = 28). The intraclass 
correlation coefficient between mPELOD-2 and aPELOD-2 was 
0.75 (95% CI, 0.73–0.77). The Bland-Altman showed a bias of 1.9 
(95% CI, 1.7–2) and limits of agreement of –3.1 (95% CI, –3.4 to 

–2.8) to 6.8 (95% CI, 6.5–7.2). The highest agreement (Cohen’s 
Kappa) of the Pediatric Logistic Organ Dysfunction-2 components 
was noted for lactate level (0.88), invasive ventilation (0.86), and 
creatinine level (0.82) and the lowest for the Glasgow Coma Scale 
(0.52). The proportion of patients with multiple organ dysfunc-
tion syndrome was higher for aPELOD-2 (78%) than mPELOD-2 
(72%; p = 0.002). The aPELOD-2 had a better survival discrimina-
tion (area under the receiver operating characteristic curve, 0.81; 
95% CI, 0.72–0.90) over mPELOD-2 (area under the receiver op-
erating characteristic curve, 0.70; 95% CI, 0.59–0.82; p = 0.01).
Conclusions: We successfully created a freely available automatic 
algorithm to calculate the Pediatric Logistic Organ Dysfunction-2 
score that is less labor intensive and has better survival discrimi-
nation than the manual calculation. Use of an automated system 
could greatly facilitate integration of the Pediatric Logistic Organ 
Dysfunction-2 score at the bedside and within clinical decision 
support systems. (Pediatr Crit Care Med 2020; 21:e160–e169)
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Organ dysfunction assessment is central in critical care 
medicine (1). Even though mortality has substantially 
decreased in PICUs (2, 3) and is not the only outcome 

of interest, it is still the reference to build PICU severity scores 
(4–7). Although these scores are reliable and accurately reflect se-
verity of illness, they are generally not used at the bedside because 
data collection is time-consuming and human error is very likely 
given the numerous elements of information required. These 
scores are frequently used as surrogate outcome measures in ran-
domized clinical trials and are necessary to compare groups of 
patients. The Pediatric Logistic Organ Dysfunction-2 (PELOD-
2) is a well-validated score based on 10 variables corresponding 
to five organ systems that is able to measure the severity of organ 
dysfunction (4, 8–11). Because all the required variables are 
stored in electronic medical records (EMRs), automation of data 
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collection would save time, provide perpetually updated infor-
mation on patient clinical course and perhaps allow for estima-
tion of therapeutic response. A few adult scores, specifically the 
Sequential Organ Failure Assessment (12–14) and Acute Phys-
iology and Chronic Health Evaluation (APACHE) scores (15), 
have been automated with a performance that is comparable to 
that of manually collected scores. Even if EMRs have been used 
to calculate PELOD-2 in clinical studies (7, 10), no studies have 
compared manual calculation of the PELOD-2 to an automatic 
algorithm. The primary aim of this study was to validate an algo-
rithm able to automatically calculate the PELOD-2 (aPELOD-2) 
based on the survival discrimination and the proportion of mul-
tiple organ dysfunction syndromes (MODSs). We hypothesized 
that aPELOD-2 has a survival discrimination that is similar to 
other PELOD-2 external validation studies. The secondary aim 
was to compare the pragmatic performance of the aPELOD-2 to 
a manually calculated PELOD-2 (mPELOD-2) measured in sev-
eral research studies. Our hypothesis was that the performance 
of the aPELOD-2 is good and at least equivalent to that of the 
mPELOD-2.

MATERIALS AND METHODS
For the primary aim, we included data for all consecutive 
patients admitted to the PICU of Sainte-Justine University 
Hospital (Montreal, Canada) between January 8, 2013, and 
August 3, 2018. For the secondary aim, we included all patients 
that had a mPELOD-2 calculated for clinical studies under-
taken at the PICU of Sainte-Justine University Hospital during 
the same period. For both the primary and secondary aims, we 
excluded patients 18 years old or older at admission. We fol-
lowed the Transparent reporting of a multivariable prediction 
model for individual prognosis or diagnosis (TRIPOD) valida-
tion guidelines (16). The institutional review board approved 
this retrospective cohort study (reference number 2018-1587) 
and waived the need for individual consent.

Manually collected PELOD-2 scores came from four clin-
ical studies: two were prospective studies (study one and three: 
ClinicalTrials.gov number NCT02613377 and NCT01977547, 
respectively) and two were retrospective studies with data col-
lected by medical students (study two and four: manuscripts 
currently in preparation). The four studies comprised a broad 
good diversity of PICU patients: transfused patients, patients 
with respiratory failure, patients having undergone surgery for 
congenital heart disease, and patients with delirium.

Data Collection
Both mPELOD-2 and aPELOD-2 used the same EMR (Intel-
liSpace Critical Care and Anesthesia, Version F.01, Philips, 
Eindhoven, The Netherlands) as the data source. All PELOD-2 
related fields were either directly recorded in the EMR (e.g., lab-
oratory values and respiratory data) or typed in with an error 
checking mechanism that prevented physiologically incom-
patible values from being entered. Calculation of the Glasgow 
Coma Scale (GCS) was automatic and used drop-down menus 
to measure each function. The mPELOD-2 was collected by 
trained personnel that included medical students and research 

staff. Standard training for research clerks consisted of a cross 
validation of five to 10 subjects before they were allowed to 
collect data independently; all research staff were involved in 
multiple research studies requiring score calculations. Medical 
students had no experience with ICU scoring systems before 
they began data collection; their training consisted of basic ed-
ucation on the PELOD-2 score (as compared to other scores) 
and included hands on data acquisition while supervised to in-
sure accuracy of data collection and full understanding of the 
data elements required.

Algorithm Description
The elements required to compute aPELOD-2 were collected 
using successive Structured Query Language queries (Fig. 1). 
The algorithm is freely available at https://github.com/sau-
thiem/aPELOD2 under the open-source GNU AGPL v3.0 li-
cense. The first step was to identify where the 10 variables 
required to compute the aPELOD-2 were stored in the data-
base and import them into a temporary table structured on 
an entity-attribute-value (EAV) model that is robust to syn-
onyms and can easily handle heterogeneous data (17, 18). To 
calculate the Pao

2
/Fio

2
 ratios, we extracted Pao

2
 values from 

the EAV table and looked for the last Fio
2
 value available in 

the 60 minutes preceding Pao
2
 measurement. The Pao

2
/Fio

2
 

ratio was then inserted as a new element in the EAV table. The 
60 minutes maximum time lapse was based on local practice 
to calculate the Pao

2
/Fio

2
 ratio for the mPELOD-2 (step 2). 

For each data row, the day number was calculated on 24-hour 
intervals from the time of admission beginning with day one 
(step 3). Then, the algorithm pivoted the EAV table into a col-
umn-based structure, that is, one column per variable (step 4). 
During the pivoting process, data were agglomerated with the 
most abnormal value per patient and per day number. Finally, 
the most abnormal value was converted into points following 
the PELOD-2 pointing system and a summation was done to 
calculate the aPELOD-2 (step 5). As indicated in the original 
PELOD-2 methodology (4), missing values were considered 
normal (no point). Because studies 1, 3, and 4 used the cal-
endar day to calculate the day number (from midnight to mid-
night), we adjusted the calculation of the aPELOD-2 to follow 
the same collection method as the mPELOD-2.

Statistical Analysis
We described the patient population using median and inter-
quartile range (IQR) for continuous variables (age, ICU days, 
length of ventilation) and count with percentages for categorical 
variables and mortality. Statistical analysis was conducted in R 
3.5.2 with the pROC package (19). We estimated survival dis-
crimination with the area under the receiver operating charac-
teristic curve (AUROC). The 95% CI and p value were calculated 
using the DeLong method (20). We compared the proportion of 
MODS present at admission; MODS was defined as the presence 
of two or more organs with one point or more (1).

We estimated the correlation between aPELOD-2 and 
mPELOD-2 using intraclass correlation coefficients (ICCs) 
with 95% CIs. We also calculated ICC among mPELOD-2 

https://github.com/sauthiem/aPELOD2
https://github.com/sauthiem/aPELOD2
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scores when a patient was 
evaluated more than once. 
Because the overall correla-
tion between aPELOD-2 and 
mPELOD-2 involved mul-
tiple “judges” (clinical stud-
ies in our case) and different 
evaluations (the mPELOD-2), 
we used a one-way random-
effect model (ICC1,1) (21, 
22). In all other cases, only two 
evaluations were compared 
(aPELOD-2 and mPELOD-2 
or two mPELOD-2 studies); 
these methods were constant 
throughout all evaluations 
and a two-way random-effect 
model (ICC2,1) was used in 
those cases. The level of clinical 
significance of ICC was con-
sidered fair if between 0.4 and 
0.59, good if between 0.6 and 
0.74, and excellent if between 
0.75 and 1 (23). We calculated 
inter-rater agreement for the 
different components of the 
PELOD-2 (categorical vari-
ables) with a linearly weighted 
Cohen’s Kappa coefficient 
(24). Because Cohen’s Kappa 
may not be reliable for rare 
observations or even impos-
sible to calculate if agreement 
is perfect in a single category, 
we also reported overall and 
specific agreements for each 
component (25, 26). To illus-
trate specific agreements, we 
plotted the confusion matrix 
showing agreement propor-
tion for each PELOD-2 vari-
able between aPELOD-2 and 
mPELOD-2 (Supplemental 
Fig. 1, Supplemental Digital 
Content 1, http://links.lww.
com/PCC/B173). Except in 
the case of a very low preva-
lence, Kappa agreement was 
interpreted as moderate if 
between 0.41 and 0.60, sub-
stantial if between 0.61 and 
0.80, and almost perfect if be-
tween 0.81 and 1 (27). We also 
measured agreement between 
aPELOD-2 and mPELOD-2 

Figure 1. Automatically calculated Pediatric Logistic Organ Dysfunction-2 (aPELOD-2) algorithm data flow 
schema. Step 1: Data are collected from different sources and centralized into a key-entity-value structure. Step 
2: Pao2/Fio2 calculation. Step 3: Age and day number calculation for each collected element. Step 4: Pivoting 
the keys into columns with selection of the most abnormal value per patient and per day. Step 5: The most 
abnormal value is converted into points and all categories are summed. GCS = Glasgow Coma Scale,  
ID = identifier.

http://links.lww.com/PCC/B173
http://links.lww.com/PCC/B173
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using a Bland-Altman plot (28). Accuracy was estimated with 
bias (mean of the differences with 95% CIs) and precision was 
assessed with limits of agreement (± 1.96 × sds of the differ-
ences with 95% CIs) and percentage error (29).

We compared aPELOD-2 and mPELOD-2 performance 
based on survival discrimination (AUROC). If more than 
one mPELOD-2 was collected for the same patient (i.e., the 
patient was included in two clinical studies), the average 
mPELOD-2 was used for comparison to the aPELOD-2. We 
compared aPELOD-2 and mPELOD-2 MODS estimation with 
a McNemar test. Statistical significance was defined as a p value 
of less than 0.05.

RESULTS
We included data from 5,279 patients admitted to PICU be-
tween January 8, 2013, and August 3, 2018 (Table 1). A total of 
796 admission day mPELOD-2 calculations were collected in 
725 children admitted between May 2013 and June 2018 who 
had been included in four different clinical studies. Median age 
was 15 months (IQR, 3–73 mo), female proportion was 46%, 
and overall mortality was 3.9%. The most frequent reasons for 
admission was elective surgery requiring postoperative care 
in PICU (40%), admission from the emergency department 
(28%), and admission from inpatient wards (22%).

aPELOD-2 Validation
The aPELOD-2 AUROC calculated on all consecutive admis-
sions to PICU during the study period (n = 5,279 consecutive 

encounters, 2.9% mortality) was 0.84 (95% CI, 0.81–0.88) 
(Fig. 2). The proportion of MODS at admission was 62%  
(n = 3,250).

aPELOD-2 Comparison to mPELOD-2 From Four 
Clinical Trials
The median value for mPELOD-2 was 5 (IQR, 3–7) and for 
aPELOD-2 was 7 (IQR, 4–9.5) with a Pearson R2 correlation 
coefficient of 0.68 (95% CI, 0.64–0.72; p < 0.001). Bland-Alt-
man analysis (Fig. 3) showed a bias of +1.9 (95% CI, 1.7–2) for 
the aPELOD-2 over the mPELOD-2. The limits of agreements 
were calculated from –3.1 to 6.8 (95% CI, –3.4 to –2.8 and 
6.5–7.2, respectively). The percentage error was 180%. Bland-
Altman among pairs of manually calculated PELOD-2 (studies 
1–3 and 3–4 with 29 and 25 patients, respectively) revealed a 
bias of 0.1 (95% CI, –0.4 to 0.6) and –0.4 (95% CI, –1.1 to 
0.3), limits of agreements ± 2.6 and ± 3.3, and percentage error 
144% and 99%, respectively. The ICC between aPELOD-2 and 
mPELOD-2 (Table 2) was 0.75 (95% CI, 0.73–77) with varia-
bility among studies: ICC values were 0.75, 0.85, 0.62, and 0.20 
for studies 1, 2, 3, and 4, respectively. The ICC among pairs of 
mPELOD-2 varied from 0.58 to 0.92.

The weighted Cohen’s Kappa coefficient was calculated for 
each PELOD-2 component for studies 2 and 3 (data were una-
vailable for studies 1 and 4) (Table 3). The highest coefficients 
were observed for lactate level (0.88), use of invasive ventilation 
(0.86), and creatinine level (0.82) while the lowest coefficients 
were noted for platelet count (0.64), leukocyte count (0.52), and 
the GCS (0.52). Because of the low prevalence of certain classes, 

TABLE 1. Demographical Data

Variables
Validation on a  
PICU Database

Automatically Calculated Pediatric Logistic Organ Dysfunction-2  
Comparison to Pediatric Logistic Organ Dysfunction-2 Scores  

Manually Collected in Clinical Trials

All Studies Study 1 Study 2 Study 3 Study 4

Patients, n (%) 5,279 (100) 725 (100) 387 (49)a 171 (21)a 157 (20)a 81 (10)a

Mortality, n (%) 155 (2.9) 28b (3.9) 27 (7.0) 0 (0) 2 (1.3) 0 (0)

Females, n (%) 2,293 (43) 331 (46) 195 (50) 68 (40) 69 (44) 31 (38)

Age, mo, median (IQR) 30 (6–111) 15 (3–73) 19 (5–93) 26 (5–103) 12 (2–41) 0 (0–1)

ICU days, median (IQR) 2 (1–5) 5 (3–9) 6 (4–12) 4 (3–6) 5 (3–7) 7 (4–11)

Invasive ventilation days, median (IQR) 0 (0–1) 1 (0–4) 1 (0–5) 0 (0–1) 1 (1–4) 3 (1–7)

Admission origin, n (%)

 Planned surgery 1,477 (28) 293 (40) 116 (30) 46 (27) 117 (75) 69 (85)

 Emergency department 2,066 (39) 204 (28) 118 (30) 70 (41) 21 (13) 0 (0)

 Inpatient wards 1,230 (23) 170 (24) 114 (29) 38 (22) 18 (11) 9 (11)

 Other hospitals 261 (5) 28 (4) 22 (6) 7 (4) 1 (1) 0 (0)

 Unplanned surgery 206 (4) 23 (3) 13 (3) 7 (4) 0 (0) 3 (4)

 Outpatient clinic 39 (1) 7 (1) 4 (1) 3 (2) 0 (0) 0 (0)

IQR = interquartile range.
a Proportion on the sum of the four studies (796 patients).
b One deceased patient was enrolled in study one and three.
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there was a discrepancy between the overall agreement and the 
Kappa for leukocytes (agreement 98%, Kappa 0.53) and the 
Pao

2
:Fio

2
 ratio (agreement 95%, Kappa 0). The Kappa was im-

possible to calculate for pupillary reaction because there was a 
complete agreement on a single class (i.e., normal results only). 
Specific agreements (Supplemental Table 1, Supplemental 
Digital Content 1, http://links.lww.com/PCC/B173) were 
higher for near-normal results and decreased for more ab-
normal values. The confusion matrix plot (Supplemental Fig. 
1, Supplemental Digital Content 1, http://links.lww.com/PCC/
B173) showed a trend for the aPELOD-2 to overrate the severity 
of the organ dysfunction as compared with the mPELOD-2. 
Less values were reported as missing by the aPELOD-2 than 
the mPELOD-2 (Supplemental Table 2, Supplemental Digital 
Content 1, http://links.lww.com/PCC/B173).

MODS Screening
The proportion of patients (studies 2 and 3, n = 328) with 
two or more organ dysfunctions at admission day was higher  
(p = 0.002) when evaluated by the aPELOD-2 (78%, n = 237) 
than by the mPELOD-2 (72%, n = 255).
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Figure 2. Comparison of the area under the receiver operating 
characteristic curve (AUROC) between the original Pediatric Logistic 
Organ Dysfunction-2 study (4), the automatically calculated Pediatric 
Logistic Organ Dysfunction-2 (aPELOD-2) and another external validation 
study by Zhang et al (11) with 95% CI.
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aPELOD-2 and mPELOD-2 Survival Discrimination
Survival discrimination was similar between the aPELOD-2 
(AUROC, 0.74; 95% CI, 0.63–0.85) and mPELOD-2 (AUROC, 
0.70; 95% CI, 0.59–0.81) (p = 0.15) (Fig. 4A). However, when 
the aPELOD-2 was calculated using the first 24 hours after the 
admission as recommended in the original PELOD-2 meth-
odology (Fig. 4B), the aPELOD-2 AUROC increased (0.81; 
95% CI, 0.72–0.90) and became significantly higher than the 
mPELOD-2 (p = 0.01).

mPELOD-2 Computation
In order to explore the causes of disagreement between 
mPELOD-2 and aPELOD-2, we verified the manual calculation 
done for the only study that provided detailed data on manual 
collection (study 3). We found 10% disagreement between the 
indicated mPELOD-2 and the verified one; correction did not 
significantly improve the ICC with aPELOD-2 (0.65; 95% CI, 
0.20–0.82 vs 0.62; 95% CI, 0.13–0.81).

Time Estimated to Calculate aPELOD-2
The algorithm was able to calculate a single aPELOD-2 score in 
approximatively 0.03 seconds.

DISCUSSION
The performance of the aPELOD-2 algorithm was good 
(AUROC 0.84) and was similar to AUROC values between 
0.76 and 0.94 reported in the literature (Fig. 1) (7–11, 30, 31). 
Proportion of MODS (62%) was also similar to that reported 
in the literature (55%) (1). The intraclass correlation between 
aPELOD-2 and mPELOD-2 was between good and excellent, 
but with important variation among studies. Data collection 
was done by medical students for both the study with the low-
est correlation (study 4) and the study with the highest corre-
lation (study 2). Because both studies observed no mortality, it 
was impossible to use survival discrimination as a surrogate for 
the quality of data gathering. We interpret this as an example 
of inter-rater variability when nonprofessional raters collect 
data. In the literature, the inter-rater correlation has not been 
formally studied for the PELOD-2 score. However, the data 

collection process for the first version of the PELOD, which 
had an ICC of 0.79 and 0.86 on a subset of the original cohort, 
was very similar to that which occurred for PELOD-2 data col-
lection in our study (32). The APACHE II score ICC has been 
evaluated in a dedicated prospective blinded study compar-
ing three specifically trained raters (33) and had an excellent 
overall score (ICC 0.9); however, clinical interpretation for 
some components of the score was as low as 0.40. The Simpli-
fied Acute Physiologic Scores (SAPSs) II and III have also been 
evaluated with trained medical personnel; authors reported an 
overall ICC of 0.84 and 0.80 for SAPS II and III, respectively 
(34). This is congruent with our findings in which the ICC 
between professional research clerks (study 1 and 3) was ex-
cellent (0.92) and decreased when less experienced raters were 
involved. In this context, an ICC of 0.75 between aPELOD-2 
and mPELOD-2 strengthens the validity of the aPELOD-2. 
Furthermore, the aPELOD-2 does not need any specific train-
ing to have perfect reproducibility. On the other hand, if the 
aPELOD-2 cannot be used, these data suggest there might be 
benefit in using highly qualified personnel with standardized 
training for mPELOD-2 data collection.

The aPELOD-2 algorithm significantly outperformed 
the manual PELOD-2 score. However, the superiority of the 
aPELOD-2 discrimination may be due to the calculation by 
24-hour intervals starting at admission time. The only study 
that collected mPELOD-2 based on the 24-hour definition 
(study 2) had a nil mortality rate, preventing survival discrim-
ination comparison.

Overall aPELOD-2 scores were slightly higher than 
mPELOD-2 (Supplemental Table 1; and Supplemental Fig. 1, 
Supplemental Digital Content 1, http://links.lww.com/PCC/
B173). This can be explained, at least partially, by either a bet-
ter sensitivity or a lower specificity. The algorithm may be more 
prone to include possible erroneous data because it cannot 
disregard abnormal data based on the clinical context. For ex-
ample, laboratory results are involved in seven of the 10 com-
ponents of the PELOD-2 score. Clinically suspected erroneous 
laboratory results are usually repeated or amended in clinical 
practice, but never erased from the EMR. Research assistants 
may decide during manual PELOD-2 scoring to keep or ignore 
laboratory results based on their clinical value. Thus, these lab-
oratory results could be picked by the algorithm as the most 
abnormal value without consideration of whether the data 
are clinically valid. Regarding continuous data such as blood 
pressure, even EMRs with clinical validation may be subject 
to errors (35). To limit this risk, future scores could base their 
selection of abnormal continuous data on medians or percen-
tiles, known to be simple and robust to minimize erroneous 
data, raw signal analysis with filtering (35) or machine learn-
ing algorithms (36). Furthermore, missing values are imputed 
as normal values for most severity scores including PELOD-2, 
but future scores may want to distinguish normal from missing 
values (Supplemental Table 2, Supplemental Digital Content 
1, http://links.lww.com/PCC/B173). The original PELOD-2 
definition did not account for the increased amount of data 
collected in modern ICUs such as that provided by continuous 

TABLE 2. Intraclass Correlation Coefficients

Compared Groups

No. of  
Compared  

Scores

Intraclass  
Correlation  

Coefficients (95% CI)

aPELOD-2 vs mPELOD-2 796 0.75 (0.73–0.77)

aPELOD-2 vs study 1 387 0.75 (0.41–0.87)

aPELOD-2 vs study 2 171 0.85 (0.78–0.90)

aPELOD-2 vs study 3 157 0.62 (0.13–0.86)

aPELOD-2 vs study 4 80 0.20 (0–0.46)

mPELOD-2 study 1 vs 3 29 0.92 (0.85–0.96)

mPELOD-2 study 3 vs 4 25 0.71 (0.46–0.86)

aPELOD-2 = automatically calculated Pediatric Logistic Organ Dysfunction-2, 
mPELOD-2 = manually calculated Pediatric Logistic Organ Dysfunction-2.

http://links.lww.com/PCC/B173
http://links.lww.com/PCC/B173
http://links.lww.com/PCC/B173


Copyright © 2020 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2020 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Sauthier et al

e166 www.pccmjournal.org April 2020 • Volume 21 • Number 4

data stream from monitors (37) and the associated risk of 
having a single outlier that needs to be validated as clinically 
relevant data. On the other hand, the algorithm will not miss 
any abnormal result recorded in the EMR, regardless of the 
amount of data to analyze. As part of this study, we extracted 
approximatively 3.3 million values required by the 10 compo-
nents of the PELOD-2 in 5,279 subjects in about 15 minutes. 
This amount of data is impossible to process for humans in a 
reasonable time period. Based on previous internal data, our 

institution estimates that about 20 minutes per day will be re-
quired for a research assistant to collect data for a daily PELOD 
score. Thus, if the PELOD-2 was systematically calculated on 
a daily basis in a center similar to ours (1,100 admissions per 
year, 6,700 patient-days per year), this could save 2,200 work 
hours (1.2 full time equivalent). Furthermore, all the other 
steps required by the PELOD-2 score (age and day calculation, 
Pao

2
/Fio

2
 calculation, normal values that depend on the patient 

age and summation of the different components) all comprise 

TABLE 3. Cohen’s Kappa and Overall Agreement on the 10 Components of the Pediatric 
Logistic Organ Dysfunction-2 Score

Pediatric Logistic Organ Dysfunction-2 Component Study Overall Agreement (%) Cohen’s Kappa (95% CI)

Glasgow Coma Score 2 96 0.84 (0.72–0.95)

3 77 0.06 (–0.02 to 0.14)

2 + 3 87 0.52 (0.39–0.64)

Pupillary reaction 2 100 —a

3 100 —a

2 + 3 100 —a

Lactatemia 2 98 0.88 (0.76–1)

3 96 0.88 (0.79–0.98)

2 + 3 97 0.88 (0.81–0.95)

Mean arterial pressure 2 84 0.77 (0.69–0.85)

3 73 0.59 (0.49–0.7)

2 + 3 78 0.68 (0.62–0.75)

Creatinine 2 88 0.76 (0.67–0.86)

3 94 0.88 (0.81–0.96)

2 + 3 91 0.82 (0.76–0.88)

Invasive ventilation 2 94 0.86 (0.78–0.94)

3 93 0.78 (0.65–0.9)

2 + 3 93 0.86 (0.81–0.92)

Pao2: Fio2 2 99 0b

3 90 –0.02 (–0.05 to 0.01)

2 + 3 95 –0.02 (–0.03 to 0)

Pco2 2 92 0.75 (0.61–0.88)

3 87 0.67 (0.55–0.79)

2 + 3 90 0.71 (0.62–0.8)

Leukocytes 2 99 0.5 (–0.11 to 1)

3 97 0.53 (0.17–0.89)

2 + 3 98 0.52 (0.22–0.83)

Platelets 2 92 0.75 (0.64–0.86)

3 74 0.53 (0.42–0.65)

2 + 3 84 0.64 (0.56–0.72)
a Complete agreement with a null variance.
b Null variance in one group.
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a risk for error that a computer could easily avoid. For example, 
we found 10% of disagreement among mPELOD-2 calculation 
and also noticed that some mPELOD-2 scores reported three 
points in a category (platelets) for which the maximum is two 
(Supplemental Fig. 1, Supplemental Digital Content 1, http://
links.lww.com/PCC/B173).

Components of severity scores that need clinical input are 
known to have a lower agreement between human raters or be-
tween algorithm and human (13, 14, 33, 38). Indeed, the lowest 
agreement in this study was for the GCS, possibly because only 
a human can ascertain whether the clinical context in which 
the GCS is measured truly represents the actual severity of the 
neurologic status and is not affected by sedation or the need 
for invasive ventilation.

The strengths of our study are the number of patients in-
cluded in the survival discrimination analysis and the quality 
of the validation process. To our knowledge, this study is the 
largest that has compared an automatic calculation of a se-
verity score to the manual equivalent in pediatric critical care. 
Furthermore, the open-source license makes the algorithm 
available for integration into constantly updated clinical deci-
sion support systems.

Our study has limitations. First, data come from specific 
clinical studies that may bring a selection bias. Nevertheless, 
the performance of the aPELOD-2 on all our consecutive 
encounters is very good and comparable to that in the litera-
ture. To minimize the possible impact of the latter limitation, 
we plan to conduct a similar study in several PICUs. Second, 

the percentage error in the Bland-Altman analysis is high 
(180%). This indicates that the limits of agreement are pro-
portionally high compared to the mean value of the referenced 
method. An upper limit of 30% was suggested for adult cardiac 
output studies (39). In other contexts, this requires careful in-
terpretation, especially when the variable is discrete and broad 
as seen in the PELOD-2 (28, 40). We compared this result to 
the percentage error among the different mPELOD-2 stud-
ies and found that they were high as well (99% and 144%). 
Therefore, the interpretation of the percentage error is limited 
in the aPELOD-2 validation process. Third, there is underrep-
resentation of mortality and patients with severe organ failure 
that certainly limits parts of the validation (such as the pupil-
lary reaction). This as a consequence of global PICU mortality 
improvement; a large multicenter study would be required to 
address this limitation. Finally, the algorithm does not account 
for cyanotic status in children with congenital heart disease. 
Therefore, the Pao

2
/Fio

2
 ratio is calculated instead of being set 

to normal. Fortunately, the impact of this limitation is mini-
mized by the PELOD-2 strict threshold of 60 which implies 
that all normally oxygenated cyanotic patient (Pao

2
 40 mm Hg) 

with a Fio
2
 below 67% would still be counted as normal. Future 

upgrades of the EMR will correct this limitation.

CONCLUSIONS
The aPELOD-2 provides a valid estimation of the PELOD-2 
score that is fast, less labor intensive and well correlated with 
the mPELOD-2. Furthermore, the algorithm is freely available. 
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Figure 4. Death discrimination using the area under the receiver operating characteristic curve (AUC) for day-1 Pediatric Logistic Organ Dysfunction-2. 
Manually calculated Pediatric Logistic Organ Dysfunction-2 (mPELOD-2) curve is the same in both (A) and (B). A, Automatically calculated Pediatric 
Logistic Organ Dysfunction-2 (aPELOD-2) was calculated using data from the day of the admission (from 0:00 am to 11:59 pm). B, aPELOD-2 was 
calculated using data from the first 24-hr after the admission.
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Use of the aPELOD-2 could occupy an important place within 
clinical decision support systems in pediatric critical care as 
well as serve for research purposes at the bedside. We have 
found that the aPELOD-2 has a better survival discrimination 
than the mPELOD-2 but recognize that some components, 
such as the GCS, may be better evaluated by the mPELOD-2. 
Our next steps will be to use the algorithm within a larger 
multicenter dataset in order to improve the algorithm on the 
component that requires clinical judgment and to increase ro-
bustness against erroneous data.
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