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Objective: To assess the performance of the Pediatric Index of
Mortality 3 score in a population of children admitted to PICUs
in Argentina.

Design: Prospective, national, multicenter study.

Setting: Forty-nine PICUs located in Argentina belonging to pub-
lic and private institutions.

Patients: All children between 1 month and 16 years old admitted
to the participating PICUs between May 15, 2016, and February
15,2017

Interventions: None.

Measurement and Main Results: A total of 6,602 patients were
enrolled in the study. The observed mortality was 8% (531/6,602),
whereas mortality predicted by Pediatric Index of Mortality 3 was
6.16% (407 deaths). The standardized mortality rate was 1.3
(95% CI, 1.20-1.42). The area under the receiver operating
characteristic curve was 0.83 (95% ClI, 0.82-0.85). The Hosmer-
Lemeshow test showed that the difference between the mortality
observed and the mortality predicted by Pediatric Index of Mortal-
ity 3 was statistically significant (y?, 135.63; p < 0.001).
Conclusions: The Pediatric Index of Mortality 3 score adequately dis-
criminated patients who died from those who survived in our popu-
lation. However, the observed mortality was higher than predicted
by the score. The use of an updated instrument such as Pediatric
Index of Mortality 3 will allow an actual comparison between pediatric
intensive care provided in the country and care provided internation-
ally. This might also allow future planning of pediatric intensive care
services in Argentina. (Pediatr Crit Care Med 2018; 19:¢653-e661)

Key Words: benchmarking; healthcare; mortality; pediatric
intensive care units; quality indicators; risk adjustment
www.pccmjournal.org €653


http://journals.lww.com/pccmjournal
mailto:mpariaslopez@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Arias Lépez et al

ortality prognostic scores are valuable tools for assessing
l \ / I the quality of care provided to critically ill patients (1).
These are mathematical models, based on the presump-
tion that there is a predictable relationship among severity of illness,
evidenced by certain physiologic alterations, patient characteristics
(diagnoses or complex chronic conditions [CCCs]), and risk of
death (2, 3). It is assumed that the probability of death calculated
before the initiation of intensive care treatment is independent of
the quality of care received in the PICU. Therefore, these scores
might be employed for assessing the results of each institution when
compared with other institutions, directly (by comparing adjusted
mortality) or indirectly (by comparing the number of actual deaths
with the number of deaths predicted by the model) (4).

In the field of intensive care, the standardized mortality
ratio (SMR), an indicator that compares the observed num-
ber of deaths with the predicted number of deaths in a spe-
cific period, is typically employed to assess the performance of
PICUs (5). An SMR of 1 indicates a perfect agreement between
observed and estimated mortality. If the performance of a
PICU is higher or lower than expected, then the ratio will be
below or above 1, respectively. However, for this interpretation
to be valid, an adequate mortality prediction model is needed.
At the same time, the use of prognostic mortality scores is
essential for the assessment of quality of care in the PICU (6).

The Ministry of Health of Argentina recommends using the
Pediatric Index of Mortality (PIM) 2 as a model for predicting
the risk of death in PICUs (7). Similarly, this score is used for
adjusting mortality by the Quality Benchmarking Program of
the Argentine Society of Intensive Care (SATI-Q) (8, 9).

The performance of PIM2 was assessed in our country and
Latin America and showed an adequate capacity for discrimi-
nating between nonsurvivors and survivors (10, 11). However,
from the moment the model was developed to this day, the qual-
ity of intensive care provided around the world has changed dra-
matically due to advancements in technology and treatments.

In the last few years, modifications in the prediction capac-
ity of the score have been detected in the countries where it
was developed, showing an actual mortality below the PIM2
prediction (12, 13). In order to correct these changes observed
in calibration, the authors published an updated version called
PIM3 in 2013 (14). The performance of this new model is yet
to be assessed in Argentina. Similarly, literature related to vali-
dations of the score in populations different from the ones it
was generated in is scarce (15-17).

As using updated tools for assessing results from PICUs is of
vital importance, we designed this research whose main objec-
tive was to evaluate the performance of the PIM3 score in a
sample of patients admitted to PICUs in Argentina. Employing
the PIM2 score as an instrument for predicting mortality, locally
validated but developed more than 20 years ago, may condition
an overvalued estimation of the results obtained in the ICUs in
a country. For this reason, determining if this new version of
the model can be used to adjust the risk of death of critically ill
children in our country is essential. If so, an updated instrument
that allows establishing a comparison between local intensive
care and international care will be available.
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MATERIALS AND METHODS

We designed a multicenter, observational, prospective, cross-
sectional study. PICUs of Argentina were invited to participate
through the scientific societies that group pediatric intensivists
of the country.

All patients requiring intensive care between 1 month and 16
years old, admitted consecutively in participating PICUs between
May 15, 2016, and February 15, 2017, were included. Newborns
were excluded because they are usually treated in neonatal ICUs
in Argentina. Patients admitted from other PICUs and those
referred to other units for continuation of treatment or still hos-
pitalized by March 1, 2017, were excluded from the analyses.

The following data were recorded during each admission:
admission diagnosis, age, gender, length of stay in PICU, days of
mechanical ventilation, outcome (survival or death) at discharge
from PICU, and variables necessary for calculating the PIM3 score.
The coefficients for each variable included in the model, the odds
ratio, and their respective 95% CI are shown in Supplemental
Table 1 (Supplemental Digital Content 1, http:/links.lww.com/
PCC/A772) (14). The presence of any CCC, as defined by the
Feudtner classification (18), at the time of admission was also
recorded. For describing participating units, number of beds, type
of institution (general, pediatric), and type of management (pri-
vate, public, or social security) were also recorded.

The instrument employed for data collection was the SATI-Q
software (Hardineros Sistemas, Buenos Aires, Argentina), a
computing tool provided free of charge to Argentine PICUs
that voluntarily participate in the SATI-Q Program. This pro-
gram is an initiative sponsored by SATI with the purpose of
collecting data related to quality standards in intensive care (9).
For this study, the software was updated to include the PIM3
score calculation as a new function.

To guarantee the quality of the data, each participating PICU
designated a contact in charge of data recording and supervision.
For standardization of the PIM3 calculation method, a standard
operating procedure manual was created and delivered to each
PICU. For training purposes, each person in charge in every unit
was asked to calculate the score for five example cases. The results
were sent via e-mail and subsequently discussed with the main
research team. Each PICU sent the database within the first 2
months of data collection. At that time, the understanding of the
protocol and the guidelines for the construction of the score were
assessed, and the necessary modifications were implemented. An
e-mail address for direct queries was made available for clarifying
any doubts that arose during the study period.

Once the data collection period concluded, each partici-
pating unit sent the database to the coordination center for
analysis. The data were sent encrypted and anonymized, for
ensuring the safety of the data and the protection of per-
sonal information. The database is registered in the Argentine
National Directorate for the Protection of Personal Data.

Ethical Considerations

The ethical and scientific aspects of the protocol were assessed and
approved by the Research Ethics Committees of the participating
units. In all cases, the need for informed consent for participation
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was waived because the data collected were considered routine
practice in every PICU, the data protection requirements were
met, and due to the observational characteristics of the study.

Statistical Analysis

Continuous quantitative variables were expressed as median
and interquartile range (IQR) according to their distribution.
Continuous discrete variables were expressed as median and
range, and categorical variables were expressed as frequen-
cies and percentages. The performance of the PIM3 score was
assessed by analyzing its discrimination and calibration in the
general population and different subgroups (age, diagnoses at
admission, and presence of CCC). Simultaneously, SMR and
its 95% CI were analyzed.

The discrimination or ability of the model to differentiate
between survivors and nonsurvivors was assessed by calculat-
ing the area under the receiver operating characteristic curve
(AUC-ROC) and its 95% CI. Calibration or degree of agree-
ment between the number of predicted and observed events
was calculated by using the Hosmer-Lemeshow goodness-of-fit
test in the general population and stratified by deciles of risk.

In order to analyze the performance of PIM3 in the dif-
ferent subgroups, age groups were classified as follows: 1-11
months/12-59 months/60—-119 months/120-191 months. The
analyzed diagnostic groups were as follows: 1) cardiac (includ-
ing postoperative), 2) injury, 3) neurologic, 4) postoperative
(noncardiac), 5) respiratory, and 6) miscellaneous (19).

The AUC-ROC and SMR with their corresponding 95% CI
were calculated in each age subgroup, diagnostic category, and
according to the presence of any CCC.

Sample size was calculated based on the formula N = 10 k/p,
where N is the minimum number of cases to be included, “k”
is the number of independent variables included in the PIM3
logistic regression model, and “p” is the smallest proportion of
expected positive cases in the population (deaths) (20). As PIM3
comprises 13 independent variables and expected proportion of
deaths was calculated at 8% according to the latest general pedi-
atric reports of the SATI-Q program (21), a sample size of 1,625
patients was calculated for obtaining a minimum of 130 events.

All statistical analyses were performed using Excel
2010 (Microsoft, Redmond, WA), Access 2010 (Microsoft,
Redmond, WA), MedCalc version 16.4 (MedCalc Software
bvba, Ostend, Belgium), and STATA IC/11 (StataCorp LLC,
College Station, TX).

RESULTS
Fifty-two PICUs agreed to participate in the study. After the
data collection period concluded, 49 units sent their records.
PICUs characteristics and distribution of admitted patients
according to the setting are described in Table 1 (22). The
median number of beds per PICU was 10 (range of 3-26). The
median number of admitted patients per unit during the study
period was 108 (IQR, 53-182); 38 PICUs (77, 5%) had less
than or equal to 200 admissions.

During the study period, 7,075 admissions were registered in
the participating PICUs; 473 (6.68%) were excluded from the
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TABLE 1. Characteristics of PICUs and
Volume of Admissions

Admissions

n=6,602

PICU Characteristics

Public hospital, n (%) 37 (75.561) 5,064 (76.70)
General 16 (44) 879 (17.36)
Pediatric 21 (66) 4,185 (82.64)

Private institution/ 12 (24.49) 1,638 (23.30)
social security, n (%)

Geographic location,

n (%) (22)

Central 35 (71.43) 5,035 (76.26)
Patagonia 5(10.20) 210 (3.18)
Cuyo 4 (8.16) 530 (8.03)
Northwest 3(6.12) 620 (9.39)
Northeast 2 (4.08) 207 (3.14)

2Ministry of Health Argentina. Essential Functions and Public Health
Programs (EPHF2), Regions (22).

Admissions
n: 7075

Excluded admissions
Age < 1 month (n,%): 42 (0,59)
Age > 191 months (n,%): 78 (1,1)
Coming from another PICU (n,%): 152(2,15)
Referred to other PICU (n,%): 35 (0,49)

Hospitalized in the PICU
by the end of the study
n,%: 131 (1,85)

e

Incomplete data
n,%: 35 (0,49)

—>|

Admissions analyzed
n: 6602

PICU : pediatricintensive care unit

Figure 1. Flow chart of the study population.

analysis because of exclusion criteria, for being still hospitalized
at the end of the study period or due to the existence of miss-
ing data necessary for the calculation of PIM3 (Fig. 1). A total
of 6,602 records were analyzed. Their characteristics are detailed
in Table 2. Respiratory conditions were the main reason for
admission in the PICU, and patients less than 1 year old were
the predominant age group. Although the sample showed high
prevalence of CCC, variability according to reason for admission
was evident. Only 4% of patients admitted due to injuries had
some CCC versus 85.8% of admissions due to cardiac conditions.
Observed mortality in the sample was 8.04% (531/6,602),
whereas mortality predicted by PIM3 was 6.17% (407 deaths).
SMR was 1.3 (95% CI, 1.2—1.42). The difference between the
number of deaths observed and PIM3 predicted deaths was
statistically significant (p < 0.001).
€655

www.pccmjournal.org



Arias Lépez et al

TABLE 2. Characteristics of the Patient's
Population (n = 6,602)

Patient Characteristics Value

Male sex, n (%) 3,706 (56.13)
Age, mo, median (IOR) 20 (b-74)
Admission diagnostic groups, n (%)

2,570 (38.93)
1,090 (16.51)
1,058 (16.03)

Respiratory
Miscellaneous

Postoperative (noncardiac)

Neurologic 709 (10.74)
Injury 617 (9.35)
Cardiac (includes postoperative) 558 (8.45)
Presence of CCC, n (%)? 2,954 (44.74)
Cardiovascular 588 (19.9)
Other congenital or genetic defect 511 (17.3)
Respiratory 506 (11.13)
Neurologic and neuromuscular 498 (16.86)
Malignancy 358 (12.12)
Gastrointestinal 207 (7.00)
Hematologic or immunologic 115 (3.89)
Metabolic 114 (3.86)
Renal and urologic 89 (3.01)
MV? n (%) 3,398 (69.04)
Noninvasive ventilation 411 (6.22)
Invasive ventilation 3,487 (62.81)
Length of MV, d, median (IQR) 5 (2-9)
Length of stay, d, median (IQR) 5 (2-10)

1,240 (18.78)

CCC = chronic complex conditions; IOR = interquartile range; MV =
mechanical ventilation.

“The sum is higher than 100% because some patients had > 1 CCC.
“Includes mask or nasal continuous positive airway pressure or bilevel positive
airway pressure or negative pressure ventilation.

°Elective admission is defined according to the Information Booklet for
Pediatric Index of Mortality (PIM) 2 and PIM3 (Australian and New Zealand
Paediatric Intensive Care Registry).

Elective admission,c n (%)

The AUC-ROC for the entire cohort was 0.83 (95% CI,
0.82-0.85), showing an adequate performance of the score for
discriminating between nonsurvivors and survivors.

Table 3 shows the observed mortality and expected mortal-
ity in the different risk deciles, according to the goodness-of-fit
test (Hosmer-Lemeshow). In all cases, the observed mortal-
ity was higher than PIM3 predicted mortality. The difference
was statistically significant in the general population and for
most deciles of mortality risk (%2 135.63; 8 degrees of freedom;
p < 0.001). However, the difference between observed and
€656
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expected mortality in the highest predicted mortality deciles
(> 6.48%) was not statistically significant.

An analysis of discrimination and calibration of the model
according to the volume of PICU number of admissions
showed that for units with less than or equal to 200 admissions,
the AUC-ROC was 0.84 (95% CI, 0.82-0.87) versus 0.82 (95%
CI, 0.80-0.85) in units with more than 200 admissions. The
SMR was 1.37 (95% CI, 1.21-1.55) and 1.25 (95% CI, 1.1-1.4),
respectively.

Analysis by Age Group

The discrimination ability of PIM3 was adequate in all age
groups. The observed mortality was higher than the mortality
predicted by the score in all groups, especially in patients more
than 120 months old. The difference between observed mortal-
ity and PIM3 predicted mortality was statistically significant
(Table 4), except in children less than 1 year old.

Analysis by Diagnostic Group

PIM3 showed adequate discrimination ability in all diagnos-
tic groups. The lowest discrimination ability was observed in
patientsadmitted for respiratory disease, showingan AUC-ROC
of 0.70, with a 95% CI lower limit of 0.66.

Regarding the score calibration, the observed mortality was
higher than the predicted mortality in all diagnostic groups,
except in patients admitted for injuries. The difference between
the observed mortality and PIM3 predicted mortality was sta-
tistically significant in all diagnostic groups, except in the neu-
rologic category, injury category, and, although borderline, in
postoperative admissions (Table 5).

Analysis According to the Presence of CCC

PIM3 showed adequate discrimination ability in patients with
some CCC when admitted to the PICU and in previously
healthy patients. In this group, the observed mortality was
higher than the PIM3 predicted mortality; the difference was
statistically significant (276 observed deaths vs 179.3 predicted
deaths). Although the observed mortality in previously healthy
patients was higher than the expected mortality, this difference
was not statistically significant (Table 6).

DISCUSSION

Mortality risk prediction models in PICUs are usually built in
developed countries, based on a population with particular
characteristics according to its case mix, available resources,
and health system organization. Before being implemented
by a country as tools for measuring intensive care quality and
individual performance of PICUs, they must be validated in a
locally representative sample of patients.

This study was carried out to assess the performance of the
PIM3 score in a population of patients admitted to PICUs in
Argentina, a medium-to-high income country (according to
the World Bank classification), and with health system charac-
teristics different from the countries where the score was devel-
oped (23). The obtained results indicate that the score has an
adequate capacity for discriminating between survivors and
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TABLE 3. Hosmer-Lemeshow Goodness-of-Fit Test for Deciles of Mortality Risk: x%: 135.63;
8degree of freedom; p <0.001

Maximum
Probability
of the Risk Observed Expected Observed Expected
Interval Deaths Deaths Survivors Survivors
1 0.002 670 5 1 665 669 < 0.001
2 0.004 658 7 2 651 656 < 0.001
3 0.007 658 11 3 647 655 < 0.001
4 0.012 741 20 7 721 734 < 0.001
5 0.015 597 17 8 580 589 < 0.001
6 0.028 640 24 13 616 627 < 0.001
7 0.045 660 47 24 613 636 < 0.001
8 0.064 672 58 36 614 636 < 0.001
g 0.123 647 64 55 583 592 0.22
10 0.998 659 278 257 381 402 0.19
Total 6,602 531 406 6,071 6,196 < 0.001

TABLE 4. Model Fit and Discrimination by Age Groups

Area Under
Receiver Operating
Characteristics Curve
(95% CI)

Observed
Deaths, n (%)

Age Group
(mo)

Expected
Deaths, n (%)

Standardized Mortality
Ratio (95% ClI)

-1 2,699 174 (6.69) 150.7 (56.8) 1.15(0.99-1.34) 0.06 0.79 (0.76-0.83)
12-59 2,057 171 (8.31) 137.8 (6.66) 1.24 (1.06 -1.44) 0.005 0.85 (0.82-0.88)
60-119 994 83 (8.35) 64.2 (6.46) 1.29 (1.04-1.59) 0.02 0.89 (0.86-0.92)
120-191 952 103(10.82) 555 (5.83) 1.85 (1.62 -2.24) < 0.001 0.84 (0.79-0.88)

p value corresponding to %2 calculated as (observed deaths — expected deaths)?/expected deaths with 1 degree of freedom.

TABLE 5. Model Fit and Discrimination by Admission Diagnostic Groups

Area Under
Receiver Operating
Characteristics
Curve (95% CI)

Observed Expected Standardized Mortality
Deaths, n (%) Deaths, n (%) Ratio (95% CI)

Diagnostic Groups n

Respiratory 2570 141(5.49) 1069 (4.16) 1.32 (1.11-155) < 0.001 0.70 (0.66-0.75)
Miscellaneous 1,090 220 (20.18) 154.8 (14.2) 1.42 (1.24-1.62) < 0.001 0.82 (0.79-0.85)
Postoperative (noncardiac) 1,068 21(1.98) 14.07 (1.33) 1.49 (0.95-2.24) 0.06 0.80 (0.68-0.92)
Neurologic 709 69 (9.73) 58.8 (8.3) 1.17 (0.92-1.18) 0.18 0.89 (0.84-0.94)
Injury 617 44 (713) 53.7 (8.71) 0.82 (0.6-1.09) 0.19 0.88 (0.83-0.94)
Cardiac (includes postoperative) ~ 558 36 (6.45) 19 (340) 1.89(1.35-259) <0.001 0.85 (0.78-0.91)

p value corresponding to %2 calculated as (observed deaths — expected deaths)?/expected deaths with 1 degree of freedom.

nonsurvivors, in the general population and all the different
age and diagnostic subgroups. However, the observed mortal-
ity exceeds the mortality predicted by the score.

In general terms, its performance is comparable to PIM2
according to the validation study carried out in Argentina in
2009 and Latin Americain 2013,both in terms of discrimination

Pediatric Critical Care Medicine

and calibration capacity (10, 11). This study yielded a PIM3
AUC-ROC of 0.83 in the general population: 83% of nonsur-
vivors showed a higher PIM3 predicted death probability than
survivors, compared with 88% of patients in the population in
which the score was developed (14). Similarly, previous PIM2
validation studies carried out in Argentina and Latin America
€657
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TABLE 6. Model Fit and Discrimination According to the Presence of Chronic Complex

Conditions
Area Under
Standardized Receiver Operating
Observed Expected Mortality Ratio Characteristics Curve
Chronic Complex Conditions n Deaths, n (%) Deaths, n (%) (95% CI) (95% CI)
Present 2954 276 (9.34) 179.3 (6.07) 1.54 (1.37-1.73) 0.82 (0.80-0.85) < 0.001
None 3,648 255 (6.99) 2928 (6.25) 1.12 (0.99-1.26) 0.85 (0.82-0.87) 0.07

p value corresponding to %2 calculated as (observed deaths — expected deaths)?/expected deaths with 1 degree of freedom.

showed an adequate discrimination ability, with AUC-ROCs of
0.84 and 0.82, respectively (10, 11).

Instead of 407 predicted deaths, 531 deaths were observed
in the sample. The observed mortality was higher than the
expected mortality in all intervals of risk probability and in
the majority of the analyzed subgroups (age, diagnostic, pres-
ence of CCC). Similarly, during the PIM2 validation study
carried out in Argentina in 2009, 297 deaths were observed
versus 246 predicted deaths. This tends to happen when mor-
tality risk prediction scores are used in populations other than
those they were developed in, especially when said populations
have different characteristics, in terms of admission patholo-
gies in PICUs, comorbidities, and health system (fragmen-
tation, accessibility, available resources, and social-sanitary
conditions).

Regarding the characteristics of the admitted population,
we can mention that PIM3 predicted mortality in our popu-
lation was 6.17%, higher than the mortality predicted in the
regions in which the model was developed (4.1% in the United
Kingdom/Ireland and 2.8% in Australasia). Only 18.8% of
patients in our sample had an elective admission versus 41% in
the original population. Likewise, 16% of patients in our pop-
ulation were admitted for postsurgery recovery versus 39.7%
of patients in the original sample.

The profile of children admitted in PICU in our popula-
tion, more severely ill and non elective admissions, may reflect
differences in admission criteria in argentine PICUs, or less
accessibility to these units. These differences might not be ade-
quately expressed by the model, affecting its performance when
used in our area. But, at the same time, the excess of deaths
observed might be interpreted as differences in the quality of
care provided in our PICUs compared with the units in which
PIM3 was developed.

So far, few studies assessing the performance of the model
in external populations have been published. In a retrospec-
tive study, Wofler et al (15) reported an adequate performance
of the score in a sample of Italian PICUs. In this population,
AUC-ROC was 0.88 and SMR was 0.98. There were no statis-
tically significant differences between predicted and observed
mortality. On the contrary, Lee et al (16) reported an AUC-
ROC of 0.77 and SMR of 1.29 in a sample of 1,656 patients
from one Korean PICU. The PIM3 score showed higher per-
formance in Italy, possibly as it has a population and health
€658
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system of characteristics similar to the United Kingdom and
Australasia.

The analysis by age group indicated that teenagers
showed the greatest difference between observed mortality
and model-predicted mortality, reporting an SMR of 1.89.
Similarly, Wofler et al (15) reported an SMR of 1.4 for this
population in Italian PICUs (15). These groups will likely
show characteristics affecting the score performance, such
as different CCCs that were not considered as an adjustment
variable by PIM3. This challenge in mortality risk prediction
for teenage patients is also evidenced by other scores built
with different statistical techniques such as the one intro-
duced by Arzeno et al (2), who suggest the need to develop
specific scores for this population.

In the analysis performed according to the diagnosis at
admission, observed mortality was higher than mortality pre-
dicted by PIM3 in all groups, except in patients admitted for
injury. This is similar to the results observed in the PIM2 vali-
dation carried out in Latin America, in which 22 Argentinian
PICUs participated (11). This finding is possibly related to a
higher score performance in patients without previous comor-
bidity because only 25 patients (4%) admitted for injuries had
some CCC in our sample. Calibration capacity was inadequate,
showing statistically significant differences between expected
and observed mortality in all groups, except in patients admit-
ted for neurologic problems and injuries. Paradoxically, cali-
bration in the original sample failed in patients admitted for
neurologic problems.

The analysis of the population according to the presence of
CCC showed that PIM3 performance in patients with previous
comorbidities was inadequate in terms of calibration. Although
mortality in patients without CCC was higher than expected
(6.99% vs 6.25%), the difference was not statistically signifi-
cant and SMR was 1.12. In contrast, the SMR for patients with
CCC was 1.54. Currently, no studies on the assessment of score
performance in this particular group have been published. The
PIM3 model considers leukemia, postinduction lymphoma,
neurodegenerative diseases, or bone marrow transplant, as
adjustment variables of high and very high risk of death, but
excludes as risk factors conditions such as HIV or post-liver
transplant admissions, which are still associated with higher
mortality rates in our country. According to reports from the
World Health Organization, the HIV-AIDS mortality rate
reached 0.9 per 100,000 inhabitants in Australia versus 8.9 per
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100,000 in Argentina (24) by 2012. Similarly, other oncologic
or immune-hematologic pathologies, which are not consid-
ered in the score as risk factors, may be associated with a higher
mortality rate in PICUs in our region. Decreased availability of
palliative care and anticipated decisions regarding end-of-life
care may influence access to ICUs for patients with low recov-
ery capacity in Argentina. The above mentioned factors might
partially explain a better performance of the model in children
admitted without comorbidities.

Other conditions that might explain the excess of deaths
observed in our population are the characteristics of the
Argentinean health system, highly fragmented and not central-
ized, existing high number of PICUs that treat a small volume
of patients (25). In our study, 77% of the units that partici-
pated had a low volume of admissions (200 or less). In these
units, the SMR was higher than in the units with larger volume
of admissions. It is possible that reductions in mortality could
be achieved if critical patients were admitted to large PICUs, as
proposed by other authors (26).

As a limitation of the study, we can mention that neona-
tal patients were not included even though the original PIM3
model has included this in their assessments. This is because
neonatal (<28 d old) admissions are managed in neonatal
ICUs in our country. Another limitation is that not all PICUs
in the country were included, as no entity groups them in a
mandatory manner. However, units in public and private hos-
pitals, and in general and pediatric hospitals, are represented
in the sample. Furthermore, PICUs from all five regions of the
country considered by the Ministry of Health took part in the
study although the central region provinces showed a clear pre-
dominance, which reflects the concentration of the Argentine
population in that region (27).

In contrast, the study results could be generalized for PICUs
that are members of the SATI-Q pediatric program, as 30 of the
33 units participating in the registry in 2015 were also included
in this research (28). This program, sponsored by the SATT since
2005, has the voluntary participation of units located in differ-
ent provinces of the country. It represents a source of free and
publicly available data, which provides information on quality
indicators in Argentinean PICUs for benchmarking purposes.
A general report on predefined quality indicators, like the SMR
resulting from the analysis of the total number of admissions
in the participating units, is prepared and published annually.

Understanding the performance of PIM3 in a local repre-
sentative sample allows us to use the score as a mortality pre-
diction tool for the construction of SMR in each individual
PICU and at a national level. The results of this study show that
using PIM3 to predict mortality, the actual SMR for PICUs par-
ticipating in the SATI-Q program is 1.3, instead of the values
observed in recent years using PIM2 (21). The performance of
each participating PICU can be assessed by comparing their
obtained SMRs with this value. This analysis conducted on an
annual basis, can detect changes in population characteristics
and the score performance, and will allow the comparison of
each PICU against a local SMR and the comparison of SMR
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over time, as it has been performed with the use of PIM2 to
date.

We suggest that it would be optimal to switch from PIM2
to PIM3 as the score to predict mortality in Argentine PICUs
given that using a nonupdated model, like PIM2, might result
in the misconception that care in our units is better than it
actually is. On the other hand, using an up-to-date tool to
compare care provided in local PICUs with international care
for benchmarking purposes is necessary to highlight charac-
teristics in the local care model that could have an impact on
our patients’ outcomes.

An objective measurement of the results is necessary to
evaluate the impact of the measures aimed at improving the
care of the critical pediatric patient, either by improving the
detection, the quality of the initial care, the accessibility to the
PICUs, or the human and technological resources available in
them.

CONCLUSIONS

This study assessed the performance of the PIM3 score in a
large sample of patients admitted to PICUs in Argentina. The
score showed an adequate ability to discriminate between the
population of patients who survive and those who die. Instead,
observed mortality was higher than predicted mortality in the
general population and the population stratified by age, diag-
nosis or presence of CCC. The use of an updated instrument
such as PIM3 will allow an actual comparison between pedi-
atric intensive care provided in the country and care provided
internationally. This might also allow future planning of pedi-
atric intensive care services in Argentina.
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APPENDIX 1. MEMBERS OF VALIDARPIMS3
ARGENTINE GROUP

Luis Aramayo (Hospital Zonal Ramén Carrillo, Rio Negro);
Pedro Portero (Hospital Interzonal General de Agudos “Dr.
Abraham Pineyro,” Buenos Aires); Priscilla Botta (Hospital Del
Nifio Jests, Tucumdn); Marta Mosciaro (Hospital Dr. Hum-
berto Notti, Mendoza); Segundo Espanol (Hospital pedidtrico
Juan Pablo I, Corrientes); Walter Lorenz (Hospital Zonal Gen-
eral de Agudos Dr. Lucio Melendez, Buenos Aires); Alberto
Hernandez (Hospital de Pediatria” Prof. Dr. Juan P. Garra-
han” Unidad 72 Ciudad Auténoma de Buenos Aires); Rosana
Poterala (Sanatorio Anchorena, Ciudad Auténoma de Buenos
Aires); Gustavo Gonzalez (Complejo Medico Policial “Chur-
ruca-Visca,” Ciudad Auténoma de Buenos Aires); Ramon
Pogonza (Hospital De Nifios De La Santisima Trinidad, Cér-
doba); Facundo Jorro (Sanatorio De La Trinidad Mitre, Ciu-
dad Auténoma de Buenos Aires); Carolina Sabatini (Hospital
General de Nifios Pedro de Elizalde, Ciudad Auténoma de
Buenos Aires); Marta De Barelli (Hospital Provincial, Rosario,
Hospital Espafiol, Rosario); Karina Cinquegranni (Hospital
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El Cruce Dr. Néstor Carlos Kirchner, Alta Complejidad en
Red, Buenos Aires); Sergio Suarez (Clinica del Nifio, Quilmes,
Buenos Aires); Javier Ponce (Hospital Guillermo Rawson, San
Juan); Sandra Chuchuy (Hospital Publico Materno Infantil de
Salta, Salta); Gustavo Sciolla (Hospital de Nifios Zona Norte,
Santa Fe); Maria Eugenia Passini (Hospital de San Luis, San
Luis); Rose Marie Deheza (Clinica Modelo, Mordn, Buenos
Aires); Maria Mackern (Hospital Dr. H Notti Cardiovascular,
Mendoza); Juan Fabris (Hospital Penna, Bahia Blanca, Buenos
Aires); Ana Rodriguez Calvo (Hospital Isola Puerto Madryn,
Chubut); Claudia Benaroya (Hospital Regional de Rio Gal-
legos, Santa Cruz); Maria A. Boretto (Sanatorio de Ninos,
Rosario, Santa Fe); German Kaltenbach (Hospital Regional
Castro Rendén, Neuquén); Carlos Rodriguez (Hospital Zonal
de Caleta Olivia, Santa Cruz); Marisol Ramos (Hospital
Avelino Casteldn, Chaco); Silvia Lanatti (Hospital de Nifios V
] Vilela, Santa Fe); Paula Medici (Hospital Interzonal Especial-
izado Materno Infantil de Mar del Plata, Buenos Aires); Clau-
dia Pedraza (Hospital de Nifios Sor Maria Ludovica, Unidad
Cardiovascular, La Plata, Buenos Aires); Juan Varén Redondo
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(Hospital de Clinicas José de San Martin, Ciudad Auténoma
de Buenos Aires); Marcelo Itharte (Hospital Materno Infantil
San Roque, Entre Rios); Gabriel Boggio (Clinica Velez Sarfield,
Cordoba); Sebastian De Giuseppe (UCIP Sagrado Corazén,
Ciudad Auténoma de Buenos Aires); Marlene Velazquez
(Hospital Pediatrico del Nino Jests, Cérdoba); Yanina Fortini
(Hospital Municipal de Trauma y Emergencias Dr. Federico
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Abete, Buenos Aires); Alejandra Ribonetto (Hospital de Ninos
Dr. Héctor Quintana, Jujuy); Gaston Morales (Corporacién
Medica de General San Martin, Buenos Aires); Jorge Cavagna
(Hospital de Quemados, Ciudad Auténoma de Buenos Aires);
Matias Penazzi (Hospital de Nifos de San Justo, Buenos Aires);
Daniel Capra (Sanatorio Trinidad Ramos Mejia, Buenos Aires);
and Ariel Albano (Hospital de Nifios Dr O Allassia, Santa Fe).
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