OBSERVATIONAL STUDY

Performance of Pediatric Risk of Mortality IV in
Brazilian PICUs: A Multicenter Prospective Study

IMPORTANCE: This is the first Brazilian study evaluating the performance of
Pediatric Risk of Mortality (PRISM) IV and the first to use the calibration belt
technique.

OBJECTIVES: This study aimed to evaluate the performance of PRISM IV in a
large cohort of patients admitted to Brazilian PICUs.

DESIGN, SETTING AND PARTICIPANTS: This is a longitudinal, prospective,
multicenter study conducted in 36 Brazilian PICUs with children between 29 days
and 18 years old admitted from March 2020 to March 2022.

MAIN OUTCOMES AND MEASURES: PRISMIV's performance was assessed
using the standardized mortality ratio (SMR), the area under the receiver oper-
ating characteristic curve (AUROC) with 95% CI, and the calibration belt with
80% and 95% CI.

RESULTS: A total of 12,046 patients from 36 PICUs were included. Observed
overall in-hospital mortality was higher than predicted: observed = 249 (2.1%)
x predicted = 188.1 (1.56%) (SMR = 1.32 [95% CI, 1.16-1.50]); discrimina-
tion was good (AUROC = 0.86 [95% ClI, 0.83-0.89]), and calibration was poor,
underestimating mortality over a wide range of predicted mortality (2—-619%). To
explore the impact of the COVID-19 pandemic on PRISM IV's performance, we
divided the study period into prevaccine and postvaccine. In the prevaccine pe-
riod, the SMR was 1.38 (95% CI, 1.17-1.62), the AUROC was 0.84 (95% ClI,
0.80-0.88), and the range of miscalibration was broader than in the total cohort
(underestimation in the 2-98% range). In the postvaccine period, the SMR was
1.26 (95% CI, 1.03-1.51), the AUROC was 0.90 (95% ClI, 0.86-0.94), and
the calibration belt underestimated mortality in a narrower range of 3-46% of
predicted mortality.

CONCLUSIONS AND RELEVANCE: PRISM IV showed good discrimina-
tion but miscalibration across a wide range of predicted mortality and different
COVID-19 pandemic periods in a large cohort. Further research with subgroup
analyses are needed to develop strategies to improve the performance of PRISM
IV in different and heterogeneous Brazilian healthcare contexts.

KEYWORDS: mortality; pediatric intensive care units; Pediatric Risk of Mortality
IV; prognostic score; scoring system

he mortality rate is a commonly used indicator of the performance and

quality of ICUs. One of the most widely used measures is the standard-

ized mortality rate (SMR), which is the ratio of observed to predicted
mortality (1, 2). Prognostic systems use physiologic and laboratory parame-
ters to predict mortality based on disease severity and other risk factors (2).
Currently, three predictive tools are widely used in PICUs in their updated
versions: the Pediatric Risk of Mortality (PRISM) (3), the Pediatric Index of
Mortality (PIM) (4), and the Pediatric Logistic Organ Dysfunction (PELOD)
(5), which require varied information to calculate the risk of death.
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@\ KEY POINTS

Question: What is the performance of Pediatric
Risk of Mortality (PRISM) IV in a sample from 36
Brazilian PICUs?

Findings: In this sample of Brazilian PICUs,
PRISM IV underestimated the observed mortality
and showed good discrimination but poor calibra-
tion in the mortality range between 2% and 61% of
predicted mortality.

Meanings: Various causes of inequalities in the
studied population and organizational structures
of the participating PICUs may have contributed
to the miscalibration range; therefore, subgroup
analysis is critical for decision-making on using
PRISM IV to assess the quality of care and bench-
marking in Brazilian PICUs.

Regarding PRISM 1V, some studies have been con-
ducted to evaluate its use (6-8). However, these stud-
ies generally involved few institutions and included
only a small number of patients. This study aimed to
assess the performance of PRISM IV in a large cohort
of patients admitted to Brazilian PICUs.

METHODS

This is a longitudinal, prospective, multicenter study
involving 36 Brazilian PICUs. The study was carried
out from March 2020 to March 2022. It was approved
by the Research Ethics Committees of each participat-
ing site, which waived informed consent, as data would
be treated anonymously—please see Table S1 (http://
links.Iww.com/CCX/B489) for more information.
Patients were assessed for eligibility daily by the
local coordinator. The inclusion and exclusion criteria
and the variables required to calculate the score were
the same as those of the original PRISM IV study (3).
In addition, demographic information and patient
outcome data (including PICU length of stay and in-
hospital mortality) were collected. Cases with missing
in-hospital mortality data were excluded. A spread-
sheet for calculating PRISM IV and forms specifically
developed for filling out unit characterization data
and patient clinical data were made available to par-
ticipating centers, and data submission was monitored
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monthly. The characteristics of the study population
were compared with the original study.

To evaluate PRISM IV performance, we estimated:
1) the standardized mortality ratio (SMR), consisting
of the ratio between observed and predicted mor-
tality rates (9, 10); 2) the discrimination capacity,
assessing the area under the ROC curve (AUROC)
with a 95% CI (11-13); and 3) the calibration of the
score along the predicted risk of mortality range,
using the calibration belt, a method proposed by the
Italian Group for the Evaluation of Interventions in
Intensive Care Medicine, which consists of a function
that generates a calibration curve, resulting from the
relationship between each predicted (on the x-axis)
and observed (y-axis) mortality rate, with areas of
80% and 95% ClIs. In this method, a deviation from
the bisector was considered statistically significant
when the 95% CI limits did not contain the bisector
(13-16). We used the R package “givitiR” for these
analyses. The R 4.0.3 program (R Foundation for
Statistical Computing, Vienna, Austria) was used for
all statistical analyses.

During the study period, we observed that the
COVID-19 pandemic could be altering the case mix
of admitted patients, the organizational structures
of the participating PICUs, and the mortality rate.
Consequently, the performance of PRISM IV could
also be affected, especially in the first wave, before
the start of the vaccination campaign in Brazil (from
March 2020 to January 2021). Therefore, we also
stratified the PRISM IV performance analysis in two
periods—before and after the SARS-CoV-2 vacci-
nation—to explore the effect of the pandemic on the
score’s performance.

This study was approved by the research ethics com-
mittee of all participating PICUs, which waived the
informed consent. All procedures followed were in ac-
cordance with these committees’ ethical standards and
the 1975 Declaration of Helsinki, as mostly recently
amended. For more information, see Table S1 (http://
links.Iww.com/CCX/B489).

RESULTS

Out of the 13,391 eligible patients included in the
study, 1,345 were excluded for the following reasons:
1,017 because of missing data related to in-hospital
mortality, 83 because they were older than 18 years
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Observational Study

The observed in-hospital

Centers & Patients:
* 36 PICUs
¢ 13,391 patients

Participanis

mortality was higher than
predicted, with an SMR of
1.3 (95% CI, 1.2-1.5). The
discrimination assessment

showed an AUROC of 0.86

Excluded patients:

* Data without mortality outcome: 1,017 (7.6%);
s Patients over 18 years old: 83 (0.6%);
* Patients transferred to other hospitals: 245 (1.8%).

(95% CI, 0.83-0.89) (Fig.
2A). The calibration belt
underestimated mortality
in the 2-61% range of mor-
tality risk (Fig. 2B). Given

that the predicted mortality

Studied 12,046 patients

rate in our cohort was 0.9
(Table 2), we focused on
Figure 2B to examine the

calibration within the pre-
dicted mortality range of

Figure 1. Flowchart of the participating PICUs and patients included in the study.

old, and 245 because they were transferred from the
PICUs to other hospitals (Fig. 1). Therefore, the study
population consisted of 12,046 patients.

Tables 1 and 2 show the characteristics of the
study population and the population of the original
study conducted by Pollack et al (3), which updated
the PRISM IV. The median age of the study popula-
tion was 2.8 years, with 41.3% under 2 years old; 54%
were male subjects, 77.3% from private PICUs, and
66.2% from exclusively PICUs (33.8% were mixed
units, admitting also neonates in a special area in
the same unit); 89.5% were emergency (nonelec-
tive) admissions and 10.7% were surgical cases. The
main source of patient admission was the emergency
department (68.4%), and the three most frequent
primary dysfunctions were respiratory (43.0%), neu-
rologic (16.7%), and cardiovascular (10.6%). The
median length of stay in the PICU was 3 days, the
observed mortality was 249 (2.1%) patients, and the
mortality predicted by PRISM IV was 188.1 (1.56%)
patients (Table 2). Compared with the population of
the original study, the median age of the study pop-
ulation was slightly lower (2.8 vs. 3.7 yr); the pro-
portions of government-funding patients (22.7% vs.
53.8%), elective patients (10.5% vs. 36.4%), surgical
patients (10.7% of surgical cases vs. 37% of postop-
erative patients), and cardiovascular dysfunction
(10.6% vs. 24%) were also lower, as was the median
length of PICU stay (3 vs. 4.9 d).

Critical Care Explorations

0-5% (Fig. 2C). In this risk
range, good calibration was
observed below 2%, corresponding to 10,444 patients
(86.7%), the vast majority of the study population.

Performance analysis in the pre- and post-anti-
SARS-CoV-2 vaccine periods showed an SMR of 1.38
(95% CI, 1.17-1.62) and 1.26 (95% CI, 1.03-1.51),
and an AUROC of 0.84 (95% CI, 0.80-0.88) and 0.90
(95% CI, 0.86-.0.94) (Fig. 3, A and C), respectively.
Calibration analysis indicated that the score underes-
timated mortality in the range of 2-98% of predicted
mortality in the prevaccine period and 3-46% in the
postvaccine period (Fig. 3, B and D).

DISCUSSION

In this multicenter study in a large Brazilian cohort, the
performance of the PRISM IV showed good discrimi-
nation but poor calibration in a wide range of predicted
mortality. These results are in line with those of other
studies that evaluated PRISM outside its development
setting and found good discrimination but poor calibra-
tion (6, 17, 18). However, this study is unique in the pe-
diatric intensive care setting because it used a statistical
analysis technique, the calibration belt, which allowed
us to demonstrate the specific range of mortality risk in
which calibration was poor. Differences related to pop-
ulation case mix, organizational structure of PICUs, and
local health policies may have contributed to the results.

Our study population exhibited similarities and
differences compared with the original PRISM IV

www.ccejournal.org 3
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TABLE 1.

Demographic Data and Characteristics of Patients Admitted to PICUs Compared With the

Original Study (3)

Characteristics (n =12,046) (n=10,078) 2016° (n =7,560)
Gender, n (%)
Female 5,540 (46.0) NA 4,140 (54.8)
Male 6,506 (54.0) NA 3,420 (45.2)
Age (yr), median (interquartile range) 2.8 (0.8-7.3) 3.7 (3.2-4.1) NA
Infants® (< 2 y) 4,970 (41.3) NA 2,095 (27.7)
Preschoolers® (2-5 yr) 3,424 (28.4) NA 2,142 (28.3)
Grade schoolers (6—12 yr) 2,582 (21.4) NA 1,658 (21.9)
Adolescents (13-18 yr) 1,070 (8.9) NA 1,665 (22.0)
Payer, n (%)
Private funding (PICUs in private 9,312 (77.3) 4,168 (41.4) NA
hospitals)
Government funding (PICUs in public 2,734 (22.7) 5,420 (53.8) NA
hospitals)
PICU type, n (%)
Pediatric 7977 (66.2) NA NA
Mixed (pediatric and neonatal) 4,069 (33.8) NA NA
Admissions in PICUs with postgraduate 6,695 (55.6) NA NA
programs, n (%)
Admission type, n (%)
Emergency 10,786 (89.5) 6,411 (63.6) NA
Elective 1,260 (10.5) 3,667 (36.4) NA
Diagnostic group, n (%)
Medical 10,757 (89.3) 6,281 (62.3) NA
Surgical 1,289 (10.7) 3,797 (87.7) NA
Cardiac surgery 257 (2.1) 1,549 (15.4) NA

This Study Cohort

Original Study, 20162

Original Study,

NA = not available.
“Total cohort of patients from the original study (Pollack et al (3)).
*Original study development set.

“In the original study, the age range was cut from O to 12 mo and from 1 to 5 yr.

9The sum does not represent 100% because of uninformed data.

validation study (3) and other evaluations of its per-
formance (6, 18-20). The observed mortality rate
was slightly lower than in the original study (2.1%
vs. 2.7%) (3), and lower than in studies conducted
in Turkey (8.2%) (6) and China (6.2% and 4.7%) (19,
20). The most frequent organ dysfunctions upon
admission were respiratory, neurologic, and cardi-
ovascular, consistent with other studies (6, 19, 20).
However, cardiovascular dysfunction was less prev-
alent than in the original study (3), (2.1% vs. 15.4%
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in our study). Additionally, our cohort showed more
respiratory dysfunctions and less elective hospital-
izations than other studies (3, 6, 19), possibly be-
cause of the COVID-19 pandemic.

The SMR revealed that PRISM IV underestimated
overall mortality. A study involving four PICUs in
Turkey (6) showed an SMR of 1.5 (1.10-1.97), indicat-
ing a similar outcome. Conversely, a study in China
described that PRISM IV provided an accurate estima-
tion of mortality with an SMR of 1.05 (0.92-1.21) (19).

April 2025 * Volume 7 * Number 4
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TABLE 2.

Other Demographic Data and Characteristics of Patients Admitted to PICUs Compared
With the Original Study (3)

This Study Cohort Original Study, 20162 Original Study,
Characteristics (n =12,046) (n =10,078) 2016° (n =7,560)
Source of PICU admission, n (%)
Emergency department 8,237 (68.4) NA 2,416 (32.0)
Ward/individual room 1,041 (8.6) NA 828 (11.0)
Operating room 1,289 (10.7) NA 2,834 (37.5)
Transfer from other hospital 1,474 (12.2) NA 1,482 (19.6)
Not informed 6 (0.0) NA
Primary system of dysfunction, n (%)
Respiratory 5,176 (43.0) NA 2,540 (33.6)
Neurologic 2,011 (16.7) NA 1,508 (19.9)
Cardiovascular 1,273 (10.6) NA 1,815 (24.0)
Hematological 510 (4.2) NA 60 (0.8)
Endocrine 415 (3.4) NA 250 (3.3)
Musculoskeletal 344 (2.9) NA 319 (4.2)
Renal 330 (2.7) NA 68 (0.9)
Not present 1,939 (16.1) NA
Not informed 48 (0.4) NA 738¢ (9.8)
Cardiac arrest before PICU admis- 122 (1.0) 141 (1.4) NA
sion?, n (%)
PICU length of stay (d), median 3.0 (2.0-6.0) 4.9 (4.0-7.0) NA
(IQR)
Total PRISM score, mean (sb) 2.35 (3.56) NA NA
PRISM neurologic score, mean 0.11 (1.03) NA NA
(sp)
PRISM nonneurologic score, 2.24 (3.27) NA NA
mean (sp)
Unadjusted mortality rate (%), 0.9 (0.6-1.4) 2.7 (1.3-5.0) NA
median (IQR)
Observed deaths (O) 249 (2.1) 275 (2.7) NA
Expected deaths (E) 188.1 280.3 NA
SMR (O/E)¢ (95% CI) 1.3 (1.2-1.5) 1.0 (0.9-1.1) NA

IQR = interquartile range, NA = not available, PRISM = Pediatric Risk of Mortality.

“Total cohort of patients from the original study (Pollack et al (3)).

*Original study development set.
‘Refers to other dysfunctions.

dClosed chest cardiac massage occurring within 24 h before hospital admission or during hospitalization before PICU admission.

°Mid-p exact test: death vs. survival.

Critical Care Explorations
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Figure 2. Pediatric Risk of Mortality IV performance evaluated by discrimination and calibration. A, Area under the receiver operating
characteristic curve (AURQC). B, Calibration belt assessing the concordance of observed vs. expected mortality in the whole cohort.
The inner light gray area marks the 80% CI boundary, and the dark gray outer area marks the 95% Cl boundary. C, Amplification of the
calibration belt in the risk range of predicted mortality below 5% (zooming in on part of curve B), which corresponds to the vast majority

of the study population.
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Figure 3. Pediatric Risk of Mortality IV performance evaluated by discrimination and calibration in the two COVID-19 periods: (1)
prevaccination and (2) postvaccination. A and C, Area under the receiver operating characteristic curve (AUROC). B and D, Calibration
belt assessing the concordance of observed vs. expected mortality in the whole cohort. The inner light gray area marks the 80% Cl
boundary, and the dark gray outer area marks the 95% CI boundary.
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The ability to discriminate between survivors and
nonsurvivors in the general population was good.
This result is consistent with the conclusions of a
meta-analysis published in 2021, which assessed the
prediction of mortality rates of three different scores,
including PRISM III/IV. This meta-analysis estimated
an overall AUROC (summary operating point) of 0.84
(95% CI, 0.80-0.87) for PRISM III/IV (17). However,
it is important to note that of the 18 studies on PRISM
score, the only one on PRISM IV assessed the per-
formance of an adapted version of the tool for cancer
patients. A multicenter study including eight PICUs in
China showed an AUROC of 0.76 (95% CI, 0.73-0.80)
(20). Two other multicenter studies on the Turkish
and Chinese populations showed even better discrim-
ination estimates, with an AUROC of 0.926 (95% CI,
0.88—0.97) and 0.91 (95% CI, 0.88-0.94), respectively
(6, 19).

To our knowledge, this is the first study to use the
calibration belt to evaluate the performance of PRISM
IV. This statistical technique is recommended for ana-
lyzing very large samples, as it avoids inconsistencies
that can occur when using the Hosmer-Lemeshow
method (21), and it also indicates the range of risk of
death where miscalibration occurs. It has been used in
a few studies evaluating the performance of mortality
predictor scores in adult ICUs (22-24). Only a few pe-
diatric studies have used this method, including two
studies on PIM III (18, 25), one of which also evalu-
ated PRISM III (18). Our results indicated that the
score underestimated mortality in the range of 2-61%
of predicted mortality, demonstrating poor calibra-
tion in this range of death risk. However, the score
worked well in the predicted mortality range less than
2%, which encompasses most patients admitted to the
participating PICUs. It also demonstrated good cali-
bration among very critically ill patients with a risk of
death above 60%. Ekinci et al (6) observed poor cal-
ibration of PRISM IV using the Hosmer-Lemeshow
technique (p = 0.008) in Turkey, whereas Zhang et al
(19) showed good calibration using the same method
(p=0.79) in China. The study population in China was
more similar to the population of the original study by
Pollack et al (3), with higher percentages of surgical
patients (45.4%) and patients with cardiac dysfunction
(22.3%) than the Turkish study.

The start of this study coincided with the onset of
the COVID-19 pandemic in Brazil. During this period,

Critical Care Explorations

Observational Study

there was an overall decrease in pediatric hospitaliza-
tions (26). Admissions of children because of COVID-
19 were infrequent, around 2.5-4.1% (27). The profile
of pediatric patients in the PICU was also affected, with
fewer admissions, a lower proportion of respiratory
causes, and shorter length of stay. However, mortality
rates remained around 0.7-3% (28, 29). Nevertheless,
PRISM 1V still showed good discrimination in both
the prevaccination and postvaccination periods. The
calibration was slightly better in the postvaccination
period for the risk of death more than 46%, but it still
underestimated mortality in the lower risk range of
2-46%. The pandemic may have affected the case mix
and the performance of the scoring system.

We must be cautious in interpreting the results of
the present study. First, because the study was over-
lapped by the COVID-19 pandemic and this may
have influenced the case mix of PICUs, especially in
the prevaccination period. Second, Brazil is a conti-
nental and socioeconomically heterogeneous country.
The primary health status of the population, as well
as the organizational structure of the health facilities,
can greatly vary. Furthermore, despite the large sample
size, including PICUs from nine states and five regions
of the country, it is not representative of all Brazilian
PICUs. Should we use the original PRISM IV to bench-
mark the quality of care in Brazilian PICUs? Do these
findings mean that the healthcare quality in the partic-
ipant PICUs needs to improve? Do they mean PRISM
IV should be customized to predict mortality in our
healthcare context better? Do they mean that custom-
ization should be conducted by specific subgroups
based on the inequalities of healthcare conditions of
the population and healthcare facilities? Further re-
search, including subgroup analysis, representative
samples, and process-of-care analysis, is necessary
to answer these questions and make decisions about
using PRISM IV in Brazilian PICUs. If miscalibration
stems from population differences, the score needs re-
gional adaptation; if it reflects care quality variations,
quality improvement initiatives may be warranted.

One of the strengths of this study was the use of the
calibration belt. This statistical method allowed us to
identify in which predicted mortality range the score
was most out of calibration and demonstrate that the
score had good calibration for the range where most
patients admitted to the PICU are found. Although
this study did not allow us to identify the reasons for
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the miscalibration in this range of more severe patients,
this finding points to the need for specific research
with this objective. In this sense, a recently published
study (30) showed that factors such as the implemen-
tation and application of managed protocols and the
presence of a specialized and dedicated multidiscipli-
nary team could contribute to reducing care-related
events and mortality.

Another strength is the large number of centers
and patients included. Although the sample is not
representative of all Brazilian PICUs, it included pri-
vate and public units from nine states and all five
regions of the country. On the other hand, as a limita-
tion, 7.6% of the patients had missing mortality data.
However, we believe these losses were at random,
since most of them occurred in three PICUs where
there were changes in coordination with consequent
non-adherence to the research protocol. As another
limitation, we could not evaluate the reasons for the
miscalibration observed in a wide risk range between
2% and 61% of predicted mortality. Several factors
may be responsible for these findings: factors related
to temporary differences in the case mix, such as the
COVID-19 pandemic, or constant differences be-
tween high-income countries and low- and middle-
income countries, such as the basic health conditions
of the population; factors related to the healthcare
system, such as limited access of the population to in-
tensive care facilities and low availability of resources
in several participant PICUs, both associated with
increased mortality (31); and organizational factors
related to human resources and protocols available
in PICUs, also associated to patient outcomes (32).
However, none of these factors could be addressed in
the present study.

CONCLUSIONS

In conclusion, this first Brazilian study evaluating
the performance of PRISM IV in a large sample of
patients showed good discrimination but irregular
calibration, with adequate adjustment for the ex-
treme mortality risk ranges (<2% and >61%), but
poor calibration between 2% and 61% mortality
risk. To better understand these results and decide
on the appropriate use of PRISM IV in Brazil, fur-
ther research is needed to examine the behavior of
the score in subgroups based on differences in case

8 www.ccejournal.org

mix and in resources and organizational structures
of Brazilian PICUs.
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