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Lower socioeconomic conditions are associated with higher rates
but similar outcomes in Sepsis in children

Condiciones socioecondémicas mas bajas se asocian con tasas de sepsis infantil
mas altas pero con resultados similares
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What do we know about the subject matter of this study? What does this study contribute to what is already known?

Sepsis is an important cause of pediatric morbidity and mortality. Multi-centric study of 47 hospitals showing a decrease in prevalen-
Globally, 2.9 million children under 5 years of age died annually ce and mortality of severe sepsis and pediatric septic shock in a low
from sepsis. Low- and middle- income countries have higher inci- and middle income country over a 9-year period.

dence and higher mortality.

Abstract Keywords:

Septic Shock;
Sepsis is an important cause of pediatric morbidity and mortality, especially in low-income coun- Pediatrics;
tries. Data on regional prevalence, mortality trends, and their relationship with socioeconomic va- Sepsis;

riables are scarce. Objective: to determine the regional prevalence, mortality, and sociodemographic ~ Critical Illness;
situation of patients diagnosed with severe sepsis (SS) and septic shock (SSh) admitted to Pediatric =~ Low- and Middle-
Intensive Care Units (PICUs). Patients and Method: patients aged 1 to 216 months admitted to 47 Income Countries.
participating PICUs with a diagnosis of SS or SSh between January 1, 2010, and December 31, 2018,

were included. Secondary analysis was performed on the Argentine Society of Intensive Care Ben-
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chmarking Quality Program (SATI-Q) database for SS and SSh and a review of the annual reports
of the Argentine Ministry of Health and the National Institute of Statistics and Census for the socio-
demographic indices of the respective years. Results: 45,480 admissions were recorded in 47 PICUs,
3,777 of them with a diagnosis of SS and SSh. The combined prevalence of SS and SSh decreased from
9.9% in 2010 to 6.6% in 2018. The combined mortality decreased from 34.5% to 23.5%. Multiva-
riate analysis showed that the Odds ratio (OR) of the association between SS and SSh mortality was
1.88 (95% CI: 1.46-2.32) and 2.4 (95% CI: 2.16-2.66), respectively, adjusted for malignant disease,
PIM2, and mechanical ventilation. The prevalence of SS and SSh in different health regions (HR) was
associated with the percentage of poverty and infant mortality rate (p < 0.001). However, there was
no association between sepsis mortality and HR adjusted for PIM2. Conclusions: Prevalence and
mortality of SS and SSh have decreased over time in the participating PICUs. Lower socioeconomic
conditions were associated with higher prevalence but similar sepsis outcomes.

Introduction

Sepsis is implicated as the cause of 20% of global
deaths, half of which are children mostly in low and
middle income countries (LMICs).! The reasons for
the inordinate contribution to death from LMICs are
manifold and include unique diseases such as malaria,
tuberculosis and HIV infections, comorbidities such as
malnutrition, socioeconomic disparities, poor access to
healthcare, poorly or non-resilient health systems and
“social capabilities”, as was stated by Amartya Sen*’.
However, these contributors are not present unifor-
mly even in low income countries and hence outco-
mes may vary between and within regions in the same
country. Moreover, in some upper and middle income
countries, regional averages sometimes hide the exis-
tence of low resource settings by side high resource set-
tings.” Thus, the care offered and hence the outcome
of a severely ill child with sepsis often depends entirely
on context including geographical location and their
socioeconomic status>®.

These factors underline the importance of unders-
tanding regional differences in outcomes such that in-
terventions to decrease the burden and improve care
and outcomes can be targeted to needs. Data relating
to regional differences in sepsis is scarce in Latin Ame-
rica and lacking in Argentina.

SATI-Q (Sociedad Argentina de Terapia Intensiva-
Quality) is a Quality Benchmarking program sponso-
red by the Argentine Society of Intensive Care (SATI).
Its database has information prospectively collected of
more than 50,000 admissions to public and private pe-
diatric intensive care units (PICU) located in different
regions of Argentina’. Public institutions comprise two
sector blocks: hospitals dependent on the national or
provincial Ministry of Health and others belonging
to the social security system; they serve the poorest
segment of the population and the formal workers,
respectively. Private institutions operate based on an
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agreement between a health service provider company
and the beneficiaries.

To describe the prevalence and mortality of pa-
tients admitted with a diagnosis of SS and or SSh in
those units affiliated to pediatric SATI-Q program,
and to understand regional differences and trends over
time, a secondary analysis of SATI-Q pediatric databa-
se was performed. Furthermore, we analyzed whether
there was an association between the outcomes and re-
gional socio-economic factors.

Patients and Method

Study Design and Data Source

An analysis of SATI-Q pediatric database was per-
formed. This database includes data collected pros-
pectively by the PICUs members of SATI-Q program
between 1-1-2010 and 12-31-2018.

The SATI-Q program is a quality benchmarking
and quality improvement initiative sponsored by SATI
since 2003. Its aim is to optimize the care of critically
ill patients in Argentina through the generation of a
multicenter network of Intensive Care Units (ICUs)
collecting data on an agreed set of quality indicators.’
Originally, an ICU network dedicated to adult pa-
tients, PICUs joined this initiative in 2005. This volun-
tary program is made up of both publicly and privately
funded PICUs, located in both pediatric hospitals and
in general hospitals in different regions of the country.
The PICUs that are willing to join the SATI-Q program
receive a free license to use the software as a data co-
llection tool. All of the 130 PICUs in the country are
eligible to join®.

The following variables are collected for each
admission: demographic data, presence of chronic
complex conditions, history, main and admission
diagnoses, severity of illness on admission calculated
by Pediatric Index of Mortality 2 (PIM2) score (See
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supplementary material for equation and variables)?,
use of invasive devices, procedures performed during
hospitalization, predefined quality indicators (noso-
comial associated devices infections, bedsores, falls,
Standardized Mortality Ratio), length of stay in PICU,
clinical course and outcome. The variables collected
and their definitions are available in the SATI-Q data
dictionary'. Diagnoses and procedures are recorded in
a standardized format according to International Clas-
sification of Diseases 9 codes (ICD).

Each PICU sends its local data encrypted and
anonymized on an annual basis to perform the quali-
ty benchmarking reports. For this study, we analyzed
data from 47 PICUs. Each PICU provided data for an
average of 4.7 years (SD 2.8).

Definition of cohort and variables of interest

For the purposes of this study, we analyzed the re-
cords of patients between 1 month and 216 months
old admitted to the participating PICUs between 01-
01-2010 and 12-31-2018 with a diagnosis of SS or SSh.
Those patients still receiving PICU care by 12-31-2018
were excluded.

The diagnosis of SS or SSh was made by the bedsi-
de physician following admission and based on clinical
evaluations and laboratory tests when indicated. The
diagnosis was related to the database dictionary and
classified either as the primary or secondary diagnosis.
The definitions of SS and SSh, as outlined in the In-
ternational Consensus Conference, was adopted as the
diagnostic criteria by SATI-Q". Nonetheless, while the
bedside physicians used the International Consensus
Conference diagnostic criteria to diagnose SS and SSh,
the individual variables leading to the diagnosis were
not recorded.

The following variables were extracted from the da-
tabase: age, gender, date of hospital and PICU admis-
sion, source of admission (pediatric ward, intermedia-
te care unit, emergency department, operating room),
reason for admission to PICU, diagnosis, presence of
complex chronic condition, probability of death cal-
culated by PIM2, duration of mechanical ventilation
(MV), length of stay (LOS) and outcome at discharge
from the PICU. The presence of complex chronic con-
ditions (CCC) was defined according Feudtner et al'
as any medical condition that can be reasonably expec-
ted to last at least 12 months (unless death intervenes)
and involves either several different organ systems or 1
organ system severely enough to require specialty pe-
diatric care and likely hospitalization in a tertiary care
center.

Socioeconomic Indicators
Infant Mortality Rates (IMR) and the vaccination
coverage by jurisdiction from 2010 to 2018 were obtai-
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ned from the annual reports of the Argentine Ministry
of Health'*!*. The percentage of the population below
the poverty line (%P) and the percentage of Illitera-
cy (%I) were obtained from the National Institute of
Statistics and Censuses reports'>'¢. Regional average of
illiteracy was taken from the last National Census in
2010, because there is no official data since then'®.

The poverty line refers to the minimum resources
necessary to cover a basic food basket capable of satis-
fying a minimum threshold of energy and protein ne-
eds plus the value to cover non-food goods and services
such as clothing, transportation, education and health®.
In accordance with a decision made by the national
authorities, the poverty data were not reported from the
second half of 2013 to the second quarter of 2016'.

Human Development Index (HDI) is a composi-
te index of life expectancy, education (Literacy Rate,
Gross Enrollment Ratio at different levels and Net
Attendance Ratio), and per capita income indicators.
The United Nation Development Program adopted it
as a way to measure a country’s development and their
influence on people’s life’’. Sub-national data were
obtained from Global Data Lab® (Institute of Mana-
gement Research, Radboud University, Nijmegen,
Netherlands)'.

Healthcare Regions and PICU characteristics

According to the Argentinian Ministry of Health,
Argentina is divided into five healthcare regions (HR):
Central, Cuyo, Patagonia, Northwestern and Nor-
theastern. All data was classified and analyzed based on
these regions (table 1)"%.

Statistical analysis

Descriptive statistics was used to characterize the
population. The prevalence of SS and SSh is expressed
as the rate and 95% confidence interval (CI). Conti-
nuous variables are expressed as median and inter-
quartile range (IQR) or mean and standard deviation
(SD). Categorical variables are expressed as frequen-
cies and percentages.

Univariate analysis was performed to assess the
association between the presence of SS and SSh and
characteristics and outcome of the patients. Conti-
nuous variables were compared with Student’s t test
or non-parametric tests according to their distribu-
tion. Categorical variables were compared using y* test
with Fisher’s exact correction if applicable. Odds Ratio
(OR) and 95% CI were used as a measure of associa-
tion between categorical variables. A p-value < 0.05
was considered statistically significant. Multivariate
logistic regression analysis was performed to assess
the association between the presence of SS and SSh on
PICU admission and mortality in the PICU adjusted
for confounding factors.
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Table 1. Participating PICUs characteristics according to Healthcare Regions

Healthcare Region PICU, n Public PICU, n University associated PICU with Fellowship Healthcare Region
PICU, n Programme, n General Population, n

1. Central 33 20 20 16 26327371

2. Cuyo 4 3 2 3 2883625

3. Patagonia 4 4 2 3 2406040

4. Northwestern 4 4 1 3 5076473

5. Northeastern 2 2 1 1 3672528

PICU: Pediatric Intensive Care Unit. Argentina has five healthcare regions (HR). Pediatric Intensive Care Unit (PICU) characteristics from every
HR is shown. The PICUs were allocated preferent at most populated regions. Region 1 is the most developed, industrialized and richest one.
Also, it's where the largest number of universities are. The country has PICU where medical students do their practices (pre graduate programs)

and there are PICU with fellowship programs.

Ethical Considerations

Ethical and scientific aspects of the protocol were
evaluated and approved by the Research Ethics Com-
mittee of Complejo Medico Churruca Visca with the
approval number 6947, accredited by the Ministry Of
Health And Social Development; Sub-Secretary For
Quality, Regulation And Inspection; National Advi-
sory Committee On Research Ethics. Each PICU com-
plied with the administrative requirements and autho-
rizations of their institution. In all cases, the need for
informed consent was waived because collecting this
type of data was routine practice in each PICU, the na-
ture of the study was observational, and data protec-
tion requirements were met.

Results

The data represents 45,480 hospitalization records
from 47 PICUs located in five HRs of Argentina.

During the study period, 3777 patients with diag-
nosis of SS and SSh were admitted. The characteristics
of the whole population and its course in the PICU as
well as the characteristics and outcomes of patients
with SS or SSh are shown in table 2.

The median age for SS and SSh patients was 21
months (IQR 6-81) vs 22 months (IQR 6-80) in non
SS and non SSH patients (p: 0.39).

The overall prevalence of both SS and SSh was
8.3% (95% CI 8-8.6). The prevalence of SSh was 6.8%
(95% CI 6.6 -7.1%) while SS prevalence was 1.5% (1.4-
1.6 %).

The trends for combined SS and SSh prevalence on
admission and mortality from 2010 to 2018 are shown
in figure 1.

The combined prevalence of SS and SSh decreased
33.4 % between 2010 and 2018 (9.9% vs 6.6% respec-
tively).
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The prevalence and mortality rate of combined SS
and SSh according to HR shown in figure 2. Prevalen-
ce rate in public setting was 10.1% (CI 95% 9.8-10.4)
vs 2.5% (CI 95% 2.2 -2.8) in PICUs located in private
setting.

Poverty was associated with higher prevalence of
SS and SSh (p<0.001). Considering Patagonia as re-
ference (HR with lowest percentage of poverty), the
association between prevalence of SS, SSh and the HR
percentage of poverty increased. The respective OR
and CI 95% were: Central: OR 1.36 [95% CI 1.07-
1.73]; Cuyo: OR 2.02 [95% CI 1.56-2.62]; NW: OR
2.07 [95% CI 1.61 -2.67]; NE: OR 3.3 [95% CI 2.5-
4.38]). The infant mortality rate and the HDI were not
included due to collinearity with percentage of pover-
ty and prevalence.

The overall mortality was 25.4% and there were
no differences between regions, percentage of pover-
ty or infant mortality rate adjusted for the PIM2 score
(p: 0.12). The mortality of patients with SSh, SS and
those without sepsis on admission was 27.4%, 16.07%
and 6.1% respectively.

Combined mortality decreased almost one third
between 2010 and 2018 (mortality rates were 34.5%
and 23.5% respectively) (figure 1 and 2). Mortality rate
of patients admitted with SS and SSh in public PICUs
was 25.46 % (CI 95%: 24.03-26.94) vs 24.09% (CI 95%
19.15 - 29.60) in private setting.

SS and SSh were associated with mortality. The OR
of the association and its 95% CI for SSh was 2.4 (95%
CI 2.16-2.66) and for SS 1.88 (95% CI 1.46-2.32), ad-
justed for malignant disease, PIM2 and mechanical
ventilation.

Patients with SS and SSh accounted for 27.1% of
deaths in the PICU.

The average infant mortality rate, percentage of
poverty, percentage of illiteracy and Human Develop-
ment Index by health region are shown in figures 3 and
4. Vaccination rates did not differ between the regions.
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Table 2. Characteristics of PICU population
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Global
(N = 45480)

With SS/SSh
(N =3777)

Without SS/ SSh

(N =41703)

General characteristics:
Male gender; n (%)
Age in months; median (ICR)
PIM2; mean (SD)
Complex Chronic Condition; n (%)
Malignant disease; n (%)

Reason for admission:
Medical; n (%)
Surgical; n (%)
Trauma; n (%)
Other; n (%)

Procedence:
Emergency Department; n (%)
General Hospitalization Room; n (%)
Other; n (%)

PICU Funding:
Public; n (%)

Regions:
Central; n (%)
NW; n (%)
CUYO; n (%)
PATAGONIA; n (%)
NE; n (%)

Evolution in PICU:
Use of MV; n (%)
MV days; median (ICR)
Days of stay in PICU; median (ICR)
Mortality; n (%)

26867 (59.1%)
21 (6-80)
7,15(14.4)

17617 (38.7%)

1574 (3.5%)

30575 (67.2%)
9821 (21.6%)
4108 (9.1%)

976 (2.1%)

15187 (33.4%)
27230 (59.9%)
3063 (6.7 %)

34652 (76.2%)

35003 (76.9%)
4715 (10.4%)
3273 (7.2%)
1313 (2.9%)
1176 (2.6%)

25079 (55.1%)
5(2-11)
5(2-10)

3530 (7.8%)

2172 (57.5%)
21 (6-81)
18,6 (20.7)

1446 (38.3%)

414 (11.0%)

1157 (30.7%)
2370 (62.7%)
250 (6.6%)

3503 (92.7%)

2636 (69.8%)
520 (13.8%)
353 (9.4%)

74 (2.0%)
194 (5.1%)

3108 (82.3%)
7 (3-14)
8 (3-16)
958 (25.4%)

24695 (54.2%)
22 (6-80)
6,1(13.2)

16171 (38.8%)

1160 (2.8%)

14030 (33.6%)
24950 (59.8%)
3083 (7.4%)

31149 (74.7%)

32367 (77.6%
4195 (10.1%)
2920 (7.0%)
1239 (3.0%)
982 (2.4%)

21971 (52.7%)
5(2-11)
4 (2-10)
2572 (6.2%)

P OR
(1C95)
0.04 0.93(0.9-1)
0.39
< 0.001
0.55
< 0.001 4.2 (3.8-4.9)
Reference
< 0.001 1.2(1.1-1.24)
< 0.001 4.3 (3.8-4.9)
Reference
< 0.001 1.5(1,4-1,7)
< 0.001 1.5(1.3-1.7)
< 0.001 0.7 (0.6-0.9)
< 0.001 2.4(2.1-2.8)
4.2 (3.8-4.5)
5.2 (4,8-5.6)

(%) based on the N of each group. SS: Severe Sepsis; SSh: Septic Shock; PIM2: Pediatric Index of Mortality-2; MV: mechanical ventilation,
NW: Northwestern Argentina; NE: Northeast Argentina; SD: standard deviation; ICR: interquartile range. PICU: Pediatric Intensive Care Unit.

PICU: Pediatric Intensive Care Unit.
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PICUs, by Argentinean Healthcare Regions. Foot note: Each healthcare region has provinces that belong to it. Average prevalence on
admission (black barr) and mortality (grey barr) from every one of the five regions is presented. The name of the provinces that belong
to every region is stated. Argentina has five healthcare regions (HR) that are composed by different provinces. The composition of each
HR is the following: Central HR: Buenos Aires, CABA, Entre Rios, Santa Fe and Cérdoba. Cuyo HR: San Juan, San Luis and Mendoza.
Patagonia HR: La Pampa, Chubut, Neuquén, Rio Negro, Santa Cruz and Tierra del Fuego. Northwestern HR: Catamarca, La Rioja, Jujuy,
Salta, Santiago del Estero and Tucuman. Northeastern HR: Chaco, Corrientes, Formosa and Misiones.
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Discussion

To our knowledge, this is the first epidemiological
report of pediatric sepsis carried out over several years
in Argentina and the first that compares SS and SSh
prevalence and mortality with socioeconomic features
like IMR, % P, % I and % of vaccination by healthcare
regions.

Our significant findings are that prevalence and
mortality has decreased by one third between 2010
and 2018, and prevalence varies between regions. The-
re was an association between higher prevalence and
worse socioeconomic factors (poverty, illiteracy, infant
mortality rate, human development index) but no di-
fference in mortality between regions nor between pri-
vate and public PICUs.

Our overall prevalence 8,3%, was similar with the
global prevalence (8.2%) reported in the international
study SPROUT (Sepsis Prevalence, Outcomes, and
Therapies) but less than the 16.3% reported for South
American PICUs in the same study®. The differences
could be due to a PICU selection bias in SPROUT that
included general hospitals and private institutions in
Latin America, an issue that may not be representative.
Ruth et al also reported a prevalence of 7.7% for SS
in U.S. children’s hospitals®’. In Argentina, the Study
of Severe Sepsis in Pediatrics (Estudio Epidemiolégi-
co de Sepsis Severa Pediatrica -ESSPED-) reported a
prevalence of 13% for SS and SSh in 61 PICUs?, but

that study included patients who presented with sepsis
both at admission and during their stay in the PICU. If
only those with SS and SSh at the time of admission are
analyzed, the prevalence in the ESSPED was 7%.

De Souza et al reported a prevalence of SS of 25.9%
on 21 PICUs located in Argentina, Brazil, Chile, Equa-
tor and Paraguay.”” Most recently, De Souza et al repor-
ted a SS and SSh prevalence of 25% (95% CI 21.6-28.8)
in 144 PICU's in Brazil, with slight variation among
the regions®. A factor that may explain the observed
differences in overall prevalence between these studies
is the heterogenicity of used definitions, study design,
and socioeconomic conditions (malnutrition, low le-
vel of education, low vaccination coverage, and lack of
knowledge among health care professionals).

Our study used admitting physician criteria for
SS and SSh, therefore, there are probably differen-
ces in the way the cases were classified. At the same
time the process for assigning ICD codes or the use
of consensus has not been standardized between ins-
titutions, and therefore misclassification of sepsis is
another possible source”. Hence, the use of clinical
criteria versus administrative (ICD codes) versus
consensus criteria can lead to discrepancies in clas-
sification?"®%.

The non-uniformity prevalence of SS and SSh that
we report across regions may be explained by socioe-
conomic disparities. This is similar to the finding of
Rudd et al whereby the highest age-standardized inci-
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dence of sepsis occurred in countries with the lowest
Socio-demographic Index (SDI)’. In Argentina the NE
and NW health region present the most vulnerable po-
pulations, with lower socioeconomic conditions (the
highest levels of infant mortality rate, poverty and illi-
teracy in the country, and the lowest Human Develo-
pment Index)'>!**1¢ Amartya Sen called for a strong
look on the perception of illness in a social context, one
of the “social capabilities” as he named it.> Kang et al
reported about parental inability to recognize the signs
of sepsis as one of the most common barriers in sepsis
therapy®®. Indeed, Gavidia et al reported that parental
illiteracy was associated with delays when seeking care
for fever®.

De Souza describes that maternal illiteracy was in-
dependent risk factors associated with the occurrence
of sepsis in yours population®.

Another issue that contributes to these differences
in prevalence can be associated with health system dys-
function. The Argentine health system is a particular
case due to its high fragmentation and poor coordi-
nation between subsectors, which offer very heteroge-
neous quality of care®. Moreover, there are disparities
in healthcare workforce, financing and infrastructure
between regions®*!. The lack of an optimal access to
the services due to time constraints at Outpatient De-
partment, something that happens in Argentina, as
Gasparini et al has reported, can delay the optimal ma-
nagement®”. Identifying a country’s worst-performing
region lead to awareness of the extent of geographi-
cal inequality pinpointing that some of the resources
in these healthcare region are left behind consistently
over time*. Also, as other world regions, inside Ar-
gentina there is persisting substantial heterogeneity
in terms of PICU’s availability and resourcing, quality
of services, and medical transportation of critically ill
children*. In some Argentinian regions children must
be transported more than 500 km by ground to reach
a PICU. Jabornisky et al reported a statistically signifi-
cant association between rural origin and severe sepsis
mortality in Argentina®. In Latin America a referral
from a non-urban area is independently associated
with mortality®.

As other low-resource regions of the world, po-
verty, health inequity, and under-resourced and low-
resilience public health and acute health care delivery
systems are fundamental contributors to the burden
of sepsis®®¥. Poor preventive health care, substandard
living conditions, bed sharing, and exposure to envi-
ronmental and animal vectors increase risk for acute
infection®.

The higher prevalence of SS and SSh we have ob-
served in public PICUs could represent a characteristic
of the country’s Health System, where the public sector
continues to be a fundamental base in the care of chil-
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dren®. Indeed 76.2% of the patients were admitted to
the PICUs in the Public Health System.

The decrease in prevalence over the studied period
observed by us mirrors that reported by Rudd et al
whereby the global age-standardized incidence of sep-
sis fell between 1990 and 2017 in nearly every location
worldwide'.

Mangia et al observed a reduction in SS prevalen-
ce in Brazil between 1992 to 2006 and they assumed
has largely due to immunization, sanitation, trash co-
llection, water treatment and a national nutrition and
oral rehydration®®*. Although vaccination rates were
similar between regions in Argentina, it’s possible that
others public health measures may unevenly distribu-
ted and less available in poorer regions. In addition,
adherence with a SSh care bundle of care may vary and
be lower in poorly resourced areas but this was not re-
flected in outcomes, as Rudd et al reported”.

Although mortality has decreased over the years,
this decrease has been slowing down, remaining bet-
ween 22 and 26% since 2012, with peaks of 25.5%
(2014) and 26.3% (2016). At the beginning of the stu-
dy period, 2010, it was 34.5%. The ESSPED, which was
carried out in 2008, reports a mortality of 32%%. In
2008, the Global Sepsis Initiative of the World Fede-
ration of Intensive and Critical Care Societies (WF-
PICCS) published a report indicating that for develo-
ping countries, such as ours, the estimated mortality
was 29.8%?*!. Despite this, the SPROUT study reports
an 11% mortality for South America. This last figu-
re should be interpreted with caution since only one
PICU from Argentina, allocated in a high resource HR,
participated in this study and hence the figure may re-
present a high resource setting?®.

Despite the differences seen in prevalence, mor-
tality does not show differences between the different
regions not between public and private PICUs. No
pediatric studies in Latin America were found that re-
ported differences between private and public PICUs.
Conde et al, based on data from Brazilian adult units,
reported statistically significant differences regarding
mortality between the private and public sectors*.
However, Machado et al, indicated that they found no
differences in mortality between adults seen in priva-
te or public units in Brazil®. They reported that their
pseudo-random sample could might have selected
both high-quality and low-quality private hospitals,
which might better represent Brazilian private health
system than Conde’s convenient sample which pro-
bably led to a selection bias*>*. Jaramillo-Bustamante
et al reported higher mortality in Colombian children
with sepsis coming from lowest socioeconomic levels
but no difference regarding been managed in public or
private PICUs*.

There could be some explanations about the lack
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of difference in mortality between private and public
PICUs that we observed. The PICUs belonging to the
SATI-Q program generally represents pediatric inten-
sivists practicing contemporary care and is concerned
with improvements in daily practice. Schultz et al refe-
rred that access to adequate information has improved
massively in this cyber age”. From 2008 to 2010, the
diffusion of virtual training programs has increased in
Argentina. There have been courses like SATI's Specia-
lization Course in Pediatric Critical Care Medicine for
pediatric intensivists and the Emergencies and Critical
Care Program -ECCri- from the Argentine Society of
Pediatrics for general pediatrician and pediatric emer-
gency and intensive care physicians. These programs
made a greater diffusion of the Pediatric Sepsis Clini-
cal Practice Guidelines. Even though the education on
sepsis management is still mainly focused on pediatric
ICU and emergency physicians, there are attempts to
include it in medical schools, nursing schools and the
training of other healthcare workers. Thus, the lack of
difference in mortality can be explained for a similar
quality of care among the analyzed PICUs.

Patients across all regions in our study have a mo-
derate to high risk of severity as measured by PIM2.
The ESSPED reported a similar PIM2 severity, mirro-
ring the characteristics of our study and likely the cha-
racteristics of our health system?. The Standardized
Mortality Rate (relation between observed and expec-
ted mortality), remained homogeneous between the
different regions except in the NE where it was higher
than the rest. The causes of this deserve an in-depth
analysis.

There are some limitations in our study. First of
all, the SATI-Q program is not mandatory and there-
fore not all the country’s PICUs are represented, with
a predominance of the central healthcare region units.
Second, due to national protocols, the socioeconomic
information data is not collected every year. For exam-
ple, illiteracy is collected every ten years. Third, we did
not explore the influence of late presentation, the qua-
lity of care rendered, lack of adherence to sepsis clinical
practice guidelines, as well as lack of access to preventi-
ve care, and early diagnostic and screening services, all
of which could be implicated in high prevalence and
the overall high national mortality”.

By making these data visible will let policy makers
and providers to guide efforts to change reality and
trying to help families, patients and health worker to
better visualize the sepsis.

Conclusion

SS and SSh are common in children in the Argenti-
ne Healthcare System, representing a significant num-
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ber of patients hospitalized in the country’s PICUs.
Although mortality has decreased, the gains have leve-
lled off in recent years. Poverty and lower socio-econo-
mic conditions were associated with higher prevalence
of sepsis but not worse outcomes.

Ethical Responsibilities

Human Beings and animals protection: Disclosure
the authors state that the procedures were followed ac-
cording to the Declaration of Helsinki and the World
Medical Association regarding human experimenta-
tion developed for the medical community.

Data confidentiality: The authors state that they have
followed the protocols of their Center and Local regu-
lations on the publication of patient data.

Rights to privacy and informed consent: This study
was approved by the respective Research Ethics Com-
mittee. The authors state that the information has been
obtained anonymously from previous data.

Conflicts of Interest

Authors declare no conflict of interest regarding the
present study.

Financial Disclosure

Authors state that no economic support has been asso-
ciated with the present study.

Acknowledgements

We would like to express our most sincere gratitude to
the Argentine Society of Intensive Care and all PICU
members of SATI-Q Program for their commitment
to the project.

*Members of SATI-Q Pediatric Group

(Sociedad Argentina de Terapia Intensiva)

Abregu M (Hospital Infantil Municipal. Cérdoba,
Argentina); Aramayo L (Hospital Zonal Ramén Ca-
rrillo. Rio Negro, Argentina); Boggio G (Clinica Ve-
lez Sarfield. Cérdoba, Argentina); Boretto, M (Sana-
torio de Nifios. Rosario, Santa Fe, Argentina); Botta
P (Hospital Del Nino Jestus, Tucumdan, Argentina);
Cavagna J (Hospital de Quemados. Ciudad Auténo-
ma de Buenos Aires, Argentina); Capra D (Sanato-

ebitoriaL_qiku



ORIGINAL ARTICLE

rio Trinidad Ramos Mejia, Buenos Aires, Argentina);
Cinquegrani K (Hospital El Cruce, Dr. Néstor Carlos
Kirchner. Alta Complejidad en Red, Buenos Aires,
Argentina); Chirino M (Hospital General de Nifos
Pedro de Elizalde. Cardiovascular, Ciudad Auténoma
de Buenos Aires, Argentina); Chuchuy S (Hospital
Publico Materno Infantil de Salta. Salta, Argentina);
De Barelli M (Hospital Provincial, Rosario, Hospital
Espanol. Rosario, Argentina); Deheza RM (Clinica
Modelo, Morén, Buenos Aires, Argentina); Espafiol
S (Hospital pedidtrico Juan Pablo II, Corrientes, Ar-
gentina); Fortini Y (Hospital Municipal de Trauma
y Emergencias Dr. Federico Abete, Buenos Aires,
Argentina); Mosciaro M (Hospital Dr. Humberto
Notti. Mendoza, Argentina); Lorenz W (Hospital Zo-
nal General de Agudos Dr. Lucio Meléndez. Buenos
Aires, Argentina); Cairnie A- Poterala R (Sanatorio
Anchorena, Ciudad Auténoma de Buenos Aires, Ar-
gentina); Ko I (Hospitalde Nifios Dr. Ricardo Gutié-
rrez, Ciudad Auténoma de Buenos Aires, Argentina)
Gattari A (Sanatorio Anchorena, San Martin, Buenos
Aires, Argentina); Jorro F (Sanatorio De La Trinidad
Mitre, Ciudad Auténoma de Buenos Aires, Argenti-
na); Meregalli C (Hospital General de Nifios Pedro
de Elizalde, Ciudad Auténoma de Buenos Aires, Ar-
gentina); Ponce J (Hospital Guillermo Rawson. San
Juan, Argentina); Sciolla G (Hospital de Ninos Zona
Norte. Santa Fe, Argentina); Mackern M (Hospital
Dr. H Notti Cardiovascular, Mendoza, Argentina);
De Zan L (Hospital de Ninos Dr O Allassia, Santa
Fe, Argentina); Finkelberg, A (Fundacién Hospitala-
ria, Ciudad Auténoma de Buenos Aires, Argentina);
Fabris J (Hospital Penna. Bahia Blanca, Buenos Ai-
res, Argentina); Fagalde G (Hospital del Nifo Jesus.
UCO, Tucumdn, Argentina); Ferndndez A (Hospital
Duran, Ciudad Auténoma de Buenos Aires, Argenti-
na); Ferndndez AE (Sanatorio Argentino, San Juan,
Argentina); Kaltenbach G (Hospital Regional Castro
Renddn, Neuquén, Argentina,); Lanatti, S (Hospital
de Ninos V ] Vilela, Santa Fe, Argentina); Lujan LM
(Clinica Universitaria Reina Fabiola, Cérdoba, Ar-
gentina); Medici P (Hospital Interzonal Especializa-
do Materno Infantil de Mar del Plata, Buenos Aires,
Argentina); Pedraza, C (Hospital de Nifios Sor Maria
Ludovica. Unidad Cardiovascular, La Plata, Buenos
Aires, Argentina); Velazquez, M (Hospital Pediatri-
co del Nifo Jests, Cérdoba, Argentina); Ribonetto A
(Hospital de Nifios Dr. Héctor Quintana, Jujuy, Ar-
gentina); Penazzi M (Hospital de Nifos de San Jus-
to, Buenos Aires, Argentina); Pogonza, R (Hospital
De Nifios De La Santisima Trinidad, Cérdoba, Ar-
gentina); Portero P (Hospital Interzonal General de
Agudos “Dr Abraham Pifeyro”, Junin, Buenos Aires,
Argentina); Ratto ME (Hospital de Nifos Sor Maria
Ludovica, La Plata, Buenos Aires, Argentina); Subira

ebitoriaL_qiku

Sepsis in Children - G. Gonzélez et al

M (Hospital Regional de Comodoro Rivadavia, Chu-
but, Argentina); Testino S (Hospital Zonal de Tre-
lew A Margara, Trelew, Chubut, Argentina); Yunis
R (Hospital Pediétrico Fernando Barreyro, Misiones,
Argentina).

Name of the institutions where the work was perfor-
med

Hospital Infantil Municipal (Cérdoba); Hospital Zo-
nal Ramoén Carrillo (Rio Negro); Clinica Velez Sarfield
(Cérdoba); Sanatorio de Ninos (Rosario); Hospital
Del Nifio Jests (Tucumdan); Hospital de Quemados
(Ciudad Auténoma de Buenos Aires); Sanatorio Tri-
nidad Ramos Mejia (Buenos Aires); Hospital El Cru-
ce, Dr. Néstor Carlos Kirchner. Alta Complejidad en
Red (Buenos Aires); Hospital General de Nifios Pe-
dro de Elizalde. UCO (Ciudad Auténoma de Buenos
Aires);Hospital Publico Materno Infantil (Salta); Hos-
pital Provincial (Rosario); Hospital Espanol (Rosario);
Clinica Modelo de Morén (Buenos Aires); Hospital
Pediétrico Juan Pablo II (Corrientes);Hospital Mu-
nicipal de Trauma y Emergencias Dr. Federico Abete
(Buenos Aires); Hospital Dr. Humberto Notti PICU
(Mendoza);Hospital Zonal General de Agudos Dr.
Lucio Meléndez (Buenos Aires); Sanatorio Anchore-
na (Ciudad Auténoma de Buenos Aires); Hospital de
Nifios Dr. Ricardo Gutiérrez (Cuidad Auténoma de
Buenos Aires); Sanatorio Anchorena (San Martin); Sa-
natorio de La Trinidad Mitre (Ciudad Auténoma de
Buenos Aires); Hospital General de Nifios Pedro de
Elizalde PICU (Ciudad Auténoma de Buenos Aires);
Hospital Guillermo Rawson (San Juan); Hospital de
Nifios Zona Norte (Santa Fe); Hospital Dr. H Notti
Cardiovascular (Mendoza); Hospital de Ninos Dr. O.
Allassia (Santa Fe); Fundacién Hospitalaria (Ciudad
Auténoma de Buenos Aires); Hospital Penna. (Bahia
Blanca); Hospital del Nino Jestus. UCO (Tucumadn);
Hospital Duran (Ciudad Auténoma de Buenos Ai-
res); Sanatorio Argentino (San Juan); Hospital Regio-
nal Castro Rendén (Neuquén); Hospital de Nifios V']
Vilela, Santa Fe); Clinica Universitaria Reina Fabiola;
Hospital Interzonal Especializado Materno Infantil de
Mar del Plata; Hospital de Nifos Sor Maria Ludovi-
ca. Unidad Cardiovascular (Buenos Aires); Hospital
Pedidtrico del Nifo Jests (Cérdoba); Hospital de Ni-
nos Dr. Héctor Quintana. (Jujuy); Hospital de Nifios
de San Justo (Buenos Aires); Hospital De Nifios De La
Santisima Trinidad (Cérdoba); Hospital Interzonal
General de Agudos “Dr. Abraham Pineyro” (Buenos
Aires); Hospital de Nifios Sor Marfa Ludovica PICU
(Buenos Aires); Hospital Regional de Comodoro Ri-
vadavia (Chubut); Hospital Zonal de Trelew A Mar-
gara (Chubut); Hospital Pedidtrico Fernando Barreyro
(Misiones); Hospital Universitario Austral (Buenos
Aires).



Sepsis in Children - G. Gonzélez et al

References

1. Rudd KE, Johnson SC, Agesa KM,
et al. Global, regional, and national
sepsis incidence and mortality, 1990-
2017: analysis for the Global Burden of
Disease Study. Lancet. 2020; 395:200-11.
doi:10.1016/S0140-6736(19)32989-7.

2. Kissoon N, Carapetis J. Pediatric sepsis
in the developing world. J Infect.

2015; 71 Suppl 1:521-6. doi: 10.1016/;.
jinf.2015.04.016.

3. Sen A. Health: perception versus
observation. BMJ. 2002; 324:860-1.
doi: 10.1136/bmj.324.7342.860.

4. Gonzdlez F, Alfaro T, Horna-Campos
O. Infant Mortality in the Metropolitan
Region, Chile 2005-2014. Rev Chil
Pediatr. 2020; 91:34-45. doi: 10.32641/
rchped.v91i1.1205.

5.  WengL, Zeng XY, Yin P, et al. Sepsis-
related mortality in China: a descriptive
analysis. Intensive Care Med. 2018;
44:1071-80. doi:10.1007/s00134-018-
5203-z

6.  Xavier Moore J, Donnelly JP, Griffin
R, et al. Community characteristics
and regional variations in sepsis. Int J
Epidemiol. 2017;46:1607-17. doi:10.1093/
ije/dyx099.

7. Sociedad Argentina de Terapia Intensiva.
Origen y beneficios. Buenos Aires: SATI;
2019. [Accessed on: July 22th, 2020].
Available at: http://www.hardineros.com.
ar/satiq/site/contenido/2.

8.  Rufach D, Santos S, Vassallo J, et al.
Survey of the UCIP in Argentina. Oral
Presentation at: 5th Argentine Congress of
Pediatric Emergencies and Critical Care;
May 25-28, 2005. Corrientes: SAP; 2005.

9.  Slater A, Shann F, Pearson G. PIM2: a
revised version of the Paediatric Index of
Mortality. Intensive Care Med. 2003;29:
278-85.

10. SATI-Q. Data Dictionary. [Accessed
on: July 22th, 2020]. Available at:http://
www.hardinerosbackup.com/public/EDS.
SATI-Q.pdf.

11. Goldstein B, Giroir B, Randolph A;
International Consensus Conference on
Pediatric Sepsis. International pediatric
sepsis consensus conference: definitions
for sepsis and organ dysfunction in
pediatrics. Pediatr Crit Care Med. 2005;
6:2-8.

12.  Feudtner C, Christakis D; Connell F.
Pediatric deaths attributable to complex
chronic conditions: a population based
study of Washington State, 1980-1997.
Pediatrics. 2000;106:205-9.

13.  Ministry of Health of Argentina. Direction
of Health Statistics and Information
(Direccion de Estadisticas e Informacion
en Salud -DEIS-). [Accessed on: July 22th,
2020]. Available at: http://www.deis.msal.
gov.ar/wp-content/uploads/2020/01/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Serie5Nro62.pdf.

Ministry of Health of Argentina. Direction
of Control of Immune Preventable
Diseases (Direccién de Control de

Enfermedades Inmunoprevenibles). 24.

[Accessed on: July 22th, 2020]. Available
at: http://www.msal.gob.ar/images/stories/
bes/graticos/0000001456¢cnt-2019-07_
coberturas-vacunacion-por-
jurisdiccion-2009-2018.pdf.

National Institute of Statistics and
Censuses of Argentina (Instituto

Nacional de Estadisticas y Censos
-INDEC-). Poverty Line [Accessed on:
July 22th, 2020]. Available at: https://

sitioanterior.indec.gob.ar/nivel4_default. 25.

asp?id_tema_1=4&id_tema_2=27&id_
tema_3=64
National Institute of Statistics and

Censuses of Argentina (Instituto Nacional 26.

de Estadisticas y Censos -INDEC-).
Integrated System of Socio Demographic
Statistics.Education. Illiteracy and Level

of Education reached. [Accessed on: 27.

July 22th, 2020]. Available at: https://
sitioanterior.indec.gob.ar/indicadores-
sociodemograficos.asp#top.

United Nations Development Programme
(UNDP). Human Development Report
1990. New York, Oxford. Oxford
University Press 1990. [Accessed on: July
22th, 2020]. Available at: http://www.hdr.

undp.org/sites/default/files/reports/219/ 28.

hdr_1990_en_complete_nostats.pdf
Global Data Lab. Radboud University.
[Accessed on: July 22th, 2020]. Available
at: https://globaldatalab.org/areadata/

shdi/ARG/ 29.

Ministry of Health of Argentina. Essential
Functions and Public Health Programs
(Funciones Esenciales y Programas de
Salud Publica -FESP-. Regions. [Accessed
on: July 22th, 2020]. Available at: http://
www. msal.gob.ar/fesp/index.php/

provincias. 30.

Ministry of Health of Argentina.
Integrated Health Information System.
General Report of Health Establishments

(Sistema Integrado de Informacién 31.

Sanitaria -SIISA-). [Accessed on: July
22th, 2020]. Available at:https://sisa.msal.
gov.ar/sisa/#sisa.

Ruth A, McCracken CE, Fortenberry

JD, et al. Pediatric severe sepsis: current
trends and outcomes from the pediatric

health information systems database. 32.

Pediatr Crit Care Med. 2014; 15:828-38.
Jabornisky R, Sdenz SS, Capocasa P, et
al. Epidemiological study of pediatric
severe sepsis in Argentina. Estudio

epidemioldgico de sepsis grave pedidtrica 33.

en la Republica Argentina. Arch Argent
Pediatr. 2019;117:5135-56. doi:10.5546/
aap.2019.eng.S135.

de Souza DC, Shieh HH, Barreira ER,
Ventura AM, Bousso A, Troster EJ;

ORIGINAL ARTICLE

LAPSES Group. Epidemiology of Sepsis
in Children Admitted to PICUs in

South America. Pediatr Crit Care Med.
2016;17(8):727-34.

de Souza DC, Gongalves Martin J,

Soares Lanziotti V, et al; SPREAD PED
Investigators and the Instituto Latino
Americano de Sepsis Network. The
epidemiology of sepsis in paediatric
intensive care units in Brazil (the Sepsis
PREvalence Assessment Database in
Pediatric population, SPREAD PED): an
observational study. Lancet Child Adolesc
Health. 2021;5:873-81. doi: 10.1016/
$2352-4642(21)00286-8.

Balamuth F, Weiss SL, Neuman MI, et al.
Pediatric severe sepsis in U.S. children’s
hospitals. Pediatr Crit Care Med. 2014;
15: 798-805

Schlapbach LJ, Kissoon N. Defining
Pediatric Sepsis. JAMA Pediatr.

2018; 172: 312-314. doi:10.1001/
jamapediatrics.2017.5208.

Sankar J, Dhochak N, Kumar K, Singh
M, Sankar MJ, Lodha R. Comparison of
International Pediatric Sepsis Consensus
Conference Versus Sepsis-3 Definitions
for Children Presenting With Septic
Shock to a Tertiary Care Center in India:
A Retrospective Study. Pediatr Crit Care
Med. 2019;20:e122-9. doi: 10.1097/
PCC.0000000000001864.

Kang KT, Chandler HK, Espinosa V,
Kissoon N. Systems for Paediatric

Sepsis: A Global Survey. West Indian
Med J. 2014;63:703-10. doi: 10.7727/
Wimj.2013.326.

Gavidia R, Fuentes SL, Vasquez R, et al.
Low socioeconomic status is associated
with prolonged times to assessment and
treatment, sepsis and infectious death in
pediatric fever in El Salvador. PLoS One.
2012;7:¢43639. doi: 10.1371/journal.
pone.0043639.

Bell6 M, Becerril-Montekio VM. Sistema
de salud de Argentina [The health system
of Argentina]. Salud Publica Mex. 2011;53
Suppl 2:s96-5108.

Ministry of Economy and Public
Finance, Direction of Analysis of Public
Expenditure and Social Programs. Public
expenditure of the national government,
1980-2008.[Accessed on: July 22th, 2020].
Available at: http://www.mecon.gov.ar/
peconomica/basehome/series_gasto.html.
Gasparini L, Panadeiros M. Argentina:
Assessing Changes in Targeting Health
and Nutrition Policies. World Bank HNP
Discussion Paper, Reaching the Poor
Program Paper N°1. 2004.

Local Burden of Disease Diarrhoea
Collaborators. Mapping geographical
inequalities in childhood diarrhoeal
morbidity and mortality in low-income
and middle-income countries, 2000-17:
analysis for the Global Burden of Disease

ebitoriaL_qiku



ORIGINAL ARTICLE

34.

35.

36.

37.

Study 2017. Lancet. 2020; 395:1779-801.
doi: 10.1016/S0140-6736(20)30114-8.
Schultz MJ, Diinser MW, Dondorp

AM, et al. Current Challenges in the
Management of Sepsis in ICUs in
Resource-Poor Settings and Suggestions
for the Future. In: Dondorp AM, Diinser
MW, Schultz MJ, eds. Sepsis Management
in Resource-limited Settings. Cham (CH):
Springer; 2019.1-24.

Vazquez Hoyos P, Serra JA, Diaz F et al.
Characteristics of Medically Transported
Critically Ill Children with Respiratory
Failure in Latin America: Implications for
Outcomes. ] Pediatr Intensive Care. 2021;
11:201-8. doi: 10.1055/s-0040-1722204.
Baelani I, Jochberger S, Laimer T, et al.
Availability of critical care resources to
treat patients with severe sepsis or septic
shock in Africa: a self-reported, continent-
wide survey of anaesthesia providers. Crit
Care. 2011;15:R10.

Rudd KE, Kissoon N, Limmathurotsakul

ebitoriaL_qiku

38.

39.

40.

41.

D, et al. The global burden of sepsis: 42.

barriers and potential solutions. Crit Care.
2018;22:232. doi: 10.1186/s13054-018-
2157-z

Mangia CM, Kissoon N, Branchini OA,
Andrade MC, Kopelman BI, Carcillo J.
Bacterial sepsis in Brazilian children: a

trend analysis from 1992 to 2006. PLoS 43.

One. 2011;6:€14817. doi:10.1371/journal.
pone.0014817

Kissoon N. Sepsis and septic shock. A
global perspective and initiative. Saudi
Med J. 2008; 29:1383-7.

Kissoon N, Carapetis J. Pediatric sepsis
in the developing world. J Infect. 2015;
71 Suppl 1:521-826. doi:10.1016/j.

jinf.2015.04.016. 44.

Kisson N, Carcillo JA, Espinosa V et al.
Global Sepsis Initiative Vanguard Center
Contributors. World Federation of
Pediatric Intensive Care and Critical Care
Societies: Global Sepsis Initiative. Pediatr
Crit Care Med. 2011;12:494-503.

Sepsis in Children - G. Gonzélez et al

Conde KA, Silva E, Silva CO, et al.
Differences in sepsis treatment and
outcomes between public and private
hospitals in Brazil: a multicenter
observational study. PLoS One.
2013;8:¢64790. doi: 10.1371/journal.
pone.0064790.

Machado FR, Cavalcanti AB, Bozza
FA, et al; SPREAD Investigators; Latin
American Sepsis Institute Network.
The epidemiology of sepsis in Brazilian
intensive care units (the Sepsis
PREvalence Assessment Database,
SPREAD): an observational study.
Lancet Infect Dis. 2017; 17:1180-1189.
doi: 10.1016/S1473-3099(17)30322-5.
Jaramillo-Bustamante JC, Marin-Agudelo
A, Fernandez-Laverde M, Barefio-Silva
J. Epidemiology of sepsis in pediatric
intensive care units: first Colombian
multicenter study. Pediatr Crit Care
Med. 2012;13:501-8. doi: 10.1097/
PCC.0b013e31823¢980f.



