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What is the role of Pediatric Emergency Departments in a
Hospital-at-Home program? Is it a current priority for pediatric

emergencies?

Abel Martinez Mejias!, Paula Vazquez Lopez?

'Department of Pediatrics. Consorci Sanitari de Terrassa. ?Pediatric Emergency Coordinator. Hospital Universitario Gregorio
Maranon. Associate Professor Universidad Complutense de Madrid. President of the Spanish Society of Pediatric Emergencies

On November 27", the Spanish Society of Pediatric Emer-
gency Medicine (SEUP) held its traditional SENIOR day. The
conference was attended by a total of 42 pediatricians rec-
ognized for their contributions to Pediatric Emergency De-
partments (PEDs), the scientific community, or their expertise
in the field. The objective was to explore the significance of
a Hospital-at-Home (HaH) program and its impact on pa-
tients, families, and PEDs. The discussion aimed to determine
whether an HaH program should be regarded as a strategic
initiative by the SEUP and a direction for PEDs to pursue.

After delving into the theoretical aspects of the subject,
we aimed to discuss the following four basic questions:

* Isit possible to implement an HaH Unit through a PED?

*  Which patients can be admitted to an HaH program di-
rectly from a PED?

* Is coordination between the HaH team and the PED fea-
sible?

*  What priorities should PEDs have for the implementation
of an HaH program?

IMPLEMENTATION OF AN HaH PROGRAM

Hospital at Home® emerged with the objective of provid-
ing care for patients, including those with acute or chronic
conditions experiencing exacerbations, in their own homes—
patients who would traditionally have been admitted to a
hospital. An HaH program is a resource that offers patients

Received on April 12,2024
Accepted on April 12, 2024

Corresponding author:
Dr. Abel Martinez Mejias
E-mail: amartinez@cst.cat

and their families an alternative to conventional hospital-

ization.

The World Hospital at home community defines HaH as
“an acute clinical service that takes staff, equipment, technol-
ogies, medication, and skills usually provided in hospitals and
delivers that hospital care to selected people in their homes...”.
It is not to be confused with a hospital prevention program,
primary care check-ups, or specialized outpatient follow-up.

This innovative alternative in healthcare brings benefits
to the child, the family, and the health care system and at-
tempts to:

* Improve the quality of life of patients and their families
through a comprehensive biopsychosocial approach (pro-
viding humanization and promoting well-being, health
education, and better doctor-patient/family communi-
cation).

* Ensure safety (by reducing risks associated with hospi-
talization).

* Enhance efficiency (by providing greater economic and
resource management benefits)®.

* Avoid the negative emotional and behavioral impacts that
conventional hospitalization may cause, both immedi-
ately and in the long term, particularly in the pediatric
age group®®.

* Increase family empowerment and understanding of the
disease, providing greater security, comfort and, overall,
a more humanized care experience.

An HaH program should be developed by a multidisci-
plinary team consisting of pediatricians and nurses with ex-
perience in conventional hospitalization. The program should
be integrated within the general care activity of the hospital
from its start, supported by specialists, and establish strong
interrelationships and partnerships with other services.
Additionally, it will require the cooperation of families and
caregivers (identifying and training a responsible caregiver
before admission will be crucial in every aspect). All partic-

© 2024 Spanish Society of Pediatric Emergencies — Latin American Pediatric Emergency Society 1
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ipants in the program should clearly understand their roles
and perceive themselves as part of a unified effort.

LET’S TALK ABOUT THE PATIENTS

The screening and selection of HaH patients is usually
carried out jointly by physicians and nurses from the HaH and
conventional hospitalization teams. Patients who are candi-
dates for HaH are usually admitted to the hospital or come
directly from the PED; in the latter case, PED pediatricians
should be involved and be in charge of screening candidate
patients and managing referral to the HaH program. The
most common conditions of pediatric acute patients in an
HaH setting include acute respiratory diseases and paren-
teral antibiotic therapy for certain bacterial infections, such
as cellulitis, urinary tract infection/pyelonephritis, infected
eczema, pneumonia, and lymphadenitis.

The criteria for a PED patient to be eligible for entry into
an HaH program should include:

* Aclear diagnosis.

* Adequate patient conditions: clinical (acute but stable
disease), social and geographic (distance, accessibility).

* Treatments that allow for referral to the program, togeth-
er with family compliance and education, including once
or twice/day treatment administrations (e.g., ceftriaxone
and gentamicin) or short interventions.

« Minimal risk of serious/urgent complications that are rap-
idly and safely resolved (e.g., septic shock, hypoxemia).

« Supervision by parents/caregivers who accept the care
plan, in a “home-like” environment that is gentle and fa-
miliar to the child.

Home treatment does not appear to be less safe than
hospital treatment®®, Studies show that the programs are
satisfactory for patients and families and less costly per ep-
isode than inpatient treatment (by 30-75%).

The training of patients and especially caregivers is a fun-
damental requirement and is usually performed by the nurses
of the HaH program. Ensuring care, proper patient follow-up,
and clinical stability is imperative. The schedule of in-person
visits (medical and/or nursing visit) should be flexible and
adapted to the conditions. Telephone or telemedicine sup-
port should be provided to the families whenever possible
(ideally 24/7). In necessary cases, the PED could be a good
resource to complement the ongoing care of the patients.
Coordination with other hospital services is essential.

LET’S TALK ABOUT COORDINATION

In addition to accurately selecting patients, the suc-
cess of the program’s implementation depends on having
competent, motivated, trained, and adaptable healthcare
professionals, establishing a network with adequate circuits
within the healthcare center and throughout the territory, and
promoting effective communication and coordination among
the various services and levels of care involved.

PEDs and HaHs should establish collaboration systems
and circuits for patient transfer or referral. It must be ensured
that the patient’s condition permits it, that there is proper
planning, and that the family consents. The benefits and
limitations of each option should be clearly understood and
evaluated; healthcare teams should make collaborative de-
cisions to ensure a rational use of resources, which, although
limited in time, can provide greater comfort and well-being
for patients and families.

The factors to consider for the implementation and op-
eration of an HaH program should include a series of more
“internal” aspects, such as those related to the team (who,
what training) or to the patients (inclusion/exclusion criteria,
origin, age, disease, need for complementary tests, risk of in-
cidents), or what resources are available (financing, telemoni-
toring, types of therapies), and other more “external” aspects
involving other departments, such as the service portfolio
(number of patients to be treated, maximum mean length
of stay, hours of care, and care modalities), the interrelations
between specialties and other units (pharmacy, admissions,
radiology, laboratory, primary care, and the 112 emergency
system), responsibility assignment, patient transportation
circuits, or other aspects that should involve the hospital
direction and management, such as program design, training,
and fostering a culture of HaH.

PRIORITIES FOR A PED TO START AN HaH PROGRAM

The SEUP is a national society representing and involving
the majority of Spanish PEDs. One of its notable features is its
significant heterogeneity, evident in its diverse composition,



organization, and even geographical locations (urban/rural;
differences in levels of care; number and specialty of human
resources; belonging to exclusively pediatric hospitals; au-
tonomy of pediatric emergency units, etc.). This diversity
presents challenges for developing and implementing unified
plans.

Currently, PEDs are engaged in the analysis and improve-
ment of their own needs and significant deficits impacting
daily pediatric care persist and are considered a priority. An
HaH program that depends on pediatric emergency care will
require different resources and partnerships, many of which
the PEDs presently lack. Consequently, although the imple-
mentation of an HaH program from the PEDs is recognized
as an important opportunity to improve the quality of care,
it does not appear feasible for the majority of PEDs at this
time, nor is it considered as a current strategic direction of
the SEUP as a society.

Nevertheless, and for the benefit of the patients, their
families, and the improvement of the quality of care, SEUP
acknowledges the need to raise awareness on the subject,
to promote the culture of HaH, to encourage partnerships,
and to provide information and support to those PEDs that,
due to their capacity and circumstances, prioritize HaH pro-
grams.

IN CONCLUSION

In pediatrics, HaH is an adequate alternative resource and
equivalent to conventional hospitalization; it is efficient, safe,
and greatly satisfying for both users and healthcare teams.

HaH requires an expert and multidisciplinary team, a spe-
cific patient selection process, and the involvement of family
members and caregivers.

Interrelationships, partnerships, hospital involvement, and
coordination between levels of care are essential to imple-
ment an HaH program.

Previous experiences both in adult and pediatric settings
support the feasibility of implementing an HaH program from
an emergency department; however, due to the amount and
variability of resources and coordination required, the pro-
cess should be tailored to the specific circumstances of each
PED.
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Abstract

Firearm injury (FAI) is a growing concern in the pediatric population. In 1995, the
first data on severe FAI in Uruguayan children were published, revealing a predomi-
nantly male distribution with a mean age of 14, and mostly occurring as unintentional
incidents in the home. In 2012, a second case series identified a change in the profile
of these injuries, now predominantly affecting male adolescents with a mean age of
13, occurring in violent circumstances outside the home. A considerable increase in FAI
was observed at the same center.

Objectives: To describe the characteristics of FAl seen at the Pediatric Emergency De-
partment (PED) of Centro Hospitalario Pereira Rossell (CHPR) over a 5-year period and
to compare cases of severe FAI with data from a historical cohort seen at the same PED.

Methods: A descriptive, retrospective, cross-sectional study was conducted includ-
ing patients <15 years seen at PED-CHPR. Data source: Electronic medical records. We
analyzed age, sex, circumstances surrounding the incident, location of injury, destination
from PED, and severity.

Severe FAI was defined as requiring admission to intensive care or emergency sur-
gery. Circumstances of the incident were categorized as intentional or unintentional
(projectile not intentionally directed at the victim).

The research protocol was registered with the Ministry of Health and submitted to the
Institutional Ethics Committee for approval. For statistical analysis EPIINFO 7 was used.

Results: 66 cases were included; 55 of whom were males. Mean age was 12 years.
Overall, 38 cases occurred outside the home. Circumstances were intentional in 24, and
unintentional in 21, weapon manipulation in 3, and unknown in 18. Of the cases, 40 were
mild and 26 severe among a total 25,9974 visits to this PED.

Destinations after treatment at the PED were moderate care in 19, home in 21, inten-
sive care or operating room in 25, and the morgue in 1. Two patients died.

Conclusions: The reported profile remained consistent, characterized by a predom-
inance of underage male adolescents involved in violent situations outside the home.
An increase in severe FAI is observed in this population.

4 © 2024 Spanish Society of Pediatric Emergencies — Latin American Pediatric Emergency Society
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Arma de fuego
Nifios
Urgencias

HERIDAS POR ARMA DE FUEGO ASISTIDAS EN UN DEPARTAMENTO DE
EMERGENCIA PEDIATRICA EN URUGUAY

Resumen

Las heridas por arma de fuego (HAF) constituyen un problema en la poblacion pe-
diatrica. En 1995 se publicaron los primeros datos sobre HAF graves en nifios uruguayos,
presentandose mayoritariamente en varones, media 14 afios, predominando mecanismo
no intencional en domicilio.

En 2012, una segunda serie, observo cambio de perfil en las circunstancias de estas
lesiones: adolescentes varones, media 13 afios, contextos violentos, extradomicilio.

Se percibe un incremento de las HAF en el mismo centro.

Objetivos: Describir las caracteristicas de consultas por HAF, durante un periodo
de 5 afios, Departamento de Emergencia Pedidtrica (DEP), Centro Hospitalario Pereira
Rossell (CHPR).

Comparar las HAF graves con datos previos del mismo DEP,

Metodologia: Estudio descriptivo, retrospectivo. Poblacion: <15 afios asistidos en
DEP-CHPR. Fuente de datos: historia clinica electrdnica. Variables: edad, sexo, circuns-
tancias del evento, sitio de lesion, destino desde DEP, severidad.

HAF grave: ingreso a Cuidados Intensivos o Cirugia de Emergencia. Circunstancia
del evento: intencional, no intencional (proyectil no dirigido voluntariamente a la victi-
ma). Se registro el protocolo de investigacion en el Ministerio de Salud. Se presento al
Comité de Etica de la Institucion.

Anélisis estadistico: programa EPIINFO 7.

Resultados y discusion: n=66. Varones: 55/66. Media edad: 12 afios. Extradomiciliario
38/66. Circunstancias: 24 intencional-violencia, 21 no intencional-violencia, 3 manipula-
cion arma, 18 desconocida. Severidad: leves 40, severas 26. Hubo 26 HAF graves para un
total de 259.974 consultas en este DEP. Destino: 19 cuidados moderados, 21 domicilio,

25 cuidados intensivos o quirdfano, 1 morgue. Dos fallecidos.

Conclusiones: Se mantiene el perfil reportado previamente, predominando adoles-
centes varones, situaciones violentas, extradomicilio, menor edad.

Se evidencia aumento de las HAF graves en esta poblacion.

INTRODUCTION

Firearm injuries (FAI) are currently an increasing problem
in the pediatric population worldwide, and one of the leading
causes of death in the pediatric population in the United
States, ranking between the first and third cause®™>. What
was once considered an unusual and dramatic event is now
a situation that pediatricians face relatively frequently at the
pediatric emergency department (PED).

In recent years, there has been a steady increase in the
number of FAl occurring in violent circumstances. The greater
and easier access to weapons for adults, children and adoles-
cents, inadequate control of arms possession by authorities,
smuggling, criminal activities, addictions, the need for secu-
rity and the growing violence in society are factors that are
described as contributing to these injuries®®,

FAl pose a burden on healthcare systems and cause
morbidity and mortality at all ages. In 2010 in the United
States, it was estimated that the total cost (medical costs
and decreased productivity) of all FAl in children under
18 years of age exceeded $3.6 billion. The hidden costs
of FAIl are reflected in the fear and worry that is experi-
enced in suburban neighborhoods where the majority of
the population lives below the poverty line. The serious

consequences of these events range from death to both
functional and psychological consequences, not only for the
victims themselves, but also for those who witness these
acts of violence.

In the United States, firearm injuries are observed to
be more common in violent contexts in schoolchildren and
adolescents of African and American descent in suburban
neighborhoods of low socioeconomic levels?#. Non-fatal
injuries are twice as common as fatal injuries. Most injuries
and deaths occur in violent circumstances®.

Regarding unintentional cases, although they are less fre-
quent than intentional ones, the vast majority involve young
children at home who are shot by a family member carrying
a weapon or by another minor during play®. The true impact
of unintentional FAIl is unknown and difficult to characterize
due to underreporting®.

Prevention strategies are essential to reduce the impact
of FAl on the population. Gun ownership in the home is as-
sociated with increased risk of homicide, suicide, and unin-
tentional injuries®37.

In Uruguay, according to the latest data published by the
National Arms Registry - Arms and Weapons Service (RNA-
SMA), there is one weapon for every six Uruguayan citizens,
of which 89% are owned by civilians™.



Access to firearms increases the risk of peer violence and
the risk of suicide. Nearly half of the suicides in males aged
14-19 years and 20% of suicides in females of the same age
are associated with firearms®#,

Pediatricians have the opportunity to get involved in this
issue through primary prevention by discouraging the pres-
ence of weapons in the home and identifying groups exposed
to violent situations where individuals may be injured, either
voluntarily or involuntarily®3>®,

Secondary prevention and timely and appropriate treat-
ment once an injury has occurred are part of the necessary
skills of every physician caring for children in the PED“2,

The first data on severe FAI in Uruguayan children were
published in 1995, in a study conducted at the (PED) of the
Centro Hospitalario Pereira Rossell (CHPR), Montevideo,
Uruguay, a third level pediatric hospital. At that time, FAI
occurred more frequently in males, with a mean age of 14
years, and mostly as unintentional incidents at the home™,

In 2012, a second series was studied at the same center,
recording a frequency of one severe FAl every 18,567 consul-
tations. The profile of the adolescent male was maintained,
with a decrease in the mean age (13 years) and a change in
the setting, as most of them occurred in violent circumstanc-
es outside the home®,

In recent months, a sustained increase in FAl has been
observed in society and healthcare centers across the coun-
try. Ten years after the last publication, an update study on
these injuries was conducted at the same PED.

PRIMARY OBJECTIVE

To describe the characteristics of consultations for FAI at
the DEP-CHPR in Montevideo, Uruguay between 2016 and
2020.

SECONDARY OBJECTIVE

To compare severe FAI cases with data from a historical
cohort seen at the same PED.

MATERIALS AND METHODS

A descriptive, retrospective study was conducted. Pa-
tients under 15 years of age who were seen at the PED-CHPR
for FAl between January 1, 2016, and December 31, 2020,
were included. Electronic medical records were reviewed.

The following variables were included: age (quantitative),
sex, circumstances surrounding the incident, location of in-
jury, patient destination from the PED, and severity (quali-
tative).

Severe FHA was defined as those requiring admission to
intensive care or emergency surgery.

Circumstances surrounding the incident were categorized
as intentional (aggression by third parties) or unintentional
(projectile not intentionally directed at the victim, individual
located in the line of fire), without a context of intentional in-
jury (self-harm), and without a context of unintentional injury

AF
Variable Category (n=66) RF
Sex Male 55 83%
Female 1 17%
Age Mean 12 years
Median 13 years
Range 1-14 years
Setting Home 17 26%
Outside the home 38 57.4%
Unknown 1 16.6%
Circumstances Intentional injury 23 35%
Unintentional injury 21 32%
Intentional self-harm 1 1.5%
Unintentional non-violent 3 4.5%
Unknown 18 27%

(unintentional firearm manipulation). Continuous variables
are described as mean, median, and ranges, and discrete
variables as absolute and relative frequencies. The chi-square
test was used for the comparison of proportions. A p< 0.05
was considered statistically significant.

The presentation “10 years of severe firearm injuries” (pe-
riod: 2002-2011) was considered for comparison®.

The research protocol was registered with the Ministry of
Health and submitted to the Institutional Ethics Committee
for approval. EPIINFO 7 statistical software was used for data
processing and statistical analysis.

RESULTS

A total of 66 patients with FAI were included, and their
demographic characteristics are presented in . The
overall mean age was 12 years, with a median of 13 years
(range 1to 14). The mean age of children with intentional
FAl was 13 years, while the mean age of children with un-
intentional FAI was 11 years. The details of the lesions are
provided in

In 41 patients (66%), the initial care was provided at a
primary care center. The following location of severe FAI was
observed: upper-lower limb vascular bundles in 5 (19%), tho-
rax in 4 (15%), abdomen in 5 (19%), head and neck in 8 (31%),
fractures in 3 (11%), and skin and soft tissues (pelvis) in 1(4%).
The incidence rate of severe FAI during this period (n=26)
was 1in 10,000 consultations.

Two deaths were recorded: one due to thoracic injury with
subsequent hemorrhagic shock in the PED and the second
due to severe head injury resulting in death in the operating
room. Severe FAl in this period was compared with that of
the period 2002-2011. The results are presented in

DISCUSSION

FAI have become a serious health concern in children.
In our study, changes were observed compared to previ-
ous studies, showing an increase in severe FAl compared to



Variable Category AF RF
Location Limbs 39 59%
Head and neck 13 20%
Thorax 7 1%
Abdomen 3 4,5%
Pelvis 1 1,5%
More than one location 3 4.5%
Severity Mild 40 61%
Severe 26 39%
Destination (on  Intensive care/surgery room 25 38%
PED discharge) Home 21 32%
Intermediate care 19 29%
Morgue 1 1,5%
Final outcome Discharge from hospital 64 97%
Death 2 3%

the previous study, from 1/18,567 to 1/10,000 visits (p 0.01)
in the same PED. A breakdown of the 2002-2011 period al-
ready showed this trend, with a frequency at the beginning
of the period of 1/19,643 visits and at the end of the period
of 1/12,250 visits. This finding is consistent with that reported
worldwide!-589),

Similar to findings by other national and international
studies, these lesions were more common in male adoles-
cents®381019) The present study shows a sustained decrease
in the mean age of the population, based on the findings of
previous studies in the same PED®®. |t was observed that
patients who suffered unintentional injuries were younger
than those who suffered intentional injuries, coinciding with
the findings of other studies®2>®,

The 1995 report found that FAl occurred within the home,
mostly linked to the possession of weapons in the home and
in unintentional circumstances®™.

The second series documented changes in the circum-
stances and locations of events. The most common scenario

Variable Category

Age Mean

Sex Male
Female

Frequency

Setting Home
Extra-domicile

Circumstance Violent
Non-intentional/non-violent
Unknown

Injury location Head/neck
Thorax/abdomen
Limbs
Pelvis

Deaths

differed, with an increase in FAl occurring in violent situations
outside the home, accounting for 43%, while unintentional
incidents accounted for 21% of cases®. In the present study,
a statistically significant increase in violent incidents was ob-
served, reaching 68.5% (p< 0.02), while non-violent incidents
decreased to 4.5% (p< 0.03). This phenomenon is observed
globally and may be attributed to various socio-cultural
and economic factors, including the worldwide production
and trade of arms, inadequate control of arms possession
by authorities, smuggling, criminal activities, and a sense of
security associated with firearm ownership, among others®@?,

Although less frequent, when comparing FAI with oth-
er injuries, the former are often more severe with a higher
rate of hospital admissions®. In our study, more than one
third of the FAI were severe, resulting in death in 2 patients.
Two-thirds of the patients required hospital admission, with
the majority being admitted to intensive care. In the United
States, although FAI constitutes a small proportion of the
total reasons for emergency department visits, the death
rate is higher among children under 15 years compared to
other industrialized countries®>¥,

Regarding the location of severe FAI, injury to the head,
neck, thorax, and abdomen predominated in previous stud-
ies and international publications®'®. Nevertheless, in our
series, severe lesions in the limbs were the most common,
accounting for 31% (p 0.03).

Previous data on initial prehospital care were lacking. In
the present study, 41 of the 66 patients received their first
care at peripheral centers. While this allows for initial stabi-
lization, the available resources, infrastructure, and limited
human resources make it unfeasible to aim for definitive
treatment. In many cases, the goal should be limited to ini-
tial stabilization, injury control, and timely transfer under
favorable conditions. Pre-hospital care and transfer should
take into account the need for blood transfusion and early
surgical treatment, resources that are unavailable in periph-
eral care centers in Uruguay. International guidelines for the
initial care of patients with FAI recommend rapid transfer of
these patients to a tertiary care center.

2002-2011 (n=34) 2016-2020 (n= 26) P
13 years 12 years NS
73% 83% 0.30
27% 17%
34/631244 visits 26/241984 visits 0.01
(1/18,567) (1/10,000)
30% 26% 0.41
70% 57,4%
43% 68.5% 0.02
21% 4.5% 0.03
36% 27% 0.34
21 (50%) 8 (31%) 0.01
17 (40%) 9 (34%) 0.06
4 (10%) 8 (31%) 0.03
0 1(4%)
4 2 0.32



The weakness of this study is that it is a retrospective
study, conducted at a single center; however, the DEP-CHPR
is a national public pediatric referral center.

CONCLUSIONS

There is evidence of a sustained increase in severe FAl in
the population assisted at the DEP-CHPR. The predominant
profile continues to be male adolescents, with an increase
in violent incidents outside the home. The age of the victims
continues to decrease.

Despite the aforementioned weaknesses in this study, it
is important to note that the DEP-CHPR is a national pub-
lic pediatric referral center, making our findings a valuable
contribution to the understanding of this type of injuries.

Primary and secondary prevention strategies should take
into account these aspects to enhance the impact on this
growing health issue.
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Received on March 14, 2024 Abstract
Accepted on April 16, 2024 In adults, SEPSIS-3 proposed a new definition to identify sepsis in emergency de-
partments. However, data are lacking regarding its application in children.

Key words: Objective: To determine the proportion of children presenting with septic shock (SSh)
Sepsis that met the SEPSIS-3 SSh criteria upon admission to the emergency department, and
Shock septic to compare the clinical course and mortality rates between the two groups.

SEPSIS-3 definitions Methods: We conducted a secondary analysis of data from a prospective multicenter
Pediatric study conducted between October 2019 and June 2021. We included children aged 30

days to 18 years from 10 Latin American centers. Demographic and clinical variables
were collected. SSh was defined according to the SEPSIS-3 criteria as sepsis plus the
use of vasopressors to maintain a mean arterial pressure of > 65 mmHg and a serum
lactate level > 2 mmol/L. To assess the mortality risk, a multivariate logistic regression
model was used. The findings are reported as odds ratios (OR) with the corresponding
95% confidence intervals (Cls).

Results: Out of 219 children, 150 were included, 43 (29%) of whom met the SEPSIS-3
SSh criteria. The median age was 3.8 years (IQR, 1.2-11). No significant demographic
differences were observed between the groups. However, we did identify significant
differences in clinical markers of severity, including serum lactate levels and C-reactive
protein (CRP). In the SEPSIS-3 SSh group, more patients required intubation in the emer-
gency department (44% vs. 13%, p< 0.01), mechanical ventilation support in the pediatric
intensive care unit (PICU) (61% vs. 22%, p< 0.01), and admission to the PICU (93% vs. 45%,
p< 0.01). In addition, in the SEPSIS-3 SSh group we observed higher Sequential Organ
Failure Assessment (SOFA) scores (median 8 [IQR 4-11] vs. 3 [IQR 1-5], p< 0.01), as well
as increased mortality (36% vs. 4%, p< 0.01), with an OR for death of 17 (95% CI 5-63).

Conclusion: Children admitted to the emergency department with SSh who met the
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Sepsis

Choque séptico
SEPSIS-3
Nifios

SHOCK SEPTICO EN NINOS: éSON APLICABLES LOS CRITERIOS DE SEPSIS-3
EN URGENCIAS? UN ESTUDIO MULTICENTRICO EN LATINOAMERICA

Resumen

SEPSIS-3 propuso una nueva definicion para identificar adultos con sepsis en Ur-
gencias. En nifios, los datos son escasos.

Objetivo: Describir cudntos nifios con shock séptico (ShS) cumplieron el criterio
de ShS de SEPSIS-3 al ingreso a Urgencias y comparar evolucion clinica y mortalidad.

Métodos: Andlisis secundario de estudio multicéntrico prospectivo (10/2019-
06/2021). Incluimos nifios de 30 dias a 18 afios. Participaron 10 centros latinoamericanos.
Recolectamos variables epidemiologicas y clinicas. Definimos ShS segun SEPSIS-3 como
sepsis mds uso de vasopresores para mantener la presion arterial media = 65 mmHg y
lactato > 2 mmol/L. Para evaluar riesgo de muerte, realizamos un modelo de regresion
logistica multivariado. Informamos OR e IC95, consideramos significativa p< 0,05.

Resultados: De 219 nifios, incluimos 150. Cumplieron el criterio de ShS de SEPSIS-3
43 (29%). Medliana de edad 3,8 afios (RIC 1,2-11). No encontramos diferencias epidemio-
I6gicas entre grupos. Observamos diferencias en los marcadores clinicos de gravedad,
niveles de lactato y PCR. El grupo ShS SEPSIS-3 demandd mayor necesidad de intubacion
en Urgencias (44% vs. 13%, p< 0,01), requerimiento de asistencia ventilatoria mecanica
en Cuidados Intensivos (UTIP) (61% vs. 22%, p< 0,01) e ingreso a UTIP (93% vs. 45%,
p<0,01). También observamos scores de Evaluacion Secuencial del Dafio Multiorganico
pedidtrico (mediana de 8 [RIC 4-11] vs. 3 [RIC 1-5], p< 0,01) y mortalidad (36% vs. 4%,
p< 0,01) mayores en ShS SEPSIS-3, con OR de morir de 17 (IC95 5-63).

Conclusién: Los nifios ingresados en Urgencias con ShS que cumplieron con los
criterios de ShS SEPSIS-3 presentaron mayor morbimortalidad. La baja proporcion de
pacientes que tuvieron un gSOFA positivo muestra su escasa utilidad para la deteccion
temprana de la sepsis.

INTRODUCTION

Sepsis and septic shock (SSh) remain significant health
concerns, with greater impact in low-income settings®®,
Prognosis of SSH is "time-dependent” and it is therefore an
emergency. It has been shown that with every hour of delay in
diagnosis and treatment, mortality rates double®. One of the
main challenges in the management of sepsis is the delay in
its recognition, and pediatric emergency departments (PEDs)
play an essential role in addressing this barrier®?. In recent
years, sufficiently sensitive, although not very specific, tools
have emerged for the early detection of sepsis, facilitating
immediate treatment initiation. However, these tools may
also result in administering therapies to children without
sepsis in some cases. Many PEDs are equipped with such
resources, utilized within their triage areas‘'?. Other tools
provide prognostic information on hospital morbidity and
mortality, such as the Sequential Organ Failure Assessment
(SOFA) score, recently validated in the pediatric population
(pediatric SOFA score [pSOFA] YB1® |ts usefulness
for diagnostic purposes in the context of PEDs is currently
debated®,

Another challenge for the adequate management of sep-
sis is the ongoing lack of consensus on its definition. Re-
cently, emphasis has been placed on using a "theoretical”
concept and an "operational” definition aimed at simplifying
the diagnosis of sepsis using clinical criteria®. In 2005, the
Pediatric Sepsis Consensus Conference (PSCC) developed

diagnostic criteria for the different stages of sepsis: system-
ic inflammatory response syndrome (SIRS), sepsis, severe
sepsis, sepsis with cardiovascular dysfunction, and septic
shock®®. On the other hand, the Surviving Sepsis Campaign
(SSC) and the American College of Critical Care Medicine
(ACCM) define pediatric SSh clinically or operationally as a
condition characterized by infection with either hypother-
mia or hyperthermia, tachycardia (which may be absent in
hypothermia), and altered mental status in the presence of
some sign of decreased tissue perfusion or hypotension (late
sign)@?2. The latter definition is often more practical in PEDs
because it allows for quick action and is not conditioned by
the availability of resources.

In 2016, the Third International Consensus for Definitions
of Sepsis and Septic Shock proposed a new definition for
adult patients, known as SEPSIS-3. The authors defined sep-
sis as life-threatening organ dysfunction caused by a dysreg-
ulated host response to infection. There was agreement to
simplify concepts: the terms SIRS, severe sepsis, and sepsis
with multiorgan involvement were eliminated. In addition,
three operational definitions were proposed. The first is a
simplification of the SOFA score into a quick SOFA (qSOFA),
only considering three clinical aspects: altered mental status,
increased respiratory rate (> 22 breaths per minute), and/or
decreased systolic blood pressure (SBP <100 mmHg). The
qSOFA is considered positive when at least two of the three
above-mentioned criteria are met. A positive gSOFA is inter-
preted as "suspected sepsis”; "sepsis” was also defined as a



2005 - International pediatric sepsis consensus conference (PSCC)?®

SIRS The presence of at least two of the following four criteria, one of which must be abnormal temperature or

leukocyte count:
» Core temperature of 38.5°C or 36°C

» Tachycardia (> 2 SD above normal for age in the absence of external stimulus, pain, chronic drugs, or an
otherwise unexplained persistent elevation over 30 minutes to 4 hours)

* In<1year old, bradycardia (heart rate < 10th percentile for age) in the absence of a vagal stimulus or
congenital heart disease OR otherwise unexplained

* Persistent bradycardia over at least 30 minutes

» Respiratory rate 2 SD above normal for age or mechanical ventilation for an acute process not related to
underlying neuromuscular disease or the receipt of general anesthesia

» Leukocyte count elevated or depressed for age (not secondary to chemotherapy-induced leukopenia) OR

10% immature neutrophils

a clinical syndrome associated with a high probability of infection. Evidence of infection includes positive

Infection A suspected or proven (by positive culture or PCR) infection caused by any pathogen
OR
findings on clinical exam, imaging, or laboratory tests

Sepsis SIRS in the presence of or as a result of suspected or proven infection

Severe sepsis Sepsis plus one of the following:
» Cardiovascular organ dysfunction
* Respiratory distress

* >2 organ dysfunctions
Septic shock Sepsis + cardiovascular organ dysfunction

2016 - SEPSIS-3 (adults)®

The presence of at least 2 of the following:
* Altered mental status

* SBP <100 mmHg

* RR>22 breaths x min

+

Suspected infection

Suspected sepsis Positive quick SOFA
Sepsis SOFA score > 2
Septic shock * Vasoactive drugs to maintain MAP > 65 mmHg

o
» Serum lactate level >2 mmol/L

SD: standard deviation; HR: heart rate; RR: respiratory rate; PCR: polymerase chain reaction; SBP: systolic blood pressure; MAP: mean arterial

pressure.

possible infection associated with a SOFA score >2 and "sep-
tic shock" as sepsis with the requirement for vasopressors to
maintain a mean arterial pressure (MAP) of >65 mmHg and
a serum lactate level > 2 mmol/L @3

These criteria have been used in adults for the purpose of
rapid diagnosis and initiation of treatment in the emergency
setting. However, translating these definitions to pediatric
patients is challenging due to significant physiological dif-
ferences between the two age groups. In children, hypoten-
sion is considered a late sign, and its presence is associated
with increased mortality®®. Studies in pediatric intensive
care units (PICUs) demonstrated that the modified SEPSIS-3
operational criteria for children could identify children with
more severe SSh42%: however, limited data are available
regarding its applicability in lower resource settings and in
PEDs.

Our aim was to analyze, in a population of children diag-
nosed with SSh, how many met each of the SEPSIS-3 oper-
ational criteria upon admission to the PED, and to compare
the clinical course and mortality between those who met
the SEPSIS-3 operational definition of SSH and those who
did not.

MATERIAL AND METHODS

A secondary analysis of a prospective multicenter study
conducted between October 2019 and June 2021 was per-
formed. We included a consecutive sample of children older
than 30 days and younger than 18 years admitted to the PED
with a diagnosis of SSh. SSh was defined when the care coor-
dinator, following an objective clinical evaluation and based
on SSC@ and ACCM® criteria, identified the condition as
such and initiated specific treatment. The coordinator was a
specialist in pediatric emergency and/or pediatric intensive
care. Children were excluded if they had received treatment
at another institution at the time of admission to the PED,
patients under adjustment of therapeutic effort, and those
diagnosed with an alternative condition within the first 48
hours, as well as those whose records lacked more than
one item of information to calculate the pSOFA®™ score
(see p< SOFA in ) and in whom serum lactate
level measurement had not been performed. Ten tertiary
care centers from six Latin American countries (Argentina,
Bolivia, Brazil, Colombia, Costa Rica, and Paraguay) par-
ticipated in the study. Third level of care was defined as



university children's hospitals or other referral centers with
24-hour admission, laboratory and imaging services, PICU,
and pediatric subspecialties accessible 24 hours a day. All
participating institutions have a structured triage system
and a local protocol for the management of SSh. The study
was approved by the corresponding Ethics and Research
Committees.

Data were collected on demographic variables, comor-
bidities, and risk factors, and episode data were recorded,
including the presence of an evident infectious focus and
clinical manifestations. "Adequate treatment during the first
hour" was defined if the the following criteria were met: 1)
placement of a vascular access in the first 5 minutes, 2) fluid
administration in the first 30 minutes, and 3) administration
of antibiotics and vasoactive drugs within 60 minutes. In
addition, the pSOFAY score was obtained at admission.
Information on clinical evolution and mortality was retro-
spectively collected during the first 21 days of admission. As
obtaining arterial acid-base status (ABS) is not routine prac-
tice in the PED, respiratory variables (pressure and arterial
oxygen saturation) from the pSOFA were not recorded and
were assumed to be normal. Additionally, when information
on a second item was unavailable, it was considered normal.
The primary objective was to evaluate compliance with the
operational criteria for SSh according to SEPSIS-3 adapted
for children (SEPSIS-3 SSh+), defined as positive when pa-
tients required vasoactive drugs and had a serum lactate
measurement >2 mmol/L.

Based on the studies by Jabornisky et al.®® and Fustifiana
et al.?” a sample size of 48 patients per group was calculated
to have a power of 80% and an alpha error of 0.05 to evaluate
the differences in mortality between the SEPSIS-3 SSh (+)
and SEPSIS-3 SSh (-) groups.

As a secondary objective, we assessed compliance with
the operational criteria of: a) sepsis according to the PSCC,
defined by suspected infection and at least two of the
following four criteria: temperature > 38.5 C, tachycardia,
tachypnea, and/or altered leukocyte count; b) suspected
sepsis according to SEPSIS-3 adapted to children, when the
quick pSOFA is positive (at least two of three present: al-
tered mental status, tachypnea, and/or arterial hypotension
- the latter two were age-adjusted according to Goldstein et
al.%®: and, ¢) SEPSIS-3 sepsis adapted to children: pSOFA
score =29,

Data were recorded in an ad hoc spreadsheet using
RedCap software version 13.4.11. Categorical variables were
summarized using frequency and percentage. Continuous
variables were described using median and interquartile
range (IQR) as measures of central tendency and disper-
sion. Univariate comparative analysis was conducted using
two-tailed tests. The nonparametric Mann-Whitney U test
was used for non-normally distributed variables and com-
parison of medians. Categorical variables were compared
using the chi-squared or Fisher's exact test, as appropriate.
To assess whether children meeting SEPSIS-3 SSh criteria
had an increased risk of mortality, a multivariate logistic re-
gression model was used, and odds ratios (ORs) with their
95% confidence intervals (Cls) are reported. A p-value < 0.05
was considered statistically significant. Statistical analyses
were performed using SPSS version 24.

RESULTS

A total of 219 children with SSh were identified, of whom
22 were excluded because they presented an alternative
diagnosis during the first 48 hours after admission. Of the
remaining 197, serum lactate levels were not recorded in 40
and in seven more than one variable was missing to calculate
the pSOFA. Finally, 150 patients were included, of whom 43
(29%) met the operational criteria for SSh established by
SEPSIS-3 (SEPSIS-3 SSh +) . Fifty-five percent were
male, with a median age of 3.8 years (IQR 1.2-11).
shows the patients who met the diagnostic criteria proposed
by the PSCC and SEPSIS-3.

As shown in , no differences in demographic data
were found between the SEPSIS-3 SSh (+) and SEPSIS-3 SSh (-)
groups. However, differences were observed in clinical mark-
ers of severity, including altered mental status, a greater ten-
dency towards tachypnea, and lower blood pressure values,
as well as higher levels of lactate and CRP in the SEPSIS-3
SSh (+) group.

shows the clinical course of the children with SSh
included in the study. Treatment with vasoactive drugs was
required in 93 children (62% with refractory shock to fluid
infusion) within the first hour of therapy. Those who did not
require vasoactive drugs at admission, did not require themiin
the 48 hours following admission. Among those who met the
SSh SEPSIS-3 (+) criteria, there was a three-fold increase in
the need for intubation in the PED (44% vs. 13%, p< 0.01) and
mechanical ventilation (MV) support in the PICU (61% vs. 22%,
p< 0.01) and a two-fold increase in the need for PICU admis-
sion (93% vs. 45%, p< 0.01). Higher pSOFA scores (median 8
[IQR 4-11] vs. 3[IQR 1-5], p< 0.01) and mortality (36% vs. 4%,
p< 0.01) were also observed in the SEPSIS-3 SSh (+) group.

A multivariate logistic regression analysis was conducted
to adjust for potential confounders and evaluate the asso-
ciation between SEPSIS-3 SSh (+) and mortality. The odds
ratio (OR) for mortality in the SEPSIS-3 SSh (+) group was
17 (95% Cl: 5-63), independent of age less than 6 months,
sex, presence of comorbidities (as listed in ), and
"adequate treatment during the first hour.”

DISCUSSION

This study is a secondary analysis of data obtained from
a multicenter study focusing on adherence to treatment
recommendations for pediatric sepsis in Latin American
PEDs®”. The initial study provided valuable information on
the outcome and prognosis of children with SSh who are seen
in a context where scientific evidence is limited. In this new
analysis, we observed that when applying the operational
criteria for SSh adapted to SEPSIS-3 children (children with
vasoactive drug requirement and serum lactate > 2 mmol/L),
we identified a subgroup that showed a higher organ failure
score (pSOFA), increased need for intubation and MV, and
higher PICU admission and mortality rates . Our find-
ings agree with those of the authors of the adult definitions,
who suggest that the SSh definition identifies patients with a
40% mortality risk®. Similarly, our results are consistent with
pediatric studies indicating that the SEPSIS-3 operational



219 22 diagnosis other than SSh:

1 Epilepsy

150

v v

SEPSIS-3 SSh (+) SEPSIS 3 SSh (-)
43 (28%) 107 (72%)

4 PIMS/Kawasaki

3 Hypovolemic shock

3 Diabetic ketoacidosis

3 Pertussis (whooping cough)

I | TlIntestinal atresia
1FK poisoning
1 Pancreatitis
1DRESS syndrome
1 Post-vaccine reaction
1Inborn error of metabolism
197 1 Cardiogenic shock

40 no serum lactate levels measured
7 missing data for > 2 pSOFA elements

PIMS: pediatric inflammatory multisystem syndrome; FK: tacrolimus (also FK-506 or fujimycin),

immunosuppressive drug; DRESS: drug reaction with eosinophilia and systemic symptoms.

Operational criteria n=150

PSCC sepsis (%) 131(87)
SEPSIS-3 suspicion of sepsis (%) 88 (59)
SEPSIS-3 sepsis (%)? 106 (71)
SEPSIS-3 septic shock (%)* 43 (29)

'Positive QSOFA; ?nSOFA score > 2; 3sepsis + vasoactive drugs +
serum lactate level > 2 mmol/L. PSCC: International Pediatric Sepsis
Consensus Conference (2005).

criteria are specific for identifying patients at higher risk of
mortality due to sepsis(31628-39 These results are anticipated,
because when a child with SSh presents with arterial hypo-
tension (decompensated shock), the disease is at a more
advanced stage where all the compensatory mechanisms of
the child's physiological response have failed. These findings
reaffirm, once again, that hypotension should not be consid-
ered for early identification of pediatric sepsis and that its
presence is associated with higher mortality®®. Although in
our population the SEPSIS-3 SSh operational criterion has
not been sensitive in identifying children with a diagnosis of
SSh, its application could be useful in predicting the need
for more complex resources, including admission to a PICU.
These observations are not insignificant, considering that the
availability of these resources in Latin America is scarce®?P,

Timely detection of sepsis has been identified as one of
the main barriers for the management of the condition®.
Late diagnosis delays treatment and increases morbidity
and mortality®. The SEPSIS-3 expert panel pointed out the

Patients included in
the study.

possibility to identify adult patients with sepsis using the
qSOFA, proposed as a tool for timely screening of patients
at risk of unfavorable outcomes, especially valuable in the ED
to prompt physicians to increase their vigilance®. However,
our findings in a cohort of children with SSh demonstrate that
this tool failed to identify a significant number of children
with SSh, with the pediatric gSOFA yielding negative results
in 41% of the cases. These findings are consistent with those
reported by various authors regarding the limitations of SEP-
SIS-3 as an operational criterion for diagnosing and treating
the condition in children due to its low sensitivity(62>293032-34),

Our study has both strengths and limitations. As a sec-
ondary analysis of a prospective multicenter study, its main
strength lies in the diverse settings it covers: Latin Ameri-
can PEDs. Applying the SEPSIS-3 SSh operational criteria to
children with SSH admitted to the PED could facilitate the
transfer of patients to sites that can respond to the more
complex demands for the management of sepsis. This finding
is particularly important for a condition where prognosis de-
pends on timely intervention. We emphasize the urgent need
for early recognition, not only for the diagnosis of sepsis, but
also to promptly determine the optimal treatment location
for patients already diagnosed. In this regard, the results of
our research are important. Another significant aspect of
our study was the coordination of the care of each patient
by a specialist in pediatric emergency and/or intensive care,
which facilitated standardized management of the children
included.

Among the limitations, we may mention that, as this was a
secondary objective of a non-intervention study, a proportion
of patients did not undergo serum lactate measurements,
and some other values necessary to calculate the pSOFA
score were not available; however, importantly, these patients
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TABLE 3. Comparison of characteristics of children who were admitted to PEDs with septic shock and met the SEPSIS-3

operational criteria for septic shock (SEPSIS-3 SSh +) vs. those who did not (SEPSIS-3 SSh -).
SEPSIS-3 SSh (-)

SEPSIS-3 SSh (+)

Population characteristics n43 n 107 p (*,**)
Male sex (%) 27 (63) 56 (52) 0.2*
Age (years) 3.8 (1.5-11.5) 4 (1-11) 0.9**
Focus (%) 39 (91 87 (81) 0.16*
Comorbidities (%) 16 (37) 46 (43) 0.5*
Cold shock (%) 36 (84) 75 (70) 0.08*
Warm shock (%) 7 (16) 12 (1) 0.4*
Hypotension (%) 17 (40) 17 (16) <0.01*
Altered mental status (%) 35 (81) 56 (52) <0.01*
Delayed capillary refill (%) 34 (79) 73 (68) 0.18*
Flash capillary refill (%) 6 (14) 8(8) 0.2*
Positive culture (%) 20 (47) 59 (55) 0.3*
HR 150 (140-170) 150 (130-170) 0.3**
RR 40 (28-50) 32 (25-43) <0.05**
SBP 90 (74-105) 105 (92-114) <0.01**
DBP 53 (40-65) 63 (50-69) <0.01**
Serum lactate 3.8(3-5.9) 2(1.3-2.9) <0.01**
Treatment aims the first hour of sepsis (%) 8(19) 21(20) 0.9*
CRP (mg/dl) 77 (25-163) 32 (1-96) < 0.05*

*Chi-squared test. **Mann-Whitney U test. HR: heart rate; RR: respiratory rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; CRP:
C-reactive protein.

TABLE 4. Outcome differences between the SEPSIS-3 SSh (+) and SEPSIS-3 SSh (-) groups.

SEPSIS-3 SSh (+) SEPSIS-3 SSh (-)

Outcome n43 n107 p (*,**)
Intubation in the PED (%) 19 (44) 14 (13) <0.01*
PICU (%) 40 (93) 48 (45) < 0.01*
PICU days 350-7) 4(2,3-7) 0.3**
MV support (%) 26 (61) 23(22) <0.01*
MV support days 3(1-6.5) 4 (2-7) 0.6**
Inotropic drugs (%) 43 (100) 49 (46) <0.01*
Inotropic drugs days 2 (1-5) 2(-4) 0.7**
Days of hospital stay 9 (1-16) 8 (4-14) 0.5**
SOFA score 8 (4-1) 3(1-5) <0.01**
Death (%) 15 (36) 4(4) < 0.001*

*Chi-squared test. **Mann-Whitney U test. PED: Pediatric Emergency Department; PICU: Pediatric Intensive Care Unit; MV: mechanical ventilation.

who were excluded did not have higher mortality rates than
those included. In addition, in some cases, in which only one
item of the pSOFA score was missing, we assumed this value
to be normal, although this assumption may not have been
true. On the other hand, all the hospitals that participated
were tertiary care centers, and our findings might not have
been the same if sites lacking adequate resources - which is
common in Latin America - had been included. Furthermore,
41% (62) of the included children had comorbidities, and
these rates may not accurately reflect the true population of

14

children with sepsis in our region, potentially affecting the
external validity of our findings. In future research, it would
be appropriate to include primary and secondary care centers
with fewer resources to mitigate this bias. It is also important
to note that during the study, the SARS-CoV-2 (COVID-19)
pandemic broke out, leading to a significant decrease in the
number of visits to the PED.

Finally, the data from our investigation support the spec-
ificity of the SEPSIS-3 SSh operational criteria in children ad-
mitted to the ED with a diagnosis of SSh, useful to determine



the need for their transfer to institutions with a PICU capable
of offering more advanced sepsis management. Similarly, it
cautions against relying on the gSOFA as a detection tool,
which, because of its moderate sensitivity, may leave patients
with a potential risk of death undiagnosed.

In conclusion, our study found that patients admitted
to the PED with SSh who met the operational criteria of
SEPSIS-3 presented with an increased risk of morbidity and
mortality, a greater need for intubation and MV support, and
admission to the PICU. Additionally, this group had high-
er pSOFA scores and mortality rates. These findings could
be helpful in the early identification of at-risk patients and
support timely decision-making. Furthermore, a significant
proportion of patients had negative gSOFA results, indicat-
ing limited usefulness of this tool for early sepsis detection
in PEDs.
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Score?
Variables 0 1 2 3 4
Respiratory

Pa0y: FiO° >400 300-399 200-299 100-199 with <100 with
respiratory support respiratory support

or

SpO2: FiO:° >292 264-291 221-264 148-220 with <148 with
respiratory support  respiratory support

Coagulation

Platelet count x 103/ml >150 100-149 50-99 20-49 <20

Hepatic

Bilirrubin, mg/dI <12 1.2-1.9 2.0-5.9 6.0-11.9 >12.0

Cardiovascular
MAP by age group or vasoactivo infusion, mmHg o pg/kg/min?

<1month >46 <46 Dopamine Dopamine Dopamine
hydrochloride hydrochloride > 5 hydrochloride > 15
<5 ordobutamine or epinephrine<0.1  or epinephrine > 0.1
hydrochloride (any)  or norepinephrine or norepinephrine

bitartrate < 0.1 bitartrate > 0.1
1-11 months >55 <55
12-23 months 260 <60
24-59 months >62 <62
60-143 months >65 <65
144-216 months >67 <67
> 216 months® >70 <70
Neurologic
Glasgow Coma Scalef 15 13-14 10-12 6-9 <6
Renal
Creatinine by age group, mg/d|
<1month <08 0.8-0.9 1.0-11 1.2-1.5 >1.6
1-11 months <03 0.3-0.4 0.5-0.7 0.8-11 >12
12-23 months <04 0.4-0.5 0.6-1.0 11-1.4 >15
24-59 months <06 0.6-0.8 0.9-15 1.6-2.2 >23
60-143 months <07 0.7-1.0 11-1.7 1.8-2.5 >2.6
144-216 months <1.0 1.0-1.6 1.7-2.8 2.9-41 >4.2
> 216 months <12 1.2-19 2.0-34 3.5-4.9 >5.0

FiOy: fraction of inspired oxygen; SpO.: peripheral oxygen saturation; MAP: Mean arterial pressure.

S/ conversion factors:

- To convert bilirubin to micromoles per liter, multiply by 17.104.

- To convert creatinine to micromoles per liter, multiply by 88.4.

- To convert platelet count to 10%/L, multiply by 1.

aThe pSOFA score was calculated for every 24-hour period. The worst value for every variable in each 24-hour period was used to calculate the
subscore for each of the six organ systems. If a variable was not recorded in a given 24-hour period, it was assumed to be normal and a score of O
was used. Daily pSOFA score was the sum of the 6 subscores (range, 0-24 points; higher scores indicate a worse outcome). ®Pa0O, was measured
in millimeters of mercury. Only SpO, measurements of 97% or lower were used in the calculation. “"MAP (measured in millimeters of mercury) was
used for scores 0 and 1; vasoactive infusion (measured in micrograms per kiligram per minute), for scores 2 to 4. Maximum continuous vasoactive
infusion was administered for at least 1 hour. ¢Cutoffs for patients older than 18 years (216 months) were identical to the original SOFA score.
'Glasgow Coma Scale was calculated using the pediatric scale.

From: Matics T, Sanchez-Pintos N. Adaptation and Validation of pediatric sequential organ failure assessment score and evaluation of sepsis-3
definitions in critically ill children. JAMA Pediatr. 2017, 171: e172352.
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ANNEX 2. Distribution of comorbidities in the SEPSIS 3 SSh (+) and SEPSIS 3 SSh (-) groups.

SEPSIS-3 SSh (+) SEPSIS-3 SSh (-)
Comorbidity n 43 (%) n 107 (%) Total
Endocrine 0 (0) 1) 1
Gastrointestinal (non hepatic) 2(5) 3(3) 5
Genetic 1(2) 0(0) 1
Hepatic 0(0) 1) 1
Hematological 1(2) 8(7) 9
Immunodeficiency (primary or secondary) 1(2) 22 3
Metabolic 0 (0) 1) 1
Neurosurgical 1(2) 1(1) 2
Neurologic 37 7() 10
Oncological 3() 8(7) n
Respiratory 1(2) 1(1)
Transplant 1(2) 3(3) 4
Urological/renal 0(0) 2(2)
Others 2(5) 8(7) 10
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Inhaled corticosteroids in the management of bronchospasms
in Pediatric Emergency Departments
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INTRODUCTION

Bronchospasms or asthma exacerbations are episodes
characterized by inflammation, hyperresponsiveness and re-
versible airway obstruction, leading to shortness of breath,
wheezing, coughing, and a feeling of tightness or chest pain,
associated with decreased lung function.

Bronchospasms or asthma exacerbations are among the
most frequent medical emergencies in pediatric practice and
are a leading cause for consultation in Pediatric Emergency
Departments. They are estimated to account for approxi-
mately 5% of pediatric emergency visits, increasing to nearly
15% during autumn and winter months due to their seasonal
presentation pattern. A combination of infectious, allergic,
environmental factors, emotional stress, and meteorological
stimuli seem to underlie this seasonal pattern. These inci-
dence peaks create significant pressure on Pediatric Emer-
gency Departments and lead to an increased demand for
specialized resources. Moreover, approximately 15% of pa-
tients require hospital admission, disrupting family dynamics
and impacting the quality of life of affected children®.

ASSESSMENT OF BRONCHOSPASM SEVERITY

In the initial evaluation of a patient with bronchospasms,
accurately assessing the severity of the exacerbation is cru-
cial to establish an appropriate treatment and care strate-
gy. To this end, several clinical assessment scales have been
developed in recent years to stratify the severity of airway
obstruction and response to treatment. One of these is the
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Pulmonary Score (PS) scale, a simple, widely used, and val-
idated tool (Tables Tand 2)2,

CURRENT MANAGEMENT OF BRONCHOSPASM
IN PEDIATRIC EMERGENCY DEPARTMENTS

The current Clinical Practice Guidelines for treating bron-
chospasm in pediatric patients in the Emergency Department
recommend as first-line treatment the use of short-acting
B2-adrenergic agonists (salbutamol) in combination with
anticholinergic drugs (ipratropium bromide), administered
via nebulization or inhalation. In addition, systemic cortico-
steroids are recommended via oral or intravenous adminis-
tration™®,

2-adrenergic agonists

Short-acting inhaled p2-adrenergic agonists (the most
widely used of which is salbutamol) are the first-line treat-
ment. Their bronchodilating effect starts within a few sec-
onds, peaks at 30 minutes, and has a half-life between 2
and 4 hours. They should preferably be administered with a
pressurized inhaler and spacer, as this is as effective as the
nebulized route, with fewer side effects and greater cost-ef-
fectiveness. Nebulized salbutamol is indicated in severe ep-
isodes with hypoxemia or in moderate episodes with signif-
icant respiratory distress. The doses used are usually well
tolerated. The most common side effects include tremors,
hyperactivity, vomiting, and tachycardia, which are generally
mild. Repeated high doses may lead to hypokalemia and hy-
perglycemia, usually without clinical or electrocardiographic
consequences.

Ipratropium bromide

Ipratropium bromide is an anticholinergic agent with a
slower onset of bronchodilation compared to p2-adrenergic
agonists, but with a longer duration of action. Co-adminis-
tration of salbutamol and ipratropium bromide in moder-
ate-to-severe bronchospasms results in a more rapid im-
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Respiratory rate

Accessory muscle use-

Score* < 6 years > 6 years Wheezing Sternocleidomastoid***
0 <30 <20 No No

1 31-45 21-35 Terminal expiration (stethoscope) Mild increase

2 46-60 36-50 Entire expiration (stethoscope) Increase

3 > 60 >50 Inspiration and expiration, without stethoscope** Maximal activity

*Score from O to 3 in each item (minimum O, maximum 9). **If there is no wheezing and the activity of the sternocleidomastoid is increased,
assign the wheezing item a score of 3. ***The use of accessory muscles refers only to the sternocleidomastoid, which is the only muscle that has

been well correlated with the degree of obstruction.

Mild episode: 0-3 points; moderate episode: 4-6 points; severe episode: 7-9 points.

Oxygen saturation

Pulmonary score by pulse oximetry

Mild 0-3 >94%
Moderate 4-6 91-94%
Severe 7-9 <91%

In case of discordance between the clinical score and the oxygen
saturation, the one with the higher severity will be used.

provement of symptoms and respiratory function, leading
to a decreased hospitalization rate. However, it has not been
demonstrated that continued administration of ipratropium
bromide beyond the initial three doses in the emergency
department provides any additional benefit. Therefore, it is
not recommended to maintain this treatment in hospitalized
patients.

Systemic corticosteroids are recommended early as an
essential component of the treatment for bronchospasms,
as they reduce inflammation and enhance the effects of
bronchodilators. They have been demonstrated to prevent
reconsultations, hospital admissions, and to decrease the
total number of doses of p2-adrenergic agonists. As short
cycles have been employed, no significant side effects have
been observed. The effects typically start within 2-4 hours,
with full action seen at 12-24 hours. They should be adminis-
tered in moderate-to-severe episodes and considered in mild
episodes with an inadequate response to bronchodilators
or if the patient has a history of severe bronchospasms. The
oral route is preferred because it is equally effective, rapid,
less invasive, and more cost-effective than the intravenous
route. Prednisone or prednisolone is the drug of choice and
most commonly used. Dexamethasone has proven to be an
effective and safe alternative, with a prolonged half-life al-
lowing for a regimen of one or two doses. It does not show
differences in admission rate, reconsultation, or persistence of
symptoms after discharge. The intravenous route is reserved
for more severe cases or in cases of oral intolerance, with
methylprednisolone being the preferred drug.

CURRENT USE OF INHALED OR NEBULIZED
CORTICOSTEROIDS IN ASTHMA PATIENTS

Inhaled glucocorticoids are the first-line maintenance
therapy for children experiencing recurrent wheezing epi-
sodes or asthma. The effectiveness of daily inhaled gluco-
corticoids has been well established in improving clinical,
functional, and bronchial inflammation parameters, enhanc-
ing quality of life, and reducing the risk of exacerbations and
hospitalizations. In addition, inhaled glucocorticoids, at the
usual doses, are safe drugs for the treatment of asthma in
children®. Although inhaled corticosteroids are frequently
used as maintenance therapy in children with persistent asth-
ma, their use is not widespread in the Pediatric Emergency
Department as their efficacy and clinical relevance in this
setting where the clinical profile is acute has not yet been
clarified.

It should be noted that the GEMA 5.3 guideline (Spanish
Guide for the Management of Asthma; 2023)® recommends
the early administration of inhaled glucocorticoids within
the first hour of care for adult patients experiencing mod-
erate-to-severe asthma attacks, as they reduce the need for
hospital admission. Additionally, the guideline suggest that
combining inhaled glucocorticoids with systemic glucocor-
ticoids results in an even greater decrease in the number
of hospital admissions. The inhaled glucocorticoids used in
adult patients include budesonide and fluticasone propio-
nate. Budesonide can be administered via inhalation using
a pressurized device and spacer at a dose of 800 ug (4 in-
halations of 200 ug each puff) every 10-15 minutes, or via
nebulization at a dose of 0.5 mg every 20 minutes during
the first hour. Fluticasone propionate is administered via
inhalation with a pressurized device and spacer at a dose
of 500 pg (2 inhalations of 250 pg each puff) every 10-15
minutes. However, the same GEMA 5.3 guideline concludes
that, in pediatric patients, there is insufficient evidence to
recommend the use of inhaled or nebulized corticosteroids
as an alternative or additional treatment to systemic corti-
costeroids for asthma attacks. Larger studies with improved



methodological quality, cost-effectiveness analysis, and safe-
ty assessments are needed.

POSSIBLE USE OF INHALED OR NEBULIZED
CORTICOSTEROIDS FOR BRONCHOSPASMS
IN THE PEDIATRIC EMERGENCY SETTING

Although the effectiveness of systemic corticosteroids in
managing bronchospasm is well established, and their use
represents the standard treatment for moderate-to-severe
asthma exacerbations in Pediatric Emergency Departments,
the slow onset of their action and the fact that many children
still require hospital admission despite their administration
remain concerns. Consequently, in recent years, research
has focused on exploring new treatments, such as inhaled
or nebulized corticosteroids, to optimize the management
of these patients. Moreover, it should be taken into account
that in the emergency department setting, most children
with mild-to-moderate bronchospasms respond well to
standard treatment. Therefore, it is the patients with severe
bronchospasm who are most likely to benefit from a novel
treatment approach.

Previous studies support the use of nebulized corticoste-
roids in the acute setting based on the potential advantages
they may provide: good tolerance to their use, fewer systemic
side effects, rapid onset of action (1to 2 hours after admin-
istration), and direct administration to the airways with local
anti-inflammatory and vasoconstrictor effect contributing to
the reduction of airway reactivity and edema. In addition, it
is possible to administer corticosteroids and p2-adrenergic
agonists simultaneously in the same nebulization. However,
we should be aware that the literature provides different and
contradictory results on the use of nebulized corticosteroids
for the management of bronchospasms. Several studies have
demonstrated a beneficial effect of adding nebulized corti-
costeroids to standard short-acting p2-adrenergic agonist
therapy compared to placebo in reducing hospital admission
rates®'®. However, few studies have investigated the poten-
tial additional benefits of nebulized corticosteroids in combi-
nation with systemic corticosteroids™?. |t should be noted
that there is insufficient evidence to support the replacement
of systemic corticosteroids with nebulized corticosteroids.
Therefore, systemic corticosteroids should not be discontin-
ued in patients with bronchospasm presenting to the Pediat-
ric Emergency Department®™. For these reasons, nebulized
corticosteroids should be viewed as an adjunctive treatment
rather than a substitute for systemic corticosteroids.

The GINA (Global Initiative for Asthma) Clinical Practice
Guideline™), updated in 2023, indicates that the incorpora-
tion of inhaled corticosteroids into standard bronchospasm
treatment (including the use of systemic corticosteroids)

does not appear to decrease the risk of hospitalization.
However, it does reduce the length of stay in the Emergency
Department and the scores on clinical asthma rating scales
in pediatric patients. Nonetheless, the guideline concludes
that the specific drug, dosage, and treatment duration re-
main unclear.

Similarly, in 2021, a consensus paper was published
by experts in pediatric allergy and respiratory diseases in
Thailand regarding the use of nebulized corticosteroids in
children with asthma exacerbations™. Recommendations
were made based on the review of published studies and
clinical opinions. In accordance with the Thai Pediatric Asth-
ma Guideline, they recommend the use of nebulized corti-
costeroids for treating all asthma exacerbations in children
from 1 year of age. In addition to the standard treatment
with short-acting p2-adrenergic agonists and ipratropium
bromide for mild-to-moderate asthma exacerbations, they
recommend systemic corticosteroids or, alternatively, high
doses of nebulized corticosteroids. They also suggest that
nebulized corticosteroids may be more appropriate than
systemic corticosteroids for this type of mild-to-moderate
exacerbations. On the other hand, for severe asthma exac-
erbations, they recommend the combined use of systemic
corticosteroids and high doses of nebulized corticosteroids,
considering nebulized corticosteroids as a fast-acting adjunct
to systemic corticosteroids.

In the literature, budesonide is proposed as the prima-
ry drug of choice, with nebulized fluticasone considered as
an alternative. This choice is primarily based on the phar-
macological properties of budesonide, which offer advan-
tages over those of fluticasone. Budesonide exhibits faster
absorption, greater water solubility, and longer deposition
in the airways and lung tissues compared to fluticasone. In
addition, budesonide is associated with a lower risk of pneu-
monia, which remains relatively consistent across all doses,
whereas other corticosteroids such as fluticasone increase
the risk of pneumonia in a dose-dependent manner. Finally,
budesonide is associated with fewer systemic side effects
than fluticasone®,

Regarding the dose and duration of nebulized corti-
costeroid treatment, studies indicate that a single dose is
inadequate for managing asthma exacerbations. Repeated
doses are necessary (i.e., administered in conjunction with the
three standard treatment courses of nebulized short-acting
B2-adrenergic agonist bronchodilators) to be effective as
add-on therapy to systemic corticosteroids in the setting of
acute exacerbation™,

In the Thai consensus statement published by Direkwat-
tanachai C et al™, recommendations are provided regarding
the dosage of treatment. The authors recommend an ap-
propriate dose of 0.5-1 mg of budesonide or fluticasone in
each nebulization, emphasizing that the total daily dose of
these corticosteroids should not exceed 2 mg. Concerning
the nebulization regimen, they suggest administering the
nebulized corticosteroid within the first hour of patient care
in the hospital. It can be administered simultaneously in a
mixture or sequentially after the short-acting bronchodilator
dose. Each nebulized solution dose may be repeated every



20 minutes until completing three doses within the first hour
of care.

Reviewing the literature of the last 4 years (2020- 2023),
there are several articles on the use of inhaled or nebulized
corticosteroids in the treatment of bronchospasm or asthma
exacerbations in the pediatric emergency setting. Some of
these publications are presented below.

In a meta-analysis, Sawanyawisuth K et al®™ conclude
that using inhaled corticosteroids as monotherapy in
mild-to-moderate asthma exacerbations, and in combina-
tion with systemic corticosteroids in moderate-to-severe
asthma exacerbations, could be beneficial in reducing the
risk of hospitalization in pediatric patients.

Murphy et al™® conducted a systematic review that
demonstrated that nebulized corticosteroids are at least as
effective (non-inferior) as systemic corticosteroids in man-
aging mild-to-moderate asthma exacerbations in patients
under 5 years of age.

In another systematic review published by Ahmadi Af-
shar A et al%, several studies were analyzed to evaluate
the impact of inhaled budesonide on hospitalization rate,
changes in asthma clinical rating scale scores, and vital signs
in children with asthma exacerbations. The results showed
that, compared to placebo and systemic corticosteroids, the
administration of inhaled budesonide decreased the risk of
hospital admission, although the results were not statistically
significant. On the other hand, compared to placebo and
oral corticosteroids, no significant differences were found in
terms of vital signs (heart rate, respiratory rate and oxygen
saturation) after administration of inhaled budesonide.

In a systematic review, Castro-Rodriguez et al®?, re-
viewed different studies to evaluate the efficacy of inhaled
corticosteroids added to systemic corticosteroids compared
to systemic corticosteroids alone in children with asthma
exacerbation. It was concluded that, compared to single
administration of systemic corticosteroids, the addition of
nebulized budesonide does not affect the admission rate,
but does decrease hospital stay and significantly improves
the score on clinical asthma rating scales in an emergency
department setting.

Li CY et al® published a meta-analysis that included
various clinical trials aimed at evaluating hospital admis-
sion rates, the need for systemic corticosteroid use, length
of hospital stay, and adverse events when adding inhaled
budesonide to the standard treatment of moderate-to-se-
vere bronchospasm in pediatric patients in the Emergency
Department. The results indicated that children who received
nebulized budesonide had a reduced risk of hospital admis-
sion and of requiring systemic corticosteroids compared to
those who received a placebo. No differences were found in
the length of hospital stay or in the risk of adverse events
between the two groups.

To assess the impact of adding nebulized budesonide
to salbutamol for the treatment of mild-to-moderate asth-
ma exacerbations in pediatric patients compared to using
nebulized salbutamol alone, Amir Najim Abood HA et al®®
conducted a clinical trial. The methodology involved deter-
mining the Pulmonary Score (PS) clinical rating scale score

upon arrival at the Emergency Department and then ran-
domly assigning patients to two groups: group A (salbutamol
group) or group B (budesonide plus salbutamol group). Sub-
sequently, the PS score was calculated every 30 minutes. The
results showed that, after 30 minutes, patients treated with
the combination of nebulized budesonide and salbutamol
had a significantly lower PS score than those treated with
salbutamol alone. In addition, the mean length of stay in the
emergency department was significantly shorter in patients
treated with the combination of nebulized budesonide and
salbutamol compared to the use of nebulized salbutamol
monotherapy.
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Pediatric epidural spinal abscess due to Staphylococcus aureus
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dical-surgical emergency due to the risk of irreversible paralysis. The clinical triad of

Key words: thoracolumbar pain, fever, and neurological involvement is not always evident, leading
Epidural abscess to potential delays in diagnosis. Staphylococcus aureus is the most common causative
Staphylococcus aureus agent, and secondary septic foci should be ruled out when associated bacteremia is
Pediatrics present.

We present the case of an 11-year-old patient with an unremarkable personal history,
Palabras clave: who consulted because of paresthesia and weakness in the lower limbs that developed
Absceso epidural espinal over a few hours, as well as a 4-day history of fever and low back pain. Physical exami-
Staphylococcus aureus nation revealed hypoesthesia from D10 down, weakness of both lower limbs (strength
Pediatria 1/5), and absence of patellar and ankle reflexes. Magnetic resonance imaging confirmed

a posterior dorsal spinal abscess causing spinal cord compression. Intravenous antibiotic
treatment was started and urgent surgery involving laminectomy and drainage was per-
formed. Methicillin-sensitive S. aureus was isolated from the abscess culture, but there
was no associated bacteremia. The patient completed a 3-week course of intravenous
cloxacillin, showing a favorable clinical outcome without neurological sequelae.

ABSCESO EPIDURAL ESPINAL PEDIATRICO POR STAPHYLOCOCCUS AUREUS
Resumen

El absceso epidural espinal es una infeccion invasiva infrecuente en pediatria que
constituye una urgencia médico-quirurgica por el riesgo de pardlisis irreversible. La
triada clinica de dolor dorsolumbar, fiebre y afectaciéon neuroldgica no siempre esta
presente, lo que puede demorar el diagndstico. Staphylococcus aureus (S. aureus) es el
agente causal mas frecuente, debiendo descartarse focos sépticos secundarios cuando
hay bacteriemia asociada.

Presentamos el caso de una paciente de 11 afios, sin antecedentes personales de
interés, que consultd por parestesias y debilidad en miembros inferiores de horas de
evolucion, junto con fiebre y dolor lumbar desde hacia 4 dias. En la exploracién fisica
presentaba hipoestesia desde D10, debilidad de ambos miembros inferiores (fuerza 1/5)
y abolicién de reflejos rotulianos y aquileos. Se diagnosticd por resonancia magnética
de absceso espinal dorsal posterior con compresidon medular, se inicid tratamiento
antibidtico intravenoso y cirugia urgente con laminectomia y drenaje. Se aislé en cul-
tivo del absceso S. aureus meticilin sensible, sin bacteriemia asociada, completando
3 semanas de tratamiento intravenoso con cloxacilina, con evolucién clinica favorable
sin secuelas neuroldgicas.
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INTRODUCTION

We present a rare case of an invasive infection due to
Staphylococcus aureus (S. aureus), which is relevant because
of the potential complications arising from delayed diagnosis,
as this may lead to irreversible motor paralysis.

Spinal epidural abscess is a rare condition that occurs in
approximately 1in 100,000 individuals®. It typically affects
adults aged 50-60 years®, and is infrequent in children. The
most common etiologic agent is S. aureus spp, which may
reach the spinal area through direct extension or hematog-
enous dissemination from a secondary infectious focus®.

CASE REPORT

An 11-year-old female patient with an unremarkable per-
sonal history presented to the Emergency Department be-
cause of paresthesia and acute loss of strength in the lower
limbs, evolving over a few hours. In addition, she had high
fever and lumbar pain radiating to the rib cage, persisting
without response to oral analgesia for the past 4 days. Fur-
thermore, bowel movements were absent, indicating a ha-
bitual constipation pattern. The PET scan was normal. The
body temperature was 38.2°C, heart rate 111 bpm, and blood
pressure 119-78 mmHg. Physical examination was normal.
Neurological examination revealed no focal abnormalities,
and normal cranial nerves. Upper-limb strength was 5/5, while
lower-limb strength was 1/5. Tactile and painful hypoesthesia
was observed at the level of D10. The patient could not walk
or stand, and sitting was painful even with support. Achilles
and patellar reflexes were absent. Lumbar flexion was impos-
sible due to pain, and the Lasegue sign was positive in both
lower limbs. Blood analysis showed 9370 x 103/ul leukocytes
and 7300 x 103/ul neutrophils, CRP 208 mg/L, with normal
biochemistry and coagulation (except fibrinogen 862 mg/
dl). Urgent spinal magnetic resonance imaging (MRI) showed
a posterior epidural collection from D7 to D10, restricting
diffusion and producing significant spinal cord compression
of approximately 50% . During the diagnostic tests,
there was a rapid progression of neurological symptoms, with
a loss of strength and sensation in both lower limbs develop-
ing within the following 2 hours. Urgent surgical intervention
was performed, consisting of laminectomy at the level of
D8-D9 and drainage of the abscess, without complications.
Empirical antibiotic therapy with intravenous (i.v.) cefotaxime
was started. In the culture of the abscess, oxacillin-sensitive
S. aureus spp was isolated; therefore, antibiotic therapy was
switched to iv cloxacillin, given for 3 weeks. Blood culture on
admission was negative. The postoperative dorsal CT scan
showed a lesion in the base of the right lung suggestive of a
necrotic infectious focus , and additional studies
were performed to rule out other infectious foci (echocardi-
ography, abdominal ultrasound, PET-CT). The outcome was
highly favorable, with complete recovery of motor and senso-
ry functions, allowing independent sitting and walking, with
no surgical or neurological complications. The patient was
discharged with an oral course of linezolid until completing
6 weeks of treatment and with satisfactory clinical and ra-
diological improvement after hospital discharge.

a posterior epidural collection extending from D7 to D10 (arrow),
characterized by well-defined boundaries, elongated morphology,
and heterogeneous signal intensity. No lesions are observed in the
vertebral bodies.

DISCUSSION

A spinal epidural abscess is a rare invasive bacterial infec-
tion in children, resulting from the accumulation of purulent
material between the dura mater and the spinal canal®. It is
a medical-surgical emergency due to the risk of irreversible
paralysis.

The most common etiology is S. Aureus observed in 60-
70% of the cases®, followed by Gram-negative bacilli®. Less
common pathogens include coagulase-negative staphylo-
coccus and Gram-negative bacteria, specifically Escherichia
coli and Pseudomonas.

The pathogenic mechanisms include hematogenous
seeding of a bacteremic process, dissemination from an ad-
jacent infectious focus, or direct inoculation due to trauma,
spinal surgery, or an epidural catheter®>,

Different risk factors have been described, including di-
abetes, obesity, intravenous drugs, history of local trauma,
spinal surgery, and recent placement of catheter or epidural
injection, although in children these are described in only one
third of the cases“®,

The classic clinical triad (dorsolumbar pain, fever and
neurological signs) manifests only in a minority of patients
(9-33%)%7, leading to potential delays in diagnosis. In our
case, the patient presented with the classic triad, raising
early suspicion of spinal cord compression due to a spinal



Postoperative dorsal CT scan showing increased density
in the anterior pulmonary segment of the right upper lobe (arrow),
with areas of lower density within, suggestive of a lesion in cavitation
pathways (focus of necrosis/infarction or abscess). The remaining
lung parenchyma is normal.

mass. None of the risk factors outlined in the literature were
present in her case.

Four clinical stages were described by Heusner in 1948:3
stage 1: back pain at the level of the affected vertebrae; stage
2: radicular pain from the affected area; stage 3: motor and
sensory impairment and/or bladder and bowel dysfunction;
stage 4: paralysis. Once the patient enters stages 2 and 3, the
spinal cord is involved and urgent spinal cord decompression
is required, as was the case in our patient with rapid neuro-
logical progression.

MRI is the diagnostic test of choice due to its high sen-
sitivity and multiplanar capacity, which helps to define the
location and anatomical extension, assisting in surgical plan-
ning. CT with contrast is an option when MRl is not immedi-
ately available or is contraindicated®. Acute phase reactants
are usually elevated and there is typically leukocytosis with
a left shift. Blood culture may be positive in up to 50% of
cases®.

S. aureus bacteremia is associated with secondary septic
foci®®. In adults with S. Aureus bacteremia, epidural abscess-
es are reported in up to 8%. Although our patient had a
negative blood culture, a lesion suggestive of pulmonary
infection was found. Consequently, additional studies were
performed to investigate other potential infectious foci, with
negative results.

Treatment is based on iv antibiotic therapy and surgi-
cal drainage, including decompressive laminectomy and

urgent debridement in indicated cases. As S. aureus is the
most frequent pathogen, it is recommended to start early
empirical therapy according to the local resistance pattern
(vancomycin/cloxacillin). The duration of treatment is 3-4
weeks, extending to 6 weeks if vertebral osteomyelitis is
present®.

Irreversible paralysis is the most severe complication,
resulting from spinal cord ischemia due to direct compres-
sion, abscess expansion, or ischemia secondary to vascular
involvement®®, The abscess can evolve rapidly and unpre-
dictably, as occurred in our patient. The time of progression
from one stage to another is highly variable and may develop
from a mild neurological deficit to paraplegia within hours or
days™. Prognosis is related to the clinical stage at the time of
diagnosis and depends on early diagnosis and treatment®.
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Abstract

Introduction: The etiological diagnosis of subacute subdural hematomas can be
challenging for the pediatric emergency physician. In children, subacute subdural hema-
tomas may be the result of non-accidental trauma. However, the presence of subdural
collections has been associated with the benign enlargement of subarachnoid spaces
that some infants with macrocephaly may experience. This association is infrequent
and poorly reported in the literature.

Case reports: We present two patients with macrocephaly who were referred to the
emergency department because of a progressive and rapid increase in head circum-
ference. They had a normal neurological examination and neuroimaging studies were
compatible with multiple subacute subdural hematomas.

Conclusion: In pediatric patients with subdural hematomas, non-accidental trauma
should be ruled out as the cause before considering other diagnoses. Nevertheless,
there are other etiologies associated with the presence of these hematomas, such as
accidental trauma or spontaneous occurrence. Expanding the etiological investigation
and understanding these potential associations is important, as it enables appropriate
and timely diagnosis, which may significantly impact the child’s future.

HEMATOMAS SUBDURALES SUBAGUDOS ASOCIADOS A MACROCEFALIA.
¢ESTAMOS ANTE UN TRAUMA NO ACCIDENTAL?

Resumen

Introduccién: E/ diagndstico etiolégico de los hematomas subdurales subagudos
puede suponer, en ciertos escenarios, un reto para el médico de Urgencias. En nifios, en
ocasiones es el resultado de una lesion craneal no accidental. Sin embargo, la presencia
de colecciones subdurales se ha relacionado con el aumento de espacios subaracnoideos
que pueden presentar algunos lactantes con macrocefalia. Esta asociacion es poco
conocida y poco reportada en la literatura.

Casos clinicos: Exponemos los casos clinicos de dos pacientes con macrocefalia que
fueron derivados a Urgencias por un aumento progresivo y rapido del perimetro cefalico.
Presentaban exploracion neurolégica normal y estudios de neuroimagen compatibles
con hematomas subdurales subagudos muiltiples.

Conclusion: Es necesario excluir la causa de traumatismo no accidental antes de
plantear otros diagndsticos en pacientes pedidtricos ante el hallazgo de hematomas
subdurales. Aun asi, existen otras etiologias relacionadas con la presencia de estos
hematomas, como traumatismos accidentales o aparicion espontdnea. Es importante
ampliar el estudio etiolégico y conocer estas posibles asociaciones, asi como realizar un
diagndstico adecuado y precoz dado que puede condicionar el futuro del nifio.

40 © 2024 Spanish Society of Pediatric Emergencies — Latin American Pediatric Emergency Society



INTRODUCTION

Children with subdural hematomas (SDH) often pres-
ent to the emergency department with nonspecific signs
or symptoms, which makes diagnosis challenging. These
may include lethargy, feeding difficulties, altered levels of
consciousness, or progressive macrocephaly without other
associated symptoms. Diagnosis is usually made based on
neuroimaging, including transfontanellar ultrasound, brain
computed tomography (CT), or magnetic resonance imaging
(MR|)(1-3)_

These findings should always raise suspicion of possi-
ble non-accidental trauma (NAT), indicating potential child
abuse or maltreatment. In addition, investigations should be
conducted to explore accidental trauma and other potential
causes of SDH®,

We describe two asymptomatic patients who consulted
for macrocephaly, and who were diagnosed with sponta-
neous subacute SDH with different treatments and outcome.

CASE REPORTS

Case 1. A13-month-old boy was referred to the emergen-
cy department due to a sudden increase in head circumfer-
ence (HC) from -1 standard deviation (SD) to +1SD over the
last 6 months. The neurological examination was normal,
psychomotor development was according to age, and there
was no history of previous trauma. Transfontanellar ultra-
sound did not reveal any alterations and it was decided to
admit the patient to complete the investigations. The MRI
showed subacute SDHs, one in the right frontoparietal re-
gion, with a maximum thickness of 8 mm and another in the
left parietooccipital region with a maximum thickness of 5
mm, and enlargement of the subarachnoid spaces

After evaluation by social services and considering that the
skeletal X-rays and fundoscopy were normal, it was con-
cluded that there was no evidence of NAT. Based on the
patient’s asymptomatic condition, the neurosurgery team
opted for watchful waiting. Follow-up neuroimaging studies
conducted 3 months later revealed complete resolution of
the hematomas.

Case 2. A 5-month-old male infant with a 2-month history
of progressive macrocephaly (46 cm, > 2 SD) was referred
to the emergency department for evaluation. The infant
had sustained head trauma from a fall off the sofa when he
was pushed by his older brother, which occurred one month
earlier. The patient was asymptomatic and his neurological
development was normal. Transfontanellar ultrasound and
fundoscopy showed no abnormalities. However, the MRI re-
vealed bilateral cerebral hemispheric subdural collections of
varying density, measuring up to 2 cm in size, with a mass
effect on the adjacent parenchyma and enlargement of the
subarachnoid spaces . He underwent neurosurgical
intervention for drainage of the hematomas. Skeletal x-rays
yielded normal results, and evaluation by social services did
not reveal any signs of NAT. Nevertheless, two months after
the initial procedure, urgent surgical drainage was necessary
due to an 8-mm, right-sided displacement of the midline,
secondary to a left frontotemporo-parietal hematoma with
both subdural and epidural components, measuring 113 x 40
X 61 mm in diameter, resulting in the mass effect.

Both patients underwent coagulation tests and metabolic
studies with normal results.

DISCUSSION

The incidence of SDH, regardless of the etiology, is es-
timated at 12 cases per 100,000 children under 2 years of

Brain MRI of case 1, axial and coronal T1-slices. Right frontoparietal and left parietooccipital subdural hematoma.



Brain MRI of Case 2, axial and coronal FLAIR sections depicting bilateral subdural hematomas.

age. The clinical presentation is often nonspecific, posing a
challenge for pediatric emergency physicians in both diag-
nosing SDH and determining their underlying cause. While
the cases described here represent an uncommon form of
presentation, it remains crucial to consider the possibility of
SDH in an infant with asymptomatic progressive macroceph-
aly due to the clinical and social implications associated with
early detection®>®,

The diagnosis is made based on neuroimaging. The use
of MRI as the first option in the case of suspected NAT is
controversial, as it is less sensitive than CT scan in the de-
tection of acute hemorrhage. However, in an asymptomatic
patient, MRl is preferable to CT scan because of its greater
sensitivity in revealing parenchymal involvement and lesions
in different stages of evolution®.

The differential diagnosis of an infant with SDH mainly
includes accidental traumatic brain injury (TBI), NAT, and
non-traumatic causes.

Minor head trauma is a common reason for emergency
department visits. In most cases it is mild and patients can
be discharged after a period of observation. Nevertheless, in
children under 2 years of age, the risk of NAT is higher and
may lead to death or severe neurological sequelae, often
associated with the presence of SDH. Given the strong asso-
ciation with NAT, the pediatric emergency physician should
be alert and consider this diagnosis as the first option upon
consultation in the emergency department. The mechanism
underlying SDH in these patients typically involves tearing of
the bridging veins, resulting from the acceleration-decelera-
tion forces caused by shaking the infant while being held by
the trunk. In addition, these infants commonly exhibit other
associated injuries such as retinal hemorrhages and rib or
long-bone fractures®®.,

Spontaneous causes should also be investigated in the
evaluation of children with SDH. Perinatal or birth-related
trauma, congenital (e.g. enlarged subarachnoid spaces),

genetic (e.g. Ehlers Danlos syndrome), or metabolic (e.g.
glutaric aciduria type |) diseases, infections, coagulopathies,
congenital vascular malformations, dehydration, or exces-
sive drainage of ventricular volume (overshunting) should
be considered®®,

To establish an etiologic diagnosis of SDH, the evaluation
conducted by the pediatric emergency physicians should
include a detailed history of possible accidental causes,
ruling out underlying medical conditions that may cause
spontaneous SDH, and a thorough assessment of the injuries.
Physical examination of the skin and mouth, skeletal x-rays
and fundoscopy are important to rule out NAT. In cases of
suspected spontaneous SDH, studies to evaluate coagulation
and metabolic disorders, as well as comprehensive neuroim-
aging assessment are essential.

The finding of benign enlarged subarachnoid spaces
(BESS) is common in infants with macrocephaly. The inci-
dence of SDH in patients with BESS has been estimated to
range between 4-18% and they may manifest with minimal or
no trauma. The association between BESS and SDH remains
poorly understood, but several hypotheses have been pro-
posed. The prevailing theory suggests that BESS may lead to
easier displacement of the brain, resulting in more frequent
stretching and injury to the bridging veins. Even so, individu-
als with BESS may remain asymptomatic, as the brain is pro-
tected by the enlarged spaces in which BESS develops®™2,
Nevertheless, it has also been suggested that the occurrence
of macrocephaly with the enlargement of the subarachnoid
space might be the result of a previous hemorrhage that
would cause an alteration in the arachnoid granulations and
impedes the normal absorption of CSF. Therefore, Raissaki
et al. have proposed a guideline for patients presenting with
BESS and subdural collections, recommending that the in-
vestigations should be completed with skeletal x-rays, even
when the fundoscopy, evaluation by social services, and clin-
ical examination are inconclusive®>',



CONCLUSIONS

The finding of SDH in the emergency department neces-
sitates the exclusion of NAT in all cases. In the presence of an
asymptomatic infant with macrocephaly and SDH, even if the
infant presents an image compatible with BESS, the diagnosis
of child abuse cannot be ruled out without performing other
complementary studies.
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INTRODUCTION

Placement of a peripheral venous catheter (PVC) in pe-
diatric patients always poses a challenge. In emergency sit-
uations, in 15% of children difficulties in securing a PVC are
encountered®,

The DIVA2 (Difficult Intravenous Access) prediction score
identifies patients with difficulties in detecting suitable veins
for the intravenous administration of medication or sampling
due to poorly visible, collapsed, or damaged veins (Table 1).

When a patient is classified as DIVA, it is advisable to use
technologies such as infrared imaging and/or ultrasound to
optimize the chances of successful venous access.

Ultrasound (US) guidance for PVC placement has proven
to be effective, reducing the use of central venous catheters,
increasing staff autonomy, and improving patient satisfac-
tion®. However, the success of the procedure will depend on
the proficiency of the operator, highlighting the importance
of prioritizing training in these skills®.

In 2008, at the Hospital de Pediatria Prof. Dr. “Juan P. Gar-
rahan” in Argentina, the “catheter patrol” was established—a
team of specialized nurses dedicated to infusion therapy.
Since 2019, this team has incorporated the use of US for the
placement of PVCs in DIVA patients.

Currently, at the emergency department, there is a need
to integrate this resource as an effective strategy to address
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the challenge. For this purpose, a theoretical-practical training
program for the healthcare team was developed with the aim
of taking a significant step towards a better quality of care.

The aim of this article was to describe our experience
with the design and implementation of a training program
in the use of ultrasound-guided PVC placement in the emer-
gency department of a tertiary hospital. The analysis of the
impact and results of the implementation of this technology
for the placement of venous access will be the subject of a
future study.

DEVELOPMENT

Setting

The “Prof. Dr. Juan P. Garrahan” Pediatric Hospital in
Argentina is a tertiary care center that receives more than
600,000 outpatient visits per year. It has 587 beds, 132 of
which are for intensive care. Each year, the Center for the
Comprehensive Care of Hematology-Oncology Patients
(CAIPHO) receives around 520 new patients. In addition,
approximately 120 transplants (bone marrow, heart, kidney,
liver, and cochlea) are performed annually. The Emergency
Department receives 120,000 visits per year.

Teaching team

The catheter patrol team consists of five nurses special-
ized in infusion therapy with graduate training and experience
ranging from 3 to 13 years. The nurses have been formally
trained by participating in various theoretical, practical, and
simulation courses at recognized national and international
institutions.

Initially, they incorporated infrared light for percutaneous
catheter placement into their routine practice, and in 2019,

44 © 2024 Spanish Society of Pediatric Emergencies — Latin American Pediatric Emergency Society
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TABLE 1. DIVA prediction score.

Variable Point value Score
Vision Visible 0
Not visible 2
Palpability Palpable 0
Not palpable 2
Age > 3 years 0
1-2 years 1
<1year 3
History of Full-term 0
PIEETE Premature 3
Total

Modified from: Whitney R, Langhan M. Vascular Access in Pediatric
Patients in the Emergency Department®.

they added US guidance for catheter placement. The imple-
mentation of this tool required the mentoring of a pediatric
surgeon until the team became proficient and autonomous.
Over the years, the number of US-guided catheter place-
ments increased (Figure 1).

The catheter patrol operates from monday to friday from
07:00 am to 9:00 pm and any area of the hospital can request
a consultation with this team. Initially, the patrol will evaluate
the patient’s therapeutic needs and perform a clinical and US
assessment to define the type of catheter, approach route,
and technology to be used. Secondly, the placement of the
catheter will be scheduled with the treating team.

With the aim to improve and expand continuing educa-
tion the patrol has created its own practice and simulation

US-guided catheter placements

100
45 58

50 29
7 > m n R
0

2019 2020 2021 2022 2023
(8 months)

Number of
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FIGURE 1. Ultrasound-guided procedures in DIVA patients perfor-
med by the catheter patrol.

materials for vascular access placement using gel-based
devices and biological models (Figure 2).

For over a decade, the patrol has been systematically
providing theoretical and practical training to practitioners
working in different areas of the hospital. The team conducts
educational activities for medical and nursing residents with
curricula that include training in these skills.

Intervention

Between March and August 2023, within the framework
of the continuing education program of the Emergency De-
partment of the Garrahan Hospital, training in the use of
US for PVC placement was implemented for physicians and
nurses of the permanent staff. The training was conducted by
catheter patrol nurses and emergency department staff and
consisted of two 60-minute theoretical-practical modules.
Aspects related to basic US handling, recognition of vas-
cular structures, evaluation of the venous system using the
RaPeVA (Rapid Peripheral Venous Assessment)5 protocol,
and finally, placement of a PVC in gel-based and biological
models (Figure 2).

- Water

GEL-BASED SIMULATOR
Materials:
- Unflavored gelatin powder

- Glycerin

- Food coloring (optional, to color the gelatin)

- Containers or molds with holes for inlet and outlet

- Latex tubes 5 x 8 (Inner diameter: 5 mm/Outer diameter: 8 mm).

- Use of Macro Drip (attach a macro dripper with serum to one end of
the latex tube. Prime the latex tubing to ensure that no air bubbles
are present)

BIOLOGICAL MODEL SIMULATOR

Materials:

- Biological model with inlet and outlet holes

- Latex tubes 5 x 8 (inner diameter: 5 mm/Outer diameter: 8 mm)

- Use of Macro Drip. (Attach a macro dripper with serum to one end of
the latex tube. Prime the latex tubing to ensure that no air bubbles
are present)

FIGURE 2. Material for the simulation.
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Trained staff

Thus, a total of 11 physicians and 15 nurses from the emer-
gency department were trained in the basic use of US, evalu-
ation of the venous system, and ultrasound-guided catheter
placement (Figure 3).

After completing the theoretical and practical training,
emergency department practitioners conducted a series of
intravenous line placements under the supervision of the
catheter patrol nurses.

Incorporation of US into an algorithm for intravenous
line placement

Finally, an algorithm was developed for PVC placement
in the emergency department, incorporating the novel use
of US.

Adequate management of a patient’s venous access
should be considered at every stage of care. Upon admission
to the emergency department, priority will be given to intra-
venous line placement, based on the urgency of the clinical
situation. Certain circumstances may necessitate evaluation
of other variables contributing to the rational management of
vascular access, especially in patients undergoing prolonged
treatment and frequent hospitalization.

The DIVA prediction score is used to evaluate possible
peripheral venous access in patients in need of infusions and/
or blood sampling. It evaluates the visibility and palpabil-
ity of the vessel, along with the patient’s age and history
of prematurity (Table 1). The cumulative score obtained for
each variable represents the DIVA score, ranging from O to
10 points®. If > 4, the utilization of infrared light technology
or US should be contemplated before inserting a PVC.

When admitting a patient, we will first evaluate whether
it is an emergency or an urgency and, therefore, how fast we
should start specific therapy. Other factors to consider in the
choice of vascular access are the estimated treatment time
and difficulty according to the DIVA scale (Table 1) as well
as the availability of suitable vessels. At this stage, it is also
relevant to define the number of suitable vessels in order to
select the most experienced operator and consider the use
of US (Table 2).

We propose the following algorithm for decision-making
regarding venous access in the emergency department (Fig-
ure 4). The algorithm introduces the use of US in different
clinical scenarios. If the patient presents with respiratory ar-
rest or decompensated shock, intraosseous access is recom-
mended. If the patient requires emergency intervention but
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TABLE 2. Assessment of the degree of difficulty according to

the number of suitable veins according to operator skills?.

Number of

Grade suitable veins Insertion management

1 3-5veins Insertion by trained competent

healthcare practitioner

2 2-3 veins Insertion by trained competent

healthcare practitioner

3 1-2 veins Insertion by trained competent

healthcare practitioner

4 No palpable
visible veins

Ultrasound-guided insertion by
trained competent healthcare
practitioner

5 No suitable veins
with ultrasound

Refer to specialist

Source: Fuente: Hallam C, Denton A, Weston V, et al. Marco de Salud y
Preservacion de venas (VHP) del Reino Unido®.

does not need intraosseous access, the choice of placement
modality is determined based on the DIVA prediction score
and the availability of adequate vessels. Venous access via
direct puncture (using direct vision, palpation, or anatomical
references) is preferred for patients with visible and palpable
vessels. However, if direct puncture is unsuccessful after four
attempts or if the DIVA score exceeds 4 points, US guidance
should be used.

If the patient is not in an emergency situation, we can
include an additional consideration related to estimating the
duration of required infusion therapy, particularly for patients
who are frequently hospitalized or undergo prolonged treat-
ments. For treatments anticipated to last less than 5 days, a
short peripheral venous access may be selected, consider-
ing the DIVA score and the availability of suitable veins. For
treatments lasting between 6-30 days, US-guided midline
catheters are recommended.

DISCUSSION

In the pediatric emergency care setting, the search for
approaches that reduce the need for repeated punctures
represents a challenge. In daily practice, there are several
situations that complicate the placement of PVCs in children,
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some related to pre-existing conditions (prematurity, young
age, obesity, chronic diseases, etc.) and others related to the
acute condition (fever, dehydration, acidosis, etc.). According
to current recommendations, it is suggested that up to four
attempts be made to place a PVC®.

Currently, there is clear evidence supporting the ad-
vantages of incorporating US in the placement of a PVC
for both adults and children. Utilizing US facilitates success
on the first attempt and overall success®, thereby avoid-
ing unnecessary punctures and reducing patient pain and
anxiety. Moreover, it allows a more precise placement of the
catheter minimizing the risk of complications such as arterial
punctures, hematomas, infiltration, and extravasation. In
addition, by reducing unsuccessful puncture attempts, US
guidance saves time and resources, while also preventing
the need for more invasive techniques, thus offering signif-
icant benefits to the safety and experience of the patient
and their families.

Finally, there are numerous studies on the implementa-
tion of this type of educational training programs in emer-
gency and critical care departments, which suggest bene-
ficial results in terms of placement time, efficacy, and the
need for central access™™, On the other hand, regarding
the number of ultrasound-guided PVC placements required
to achieve proficiency, literature primarily focused on emer-
gency department nurses and physicians suggests that four
attempts are necessary to achieve a success rate of 70%,
and between 15 and 26 attempts to achieve a success rate
of 88%™.

In view of the above, the implementation of a theoreti-
cal-practical training program in US-guided PVC placement
is considered a promising strategy for the acquisition of these
skills by emergency practitioners. Such training will serve
as an additional resource for managing difficult intravenous
access (DIVA) patients.

Algorithm for the pla-
cement of a peripheral venous
catheter.

CONCLUSIONS

The successful implementation of this training program
provided benefits in several aspects.

From the perspective of the healthcare team, it has pro-
moted shared training opportunities for both physicians and
nurses, reinforcing the concept of teamwork and facilitating
the acquisition of skills essential for the daily operation within
the emergency department. Similarly, the collaboration with
the catheter patrol has proven to be a mutually enriching
and exemplary experience of interdepartmental cooperation
within the hospital, all aimed at achieving a common goal.

From the standpoint of patient care, the dissemination
and training of personnel in this technique significantly con-
tributed to enhancing the quality of care provided to children
in the emergency department.

ACKNOWLEDGEMENTS

We would like to thank Dr. Horacio Questa for or his
invaluable support and guidance throughout our learning
process and Dr. Guillermo Kohn Loncarica for his review and
valuable contributions to our manuscript.

REFERENCES

1. Emergencias/Urgencias. Gavecelt.it. Disponible en: http://da-
vexpertesp.gavecelt.it/?q=node/108. [Consulta 8 de septiembre
de 2023].

2. Biasucci D. Special Problems of Venous Access in Intensive Care
and Emergency. En: Biasucci D, Disma N, Pittiruti M, editores.
Vascular Access in Neonates and Children. Springer Nature Swit-
zerland AG; 2022. p. 376.


http://davexpertesp.gavecelt.it/?q=node/108
http://davexpertesp.gavecelt.it/?q=node/108
http://davexpertesp.gavecelt.it/?q=node/108

Egan G, Healy D, O’Neill H, Clarke-Moloney M, Grace PA, Walsh
SR. Ultrasound guidance for difficult peripheral venous access:
systematic review and meta-analysis. Emerg Med J. 2013; 30(7):
521-6.

Stolz LA, Cappa AR, Minckler MR, Stolz U, Wyatt RG, Binger CW.
Prospective evaluation of the learning curve for ultrasound-guid-
ed peripheral intravenous catheter placement. J Vasc Access.
2016;17(4): 366-70.

Brescia F, Pittiruti M, Spencer TR, Dawson RB. The SIP protocol
update: Eight strategies, incorporating Rapid Peripheral Vein
Assessment (RaPeVA), to minimize complications associated
with peripherally inserted central catheter insertion. J Vasc Ac-
cess. 2022; 25(1): 5-13.

Whitney R, Langhan M. Vascular access in pediatric patients in
the emergency department: Types of access, indications, and
complications. Pediatr Emerg Med Pract. 2017; 14(6): 1-20.
Hallam C, Denton A, Weston V, Dunn H, Jackson T, Keeling S,
et al. UK Vessel Health and Preservation (VHP) Framework: a

10.

1.

commentary on the updated VHP 2020. J Infect Prev. 2021;
22(4):147-55.

Boletin Oficial de la Republica Argentina. Procedimiento de
insercién y cuidado del catéter venoso periférico corto (cvpc)
2022. Disponible en: https://www.boletinoficial.gob.ar/detal-
leAviso/primera/274332/20221025. [Consulta 20 de agosto de
2023].

Mitchell EOQ, Jones P, Snelling PJ. Ultrasound for Pediatric Pe-
ripheral Intravenous Catheter Insertion: A Systematic Review.
Pediatrics. 2022; 149(5): e2021055523.

Jorgensen R, Laursen CB, Konge L, Pietersen PI. Education in
the placement of ultrasound-guided peripheral venous cathe-
ters: a systematic review. Scand J Trauma Resusc Emerg Med.
2021; 29(1): 83.

Bhargava V, Su E, Haileselassie B, Davis D, Steffen KM. Ultra-
sound education improves safety for peripheral intravenous
catheter insertion in critically ill children. Pediatr Res. 2022;
91(5): 1057-63.


https://doi.org/10.1136/emermed-2012-201652
https://doi.org/10.1136/emermed-2012-201652
https://doi.org/10.1136/emermed-2012-201652
https://doi.org/10.1136/emermed-2012-201652
https://doi.org/10.5301/jva.5000574
https://doi.org/10.5301/jva.5000574
https://doi.org/10.5301/jva.5000574
https://doi.org/10.5301/jva.5000574
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/1757177420976806
https://doi.org/10.1177/1757177420976806
https://doi.org/10.1177/1757177420976806
https://doi.org/10.1177/1757177420976806
https://www.boletinoficial.gob.ar/detalleAviso/primera/274332/20221025
https://www.boletinoficial.gob.ar/detalleAviso/primera/274332/20221025
https://doi.org/10.1542/peds.2021-055523
https://doi.org/10.1542/peds.2021-055523
https://doi.org/10.1542/peds.2021-055523
https://doi.org/10.1186/s13049-021-00897-z
https://doi.org/10.1186/s13049-021-00897-z
https://doi.org/10.1186/s13049-021-00897-z
https://doi.org/10.1186/s13049-021-00897-z
https://doi.org/10.1038/s41390-021-01568-6
https://doi.org/10.1038/s41390-021-01568-6
https://doi.org/10.1038/s41390-021-01568-6
https://doi.org/10.1038/s41390-021-01568-6

P8 SEUP

SOCIEDAD ESPAROLA DE
URGENCIAS DE PEDIATRIA

EMERGENCIASPediatricas

WORKING GROUPS

Emerg Pediatr. 2024; 3(1): 49-51

Activity of the Critical Patient Working Group of the Spanish
Society of Pediatric Emergency Medicine

Maria Teresa Leonardo Cabello’, Yolanda Ballestero Diez? and Critical Patient Working Group of the

Spanish Society of Pediatric Emergency Medicine

Specialist physician. 'Pediatric Emergency Department. Department of Pediatrics. Hospital Universitario Marqués
de Valdecilla. Santander. 2Pediatric Emergency Department. Hospital Universitario Cruces. Baracaldo. Bilbao

The Critical Patient Working Group (WG) of the Span-
ish Society of Pediatric Emergency Medicine (SEUP) was
created in 2018 following a survey aimed at describing the
organization of critical patient care in pediatric emergency
departments (PEDs) across Spain. The survey revealed signif-
icant variability in organization, infrastructure, material and
personal resources among these departments. Additionally,
it highlighted the need to improve training in procedures in
the critically ill patient. This realization prompted a profound
reflection and became our point of departure.

Since its creation, the goal of the WG has been to provide
quality care to critically ill patients treated at the national
PEDs based on 2 pillars: research and education. Our ob-
jective is to ensure that this care is consistently delivered
according to quality standards.

Our first project was focused on creating an observa-
tory in order to collect data regarding critically ill patients
upon arrival at the PED, the care they received both at the
prehospital level and in the different PEDs, and patient out-
comes. We aimed to identify areas for improvement, to early
identify critically ill patients or those at risk of deterioration,
and to adapt and optimize treatment protocols at both the
prehospital and hospital stages.

Thus, in February 2020, the research project entitled
“Multicenter registry of pediatric critical patients in Spanish
pediatric emergency departments” was initiated. Currently, 21
national PEDs are participating, and 350 episodes have been
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collected. The data have been analyzed and were presented
at different SEUP meetings, awaiting publication.

In parallel to the creation of the WG, in 2018 the SEUP
Quality WG updated the document on quality indicators that
would be essential to comply with in PEDs®. This document
comprises 93 indicators, with 13 specifically pertaining to
critical patient care. Our WG selected the following two in-
dicators, which are monitored by means of biannual surveys:

Protocols for life-threatening emergencies, including
treatment of TBI, initial care of polytrauma, basic and ad-
vanced CPR, and treatment of shock, coma, respiratory fail-
ure.

Review of the material and equipment in the resuscitation
room and crash cart.

The WG collaborated in the development of do-not-do
recommendations, together with the other SEUP WGs®. Spe-
cifically, the five most important actions not recommended in
the critically ill patient can be consulted at the following link:
https://seup.org/pdf_public/gt/Acciones/GT_Pac_critico.pdf.

However, during the development of these recommen-
dations following the Delphi methodology, consensus was
achieved within the group on seven recommendations, and
we subsequently published them in the previous issue of this
journal describing the selection process®.

The final list of the “7 do-not-do recommendations” is
shown in Figure 1.

In addition to this collaboration, since 2020 we have been
working with different societies, including the Spanish Soci-
ety of Pediatric Intensive Care (SECIP), the Spanish Society of
Neonatology (SeNeo), and the Spanish Society of Emergency
Medicine (SEMES) to improve the care provided to critically
ill pediatric patients across the care system.

The physiology of children differs from that of adults,
and they present distinct pathologies that often require a
specialized approach. Together with the regionalization of
pediatric care into primary, secondary, and tertiary care cen-
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7 ACTIONS THAT SHOULD NOT BE DONE
WHEN CARING FOR A CRITICALLY ILL
PEDIATRIC PATIENT

ONOTTODO

o Delay the administration of intravenous adrenaline as

soon as venous or intraosseous access is available in a
patient with cardiorespiratory arrest and a non-shockable
rhythm.

Stop chest compressions during CPR, except in certain
actions.

e Delay the canalization of an intraosseous line for more
than 5 minutes in a critically ill pediatric patient if venous
access is not available.

o Delay the use of vasoactive drugs in patients in shock
unresponsive to fluids. Its infusion via peripheral or
intraosseous route is safe.

6 If the patient is conscious or has a preserved gag reflex,
place a Guedel cannula.

Delay the administration of blood products in hemorrhagic
shock. Administer after 20ml/kg of crystalloids.

0 Use hypotonic solutions in neurocritical patients.

7 actions NOT TO DO in the critically ill pediatric patient.

ters, hospitals at lower levels of care may lack the necessary
material and personnel resources for managing critically ill
children. Consequently, there arises a need to transfer these
patients to hospitals with a higher level of complexity. Pedi-
atric and Neonatal Transport (PNT) mobilizes the human and
material resources of critical care units to hospitals lacking
such resources due to the level of care required, with the
objective of sustaining the early, specialized, and continuous
comprehensive care essential for these patients. Numerous
studies have demonstrated that specialized transport teams
achieve superior outcomes with fewer complications com-
pared to teams lacking specific training®“™.

Thus, in 2021, we prepared a position paper on the need
for the implementation of pediatric and neonatal transport
units specialized in interhospital transport®.

Similarly, we contributed to the drafting of the article
entitled “Importance of specialized paediatric and neonatal
transport. Current situation in Spain: Towards a more equi-
table and universal future”®. This study analyzes the situa-
tion across autonomous communities, describing the current
state of pediatric transport, which lacks standardization at
the national level.

The same article also emphasizes the importance of con-
tinuous training and periodic refreshers for professionals to
effectively meet the quality standards in transportation. Here,
the WG is supporting the training of different profession-
als involved in the care and transportation of pediatric and
neonatal critically ill patients by offering basic and advanced
courses in PNT.

Continuing with training and collaboration with other
WGs, the Critical Patient WG, together with the Simulation
WG, is involved in organizing the national phase of the Pe-
diatric Simulation Games (PSG).

The PSGs are an activity in which different teams com-
posed of MIR/EIR residents compete, with each team typical-
ly consisting of 6 to 7 residents and a “coach.” As described
by Abel Martinez in the previous issue of this journal, these
games are more than a competition; they serve as a training
activity that stimulates the development of residents and
reinforces the necessity to maintain a high level of training
in our PEDs®,

The aim is for residents to demonstrate their knowledge
and skills in managing critically ill children through simula-
tion. They evaluate their individual competencies, consoli-
date communication and teamwork skills, and simultaneously
learn about different educational contexts through exchang-
ing experiences with colleagues from various regions. All of
this occurs within a friendly and healthy competitive envi-
ronment, while maintaining a high level of scientific rigor.
The fourth edition, held in Guadarrama (Madrid) in March
2024, was a great success.

Another crucial aspect we are prioritizing is the devel-
opment of documents and resources to assist various pro-
fessionals in the care for critically ill pediatric patients. To
this end, the WG has initiated the creation of medication
dosage sheets calculated based on weight and age. A team
of pediatricians and nurses who are members of the WG has
undertaken this task. It has involved extensive efforts in cre-
ation, consensus-building, elaboration, and formatting, and
the finalized sheets will be published on the SEUP website,
making this tool accessible to all professionals.

Among our future projects, we plan to establish a multi-
center registry for cardiorespiratory arrest and polytrauma
patients. This registry will provide insights into the actual
management practices, identify potential variations among
different Spanish PEDs, and assess the level of compliance
with quality indicators associated with these conditions.

We take this opportunity to encourage interested col-
leagues to join our WG.
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Early detection and treatment of children at risk of cardi-
ac arrest is one of the priorities in pediatrics, both in primary
care and hospital settings. However, the low incidence of such
events in children often leaves healthcare personnel feeling
unprepared to handle situations for which they are trained
but rarely encounter in daily practice. Simulation enables
these professionals to train in clinical procedures analogous
to real-life situations, allowing for continuous improvement
that will have an impact on the safety and satisfaction of
the professionals and the team, as well as on patient care
and survival.

We present our experience in simulation of scenarios in-
volving critically ill children as a tool for continuing training
in pediatrics, and its assessment by the professionals who
participated in the simulations.

The aim of our study was to describe the experience in
clinical simulation in critically ill children conducted at our
center during the 2021-22 academic year and to present the
evaluation of this experience by the students.

Between October 2021 and May 2022, the Department of
Pediatrics of the Hospital Universitari Mutua Terrassa carried
out a training in clinical simulation in critically ill children,
following the model of the Centre Internacional de Simulacid i
Alt Rendiment Clinic of the Fundacioé Universitaria del Bages,
Campus Manresa of the UVic-UCC®. This model consists of
a preliminary phase that includes a needs analysis, setting
objectives and expected outcomes, designing the activity
and scenario, followed by the simulation itself. The simulation
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process involves pre-briefing, the simulation experience, and
debriefing, which should transition from reflective observa-
tion to the application of skills in a real-world setting. At the
end of the training, participants were asked to evaluate the
experience using an online form. The survey adapted from
that of Astudillo et al.®®, with slight modifications (the ques-
tion regarding video recording was excluded, and questions
about whether they would change anything and whether
they would repeat the experience were added). Responses to
the questions were rated on a scale from 1 (strongly disagree)
to 5 (strongly agree). All participants provided consent for
the use of their responses.

The previous online training consisted of four videos
created by the instructors themselves (‘Pediatric CPR Guide-
lines 2021 of the European Resuscitation Council’ and ‘Care
of the Critically lll Child, TAP and the ABCDE System,” and
‘Approach to the Most Common Severe Pediatric Pathology
| and II"). In addition, six clinical simulation sessions were
conducted, addressing common severe conditions in pedi-
atrics. In each session, the case of an infant and of an older
child were presented (Table 1). The main aim of the training
was to review the approach to critically ill patients using the
Pediatric Assessment Triangle and the ABCDE triage sys-
tem. The Laerdal® Megacode Junior® and Megacode Baby®
manikins and the SimStart® constant simulation monitor
were used. Participants were divided into 4 groups, each
consisting of 2 nurses, 2 anesthesia residents, and 4 pedia-
tricians, including residents and attending physicians from
both primary care and hospital settings. The sessions were
held outside working hours in a classroom in the teaching
building of the institution, with a frequency of one session
every 4 weeks. Of the 32 participants, 30 responded the
online survey. According to professional groups, 23.3% were
nurses, 20% were pediatric residents, 16.7% were primary
care pediatricians, 20% were hospital pediatricians, and 20%
were anesthesia residents. The mean scores of the responses
are shown in Table 2. A total of 96.7% of the participants
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Session 1. Respiratory failure
Child: asthma
Infant: bronchiolitis

Session 2. Circulatory failure
Child: anaphylaxis

Infant: dehydration

Session 3. Neurological disorders

Child: intracranial hypertension secondary to hemorrhage
Infant: seizure

Session 4. Others
Child: polytrauma
Infant: intoxication

Session 5. Cardiac arrest with a shockable rhythm
Child: sudden death in sports
Infant: congenital heart disease

Session 6. Cardiac arrest with a non-shockable rhythm

Child: sepsis
Infant: sudden death

would take the course again, and 63.3% would not make
any changes to the course organization. Among the sug-
gested modifications, 10% of the respondents requested
a change of schedule, so that it would take place within
working hours.

Clinical simulation enables the recreation of rare clini-
cal scenarios in a safe environment where errors have no
consequences for the patient, improving clinical care and
safety both for the patient and the professional. We chose
to conduct repeated sessions over time because we believe
that this improves performance more than single sessions®.
We designed multidisciplinary teams, although not natural
ones, in which each professional performed their usual role
based on their expertise. The sessions were held outside the

Question
Simulation is a useful learning tool
The simulation scenarios are realistic

The simulation experience has improved my clinical skills

Simulation is useful to develop critical thinking and decision-making skills

The simulation cases are tailored to my theoretical knowledge

The experience with the simulator has enhanced my safety and confidence

The simulation has helped me to combine theory and practice
The workshops with the simulator have motivated me to learn
Case duration is adequate

Knowledge of the faculty is adequate

Simulation fosters communication among team members

Clinical simulation helps to prioritize actions

Interaction with the simulation has improved my clinical competency

Overall, the experience with the simulation has been satisfactory

usual timetable and environment, which may be considered
a limitation, but this prevented cancellation of the sessions
due to healthcare duties. The feedback from the profession-
als who participated regarding organization, learning, and
application of knowledge was highly positive.

There are different levels of assessment of training ac-
tivities®. Our study only evaluated professional satisfaction
(Kirkpatrick level 1) and not the knowledge acquired (levels 2
and 3) or the impact on routine practice (level 4)®, for which
different tools are available in the literature, especially for
resident training, such as the Clinical Performance Tool®,
the Tool for Resuscitation Assessment Using Computerized
Simulation®, the Resuscitation Team Leader Evaluation®, or
the Simulation Team Assessment Tool (STAT)®. Our aim for
the near future is to prospectively evaluate the improvement
of knowledge and attitudes throughout the course.

Clinical simulation of critically ill children carried out by
multidisciplinary teams is a good tool for the continuing ed-
ucation of professionals caring for these patients in centers
with a low incidence of such cases. It enables maintaining
or improving knowledge and skills while increasing the con-
fidence and safety of the professionals who care for these
children. Assessment of the training activities, including the
student’s perception, evaluation of the acquired knowledge,
and its application in daily practice, allows for continuous
improvement in these activities.
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Mean score (range)
4.96 (4-5)
3.96 (2-5)
4.86 (4-5)
4.9 (4-5)
4.53 (2-5)
4.29 (4-5)
4.86 (4-5)
4.83 (3-5)
4.86 (4-5)
4.96 (4-5)
4.93 (4-5)
4.93 (4-5)
4.86 (4-5)
4.93 (4-5)
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Hospital at Home (HaH) is a healthcare service that allows
patients to receive hospital-level medical and nursing care at
home. According to the definition proposed by the Scientific
Committee of the World Hospital at Home Congress 2023®,
itis a clinical service for acute patient care that uses the per-
sonnel, equipment, technologies, medication, and techniques
usually provided in hospitals and offers hospital care in the
homes of selected patients. It is, therefore, a resource that
replaces conventional hospitalization.

Its goal is to improve the lives of patients who need hos-
pitalization by shifting the culture of hospitals to deliver hos-
pital-level care in the comfort of patients’ homes®.

In Spain, HaH began in 1981, with the inauguration of the
first unit of its kind at the Gregorio Marafién Hospital, for-
merly known as the Provincial Hospital of Madrid. Since then,
over 100 units dedicated to the care for adult patients have
been created®. Nevertheless, the development of pediatric
units has been much slower, initially emerging as units for
the care of specific conditions, such as the early discharge of
premature newborns or the care of children with chronic and
complex disorders®, palliative care or intravenous antibiotic
therapy. It was not until 5 years ago that HaH units began
to operate with the aim of caring for children with all types
of acute conditions or exacerbation of chronic diseases®.

Implementation of HaH requires careful planning to en-
sure year-round care, prioritizing patient safety similar to
conventional hospitalization practices. Factors to consider
include which conditions will be managed and how, admis-
sion criteria (both general and disease-specific), allocation
of human and material resources (transport, oxygen thera-
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py, portable equipment, infusion pumps, telemonitoring),
systematization of the pharmaceutical process (supply,
preparation and administration of intravenous medication),
documentation procedures (including informed consent,
welcome guide, medical records), care plans and circuits
(for admission, referral, discharge, and both scheduled
and urgent care), integration into the hospital’s electro-
nic medical records, organization and training of staff and
caregivers, care plans, costs, and quality control, among
others. Furthermore, it is essential to establish agreements
with other clinical departments, central services (radiology,
laboratory), and pharmacy and out-of-hospital emergency
services.

HaH provides numerous advantages for the child and
their family, improving comfort, facilitating the maintenance
of daily routines (play, meals, sleep, hygiene), favoring the
compatibility of family and work, and encouraging greater
involvement of parents in the care of their children, which
leads to a high degree of satisfaction for the families®“®.

In November 2018, the first HaH Unit in Spain dedicated
to the care of children with acute diseases was inaugurated
at the Nifio Jesus University Children’s Hospital in Madrid,
operating as a transversal department of the hospital, pro-
viding coverage for all medical and surgical services.

In the initial 4 years of operation, there were a total of 1711
admissions corresponding to 1489 patients. A total of 55.9%
were male. The median age was 5 (IQR, 2-10) years. When
excluding patients admitted for overnight polysomnogra-
phy, the median length of stay in the unit was 4 (IQR, 3-6)
days. Before admission to the HaH unit, the median hospital
stay was 2 (IQR, 1-5) days. In total, 6982 hospital stays were
avoided.

Overall, 57% of the patients were referred to HaH from
the hospital ward, 34% from the outpatient clinics (mainly
for sleep studies), and 7% directly from the Emergency De-
partment (ED).

Inpatients were referred primarily from the general pe-
diatric ward (n= 657; 67.6%), general surgery (n=120;12.3%),
and the hematology-oncology ward (n=71; 7.3%).
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The most frequent diseases treated were: sleep disor-
der for overnight polysomnography (568; 33.2%), bronchi-
tis/asthma requiring oxygen therapy (216; 12.6%), skin and
soft-tissue infection (139; 8. 1%); ENT infection (124; 7.2%),
intra-abdominal infection (119; 7%), osteoarticular infections
(99; 5.8%), severe bacterial infection (87; 5.1%), pneumonia
(82; 4.8%), urinary tract infection (74; 4.3%), and acute bron-
chiolitis (54; 3.2%).

Thirty-two percent of the patients had an underlying
disease, predominantly consisting of severe neurological
disorders (201; 11.7%), congenital syndromes (159; 9.3%), or
cancer (94; 5.5%).

The three most frequently performed procedures were
administration of intravenous antibiotic therapy (n=729;
42.6%), polysomnography for the diagnosis of sleep-disor-
dered breathing (n=520; 30.4%), and oxygen therapy for
acute respiratory distress (n=306; 17.9%).

Six percent (n= 67) of the patients required hospital re-
admission, with 5% being unscheduled and 1% scheduled.
The primary cause for unscheduled hospital readmission was
clinical deterioration, accounting for 43 cases (75%).

Regarding family satisfaction, in the survey conducted
during 2021 and 2022 upon discharge from the unit, 98%
responded that they were very satisfied and 2% were satisfied
(response rate 45%, 238/530).

Based on the activity data from these initial years, HaH
has demonstrated to reduce or, at times, avoid hospital stay
in children with acute conditions that are usually managed
in the hospital. Although the number of patients directly
benefiting from admission to HaH from the ED is still low, it
is conceivable that the implementation of disease-specific
diagnostic and therapeutic protocols aiding in the selection
of home admission candidates, along with a cultural shift
regarding the necessity of traditional hospitalization in favor
of HaH, among both healthcare professionals and the general
population, will lead to a change in the future.

The procedures most commonly performed during con-
ventional pediatric hospitalization (oxygen therapy and in-
travenous drug administration) can be performed at home
with adequate parental training and support from healthcare
staff and telemonitoring”'?. This requires accurate identifi-
cation of eligible patients, provision of sufficient resources,
and collaboration and coordination with all hospital depart-
ments. Each center must tailor its approach to its specific
needs. Patient safety should always be a priority, establishing
a functional organization that ensures 24-hour care and rapid
and adequate response mechanisms in the event of clinical
deterioration or emergency.

Our experience shows that HaH represents a viable alterna-
tive to traditional hospitalization for specific pediatric patients
with acute conditions. It effectively reduces hospital stays and
can even prevent hospital admissions from the ED. Further-
more, it demonstrates a good safety profile, as evidenced by a
low rate of readmissions, and a high level of family satisfaction.

To enhance its future development, technological integra-
tion and interdepartmental and even interhospital collabora-
tion should be promoted. This would enable more children
to receive hospital-level medical care at home, undoubtedly
improving the humanization of health care.
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