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ABSTRACT

Objective: To evaluate the current practices of hemodynamic
monitoring in sepsis and septic shock in Brazilian pediatric
intensive care units.

monitoring just for refractory shock patients. To guide
initiation/titration of inotropes and vasoactive agents,
70% pediatric intensive care units said their decision

. - a00 L
Methods: A multicenter, cross-sectional study using an is based on clinical assessment; 20% use point-of-care

: . ] . . aqo
electronic survey. cardiac ultrasound to aid vasoactive agent choice; 88%

pediatric intensive care units use Lactate trend, and 35%

Results: An electronic survey was responded to in three measure central/mixed venous saturation in patients with

rounds (1 week each), and responses from 77 pediatric

) ) o i septic shock.
intensive care units in 26 states of Brazil were collected.

Point-of-care cardiac ultrasound was the method of choice
for fluid responsiveness evaluation in septic children in
61% pediatric intensive care units; 78% pediatric intensive
care units had enough arterial line monitors available
to every bed, but only 57% use invasive arterial blood
pressure monitoring for every patient diagnosed with

Conclusion: Differences between international guidelines
and practice in Brazilian pediatric intensive care units
regarding hemodynamic monitoring in pediatric sepsis
were identified. These differences may arise for several
reasons; recognizing them is crucial to making appropriate
changes and adjusting valuable guidelines to make them

septic shock; 22% use invasive arterial blood pressure more feasible for low- and middle-income countries.

Keywords: Sepsis; Shock, septic; Hemodynamic monitoring; Survey; Child; Intensive care units, pediatric; Surveys and Questionnaires

INTRODUCTION

Sepsis and septic shock remain a serious public health issue worldwide, being a major cause of morbidity and mortality in
pediatric intensive care units (ICUs), even in high-income countries."” The mortality rate in pediatric sepsis can reach up to
40% in low and middle-income countries,® and it varies significantly according to geographic region, with mortality rates being
approximately 4.4 times higher in low- and middle-income countries compared to high-income countries.** In Brazil, those
numbers can reach 30% in some regions,® pointing out the need for localized studies, as current recommendations are mostly
based on data from high-income countries, and may not be applicable in the particular contexts of low- and middle-income
countries” due to disparities in the available resources in pediatric ICUs and the technical training of health care professionals.“®

Sepsis is currently defined as an organ dysfunction caused by a dysregulated host response to an infectious agent.**!?
Hemodynamic decompensation in sepsis involves complex physiological interactions that encompass vascular tone,
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hypovolemia, and myocardial dysfunction,"" and it
is known that physical examination alone is often not
sensitive enough to differentiate these subtle changes in
the disease’s pathophysiology.!*!3 In Latin American
countries, studies reveal that a large proportion of
children admitted to pediatric ICUs receive inadequate
initial volume resuscitation and approximately 35%
of them die in the early stages of the disease (less than
72 hours) due to refractory septic shock, with that being
the most common cause of death in pediatric sepsis.®'?
The 2020 Surviving Sepsis Campaign (SSC 2020)
guidelines recommend using advanced hemodynamic
variables, such as cardiac output, systemic vascular
resistance, and central venous oxygen saturation, alongside
clinical examination, to guide resuscitation. Also, bedside
echocardiography and invasive arterial pressure monitoring
are emphasized as valuable tools to improve diagnostic
accuracy and optimize therapeutic interventions.”)
However, hemodynamic monitoring, essential for
cardiovascular assessment and stabilization in shock, still
faces significant obstacles in limited resources regions,
which highlights the importance of identifying discrepancies
in clinical practices between different regions®'>'® and
developing guidelines adapted to different realities,
incorporating effective measures to improve adherence
to best practices and, consequently, clinical outcomes in
pediatric patients with sepsis and septic shock.>1719
This study aimed to evaluate the current practices of
hemodynamic monitoring in sepsis and septic shock in
Brazilian pediatric ICU." We also performed stratified
comparisons between public and private/philanthropic
hospitals to give an additional context for the availability and
use of hemodynamic monitoring in different resource settings.

METHODS

This was a cross-sectional observational study, structured as
an electronic survey, collected in three 1-week periods in 2024.
The present study was strictly observational and centered on
institutional processes rather than patients’ information, and
it did not interfere with clinical management or the clinical
decision-making process. The Research Ethics Committee of
Instituto de Puericultura e Pediatria Martagio Gesteira of the
Universidade Federal do Rio de Janeiro, approved the study (n°
6.212.523, August 2023). As no intervention was performed,
Informed Consent was waived.

Questionnaire development

The questionnaire was composed of objective and
closed questions and reviewed by the group of authors in
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this study, all of whom are board-certified pediatric ICU
specialists, through a qualitative expert review®? to ensure
inclusion of basic characteristics of each responding unit
and alignment with SSC 2020 recommendations.”

For this survey, the SSC 2020 recommendations were
translated into three-level responses as to assess if the practices
of respondents were concordant, partially concordant or
non-concordant with benchmark domains such as: initial
fluid strategy, timing for initiation of vasoactive agents,
hemodynamic assessment after interventions, advanced
hemodynamic monitoring (such as invasive blood pressure
[IBP] and point-of-are cardiac ultrasound [POCUS]) to
guide clinical decisions, lactate measurement/trending and
availability/use of an institutional protocol.

The questionnaire underwent peer review and was
tested in a pilot study conducted across ten pediatric ICUs.
Feedback on item comprehension and the response process
was requested from participants in the pilot study, and an
evaluation of internal consistency was conducted post hoc.
Some demographic questions that did not provide relevant
information were excluded, and minor wording adjustments
were made for greater clarity. Therefore, as there were no major
changes in the questionnaires, the ten pilot study responses
were used in the final analysis.

The questionnaire was developed and distributed using
REDCap®, an online platform for research data collection.
We recruited a multicenter convenience sample within the
Brazilian Research Network in Pediatric Intensive Care
(BRnet-PIC) WhatsApp® group, a collaborative network
between pediatric intensive care units. All network pediatric
ICUs were invited to complete an institutional survey (one
response per unit, preferably answered by the coordinator,
but could be answered by a senior staff member) during
those three 1-week periods via REDCap®. There was no prior
training for the respondents before the survey was distributed,
no probability sampling or weighting was applied, and we did
not target national representativeness beyond the network.
Only fully completed questionnaires were considered, and
duplicate questionnaires were treated as a single response.

Statistical analysis

The statistics were primarily descriptive, using frequencies and
percentages. We conducted descriptive statistics and pre-specified
univariable comparisons. For comparisons of some frequencies,
the simple Chi-squared test and the multiple proportions test were
used (with Yates’ correction when indicated).

In addition to the primary descriptive analyses, we
conducted exploratory models to contextualize potential
associations; findings should be interpreted with caution.
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We performed exploratory logistic regression analyses
to assess associations between institutional covariates and
selected binary practice outcomes. Candidate covariates
were public sector hospital (public versus private/
philanthropic), any accreditation (yes/no), university
affiliation (yes/no), non-cardiac clinical + surgical service
profile (yes/no), and all shifts staffed exclusively by pediatric
intensivists (yes/no). Practice outcomes were not testing
fluid responsiveness prior to fluid bolus; not measuring
central venous oxygen saturation (ScvO,) in septic shock;
performing serial lactate monitoring; having a septic
shock protocol followed by all professionals; availability
of other advanced hemodynamic monitoring methods;
initiation/titration of vasoactive agents mostly guided
by hemodynamic monitoring; and choice of the initial
vasoactive agent based on echocardiography.

W first fitted bivariate logistic models; covariates with p <
0.10 were entered into multivariable models (limited to preserve
a reasonable events-per-variable ratio). Results are reported as
odds ratios (OR) with 95% confidence intervals (95%CI).

Given the sample size and potential collinearity between
institutional factors, these analyses are hypothesis-generating,
and we did not adjust for multiplicity. Therefore, transparent
descriptive estimates consistent with the study scope
were prioritized.

We also compared responses between public and private/
philanthropic hospitals to provide additional context on
sepsis management across different resource settings.

Demographic data outside the study’s sample were
retrieved from the Ministry of Health’s website (DATASUS)®)
and the EpiMed Database®/Associagio de Medicina Intensiva
Brasileira (AMIB) census®? and used for external validation.

A single investigator performed data entry, and
data consistency was assessed using a 10% random
sample verification procedure. Data were screened in
detail for missing information, implausible values, and
outliers. Analyses were performed using R software
(R Foundation for Statistical Computing, Vienna, Austria).
A p value < 0.05 was adopted as statistical significance.

In full disclosure, ChatGPT was used to assist in
translating the article from Portuguese to English,
considering that the authors are not native English speakers,
and the authors take full responsibility for the content.

RESULTS

The characteristics and profiles of the pediatric
intensive care units participating in the study are present in
table 1 and comparisons by hospital type (Public/SUS and
private/philanthropic) are shown in table 2.

Table 1 - Characteristics and profiles of the pediatric intensive care
units participating in the study

Category Pediatric ICUs
n (%)

Hospital type

Public - direct administration 17 (22.0)

Public - outsourced administration 16 (20.8)

Private without SUS 32 (41.6)

Private with SUS 3(3.9)

Philanthropy with SUS 7(9.1)

Philanthropy without SUS 2(2.6)
Exclusively a pediatric hospital

Yes 19 (24.7)
With the emergency department

Yes 59 (76.6)
Number of pediatric beds

Less than 20 16 (20.8)

21 t0 50 33 (42.8)

Over 51 28 (36.3)
Pediatric ICU occupancy rate

Less than 50% 2 (2.6)

51 to 65% 10 (12.9)

66 to 90% 46 (59.7)

Above 91% 19 (24.6)
Pediatric/neonatal care

In the same unit 19 (24.6)

In separate units 8(10.4)

Only pediatric 50 (64.9)
Pediatric ICU praofile

Clinical and surgical 37 (47.4)

Specialized 7(9.0)

Clinical only 4(5.2)

Clinical and surgical (non-cardiac and cardiac) 28 (36.3)

Cardiac surgery only 1(1.3)
University connection/pediatric ICU fellowship

Connection with university + pediatric ICU fellowship 23 (29.8)

ll\étzjcf(;ﬂg\i’cstri](i)g with the university, but has a pediatric 20 (25.9)

No connection and no pediatric ICU fellowship 27 (35.0)

Connection to the university, but no pediatric ICU

fellowship 7
Certification

International certification 25 (32.4)

National certification 24 (31.2)

No certification 28 (36.3)

ICU - intensive care unit; SUS - Sistema Unico de Satide.
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Table 2 - Characteristics and profiles of the pediatric intensive care units participating in the study in relation to the type of hospital

All pediatric Private/ Public
ICUs philanthropic (SUS) p valor
n (%) n (%) n (%)
Are hospitals accredited by any organization (e.g., ONA, JCI)?
International 25 (32.5) 21 (47.7) 4(12.2) < 0.001
National 24 (31.2) 18 (41) 16 (8.1) 0.033
Not accredited 28 (36.3) 5(11.3) 23 (69.7) < 0.001
Number of pediatric ICU beds
5- 10 beds 49 (63.7) 23 (52.3) 26 (78.8) 0.017
11 - 20 beds 17 (22.1) 13 (29.5) 4(12.1) 0.07
> 20 beds 11 (14.3) 8(18.2) 3(9.1) 0.26
Occupation rate
< 50% 2(2.6) 2 (4.5) 0 0.21
51 - 65% 10 (13) 9(20.4) 1(3) 0.024
66 - 90% 46 (59.7) 26 (59) 20 (60.6) 0.89
> 91%: 19 (24.7) 7(15.9) 12 (36.3) 0.039
Unit profile
Clinic and surgery (non-cardiac) 37 (48) 18 (40.9) 19 (57.5) 0.14
Clinic and Surgery (both cardiac and non-cardiac) 28 (36.4) 22 (50) 6(18.2) 0.004
Only clinic 4(5.2) 2 (4.5) 2 (6) 0.76
Another type of specialized ICU 8(10.4) 2 (4.5) 6(18.1) 0.052

ICU - intensive care unit; SUS - Sistema Unico de Satide; ONA - National Accreditation Organization; JCI - Joint Commission International.

Overview

Descriptive results for all pediatric ICUs are
provided in the “All pediatric ICUs” (n = 77) column of
tables 2 - 6. Between-group comparisons were limited
to the pre-specified contrast between public Unified
Health System (SUS - Sistema Unico de Saiide) and
private/philanthropic hospitals for selected outcomes. We
did not perform statistical tests within subcategories of the
same multi-option variable.

Crit Care Sci.2026;38:e20260262

Response rate and sample

Among the 107 pediatric ICUs currently part of
BRnet-PIC, 84 units responded to the questionnaires.
After excluding duplicate/incomplete questionnaires, 77
pediatric ICUs, each representing a distinct hospital (72%
of the total pediatric ICUs in BRnet-PIC), were included in
the analysis. A flowchart of the study is shown in figure 1.

The map in figure 2 shows the geographic distribution
of responding pediatric ICUs across Brazil.
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ICU - intensive care unit.

6 incomplete questionnaires/
duplicate responde discarded

1 neonatal ICU discarded

Figure 1 - Flowchart representing the selection process of the pediatric intensive care units participating in the research.

Figure 2 - The yellow areas represent the states where there were no responses.

The states of Sao Paulo and Rio de Janeiro accounted for 63.7% of the responses.

Hospital and pediatric intensive care unit characteristics

The majority of pediatric ICUs surveyed had between
five and ten beds (63.6%) and a typical occupancy rate of
66 - 90% (59.7%). Hospitals were exclusively pediatric
in 24.7%, and 76.6% had an Emergency Department.
Total pediatric bed capacity varied, with 42.8% reporting
21 - 50 pediatric beds. Combined pediatric and neonatal

care occurred in 24.6% of units, while 64.9% reported
exclusive pediatric care. As for hospital type, 33 of 77
(42.9%) were public (SUS), and 44 of 77 (57.1%) were
private/philanthropic. Residency/pediatric ICU Fellowship
was present in 55.7% of units. International and national
accreditation was reported by 32.4% and 31.2% of

hospitals, respectively, while 36.3% were not accredited.

Crit Care Sci. 2026;38:20260262
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Staffing, cardiology support, and POCUS availability/
training

Table 3 shows the reported availability of pediatric
ICU specialists/cardiology support and ultrasound device/
trained professionals to perform POCUS, comparing
public (SUS) and private/philanthropic hospitals. There
were differences in the responses regarding 24-hour
cardiologists’ availability, 50% of private/philanthropic
hospitals reported having cardiologists available 24 hours
a day, and 22.8% reported having cardiologists available
only on some days of the week. In public (SUS) hospitals,
those numbers were 27.3% and 45.4%, respectively.

Availability of an echocardiography device for exclusive

philanthropic hospitals and 63.6% of public (SUS)
hospitals (p = 0.016). 52.3% of public (SUS) hospitals
had an ecocardiography device available in the hospital, and
3.3% reported not having devices available, whereas those
numbers in private/philanthropic hospitals were 33.4%
and 6.8%, respectively (p = 0.57). Regarding training to
perform POCUS, the item: “at least one qualified and
trained professional in every shift” was more often reported
by public (SUS) units (36.3%) than private/philanthropic
(25%), p = 0.03.

For visual representation, figure 3 shows the proportion
of pediatric ICU specialists comparing public (SUS) and

use in the pediatric ICU was reported by 40.9% of private/ private/philanthropic hospitals.

Table 3 - Availability of pediatric intensive care unit specialists/ cardiology support and ultrasound device/trained professionals to perform
point-of-care ultrasound

Hll pe(:lia;:/:i)c (81 phirl,;:,t:t:)/pic T:llilsu): p valor
n (%) n (%)
Proportion of pediatric intensive care specialists working in pediatric ICUs
All the professionals in the unit are specialists 33 (42.9) 18 (40.9) 15 (45.3) 0.69
Most of the professionals in the unit are specialists (> 50% of the team) 24 (31.1) 16 (36.3) 8 (24.3) 0.26
AND there's at least one specialist per shift
Most of the professionals in the unit are specialists (> 50% of the team), 10 (13) 6 (13.6) 4(12.2) 0.84
BUT there aren't specialists in every shift
Less than 50% of the professionals in the unit are specialists 10 (13) 4(9.2) 6(18.2) 0.24
Availability of an ultrasound device to perform bedside echocardiography
There's a device in the pediatric ICU for exclusive use 39 (50.6) 18 (40.9) 21(63.3) 0.048
There's a device in the hospital for shared use 34 (44.2) 23 (52.3) 11 (33.4) 0.09
Not available 4(5.2) 3(6.8) 1(3.3) 0.45
Availability of cardiology service in the hospital
Available 24 hours 31 (40.2) 22 (50) 9(27.3) 0.044
Available every day during the day 16 (20.8) 10 (22.7) 6(18.2) 0.62
Only available on some days of the week 25 (32.5) 10 (22.8) 15 (45.3) 0.035
Not available 5 (6.5) 2 (4.5) 3(9.2) 0.42
Proportion of qualified and trained professionals to perform bedside
echocardiography
There's at least 1 qualified and trained professional on every shift 33 (42.9) 11 (25) 12 (36.3) 0.28
There are some qualified and trained professionals in the team, but not 46 (59.7) 28 (63.6) 18 (54.5) 0.42
on every shift
There aren't qualified and trained professionals in the team 8(10.4) 5(11.4) 3(9.2) 0.74

ICU - intensive care unit; SUS - Sistema Unico de Satide.

Crit Care Sci.2026;38:220260262
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A Proportion of Pediatric ICU specialists in Public (SUS) hospitals

46.0%

24.0%

12.0%

18.0%

Proportion of Pediatric ICU specialists in Private/philantropic hospitals

41.0%

C
9.0%

ICU - intensive care unit.

36.0%

14.0%

Figure 3 - Proportion of pediatric intensive care unit specialists comparing public (Unified Health System) and private/philanthropic hospitals.
(A) Most professionals are pediatric intensive care unit specialists (> 50% of the team) and have at least one pediatric intensive care unit specialist per shift; (B) Most professionals are pediatric
intensive care unit specialists (> 50% of the team), but do not have pediatric intensive care unit specialists on all shifts; (C) Less than 50% of the professionals in the unit are pediatric intensive
care unit specialists; (D) All professionals are pediatric intensive care unit specialists. The proportions are similar by the Chi-squared for multiple proportions — p = 0.6.

Hemodynamic monitoring and sepsis management protocol

A sepsis protocol followed by all professionals was reported
by 61.3% of private/philanthropic units and by 33.3% of
public (SUS) units. In both groups, most units (94.4% of
private/philanthropic and 79.2% of public) that reported
having a protocol considered it aligned with local practices.

As for IBP monitoring, 77.9% of all pediatric ICUs reported
having devices for IBP monitoring available for every pediatric
ICU bed in their unit; only 57.1% reported actually using IBP
monitoring in every patient diagnosed with septic shock.

Lactate trending had an overall good adherence, as
87% of all pediatric ICUs reported performing routine
measurements for lactate trend in patients with septic shock.
As for central venous saturation, 19.5% of all pediatric ICUs
do not measure it routinely, and 42.8% perform intermittent
measurements only in selected patients.

Availability of other methods of invasive hemodynamic
monitoring was similar in both groups, as 75% of

private/philanthropic and 78.8% of public (SUS) units
reported not having any other method available.

All responses regarding hemodynamic monitoring
practices are detailed in table 4.

Fluid strategy assessment and vasoactive initiation
practices

Across all pediatric ICUs, fluid strategies favored the
use only in selected patients rather than the routine use of
hemodynamic monitoring parameters.

Specifically, 66.7% of public (SUS) units and 52.3% of private/
philanthropic units reported using inferior vena cava (IVC)-based
measurements (diameter and/or distensibility/collapsibility) to
guide fluid resuscitation only in selected patients, but only 9.1%
of public (SUS) units and 18.2% of private/philanthropic units
reported using those measurements in all patients.

Considering responses from all pediatric ICUs,
regardless of administration type, 40.2% reported not
testing for fluid responsiveness before a fluid bolus.

Crit Care Sci. 2026;38:20260262
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Table 4 - Monitoring practices

al pef?;if e phill’ar:It;t:J/pic T:lI;IS“): p value
n (%) n (%)
Availability of a specific protocol in the unit to guide resuscitation and
management of patients with septic shock
Yes, and all professionals follow the unit’s protocol 38(49.4) 27 (61.3) 11 (33.3) 0.015
Yes, there is a protocol, but there is no management and/or training of 22 (28.6) 9(20.4) 13 (39.4) 0.07
staff to apply it
No protocol available 17 (22) 8(18.3) 9(27.2) 0.34
In accordance with the current protocol in the unit, with the practical reality
of your ICU, based on a personal opinion
The protocol is it for our practical reality 53 (88.3) 34 (94.4) 19 (79.2) 0.06
Protocol is NOT fit for our practical reality 7(11.7) 2 (5.6) 5(20.8) 0.1
Availability of devices for invasive blood pressure monitoring
Available for all pediatric ICU beds 60 (77.9) 35 (79.5) 25 (75.7) 0.69
Some monitors are available in the unit 17 (22.1) 9 (20.5) 8 (24.3) 0.69
Not available 0 0 0
Proportion of invasive blood pressure monitoring devices used in patients
diagnosed with septic shock
Used in all patients 44 (57.1) 25 (56.8) 19 (57.5) 0.94
Used only in patients with refractory shock 17 (22.1) 11(25) 6(18.2) 0.47
Used only in patients who are on invasive mechanical ventilation 12 (15.6) 7 (15.5) 5(15.2) 0.92
Not used 4(5.2) 1(2.7) 3(9.1) 0.18
Routine practice of central venous saturation measures in patients with
septic shock
Measured continuously for all patients. 3(3.9) 2 (4.5) 1(3) 0.73
Measured intermittently for all patients 26 (33.8) 17 (38.6) 9(27.3) 0.29
Measured intermittently for some selected patients 33 (42.8) 20 (45.5) 13 (39.4) 0.59
Not routinely measured 15 (19.5) 5(11.4) 310(0.3) 0.038
Routine practice of lactate concentration measurement in patients with
septic shock
Lactate measurement is routine, and more than one measurement is 67 (87) 36 (81.8) 31 (94) 0.11
taken for comparison (lactate trend)
Only isolated measurements are taken 8(10.4) 6 (13.7) 2 (6) 0.28
Routine measurement is not performed 2 (2.6) 2 (4.5) 0 0.21
Availability of other methods of invasive hemodynamic monitoring of cardiac
output (eg : PICCO, Swan-Ganz, LIDCO, EV 1000)
Yes 18 (23.4) 11(25) 7(21.2) 0.69
No 59 (76.6) 33 (75) 26 (78.8) 0.69

ICU - intensive care unit; SUS - Sistema Unico de Satide; PiCOO - Pulse index Contour Continuous Cardiac Output; LIDCO - Lithium Dilution Cardiac Output.

Only 22.1% of total pediatric ICUs reported initiating Detailed answers are presented in tables 5 and 6.
vasoactive agents, regardless of fluid volume, and 70.1% reported Figure 4 shows some visual representation of statistically
mostly relying on clinical evaluation rather than hemodynamic significant differences in responses between private/
monitoring for initiation and titration of vasoactive agents. philanthropic and public (SUS) hospitals.

Crit Care Sci.2026;38:220260262
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Table 5 - Volume responsiveness assessment practices

Proportion of professionals trained in bedside echocardiogram who use
IVC diameter measurement and/or the qualitative assessment of IVC
distensibility/collapsibility used as a parameter to guide volume resuscitation

In all patients 11(14.3) 8(18.2) 3(9.7) 0.26
Only in selected patients. 45 (58.4) 23 (52.3) 22 (66.7) 0.22
Do not use 21(27.3) 13 (29.5) 8(24.2) 0.6

Proportion of pediatric ICUs that test fluid responsiveness assessed before
volume expansion

In all patients 5(6.5) 2 (4.5) 3(9.1) 0.42
Only in selected patients. 41 (53.3) 23 (52.3) 18 (54.5) 0.84
Do not routinely test volume responsiveness 31(40.2) 19 (43.2) 12 (36.3) 0.54

Preferred method to test fluid responsiveness

Through passive elevation of lower limbs and variation of echocardiogram 3(6.6) 2(8) 1(4.8) 0.73
measurements

Through fluid challenge and variation of echocardiogram measurements 28 (60.8) 14 (56) 14 (66.6) 0.34
Through fluid challenge and variation of clinical parameters 13(28.2) 8(8) 5(23.8) 0.72
Another method 2 (4.4) 1(4) 1(4.8) 0.83

ICU - intensive care unit; SUS - Sistema Unico de Satde; IVC - inferior vena cava.

Table 6 - Fluid therapy practices and vasoactive agents

Initial amount of fluids used before starting vasoactive agents

20ml/kg 26 (33.7) 13 (29.5) 13 (39.4) 0.36
30ml/kg 8(10.4) 4(9.1) 4(12.2) 0.66
40ml/kg 26 (33.7) 18 (40.9) 8(24.2) 0.12
Initiates regardless of initial fluids 17 (22.1) 9(20.5) 8(24.2) 0.69

Method of choice for starting vasoactive agents

Only clinical criteria, based on protocol 58 (75.3) 37 (84.1) 21 (63.6) 0.039
Based on other forms of hemodynamic monitoring 5 (6.5) 4(9.1) 1(3.1) 0.28
Based on echocardiography 14 (18.2) 3(6.8) 11(33.3) 0.03

Most frequently used criteria for initiation and titration of vasoactive agents

Clinical evaluation 54 (70.1) 30 (68.2) 24.(72.7) 0.66

Hemodynamic monitoring 23 (29.9) 14 (31.8) 9(27.3) 0.66

ICU - intensive care unit; SUS - Sistema Unico de Satide.

Crit Care Sci. 2026;38:€20260262
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ICU - intensive care unit.

Figure 4 - Comparison between private/philanthropic and public (Unified Health System) hospitals for significant variables. The bars represent
percentages, and the p-values indicate statistically significant differences (p < 0.05).

Exploratory association analysis

In bivariate models, units with a non-cardiac
clinical+surgical profile had higher odds of not testing for fluid
responsiveness before a bolus (OR 2.50, 95%CI 1.10 - 6.40;
p = 0.048). Public hospitals had higher odds of
not measuring ScvO, in septic shock (OR 3.40,
95%CI 1.03 - 11.10; p = 0.040), as did the non-cardiac
profile (OR 3.80, 95%CI 1.09 - 13.20; p = 0.030). No
covariate predicted performing serial lactate monitoring or
the availability of other advanced hemodynamic methods.
Public hospitals were less likely to have a protocol followed
by all professionals (OR 0.85, 95%CI 0.013 - 0.85;
p = 0.020), whereas accredited hospitals were more likely
to have such a protocol (OR 4.14, 95%CI 1.52 - 11.20;
p = 0.005). No covariate predicted initiation/titration,
mostly guided by hemodynamic monitoring.

In multivariable models, only the outcome “choice
of initial vasoactive agent based on echocardiography”
retained independent associations: public hospitals
(OR 6.30, 95%CI 1.30 - 30.30; p = 0.020) and
units where all professionals are specialists (OR 4.46,
95%CI 1.10 - 17.90; p = 0.030). For the other outcomes,

no covariate remained an independent predictor.

DISCUSSION

The results demonstrate a significant discrepancy
between clinical practices observed in Brazilian pediatric
ICUs and international guidelines, such as the SSC 2020."
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Although hemodynamic monitoring is widely recognized
as important in the management of sepsis and septic shock,
our survey highlights that most pediatric ICUs still rely
primarily on clinical assessment for initiation and titration
of vasoactive agents (70.1%) rather than on hemodynamic
monitoring (29.9%).

After the initial fluid bolus, current guidelines
recommend interpreting clinical findings with caution
and supplementing them with hemodynamic monitoring
to categorize shock and select vasoactive agents. They also
advise against distinguishing “warm” from “cold” shock
based solely on clinical signs, given the dissociation between
bedside examination and measured hemodynamics, and the
poor correlation between clinical assessment and cardiac
index/systemic vascular resistance.!"**?¥ Thus, protocols
suggest relying on parameters such as pulse pressure
variation, mean arterial pressure (MAP), and diastolic
arterial pressure rather than skin temperature, capillary
refill time, and pulse quality to classify shock type and
decide which vasoactive agent to start.13162425)

Another recommendation is early initiation of
vasoactive agents, which may lead to benefits such as
improved urine output, increased lactate clearance, and
a less positive fluid balance.?® However, 40.2% of all
pediatric ICUs reported not testing fluid responsiveness
before a bolus, and only 22% of units responded that they
initiate vasoactive agents regardless of the initial fluids,
with 33.7% responding that they initiate vasoactive agents
after 20mL/kg of fluids, and the other 33.7% only after
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40mL/kg of fluids. This delay in starting vasopressors
may result in the administration of up to 50mL/kg of
extra fluids in some patients when attempting to restore
blood pressure and adequate blood flow through fluid
replacement alone.??

It is known that, in children with sepsis, fluid
boluses can have paradoxical effects of vasodilation, with
subsequent worsening of arterial hypotension, promoting
damage to the glycocalyx, contributing to greater capillary
leak and myocardial dysfunction.®-*V In addition,
fluid overload (> 10%) is an independent predictor of
mortality, and patients who require mechanical ventilation
and/or vasoactive drugs represent the portion of patients
with the highest risk of mortality.®** Considering this
knowledge and results obtained in the FEAST trial,** the
2020 SSC guidelines? already gave recommendations for
fluid administration based on pediatric ICU availability,
meaning a more conservative approach should be followed
in low-resource settings where there is not intensive care
readily available, with maintenance fluids instead of fluid
boluses being given to non-hypotensive patients and
cautious titration of fluid boluses to clinical markers of
cardiac output in hypotensive patients.¥

The evaluation of hemodynamic status in sepsis must
be dynamic rather than static. Once hemodynamic stability
is achieved, de-escalation strategies can be employed to
remove excess fluid, which can be monitored by serum
lactate and capillary refill time to help determine
microcirculatory perfusion.®>* The combination of these
actions - rational fluid administration and timely removal
of accumulated fluid - has the potential to actually improve
outcomes in children with sepsis.®®

Beyond classification, the SSC 2020 also emphasizes
the importance of constantly reassessing the patient
response to each intervention performed, that is, after
administration of fluids as well as initiation of vasopressor
or inotropic agents, and that physical examination be
complemented by invasive blood pressure monitoring
and bedside echocardiography in order to take a more
informed decision.13:16-27:38)

However, despite near-universal echocardiography
availability (94.8% reporting pediatric ICU-dedicated or
hospital-shared devices), only 14.3% of pediatric ICUs
reported routine POCUS to guide fluid resuscitation,
and just 6.5% tested fluid responsiveness in all patients.
This availability-use gap points to implementation factors
rather than equipment scarcity as the main bottleneck.
We hypothesize that this selective use may stem from a
perception that clinical examination suffices in many cases,
that is, there might be a lack of perceived importance of

assessing fluid status in every patient. Such practice may
expose patients to avoidable fluid loading and delayed
vasopressor initiation when fluid status is not objectively
determined before resuscitation.

There is strong evidence that, in the absence of
hemodynamic monitoring, providers have limited
ability to determine cardiac output and patients’ volume
status."Y The use of POCUS is widely recommended
in the management of septic shock,"*” and it is known
that diagnostic accuracy can be significantly improved
when echocardiographic assessment is added to physical
examination.“? This method is often used in daily clinical
practice in high-income countries. Recent clinical trials
suggest that early use of bedside echocardiography by a
trained rapid response team can increase the number of
correct diagnoses, reduce time to treatment initiation, and
even improve patient survival when used appropriately at
the onset of respiratory or circulatory failure.V

Our findings point to implementation gaps at the
bedside. Brazilian ICU data and pediatric ICU-focused
reviews report that suboptimal adherence to POCUS
reflects execution barriers such as adequate training/
competency and equipment availability, emphasizing the
need for standardized training and credentialing.“?

Brazil is a continental country with substantial
regional and structural differences, and there are two
types of healthcare systems: a unified healthcare system,
which goes by the acronym SUS, which offers universal
public healthcare assistance, and private care, which
theoretically has more resources but may also have relevant
structural deficits.?

We compared both types of institutions in order to
clarify if those structural differences could be the reason for
implementation barriers and found heterogeneous resource
configurations across hospital types. More public (SUS)
units (63.3%) reported having an echocardiography device
exclusive for pediatric ICU use, while there is a greater
number of hospitals accredited by certifying organizations
among private/philanthropic hospitals (88.7%), in addition
to those units having a 24-hour cardiology service available
(50%) and also 61.3% reported having an institutional
protocol for managing patients with sepsis and septic
shock, for which 94.4% believe is in accordance with the
practical reality of their pediatric ICU.

Most of the units that responded to this study (76.6%)
reported not having any other methods for invasive cardiac
output monitoring available, and several care processes,
such as fluid resuscitation practices, assessment of fluid
responsiveness, invasive blood pressure monitoring, and
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initiation and titration of vasoactive agents, were similar
in public (SUS) and private/philanthropic units.

There are more similarities within the groups as there
was no statistically significant difference between public
and private/philanthropic hospitals regarding the number
of specialists working in the units, with less than 50%
having teams formed only by pediatric ICU specialists, nor
regarding the number of trained professionals to perform
POCUS, both groups having less than 40% of units with
a trained professional in every shift, even in private care,
indicating that the lack of specialists is one of the main
reasons for an underutilization of resources. From this, it
is understood that experienced professionals trained in the
identification and management of sepsis are as important
as the availability of resources for implementing a quality
service with evidence-based practices and for reducing
mortality from treatable conditions.®*¥

Following institutional guidelines for sepsis
management is one of the most effective ways to reduce
mortality rates, achieved by standardizing key aspects
of care, optimizing cardiovascular assessment methods,
minimizing errors in assistance, and preventing avoidable
complications.549 In this study, 23% of all units
reported not having a protocol for sepsis and septic shock
management in their pediatric ICUs or institution, in
addition to 28% who reported having an institutional
protocol, but without proper management or team training
to actually apply it.

In 2017, a review of the 2007 American College of
Critical Care Medicine (ACCM) recommendations was
conducted, noting significant variation in the algorithms
used across institutions, which depended on the complexity
of hospitals and the allocation of resources in each location.
Although it is reasonable for each institution to have its
own algorithms, it is understood that some key points
are necessary for the recognition, management, and
stabilization of patients with sepsis and septic shock.!
Recommendations such as the use of serial bedside
echocardiography,"'344D insertion of arterial catheter
for pulses counter analysis and to help achieve MAP
targets,"*¥ measurements of central venous saturation," use
of Pulse Contour Cardiac Output (PiCCO), Pulmonary
Artery Catheter and other forms of cardiac output
monitoring,">* are already well established as forms of
hemodynamic monitoring that contribute to more accurate
assessment of patient physiology and better outcomes in
septic patients.1>4)

The 2021 Latin American Consensus on Sepsis, in turn,
presented slightly more flexible recommendations regarding
hemodynamic monitoring methods, taking into account
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the particularities and limitations of specific regions.®
Therefore, it would be feasible to create institutional
protocols based on the resources available in each location,
ensuring standardized care within each unit, based on key
recognition points and specific treatment goals that need
to be achieved, regardless of the hemodynamic monitoring
methods used. Studies conducted in low- and middle-
income countries, along with actions such as implementing
training programs and adapting international protocols
to local realities, can contribute to improving clinical
outcomes in pediatric patients with sepsis and septic shock
in Brazil.

This study has limitations related to its method, which
uses self-reported, non-audited data; it is important to keep
in mind that reported adherence to guidelines/protocols
may not reflect real-world practice. Our questionnaire
distinguished availability from routine use, but social
desirability and recall can still bias responses toward
perceived best practice. This consideration tempers the
interpretation of seemingly high protocol availability and
may help explain the persistent reliance on clinical signs
for fluid boluses and the initiation of vasoactive agents.

The sampling frame is subjected to a convenience bias
as it comprised the BRnet-PIC network with participation
of 77 out of the 107 (72%) registered pediatric ICUs in
the network, with 63.7% of the answers concentrated in
the Southeast region.

For reference, Brazil has 209 pediatric ICUs registered
in the EpiMed Database®,*? taking that number into
account, our study had a participation of 36.8% of the
total number, that accounting for 33 out of 84 public
(SUS) pediatric ICUs (39.2%) from the North, Northeast
and Central-West regions of the country, which are the
regions with the greatest scarcity of resources.“® If we
take it a step further and consider Brazil has 425 pediatric
ICUs registered at the 2025 DATASUS report?" our study
counted with a participation of only 18% of the total
pediatric ICUs in the country and an even lower number
of responses, only 21 out of 161 existing pediatric ICUs®"
in the most resource-limited regions in Brazil.“®

In other words, relative to national frames, our sample
showed regional imbalances, with an over-representation
of the Southeast and under-representation of the North,
Northeast, and Center-West regions, which limits our
ability to extrapolate results to those regions.

Given voluntary participation and a limited sample
within a Brazilian pediatric ICU research network, our
findings may represent a best-case scenario of current
practices in Brazil, as units with protocols or advanced
technologies may have been more likely to respond,
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potentially overestimating adherence and resource
availability. Likewise, the EpiMed Database®/AMIB
census“® cited for context is itself a convenience sample
of participating units, not a census of national capacity.

Therefore, even with results that indicate low adherence
to monitoring protocols, convenience sampling and a
response rate below 50% relative to the estimated total
of units may limit generalizability and indicate that we
may still have overestimated relevant data, such as the
percentage of units that have a whole team of specialists
(42.3%) or at least the majority of specialists (> 50% of
the team) working in the unit (32.1%), which means
those numbers could be even lower, considering that
most units that responded were in the southeast region,
one of the most developed regions of Brazil.“>*® A smaller
number of specialists working in pediatric ICUs may
mean that fluid therapy and hemodynamic monitoring
practices are even further away from those recommended
by guidelines.

That being said, our sampling frame was the BRnet-
PIC network, not the entire country, so we do not claim
national representativeness. Results should therefore be
interpreted as descriptive of participating network pediatric
ICUs rather than fully representative of all Brazilian
pediatric ICUs.

Bridging the gap between recommendations and bedside
practice will require pragmatic implementation studies and
multicenter quality-improvement initiatives that combine
standardized POCUS/hemodynamic training, adapted
guidelines for limited-resource settings and practice patterns,
and prioritizing underrepresented regions and measuring
both process and patient-centered outcomes.

CONCLUSIONS AND PERSPECTIVES

This study portrays a significant discrepancy between
clinical practices in Brazilian pediatric intensive care units
and international recommendations for the management
of pediatric sepsis and septic shock, highlighting the
overreliance on clinical assessment rather than hemodynamic
monitoring and the underutilization of advanced tools
such as point-of-are cardiac ultrasound, which may
compromise the optimization of fluid resuscitation and
timely initiation of vasoactive agents. A comparison between
public and private/philanthropic hospitals highlighted
heterogeneous resource configurations but broadly similar
processes of care, suggesting that gaps in implementation
and workforce training, rather than equipment alone,
are the predominant barriers. To translate these gaps into
measurable improvement, pragmatic implementation

studies and multicenter quality-improvement
initiatives are warranted to tailor recommendations for
resource-limited settings, evaluate impact, and sustain
adherence to guideline-concordant care.
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