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Abstract

Background: Sepsis remains a major health challenge with high mortality. Adequate volume administration is fundamental for
a successful outcome. However, individual fluid needs differ between patients due to varying degrees of systemic vasodilation,
circulatory flow maldistribution, and increased vascular permeability. The current fluid resuscitation practice has been questioned.
Fluid overload is associated with higher mortality in sepsis. A sign of fluid overload is extravascular lung water, seen as B lines
in lung ultrasound. B lines correlate inversely with oxygenation (measured by a ratio of the partial pressure of arterial oxygen to
the fraction of inspired oxygen ie, PaO2/FiO2). Thus, B lines seen by bedside ultrasound may have a role in guiding fluid therapy.

Objective: We aim to evaluate if fluid administration guided by lung ultrasound in patients with sepsis in emergency departments
will lead to better oxygenation and patient outcomes than those in the standard therapy.

Methods: A phase II, multicenter, randomized, open-label, parallel-group, superiority trial will be performed. Patients will be
recruited at emergency departments of the participating centers. A total of 340 patients will be randomly allocated to the intervention
or standard-of-care group (30mL/kg). The intervention group will receive ultrasound-guided intravenous fluid until 3 B lines
appear. The primary outcome will be oxygenation (measured as PaO2/FiO2 ratio) at 48 hours after starting intravenous fluid
administration. Secondary outcomes will be patients’ outcome parameters, including oxygenation after 15 mL/kg fluid at 6, 12,
24, and 48 hours; sepsis progress through Sequential Organ Failure Assessment (SOFA) scores; pulmonary edema evaluation;
and 30-day mortality.
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Results: The trial will be conducted in accordance with the Declaration of Helsinki. Institutional review board approval will
be sought after the participating sites are selected. The protocol will be registered once the institutional review board approval is
granted. The trial duration is expected to be 1.5-2.5 years. The study is planned to be performed from 2021 to 2022, with enrollment
starting in 2021. First results are expected in 2022. Informed written consent will be obtained before the patient’s enrollment in
the study. An interim analysis and data monitoring will ensure the patient safety. The results will be published in a peer-reviewed
journal and discussed at international conferences.

Conclusions: This is a protocol for a randomized control trial that aims to evaluate the role of bedside ultrasound in guiding
fluid therapy in patients with sepsis via B lines evaluation.

International Registered Report Identifier (IRRID): PRR1-10.2196/15997

(JMIR Res Protoc 2020;9(8):e15997) doi: 10.2196/15997

KEYWORDS

sepsis; fluid resuscitation; PaO2/FiO2; B-Lines; point-of-care ultrasound; pulmonary edema; oxygenation; outcomes; emergency
department; ultrasound; lung

Introduction

Sepsis is a significant cause of in-hospital mortality [1]. Prompt
and adequate intravenous (IV) fluid therapy is essential in the
treatment of sepsis and to reduce sepsis mortality [2,3].
Especially, immediate initial resuscitation in an emergency
department can impact patients’ outcomes [4-6]. In 2001, fluid
resuscitation with the volume of 30 mL/kg, as early-goal
directed-therapy, was added to the standard therapy for sepsis
in the emergency department [7]. However, later studies on the
Protocolized Care for Early Septic Shock (ProCESS),
Australasian Resuscitation in Sepsis Evaluation (ARISE), and
Protocolised Management in Sepsis (ProMISe) debated this
initial fluid amount. These studies suggested that the fixed
amount approach is not appropriate and beneficial for all patients
and can be even harmful [8-11]. Even the 2016 definitions of
sepsis and septic shock (Sepsis-3) failed to redefine this amount
[12-14].

Studies suggest that only 50% of patients with sepsis respond
positively to increased fluid administration [15] since the
mechanism of circulatory compromise in sepsis is not related
to actual hypovolemia. Therefore, excessive volumes are
considered harmful and can cause myocardial dysfunction,
pulmonary congestion, and decreased cardiac output [16].

Techniques like passive leg raising and inferior vena cava
monitoring are useful to identify additional fluid responsiveness
in patients [17-19]. However, these tests are cumbersome and
time-consuming, especially in the busy emergency department
setting [20]. Reliability of passive leg raising test is limited for
spontaneously breathing patients or with intra-abdominal
hypertension. The test may also be inconvenient in case of pain
[18,19,21]. Hence, there is a need for additional means to guide
fluid therapy in patients with sepsis.

There is evidence that bedside lung ultrasound can guide the
fluid therapy. Positive net fluid balance correlates with
extravascular lung water (EVLW) and is associated with higher
mortality in patients with sepsis [5]. EVLW detection by the
Fluid Administration Limited by Lung Sonography
(FALLS)-protocol can be used to monitor acute circulatory
failure based on the presence of B lines [22,23]. B lines are
related to the thickening of interlobular septa, which is a

pathological ultrasound sign [22,24,25]. Additionally, lung
ultrasound is used to detect pulmonary edema with a sensitivity
and specificity of 97% and 95%, respectively [22,25].

Observational studies suggest that the number of B lines
correlates with the amount of EVLW. There is an inverse
correlation between the number of B lines and oxygenation
measured as the ratio of the partial pressure of arterial oxygen
(PaO2) to the fraction of inspired oxygen (FiO2) [26]. The
PaO2/FiO2 ratio is an integral part of the Sequential Organ
Failure Assessment (SOFA) score, a score to assess and
diagnose sepsis severity [14,27,28]. Elevated SOFA scores are
associated with higher mortality in patients with sepsis [29].
However, lung ultrasound for guiding individualized fluid
treatment in sepsis has never been tested in a randomized
controlled setting.

We propose to limit the initial fluid volume in the treatment of
patients with sepsis in the emergency department by detecting
EVLW with lung ultrasound. This approach could enable
physicians to better assess and meet individual fluid needs of
patients with sepsis. This proposal may also lead to an improved
therapy regimen for initial sepsis treatment that avoids
administration of excess fluid volume, in turn, limits the
consequent damage and decreases mortality in this high-risk
group.

Therefore, we plan a randomized controlled trial with the
primary objective to assess if fluid administration guided by
bedside lung ultrasound can lead to an improved oxygenation
(PaO2/FiO2) 48 hours after fluid administration than that in the
current standard of care fluid administration in adult patients
with sepsis in the emergency department.

Secondary objectives are to determine whether fluid
administration guided by bedside lung ultrasound positively
impacts the course of treatment after 15 mL/kg fluid at 0, 6, 12,
24, and 48 hours. These objectives will be evaluated by
PaO2/FiO2 ratio, pulmonary outcomes (pulmonary edema, acute
respiratory distress syndrome, or the need for invasive
mechanical ventilation), the severity of sepsis (SOFA score),
kidney function (mean creatinine level), the volume of
administered fluid, and 30-day mortality.
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Methods

Study Design
The trial (protocol version 1.1, April 2020; preprint version 1.0,
April 2019 [30]) will be conducted as a prospective phase II
multicenter, open-label with blinded endpoint assessment,
parallel-group, randomized controlled trial. Study design will
follow the Population, Intervention, Control, Outcome, and

Time (PICOT) format (Multimedia Appendices 1 and 2). SPIRIT
(Standard Protocol Items: Recommendations for Interventional
Trials)- and CONSORT (Consolidated Standards of Reporting
Trials)-compliant flow diagram is shown Figure 1.

Multimedia Appendices 2 and 3 respectively present
SPIRIT-compliant flow diagram and checklist, respectively.

The schedule of enrollment, interventions and assessments is
shown in Table 1.

Figure 1. SPIRIT- and CONSORT-compliant flow diagram of study design. ED: emergency department; FiO2: fraction of inspired oxygen; GCS:
Glasgow Coma Scale; IV: intravenous; PaO2: partial pressure of arterial oxygen; qSOFA: quick Sequential Organ Failure Assessment; SOFA: Sequential
Organ Failure Assessment; US: ultrasound.

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e15997 | p. 3http://www.researchprotocols.org/2020/8/e15997/
(page number not for citation purposes)

Mohamed et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. SPIRIT-compliant schedule of enrollment, interventions and assessments.

Study periodStudy schedule sections

PrognosisPost-allocationAllocationEnrollment

30 dIn-between48 h24 h12 h6 h0

h
T1aTime points

Enrollment

XEligibility screening

XInformed consent

XRegistration form

XBaseline assessment (clinical fea-

tures): sepsis with a qSOFAb score≥2;
low systolic blood pressure≤100
mmHg; respiratory rate≥22 breaths
per minute; altered mentation with
Glasgow coma scale score<15

XBaseline assessment (laboratory pa-
rameters): ultrasound; PaO2/FiO2;
arterial blood gas analysis; x-ray, NT-
proBNP

XAllocation

Interventions

XXXXXIntervention arm (fluid administration
- 15mL/kg and ultrasound)

XXXXXPlacebo (standard-of-care - 30mL/kg)

Assessments

XXXXXPrimary (PaO2/FiO2)c

XXXXXSecondary: PaO2/FiO2/Pulmonary

outcome/SOFAd score/creatinine/vol-
ume

XPrognosis (30-day mortality)

XXXXXDocumentation (amount of fluid)

aT1: timepoint 1 before baseline; unknown units of time.
bqSOFA: quick Sequential Organ Failure Assessment.
cPaO2/FiO2: partial pressure of arterial oxygen/ fraction of inspired oxygen.
dSOFA: Sequential Organ Failure Assessment.

Study Setting and Study Center Requirements
The study will be conducted as a multicenter study. Centers
will be chosen and listed in the trial registration. Inclusion
criteria will be as follows: patients with sepsis admission
rate≥1000 patients/year; emergency department with necessary
resources; personal and technical equipment (chest x-ray,
point-of-care ultrasound devices, and access to blood analysis);
intensive care unit (ICU); 24-hour availability of trained
physicians; and academic hospital with an institutional review
board conforming with the main center’s institutional review
board). The participating centers will follow standardized written
protocols for the evaluation and acute treatment of patients with
suspected sepsis or septic shock.

To guarantee compliance with the protocol and application of
the same technique, physicians responsible for ultrasound will

participate in a practical workshop for lung ultrasound conducted
by physicians from the main study center. These participant
physicians must demonstrate their competency in lung
ultrasounds (through 20 or more scans that will be validated by
a main center radiologist or a point-of-care ultrasound–certified
emergency department physician).

The physicians responsible for the treatment will have
experience in the treatment of patients with sepsis following
the hospital's standardized protocols and Sepsis-3 guidelines.
Investigators following up on patients will be either physicians
or trained nurses.

Adherence to the study requirements and standardized protocol
will be ensured at the participating sites with periodic quality
monitoring and training of the associated staff.
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Further roles and details will be mentioned in the protocol
registered after acquiring funding, ethical approval, and selecting
participating centers [31].

Recruitment and Adherence
Patients with suspected sepsis, that is, patients with a quick
Sequential Organ Failure Assessment (qSOFA) score≥2 at the
participating centers will be screened based on routine
diagnostics and eligibility criteria and would consent to
participate in the study. A low dropout rate is expected, due to
short intervention time and fewer and brief follow-up periods.
Nonetheless, participants will be informed about their right to
withdraw from the study; and in the case of dropouts or
withdrawal, the reasons will be documented. To achieve a
sample size of 340 patients, a recruitment time of around 12-18
months is needed based on annually admission rate of 1000

patients and an expected recruitment rate of 5%-10%
(50/1000-100/1000) per center. Multimedia Appendix 2 depicts
the template for an attrition diagram [32]).

To ensure adherence, a standardized protocol and a checklist
for the intervention will be provided to the participating centers
and followed for each participant by the study investigators.
The study investigators will document the patient's further
treatment and monitor the treating department staff, to ensure
that the protocol and necessary variables are documented.
Patients or relatives will be reminded at the time of discharge
from the hospital that they will be contacted for a follow-up.

Eligibility Criteria
The eligibility criteria for patient recruitment is shown in
Textbox 1.

Textbox 1. Inclusion and exclusion criteria for patient recruitment.

Inclusion Criteria:

• Admitted into the emergency department.

• Age 18-65 years.

• Sepsis with a quick Sequential Organ Failure Assessment (qSOFA) score≥2 [3,14,28,33]

• Consent by the patient or legal guardian.

Exclusion Criteria:

• Mechanical ventilation at screening.

• Unconsciousness when admitted to emergency department (with Glasgow Coma Scale score<8)

• Preexisting pulmonary pathology as assessed by clinical symptoms or radiographic evidence in chest x-ray or by pulmonary bedside ultrasound
(>2 B lines, a comet-tail artifact)

• History of pulmonary disorders (chronic obstructive pulmonary disease, asthma, parenchymal lung disease, or edema) or procedures.

• Preexisting cardiac pathology, disease, or dysfunction (ejection fraction<50, New York Health Association class>2) lung, or cardiac surgical
procedures.

• History of liver cirrhosis, cancer, autoimmune disease, or immunosuppression.

• Patients under palliative care and patients facing imminent and inevitable death in the next 30 days due to causes other than sepsis

• Severe burns.

• Advanced kidney disease (chronic kidney disease stage 4 or above)

• Unstable medical conditions (eg, uncontrolled diabetes, uncompensated cardiac issues, heart failure, or chronic obstructive pulmonary disease).

• Pregnancy

• With other reasons or diseases needing a restricted fluid administration

Randomization and Blinding
Randomization will be web-based across centers using simple
randomization stratified for patient’s age and center, with 1:1
allocation. The sequence will be confidential and will be
managed by a researcher independent of patient treatment. The
treating physician will use the web-based randomization
service—Viedoc (PCG Solutions AB). To increase the internal
validity, possible confounders, such as pulmonary disorders,
mechanical ventilation affecting imaging findings and bias
results, kidney disease, and pre-existing cardiac disorders will
be excluded by strictly implementing the eligibility criteria
(Figure 1, Textbox 1, and Multimedia Appendix 2).

Patients and physicians will be unblinded to avoid endangering
the patient's health and life in the situation of an emergency.
However other study investigators collecting data, drawing
blood samples for the analysis of PaO2/FiO2 and other
parameters, and documenting, entering, or analyzing data will
be blinded. Allocation concealment will be maintained until all
data is collected and analyzed for the blinded personnel. The
treating physician and patients will be instructed not to disclose
information to the independent assessor and the data analyst.
All breaches of blinding will need to be reported and
documented.
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Intervention
Trained physicians will perform lung ultrasound following the
Bedside Lung Ultrasound in Emergency (BLUE) protocol
technique [34]—an ultrasound protocol to identify points at the
thoracic cage of patients using both hands of the investigator
(Figure 2)—to identify pulmonary edema by the appearance of
B lines [26].

Panel A shows a patient with sepsis admitted to the emergency
department. Patient will be surveyed for eligibility and will
accordingly receive either fluid limited by lung ultrasound or
30 mL/kg (ie, the control group). Ultrasound will be performed
as per the BLUE protocol. Panel B shows how to identify points
on the thoracic cage of a patient through morphological
examination using both hands: little finger of the upper hand is
just below the clavicle, fingertips at middle line, and the lower
hand below the upper hand. The upper BLUE-point is at the
middle of the upper hand, and the lower BLUE-point is at the
middle of the lower palm, creating 4 points in both
hemithoraxes. At these points (1-4, as shown in panel C),
ultrasound will be conducted and fluid will be given until 3 B
lines appear in the ultrasound. BLUE protocol defines B lines
as those vertical and echogenic narrow-based lines that widen
progressively as they pass to the other end of the image [25,34].

A phased array (1-5 MHz) transducer will be used. The images
will be acquired while the patient is in a supine position, saved,

and coded for further quality control and assessing inter-rater
reliability. A baseline lung-ultrasound scan to assess the extent
of B lines (Figure 2) will be performed. Subsequently, the
resuscitation target in the intervention arm will be determined
or limited by lung ultrasound as follows (Figure 1). Repeated
ultrasound scan will be performed after the initial 15 mL/kg IV
fluid bolus in the intervention arm and then after every 500 mL
of fluid administration. If 2 B lines appear, scans will be
performed after every additional 300 mL of fluid in the
intervention arm. When 3 or more B lines are present bilaterally
in more than 2 areas, further fluid administration will be stopped.
Therefore, fluid resuscitation target for the intervention group
is to administer volume until the appearance of 3 B lines
(Figure1). If a further hemodynamic compromise is detected in
the intervention arm following IV fluid discontinuation,
vasopressors will be started or continued as per the Sepsis-3
guidelines (Figure 1).

The control arm will be assessed by a baseline lung ultrasound
to document the absence of B lines and will then receive at least
30 mL/kg fluids as per the Sepsis-3 guidelines. After the initial
bolus, the type and rate of IV fluid administration will be left
to the discretion of the treating physician and the local
emergency departments’ protocols. All concomitant care and
interventions are permitted during the trial.

Figure 2. Bedside Lung Ultrasound in Emergency (BLUE) protocol.

Outcomes
The primary outcome is the oxygenation (measured as mean
PaO2/FiO2) at 48 hours after IV fluid administration. We expect
a higher mean of PaO2/FiO2 in the intervention arm, which will

be considered beneficial. A lower PaO2/FiO2 ratio is a sign of
oxygenation compromise, which can occur with excessive fluid
administration and increased EVLW. We will use PaO2/FiO2

ratio because it is a reliable and commonly used index of

JMIR Res Protoc 2020 | vol. 9 | iss. 8 | e15997 | p. 6http://www.researchprotocols.org/2020/8/e15997/
(page number not for citation purposes)

Mohamed et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


oxygenation that is easy to obtain and clinically significant as
a predictor for mortality in patients with sepsis [26,35]. Arterial
blood samples will be obtained for PaO2 measurement. FiO2

will be estimated based on widely accepted approximated values
for those patients not mechanically ventilated [36].

The secondary outcomes will be assessed at time points of 0,
6, 12, 24, and 48 hours and after 15mL/kg of fluid
administration, and also at 30 days. We will then evaluate (1)
means of PaO2/FiO2 ratio between groups at these time points,
(2) the incidence of pulmonary outcomes (pulmonary edema,
acute respiratory distress syndrome, or need for invasive
mechanical ventilation), (3) mean SOFA score, (4) mean
creatinine level (in milligram per deciliter), (5) mean amount
of volume of administered fluid, and (6) proportion frequency
of 30-day mortality. Additionally, the type of IV fluid will be
documented (Table 1).

Pulmonary outcomes (namely, pulmonary edema) will be
confirmed by physicians based on symptoms and signs (eg,
shortness of breath after fluid resuscitation and crackles),
laboratory parameters (raised NT-proBNP, adjusted for age
[37]), and x-ray findings suggestive of pulmonary edema.

The outcomes will be measured and documented in data
collection forms by a nurse from the participating center. These
forms will be made available in the protocol. Reliability and
validity of laboratory tests at different participating centers will
be made available in the protocol.

Ethical Considerations
The protocol, templates, consent forms, and other requested
documents (local language and English versions) will be
reviewed and approved by the institutional review board/ethical
committee at each participating site for the scientific content
and regulatory compliance. Any modifications to the protocol
will require a formal amendment and approval by the concerned
institutional review board/ethical committee, notification to
other research centers, and information update of trial
registration [31].

Research investigators and physicians will have an informed
discussion about the study details with conscious patients and
provide printed information. The study investigator will use
clinical judgment to discern between patients competent and
incompetent to make a decision regarding their participation.
Research investigators will obtain written consent from patients
willing to participate in the study and will take the responsibility
to protect those patients and follow ethical standards. Since it
is likely that these patients might be ill or incompetent of taking
decision at the time of giving consent. In such a case, the patient
and their legal representative will receive an explanation about
study details. They will be asked to provide an informed consent
after expressing an understanding of the study procedures. When
the patient is incapable of making a decision and there is no
legal representative, the patient’s next of kin will be asked
(either in-person or by phone) to provide a no-objection form
based on his or her understanding of the patient’s wishes. If a
no-objection form is provided, the patient will be included in
the trial procedure since the intervention and assessment do not
involve additional invasive or risky procedures. These patients

will be retrospectively consented for their data to be included
in the study as is the practice in other protocols [38]. Without
a consent/no-objection form, the patient will be excluded from
our study and will receive the usual care. We will reconsider
the informed consent procedure repeatedly during the study in
order to respect patients’ rights to withdraw from the study at
any time. Strict data monitoring guidelines will be followed
(Multimedia Appendix 4 Data Monitoring).

Sample Size Justification
The sample size considerations were based on the PaO2/FiO2

differences between groups obtained from comparable
prospective studies [26,39,40], where EVLW indices were used
as a predictor for mortality. A PaO2/FiO2 ratio difference (delta)
of 48 mm Hg was detected between the groups of survivors
(mean 150, SD 81) and nonsurvivors (mean 198, SD78). Based
on these studies, a delta of 25 mm Hg between the groups was
considered clinically meaningful and feasible for our study.
Interim analysis for safety reasons will be performed after 50%
(170/ 340) of patient recruitment. An independent blinded
statistician would perform the interim analysis and report to the
data safety monitoring committee, as only safety is the
monitored outcome no alpha level modification is needed
(Multimedia Appendix 4 Interim analysis and safety).

The sample size was calculated (α=.05; ß=.80) with a potential
dropout rate of 5% (17/340), resulting in n=170 patients per
arm in a total of N=340 patients (Figure 1).

Statistical Analysis
The primary outcome will be PaO2/FiO2, a continuous variable.
Mean (SD) will be reported after testing for normality, and then
will be analyzed via t test. For secondary outcomes, a repeated
measure ANOVA and t test will be used for analysis of
continuous data. Categorical data will be reported using
proportions and will be analyzed using chi-square test.

All analysis will be conducted according to the principle of
intention-to-treat, and multiple imputation technique will be
used to account for missing data. A subgroup analysis will be
performed based on randomization of age, site, and severity of
sepsis. An intention-to-treat analysis approach will be used in
this study (Multimedia Appendix 4 Missing Data).

Limitations and Contingency Planning
Our study might lead to promising results but is not without
limitations. The use of surrogate markers can be seen as a
limitation. Using a surrogate marker to ensure study feasibility
is universal in phase 2 trials. We will plan to study hard clinical
outcomes in the following phase III trial. The chosen surrogate
variable of PaO2/FiO2 ratio is a central component of the SOFA
score [27,41]. Higher SOFA scores are associated with higher
mortality [29]. Lower PaO2/FiO2 ratio is associated with adverse
outcomes in patients with sepsis [41]. Additionally, the SOFA
score will be assessed to evaluate changes in the patient’s status
over time since it is a core component of Sepsis-3 guidelines
[14,28] and has predictive value [42]. It represents a valuable
additional surrogate variable. These surrogate variables will be
supplemented by other variables essential for evaluating the
progress of sepsis.
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We have strict inclusion and exclusion criteria in order to
enhance the detectability of differences between groups and
show the efficacy of the intervention if present. However, this
may limit the external validity of our results and slow down the
recruitment process. (Multimedia Appendix 4 Contingency
Planning).

Ultrasound is an operator-dependent intervention. To standardize
the ultrasound technique and interpretation, trained physicians
who prove competent will perform the ultrasound. Kappa
statistics will be used to assess inter-rater reliability.

Results

The study funding and ethical approval are being acquired, and
the participating centers are being selected. The protocol will
be registered with the intended registry name “Fluid
administration in Emergency Room limited by Lung Ultrasound
(FERLU) in patients with sepsis [31]: a phase II multicenter
randomized controlled trial.” The protocol will follow the
SPIRIT checklist (Multimedia Appendix 3) [43] and include
all items from the World Health Organization Trial Registration
Data Set. Details of sponsorship, complete protocol, and model
consent forms will be provided. Changes will be regularly
updated. The study is planned to be performed from 2021 to
2022, with enrollment starting in 2021. First results are expected
in 2022. Based on the results of this study, independent
recommendations will be made for potential further clinical
trials and their designs. The results will be disseminated at
international meetings in the fields of emergency medicine and
intensive care and published in a peer-reviewed journal. The
study will follow the authorship criteria of the International
Committee of Medical Journal Editors for all publications.

Discussion

The protocol and subsequent results can be the basis for an
improved and individualized therapy regimen for initial sepsis
treatment, which avoids damage resulting from excess fluid. It

will be a further step toward new guidelines on tailored therapy
approach for fluid administration in the management of sepsis.

Sepsis is one of the main reasons for ICU admissions, and
6%-30% of all ICU patients are assumed to suffer from sepsis
[44]. The disease is associated with a high mortality and a
considerable cost burden [45-47]. The adequate initial volume
application is essential in the initial resuscitation of sepsis
[8-11], and it affects patients’ outcome and mortality risk [4-6].
There is a need for individualized fluid resuscitation of patients
with sepsis and septic shock at emergency departments [8-11].
Therefore, there is a need for reliable, fast, and easily applicable
screening tools and protocols to individualize the fluid amount
for every patient. This approach could be also embedded as a
telemedicine expert consultation to save resources [48]. Lung
ultrasound following the FALLS-protocol could be a feasible
and aiding approach [22,24].

Lung ultrasound as per the FALLS-protocol is not well validated
yet. Therefore, our proposed trial, as a first randomized clinical
trial, will lay the ground for developing and validating the
bedside lung ultrasound protocol for detecting EVLW as a tool
guiding early treatment in the emergency department and help
to validate the FALLS-protocol usage in emergency
departments.

In this phase II multicenter parallel-group superiority trial, we
will guide the fluids using bedside lung ultrasound in patients
with sepsis evaluated by B lines as a marker for EVLW. Based
on previous literature, it is hypothesized that patients receiving
individually-adapted fluid therapy limited by lung ultrasound
have better oxygenation leading to a better outcome and lower
risk of mortality. With positive results, the study would proceed
to a phase III with more liberal inclusion and exclusion criteria
mimicking a real-life scenario. FERLU trial will lead to a deeper
understanding of the fluid response in sepsis. The results of this
study could help to decrease the mortality in this high-risk group
of patients with sepsis by providing physicians an additional
tool applicable in the emergency.
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