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SUMMARY 
 
Background 

Fluid administration is regarded an important part of sepsis treatment. Recommendations do not guide 

in fluid administration to patients with sepsis without shock or hypotension. Our primary aims were to 

describe current fluid administration, to describe the clinical choices around fluid administration, and 

investigate if a restrictive fluid protocol was feasible in ED patients with sepsis.     
 

Methods 

We conducted a prospective, multicenter study investigating oral and intravenous fluid volumes in 

patients admitted with suspected infection of any severity. We assessed fluid volumes as well as 

associations between clinical variables and fluid volumes.  

 We developed and conducted a survey study, investigating triggers, facilitators and barriers to fluid 

administration and self-reported treatment in four clinical scenarios. 

 Lastly, we conducted the multicenter, randomized, feasibility trial, Restrictive Fluid Administration 

vs. Standard of Care in Emergency Department Sepsis Patients (REFACED Sepsis trial) in which sepsis 

patients without shock were randomized to either 24-hour restrictive fluid administration or standard 

care. The primary outcome was the mean difference between intravenous, crystalloid fluid volumes.   
 

Results 

We included 734 patients with 24-hour fluids available. Fluid volumes varied between 200-15870 ml. 

Patients with simple infection received 3656 ml (mean, standard deviation (SD): 1675) and sepsis 

patients 3762 ml (SD: 1839), combined oral and intravenous fluids, with no statistically significant 

differences between the total volumes. Sepsis patients received significantly less oral fluids and more 

intravenous fluids compared to simple infection. Clinical variables explained 37% of fluid variation. 

Fluid administration was regarded challenging, and most decisions were based on clinical judgement. 

Blood pressure was the most used trigger for fluid administration.  

 We randomized 124 patients in 6 weeks; 32% of eligible patients. At 24-hours, the mean intravenous 

crystalloid fluid volumes were 562 ml (SD: 1076) vs. 1370 ml (SD: 1438) in the restrictive vs. standard 

care group (mean difference -801 ml (95% CI: -1257 to -345),  -58%, p = 0.001). There were no 

differences in adverse events or other outcomes.  
 

Conclusion 

Current fluid administration varies substantially. Fluid administration is challenging and often guided by 

blood pressure. We achieved a significant separation in volumes with no signs of harm in 24-hour fluid 

restriction vs standard care in ED patients with sepsis. A future large-scale trial appears feasible.  
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SUMMARY IN DANISH (DANSK RESUMÉ) 
 

Baggrund 

Væskebehandling betragtes som en vigtig del af behandlingen af sepsis (akut infektion, i folkemunde 

kaldet blodforgiftning). Guidelines giver anbefalinger til behandling af septisk shock men ikke til 

patienter med sepsis uden shock. Vores formål var at undersøge den nuværende væskebehandling af 

patienter med mistænkt infektion, at undersøge klinikernes beslutningstagning omkring 

væskebehandling, og slutteligt undersøge om en væskeprotokol, som begrænsede væskebehandlingen 

til sepsis-patienter, var gennemførlig.  
 

Metode 

Vi gennemførte et prospektivt, deskriptivt studie, hvor patienter med mistænkt infektion fik registreret 

intravenøse væsker og drikke i 24 timer. Vi undersøgte væske-voluminer og kliniske variables indflydelse 

på disse voluminer.  

 Vi udviklede og gennemførte en spørgeskemaundersøgelse om faktorer, der udløser 

væskebehandling, samt udfordringer til vurdering af dette. Vi inkluderede fire kliniske scenarier.  

 Vi gennemførte et klinisk, multicenter, pilotforsøg, hvor vi randomiserede patienter til enten 24 

timers restriktiv eller standard væskebehandling. Det primære effektmål var forskel i 24 timers 

intravenøs væske imellem de to grupper.   
 

Resultater 

Vi inkluderede 734 patienter som havde 24-t væske registreret. Væske-voluminer varierede mellem 200-

15870 ml. Patienter med simpel infektion fik i gennemsnit 3656 ml (standard deviation (SD): 1675), og 

patienter med sepsis 3762 ml (SD: 1839), samlet intravenøst og peroral væske. Sepsis-patienter fik 

mindre peroral men mere intravenøs væske end patienter med simpel infektion. Kliniske variable 

forklarede 37% af variansen i væskemængder.  

 I spørgeskemastudiet fandt vi, at væskebehandling er udfordrende, og de fleste beslutninger bygger 

på klinisk vurdering. Blodtryk var den hyppigst brugte trigger til at starte intravenøs væskebehandling.  

 Vi randomiserede 124 sepsis-patienter. På 24 timer fik patienter i den restriktive gruppe 562 ml (SD: 

1076) intravenøst krystalloid vs. 1370 ml (SD: 1438) i standard-gruppen (forskel: -801 ml (95% CI: -1257 

to -345), p = 0.001). Der var ingen forskelle i bivirkninger eller andre kliniske endemål.  
 

Konklusion  

Nuværende væskebehandling varierer meget. Væskebehandling er udfordrende og ofte guidet af 

blodtryk. Vi opnåede separation i væskevoluminer uden tegn til flere bivirkninger ved 24-t restriktiv vs. 

standard væskebehandling af sepsispatienter i akutafdelingen. Et fremtidigt studie synes gennemførligt.  
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BACKGROUND 

 
Sepsis is defined as a life-threatening organ-dysfunction caused by a dysregulated host-response to 

infection.1 Sepsis is a syndrome encompassing a still somewhat uncertain pathophysiology.1 Worldwide, 

there has been estimated to be more than 48 million sepsis incidents yearly leading to approximately 11 

million deaths.2  

 
Sepsis history and definitions  

 Sepsis (from Greek (σηψις): “decomposition of animal or vegetable organic matter in the presence of 

bacteria”3) has been described since Hippocrates and Galen in ancient Greece and Rome.3, 4 During the 

last centuries, the understanding of sepsis has evolved. Especially the works by Semmelweis, Lister and 

Pasteur, elucidating the germ theory in the 19th century, lead to seminal advancements in the 

understanding of sepsis.4, 5 Because the introduction of antibiotics and the germ theory did not fully 

elucidate sepsis, researchers, later, suggested that it was also the host, not only the germ, that drove 

the pathogenesis of sepsis. It is now believed that the host response to sepsis is a complex combination 

of processes involving an exaggerated inflammation and also immune suppression caused by entering 

bacteria, virus or fungi activating the immune system.6-8  

In 1992, an international consensus committee, defined sepsis as a systemic inflammatory response 

to an infection.9 Later, in 2002, the Surviving Sepsis Campaign (SSC) was founded, aiming at improving 

the diagnosis, survival, and management of patients with sepsis, providing evidence based updates to 

the recommendations approximately every fourth year since.10-17 The sepsis diagnosis was at that time 

based on the Systemic Inflammatory Response Syndrome (SIRS) criteria.17 Sepsis has, since 2016, been 

defined in accordance with the Sequential Organ Failure Assessment (SOFA) score (Sepsis-3).1, 18-20 SOFA-

score reflects organ dysfunction in the following organs/systems: liver, respiratory, cardiovascular, 

coagulation, renal and the central nervous system.19 Sepsis is present if the patient has a suspected or 

verified infection and an increase in SOFA-score ≥ 2 from baseline definitely caused by or suspected to 

be caused by the infection.1 Patients with suspected infection and a SOFA-score < 2 are defined as having 

a “simple infection”, whereas septic shock is defined as a vasopressor requirement to maintain a mean 

arterial pressure (MAP) of 65mmHg or greater and serum lactate level greater than 2 mmol/L 

(>18mg/dL) in the absence of hypovolemia.1 Sepsis is a heterogeneous disease with the most frequent 

sources of infection being pneumonia, abdominal, urinary tract, and soft tissue infections.2, 21-23  
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Sepsis pathophysiology  

The sepsis-associated excessive systemic inflammation affects processes throughout the body causing 

both microcirculatory, cellular and organ impairments.7, 8, 24, 25 The infection triggers activation of the 

immune system with both pro- and anti-inflammatory mechanisms contributing to both clearance of the 

infection and tissue recovery but also to organ injury.7, 8 Sepsis can affect all organs with reversible or 

irreversible failure.24 

The cardiovascular impairments include tachycardia, hypotension and reduced vascular tone, and 

myocardial depression including reduced ejection fraction.26, 27 Pulmonary dysfunction includes hypoxia, 

and can ultimately lead to acute respiratory distress syndrome requiring mechanical ventilation.24 

Impaired renal function with elevated creatinine and/or oliguria either due to sepsis or the often 

accompanying dehydration/hypotension is frequent, reducing the renal filtration and excretion.24 

Confusion, altered mental status and finally coma characterize the neurologic impact of sepsis often 

leading to long-lasting cognitive impairments.24, 28 Increasing levels of bilirubin and liver enzymes reflect 

hepatic dysfunction.24  Coagulopathy or impaired anticoagulant mechanisms affect a large proportion of 

sepsis patients leading to bleeding and/or microvascular thrombosis and ultimately disseminated 

intravascular coagulation.7, 29 The mechanisms in all the above mentioned organ failures in sepsis are 

only partly elucidated, but impaired tissue oxygenation to each organ is regarded to play a key role.7  

The inflammatory state itself can affect the vascular endothelium with increased vascular 

permeability resulting in loss of barrier function (glycocalyx destruction) and risk of edema 

subcutaneously as well as in cavities.30, 31  

Research constantly adds to the understanding of the complex processes and interactions between 

the host response, immune system and organ dysfunctions in sepsis.  

 

Sepsis incidents and mortality 

Sepsis is frequent in emergency department (ED) patients.32 Approximately 43% of all patient admissions 

from a Danish medical ED to the wards are from suspected infection and sepsis21 and, as mentioned, 

sepsis accounts for more than 48 million incidents yearly worldwide.2, 33 The risk of disease progression 

to septic shock is high in patients presenting to the ED with suspected infection or sepsis (7-26%34-37) 

and the mortality is significant ranging from 10 to 23%.38-40 In Denmark, it has been estimated that 15% 

of all deaths are caused by sepsis.41 Furthermore, the morbidity is high and impaired health-related 

quality of life after sepsis is common.42-44  
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Intravenous fluid therapy  

Sepsis treatment in the initial phase primarily consists of intravenous fluids and antibiotics, control of 

the infectious source as for example with surgery or drainage, and supportive care, if necessary.13 

In hospitals, intravenous fluid administration is one of the most common therapeutic interventions 

used.45, 46 The use of normal saline (0.9% NaCl), the most frequently used type of fluid in most hospitals, 

was introduced to cholera patients in the 19th century to replace fluid and sodium loss.47 Later, more 

balanced solutions approximated to human plasma by electrolyte composition and osmolality have been 

introduced.48, 49 In Denmark, approximately 3.750.000 liters of crystalloids were used in public hospitals 

in 2021 (unpublished). 

Intravenous fluids are used for a variety of reasons in hospitalized patients; resuscitation (i.e., to 

increase blood pressure and tissue perfusion), replacement of loss (e.g., perspiration, dehydration, 

vomit, diarrhea), maintenance to cover daily needs, correction of electrolytes, and as adjuvant for 

intravenously administered medications.50 The regulation of body fluid balance is extremely complex 

since fluids are vital in both intracellular and extracellular processes as well as in transportation of 

solutes including sodium, potassium and not least oxygen, to perfuse cells and organs.51 The fluid and 

electrolyte balance must therefore be maintained within narrow limits. This is further complicated 

during critical illness such as in sepsis, because several other factors interacting with especially 

extracellular volume in determining tissue perfusion are significantly altered during critical illness with 

for example capillary leakage and edema.51 

When fluids are given as resuscitation, the goal of fluid administration is to increase intravascular 

volume (intended) to improve cardiac output and tissue oxygenation/perfusion.13, 45 Fluid is regarded to 

increase cardiac filling volume resulting in higher stroke volume and thereby cardiac output – until a 

certain volume -  reaching a steeper part of the slope on the so-called Frank-Starling curve.52-54  

In sepsis, too liberal fluid resuscitation may result in (worsening of) tissue edema including pulmonary 

edema, impaired cardiac function, and lengthening of the duration of mechanical ventilation.55, 56 

Intravenous fluid administration has in some studies been suggested to cause destruction of the 

capillary wall i.e., glycocalyx destruction, potentially aggravating tissue edema in sepsis even further,57 

although this association has not been found in other studies58 and no evidence supports that capillary 

permeability is in fact increased when the plasma levels of glycocalyx fragments are increased.59  

Restrictive fluid therapy is hypothesized to be beneficial in reducing venous backpressure and organ 

edema, leading to improved function of organs such as the lungs, gut, and kidneys.60, 61 On the other 

hand, fluid restriction may decrease cardiac output and thereby also decrease peripheral and/or organ 

perfusion and reduce microcirculation from the arterial side and keep the patients “dehydrated”.62  
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During the course of critical illness, the requirements for and response to fluid resuscitation and 

administration vary significantly. Several studies have demonstrated that only 50% of hemodynamically 

unstable patients will respond to a fluid challenge40, 63 – referred to as fluid responders, which will be 

discussed below.  

 
Fluid initiation and monitoring of effect 

The decisions around fluid administration are not well described and investigated. For initiation of fluids 

there are no clear indications.64 However, vital signs, weight, urine output, clinical signs/physical 

examination, laboratory findings and dynamic measures, mentioned below, can help in assessing fluid 

and perfusion status and identifying fluid needs. Most of these observations can also be used in 

monitoring the effect of fluid administration.   

 Blood pressure and/or MAP have been reported to be the most frequently used triggers of fluid 

administration.65-69 MAP is used in the definition of septic shock14, however there is limited tradition for 

its use in the EDs in Denmark. MAP has been shown to increase initially after fluid administration in ICU 

patients with circulatory shock, however the effect is only transient and disappears within an hour.70, 71 

An increased heart rate often indicates physical distress and fluid might slightly reduce heart rate in 

sepsis.71  

Urine output can be regarded a measure of renal perfusion and function and thereby an indicator of 

renal dysfunction,  if the patient has no urine output. It is a trigger of fluid administration but also an 

endpoint for resuscitation, that is often used.65, 66 However, oliguria does not always reflect renal 

hypoperfusion why it should be interpreted within the clinical context.72   

 Clinical signs investigated during a physical examination can include assessment of skin turgor, 

mucous membranes, capillary refill time (CRT), mottling, peripheral temperatures etc. The assessment 

of skin turgor and mucous membranes is arbitrary, often poorly defined and has a poor sensitivity in 

predicting dehydration.73, 74 CRT is a measure of perfusion either central or peripheral depending on 

where it is measured. Although CRT is a relatively easy tool, it can be measured in a variety of ways, why 

the use should be strictly standardized, and inter-rater variability among physicians has been shown to 

be low to moderate.75, 76 Resuscitation guided by CRT in the first ANDROMEDA-SHOCK trial showed 

promising results with a potential of improving 28-day mortality compared to a lactate-guided fluid 

strategy in septic shock.77 However, the CRT measurements in the trial were performed with a glass 

microscope slide applying pressure to the index finger for more than 10 seconds, and the time for return 

of perfusion in terms of normal skin color was then assessed (normal if < 3 seconds) using a chronometer. 

All trial sites had been trained in assessing CRT prior to trial initiation, in total a somewhat complex 

process implementing a new assessment tool.77 Mottling score has been validated to have a good 
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predictive ability in predicting 28-day mortality in sepsis patients not on vasopressors78 and in the 

prehospital setting in patients who were admitted to the ICU with septic shock after arrival.79 The use of 

mottling score can be challenging in patients with dark skin,76 however this population is very small in 

Denmark. The effect of fluid resuscitation guided by mottling score has not been validated to our 

knowledge.  

 Several laboratory values have potential for use in assessment of hydration status and fluid 

needs. Creatinine is, as urinary output, regarded a measure of renal perfusion and function but 

affected by body fluid volumes.80, 81 If creatinine is slightly elevated, this will often be regarded as a 

prerenal minor dysfunction related to dehydration often found in association with sepsis.81, 82 Elevated 

creatinine is therefore often used as trigger for fluid administration, although evidence does not 

support this.67, 82-86 An elevated hemoglobin or hematocrit may represent a relative deficit in 

circulating plasma volume whereas it decreases with fluid administration.87, 88 Lactate is a marker of 

illness severity and good predictor of adverse outcomes.89-93 Lactate is included in the SSC guideline 

definition of septic shock, and is a part of the SSC one-hour bundle.14, 94 Lactate-guided fluid 

administration has been suggested to be beneficial,95 but the ANDROMEDA trial found CRT-guided 

fluid administration to be better.77, 96   

A more patient-related “personalized” approach could be to use dynamic measures for testing fluid 

responsiveness. Fluid challenges are usually performed by infusing a bolus of 500 ml of crystalloids in 

usually 20 minutes.68, 97 A challenge response must be assessed real-time either by the use of cardiac 

output/index or stroke volume measurements measured with a calibrated hemodynamic monitoring 

device. Fluid challenges test preload responsiveness, but infusion is irreversible regardless of the patient 

fluid-response status. Mini-fluid challenges using 100-150 ml have been suggested as well, limiting the 

irreversible infused fluid volume.98 A safer approach is passive leg raise (PLR), where pooled blood in the 

legs provide a “self-transfusion”. Passive leg raise has a good predictive ability of fluid responsiveness in 

both spontaneously breathing and mechanically ventilated patients,98-100 and may be the best test in 

especially hemodynamically unstable patients.101 PLR-guided fluid resuscitation has shown potential in 

reducing fluid balance and the risk of respiratory and renal failure, although only in small trials.55  

Many other triggers, and fluid responsiveness tests of fluid administration exist, but will not be 

further discussed here.  

The effect of a fluid bolus is generally inconstant, due to inter-individual variability in the relationship 

between cardiac output and preload.98, 102 And it is unclear if the one who are fluid responders obtain 

benefits from fluid beyond the short-term hemodynamic effects. 
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A specific test for fluid responsiveness would be of great interest, however no stand-alone 

physiological or biochemical test or measurement sufficiently reflects the complexity of fluid depletion 

or overload nor the response to fluid resuscitation in acute illness - especially not if the patient is 

spontaneously breathing and only none-invasively monitored.45, 103 The evidence for the value of fluid 

responsiveness tests in the ED setting is unclear and a review investigating the area concluded: “High 

quality, adequately powered outcome studies are still lacking, so the place of fluid responsiveness in ED 

remains undefined.”104 

Although the physiology of fluid treatment is not fully understood and elucidated, fluids should be 

regarded as medication with both intended effects and risk of adverse reactions.45 Among other fluid 

administration strategies, the “four D’s” of fluid therapy has been proposed: considering drug (which 

type of fluid), dosing (volume), duration and de-escalation.102 However, evidence to guide in this is 

sparse; and it is still an unanswered question what the optimal fluid treatment especially in ED patients 

is.   

 
Fluid use in sepsis 

Since the first SSC guideline in 2003, supported by 25 medical societies, liberal fluid therapy for septic  

patients has been recommended.10 The SSC 2021-guideline recommends to administer at least 30 mL/kg 

of intravenous crystalloid fluid within the first 3 hours (weak recommendation, low quality of evidence) 

for patients with sepsis induced hypoperfusion or septic shock.14 However, the guideline does not 

include any recommendations on fluid administration to sepsis patients not in shock in general, despite 

the fact that sepsis without hypotension or shock is approximately 60 times more common than septic 

shock.21 Perhaps therefore, studies in sepsis patients show great variation in fluid administration 

practice – and, before the initiation of this PhD project, little was known about administration practice 

in ED patients with sepsis without shock.40, 47, 105, 106  

The pathophysiology of fluid resuscitation in sepsis is not fully understood. The one-size fits all 

strategy has been questioned107 and fluid overload has been suggested to be harmful in multiple 

studies.40, 54, 102, 108-115  

 
Trials in fluid and sepsis and septic shock 

Within especially the last 10 years, the number of observational studies and interventional trials on fluid 

and sepsis-associated hypotension or septic shock have increased, and some randomized trials are either 

ongoing or publication is awaited.106, 108, 116-119  

 The randomized Early Goal Directed Therapy (EGDT) landmark trial, from 2001 in septic shock by 

Rivers and colleagues, reported a significant reduction in mortality in the EGDT group receiving 
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protocolized care with (liberal) fluids as a substantial part of the protocol compared to standard care in 

one single center.120 The study has since been criticized for several reasons, and the three large-scale 

multicenter trials – the ProCESS trial in the United States,121 the ProMISE trial in the United Kingdom,122 

and the ARISE trial in New Zealand and Australia123 – as well as the following updated meta-analyses on 

an overall level and on a patient-level of the three trials found no beneficial effect of EGDT in ED patients 

in septic shock.106, 124  

Later on, a positive fluid balance was associated with increased mortality in a systematic review of 

predominantly observational studies.108 Although conducted in a resource limited setting in African 

children with a high rate of malaria, the multicenter, randomized FEAST trial was stopped prematurely 

due to increased mortality in both resuscitation arms using saline and albumin, respectively, in 

comparison to the control arm receiving no fluids.125 Afterwards, two African ED-based trials in adult 

patients with sepsis and sepsis-associated hypotension found an increased mortality rate among 

patients in the intervention group receiving early, aggressive fluid therapy.126, 127 Whether these trials 

are generalizable to high-income ED patients with a very different patient composition and different 

causes of sepsis is unknown.   

A systematic review and meta-analysis of only randomized trials from developed countries with all-

cause mortality as primary outcome, found no difference in risks between lower vs. higher fluid volumes, 

but for all outcomes the point estimates pointed towards benefit of fluid restriction.128 The meta-

analysis included nine trials, totally, and found low quality of evidence supporting the decision on 

volumes of intravenous fluid therapy in adults with primarily sepsis-associated hypotension and septic 

shock. Only one trial – the REFRESH trial – was conducted in an ED setting, whereas the remaining were 

mainly intensive care unit (ICU)-based trials.128 The REFRESH-trial, by Macdonald et al. reduced fluids 

with 30% using a fluid restrictive and early vasopressor approach in ED patients with sepsis-associated 

hypotension.117 A randomized pilot trial, CLASSIC, by Hjortrup et al., also included in the above-

mentioned meta-analysis, was likewise able to reduce volumes of resuscitation fluids with a restrictive 

fluid protocol in septic shock patients in the ICU.116 The patient-centered outcomes in the study by 

Hjortrup et al. pointed towards benefit with fluid restriction with no negative effects on hemodynamic 

measurements. However, the trial was not powered to show differences in clinical outcomes.116, 129 The 

large-scale CLASSIC trial has very recently been published and found no differences in outcomes in 

patients randomized to a restrictive fluid resuscitation in comparison to standard care.119  

A recent systematic review looking at only 1-6 hour fluid administration in ED patients also did not 

find quality evidence to support the 30 ml/kg crystalloids within 1 hour to adult septic ED patients, 
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however they only found few studies investigating their research question with the limited time-

frame.130  

The follow up trial on the REFRESH feasibility trial, given the acronym ARISE-FLUIDS (ClinicalTrials.gov 

Identifier: NCT04569942), is now recruiting patients with sepsis-associated hypotension in Australia and 

New Zealand in a large-scale ED-based trial. Another randomized trial, CLOVERS (ClinicalTrials.gov 

Identifier: NCT03434028), enrolling patients with persistent hypotension in EDs in United States 

randomized to either liberal fluids or restrictive fluids/early vasopressors for 24 hours was recently 

stopped after a scheduled interim analysis found that outcomes, with 90-day mortality as primary 

outcome, were similar in both arms and that further enrollment was unlikely to change the result.118 In 

United Kingdom a similar trial, the EVIS trial (ClinicalTrials.gov Identifier: NCT05179499) is, however, just 

about to start enrollment.  

 Although randomized trials, as described above, are currently investigating fluid strategies in 

sepsis patients with hypotension and shock, there are – to our knowledge – no trials on fluid 

administration and/or resuscitation in patients with sepsis without shock/hypotension. It is uncertain if 

recent know-ledge about fluid administration in primarily ICU-patients with sepsis-associated 

hypotension or septic shock can be extrapolated to the much more heterogenous ED sepsis population 

without shock with high comorbidity rates, higher age and frailty, and high frequency of “do-not-

resuscitate/-intubate” orders.131-133 Experts have requested research within the field of fluid 

administration and resuscitation in sepsis.47, 134-136  
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AIMS AND HYPOTHESES OF STUDIES 
 

Our overall aim of the projects was to investigate fluid administration to ED patients with suspected 

infection and sepsis; firstly, investigating and describing current fluid administration practice in Danish 

EDs, secondly asking how physicians and nurses regard and decide on fluid administration, and thirdly, 

assessing feasibility in restricting fluid volumes in ED patients with sepsis without shock with two specific 

aims: 1) assessing feasibilty in gaining separation in fluid volumes (minimum 1 liter) between the 

intervention groups using the protocol restricting fluid versus the control (standard care) group and 2) 

determining feasibility in terms of inclusion rate, time to inclusion, etc. 

 

STUDY OUTLINE 
 

The present PhD thesis comprises three studies:  

 

Study I: An observational study aimed at describing current 24-hour fluid administration in patients with 

simple infection and sepsis admitted through three EDs in Central Denmark Region.137 We hypothesized 

that fluid administration to patients with simple infection and sepsis varies.  

 

Study II: A survey study aimed at describing ED physicians’ and nurses’ view upon handling fluid 

administration to patients with sepsis and explore their daily decision-making and practice regarding 

quantity, infusion rate, and type of fluid administered in sepsis patients with varying comorbidities.138 

The main research question was: How do clinicians decide on fluid administration in ED sepsis? In the 

light of lacking guidelines in the field, we hypothesized, that ED personnel regarded it a challenge to 

decide on fluid administration and volumes, and that the most commonly used trigger would be blood 

pressure.   

 

Study III: The Restrictive Fluid Administration vs. Standard of Care in Emergency Department Sepsis 

Patients (REFACED Sepsis) randomized, multicenter, feasibility trial assessing the effect of a protocol 

aiming at restricting fluid volumes to sepsis patients without shock for 24 hours compared to standard 

care.139, 140 We hypothesized, that it would be feasible to reduce fluids with 1 L.    
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METHODS AND RESULTS 

 
Ethical considerations and approvals 

All three studies complied with Danish laws and regulations.  
 
Study I: The observational study was approved by the Danish Patient Safety Authority (case no.: 31-

1521-188). The study was primarily conducted as a quality assurance project, why approval from an 

ethics committee was not required and patients did not have to consent according to Danish law and 

regulations of research ethics.   

 

Study II: The survey was sent out to physicians and nurses in the five EDs in Central Denmark Region and 

the study conduct was approved by the department managements of the participating departments. 

Participation was voluntary, and consent for participation was implied by completion of the survey. The 

survey was anonymous, and no ethical approval was required. 

 

Study III: The randomized REFACED Sepsis trial was registered at the EU Clinical Trials Register/Danish 

Medicines Agency (EudraCT number: 2021-000224-35 (date: 2021-05-03)) and at ClinicalTrials.gov 

(Identifier: NCT05076435 (date: 2021-10-13)). The trial protocol was approved by the Committee on 

Health Research Ethics – Central Denmark Region (Identifier: 1-10-72-163-21 (date: 2021-06-28)). The 

collection and storage of study data was approved by Registries of Central Denmark Region (Identifier: 

1-16-02-297-21, date: 2021-07-23) The, at all times, applicable protocol version was furthermore 

uploaded to the study website: refaced-sepsis.dk and the study protocol was submitted for publication 

prior to inclusion of the last patients.139   

 Before enrollment of a patient, consent for inclusion was obtained from an independent physician. 

After enrolment, consent was obtained from a next of kin and/or the patient as soon as possible when 

or if they regained the capacity to provide consent. According to Danish law, patients with acute illness 

can only be included in a trial if all patients can provide written, informed consent OR if none of the 

patients can provide written, informed consent, a combination is not possible. Since most sepsis patients 

are not able to provide informed consent, we only included patients that were unable to provide written, 

informed consent. As such, patients that were fully awake, oriented and/or in no apparent distress were 

excluded.  
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STUDY I: TWENTY-FOUR-HOUR FLUID ADMINISTRATION IN EMERGENCY 

DEPARTMENT PATIENTS WITH SUSPECTED INFECTION: A MULTICENTER, 

PROSPECTIVE, OBSERVATIONAL STUDY 

 
Methods  

Overview and design 

This was a prospective, multicenter study of 24-hour oral and intravenous fluid administration of 

consecutively enrolled patients with suspected infection admitted to one of three EDs in Central 

Denmark Region.137 

 
Patients and fluid registration 

We included adult patients ≥ 18 years with suspected infection defined as either ordering of a blood 

culture for microbiological examination and/or administration of intravenous antibiotics within 6 hours 

of presentation to the EDs at Aarhus University Hospital and the Regional Hospitals in Randers and 

Herning during a 6-week period from January 20 to March 2, 2020. All ED patients were screened for 

eligibility during the study period. 

 We categorized included patients in accordance with the Sepsis-3 guidelines1 into simple infection 

(SOFA-score < 2), sepsis (SOFA-score ≥ 2), or septic shock (need for vasopressor to maintain mean arterial 

pressure (MAP) > 65 mmHg and lactate > 2 mmol/L) based on the worst vital signs, laboratory values, 

use of mechanical ventilation and vasopressors within 6 hours of arrival to the ED. 

 All included patients had oral and intravenous fluids registered on a paper case report form (CRF) 

(Appendix 1 of Study I) for the first 24 hours after presenting to the ED or until discharge within 24 hours. 

The CRF followed the patient to wards/ICUs if the patient was transferred. All intravenous fluids ≥ 50 mL 

were registered. 

 
Outcome measures 

The primary outcome was the total volume of oral and intravenous (combined) fluids administered 

within the first 24 hours of presentation to the ED. Secondary outcomes were fluids within 6 hours, fluids 

within 6-24 hours, and volume of fluids in the above-mentioned categories per kilogram of patient 

weight, as well as separated in oral and intravenous fluids. 

 
Explanatory variables 

We collected descriptive data available within 6 hours of admission on vital signs, organ dysfunction, 

comorbidities, treatment etc. automatically retrieved from the electronic patient record or manually 
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extracted from the medical records. Length of ED and hospital stay and mortality up until 90 days was 

also automatically retrieved.  

 We assessed associations between above-mentioned variables and fluid volumes. Variables were 

dichotomized or categorized by clinical relevance. Laboratory values were assumed normal if not 

measured, but for analyses on vital signs, height and weight, patients with missing data were excluded 

in the specific analyses. We did not impute any data, besides assuming laboratory values normal if not 

measured.  

 
Statistical analyses 

In the analyses, we only included patients who were admitted to participating departments for the entire 

24-hour time-period with fluid administration registered. Patients co-enrolled into the at that time 

ongoing CLASSIC trial119, who were allocated to restrictive intravenous fluid management, were 

excluded, whereas patients allocated to usual care were not. 

 We performed the analyses using linear regression models with total fluid volume as outcome and 

patient and disease characteristics as explanatory variables adjusted for site to assess associations 

between the variables and fluid volumes. We then developed a regression model including the potential 

explanatory variables of fluid administration available within 6 hours of admission to determine the 

variability explained by these (i.e., the R-squared).141 As sensitivity analyses, we repeated analyses in 

patients with total fluids within the 1% percentile and 99% percentile to remove outliers. 

 
Results 

In the analyses, we included 734 patients with available 24-hour fluid volumes: 387 patients with simple 

infection, 339 patients with sepsis, and eight patients with septic shock. In-hospital mortality was 2% 

(95% CI: 1%–4%) for simple infection, 6% (95% CI: 4%–9%) for sepsis, and 0% (95% CI: 0%–37%) for septic 

shock.  

 
Fluid administration 

The mean fluid volumes of oral and intravenous fluids combined were 3651 ml (Standard deviation (SD): 

1671) for simple infection, 3762 ml (SD: 1839) for sepsis, and 6080 ml (SD: 3978) for septic shock. No 

statistically significant differences were found in total fluids within 6 and 24 hours between patients with 

simple infection and patients with sepsis. Patients with sepsis received less oral fluids (Mean difference: 

-527 ml (95%CI: -667 ; -387 ml)) and more intravenous fluids (Mean difference: 638 ml (95%CI: 395 ; 881 

ml)) compared to patients with simple infection. In general, there was a large variation in fluid volumes 

from 200 to 15 870 ml within 24 hours in patients with simple infection and sepsis.  
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Exploratory variables and fluid variability  

The variables do-not-attempt-resuscitation (DNR)/do-not-intubate (DNI) orders, increasing age, and pre-

existing atrial fibrillation/flutter were associated with administration of reduced fluid volumes in 

patients with simple infection and sepsis. Heart rate > 120 min, low and high temperature, new-onset 

atrial fibrillation/flutter, systolic blood pressure < 100 mmHg and MAP < 65 mmHg, lactate ≥ 2 mmol/L, 

and increasing SOFA score were associated with administration of larger fluid volumes (Table 1). 

Figure 1 Patient flow-chart. The flow-chart shows patient inclusions and exclusions (Presented in Paper I) 
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  Including available patient and disease characteristics, the R2 was 0.37 (n = 701), suggesting that the 

characteristics accounted for 37% of the between-patient variance in total 24-hour fluid administration, 

and 0.38 when removing outliers.  

 
 

Table 1. Associations between patient and disease characteristics and 24-hour fluid 
administration in patients with simple infection and sepsis – excerpt from original table, only 
the statistically significant results are included here 
Variables Categories Mean (SD) Mean difference 

(95%CI) 
Demographics    

Age, years  
 

< 60 (n=175) 
60-79 (n=305) 
80+ (n=246) 

4231 (2246) 
3764 (1566) 
3260 (±1439) 

 
- 470 (-789 ; -150) 
- 974 (-1307 ; -640) 

Gender 
 

Female (n=344) 
Male (n=382) 

3556 (1557) 
3840 (1905) 

 
273 (18 ; 530) 

DNI/DNR order 
 

No (n=594) 
Yes (n=132) 

3792 (1797) 
3318 (1486) 

 
- 466 (-797 ; -135) 

Prior medical history    

Prior history of atrial fibrillation/flutter  No (n=544) 
Yes (n=182) 

3800 (1793) 
3424 (1601) 

- 367 (-661 ; -72) 

New onset atrial fibrillation at arrival 
or within 6 hours of admission 

No (n=667) 
Yes (n=59) 

3667 (1581) 
4145 (2400) 

 
498 (30 ; 965) 

Vital signs    

First Sys BP 
 

≥ 100 mmHg (n=680) 
< 100 mmHg (n=46) 

3635 (1724) 
4722 (1806) 

 
1126 (607 ; 1645) 

Worst Sys BP within 6 hours 
 

≥ 100 mmHg (n=626) 
< 100 mmHg (n=100) 

3543 (1690) 
4722 (1806) 

 
1182 (820 ; 1543) 

First MAP 
 

≥ 65 mmHg (n=711) 
< 65 mmHg (n=15) 

3676 (1730) 
5090 (2226) 

 
1419 (526 ; 2312) 

Worst MAP within 6 hours 
 

≥ 65 mmHg (n=685) 
< 65 mmHg (n=41) 

3633 (±1700) 
4923 (±2167) 

 
1317 (770 ; 1864) 

Worst temperature within 6 hours 
 

36-38 ˚C (n=344)  
< 36 ˚C (n=9) 
> 38 ˚C (n=373) 

3428 (1819) 
5423 (2249) 
3921 (1625) 

 
1963 (813 ; 3112) 
489 (234 ; 742) 

Total SOFA-score 
 

0-1 (n=387) 
2-4 (n=287) 
5+ (n=52) 

3656 (1675) 
3597 (1754) 
4672 (2048) 

 
- 51 (-318 ; 215) 
1005 (501 ; 1510) 

Lactate  
 

< 2 mmol/l or missing (n=613) 
≥ 2 mmol/l (n=113) 

3604 (1649) 
4260 (2160) 

 
655 (306 ; 1005) 

Mean fluid volumes (SD) in ml for categories and mean differences adjusted for site with 95% confidence 
intervals. For all mean differences the first listed variable is the reference group. Abbreviations: BP, blood 
pressure. MAP, mean arterial pressure. SOFA, Sequential Organ Failure Assessment. The entire table is presented 
in Paper I.  
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Conclusions 

The total 24-hour fluid volumes were not statistically significantly different in patients with simple 

infection compared to patients with sepsis. We observed that oral fluid volumes were lower and 

intravenous fluid volumes higher in patients with sepsis, compared to patients with simple infection. We 

found a remarkable variation in the total volumes, which was only partly explained by patient and 

disease characteristics indicating variation in treatment not explained by the available variables. 
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STUDY II: FLUID MANAGEMENT OF EMERGENCY DEPARTMENT PATIENTS WITH 

SEPSIS – A SURVEY OF FLUID RESUSCITATION PRACTICES 

 
Methods  

Overview, design, and participants 

We conducted a multicenter, web-based, cross-sectional survey of ED physicians’ and nurses’ view on 

fluid administration to patients with sepsis and to explore their daily decision-making and practice 

regarding quantity, infusion rate, and type of fluid administered in sepsis patients with varying 

comorbidities.  

The survey was developed according to the COSMIN guidelines.142 We generated items for the survey 

instrument through literature review.143-148 The survey was pilot tested by the research team and ED 

nurses and physicians, and then followed by a semi-structured group interview with a group composition 

aiming at reflecting the population of the ED staff in profession, age and experience. The survey 

consisted of three sections: 1) baseline information regarding the participants, 2) perceptions of fluid 

administration and daily practice, and 3) scenarios about fluid administration, with a total of 32 

questions. The survey instrument included 5-point Likert-scale options for answers ranging from 

‘strongly disagree’ to ‘strongly agree’ and questions with possibility to choose multiple answers. 

Attitude-based questions included a “Don’t know” option. The survey was in Danish. The survey was 

distributed to all nurses and physicians employed in the five EDs in Central Denmark Region through 

work emails using REDCap.149 The survey was anonymous. The survey is provided in Appendix for Study 

II.  

 
Statistical analyses 

All data are presented as numbers and proportions for categorical variables. Missing responses were not 

imputed. We only analyzed data on fully responded surveys. The data for all respondents were also 

described according to whether respondents were physicians or nurses. No sample size calculation was 

conducted a priori since the intent of the survey was to be descriptive and all physicians and nurses were 

contacted. 

 
Results 

Survey responses were received from 138/246 ED physicians (56%) and 382/595 ED nurses (64%). More 

than one-third of physicians and nurses never received formal education on fluid treatment. Fluid was 

regarded a substantial part of treatment of sepsis patients by 94% of physicians and 97% of nurses. 80% 
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of physicians and 61% of nurses faced challenges in fluid administration to patients with infections in 

the ED, and most decisions were primarily based on clinical judgement. The most common challenge 

was the lack of guidelines for fluid administration. Almost all participants (96%) would like to improve 

their knowledge about fluid administration, and more than half (53%) found research within the field to 

be of priority. There was a lack of consensus on prescription responsibilities i.e., how and by whom fluids 

were prescribed. Fluid administration without a formal physician prescription happened daily or 

frequently within a given week and prescriptions did very rarely include infusion rates. 

In the scenarios, 46% of physicians and 44% of nurses preferred to administer 1000 ml. fluid within 

an hour to a normotensive patient with sepsis. If the blood pressure was 95/60 at admission, 95% of 

physicians and 89% of nurses preferred to administer 1000 ml. There was marked variability in 

responses (Table 2). Respondents preferred to decrease fluid volumes if the patient had comorbidity 

with known renal dysfunction or reduced ejection fraction. The preferred fluid was normal saline. Blood 

pressure was the most often used trigger for both initial initiation of fluids (0-60 min from ED arrival) 

and later fluid administration (60min-24hours).

Figure 2 Triggers for initial and later fluid administration (Presented in Paper II)
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Conclusions 

Fluid administration to patients with sepsis is regarded an important but challenging task due to lack of 

guidelines and evidence, why clinicians primarily base their decisions on clinical judgement. Formal 

education and evidence is requested. The majority of respondents who administered > 1000ml 

increased when the sepsis patient’s blood pressure dropped from 120/75 to 95/60, although this is still 

not septic shock per definition. In line with this, blood pressure was the most frequently used trigger for 

administration of intravenous fluid.  

  

Table 2 Clinical scenarios  

 Physicians 
(n=138) 

Nurses 
(n=382) 

Case 1: A previously, otherwise healthy 55-year-old woman (70 kg) was admitted with suspected pneumonia, with 
a history of cough and dyspnea through 14 days. She is slightly confused (GCS 14), BP 120/75, pulse rate 120, 
respiration rate 28, temperature 39.1 C and saturation 92% (3 liter/min nasal oxygen). How much fluid would you 
administer within the first hour? 

No fluids 
500 ml 
1000 ml 
1500 ml 
2000 
3000 
4000 
Don’t know  

10 (8%) 
46 (37%) 
58 (46%) 

4 (3%) 
4 (3%) 
2 (2%) 

0 
1 (1%) 

38 (11%) 
127 (38%) 
147 (44%) 

6 (2%) 
9 (3%) 

0 
0 

8 (2%) 

Case 2: As in case 1, but BP 95/60. How much fluid would you administer within the first hour? 

No fluids 
500 ml 
1000 ml 
1500 ml 
2000 
3000 
4000 
Don’t know  

0 
6 (5%) 

65 (53%) 
15 (12%) 
33 (27%) 

4 (3%) 
0 
0 

1 (0%) 
28 (9%) 

205 (63%) 
33 (10%) 
47 (14%) 

6 (2%) 
1 (0%) 
5 (2%) 

All data are presented as n (%) , BP: blood pressure 
The entire table is presented in Paper I. 
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STUDY III: RESTRICTIVE FLUIDS VERSUS STANDARD CARE IN ADULTS WITH SEPSIS IN 

THE EMERGENCY DEPARTMENT (REFACED) - A MULTICENTER, RANDOMIZED 

FEASIBILITY TRIAL 

 
Methods  

Overview and design 

The Restrictive Fluid Administration vs. Standard of Care in Emergency Department Sepsis Patients 

(REFACED Sepsis) trial was an investigator-initiated, multicenter, randomized, open-label, feasibility 

trial, where sepsis patients without shock were randomized in three EDs in Central Denmark Region from 

November 3rd, 2021, to December 18th, 2021.139, 140 Randomization was web-based, and allocation was 

concealed using permuted blocks of varying sizes (4, 6 and 8), stratified by trial site.  

 
Patients  

We included patients in the EDs at Aarhus University Hospital, the Regional Hospital Randers, and the 

Regional Hospital Viborg fulfilling all of the following inclusion criteria: 1) Unplanned ED admission, 2) 

age ≥ 18 years, 3) sepsis defined as a) infection suspected by the treating clinician, b) blood cultures 

drawn, c) intravenous antibiotics administered or planned, and d) an infection-related increase in SOFA-

score ≥ 21, and 4) expected hospital stay > 24 hours as deemed by the treating clinician. We excluded 

patients who fulfilled any of the following: 1) received ≥ 500 ml of intravenous fluids prior to 

randomization, 2) vasopressors or invasive ventilation started prior to randomization, 3) known or 

suspected severe bleeding judged by the treating clinician, 4) known or suspected pregnancy, 5) prior 

enrollment in the trial, or 6) patients, who the clinician expected not to survive the next 24 hours. 

 
Interventions 

Patients were assigned 1:1 to either a protocol restricting intravenous fluid administration or standard 

care for 24 hours. The assigned treatment protocol was followed in the ED as well as wards or intensive 

care units if the patient was transferred within the 24-hour period. In the restrictive fluid group, a fluid 

bolus of 250 ml isotonic crystalloid (isotonic saline or Ringer’s acetate/lactate) could be administered 

(but not mandated) in case of hypoperfusion defined as either 1) lactate concentration ≥ 4 mmol/l 

(arterial or venous), 2) hypotension (systolic blood pressure < 90 mmHg), 3) mottling beyond edge of 

kneecap (i.e., Mottling score >2)150 (Figure 3) or 4) severe oliguria during the first 4 hours of admission, 

i.e., diuresis < 0.1 ml/kg/h. Intravenous crystalloid fluids should not be given unless one of the 

mentioned hypoperfusion criteria were met. Intravenous fluids could be given as carrier for medications, 
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but the volume should be reduced if possible. In case of fluid loss (e.g., vomiting, aspirates etc.) 

intravenous fluid could be given to 

correct for the loss. All patients were 

ensured a minimum of 1 L fluid in total 

within 24 hours. The treating physician 

could at any time violate the protocol 

by giving additional fluid if judged 

necessary. The physician had to state 

the reason for violating the protocol. In 

the standard care group, fluids were 

administered by clinicians’ choice. 

Besides fluid, treatment was in both 

groups at the discretion of the treating 

team. It was not possible to blind the 

intervention for neither the treating team, patients nor relatives. In both trial groups, oral and 

intravenous fluids were registered on a paper CRF for 24 hours from randomization by the treating team 

with help from research assistants. 

  
Outcomes 

We primarily assessed the total volume of intravenous, crystalloid fluids administered during the first 24 

hours after randomization. The secondary outcomes were feasibility measures (number of patients 

randomized vs. screened positive (i.e., with all inclusion criteria fulfilled and no exclusion criteria 

fulfilled), time from admission to inclusion, number of patients with major protocol violations, number 

of patients with incomplete data on the primary outcome (e.g. due to discharge or death within 24 

hours)), serious adverse reactions and events within 7 days, total fluid volume (oral, intravenous, and 

combined) at 24 hours, mechanical ventilation within 7 days, vasopressor use within 7 days, 

development or worsening of acute kidney failure according to the KDIGO3-criteria151 within 7 days of 

randomization, hospital length of stay (LOS), and in-hospital,  30-day, and 90-day mortality.  

 

Sample size calculation 

We based our sample size calculation on data from our descriptive Study I.137 When looking at the 

patients from the descriptive study, who most likely would have fulfilled inclusion criteria for the 

REFACED Sepsis trial, we found that these patients received 2670 ml (SD 1695) intravenous fluids in 24 

hours and rounded down to 2650 ml (SD 1700ml). In our research group, we considered a mean 

Figure 3 Mottling Score, copy with permission from Ait-Oufella et al. 
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difference of 1 L to be clinically meaningful, why the intervention group was estimated to receive 

approximately 1650 ml (SD 1700 ml) in 24 hours. Based on these estimates, an alpha of 5%, a power of 

90%, and a two-sample t-test, a sample size of 124 patients was required; 62 in each treatment arm.139 

 

Statistical analyses 

All analyses were conducted in a modified intention-to-treat (ITT) population defined as all randomized 

patients for whom consent to use data was obtained. We used linear regression to estimate the mean 

difference in intravenous crystalloid fluid volume between the allocated groups with adjustment for the 

stratification variable site. Other continuous variables were analyzed similarly. As the data for the 

primary outcome was not normally distributed, we performed an additional post hoc analysis using 

median regression to estimate the difference in medians for the primary outcome.152 For binary 

outcomes, we used logistic regression adjusted for site with differences between groups presented as 

odds ratios. We used summary statistics for the feasibility measures. Analyses were performed by MKJP 

non-blinded.  

 

Results 

Of the 2412 unique screened patients, 383 patients met all inclusion criteria and no exclusion criteria, 

and we randomized 124 patients within 6 weeks from November 3rd, 2021, to December 18th, 2021. 62 

patients were allocated to the fluid restriction group and 62 were allocated to the standard care group.  

Consent was withdrawn for one patient for the use of data, leaving 123 patients for analyses (Figure 4).  
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Feasibility measures 

We were able to include 32% (95% confidence interval (CI): 28-37%) of all patients meeting all inclusion 

criteria and no exclusion criteria, varying between 17% and 43% between the sites. Patients were 

enrolled and randomized within 140 minutes (IQR: 90-194 min) from ED admission. Other feasibility 

measures are shown in Table 3.   

 

 

 

 

 

 

Figure 4. Screening, randomization and follow-up in the REFACED Sepsis Feasibility Trial (Presented in Paper 4) 
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Table 3. Feasibility measures and secondary effect parameters stratified by group allocation 
 Restrictive Fluids 

(n = 61) 
Standard Care 

(n = 62) 
Overall 

(n = 123) 

Screened eligible/included ratio (%) - - 124/383 = 32% 
(95% CI: 28-37)a 

Time from ED admission to inclusion, min. 
Mean (SD)  
Median (IQR) 

 
149 (76) 

140 (90:197) 

 
161 (106) 

139 (92;179) 

 
155 (92) 

140 (90:194) 

Patients with incomplete data on primary 
outcome 
Reasons for lost-to-follow up within 24h:  

2 (3%) 
 

1 discharge 
1 death 

4 (7%) 
 

4 discharges 
 

6 (5%) 
 

5 discharges 
1 death 

Patients with protocol violations 21 (34%)b - - 

Patients who received no crystalloid fluid 
within 24 hours of enrollment 

38 (62%) 15 (24%) 53 (43%) 

Accumulated adverse reactions and events 
within 7 days 

17 
3 deaths, 

1 myocardial 
infarction, 

4 hypervolemia, 
9 acute kidney injury 

18 
1 death, 

1 heart failure, 
2 myocardial 
infarctions, 

4 hypervolemia, 
10 acute kidney injury 

35 

All data are presented as numbers (%) unless otherwise stated. CI: confidence interval 
a For site-specific screening/included ratio and explanations, see Table S2 in supplemental material.    

b IV fluids given if none of the bellow was true: • 1 or more hypoperfusion criteria fulfilled • To correct documented 
fluid loss • To correct significant electrolyte deficiencies • Fluid administered as carrier for medication (e.g. 
antibiotics) • Ensure a total fluid input of 1 L per 24h, for the specific reasons, see Table S6 (Appendix).  
Table presented in Paper 4 

 

 

Primary outcome 

Separation in the mean crystalloid fluid volumes given within the first 24 hours after randomization was 

accomplished: 562 ml (SD: 1076) vs. 1370 ml (SD: 1438) in the restrictive vs. standard care group (mean 

difference: -801 ml (95%CI: -1257; -345, p = 0.001, decrease: 58%) (Table 4). The difference in medians 

calculated using median regression was -1000 ml (95%CI: -1392 ; -607). Distributions of intravenous 

fluids are shown in Figure 5.  
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Table 4. Fluid volumes in the first 24 hours stratified by group allocation 

 Restrictive fluids 

(n = 61) 

Standard Care 
(n = 62) 

Mean difference 

(95%CI) 

or difference in 

medians [95%CI]a 

p-value 

for mean 

differenc

e 

Primary outcome  
24-h IV crystalloid fluid volumes, ml. 
mean (SD) 
median [IQR] 

 
 

562 (1076) 
0 [0 ; 600] 

 
 

1370 (1438) 
1000 [80 ; 2000] 

 
 

-801 (-1257 ; -345) 
-1000 [-1392 ; -607]a 

 
 

0.001 
 

Secondary outcome 
24-h oral and IV fluid volumes, ml. 
mean (SD) 
median [IQR] 

 
 

2881 (1295) 
2820 [1900 ; 3500] 

 
 

3720 (1623) 
3498 [2800 ; 4450] 

 
 

-840 (-1364 ; -317) 
-660 [-1116 ; -204]a 

 
 

0.002 

This table shows fluid volumes in the restrictive fluid group and in the standard care group. Mean differences and 
differences in medians as well as p-values are derived from the regression analyses. All mean and median differences 
are estimated with the standard care group as reference. IV: intravenous,  
a Adjusted for site. Median regression was only performed for the predefined primary and secondary outcomes. 
Table presented in Paper 4. 

 

Figure 5. Distributions of 24-hour intravenous crystalloid fluids by group allocation. Presented in Paper 4. 
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Secondary outcomes 

We found no significant differences in mechanical ventilation/vasopressor use, acute kidney failure, in-

hospital length of stay, nor mortality (in-hospital, 30-days, 90-days) between the two groups. Adverse 

events were equally common with 17 (28%) and 18 (29%) in the restrictive vs. standard care group, 

respectively (Table 3).  

 
Conclusions 

ED patients with sepsis randomized to a protocol aiming at restricting fluid received lower volumes of 

crystalloid fluids within 24 hours compared to patients randomized to standard care with a mean 

difference of -801 ml, although the mean difference was lower than hypothesized one liter. The 

difference between medians was -1L. We did not find differences in secondary outcomes including in 

adverse events and a large-scale trial aimed at patient-centered outcomes does overall seem feasible.  
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DISCUSSION 

 
Principal findings 

In the observational study, we observed similar total (combined oral and intravenous) fluid volumes 

administered to patients with simple infection and sepsis. Oral fluid volumes were lower for patients 

with sepsis than for patients with simple infection, who in contrary received less intravenous fluid 

volumes. Patient and disease characteristics only partly explained the remarkable between-patient 

variation in total volumes, indicating variations in treatment not explained by available patient related 

variables. 

 The survey study found fluid administration to be an important but challenging task in patients with 

sepsis with lack of guidelines and evidence, why clinicians primarily based their decisions on clinical 

judgement. Respondents requested formal education and evidence. 

The restrictive protocol in the randomized feasibility trial, REFACED Sepsis, successfully reduced fluid 

volumes with approximately one liter without an increase in adverse events and a future large-scale trial 

seems feasible.  

 

The observational, cohort study (Study I) 

The main strength of our observational analysis was the detailed fluid registration, including both 

intravenous and oral fluids. Also, it can be regarded a strength that we included patients with limitations 

of care who account for a large proportion of the entire ED population and who are often excluded from 

other trials or studies in sepsis.117, 122, 123, 153  

Although the inclusion of 734 (38%) patients out of 1924 (100%) (Figure 1) constitutes a large patient 

population with 24-hour fluids available, a relatively large proportion of patients was lost to 24-hour 

follow up because of incomplete 24-hour fluid registration. More than 20 departments at the three 

hospitals were already involved in the conduct of the trial, why we a priori decided to exclude patients 

transferred to departments receiving very few ED patients with infections, because of limited resources 

and to avoid poor, incomplete registration from departments that would only receive very few patients 

during the study period. This resulted in a, somewhat, expected loss-to-follow up on 128 patients (7%). 

For 215 patients (11%), the paper CRF was lost or not sufficiently filled out for all 24 hours. This of course 

can decrease external validity and with a risk of systematic loss-to-follow-up also cause selection bias. 

Further, 835 patients (43%) were discharged within 24 hours. However, when looking at the baseline 

characteristics of non-included patients (Supplement of Paper I: Appendix 2, Table 1A), non-included 

patients seemed quite similar in terms of illness severity compared to the included patients, although 
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especially non-included patients with simple infection were younger than those included (59 years 

(interquartile range (IQR): 37-74) vs. 71 years (IQR: 56-82)). This is probably explained by many young 

patients who were discharged within 24 hours in the ‘non-included’ simple infection group.  

The electronic patient journal used in Central Denmark Region does not optimally handle intravenous 

fluids, why we decided to use a paper CRF to improve the correctness of registered data as much as 

possible and to be able to register and report oral fluids. Whether all fluid administrations were 

registered and registered correctly is unsure and the true administered volume could be slightly larger. 

Also, oral fluids served by the patient self or relatives may not have been correctly registered. On the 

other hand, fluids could have only been started and never finished although signed for full infusion, 

which could affect the true administered volumes to be slightly smaller, although the prior is probably 

most likely.  

We did not have the possibility to include fluid loss. Urine output is only registered in few ED patients 

and is difficult to measure correctly in for example elderly or disabled using a diaper74 or fit patients 

going to the bathroom on their own, why it was not feasible to collect in an accurate and comprehensive 

way in all included patients.  

Since we had CRF registrations on > 2400 patients in total due to readmissions etc., we chose to enter 

fluids in time intervals: 0-6 hours and > 6 hours-24 hours in the REDCap database and not with specific 

timestamps, why we have not been able to investigate hourly fluid administration.  

In trying to investigate which patient and disease characteristics lead to fluid administration, we 

analyzed the effect of single parameters individually and afterwards calculated R-squared. R-squared 

(R2) is a statistical measure representing the proportion of the variance for a dependent variable (fluid 

volume) that is explained by variables (the included patient related variables) in our regression model.141 

To our knowledge, we were the first to report R2 in explaining variations in fluid volumes, and we did 

therefore not have a pre-specified hypothesis about the size of the R2 value. Probably, there have been 

unmeasured factors such as loss of fluid and fluid balance, signs of hypoperfusion etc. that we were not 

able to include in our model. To ensure only using clinical variables that were measured prior to the 

outcome (24-hour fluid volumes), we only used parameters measured within 6 hours of arrival, however, 

changes in these parameters later in the hospital course may have affected fluid administration closer 

to 24 hours. Additional clinical variables would result in an increase in the R2, but the size of this increase 

is unknown. We believe, we have captured many of the measurable variables that clinicians potentially 

use to guide fluid management. We performed a sensitivity analysis excluding fluid volume outliers. This 

was done by removing patients with fluid volumes below the 1 and above the 99 percentiles. Results 

were robust to the main analysis with an R2 of 0.38 compared to 0.37. The low R2 could indicate that 
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there is a substantial practice variation for fluid administration to patients with suspected infection and 

sepsis among ED physicians and nurses and indicate that fluid administration somewhat happens at 

random or by factors not included in our R2 model. 

 

The survey study (Study II) 

When designing the survey study, we discussed several ways to investigate the research question; How 

do clinicians decide on fluid administration in ED sepsis? As such, what we initially intended to do, was 

to ask every clinician each time they administered intravenous fluid, why they did it, how they decided 

to administer fluids and decided on volumes, and if they in general felt confident in administering the 

fluid to this patient, despite lack of guideline recommendations. We intended to do this using small, 

structured interviews. However, for example doing so while conducting Study I, would probably very 

quickly affect their fluid administration practice and, we were afraid of a general change of practice 

during Study I and especially before the conduct of Study III. Also, using the above-described approach 

where interviews were performed only when actually administering fluids, we would not cover decisions 

where the clinician decided not to give fluids. Finally, we regarded a survey as our best option, although 

it in this sense reflects self-perceived or self-reported treatment and not the actual, true clinical 

behavior.  

 No validated survey of fluid administration in ED patients with sepsis exist. We, therefore, had to 

develop a new survey with inspiration from other similar surveys. The survey was conducted in 

accordance with guidelines from COSMIN142 and was pilot tested by the research team, and ED nurses 

and physicians, followed by revision after recommendations from a semi-structured group interview. 

Although a validated survey tool would be preferable, we regard this process thorough.   

The results of the survey, should be seen in the light of the complex and heterogenous sepsis 

syndrome, which is difficult to outline in short, written clinical scenarios, where you are not able to 

“sense”, see and talk to the patient limiting the use of clinical judgement, which was what the majority 

reported to base their decisions on in the survey.   

Strengths and limitations are, beyond the above, discussed in Paper II.  

 

The REFACED Sepsis trial (Study III) 

Feasibility trial design 

In the designing of the REFACED Sepsis trial, we regarded it a feasibility trial with the aims of: 1) assessing 

if it was feasible to gain separation in 24-hour fluid volumes between the intervention group using the 

protocol restricting fluid versus the control (standard care) group and 2) to determine feasibility in terms 
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of inclusion rate, time to inclusion, etc.139 Our main reasons for designing the REFACED Sepsis trial as a 

feasibility trial was, that we were not confident whether the protocol would be accepted and strictly 

followed by the treating teams and if the busy EDs were able to enroll/include and treat patients in a 

randomized medical trial – the first randomized, GCP-monitored trial to be conducted in the EDs in 

Central Denmark Region. First of all, the used protocol could result in no differences in fluid treatment 

i.e., no separation between fluid volumes in the two groups, mainly due to usual care being “restrictive”. 

This was a specific, anticipated risk, since fluid restriction is a hot topic, and the large Danish-initiated 

CLASSIC trial was ongoing at the time of trial initiation, although only in ICUs.119, 154 Second, with a large 

clinical staff treating patients around the clock in the trial in > 10 participating departments there was a 

large risk of non-adherence to the protocol i.e. a potential of many protocol violations in the restrictive 

group and/or loss of follow-up in terms of sufficient registration on paper CRFs. Eldridge et al. described 

the acceptability of the study concept and protocol as a valid aim for a feasibility trial.155  

Discrimination between feasibility trials, pilot trials and proof-of-concept trials can be difficult, 

however usually they are all conducted in the preparation of a randomized controlled trial (RCT).155 

Eldridge et al. reported: “… a feasibility study asks whether something can be done, should we proceed 

with it, and if so, how? … [whereas] a pilot study is a study in which a future study or part of a future 

study, is conducted on a smaller scale to ask the question whether something can be done, should we 

proceed with it, and if so, how.”155 As such the REFACED Sepsis trial was, probably, a combination of a 

pilot and a feasibility study, and should, as both pilot and feasibility trials be mainly descriptive.155, 156 

However, it has in the review processes been clear, that fluid volumes can be regarded a clinical 

outcome, why some argue, that REFACED is rather a proof-of-concept trial. Whether the first goal is 

described as a “proof of concept” or feasibility outcome, we believe the overall goal was the same, 

namely, to determine whether a future trial can be done and is meaningful. We believe that determining 

adherence with the restrictive fluid protocol (and the resultant separation in fluid administration) was 

an issue of feasibility; the primary outcome was the difference in intravenous crystalloid fluid volumes 

between the two groups, which was a clinically meaningful feasibility measure, although, of note, this 

outcome has no clinical meaning by itself.  

 It was a major strength that the REFACED Sepsis trial was a multicenter trial, including patients in 

both a university hospital and at regional hospitals. In many acute-setting single center trials, the results 

have not been reproducible in multicenter RCTs or a substantial difference in treatment effect estimates 

has been found.157, 158 This may be due to large variations in clinical practice – in this case in terms of 

fluid administration/resuscitation. Still, we only included patients in Denmark (and only in Central 

Denmark Region), which may not be generalizable to other countries in terms of patient characteristics, 
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usual care treatment and willingness to adhere to the restrictive fluid protocol. We regard our findings 

generalizable to other Danish Regions.  

 Despite a rather low randomized to screened ratio, we were able to include 124 patients in only 6 

weeks at the three sites, and patients were randomized within 140 minutes from ED arrival, and only 

received very small fluid volumes prior to enrollment. We, therefore, based on these feasibility 

outcomes, regard a future large-scale trial feasible.  

 

Patient selection 

We included acutely admitted, adult ED patients with sepsis according to Sepsis-3 guidelines.1 Patients 

were randomized as soon as the infection-related SOFA-score was ≥ 2 to ensure fast inclusion and avoid 

exclusion due to the 500 ml intravenous fluid criteria. A final total SOFA-score using all laboratory values 

drawn prior to inclusion was calculated post-hoc. We did not include a time limit in our in-/exclusion 

criteria since we regarded the maximum fluid administration more important in terms of effect on 

outcomes, i.e., fluid volumes. The use of the inclusion criteria “an expected hospital stay > 24 hours” 

was chosen to ensure that patients would stay for the entire study period and to include patients that 

were sick enough to receive intravenous fluids. We do, however, acknowledge that this criterion could 

be rather arbitrary and mostly rely on the experience of the treating physician. 70 patients were deemed 

not to have an expected hospital stay of at least 24 hours and were not included in the study. Five of the 

randomized and included patients were discharged within the 24-hour study period (Table 1). This 

emphasizes, that it is difficult to estimate and predict duration of a hospital stay at the very early phases 

of an ED stay. This is even further complicated by many upcoming and increasingly popular initiatives 

such as “hospital at home”, receiving intravenous antibiotics at home by home-care nurses, early 

discharge initiatives etc., aiming at limiting the hospital length of stays.  

We excluded patients who received ≥ 500 ml of intravenous fluids prior to enrollment. This was 

chosen to 1) limit fluids prior to inclusion, 2) avoid fluids being given only prior to enrollment and 

therefore limiting fluid needs in both groups in the 24 hours after enrollment with the risk of not 

achieving separation in fluid volumes between groups, 3) ensure a quick patient enrollment and 4) to 

not include patients with septic shock. The randomized patients received a median of 0 ml (IQRs: 0-200 

ml for the restrictive fluid group, 0-100 ml for standard care) before enrollment. This exclusion criterion 

was, however, the most frequently used exclusion criterion, with 88 patients not included since they 

received ≥ 500 ml. This may affect the selection of patients and the generalizability towards excluding 

the sickest patients where fluid administration was regarded impossible to postpone (although most of 

these patients were not in septic shock). Furthermore, it was an exclusion criterion to have vasopressors 
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started prior to screening, again to avoid inclusion of patients in septic shock. However, we are aware, 

that patients with hypotension could have been included prior to the administration of 500 ml fluid, and 

have vasopressors started just after randomization and thereby fulfill criteria for septic shock (i.e., 

vasopressor therapy to elevate MAP ≥ 65 mm Hg and lactate > 2 mmol/L despite adequate fluid 

resuscitation with 30 ml/kg1, 14) shortly after inclusion.  

Not being allowed to include patients, who were able to provide informed, written consent could be 

a potential problem of patient selection. With only 19 patients excluded because they were able to 

provide consent, we regard it to be of less importance in terms of generalizability. However, we acknow-

ledge that these patients were probably less sick and with less comorbidities. It has, in light of this,  been 

questioned why a higher mortality rate was seen in REFACED Sepsis than in other similar studies such as 

REFRESH117, ARISE-Fluids153, etc. Our descriptive study (Study I) leading up to this trial found similar age 

and comparable DNI/DNR-rates and mortality as in the REFACED Sepsis trial, why we do mostly regard 

the differences related to a (very) different patient population.137 We decided to include patients 

regardless of limitations of care (except those imminently dying within 24 hours), although most 

previous studies excluded these patients. These patients are of special interest since they account for a 

large proportion of the patients with sepsis in the ED.  

The consequences of the above-described potential selection biases are that the investigated, sample 

selection does not accurately reflect the target population, i.e., represents sepsis patients without shock 

in general – a broad, heterogenous population. 

 

Interventions  

The interventions were thoroughly discussed in the planning of the REFACED Sepsis trial. We chose to 

use four criteria and markers for severe hypoperfusion: Lactate concentration ≥ 4 mmol/l (arterial or 

venous), hypotension (systolic blood pressure < 90 mmHg), mottling beyond edge of kneecap (i.e., 

Mottling score >2)150, and severe oliguria (during the first 4 hours of admission), i.e., diuresis < 0.1 

ml/kg/h. As described in Paper IV, the four criteria were chosen “…to represent central (systolic blood 

pressure), general (lactate), peripheral (mottling), and renal (oliguria) circulation and perfusion 

status.”140 with inspiration from the CLASSIC trials.116, 119 The lactate criterion was, as also presented in 

Paper III and IV, based on the 2016 SSC guideline13 as well as the one-hour bundle.94 The blood pressure 

criterion was changed from being MAP below 50 mmHg in the CLASSIC trial to systolic blood pressure 

below 90 mmHg since MAP is rarely used in Danish EDs.138 The mottling trigger was chosen as the 

peripheral circulation trigger. As mentioned in the background, mottling score has been validated to 

have a good predictive ability in predicting 28-day mortality in sepsis patients not on vasopressors.78, 79  



 
 41 

     We discussed using capillary refill time (CRT) as the peripheral perfusion marker instead of mottling 

score, based on the promising results of the first ANDROMEDA-SHOCK trial with a potential of improving 

28-day mortality compared to a lactate-guided fluid strategy in septic shock.77  However, we did not 

regard it feasible to implement the use of glass microscope slides and taking time using 

chronometers/mobile phones in the busy ED setting. The ANDROMEDA-SHOCK-2, a large-scale 

multicenter trial, is currently enrolling patients with septic shock in ICUs trying to confirm their promising 

findings.     

 We did also discuss the use of peripheral extremities temperatures as peripheral perfusion marker, 

alternatively temperature gradients (central vs. peripheral, such as central to toe-difference).76 As with 

CRT, we regarded it difficult to implement such a new tool for use in this small feasibility trial.   

In the survey study (Study II), we found CRT (although we do not know if it is performed as formally 

as described in the ANDROMEDA-SHOCK studies in daily practice in the EDs in Denmark) to be used by 

8% of all respondents, and even less - only 2% - used mottling, 1% used passive leg raise, and 1% 

temperatures of extremities, overall indicating that peripheral perfusion markers are rarely, 

consciously used.138  

An important limitation of the REFACED Sepsis trial – and the CLASSIC trials116, 119 – was, that fluids 

were administered without testing fluid responsiveness, potentially resulting in fluid administration 

although the patient was not fluid responsive.135 However, in non-invasively monitored, non-

mechanically ventilated ED patients fluid responsiveness tests, such as fluid bolus tests, passive leg raise 

used with cardiac output monitors, ultra-sound guided assessments, etc., have limitations.99 Also, a 

systematic review found no effect of fluid responsiveness guided fluid administration in comparison to 

standard strategies, but only included four, heterogenous small studies representing 365 patients – and 

only one study was ED based.159 

The restrictive fluid protocol did not leave the opportunity of clinical judgement to the treating 

physician. But fluids were not mandated if hypoperfusion criteria were fulfilled, and a clinician could at 

any time violate the protocol, if only the reason for violating the protocol was stated. A not foreseen 

way to violate the protocol was giving more fluids than the “allowed” 250 ml., however clinicians did 

also state the reasons for this type of protocol violation.  

 Treatment in the control group – the standard care group – was decided to be at the discretion of 

the treating teams. However, in the protocol, it was defined as a protocol violation not to give 

intravenous fluids in the standard care arm. Since 15 (24%) of patients in the standard care group did 

not receive intravenous crystalloids within 24 hours, this has not been emphasized enough. This will be 

discussed further in the discussion of outcomes.  
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We were, unfortunately not able to blind our interventions for neither patients, the treating teams 

nor investigators. We did not regard it meaningful to have an independent data monitoring and safety 

board since we regarded this feasibility trial too small and inclusion probably too fast to be able to 

change anything during trial conduct and, we regarded the risk of harm minimal. Since outcome was 

fluid volumes expected to be obviously different between groups, we regarded it unnecessary to have a 

statistician to perform the data analyses blinded to the intervention. The latter could have been chosen 

to limit the risk of bias, although the impact of such takes is generally regarded limited.160   

The volumes of intravenous fluids given as carrier for medication were equal in the two groups. Since 

we originally aimed at reducing these fluids in the restrictive group, it is evident, that this did not happen. 

If we would aim at reducing fluids given with medication in a large-scale, future trial, we should 

emphasize this even more, when presenting the study protocols and outlines. Fluids given with 

medication account for a large proportion of total fluids in ICU patients with septic shock,116, 119, 161 but 

in ED patients with sepsis, we have found this proportion to be much smaller (Study I and III and an 

unpublished master thesis study).137, 140  

In both study groups, oral fluids were allowed – either for the patient to drink as much as they 

preferred or as allowed by the treating team if the patient had restrictions in oral intake for example 

due to heart failure or due to fasting. We regarded it better to receive fluids orally instead of 

intravenously since it is a more “natural way” for fluid uptake, although we have not been able to find 

direct evidence for oral fluids to be “safer” than intravenous fluids in sepsis. A narrative review of 

rehydration of athletes concluded that oral fluids are to be preferred over intravenous.162 In case of 

sepsis, it may be, that limiting intravenous fluids reduces further glycocalyx destruction by fluid infusion 

on top of the sepsis-associated glycocalyx destruction in the capillaries limiting the risk of edema 

although trials are contradictory.57, 58  

 

Outcomes 

The feasibility design was reflected in both primary and secondary outcomes. The mean intravenous 

crystalloid fluid volumes were significantly reduced with a mean difference of -801 ml and a difference 

in medians of -1000 ml. 62% of patients in the restrictive fluid group and 24% in the standard care group 

did not receive any intravenous crystalloids in 24 hours. Fluid volumes were lower in the REFACED Sepsis 

trial (Study III) (2670 ml (SD 1695)) compared to the findings in the descriptive study (Study I, Paper I) 

(2067 ml (SD 1678) for total IV fluids in standard care group).137 Overall, the lower volumes in the 

standard care group may have led to less separation between the two groups. This change in current 

practice may have occurred because fluid volumes were studied and were a subject of interest and 
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awareness in the involved departments during the trial conduct (the often called Hawthorne Effect163). 

On the other hand, current treatment does, as described, seem to be changing towards a more 

restrictive approach which may also have reduced fluid volumes over time from the conduct of Study I 

to Study III. No matter the reason, it may, however, reduce both internal and external validity and the 

true effect of the intervention since the two treatment arms tend to converge. This may also be an issue 

of concern in terms of conducting a large-scale REFACED Sepsis trial in the future.  

 The goal of one-liter difference in fluid volumes was extensively discussed. The one-liter reduction 

was based on our judgement of what was considered a minimally, clinically relevant difference with the 

mean volumes from Study I, where patients received 2650 ml intravenous fluids within 24 hours, as the 

baseline for the standard care group. It may be argued that a one-liter difference is too small, especially 

when baseline volumes are less than three liters, however we regard a 58% volume reduction significant.   

 Oral fluids increased in the REFACED Sepsis trial compared to Study I. Still there was a mean difference 

in total oral and intravenous fluids of -840 ml in REFACED, indicating that the decrease in intravenous 

fluids in the restrictive group was not “replaced” 1:1 by oral fluids.  

 We were only able to include 32% of all eligible patients. This was mainly due to two conditions: 1) 

one site had to limit daily randomizations to one patient a day just before trial initiation due to a series 

of circumstances including a very challenged ED staff primarily because of COVID-19, vacant positions 

and lastly a large outbreak of Rota-virus at their hospital on the days of initiation, and 2) no inclusions 

of patients with a high likelihood of surgery within the 24 hours at the two regional hospitals. This, 

obviously, should be considered when interpreting the inclusion rate and especially the low proportion 

of patients with abdominal focus of infection and high likelihood of surgery not entirely reflecting a 

traditional sepsis population, and affecting the internal and external validity.  

Regarding inclusion rates, we tried to optimize this by having research assistants at all three sites 

from 13.30-23.30 every day, and with appointed physicians or nurses trying to spot study participants 

during daytime. However, even with this intensive effort, patients will be missed in a very busy ED 

setting, where patients cannot be enrolled until vitals are measured, they are seen by physicians and 

sometimes awaiting that laboratory values are available. Furthermore, sepsis is not always suspected at 

arrival, why patients can sometimes fulfill inclusion criteria later during their ED stay, where staff and 

research assistants mentally had ruled the patient out to be a REFACED Sepsis candidate. Compared to 

some other trials, we have been able to describe the entire potentially eligible cohort thoroughly.117 If 

surgical patients were accepted for inclusion at all sites and all patients fulfilling inclusion and no 

exclusion criteria were allowed inclusion instead of only one a day at Regional Hospital Randers, an 

inclusion rate of at least 43% as for the best site in REFACED Sepsis would probably be achievable in a 
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future trial, since 208 patients were not included due to “No resources or clinical team forgot” (Figure 

4, and Paper IV). Despite the low inclusion ratio, we were able to include 124 patients in only 6 weeks. 

The patients that were randomized and included were enrolled within 140 minutes of ED arrival, and 

patients received a median of 0 ml of fluid before enrollment. This is, as mentioned, assuring towards a 

possible future large-scale trial.   

 We found no significant differences in our secondary patient-related outcomes, which was also not 

expected since the trial was not powered for these outcomes. Most importantly, however, was that 

there were also no differences in adverse events.  

 The most frequently used hypoperfusion criteria was hypotension, which was also expected. 

Hypotension has in multiple studies been shown to be a frequent cause of fluid administration as 

mentioned in the background.65, 67 Blood pressure was, likewise, shown to be the most frequently used 

trigger for fluid administration in our survey study (Study II).138 Nine of all protocol violations were 

performed to either improve circulation or due to low blood pressure, although the systolic blood 

pressure was not below 90 mmHg. This may indicate that physicians sometimes do not tolerate blood 

pressure < 100 mmHg or have even higher blood pressure thresholds in specific patients, however, we 

are not able to investigate this further.  

 Protocol violations occurred in totally 21/61 (35%) patients in the restrictive fluid group. This was in 

accordance with the CLASSIC feasibility trial116, but the recent large-scale CLASSIC trial (21% of patients) 

and the REFRESH feasibility trial (12% of patients) had fewer protocol violations in their restrictive fluid 

groups.119 We do not know the reason for these differences, but it could be speculated that especially 

in the large-scale CLASSIC trial, the feasibility trial convinced clinicians about the safety of the approach. 

The most frequent cause for protocol violations was high/rising creatinine or impaired renal 

function. Although it was somewhat unexpected, trying to increase urine output has been shown to be 

a frequent indication for fluid administration, and was also frequently chosen as fluid trigger (by 18% 

of nurses and physicians) in the survey study (Study II).65, 67, 138 As argued in Paper 4, this may be due to 

a perception that fluids are beneficial in the treatment of mild (prerenal) kidney failure, although 

evidence for this is limited, and studies have shown benefit of restrictive fluids.67, 82-86  

 

Statistics 

The statistical analyses in Study III were conducted in accordance with the statistical analysis plan 

described in the protocol (Paper III and Appendix) which is regarded as a strength of the trial.139 The 

primary outcome (mean differences in intravenous, crystalloid fluid volumes) and other continuous 

variables were analyzed using linear regression with adjustment for our stratification variable site. It is 
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recommended to adjust for stratification variables to avoid too wide confidence intervals and too large 

p-values, decreasing power and risks of type I error which could result in an incorrect conclusion of no 

effect of the treatment.164 We discussed stratifying for baseline blood pressure for example >/< 

100mmHg or 90 mmHg, but decided not to, since we only expected relatively few patients with low 

blood pressure resulting in a risk of very small sample sizes within strata or “empty” strata.164 Only 1 

patient in each group had systolic blood pressure < 90 mmHg at arrival, whereas seven in the restrictive 

fluid group and three in the standard care group had systolic blood pressure < 100 mmHg. Even using < 

100 mmHg we would probably still have had empty strata.  

 In the protocol it was described that we would use other analyses if the data was severely non-

normally distributed. This turned out to be the case. We, therefore, decided to analyze data using 

quantile regression (median regression) post-hoc, where it is possible to adjust for stratification 

variables which is for example not the case in Hodges-Lehmann estimator.152  

All analyses were conducted in the intention-to-treat population, but according to national Danish 

law, we had to exclude patients who withdrew consent for the use of data (only 1 patient in the 

restrictive group for the primary outcome, and two patients withdrew consent to obtain 90-day 

mortality status). This may lead to reduced power – especially if dropouts were related to the allocation 

or outcome.  Since informed consent was obtained delayed, after enrollment and/or by proxy this had 

a potential of increasing post-randomization withdrawals.  

 

Current use of fluids in sepsis without shock 

The latest SSC guideline does, as described, not give recommendations for fluid administration of sepsis 

patients without sepsis-associated hypotension or shock.14 The studies in the present thesis intended to 

shed light on this highly under-investigated area accounting for an even larger patient population than 

septic shock patients.  

 Not much was known about administered fluid volumes in patients with simple infection and sepsis 

in the ED or about factors associated with fluid administration. As suspected with the lack of guidelines, 

we found a large practice variation with a variation in fluid administration (200 and 15 870 mL oral and 

intravenous fluids) given in 24 hours for patients with simple infection or sepsis with a mean of 

approximately 3.6-3.7 L.137 This was less than the 4.5 L and 4.25 L administered intravenous fluids in 

patients with sepsis and systolic blood pressure < 100 mmHg in the descriptive ARISE-FLUIDS trial and in 

the standard care arm in REFRESH, feasibility trial, respectively.117, 153 To our knowledge, we were the 

first to include oral fluids. We found increasing age, DNI/DNR orders, and preexisting atrial fibrillation to 

be associated with less fluids, whereas systolic blood pressure < 100 mmHg, MAP < 65 mmHg, lactate ≥ 
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2 mmol/L, heart rate > 120 min-2, elevated and low temperature, SOFA-score > 5 and new-onset atrial 

fibrillation to be associated with increasing fluid volumes. A recent study confirmed several of the 

associations, and found younger age, lower systolic blood pressure/shock, elevated lactate, rapid 

response team activation, and presenting to a smaller hospital to be associated with receiving fluids.165 

In contrary, another descriptive study, found fluid volumes not to differ according to age ≥ or < 70 

years.133 A study in ICU septic shock patients found increased lactate, higher cardiovascular and renal 

SOFA sub-scores, lower respiratory SOFA sub-score, and surgery prior to enrollment to be independently 

associated with increased 3-day resuscitation volumes.105 Systolic blood pressure was also found to be 

the most often, self-reported, used trigger for fluid administration in our survey study for both nurses 

and physicians (Study II, Paper II).138 Overall, Study I and II together confirm, that fluid administration is 

challenging with great practice variation, but especially clinical and patient characteristics affect 

administered fluid volumes. Evidence within the field was requested.  

 

Current evidence and future perspectives in fluid administration of patients with sepsis 

With the REFACED Sepsis feasibility trial, we took the first steps towards increasing knowledge about 

best practice fluid administration in sepsis without shock. We were able to randomize 124 patients in 6 

weeks, achieve separation in fluid volumes of -801 ml (difference between medians: -1000 ml) between 

groups and found no differences in adverse events or other outcomes, although the trial was not 

powered for these outcomes. Whether a restrictive fluid approach is favorable in ED patients with sepsis 

without shock is still unknown.  

In the septic shock population, the large-scale CLASSIC trial – a multicenter trial of 1554 septic shock 

patients in the ICU randomized to restrictive fluids or standard care during their entire ICU-stay – 

recently found no difference in 90-day mortality, adding to the knowledge from a systematic review 

which also did not find differences in outcomes between restrictive and liberal fluids.119, 128 These 

findings leave clinicians with an opportunity to interpret the results according to own beliefs on fluids; 

either you can conclude that fluids are ”unnecessary” and you can as well just treat the patients 

restrictively, or you can conclude that fluids also did not make it worse and fluids can be infused as you 

like or think the patient somehow would benefit from. Patients in the CLASSIC trial did, however, receive 

approximately 3000 ml in the 24 hours before randomization. This has in the critical care societies raised 

the question, whether the restrictive approach would be beneficial if initiated prior to administration of 

the rather high pre-enrollment fluid volumes. Therefore, there seems to be an ongoing request of 

evidence and in the light of this rationale, the large-scale REFRESH follow-up trial, ARISE-FLUIDS, is 

ongoing, the EVIS trial is about to be initiated and the reporting of results of the CLOVERS trial118 is 
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awaited. Also, the FRISSBE trial (ClinicalTrials.gov Identifier: NCT04759989), investigating different 

weight-based fluid administration strategies in obese septic shock patients will add important 

knowledge. Whether, again, these results will be generalizable to the heterogenous, comorbid ED 

patients without shock is unknown. A hypothesis generating Dutch multicenter, observational study 

suggested that older patients with suspected infection may need higher fluid volumes than younger 

patients to avoid in-hospital death, even when having a seemingly normal systolic blood pressure at 

admission.133 In line with this, an Australian observational study found each 1000 ml increase in 

intravenous fluids associated with a risk reduction of in-hospital mortality in ED patients with suspected 

infection of any severity.166 The rationale for conducting a large-scale randomized REFACED Sepsis trial 

still seems reasonable, but with the above-mentioned observational studies and especially the ongoing 

awaited results of RCTs in mind, we will probably await these before finally deciding whether to continue 

or instead tend to regard the knowledge from septic shock and sepsis-associated hypotension 

generalizable to ED patients with sepsis without shock or hypotension. The latter will never be 100% 

possible or certain, but if all trials in sepsis-associated hypotension and shock have identical findings in 

terms of mortality, namely a neutral outcome between restrictive and standard care fluid 

administration, the chance of finding the same in a population less sick and even more heterogenous is 

large. Other patient-related primary outcomes could, however, be considered, although these types of 

outcomes can be challenging.167  

 It has in several studies and analyses been suggested, that fluid response follows a u-shaped curve, 

meaning that both limited and large fluid volumes may worsen outcomes.135 This may perhaps question 

the entire concept of liberal vs. restrictive fluids. Individualization of care to each patient even more 

than in REFACED Sepsis vs fixed rates (i.e., 30 ml/Kg) could be an interesting approach. Also, de-

escalation or even de-resuscitation or active fluid removal for example using furosemide, may play an 

active role in the outcomes of fluid administration.168-170 Unfortunately, the use of this has not been 

reported in for example the CLASSIC trial. The inclusion of oral fluids in the REFACED Sepsis trial, is to 

our knowledge novel, therefore it could also be an approach to somehow investigate if intravenous fluids 

are beneficial for those who can take oral fluids, or only in those who cannot, maybe even using gastric 

tubes in the oral fluids approach.  

The SSC guideline mainly focuses on septic shock patients in the ICU. It may be more effective to 

invest in treatment and research within the earlier sepsis states in the EDs and even in the general 

practice settings where patients are often undifferentiated with a potential to avoid disease progression 

and the need for, for example, ICU transfer.171, 172  
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CONCLUSIONS  

The overall goal of all three trials was to establish more knowledge on fluid administration in ED 

patient with sepsis. In 734 patients with simple infection, sepsis, and septic shock, we outlined current 

24-hour fluid administration. Patients with simple infection and sepsis received approximately 3.6-3.7 

L oral and intravenous fluids in total in 24 hours. Patients with sepsis received more intravenous and 

less oral fluid than patients with simple infection. Clinical variables and patient characteristics only 

partly explained fluid administration, suggesting large practice variation and that some of the fluid 

administration is either unexplained by included variables or administered at random.   

 In our survey study, we found that fluid administration is regarded an important, challenging task 

performed in EDs based on mainly clinical judgement. Response to clinical scenarios of patients with 

sepsis showed variations in preferred fluid volumes, rates, and indications. Blood pressure was the 

trigger of choice.   

 In the randomized, feasibility trial, REFACED Sepsis, we were the first to randomize patients with 

sepsis without shock to receive 24-hour restrictive or standard intravenous fluids. We, successfully, 

achieved separation between groups, although the mean difference was slightly lower than the 

hypothesized minimal, clinically relevant difference. We did not find any differences in any of the 

secondary outcomes including adverse events. Overall, the study appeared feasible.  

 A large-scale, future trial could be important to investigate the effect of fluid restriction on patient-

centered outcomes in sepsis patients without shock. Results from recently finalized and ongoing trials 

will be important to outline the full rationale for such a trial.      
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STUDY PROTOCOL

Restrictive Fluid Administration vs. 
Standard of Care in Emergency Department 
Sepsis Patients (REFACED Sepsis)—protocol 
for a multicenter, randomized, clinical, proof-of-
concept trial
Marie Kristine Jessen1,2* , Lars Wiuff Andersen1,3,4, Marie-Louise Holm Thomsen2, Peter Kristensen5, 

Wazhma Hayeri6, Ranva Espegård Hassel2, Anders Perner7, Jens Aage Kølsen Petersen3 and Hans Kirkegaard1,4 

Abstract 

Background: Intravenous fluids are often used in the treatment of sepsis. The better strategy regarding fluid volume 

is debated, but preliminary data in patients with septic shock or sepsis-related hypotension favor restrictive fluid 

administration. We describe the protocol and statistical analysis plan for the Restrictive Fluid Administration vs. Stand-

ard of Care in Emergency Department Sepsis Patients (REFACED Sepsis)—a multicenter, randomized clinical proof-

of-concept trial. The aim of the REFACED Sepsis trial is to test if a restrictive intravenous fluid protocol in emergency 

department patients with sepsis without shock is feasible and decreases the intravenous fluid volume administered in 

comparison to standard care.

Methods: This is an investigator-initiated, multicenter, randomized, parallel-group, open-labeled, feasibility trial inves-

tigating volumes of crystalloid fluid within 24 h in 124 patients with sepsis without shock enrolled at three emergency 

departments in the Central Denmark Region. Patients are allocated to two different intravenous fluid regimens: a 

restrictive approach using four trigger criteria for fluid administration vs. standard care.

The primary, feasibility outcome is total intravenous, crystalloid fluid volume within 24 h, and key secondary outcomes 

include protocol violations, total fluids (intravenous and oral) within 24 h, and serious adverse reactions and suspected 

unexpected serious adverse reactions.

Status: The trial started in November 2021, and the last patient is anticipated to be included in January 2022.

Discussion: Sepsis is very common in emergency department patients and fluid administration is very frequently 

administered in these patients. However, the evidence to guide fluid administration is very sparse. This feasibility trial 

will be the foundation for a potential future large-scale trial investigating restrictive vs. standard fluid administration in 

patients with sepsis.
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Introduction

Sepsis is common and accounts for approximately a quar-

ter of all admissions from Danish medical emergency 

departments (ED) [1] and for more than 500,000 yearly 

patient visits in the USA [2]. Sepsis patients are at risk of 

disease progression to septic shock (incidences from 7 to 

26% [3–6]) with a high mortality [7–9]. Also, the morbid-

ity and effect on health-related quality of life after sepsis 

is significant [10–12].

The mainstay of sepsis treatment in the initial phase 

includes intravenous antibiotics and fluids, source con-

trol, and supportive care, if necessary [13]. The effects 

of fluid resuscitation in sepsis are uncertain, and liberal 

administration may lead to overhydration and edema 

[9, 14–24]. The choices around fluid volumes are sup-

ported by low quality of evidence, which may contribute 

to marked practice variation [9, 25–29]. The international 

Surviving Sepsis Campaign (SSC) guides the treatment 

of sepsis associated hypotension [30], but does not give 

any recommendations for fluids in sepsis patients not in 

shock, despite the fact that sepsis is almost 60 times more 

frequent then septic shock [1]. Evidence within the field 

has been requested by experts [31, 32].

Recently, there has been a number of observational 

studies and interventional trials on fluid volumes in sep-

tic shock and several randomized trials are ongoing [15, 

26, 33, 34]. In a randomized pilot trial, it was possible 

to reduce volumes of resuscitation fluids with a restric-

tive fluid protocol in septic shock patients in the inten-

sive care unit (ICU) [33]. In another pilot trial in the 

ED by Macdonald et al., it was possible to reduce fluids 

with 30% with a fluid restrictive and early vasopressor 

approach in patients with sepsis associated hypotension 

[34]. A systematic review with meta-analysis of all rand-

omized trials found no statistically significant difference 

between lower vs. higher fluid volumes in all-cause mor-

tality in patients with sepsis, but the point estimates did 

favor fluid restriction for all outcomes. Six of seven trials 

in the review were done in the ICU setting [35].

The aim of the Restrictive Fluid Administration vs. 

Standard of Care in Emergency Department Sepsis 

Patients (REFACED Sepsis) trial is to test if a restrictive 

intravenous fluid protocol in ED patients with sepsis 

without shock is feasible and if the treatment protocol 

decreases the volumes of intravenous fluid administered 

in comparison to standard care. Should the trial prove 

feasible with separation between the two interventions, a 

large-scale trial assessing patient important outcomes is 

warranted.

Methods

Protocol

The full protocol is provided in the Supplemental mate-

rial and all previous versions are available on the trial 

website [36]. The protocol was developed in accordance 

with the International Conference on Harmonization 

(ICH) guidelines [37–39] and the Standard Proto-

col Items: Recommendations for Interventional Trials 

(SPIRIT) statement [40, 41]. The trial was registered at 

the EU Clinical Trials Register (EudraCT number: 2021-

000224-35 (date: 2021 May 03)) and at Clini calTr ials. gov 

(Identifier: NCT05076435 (date: 2021 October 13)). The 

trial protocol was approved by the Committee on Health 

Research Ethics—Central Denmark Region (Identifier: 

1-10-72-163-21 (date: 2021 June 28)).

Trial design

The REFACED Sepsis trial is an investigator-initiated, 

multicenter, randomized, parallel-group, open-labeled, 

feasibility trial, randomizing 124 sepsis patients without 

shock to a restrictive approach for fluid administration 

within the first 24 h or standard care.

Setting

The trial will be conducted at the EDs at Aarhus Univer-

sity Hospital and the Regional Hospitals in Randers and 

Viborg, Denmark.

Eligibility

We will include patients fulfilling all of the following 

inclusion criteria: (1) unplanned emergency depart-

ment admission, (2) age ≥ 18 years, (3) sepsis defined as 

(a) suspected infection by the treating clinician AND (b) 

blood cultures drawn AND (c) intravenous antibiotics 

administered or planned AND (d) an infection-related 

increase of SOFA-score ≥ 2 [42], and (4) expected hos-

pital stay > 24 h as deemed by the treating clinician. We 

will exclude all patients fulfilling any of the following 

exclusion criteria: (1) ≥ 500 ml of intravenous fluids given 

prior to randomization, (2) use of invasive ventilation or 

vasopressor at the time of screening, (3) known or sus-

pected severe bleeding as per the treating clinician, (4) 

Trial registration: EudraCT number: 2021-000224-35 (date: 2021 May 03), Clini calTr ials. gov number: NCT05 076435 

(date: 2021 October 13), Committee on Health Research Ethics – Central Denmark Region: 1-10-72-163-21 (date: 2021 

June 28).

Keywords: Emergency department, Fluid therapy, Sepsis, Infection
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known or suspected pregnancy (women aged < 45 years 

will have a pregnancy test performed before enrollment), 

(5) prior enrollment in the trial, and (6) patients, who 

the clinician expect not to survive the next 24 h. Patients 

will be included irrespective of COVID-19 status, since 

inclusion and randomization often will occur prior to 

test results. According to Danish law, it is only allowed 

to include patients in a study who can either all provide 

written, informed consent OR patients who are not able 

to provide written consent after being given oral and 

written trial information before randomization. Since 

most sepsis patients are not able to provide informed 

consent, we decided to only include patients who can-

not provide written, informed consent at inclusion. This 

means that all included patients will be either severely 

in pain, distress, confused, delirious, respiratory, or cir-

culatory acutely affected and/or ill. The inclusion will be 

approved through legal guardian informed consent from 

an independent physician. For further details on ethics 

and consent, see the “Ethical considerations and consent” 

section.

Intervention

Patients are randomized to either standard care or 

restrictive fluid administration for 24 h by the treating 

physician or the treating physician in collaboration with 

research assistants. The intervention protocols in the 

REFACED Sepsis trial are targeted intravenous crystal-

loid fluid. Fluid restriction vs. standard care fluid therapy 

cannot be blinded for investigators, clinical staff, or par-

ticipants. The two treatment algorithms are shown in 

Fig. 1 and described further in the following.

Standard care
Intravenous fluid will be given as per choice of the treat-

ing team. There will be no lower or upper limit for the 

use of either intravenous or oral/enteral fluids.

Restrictive fluid administration
No intravenous crystalloid fluids should be given unless 

one of the below mentioned situations occur:

A fluid bolus of 250 ml isotonic crystalloid (normal 

saline or Ringer’s acetate/lactate) may be given within 

15 min if one or more of the following occurs (hypoperfu-

sion criteria):

• Lactate concentration ≥ 4 mmol/l (arterial or venous)
• Hypotension (systolic blood pressure < 90 mmHg)
• Mottling beyond edge of kneecap (i.e., Mottling 

score > 2) [43]
• Severe oliguria, i.e., diuresis < 0.1 ml/kg/h, during the 

first 4 h of admission

After 30 min, the effect of a fluid bolus may be assessed 

by re-evaluation of the four hypoperfusion criteria men-

tioned above by the treating clinician. If one or more of 

the criteria are still fulfilled, a fluid bolus as defined above 

may be repeated. This circle of a fluid bolus, 30 min and 

re-evaluation may be repeated as long as clinically indi-

cated. At any time, the clinician can start vasopressors if 

deemed necessary.

The treating physician may at any time violate the pro-

tocol by giving fluid although none of the above-men-

tioned criteria are fulfilled if found to be in the interest of 

the patient. The physician must state the reason for vio-

lating the protocol.

Intravenous fluids may be given as carrier for medica-

tions, but the volume should be reduced to the lowest 

possible volume for the given medication. In case of doc-

umented overt fluid losses (e.g., vomiting, large aspirates, 

diarrhea, drain losses, or ascites drainage), intravenous 

fluid may be given to correct for the loss. In case the oral/

enteral route for water or electrolyte solutions is con-

traindicated or has failed as judged by the clinical team, 

intravenous fluids may be given to:

• Correct significant electrolyte deficiencies
• Ensure a total fluid input of 1 L per 24 h (fluids with 

medications and nutrition count as input)

If a patient undergoes surgery during the 24-h inclu-

sion period, they temporarily pause the protocol, but 

clinicians will be encouraged to continue restrictive fluid 

therapy.

Research assistants (medical students) will be present 

at all three sites from 14.00-23.30 to ensure enrollment 

of the patients, information to the involved clinical teams 

and encourage to complete documentation of all fluids.

Randomization

Eligible patients fulfilling all inclusion criteria and no 

exclusion criteria will be randomized 1:1 using a central-

ized web-based system according to a computer-gener-

ated allocation sequence list, with varying block sizes, 

stratified for site. The allocation sequence list and block 

sizes are only known by the data manager at Trial Part-

ner® at Aarhus University and remains concealed from 

the investigators until the last patient has completed the 

study.

Outcomes

The primary outcome will be the total volume of all 

administered intravenous, crystalloid fluids within 24 h of 

randomization.

The secondary outcomes will be as follows: feasibil-

ity measures (number of patients with major protocol 
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violations, number of patients screened positive (i.e., with 

all inclusion criteria fulfilled and no exclusion criteria 

fulfilled) vs randomized, time from admission to inclu-

sion, number of patients with incomplete data on the 

primary outcome 24-h fluids (e.g. due to discharge within 

24 h or in hospital death)), accumulated serious adverse 

reactions and events within 7 days in-hospital, and total 

fluids (oral, total intravenous, and total oral and intrave-

nous) at 24 h. We will also report in-hospital mortality 

and 30- and 90-day mortality, in-hospital length of stay 

(LOS), mechanical ventilation within 7 days of admission 

(yes/no), vasopressor use within 7 days of admission (yes/

no), and development or worsening of acute kidney fail-

ure according to the KDIGO3-criteria within 7 days of 

admission [44].

Sample size

The trial was powered to the primary outcome of 24-h 

total intravenous fluids. The sample size calculation is 

based on data from an observational study conducted 

in the Central Denmark Region in which sepsis patients 

meeting inclusion criteria for the current trial received 

2670 ml intravenous fluids (SD 1695) [29]. We therefore 

estimated that the total amount of IV fluid in the control 

Fig. 1 Inclusion criteria, exclusion criteria and treatment algorithms
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group will be 2650 ml (standard deviation 1700 ml). We 

consider a mean difference of 1 L to be clinical meaning-

ful and therefore estimate 1650 ml (standard deviation 

1.7 L) in the intervention group. Based on these esti-

mates, an alpha of 5%, a power of 90%, and a two-sample 

t-test, a sample size of 124 patients is required; 62 in each 

treatment arm.

Statistical analysis plan

The statistical reporting will adhere to the CONSORT 

guidelines [45, 46]. All tests will be two-sided, a p-value 

< 0.05 will be considered statistically significant, and 95% 

confidence intervals will be presented.

All analyses will be conducted in a modified intention-

to-treat (ITT) population defined as all randomized par-

ticipants for whom consent to use data was obtained. We 

will perform the primary analysis adjusted for the strati-

fication variable, trial site. The two groups will be com-

pared regarding baseline characteristics using descriptive 

statistics.

To estimate the mean difference in fluid volume 

between groups, we will use linear regression with adjust-

ment for the stratification variable to see if it is feasible 

to reach 1000 ml difference. If the data is severely non-

normally distributed, we will consider other appropriate 

options (e.g., “robust standard errors” or transformation). 

Other continuous variables will be analyzed similarly. For 

binary outcomes, we will use logistic regression adjusted 

for site and results will be presented as odds ratios.

Missing data will be reported. We do not expect any 

missing data for the primary outcome (except for those 

discharged or dying within the 24 h) or the key secondary 

outcomes. Patients discharged within 24 h or who died 

within 24 h, will be included in the analysis with the vol-

ume of fluid they received until discharge/death. We do 

not expect missing data on mortality or adverse events. 

Multiple imputation using known risk factors for out-

comes in sepsis will be used to impute values for patients 

with missing data if missing data is substantial (> 10%). 

There will be no predefined stopping criteria for this fea-

sibility trial. All analyses will be performed using Stata 

version 17 (StataCorp LP, College Station, TX, USA).

Data collection and follow up

The treating team will register limited data during the 

randomization process, i.e., patient identifier (i.e., Danish 

Central Personal Register number), site, and inclusion/

exclusion criteria. A paper case report form (CRF) (a bed-

side REFACED Sepsis resuscitation chart) for collecting 

data on fluid management will be placed at the patient’s 

bedside. The paper CRF will be filled out by the treating 

team and/or research assistants during the 24 h; timing 

of fluids administered, indication for fluid bolus, fluid 

type and volume and time to re-evaluation and protocol 

violations and reasons for these. Oral and other intrave-

nous fluid administrations will be noted on the CRF. The 

research assistants are not allowed to administer/pre-

scribe any fluids. Further data will be obtained from the 

electronic medical record by the research team including 

vital signs, blood tests, and further clinical data; all data 

will be based on measurements and assessments made by 

the clinical team. A trained member of the research team 

will be responsible for data collection and entry into the 

eCRF from the electronic medical journal and from the 

paper-CRF. Data will be entered directly into the RED-

Cap database from the electronic medical journal. Details 

of the included variables are provided in the full protocol.

Clinical treatment

The clinical management of included patients, other than 

fluid strategy according to randomization, will be at the 

complete discretion of the treating clinical team in order 

to test the interventions in a real-life clinical scenario.

Ethical considerations and consent

A detailed description of the ethical considerations is 

provided in the protocol in the supplemental material. 

The trial was approved by the regional ethics committee 

(case number: 1-10-72-163-21 on June 28, 2021, and Dan-

ish Medicine Agency (EudraCT number: 2021-000224-

35) on March 05, 2021. Consent is obtained according to 

Danish law using a two-to-three step approach. Before 

randomization, verbal, and subsequent written, consent 

for enrollment is obtained by research staff from an inde-

pendent physician (first trial guardian). Second, after ran-

domization, consent is obtained from the patient if the 

patient has regained ability to fully understand the trial 

circumstances and give written consent. If the patient is 

still not able to give written consent, informed consent is 

obtained from either a surrogate/next of kin or the treat-

ing physician (second trial guardian). If so, consent is 

later obtained from the patient as soon as feasible if full 

ability to provide written consent is regained.

The trial is monitored according to the standards of 

Good Clinical Practice [47]. The study will be conducted 

independent of the financial sponsors and the financial 

sponsors have no role in design, conduct, or reporting 

the findings of the study.

Data sharing

Six months after the publication of the last results, all de-

identified individual patient data will be made available 

for data sharing [48]. Procedures, including re-coding of 

key variables, will be put in place to allow for complete 

de-identification of the data.
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Discussion

The current article describes the design of the REFACED 

Sepsis trial, a feasibility trial investigating if a fluid 

restrictive protocol reduces 24-h crystalloid fluids in sep-

sis patients without shock admitted to the emergency 

department in comparison to standard care.

The optimal intravenous fluid strategy in adults with 

sepsis without shock is unknown. In septic shock, tri-

als on restrictive vs. liberal fluid administration have 

pointed towards benefit with fluid restriction, although 

the evidence is still uncertain. Three large-scale stud-

ies are currently investigating fluids in septic shock and 

sepsis-associated hypotension. The CLASSIC-trial (Clini 

calTr ials. gov Identifier: NCT03668236, just finished 

enrollment) enrolling septic shock patients in the ICU in 

primarily Europe [49]. The ARISE-FLUIDS (Clini calTr 

ials. gov Identifier: NCT04569942) enrolling ED patients 

with sepsis-associated hypotension in Australia and New 

Zealand [34]. And lastly, the CLOVERS trial (Clini calTr 

ials. gov Identifier: NCT03434028) is currently randomiz-

ing septic shock patients in the ED to either 24 h liberal 

fluids or restrictive fluids in the USA [50]. With existing 

data and those from the ongoing randomized trials pri-

marily in septic shock/sepsis-associated hypotension, 

the REFACED Sepsis trial will provide important knowl-

edge on the use of intravenous fluid volumes in adult ED 

patients with sepsis without shock at admission with a 

possibility of improving care to a large proportion of ED 

patients.

The primary outcome of the current feasibility trial is 

24-h intravenous crystalloid fluid administration. This 

was chosen to determine if it is feasible to reduce fluid 

volumes using a restrictive fluid administration protocol. 

24 h-fluids were chosen since it represents the most criti-

cal part of the resuscitative phase of the sepsis incident. 

Twenty-four hours of intervention is also used in the 

CLOVERS trial [50] and up to 24 h in the ARISE FLUIDS 

study [34]. Secondary outcomes and feasibility measures 

have been included to be able to conduct a power-calcu-

lation for a future large-scale trial. The study is not pow-

ered to investigate differences in outcomes other than 

24-h fluid administration.

The four hypoperfusion criteria for administration of 

crystalloid fluids in the restrictive arm were chosen to rep-

resent central (systolic blood pressure), general (lactate), 

peripheral (mottling), and renal (oliguria) circulation and 

perfusion with inspiration from the CLASSIC trial [33, 49].

The trial design is pragmatic regarding all other 

aspects of treatments, including fluid type, encouraging 

the clinical team to follow routine practice to be able 

to increase external validity as much as possible. The 

REFACED Sepsis trial intervention cannot be masked 

for investigators, clinicians, research assistants nor 

patients, as blinding of the two fluid strategies is not 

feasible in clinical practice. The non-blinded design 

increases the risk of bias [51]. We expect that clini-

cians will violate the protocol, probably most often in 

patients in the restrictive study arm. Despite protocol 

violations, a difference in resuscitation fluid volumes 

in the CLASSIC pilot trial was observed without any 

safety concerns [33].

Status

The trial was initiated on November 3, 2021, and is 

expected to be completed within 2–3 months.
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Samtykke givet jf. informationsmateriale v.1.0 

 

 

(S9) 

Stedfortrædende samtykke fra forsøgsværgen til akut lægemiddelforsøg. 

 

Forskningsprojektets titel: Restriktiv vs. vanlig væskebehandling af patienter med sepsis  
 

(Engelsk: Restrictive Fluid Administration vs. Standard of Care in Emergency Department Sepsis Patients 
- a Multicenter, Randomized Clinical Feasibility Trial (REFACED Sepsis)) 

                                                                                                            

Erklæring fra forsøgsværgen (en uafhængig læge): 

Jeg erklærer hermed, at jeg har fået skriftlig information om det konkrete forskningsprojekt samt  
oplysning om forsøgspersonens tilstand. Jeg er uafhængig af den forsøgsansvarliges interesser og af 
interesser i forskningsprojekter i øvrigt og giver – som varetager af forsøgspersonens interesser – 
samtykke til, at 

 

________________________________________________________ (forsøgspersonens navn)    

deltager i forskningsprojektet. 

 

Navnet på forsøgsværgen: _______________________________________________________ 

 

Dato: _______________   Klokkeslæt: _______________ 

 

Underskrift: _____________________________________________  

 

 

Erklæring fra den, der afgiver information: 

Jeg erklærer, at forsøgsværgen har fået skriftlig information om det konkrete forskningsprojekt  
samt oplysning om forsøgspersonens tilstand.   

Navnet på den, der har afgivet information: 

 

Dato: _______________   Underskrift: _____________________________________________ 

 
 
Projektidentifikation:  
 
EudraCT number: 2021-000224-35 
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(S7) 

Stedfortrædende samtykke til deltagelse i et sundhedsvidenskabeligt forskningsprojekt. 
 

Forskningsprojektets titel: Restriktiv vs. vanlig væskebehandling af patienter med sepsis 

Erklæring fra den person, som afgiver stedfortrædende samtykke: 

Jeg har fået skriftlig og mundtlig information og jeg ved nok om formål, metode, fordele og ulemper  
til at give mit samtykke.  

Jeg ved, at det er frivilligt at deltage, og at jeg altid kan trække mit samtykke tilbage uden at 
forsøgspersonen mister sine nuværende eller fremtidige rettigheder til behandling.   

Jeg giver samtykke til, at ______________________________________ (forsøgspersonens navn) 
deltager i forskningsprojektet og jeg har fået en kopi af dette samtykkeark samt en kopi af den  
skriftlige information om projektet til eget brug. 

Oplysning om min tilknytning, som pårørende, til forsøgspersonen: 
 

______________________________________________________________________________ 
 

Navnet på den person, der giver stedfortrædende samtykke: _____________________________ 
 

Dato: _______________   Klokkeslæt: _______________ 
 

Underskrift: _____________________________________________  
  
 

Ønskes information om forskningsprojektets resultat samt eventuelle konsekvenser for forsøgspersonen?: 
 
Ja _____ (sæt x)         Nej _____ (sæt x) 
 
 
Erklæring fra den, der afgiver informationen til pårørende: 
 
Jeg erklærer, at der er afgivet mundtlig og skriftlig information om forsøget. 
 
Navnet på den, der har afgivet information:  

 

Dato: _______________   Underskrift: ______________________________________________ 
 

______________________________________________________________________________ 

Stedfortrædende samtykke fra forsøgsværgen (en uafhængig læge): 

Dato: _______________   Klokkeslæt: _______________ 
 

Underskrift: _____________________________________________  
  
 
Erklæring fra den, der afgiver informationen til forsøgsværgen (en uafhængig læge): 
 
Jeg erklærer, at der er afgivet mundtlig og skriftlig information om forsøget. 
 
Navnet på den, der har afgivet information:  
 

Dato: _______________   Underskrift: ______________________________________________ 
 
 
Projektidentifikation:  
EudraCT number: 2021-000224-35 
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(S1) 

Informeret samtykke til deltagelse i et sundhedsvidenskabeligt forskningsprojekt. 

 

Forskningsprojektets titel: Restriktiv vs. vanlig væskebehandling af patienter med sepsis  

 

Erklæring fra forsøgspersonen: 

Jeg har fået skriftlig og mundtlig information og jeg ved nok om formål, metode, fordele og  
ulemper til at sige ja til at deltage.  

Jeg ved, at det er frivilligt at deltage, og at jeg altid kan trække mit samtykke tilbage uden at  
miste mine nuværende eller fremtidige rettigheder til behandling.   

Jeg giver samtykke til, at deltage i forskningsprojektet, og har fået en kopi af dette samtykkeark samt en 
kopi af den skriftlige information om projektet til eget brug. 

 

Forsøgspersonens navn: ________________________________________________________ 

 

Dato: _______________   Klokkeslæt: _______________ 

 

Underskrift: _____________________________________________  

 
 
 
Ønsker du at blive informeret om forskningsprojektets resultat samt eventuelle konsekvenser for dig?: 
 
Ja _____ (sæt x)         Nej _____ (sæt x) 

 

Erklæring fra den, der afgiver information: 

Jeg erklærer, at forsøgspersonen har modtaget mundtlig og skriftlig information om forsøget. 
 
Efter min overbevisning er der givet tilstrækkelig information til, at der kan træffes beslutning om 
deltagelse i forsøget.   

Navnet på den, der har afgivet information: 

     

  

 

Dato: _______________   Underskrift: ____________________________________________ 

 
 
 
 
 
Projektidentifikation:  
EudraCT number: 2021-000224-35 
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Randomization 

Standard care arm  Fluid-restrictive arm 

Primary outcome: 
24-hour intravenous, crystalloid fluids

Key secondary outcomes: 
Feasibility measures (Major protocol violations, Screened vs included-ratio, Time-to-inclusion, 

Lost-to-follow-up rate)
Accumulated serious adverse reactions and events (SAEs + SUSARs)

Total fluids (oral and intravenous) at 24 hours, Death: in-hospital, 30- and 90-days

0 criteria
Do not give any fluids

≥ 1 criteria
Consider giving 250 ml in 15 min

Re-evaluate, 
up to every 30 min or if change in 

clinical status 

Ensure input of 1 L in 24 h including 
oral fluids and medication

Restrictive fluid:
Evaluate

• Lactate concentration ≥ 4 mmol/l 
• Systolic blood pressure < 90 mmHg
• Mottling beyond edge of kneecap
• Diuresis < 0.1 ml kg-1 hr-1 (first 4h)

Fluids by clinicians’ 
choice 
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Standard care arm (n = 62)
• Received allocated intervention (n= 62)

Fluid-restrictive arm (n = 62)
• Received allocated intervention (n= 61)
• Consent withdrawn (n=1)

Excluded (n=2462)

1) Not meeting inclusion criteria (n= 2074)

2) Meeting ≥ 1 exclusion criteria (n=122)
• ≥ 500 ml of fluids given prior to randomization 

(n=88)
• Invasively ventilated or vasopressors (n=11)
• Known or suspected severe bleeding (n=10)
• Known or suspected pregnancy (n=0)
• Prior enrollment in the trial (n=2)
• Patients, not expected to survive 24-hours (n=11)

3) Logistical reasons (n=247)
• Clinical decision by treating team (n=21)
• Technical issues (n=18)
• No resources or clinical team forgot (n=208)

4) Other (n=19)
• Fully competent patient not enrollable by Danish 

law (n=19)

Suspected sepsis patients with a blood 
culture drawn assessed for eligibility 

(n =  2412 unique patients)

Allocation

Standard care arm (n = 62)
• Excluded from analyses (n= 0)

Fluid-restrictive arm (n = 61)
• Excluded from analyses (n= 0)

Analysis



±

±

±

=

= =

μ

×

μ

×

>



±

±

± ±

±

= = =

=

± ± ± ±



>

= =

± ± ±

± ± ±

± ± ±

± ± ±

± ± ±



>

<

<

>

>



= =

± ± ±

>









SUPPLEMENTARY MATERIAL S1

–



–

Ringers’ lactate) by allocated treatment

–

–



–

–

–



–

 

 

 

 

 
 

 

 

 

 

 



–

 

 

 

 

 

 

 

 

“ nous furosemide”)



–

report “ ”

3) was regarded a “New onset of severe acute kidney injury”. 

–

≥ ≥ μ
–

≥ ≥ μ

μ

range for women ≥ 18 years μ μ

≥ 18 years:  60 μ



–

Temperature, ˚C



–



71
 N

ot
 e

xp
ec

te
d 

ad
m

iss
io

n 
≥ 

24
h

24
 N

ot
 e

xp
ec

te
d 

ad
m

iss
io

n 
≥ 

24
h

23
 N

ot
 e

xp
ec

te
d 

ad
m

iss
io

n 
≥ 

24
h

23
 N

ot
 e

xp
ec

te
d 

ad
m

iss
io

n 
≥ 

24
h

m
et

 ≥
 1

 
≥ 

50
0 

m
l o

f f
lu

id
s g

iv
en

 p
rio

r t
o 

≥ 
50

0 
m

l o
f f

lu
id

s g
iv

en
 p

rio
r t

o 
27

 ≥
 5

00
 m

l o
f f

lu
id

s g
iv

en
 p

rio
r t

o 
34

 ≥
 5

00
 m

l o
f f

lu
id

s g
iv

en
 p

rio
r t

o 



–



Temperature, ˚C



–



–

n period. Crystalloid fluids account for 0.9% NaCl and Ringers’. 



–

Ringers’ lactate)



–

Ringers’ lactate



–



–



–

–



–



–

–



–



–

Ringers’ acetate



–



–



–



–



–


















