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1. Abbreviations and Definitions 

1.1 Abbreviations 

ARDS = Acute Respiratory Distress 

Syndrome 

BiPAP = Bilevel Positive Airway Pressure 

BUN = Blood Urea Nitrogen 

CCC = Clinical Coordinating Center 

DSMB = Data Safety Monitoring Board 

FACTT = Fluid and Catheter Treatment 

Trial 

FiO2 = Fraction of Inspired Oxygen 

GCS = Glasgow Coma Scale 

ICU = Intensive Care Unit 

IL-6 = Interleukin 6 

IL-8 = Interleukin 8 

INR = International Normalized Ratio 

ITT = Intent to Treat 

KDIGO = Kidney Disease Improving Global 

Outcomes 

LAR=Legally Authorized Representative 

NHLBI = National Heart Lung and Blood 

Institute 

PETAL = Prevention and Early Treatment 

of Acute Lung Injury  

P/F = PaO2/FiO2 ratio 

S/F = SpO2/FiO2 ratio 

SOFA = Sequential Organ Failure 

Assessment 

 

 

 

 

SBP = Systolic Blood Pressure 

SpO2 = Oxygen Saturation via pulse 

oximetry 

SUSAR = Serious and Unexpected 

Suspected Adverse Reactions 

SAEs= Serious Adverse Events  

VFD = Ventilator-free Days 

WBC = White Blood Cell count 
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1.2 Definitions 

 

Adverse Event: Any untoward medical occurrence associated with the use of a drug or a study 

procedure, whether or not considered drug related. 

Adverse reaction: An adverse reaction means any adverse event caused by a study 

intervention.  An adverse reaction is a subset of all suspected adverse reactions where there is 

a reason to conclude that the study intervention caused the event. 

Assisted Ventilation (or Assisted Breathing): any level of ventilatory support at pressures 

higher than the unassisted breathing thresholds.  

Home: Level of residence or health care facility where the patient was residing prior to hospital 

admission. 

Intention to Treat (ITT):  All eligible and consented patients who undergo randomization will be 

included in the ITT cohort for the purposes of analyzing the primary and secondary study 

outcomes. 

Invasive Mechanical Ventilation: Assisted ventilation delivered by a nasotracheal, orotracheal, 

or tracheostomy tube.   

Legally Authorized Representative: An individual, judicial, or other body authorized under 

applicable law to consent on behalf of a prospective patient to the patient's participation in the 

clinical study. 

Mortality prior to discharge home before day 90: This primary outcome includes deaths from 

all causes following randomization in any heath care facility prior to discharge home until study 

day 90. Study subjects still in a health care facility at study day 91 are considered alive for this 

endpoint. 

Funding: National Institutes of Health (National Heart Lung and Blood Institute) 

SAEs: Serious Adverse Events Adverse events that are serious and unexpected and have a 

reasonable possibility that the event was due to a study procedure  

Sponsor: The Clinical Coordinating Center at Massachusetts General Hospital 

Study day: The day of randomization is study day zero. The next day is study day one etc. 

Study hospital: Defined as the hospital where the patient was randomized and enrolled. 

Study withdrawal: Defined as permanent withdrawal from study before completion of study 

activities. If a patient or surrogate requests withdrawal from the study the clinician should seek 

explicit permission to continue data collection. 
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Suspected adverse reaction: any adverse event for which there is a reasonable possibility that 

the study procedures caused the adverse event.  Reasonable possibility means there is 

evidence to suggest a causal relationship between the study procedures and the adverse event.  

A suspected adverse reaction implies a lesser degree of certainty about causality than adverse 

reaction (21 CFR 312.32(a)). 

Suspected Unexpected Serious Adverse Reaction (SUSAR) An adverse reaction that is both 

unexpected (not consistent with the risks outlined in the protocol or investigator brochure), 

serious, and meets the definition of a Suspected Adverse Reaction 

UAB (Unassisted Breathing): Spontaneously breathing with face mask, nasal prong oxygen, 

room air, T-tube breathing, tracheostomy mask breathing, CPAP ≤ 5 without PS or IMV 

assistance, or the use of noninvasive ventilation solely for sleep-disordered breathing 
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2. Trial Summary 

2.1 Title 

Crystalloids Liberal Or Vasopressors Early Resuscitation in Sepsis (CLOVERS) 

2.2 Objective 

Primary Objective:  To determine the impact of a restrictive fluids strategy (vasopressors first 

followed by rescue fluids) as compared to a liberal fluid strategy (fluids first followed by rescue 

vasopressors) on 90-day in-hospital mortality in patients with sepsis-induced hypotension. 

2.3 Hypothesis 

Primary Hypothesis: Restrictive (vs liberal) fluid treatment strategy during the first 24 hours of 

resuscitation for sepsis-induced hypotension will reduce 90-day in-hospital mortality.     

2.4 Study Design 

Study Design: Multicenter, prospective, phase 3 randomized non-blinded interventional trial of 

fluid treatment strategies in the first 24 hours for patients with sepsis-induced hypotension.  

 

1. We will emphasize early screening and protocol initiation, and enroll a maximum of 2320 

patients with suspected sepsis-induced hypotension. 

✓ All patients will receive at least 1 liter of fluids prior to meeting study inclusion criteria 

(and no more than 3 liters prior to randomization). 

✓ Patients will be enrolled within 4 hours of meeting study inclusion criteria 

✓ Any type of isotonic crystalloid (normal saline, ringers lactate, or a balanced solution 

such as plasmalyte) is permitted.   

 

2. Restrictive Fluids (Early Vasopressors) Group (See Protocol Schema Appendix A) 

✓ Norepinephrine will be used as preferred vasopressor and titrated to achieve mean 

arterial pressure (MAP) between 65 mmHg and 75 mmHg 

✓ “Rescue fluids” may be administered as 500ml boluses if predefined rescue criteria 

are met 

   

3. Liberal Fluids (Fluids First) Group (See Protocol Schema Appendix A) 

✓ Additional 2 liter intravenous fluid bolus upon enrollment 

✓ Administer 500ml fluid boluses for fluid triggers until 5 liters administered or 

development of clinical signs of acute volume overload develop 

✓ “Rescue vasopressors” may be administered after 5 liters of fluid, for development of 

acute volume overload, or if other predefined rescue criteria are met 

  

4. Other care 

✓ Other elements of care (e.g. antibiotics, ventilation strategies, etc.) will be 

recommended to reflect current “best-practice” where feasible and appropriate 
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2.5 Inclusion Criteria 

1. Age ≥ 18 years 

2. A suspected or confirmed infection (broadly defined as administration or planned 

administration of antibiotics)  

3. Sepsis-induced hypotension defined as systolic blood pressure < 100 mmHg or MAP < 

65 mmHg after a minimum of at least 1 liter of fluid (*Fluids inclusive of pre-hospital 

fluids; blood pressure must be below any known or reported pre-morbid baseline).  

2.6 Exclusion Criteria 

1. More than 4 hours elapsed since meeting inclusion criteria or 24 hours elapsed since 

admission to the hospital  

2. Patient already received 3 liters of intravenous fluid (includes prehospital volumes) 

3. Unable to obtain informed consent   

4. Known pregnancy 

5. Hypotension suspected to be due to non-sepsis cause (e.g.  hemorrhagic shock) 

6. Blood pressure is at known or reported baseline level 

7. Severe Volume Depletion from an acute condition other than sepsis. 

In the judgment of the treating physician, the patient has an acute condition other than 

sepsis causing (or indicative) of *severe volume depletion; 

Examples include: Diabetic ketoacidosis, high volume vomiting or diarrhea, 

hypersomolar hyperglycemic state, and nonexertional hyperthermia (heat stroke); severe 

is defined by the need for substantial intravenous fluid administration as part of routine 

clinical care 

8. Pulmonary edema or clinical signs of new fluid overload (e.g. bilateral crackles, new 

oxygen requirement, new peripheral edema, fluid overload on chest x-ray) 

9. Treating physician unwilling to give additional fluids as directed by the liberal protocol 

10. Treating physician unwilling to use vasopressors as directed by the restrictive protocol.  

11. Current or imminent decision to withhold most/all life-sustaining treatment; this does not 

exclude those patients committed to full support except cardiopulmonary resuscitation 

12. Immediate surgical intervention planned such that study procedures could not be 

followed 

13. Prior enrollment in this study  

2.7 Randomization and Initiation Time Window 

All patients must be enrolled and randomized within 4 hours of meeting inclusion criteria. 

Patients may become eligible in the ED, hospital ward, or ICU.  

2.8 Primary Endpoint 

The primary outcome is all-cause mortality prior to discharge home before day 90. 
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2.9 Secondary Endpoints 

1. 28-day organ support free days (alive and without mechanical ventilation, new renal 

replacement or vasopressors; vasopressors prior to 48 hours excluded)  

2. 28-day ventilator free days 

3. 28-day renal replacement free days (new renal replacement therapy) 

4. 28-day vasopressor free days (vasopressors prior to 48 hours excluded) 

5. 28-day ICU free days 

6. 28-day hospital free days to discharge home 

7. Initiation of mechanical ventilation to day 28 

8. Initiation of renal replacement therapy to day 28 

9. Change in creatinine-based KDIGO stage between baseline and 72 hours 

10. Change in SOFA score between baseline and 72 hours 

11. 90-day all-cause mortality 

12. Development of ARDS within 7 days 

13. New onset atrial or ventricular arrhythmia to day 28 

2.10 Process of Care Metrics 

Process of Care Metrics: We will assess whether the proposed intervention has effectively 

altered care as intended by measuring: 

✓ Total intravenous fluids administered over initial 6 hours 

✓ Total intravenous fluids administered over initial 24 hours 

✓ Proportion receiving vasopressors and timing of vasopressor initiation within 24-hour 

study period 

✓ Total fluids administered prior to initiation of vasopressors  

2.11 Sample Size/Interim Monitoring 

1. Randomization 1:1; two-sided alpha 0.05.  

A total of 2320 patients are needed to detect a 4.5% absolute mortality difference 

between treatment groups with 90% power assuming 15% mortality in the liberal fluids 

group. The principal analysis will be intent-to-treat, based upon randomization 

assignment. 

2. There will be a protocol feasibility assessment phase at the approximately100-patient 

mark, and then after approximately100 enrolled patients are available after any protocol 

changes for 2 more evaluation assessments.  Aggregate data blinded to outcomes will 

be used to assess patient accrual, treatment protocol compliance, and separation of 

intravenous fluid and/or vasopressor administration. Protocol adjustments may be made 

at each of these patient marks to optimize the protocol.  The study may be halted during 

the feasibility assessment phase for failure to meet pre-specified stopping guidelines 

3. Trial progress will be evaluated by an independent Data and Safety Monitoring Board 

(DSMB) to determine whether the study should stop for superiority of either the liberal or 

restrictive fluid strategies; or, for projected trial futility. (See Appendix B) There will be 
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two interim analyses and a final analysis conducted when approximately each 

successive 1/3 of the patients have been enrolled. 

3. Trial Description 

3.1 Background 

Fluid resuscitation is a cornerstone for initial treatment of patients with sepsis-induced 

hypotension or septic shock[1].  In a 2001 landmark trial, Dr. Emmanuel Rivers et al[2] 

demonstrated that early identification and aggressive resuscitation of septic shock patients, as 

delivered through the Early Goad Directed Therapy (EGDT) algorithm, led to a substantial 

mortality reduction as compared to “usual care” at that time.  This trial broadly led to a re-

examination of clinical practice and is considered to have facilitated a more timely, aggressive, 

and compulsive approach to sepsis care.  More recently, three large trials of Early Goal Directed 

Therapy (ProCESS[3], ARISE[4], and ProMISe[5]) demonstrated resuscitation targeting 

physiologic endpoints (central venous pressure (CVP), saturation of mixed venous oxygen 

(SvO2), and mean arterial pressure (MAP)) was not superior to current usual care.  Most 

patients in both the intervention and control groups of these trials received early sepsis 

identification, prompt antibiotics, and large fluid boluses early in the resuscitation.[3-5] 

Furthermore, mortality in both the intervention and control groups was lower than historical 

septic shock mortality rates, leading many readers to conclude that advances in usual care for 

sepsis since the original Rivers trial led to improved outcomes over time.[6] However, the 

contribution of large volume fluid resuscitation toward declining sepsis mortality is unclear, and 

the optimal use of intravenous (IV) fluids and vasopressors remains controversial, with some 

advocating for liberal use of fluids to maintain blood pressure[2, 7-9] and others advocating for 

more restrictive use of fluids and relying on vasopressors to maintain blood pressure.[10, 11] 

Currently, no high quality data exist to guide clinical decision making on the volume of fluid to 

administer during early septic shock resuscitation. Equipoise clearly exists. This trial will directly 

compare early sepsis resuscitation with large IV volumes coupled with rescue vasopressors as 

opposed to early vasopressors coupled with rescue fluids.  

3.2 Rationale for Liberal Fluid Approach 

A “liberal” fluid approach to septic shock management is characterized by the administration of 

several liters (> 30 ml/kg) of IV crystalloid to an adult during the initial resuscitation period and 

assumes intravascular volume expansion is more beneficial than other potential treatment 

approaches for hypotension.  Vasopressor medications are added if the patient is profoundly 

hypotensive (e.g. a systolic blood pressure < 70 mmg Hg) or remains hypotensive despite large 

volume fluid resuscitation.  This liberal fluid approach is the predominant strategy used in U.S. 

emergency departments, and has been encouraged by the Surviving Sepsis Campaign 

Guidelines [1], advocates of Early Goal Directed Therapy[2, 7, 8], and the National Quality 

Forum Severe Sepsis and Septic Shock Management Bundle (NQF #0500)[9], which has been 

endorsed by Centers for Medicare and Medicaid Services (CMS) as the SEP-1 core 

measure.[12]   
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The physiologic rationale for liberal fluid administration is based on the notion that septic shock 

causes loss of vasomotor tone and intravascular volume depletion from loss of fluid into the 

extravascular space via leaky capillaries.[12] Crystalloid administration bolsters fluid volume 

within dilated vessels and replaces fluid lost into the extravascular space, potentially increasing 

cardiac pre-load, stroke volume, and cardiac output, thereby leading to improved blood pressure 

and tissue perfusion.  Reversal of hypotension with fluid boluses allows clinicians to avoid 

vasopressors, which have the potential to cause cardiac arrhythmias, tissue ischemia, and soft 

tissue damage from extravasation.[13]   

Several clinical studies during the past two decades have suggested that large volume fluid 

resuscitation is associated with improved outcomes for patients with septic shock.  In the 1990s, 

in-hospital mortality rates for septic shock were typically reported in the 40%-50% range for 

hospitals in developed countries.[8] In 2001, Rivers et al.[2] published results of a single-center 

trial showing lower in-hospital mortality with Early Goal Directed Therapy, a protocolized 

resuscitation strategy targeting CVP, SvO2 and MAP, compared to usual sepsis resuscitation at 

the time (mortality: 30.5% vs 46.5%). The Early Goal Directed Therapy protocol included 

instructions to administer IV fluid boluses to achieve a CVP > 8 mmHg.  This led to patients in 

the Early Goal Directed Therapy group receiving larger fluid volumes during the first six hours of 

treatment than those in the usual care control group (mean volume of IV fluid administration: 5.0 

liters vs 3.5 liters).[2] Following this trial, the practice of early large-volume fluid resuscitation 

was widely adopted.[14] Observational studies at many institutions during the past 15 years 

demonstrated that efforts to implement Early Goal Directed Therapy protocols – even if full 

protocol adherence was incomplete and low - were associated with larger volumes of fluid 

administration and lower mortality.[8]  However, most of these studies involved implementation 

of a multifaceted bundle of sepsis care, had varying and low compliance with specific aspects of 

the protocol, and the effects of different volumes of fluid resuscitation were not separated from 

the effects of other bundle components, such as routine lactate measurement, early antibiotics, 

and specialized sepsis response teams.[15, 16] 

Results of three large multicenter trials evaluating Early Goal Directed Therapy for early septic 

shock resuscitation, including ProCESS[3], ARISE[4], and ProMISe[5], published in 2014-2015 

demonstrated no significant difference in mortality between patients initially resuscitated 

according to Early Goal Directed Therapy versus usual care.  The volume of intravenous fluid 

administration during the initial 6 hours of treatment in the Early Goal Directed Therapy group 

was only slightly larger than the usual care group in each of these trials (mean fluid volume: 

approximately 4.3 – 5.3 liters in all groups of all trials), indicating that early, large volume fluid 

resuscitation had been incorporated into usual care.  Therefore, the ProCESS, ARISE, and 

ProMISe trials did not directly provide data on the comparative effects of a liberal versus 

restrictive fluid strategy or give precise guidance on an optimal dose of IV fluids. However, these 

trials did demonstrate that the short-term mortality risk for patients with septic shock today 

(approximately 18% – 25%) declined compared to the 1990s (approximately 40% - 50%), a 

period during which early large volume fluid resuscitation was not routine. These data suggest 

the possibility, though not directly proven, that a more liberal early fluid strategy may have 

contributed to declining sepsis mortality over time.  
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3.3 Rationale for Restrictive Fluids Approach 

A “restrictive” fluid approach to septic shock management is characterized by the administration 

of modest fluid volumes (< 20 ml/kg) to reverse overt intravascular volume depletion coupled 

with the use of vasopressors early in the resuscitation. The primary strategy to maintain blood 

pressure and systemic perfusion is vasopressor titration, with fluid boluses used to augment 

vasopressor therapy when signs of tissue hypoperfusion persist despite high vasopressor 

doses, such as norepinephrine >20 mcg/min (0.25 mcg/kg/min in an 80 kg adult).  Historically, 

the common practice of requiring central venous access for vasopressor infusion hampered 

vasopressor use early in care.[17] However, emerging data suggest norepinephrine can be 

safely administered through large peripheral intravenous catheters,[18, 19] which facilitates 

vasopressor use as a viable option for early sepsis resuscitation.  

The physiologic rationale for a restrictive fluid strategy notes that IV crystalloid administration 

transiently increases intravascular volume but also leads to worsening extravascular fluid 

leakage (edema). The latter may interfere with cellular function in the kidneys, liver, heart and 

lungs.[11] Several days of diuresis after shock resolution are often necessary to remove this 

excess fluid generated by an initial liberal fluid strategy.[20] Meanwhile, vasopressors can 

reverse the loss of vasomotor tone and increase cardiac output without burdening tissues with 

excess extravascular fluid.[21]  Physiologic studies suggest that 30-50% of septic shock 

patients do not have an increase in cardiac output with fluid boluses; and, when cardiac output 

does increase, it often only lasts for 30-60 minutes.[11, 22-24] Therefore, many septic patients 

treated aggressively with fluids potentially experience little benefit in terms of increased cardiac 

output but do experience significant negative consequences from tissue edema.  Increased 

CVP from fluid boluses may actually decrease tissue perfusion by narrowing the gradient 

between mean systemic pressure and venous pressure, which drives tissue perfusion.[25] 

Furthermore, some have hypothesized that the peripheral vasoconstrictive response to shock is 

beneficial by selectively providing perfusion to essential organs at the expense of non-vital 

tissues; rapid reversal of this adaptive physiologic response with fluid boluses may be 

deleterious.  

More recent clinical studies suggest that large fluid boluses as an initial therapy for septic shock 

may have deleterious effects on patient outcomes.  Maitland et al.[26] published the FEAST 

study in 2011. In this trial conducted in sub-Saharan Africa, septic children randomized to initial 

therapy with IV crystalloid boluses had higher 48-hour mortality than those treated without fluid 

boluses (10.5% vs 7.3%).  While results of this trial that included young children (median age 2 

years) who were predominately infected with malaria are not directly generalizable to adults in 

U.S. emergency departments and ICUs, these data do challenge the paradigm that large 

volume fluid resuscitation is universally beneficial to septic patients. In the recently-published 

CLASSIC trial of 151 adults with septic shock, Hjortrup et al[10] found that after an initial fluid 

bolus of ≥ 30 ml/kg, a restrictive fluid strategy was associated with less total fluid volume 

administered and lower risk of acute kidney injury than a usual care liberal fluids strategy; 

mortality was not statistically different between groups in that small trial.  
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3.4 Equipoise Exists Between Liberal and Restrictive Fluid Approaches? 

Despite significant progress during the past two decades, morbidity and mortality from septic 

shock remain high, with opportunity for additional improvement.[14, 3-5] Although large volume 

fluid boluses are commonly used during the initial resuscitative phase of septic shock 

management, this practice is based on low quality evidence.[14, 11] Challenging the liberal fluid 

strategy is appropriate at this time because patient outcomes remain suboptimal, and there is 

strong physiologic rationale for a restrictive fluid, vasopressor-centered strategy.[11, 20-22, 24, 

23, 25] While recent clinical studies suggest a restrictive strategy may be superior to a liberal 

strategy,[10, 26] no large, rigorous trial has compared these approaches. Therefore, we will 

conduct a phase III randomized controlled trial comparing all-cause 90 day in-patient mortality 

with a liberal versus restrictive fluid approach for early management of sepsis-induced 

hypotension.  

3.5 Objectives 

Primary Objective: To determine the impact of a restrictive fluids strategy (vasopressors first 

followed by rescue fluids) as compared to a liberal fluid strategy (fluids first followed by rescue 

vasopressors) on 90-day in-hospital mortality in patients with sepsis-induced hypotension. 

Primary Hypothesis: Restrictive (vs liberal) fluid treatment strategy during the first 24 hours of 

resuscitation for sepsis-induced hypotension will reduce 90-day in-hospital mortality.     

3.6 Endpoints 

3.6.1 Primary Outcome 

The primary outcome is all-cause mortality prior to discharge home before day 90.  “Home” is 

defined as a patient’s place of residence prior to enrollment.  Thus, if a patient is discharged to a 

location that is different from the place of residence prior to enrollment (e.g. rehabilitation facility 

or hospice) then the patient will be followed until they return to their original location, 90 days, or 

death, whichever comes first.  

3.6.2 Secondary Outcomes 

1. 28-Day Organ Support Free Days 

Organ support free days is defined as a patient being alive and without assisted breathing, 

new renal replacement therapy, or vasopressors (beyond 48 hours).  Patients will be 

followed for use of organ support to death, hospital discharge or study day 27, whichever 

comes first.  Any day that a patient is alive and without organ support will represent days 

alive and free of organ support.  Since there will be a bias in the protocols to place patients 

on vasopressors in the restrictive group, vasopressor use prior to 48 hours will be excluded 

from this calculation for both groups.  

2. 28-day Ventilator Free Days (VFDs) 

VFDs depend on both duration of ventilation and mortality through study day 28. In 

participants who survive 28 days, VFD is defined as 28 minus duration of ventilation. 
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Duration of ventilation is counted from the first study day of assisted breathing through the 

last day of assisted breathing provided the last day is prior to day 28. Otherwise, it is 

counted from the first study day of assisted breathing through day 28. For participants 

discharged with assisted ventilation (e.g., to LTAC facility) prior to day 28, a phone call will 

be required to assess ventilator and vital status at day 28. Participants discharged prior to 

day 28 on unassisted breathing will be assumed to remain on unassisted breathing through 

day 28. Isolated periods of ventilation briefer than 24 hours for surgical procedures and 

ventilation solely for sleep disordered breathing do not count towards duration of ventilation. 

In participants who never require assisted breathing, duration of ventilation is zero. 

Participants who do not survive 28 days will be assigned zero VFD. VFD is undefined in 

participants with chronic/home mechanical ventilation (except solely for sleep disordered 

breathing) and they will be excluded from this analysis.  

3. 28-day Renal Replacement Therapy Free Days 

Renal replacement free days to day 28 are defined as the number of calendar days between 

randomization and 28 days later that the patient is alive and without renal replacement 

therapy. We also follow the “last off” method.  Patients who died prior to day 28 and those 

who receive renal replacement therapy for the entire first 28 days are assigned zero renal 

replacement free days. 

4. 28-day Vasopressor Free Days 

Vasopressor free days to day 28 are defined as the number of calendar days between day 2 

(eligibility starting 48 hours post randomization) and 26 days later that the patient is alive 

and without the use of vasopressor therapy. We also followed the “last off” method.  Patients 

who died prior to day 28 and those who receive vasopressor therapy for the entire first 28 

days are assigned zero vasopressor free days. 

5. 28-day ICU free days 

ICU free days to day 28 are defined as the number of days spent alive out of the ICU to day 

28.   

6. 28-day hospital free days 

Hospital free days to day 28 are defined as 28 days minus the number of days from 

randomization to discharge home.  If a patient has not been discharged home prior to study 

day 28 or dies prior to day 28, hospital free days will be zero. Patients transferred to another 

hospital or other health care facility will be followed to day 28 to assess this endpoint. 

7. Initiation of mechanical ventilation to day 28 

Patients who receive invasive mechanical ventilation via endotracheal or tracheostomy tube, 

except those intubated solely for a procedure and extubated within 24 hours, through to 

study day 28 meet this endpoint.  Non-invasive mechanical ventilation will not be included 

as an outcome.  This is a binary outcome. 
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8. Initiation of renal replacement to day 28 

Patients who receive (new) renal replacement therapy through day 28 will meet this 

endpoint.  Patients with chronic renal replacement therapy initiated prior to the current 

sepsis illness will not be eligible to meet this endpoint.  

9. Change in creatinine-based KDIGO stage between baseline and 72 hours 

Renal function will be assessed using the KDIGO staging system (serum creatinine criteria 

only; not urine output) between baseline and 72 hours to assess for de novo acute kidney 

injury (AKI) (e.g., meeting criteria for AKI by KDIGO criteria) or worsening AKI (e.g., 

increasing severity). Due to the potential influence of treatment assignment on urine output, 

as well as the potential for inaccurate urine output data in patients without indwelling urinary 

catheters, we will use only the KDIGO creatinine criteria. Patients on chronic renal 

replacement therapy will not be eligible for this endpoint determination. 

10. Change in SOFA score between baseline and 72 hours 

We will calculate the SOFA score upon enrollment and at 72 hours using clinically available 

data.  If a value is not available at baseline, it will be assumed to be normal.  At the 72 hours 

assessment, if a value is missing then we will carry forward the closet previously known 

value.  If a patient is intubated or heavily sedated at either 0 or 72 hours, the GCS will be 

omitted when calculating the change in score.  If a patient was on renal replacement therapy 

prior to presentation, then the renal dysfunction component to the SOFA score will be 

omitted as well. (See Appendix C) 

11. 90-day all-cause mortality 

We will contact patients at day 90 to ascertain their survival status.  This will be done by 

telephone contact with the patient or family members as well as a review of medical records 

and publicly available data sources.  We will use the national death index as a final check 

for patient with whom we are unable to confirm their vital status through other means.  

12. Development of ARDS within 7 days 

We will determine the presence and severity of ARDS for each day of mechanical ventilation 

to day 7 using the following approach:  for each ventilator day, if an ABG is available 

between 2:00 AM and 8:00 AM, measure P/F (PaO2, FiO2 and PEEP) for all ABGs during 

this time window daily to day 7. Or, for ventilator days that no ABG available between 2:00 

AM and 8:00 AM, determine lowest imputed P/F from measured S/F (SpO2, FiO2, and 

PEEP).   

 

For participants with P/F <300 or imputed P/F <300, FiO2 ≥40%, and PEEP ≥5 cm H2O, 

determine if hypoxemia is valid, acute, and not fully explained by CHF or fluid overload.  If 

yes, local investigators will review the first CXR (or CT) performed on each ventilated day 

with valid P/F or imputed P/F <300 (to day 7). If no chest imaging studies are present that 

day, site investigators may review available imaging one day before or after to determine if 

ARDS imaging criteria met. ARDS imaging criteria are met if the images are consistent with 

ARDS (bilateral opacities not fully explained by effusions, lobar/lung collapse, or nodules). If 

equivocal, the reviewing investigator will adjudicate with additional investigators. 
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13. Supraventricular/ventricular tachycardia (SVT/VT) or new onset atrial 

fibrillation/flutter (AF) to day 28 

The occurrence of one or more episodes (sustained for more than 1 minute for SVT and AF, 

> 15 seconds for VT) during through day 28 will be recorded. 

3.6.3 Process of Care Metrics 

1. Total intravenous fluids administered over first 6 hours after randomization 

2. The total amount of intravenous fluids or blood products of any type administered from 

pre-randomization to 6 hours after randomization. 

3. Total intravenous fluids administered over 24 hours after randomization 

4. The total amount of intravenous fluids or blood products of any type administered from 

pre-randomization to 24 hours after randomization. 

5. Proportion receiving vasopressors and timing of vasopressor initiation within 24-hour 

study period 

a. Proportion of patients receiving vasopressors within 24 hours will be 

calculated.  Additionally, among patients who received vasopressors, the 

duration of time elapsed from randomization until the time of initiation of 

vasopressor medications within 24-hour protocol period will be recorded. 

6. Total fluids administered prior to initiation of vasopressors 

a. This process of care metric will assess the amount of fluids administered prior 

to the first receipt of vasopressors. (patients on vasopressors prior to 

randomization excluded from this metric) 

We will use a bedside flow-sheet as a data collection instrument to record fluid and vasopressor 

administration, with the indications for administration, during the 24-hour protocol period. This 

will detail the delivery of the study interventions and assess protocol compliance.  The data will 

be reported to the protocol oversight committee (and disseminated to the sites as protocol 

compliance metrics) as aggregate per-arm data in a blinded fashion (e.g. descriptive numbers 

only without an “n” or any indication of outcome or clinical status).  This will occur at the 100, 

200, and 300 patient data completion marks as described in the feasibility evaluation phase 

(Section 8). After the feasibility evaluation phase, we will perform a simplified data collection of 

summary fluid and vasopressor administration during the 24-hour treatment period and the data 

will be distributed after the first 10 patients for any new site, and then quarterly, to allow 

treatment protocol adherence monitoring.  Any site with deficient compliance and/or separation 

of treatment arms after the initial 10 patients or during the quarterly reports may receive re-

education and/or be asked to cease enrollment. 

The DSMB will also receive these data to assess the separation of intravenous fluid and/or 

vasopressor administration between study arms.  The DSMB will review these data during the 

protocol feasibility phase, as well as during scheduled interim analyses as outlined in the 

statistical plan. 
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3.6.4 Subgroups for secondary analysis 

1. Patients receiving chronic dialysis 

2. Patients with history of chronic heart failure (as documented in past medical history) 

3. Patients with qualifying SBP < 90 mmHG versus 90-100 mmHG at randomization 

4. Patients age > 65 years of age 

5. Patients with a clinically confirmed infection as a cause of hypotension at study 

enrollment (as assessed by the investigator using records available throughout 

hospitalization) 

6. Patients with pneumonia as the etiology of sepsis 

7. Stratification by SOFA score quartiles on enrollment 

8. Patients enrolled in the ED (vs. wards or ICU) 

9. Use of cardiac ultrasound or other hemodynamic monitoring techniques (yes or no; 

defined in Section 5.3) 

10. Patient with a history of hypertension (as documented in past medical history or by the 

prescription of chronic medications) 

4. Study Population and Enrollment 

4.1 Number/Source Screening 

The trial will accrue a maximum of 2,320 patients. Patients will be recruited from the EDs, ICUs 

and other acute care areas of the PETAL Network Clinical Centers. The overall strategy is to 

screen and approach patients/surrogates for consent and enrollment early. 

4.2 Inclusion Criteria 

1. Age ≥ 18 years 

2. A suspected or confirmed infection (broadly defined by administration or planned 

administration of antibiotics) 

3. Sepsis-induced hypotension defined as systolic blood pressure < 100 mmHg or MAP < 

65 mmHg after a minimum of at least 1 liter of fluid (*Fluids inclusive of pre-hospital 

fluids; blood pressure must be below any known or reported pre-morbid baseline).  

4.3 Exclusion Criteria 

1. More than 4 hours elapsed since meeting inclusion criteria or 24 hours elapsed since 

admission to the hospital  

2. Patient already received 3 liters of intravenous fluid (includes prehospital volumes) 

3. Unable to obtain informed consent   

4. Known pregnancy 

5. Hypotension suspected to be due to non-sepsis cause (e.g.  hemorrhagic shock) 

6. Blood pressure is at known or reported baseline level 

7. Severe Volume Depletion from an acute condition other than sepsis. 
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In the judgment of the treating physician, the patient has an acute condition other than 

sepsis causing (or indicative) of *severe volume depletion; 

Examples include: Diabetic ketoacidosis, high volume vomiting or diarrhea, 

hyperosmolar hyperglycemic state, and nonexertional hyperthermia (heat stroke); severe 

is defined by the need for substantial intravenous fluid administration as part of routine 

clinical care 

8. Pulmonary edema or clinical signs of new fluid overload (e.g. bilateral crackles, new 

oxygen requirement, new peripheral edema, fluid overload on chest x-ray) 

9. Treating physician unwilling to give additional fluids as directed by the liberal protocol 

10. Treating physician unwilling to use vasopressors as directed by the restrictive protocol.  

11. Current or imminent decision to withhold most/all life-sustaining treatment; this does not 

exclude those patients committed to full support except cardiopulmonary resuscitation 

12. Immediate surgical intervention planned such that study procedures could not be 

followed 

13. Prior enrollment in this study  

4.4 Reasons for Exclusions 

Criterion 1 excludes patients too late in the course of resuscitation to test the study hypothesis 

of early resuscitation strategies.  Criterion 2 excludes patients who already exceed resuscitation 

volumes in excess of early goals the restrictive fluid group. Criteria 3 excludes patients where 

consent is unable to be obtained.  Exclusion criterion 4 is included because there are not 

sufficient data to support either of the two treatment arms during pregnancy. Non-septic causes 

of shock (criterion 5) are excluded as the treatment differs from the study interventions.  

Criterion 6 excludes patients with normally low blood pressure who are unlikely to benefit from 

the blood pressure targets of this study.  Criterion 7 excludes patients who are severely volume 

deplete who may require large volumes of intravenous fluids to treat non-sepsis conditions such 

that compliance with a restrictive fluid approach is not feasible.  Criterion 8 excludes patients 

who may not tolerate the fluid goals of the liberal fluid group. Criterion 9 excludes patients 

where physicians are unwilling to administer additional fluids and thus would not be able to 

comply with the study treatment protocol.  Criterion 10 excludes patients where physicians are 

unwilling to administer vasopressors and thus would not be able to comply with the study 

treatment protocol.  Criterion 11 excludes patients who may not survive to important study 

endpoints or whose underlying condition or ventilator management complicates assessment of 

the secondary endpoint of ventilator free days. Investigators will not be able to execute study 

procedures in the operating room (criterion 12).  Patients who have already been enrolled will 

not be allowed to participate twice (criterion 13).  

4.5 Randomization and Study Initiation Time Window 

All patients must be randomized within 4 hours of meeting inclusion criteria. The window for 

randomization begins at the time of meeting all inclusion criteria, regardless of patient location in 

the hospital.  
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4.6 Screening Log 

All patients meeting inclusion criteria will be entered on a screening log. If the patient is not 

enrolled, the screening log will include information explaining why enrollment did not occur (e.g., 

exclusion criteria, attending physician denial, patient refusal) and baseline demographic 

information only will be collected. 

4.7 Randomization 

After obtaining a signed and dated informed consent from the subject or the subject’s legal 

authorized representative (LAR), we will randomize subjects via the coordinating center web 

based randomization system. Each research coordinator will have a unique Personal 

Identification Number (PIN) to access the randomization system. Each subject will receive a 

computer-generated study ID number and study arm assignment to either the restrictive or 

liberal treatment arm. An emailed confirmation will be sent to the study site. Randomization will 

be stratified by the enrolling institution. 

4.8 Minorities and Women 

Access to women and racial minorities was considered by the NHLBI in selecting the PETAL 

Network Centers. The demographic profiles of the Centers selected for the Network show that 

the aggregate patient population contains representative proportions of minorities and women. 

Recruitment of minorities and women will be monitored by the PETAL Network Coordinating 

Center. If necessary, additional recruitment efforts will be made at specific centers to ensure 

that the aggregate patient sample contains appropriate gender and minority subsets. 

5. Study Procedures 

5.1 Restrictive Fluids Group (Early Vasopressors) 

Restrictive Group Treatment Protocol 

Once a patient is randomized to the restrictive fluids arm, the general approach will be to use 

vasopressors to treat hypotension as opposed to intravenous fluids.  Maintenance fluids should 

not be used.  Restoration of blood pressure and perfusion should be accomplished in 

accordance with the following protocol: 

1. Initiate vasopressors (norepinephrine as preferred first-line vasopressor) for MAP < 65 

mmHg 

2. Titrate vasopressors to:  65 mmHg < MAP <75 mmHg 

3. “Rescue Fluids” allowed at any point, but not mandated, in 500 cc crystalloid boluses for any 

of the following: 

a. Severe hypotension (SBP <70 mmHg)  

b. Refractory hypotension (MAP <65 mmHg) despite norepinephrine dose of at least 20 

mcg/min or 0.25 mcg/kg/min 
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c. Lactate > 4 mmol/L and rising from previous lactate, after at least 2 hours of therapy 

d. Sinus heart rate > 130 beats per minute for >15 minutes 

e. Evidence of extreme volume depletion from hemodynamic monitoring (if performed) 

based on any of the following: 

i. Maximal IVC diameter < 5mm; or 

ii. Empty left ventricle on echo (i.e. left-ventricular end-diastolic area index < 5.5 

cm2/m2 BSA) or 

iii. Substantial volume responsiveness defined as stroke volume increase > 30% in 

response to a passive leg raise, fluid challenge, or positive pressure breaths 

during passive ventilation) 

f. Suspicion of central (e.g. bowel) or peripheral ischemia or presence of mottling 

4. Patients should be monitored for volume overload, and fluids may be halted or reduced for 

clinical evidence of *symptomatic left atrial hypertension based on a clinical diagnosis by the 

treating or study physician. 

a. *Clinical features of symptomatic LA hypertension:  

signs and symptoms of fluid overload (or hydrostatic edema due to left atrial 

hypertension) include manifestations such as increased respiratory rate, increased 

use of accessory muscles of respiration, increased bilateral inspiratory crackles, 

increasing oxygen requirement, or pulmonary edema on chest x-ray likely 

cardiogenic in origin). 

If fluids are used, any type of isotonic crystalloid (normal saline, ringers lactate, or a balanced 

solution such as plasmalyte) is permitted.  If a patient received less than 2 liters of fluids prior to 

randomization, then the patient may receive up to 2 liters of total fluid, including pre-

randomization fluid, at the discretion of the clinical team in the restrictive arm without meeting 

rescue fluids allowed criteria if they are assessed as volume deplete.  However, once 2 liters of 

intravenous fluids have been infused, no additional fluids should be administered unless 

allowable rescue fluids criterion is met. 

5.2 Liberal Fluids Group 

Liberal Empiric Fluid Strategy 

1. Initiate a 2000cc crystalloid fluid bolus upon randomization 

2. Any type of isotonic crystalloid (normal saline, ringers lactate, or a balanced solution such as 

plasmalyte) is permitted.   

3. Subjects receive a 500cc crystalloid fluid bolus for any of the following fluid triggers: 
a. SBP < 90 mmHg or MAP <65mmHg 

b. Lactate > 4 mmol/l and rising 
c. Reduced urine output (<30 cc/hour) for > 1 hour (except for ESRD patients) 
d. Sinus heart rate > 110/min 
e. Any measured/clinical assessment of volume status or volume responsiveness (e.g. 

echo, IVC measurement, CVP, etc) suggesting benefit from additional fluid (as 

defined by treating clinicians) 
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4. Patients should be monitored for volume overload, and fluids may be halted or reduced for 

clinical evidence of *symptomatic left atrial hypertension based on a clinical diagnosis by the 

treating or study physician. 

a. *Clinical features of symptomatic LA hypertension:  

signs and symptoms of fluid overload (or hydrostatic edema due to left atrial 

hypertension) include manifestations such as increased respiratory rate, increased 

use of accessory muscles of respiration, increased bilateral inspiratory crackles, 

increasing oxygen requirement, or pulmonary edema on chest x-ray likely 

cardiogenic in origin). 

5.  “Rescue vasopressors” allowed (in the form of norepinephrine infusion) for any of the 

following criteria: 

a. SBP < 70 mmHg (for at least 5 minutes) 

b. Signs of volume overload (see above) 

c. Lactate > 4 mmol/L and rising from previous lactate, after at least 2 hours of therapy 

d. SBP < 90 mmHg after administration of 5000 cc of volume (includes all pre-

randomization and post-randomization fluids or blood products) 

e. Suspicion of central (e.g. bowel) or peripheral ischemia or presence of mottling 

5.3 The Use of Cardiac Ultrasound and Other Hemodynamic Monitoring 

Techniques 

The use of advanced monitoring techniques, such as echocardiography, pulse contour analysis, 

bioimpedence and bioreactance, will be permitted but not mandated.  If the clinician wishes to 

use these techniques, fluid administration should be titrated according to the CLOVERS study 

fluid protocol guidelines.  In the restrictive group, clinical teams should refrain from adjusting 

treatment intervention outside the guidance provided whereby fluid boluses are administered 

only for the “Rescue Fluid” indications stated in the protocol (Section 5.1.c).  In the fluid liberal 

group, we permit the clinician to use these techniques and allow for fluid boluses based on any 

provider-chosen metric of volume responsiveness.  Use of these techniques in the first 24 hours 

from enrollment will be recorded in the case report forms. 

6. Duration of the Protocol 
The protocols are intended to run for 24 hours post randomization. Fluid management after 24 

hours will be dictated solely by the clinical team. 

6.1 Common Strategies for Both Study Groups 

6.1.1 Permitted Fluid Types 

Any type of isotonic crystalloid, including normal saline, Ringers lactate, normal bicarbonate, or 

a balanced solution such as plasmalyte, is permitted.  We recognize that there is theoretical 

rationale for using a balanced solution approach; however, given the lack of clear evidence 

identifying a superior approach, the type of fluid administered will be tracked but not mandated.   
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6.1.2 Antibiotics 

Antibiotics should be administered as soon as possible, ideally within 1 hour from sepsis 

recognition. The selection of antibiotics will be guided by the clinical team and institutional 

protocols. 

6.1.3 Ventilator Procedures 

Standard institutional protocols should be used in accordance with low tidal volume ventilation 

best practice strategies.   

Weaning:  Since the time a patient achieves unassisted ventilation affects some secondary 

endpoints, and because recent evidence-based consensus recommendations have identified a 

best practice for weaning, a weaning strategy will be controlled by protocol rules in accordance 

with these evidence-based recommendations. This will assure similar weaning methods and 

provide potential benefit to both study groups.  This weaning strategy is a simplified version of 

the protocolized weaning strategy used in prior ARDS Network studies (Appendix D). 

6.1.4 Vasopressor Use 

Vasopressor dosing should be titrated to achieve a 65mmHG < MAP < 75 mmHG. Vasopressor 
administration is permitted through either a central line or a 20 gauge or larger peripheral IV 
catheter. 

Vasopressor Weaning: Since the time a patient achieves independence from vasopressors 

affects some secondary endpoints, we will use a slightly modified version of the vasopressor 

weaning protocol previously used in ARDSNet (Appendix E).  This protocol will be distributed to 

the clinical team who will implement the protocol. 

6.1.5 Fluid management After Protocol Conclusion (post 24 hours) 

For both treatment arms, each site will revert to usual care fluid management practices 24 hours 

after randomization. 

7. Data Variables and Specimens 

7.1 Background Assessments 

The following information will be collected from information available prior to randomization. If 

more than one value is available in the 24 hours prior to randomization, the value closest to the 

time of randomization will be recorded. If no values are available from the 24 hours prior to 

randomization, then values will be measured up to 24 hours. All values will be derived from 

clinically available data. (see Time of Events Schedule in Appendix F) 

1. Demographic and Admission Data (including age, sex, race) 

2. Pertinent Medical History and Physical Examination (including components of the 

Charlson co-morbidity score) 

3. Height; gender; measured Body Weight (mBW); calculated predicted body weight 

(PBW); body mass index (BMI) 
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4. Location when inclusion criteria met: ED, ward, ICU, referring hospital 

5. Vital signs:  heart rate (beats / min), systemic systolic and diastolic BP (mmHg), body 

temperature (0C), and oxygen saturation with FiO2 

6. Clinical laboratory testing results 

7. Radiographic testing results 

8. Presumed site of infection 

9. SOFA Score: as described in Appendix C 

7.2 Assessments during Protocol Phase 

1. Vital signs: heart rate (beats / min), systemic systolic and diastolic BP (mmHg), and 

oxygen saturation with FiO2 

2. Type, timing, and volume of fluid administration 

3. Type, timing, and dosing of vasopressor administration 

4. Hourly fluid inputs and outputs as clinically recorded 

5. Identification of clinical signs and symptoms of fluid overload 

Together with changes in SOFA score and adverse events at 72 hours, these data will be 

reported as study process safety data to the DSMB quarterly or more often at the discretion of 

the DSMB. 

7.3 Other Assessments and Data Collection 

1. Vasopressor use over the hospitalization  

2. Assisted ventilation over the hospitalization 

3. New renal replacement therapy over the hospitalization 

4. Daily fluid administration for the first 7 days  

5. Daily fluid outputs (truncated for death or ICU discharge) for the first 7 days 

6. Diuretic administration over the first 7 days 

7. Clinical laboratory testing results during the first 72 hours post randomization 

8. Results of microbiologic testing from samples taken over the first 72 hours after 

randomization 

9. SOFA at hours 0 and 72 

7.4 Specimen Collection 

Plasma will be collected within 2 hours of randomization, at 24 hours, and at 72 hours, frozen, 

and stored at a biorepository for future research. When consent for genetic testing is specifically 

obtained, an additional 20 ml of whole blood for future RNA and DNA studies will also be 

collected.  Total blood volume for these draws is approximately 30 ml/day, for a total of 

approximately 90 ml. Study samples will be sent to a central repository to be stored in 

accordance with good laboratory practices.  Samples will be identified by a coded number 

during shipment and storage in the central repository. 
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7.5 Assessments after Hospitalization 

1. Clinical assessment as to whether an infection was in fact the causative etiology of the 

hypotension 

We will perform an assessment using all testing and records available during the 

hospitalization where a site investigator will make an assessment as to whether the 

hypotension at enrollment was likely due to an infection or not. 

8. Feasibility Evaluation Plan 
The protocol oversight committee, steering committee, and the DSMB will monitor the trial for 

feasibility during the initial phase of the trial (~300 patients will be assessed during 3 separate 

looks).  After ~100 analyzable patients, the protocol committee will assess study arm 

separation, enrollment, and compliance using data from the trial.  After reviewing these data, the 

protocol oversight committee may make recommendations to improve the trial, which would 

require approval by the steering committee and DSMB before implementation. The trial will 

continue to accrue patients without interruption while the feasibility evaluations occur.  However, 

we will attempt to minimize the timeframe between the completion of 100 analyzable subjects 

and the recommendations and implementation of any study amendments.  Further feasibility 

assessments will occur after at least 100 additional patients are enrolled after any protocol 

modification (i.e., subjects 200 and 300 if no modifications; however, if as an example 30 

patients were enrolled after an assessment at 100 patients but before the amended protocol 

was active, then the next assessment would occur after 230 patients were enrolled).  To 

minimize time during this assessment phase, key data points such as fluid and vasopressor 

administration will be identified and completion for key elements will be required within 7 days of 

enrollment during the feasibility phase.  Data completeness of these key elements will be 

monitored closely by the coordinating center.  The analyses during the feasibility assessment 

phase will have no impact on the planned interim analyses and the final efficacy analysis. 

 

Feasibility parameters (by treatment assignment) will include: 

1. Subject accrual  

2. Compliance with treatment protocols 

3. Separation of the groups based on fluid and vasopressor administration data  

The protocol committee, steering committee, and DSMB will have available demographic data, 

criteria for separation, study accrual, and compliance.  The DSMB (only) will have available 

adverse event data.   

 

At that point, the protocol committee will issue one of three recommendations to the steering 

committee for decision:  

 

a) Continue without protocol modification,  

b) Continue with protocol modification 

c) Halt the trial.   

 



CLOVERS Protocol Version II 
November 17, 2017                                                                                                                                                          
27 
 

The steering committee will be asked to approve the recommendation.  Once the protocol 

committee and steering committee are in agreement, the responses will be provided to the 

DSMB, who will be charged with assessing whether there are any safety concerns. The DSMB 

will then have the opportunity to approve the recommendation or make additional 

recommendations.  At the completion of the feasibility evaluation phase, if the study continues, 

all patients from the feasibility evaluation phase will be retained in the ITT analysis. No outcome 

data will be released in any form.  

 

During the feasibility evaluation phase, the DSMB will also review: 

1. Adverse Events 

2. Central line use and any associated complications 

8.1 Subject Accrual 

The maximum sample size for the study is 2,320 subjects.  We estimate that sample size is 

achievable in a timely fashion if we enroll an average of 1 patient/site/month, distributed across 

50 enrolling sites.   For the feasibility assessment phase, if the enrolling sites achieve >70% of 

this rate (> 0.7 patients/site/month), then the feasibility guideline for patient accrual will have 

been met.  A site will be defined as “started” when the site indicates that they have begun 

screening, and the #patients/month/sites will be calculated as the number of patients enrolled 

across all sites, divided by sum of the screening months among the site, and number of sites.  A 

calendar month is defined by the number of days passed since the initiation of screening, 

divided by 30.  If a site withdraws from the study, then they will stop contributing patients and 

calendar months. 

8.2 Compliance with Fluid Management Protocols 

Compliance with the hemodynamic protocol instructions and the safety of the protocol will be 

monitored by the protocol oversight committee and DSMB.  Detailed treatment data in regards 

to intravenous fluid administration, vasopressor use, vital signs, and the presence of protocol 

defined criteria for fluid and vasopressor administration will be collected hourly for the first 24 

hours by the sites on a detailed flow sheet.  We will assess protocol compliance (defined as 

following the protocol rules based on vital signs and actions) for the first 6 hours, and then 

randomly sample 4 other 1-hour time-points during the 24-hour treatment period.  The 

compliance rate will be defined as the proportion of correct actions among the total actions 

performed; or (correct actions)/(correct +incorrect actions) X100.   

 A “correct action” in the liberal group is defined as:  

a. Administration of the initial 2 liter fluid bolus within the first 120 minutes  

b. Administration of a minimum 500cc fluid bolus when a “meets intervention criterion” is 

present  

c. Vasopressor use in the presence of an “allowable rescue criterion”  

d. No fluid or vasopressor administration in the absence of a meets intervention criterion 
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An “incorrect action” in the liberal group is defined as:  

a. Failure to administer the initial 2 liter fluid bolus within the first 120 minutes  

b. Failure to administer a 500cc fluid bolus when a “meets intervention criterion” is present and 

there is no contraindication (e.g. fluid overload or > 5 liters criteria already administered) 

c. Use of a vasopressor in the absence of an “rescue vasopressors allowed” criterion 

A “correct action” in the restrictive group is defined as:  

a. Initiation of vasopressors for SBP < 90mmHG and/or MAP <65mmHG within 60 minutes 

b. Titration of vasopressors to maintain MAP > 65mmHG 

c. Administration of a 250 cc fluid bolus in the presence of an “allowable rescue criterion”  

d. No fluid or vasopressor administration/titration in the absence of a meets intervention 

criterion 

 

An “incorrect action” in the restrictive group is defined as:  

a. Failure to initiate vasopressors for SBP < 90mmHG and/or MAP <65mmHG within 60 

minutes 

b. Failure to titrate vasopressors for sustained (greater than 30 minutes) MAP < 65 mmHG  

c. Administration of intravenous fluid in the absence an “rescue fluids allowed” criteria 

The goal is to achieve > 70% compliance with instructions across enrolling sites.   Summative 

data will be shared with the protocol committee, steering committee, and the DSMB.  During this 

period, the protocol rules may be refined through iterative application and evaluation in the 

enrolling sites.  If compliance is lower than 70%, but the separation of intravenous fluid volumes 

and/or vasopressor use between groups is met, amendments may be considered to try to 

improve compliance, but the trial will be considered feasible and will continue. 

To maintain blinding to outcomes, the reports will be aggregated without reference to patient 

number.  They will not include any information beyond the 24-hour treatment protocol period.  

The protocol oversight committee, PETAL steering committee and/or the DSMB may ask that 

detailed iterative refinement continue at each 100 patient data completion marks during this 

phase.  The protocol oversight committee and PETAL steering committee may also recommend 

based on the data from the 100 or 200 patient data completion marks that no further protocol 

modifications are indicated. 
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8.3 Separation of Groups Based on Fluid and Vasopressor Administration 

Data 

Experimental separation of patients in the restrictive versus liberal arms will be closely 

monitored over the course of the first 300 enrolled patients, with staged evaluations at 100, 200, 

and 300 patients to allow modification of experimental protocols to improve compliance and/or 

experimental separation. The trial can be stopped at 100, 200, or 300 patients based on the 

below criteria if there is evidence of lack of feasibility by enrollment rates, protocol compliance, 

and/or anticipated separation.    

A decision to move to the next phase of the trial will be based on the likelihood of meeting 2 of 

the following 3 separation guidelines at the end of the trial: 

1.     Difference of 1000cc (or greater) fluid administered over the first 6 hours of the 

treatment protocol 

2.     Difference of 1000cc (or greater) fluid administered over the first 24 hours of the 

treatment protocol 

3.     Difference of 3 hours (or greater) of mean time of vasopressor use over the first 24 

hours of the treatment protocol 

 

During each look at the 100, 200, and 300 patient data completion mark we will have the 

opportunity to modify the protocol to optimize recruitment, protocol compliance, and treatment 

group separation. Fluid separation at 6 and 24 hours will be analyzed as follows:  we will 

regress the log of the fluids administered on the treatment group and report the difference in the 

exponentiated means between the treatment groups and the confidence interval of this 

difference. This estimate is equivalent to the difference in the medians under the log-normal 

distribution, but the confidence limits are narrower due to the use of a parametric model. If the fit 

to the log-normal distribution is poor, we will estimate the difference in medians using quantile 

regression. If changes to significantly improve separation are not likely, and the upper end of a 

90% confidence interval on the difference in medians is less than 1 liter, we will consider 

recommending that the study be stopped. (Note: This is equivalent to a test of the hypothesis 

HO that the true difference is 1 liter, against the one sided alternative that the true difference is 

less than one liter, with a one-sided p-value of 0.1). 

During these looks, we will exclude data from patients managed by a no-longer-current protocol 

(i.e., in the event that a protocol change was implemented at the 100 or 200-patient marks). The 

goal is to preserve 90% power to detect a true separation between treatment arms in the overall 

trial of 1000ml at 6 and 24 hours. The stopping criteria will be based on the pooled mean and 

standard error of the log-transformed-fluid volumes.  

Based on preliminary from a comparable study in Africa analyzed in this manner, and assuming 

no change in fluid strategy at earlier looks, at the 300 patient look, the stopping criteria would 

have a 90% probability of stopping the trial if the true separation was 0.6 Liters or less. We will 
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deploy an analogous approach to assess a difference in vasopressor use of at least 3 

hours within the 24-hour protocol period.  

If at least 2 of 3 feasibility guideline parameters for separation are met, the separation 

parameter guideline is met.  If none of the guideline parameters are met, the protocol oversight 

committee will recommend termination of the trial. If one of the parameters is met, then the 

protocol oversight committee will examine the data to determine whether there is adequate 

separation or if a protocol modification is likely to lead to increased separation.  At each of the 

feasibility assessment evaluations, the protocol oversight committee will determine whether 

separation guidelines are adequately fulfilled and make a recommendation to the SC, and 

DSMB. The DSMB has final decision-making authority.   

8.4 Assessment of Eligibility Criteria  

We will assess the subset of patients enrolled with a qualifying blood pressure of 90 ≤ SBP < 

100 mmHg, and the guideline feasibility parameters in this subset of patients.  If during the 

feasibility assessment, data suggest that this group does not meet protocol compliance or 

separation guideline parameters, then this group may be excluded from the rest of the trial. 

9. Statistical Considerations 

9.1  Sample Size and Stopping Rules for Primary Outcome 

The primary outcome is intention-to-treat 90-day all cause in-hospital mortality, where in-

hospital includes both study and discharge hospitals (i.e. transfer hospitals or LTAC). Subjects 

who are discharged home (defined as residence prior to admission) prior to day 90 will be 

assumed to be alive at day 90.  

Sample size is based on a comparison of binomial proportions with an overall two-sided alpha 

level of 0.05 and power of 0.90.  With 15% mortality rate in liberal fluid group and 10.5% 

mortality rate in the restrictive group, maximum required total sample size is 2320 subjects.  

The presumed 15% mortality rate in the liberal fluid group is based on several recently 

published clinical trials (Process [2], ARISE [3], Promise [4]). 

This trial will stop for superiority of either restrictive or liberal fluid strategy arms and is designed 

with symmetric group sequential flexible stopping boundaries as described in Lan and 

DeMets.[27]They specify that at each interim analysis the cumulative probability of exceeding 

the upper or lower boundary on that or previous interim analyses will be 0.025 t^4 under the null 

hypothesis of no difference between the treatments, where t is the information time, defined as 

the ratio of the effective sample size at the time of the look to the eventual sample size. We plan 

to have two interim analyses and one final analysis that will be approximately evenly spaced.  

However, the scheduling of the DSMB meetings may alter this schedule.    

Table 1 presents an illustration of the stopping boundaries at each of the two interim analyses if 

they are equally spaced. The table presents stopping boundaries as both a required observed 

mortality difference and one-sided p-value. The columns under ‘Stopping Probability’ present 
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the probability of stopping at each stage under the null (no effect of fluid) and alternative 

(restrictive fluid reduces mortality from 15% to 10.5%) hypotheses respectively.  

 

Table 1 

Stage Sample 
Size 

Benefit 
Stopping 
Mortality 
Difference 

Benefit 
Stopping P 
value 

Harm 
Stopping 
Mortality  

Difference 

Harm 
Stopping P 
value 

Stopping 
Probability 
Given Null 

Stopping 
Probability 
Given 
Alternative 

1 774 -0.082 0.0003086 0.082 0.99969 0.0006 0.0613 

2 1546 -0.044 0.00479 0.044 0.99521 0.0099 0.5283 

3 2320 -0.027 0.02361 0.027 0.97639 0.0500 0.9000 

* These are one sided p values for the upper and lower boundaries. 

For example, the second stage analyses will take place when approximately 1546 patients have 

been enrolled and the study would be stopped if the 90-day absolute mortality difference 

exceeds -0.044. This corresponds to a one-sided p-value of 0.00479. If the alternative 

hypothesis is true, then the probability of stopping at this stage is 0.528. 

Table 2 below shows the effect of changes in the power of the study as a function of the 

mortality rate on the treatment with the higher mortality.  We calculated the power under two 

assumptions. The first is that the absolute difference in mortality rates was 4.5% and the second 

was a 30% relative difference.  The second row of the table shows the current assumptions.  

Whether the absolute or the relative difference is used, the power remains above 85%. 

Table 2 

  

 

 

 

 

9.2  Power Calculation for 28-day Organ Support Free Days 

We also note that CLOVERS is powered to detect meaningful differences in important 

secondary outcomes.  For example, we believe that organ failure free days to day 28 (e.g. not 

intubated, nor receiving renal replacement therapy, and not on vasopressors after a 48 hour 

period of protocol washout) is a relevant and meaningful outcome.  In fact, since this is a study 

where one must select an approach that will resemble one of the strategies (e.g. this is a test of 

existing therapies, not of a novel therapy that would require adoption) a meaningful difference in 

organ failure free days would be a meaningful study result that would alter treatment practices. 

Null Mortality Power at 4.5% Absolute 
Decrease in Mortality 

Power at 30% Relative 
Decrease in Mortality 

17% 0.86 0.94 

15% * 0.90 0.90 

13% 0.94 0.85 

*Assumption used in the CLOVERS Protocol 
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To demonstrate the power for organ failure free days – we use published data from the 

PROMISE trial (which reported organ failure free days). PROMISE reported organ failure free 

days to day 28  in usual care (mean +/- standard deviation) for cardiovascular (20.6 +/- 11.9), 

respiratory (19.8 +/- 12.0), and renal (20.6 +/- 11.9).  We assume that organ failure free days 

(combining all three organ systems) would be largely determined by the worst of the three 

components.  Since these components are all quite similar, we use a standard deviation of 12 

organ failure free days for sample size calculations.  Consistent with the FACTT trial, we identify 

3 organ failure free days as clinically significant.  Using a two-side alpha of 0.05 we obtain 90% 

power to detect a true mean difference as outlined in the table below: 

Difference in Organ 

Failure Free Days 

Total Patients 

4 382 

3 676 

2 1516 

10. Data Collection and Monitoring 
Data Collection: The research coordinators will transfer data to the Clinical Coordinating 

Center on a prescribed basis through a secure web-based data collection program.  

Investigators will use these reports to identify aspects of protocol management that can be 

improved at their Centers. The on-target performances of all centers will also be included, 

allowing investigators at each center to know how their center is performing relative to other 

PETAL Centers. On-target performances will be discussed during regular meetings of the 

Steering Committee. The Institutional Support Committee will provide advice and assistance to 

Centers that are not performing up to expectations. On-target data for the specific variables 

according to study group will be included in the primary reports of the results of the individual 

trials. 

Site Monitoring: Data quality will be reviewed remotely using front end range and logic checks 

at the time of data entry and back-end monitoring of data using SAS reports. Additionally, 

Clinical Center on site visits will be performed on a regular basis by the Clinical Coordinating 

Center to ensure that all regulatory requirements are being met and to monitor data quality. 

Patient records and case report forms will be examined on a spot check basis to evaluate the 

accuracy of the data entered into the database and monitor for protocol compliance. 

11. Risk Assessment 
This study involves randomization to early restrictive fluids and early vasopressors versus liberal 

fluids with rescue vasopressor use for the first 24 hours.  

11.1 Potential Risks to Subjects 

Risk of Fluid Administration: Patients in the liberal fluid protocol may receive additional 

intravenous fluids.  This carries the potential risk of fluid overload, including acute congestive 

heart failure, breathing difficulties, and increased peripheral edema. 
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Risk of Vasopressor Administration: Patients in the restrictive protocol may receive early or 

additional vasopressors based on the treatment assignment. The potential risks of early 

vasopressors include cardiac ischemia, cardiac dysrhythmias, bowel ischemia, or limb ischemia.  

 

Risks of Blood Draws: All patients will have blood drawn for research purposes. Many patients 

will have invasive lines placed for clinical purposes, where the risk of blood draws are extremely 

low, as blood can usually be easily obtained from these lines. In cases where an invasive line is 

not present, the risks of drawing blood are uncommon and include bleeding and bruising. 

Commonly, drawing blood is painful, and rarely, drawing blood can lead to infections at the site 

of the blood draw. 

 

Risk of Line Placement: Patients with hypotension will often have central venous access placed 

to increase venous access in the anticipation of the need for reliable and increased access for 

fluid, medication, and vasopressor administration.  However, if restoration of blood pressure 

occurs without needing vasopressor medications, clinicians may decide to not place central 

venous access.  Additionally, clinicians may opt to use peripheral venous access to administer 

vasopressors. The restrictive fluids protocol is intended to facilitate an increase in the utilization 

of vasopressors; thus, this practice may lead to an increase in the placement of central venous 

catheters.  The decision to place a central venous line will be left to the treating and/or study 

clinician.  It is possible that additional central venous catheters will be placed in the fluid 

restrictive group.  The risks of central venous access include infection, pneumothorax 

(punctured lung), and vessel injury, inclusive of inadvertent arterial cannulation. 

Peripheral Vasopressor Utilization: Peripheral vasopressor administration is permitted in this 

protocol.  The risk of peripheral vasopressors utilization is extravasation and soft-tissue 

toxicity/injury if extravasation occurs. 

11.2 Risk of Death 

It is possible that one treatment arm may lead to more deaths; mortality will be monitored during 

the course of the study. 

11.3 Minimization of Risk 

Federal regulations at 45 CFR 46.111(a)(1) require that risks to subjects are minimized by using 

procedures which are consistent with sound research design. There are several elements of 

study design inherent in the present protocol that meets this human subject protection 

requirement. The DSMB will be reviewing data as outlined above and will examine not only 

efficacy but safety (inclusive of mortality) and will reserve the right to halt the study at any time.  

11.4 Potential Benefits 

Study subjects may or may not receive any direct benefits from their participation in this study. It 

is unclear which type of fluid strategy provides optimal benefit.  Thus, it is possible that were the 
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restrictive or liberal arm shown to be superior, then patients in that arm may receive benefit.  

However, the optimal strategy is undefined at this point.  

11.5 Risks in Relation to Anticipated Benefits 

➢ Federal regulations at 45 CFR 46.111 (a)(2) require that “the risks to subjects are 

reasonable in relation to anticipated benefits, if any, to subjects, and the importance of the 

knowledge that may reasonably be expected to result.”  Based on the preceding 

assessment of risks and potential benefits, the risks to subjects are reasonable in relation to 

anticipated benefits.   

12. Human Subjects 
Each study participant or a LAR must sign and date an informed consent form. Institutional 

review board approval will be required before any subject is entered into the study. PETAL will 

use a central IRB. 

12.1. Selection of Subjects 

Federal regulations at 45 CFR 46(a)(3) require the equitable selection of subjects. The EDs, 

ICUs, and other acute care areas of PETAL sites will be screened to determine if any patient 

meets inclusion and exclusion criteria. Data that have been collected as part of the routine 

management of the subject will be reviewed to determine eligibility. No protocol-specific tests or 

procedures will be performed as part of the screening process. If any subjects meet criteria for 

study enrollment, then the attending physician will be asked for permission to approach the 

patient or his/her LAR for informed consent. Study exclusion criteria neither unjustly exclude 

classes of individuals from participation in the research nor unjustly include classes of 

individuals from participation in the research. Hence, the recruitment of subjects conforms to the 

principle of distributive justice.  

12.2. Justification for Including Vulnerable Subjects 

The present research aims to investigate the safety and efficacy of a type of treatment for 

patients with sepsis induced hypotension.  Due to the nature of sepsis induced hypotension, the 

vast majority of these patients will have impaired decision-making capabilities. This study 

cannot be conducted if limited to enrolling only those subjects with retained decision-making 

capacity. Hence, subjects recruited for this trial are not being unfairly burdened with involvement 

in this research simply because they are easily available. 

12.3. Informed Consent 

Federal regulations 45 CFR 46.111(a)(5) require that informed consent will be sought from 

each prospective subject or the subject’s LAR. The one obtaining consent is responsible for 

ensuring that the patient and/or LAR understands the risks and benefits of participating in the 

study, and answering any questions the LAR may have throughout the study and sharing any 

new information in a timely manner that may be relevant to the LAR’s willingness to permit the 
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subject’s continued participation in the trial. The consenter will make every effort to minimize 

coercion. All study participants or their LARs will be informed of the objectives of the study and 

the potential risks. The informed consent document will be used to explain the risks and 

benefits of study participation to the LAR in simple terms before the patient is entered into the 

study, and to document that the LAR is satisfied with his or her understanding of the risks and 

benefits of participating in the study and desires to participate in the study.  The investigator is 

responsible for ensuring that informed consent is given by each patient or LAR. This includes 

obtaining the appropriate signatures and dates on the informed consent document prior to the 

performance of any protocol procedures including administration of study agent. 

12.4. Continuing Consent 

Subjects for whom consent was initially obtained from a LAR, but who subsequently regain 

decision-making capacity while in the hospital, will be approached for consent for continuing 

participation, including continuance of data acquisition. The consent form signed by the LAR 

should reflect that such consent will be obtained 

12.5. Withdrawal of Consent 

Patients or the LAR may withdraw or be withdrawn (by the LAR) from the trial at any time 

without prejudice. Data recorded up to the point of withdrawal will be included in the trial 

analysis, unless consent to use their data has also been explicitly withdrawn. If a patient or LAR 

requests termination of study procedures during the treatment period, the procedures will be 

stopped but the patient will continue to be followed up as part of the trial. If a patient or LAR 

withdraws consent during trial treatment, the study procedures will be stopped but permission 

will be sought to access medical records for data related to the trial. If a patient or LAR wishes 

to withdraw from the trial after completion of trial treatment, permission to access medical 

records for trial data will be assumed unless explicitly withdrawn.   

12.6. Identification of Legally Authorized Representatives 

Many of the patients approached for participation in this research protocol will often have 

limitations of decision-making abilities due to their critical illness. Hence, some patients will not 

be able to provide informed consent.  Accordingly, informed consent will be sought from the 

potential subject’s legally authorized representative (LAR).   

Regarding proxy consent, the existing federal research regulations (‘the Common Rule’) states 

at 45 CFR 46.116 that “no investigator may involve a human being as a subject in 

research…unless the investigator has obtained the legally effective informed consent of the 

subject or the subject’s legally authorized representative”; and defines at 45 CFR 46 102 (c) a 

legally authorized representative (LAR) as “an individual or judicial or other body authorized 

under applicable law to consent on behalf of a prospective subject to the subject’s participation 

in the procedures(s) involved in the research.” The Office of Human Research Protections 

(OHRP) defined examples of “applicable law” as being state statutes, regulations, case law, or 

formal opinion of a State Attorney General that addresses the issue of surrogate consent to 

medical procedures. Such “applicable law” could then be considered as empowering the LAR to 
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provide consent for subject participation in the research. Interpretation of “applicable law” may 

be state specific and will be addressed by the PETAL central IRB. 

According to a previous President’s Bioethics Committee (National Bioethics Advisory 

Committee (NBAC)), an investigator should accept a relative or friend of the potential subject 

who is recognized as an LAR for purposes of clinical decision making under the law of the state 

where the research takes place [28]. Finally, OHRP has stated in their determination letters that 

a surrogate could serve as a LAR for research decision making if such an individual is 

authorized under applicable state law to provide consent for the “procedures” involved in the 

research study [29].      

12.7. Justification of Surrogate Consent 

According to the Belmont Report, respect for persons incorporates at least two ethical 

convictions; first, that individuals should be treated as autonomous agents, and second, that 

person with diminished autonomy are entitled to protection. One method that serves to protect 

subjects is restrictions on the participation of subjects in research that presents greater than 

minimal risks. Commentators and research ethics commissions have held the view that it is 

permissible to include incapable subjects in greater than minimal risk research as long as there 

is the potential for beneficial effects and that the research presents a balance of risks and 

expected direct benefits similar to that available in the clinical setting [30]. Several U.S. task 

forces have deemed it is permissible to include incapable subjects in research. For example, the 

American College of Physicians’ document allows surrogates to consent to research involving 

incapable subjects only  “if the net additional risks of participation are not substantially greater 

than the risks of standard treatment.” [31]. Finally, NBAC stated that an IRB may approve a 

protocol that presents greater than minimal risk but offers the prospect of direct medical benefits 

to the subject, provided that “the potential subject’s LAR gives permission…” [28] 

Consistent with the above ethical sensibilities regarding the participation of decisionally 

incapable subjects in research and the previous assessment of risks and benefits in the 

previous section, the present trial presents a balance of risks and potential direct benefits that is 

similar to that available in the clinical setting, with the exception of the additional blood draws.     

12.8. Additional Safeguards for Vulnerable Subjects 

The present research will involve subjects who might be vulnerable to coercion or undue 

influence. As required in 45CFR46.111 (b), we recommend that sites utilize additional 

safeguards to protect the rights and welfare of these subjects. Such safeguards might include, 

but are not limited to: a) assessment of the potential subject’s capacity to provide informed 

consent, b) the availability of the LAR to monitor the subject’s subsequent participation and 

withdrawal from the study; c) augmented consent processes. The specific nature of the 

additional safeguards will be left to the discretion of the central IRB, in conjunction with the sites.   
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12.9. Confidentiality 

Federal regulations at 45 CFR 46 111 (a) (7) requires that when appropriate, there are 

adequate provisions to protect the privacy of subjects and to maintain the confidentiality of data. 

To maintain confidentiality, all laboratory specimens, evaluation forms, and reports will be 

identified only by a coded number.  The coded number will be generated by a computer, and 

only the study team will have access to the codes.  All records will be kept in a locked, 

password protected computer.  All computer entry and networking programs will be done with 

coded numbers only.  All paper case report forms will be maintained inside a locked office.  

Study information will not be released without the written permission of the patient, except as 

necessary for monitoring by the National Heart, Lung, and Blood Institute, and the PETAL 

Clinical Coordinating Center. 

13. Adverse Events 

13.1 Safety Monitoring 

Assuring patient safety is an essential component of this protocol. Each participating 

investigator has primary responsibility for the safety of the individual participants under 

his or her care. The Investigators will determine daily if any adverse events occur during 

the period from enrollment through study day 6 (five days after completion of the study 

fluid protocol) or Hospital discharge, whichever occurs first.   

The following adverse events will be collected in the adverse event case report forms:  

➢ Serious adverse events 

➢ Non-serious adverse events that are considered by the investigator to be related 

to study procedures or of uncertain relationship (Appendix G) 

A clinical trial adverse event is any untoward medical event associated with study 

procedures, whether or not it is considered related to the study procedures.   

After randomization, adverse events must be evaluated by the investigator. If the adverse event 

is judged to be reportable, as outlined above, then the investigator will report to the CCC their 

assessment of the potential relatedness of each adverse event to protocol procedure via 

electronic data entry. Investigators will assess if there is a reasonable possibility that the study 

procedure caused the event, based on the criteria outlined in Appendix G. Investigators will also 

consider if the event is unanticipated or unexplained given the patient’s clinical course, previous 

medical conditions, and concomitant medications.   

If a patient's treatment is discontinued as a result of an adverse event, study site personnel 

must report the circumstances and data leading to discontinuation of treatment in the adverse 

event case report forms.   

13.2 Serious Adverse Events 

Serious adverse event collection begins after randomization and study procedures have been 

initiated.  If a patient experiences a serious adverse event after consent, but prior to 
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randomization or starting study procedures, the event will NOT be collected. Study site 

personnel must alert the CCC of any serious and study procedure related adverse event 

within 24 hours of investigator awareness of the event.  Alerts issued via telephone are to be 

immediately followed with official notification on the adverse event case report form. See 

Appendix G for reporting timelines for serious, unexpected, study related events (SAEs) and 

serious, unexpected suspected adverse reactions (SUSARs) 

As per the FDA and NIH definitions, a serious adverse event is any adverse event that results in 

one of the following outcomes: 

➢ Deaths  

➢ A life-threatening experience (that is, immediate risk of dying) 

➢ Prolonged inpatient hospitalization or re-hospitalization 

As per http://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm: Report if 

admission to the hospital or prolongation of hospitalization was a result of the adverse event. 

Emergency room visits that do not result in admission to the hospital should be evaluated for 

one of the other serious outcomes (e.g., life-threatening; required intervention to prevent 

permanent impairment or damage; other serious medically important event). 

➢ Persistent or significant disability/incapacity 

As per http://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm: Report if the 

adverse event resulted in a substantial disruption of a person's ability to conduct normal life 

functions, i.e., the adverse event resulted in a significant, persistent or permanent change, 

impairment, damage or disruption in the patient's body function/structure, physical activities 

and/or quality of life. 

Important medical events that may not result in death, be life-threatening, or require 

hospitalization may be considered serious adverse events when, based upon appropriate 

medical judgment, they may jeopardize the patient and may require medical or surgical 

intervention to prevent one of the outcomes listed in this definition. 

Serious adverse events will be collected during the first 6 study days or until ICU discharge, 

whichever occurs first, regardless of the investigator's opinion of causation. Thereafter, serious 

adverse events are not required to be reported unless the investigator feels the events were 

related to either study drug or a protocol procedure. 

http://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm
http://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm


CLOVERS Protocol Version II 
November 17, 2017                                                                                                                                                          
39 
 

Appendices 

A. Protocol Schema  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



CLOVERS Protocol Version II 
November 17, 2017                                                                                                                                                          
40 
 

A.1 Liberal Protocol (follow for 24 hours) 
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A.2 Restrictive Protocol (follow for 24 hours)  
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B. Data and Safety Monitoring Board 

The principal role of the DSMB is to assure the safety of patients in the CLOVERS trial.  They 

will regularly monitor data from this trial, review and assess the performance of its operations, 

and make recommendations to the NHLBI with respect to: 

 Review of adverse events 

 Interim results of the study for evidence of efficacy or adverse events 

 Possible early termination of the trial because of early attainment of study objectives, 

safety concerns, or inadequate performance 

 Possible modifications in the clinical trial protocol 

 Performance of individual centers 

Two interim analyses will be conducted at approximately 33% and 66% target enrollment 

accrual. 

The NHLBI PETAL Network DSMB is appointed by the Director, NHLBI and makes 

recommendations to the NHLBI Director. The DSMB reviews all protocols for safety following 

review by an independent NHLBI Protocol Review Committee. The DSMB will consist of 

members with expertise in acute lung injury, emergency medicine, biostatistics, ethics, and 

clinical trials. An NHLBI staff member not associated with PETAL will serve as Executive 

Secretary. Appointment of all members is contingent upon the absence of any conflicts of 

interest. All the members of the DSMB are voting members. The Principal Investigator and the 

Medical Monitor of the CCC will be responsible for the preparation of all DSMB and adverse 

event reports and may review unblinded data. The DSMB will develop a charter and review the 

protocol and sample consent form during its first meeting. Subsequent DSMB meetings will be 

scheduled in accordance with the DSMB Charter with the assistance of the CCC. When 

appropriate, conference calls may be held in place of face-to-face meetings. Recommendations 

to end, modify, or continue the trial will be prepared by the DSMB executive secretary for review 

by Director, NHLBI. Recommendations for major changes, such as stopping, will be reviewed by 

the NHLBI Director and communicated immediately. Other recommendations will be reviewed 

by the NHLBI director and distributed in writing to the CCC, which will distribute to the PETAL 

steering committee with instructions for reporting to local IRBs when appropriate.  

Details of the NHLBI policies regarding DSMBs can be found at the following URL: 

http://www.nhlbi.nih.gov/funding/policies/dsmb_inst.htm   

The PETAL Network Steering Committee is comprised of the Principal Investigators and Co-

investigators of all the Clinical sites, the CCC, and the NHLBI Project Officer who represents the 

NHLBI.  All sites have two votes and the CCC has one.   

 

http://www.nhlbi.nih.gov/funding/policies/dsmb_inst.htm
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C. SOFA Scoring System 

 

We define a clinically significant organ failure as a SOFA score 2 or more points higher than 

baseline. 
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D. Ventilator Weaning 

Commencement of weaning 

Patients will be assessed for the following weaning readiness criteria each day between 0600 

and 1000. If a patient procedure, test, or other extenuating circumstance prevents assessment 

for these criteria between 0600 and 1000, then the assessment and initiation of subsequent 

weaning procedures may be delayed for up to six hours. Patients can be assessed for weaning 

readiness criteria twice a day. 

1. At least 12 hours since enrollment in the trial. 

2. FiO2  0.40 and PEEP  8 cm 

3. Values of both PEEP and FiO2  values from previous day (comparing Reference 

Measurement values, section 6.3). 

 

Spontaneous breathing trial (SBT) procedure and assessment for unassisted breathing 

If criteria 1-4 above are met, first the neuromuscular blocking agent will need to be discontinued 

if the medication is still being infused. When the neuromuscular blocking agent has worn off and 

the patient is having spontaneous respirations, then initiate a trial of up to 120 minutes of 

spontaneous breathing with FIO2 < 0.5 using any of the following approaches: 

1. Pressure support < 5cm H2O, PEEP < 5cm H2O 

2. CPAP < 5 cm H2O  

3. T-piece 

4. Tracheostomy mask  

Monitor for tolerance using the following: 

1. SpO2  90% and / or PaO2  60 mmHg 

2. Mean spontaneous tidal volume  4 ml / kg PBW (if measured) 

3. Respiratory Rate  35 / min 

4. pH  7.30 (if measured) 

5. No respiratory distress (defined as 2 or more of the following): 

a. Heart rate ≥ 120% of the 0600 rate (≤ 5 min at > 120% may be tolerated) 

b. Marked use of accessory muscles 

c. Abdominal paradox 

d. Diaphoresis 

e. Marked subjective dyspnea. 

If any of the goals 1-5 are not met, revert to previous ventilator settings or to PS + 10 cm H2O 

with Positive End-expiratory Pressure and FiO2 = previous settings and reassess for weaning 

the next morning. 

The clinical team may decide to change mode of support during spontaneous breathing (PS = 5, 

CPAP, tracheostomy mask, or T-piece) at any time.  
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Decision to remove ventilatory support 

For intubated patients, if tolerance criteria for spontaneous breathing trial (1-5 above) are met 

for at least 30 minutes, the clinical team may decide to extubate.  However, the spontaneous 

breathing trial can continue for up to120 minutes if tolerance remains in question. If any of 

criteria 1-5 are not met during unassisted breathing (or 120 minutes has passed without clear 

tolerance), then the ventilator settings that were in use before the attempt to wean will be 

restored and the patient will be reassessed for weaning (see section D.2) the following day. 

 Definition of unassisted breathing 

a) Extubated with face mask, nasal prong oxygen, or room air, OR 

b) T-tube breathing, OR 

c) Tracheostomy mask breathing, OR 

d) CPAP  5 without PS or IMV assistance 

e) Use of CPAP or BIPAP solely for sleep apnea management 

f) Use of a high flow oxygen system 
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E. Vasopressor Weaning 

1. When MAP > 65 mmHg on a stable dose of vasopressor, begin reduction of the 
vasopressor by greater than or equal to 25% of the stabilizing dose at intervals of less 
than or equal to 4 hours to maintain MAP greater than or equal to 65 mmHg.  

2. Dopamine is considered discontinued" for vasopressor use and cell assignment when it 
is weaned to less than or equal to 5 mcg/kg/min, but should continue to be weaned per 
protocol. 
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F. Time Events Schedule 

Measurement/Event 
Baseline (0-6 

hrs) 
(6-24 
hrs) 

1 2 3 4 5 6 7 28 90 

Demographics, History and Physical X           
 

Vital Signs X X X         
 

Vasopressor use X X X X X X      
 

Fluid Administration  X X X         
 

Daily Fluid Balance (intake and output)    X X X X X X X  
 

Charlson Score X           
 

GCS X   X X X      
 

Laboratory/microbiology results A   A A A      
 

Diuretic use    X X X X X X X  
 

ARDS assessment X   X X X X X X X  
 

Plasma Collection X   X  X      
 

DNA/RNA  
X 

          
 

Disposition 
 

         X 
 

Ventilator, Vasopressor, Renal 
replacement therapy use 

 
         X 

 

Assessment of infection source 
 

         X 
 

Vital Status 
 

         X X 

X=Required    
A=When available    
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G. Adverse Event Reporting and Unanticipated Events 

As noted in section 11.2, investigators will report all adverse events that are serious and study 

procedure related (or of uncertain relatedness) to the CCC within 24 hours. The CCC will then 

notify the NHLBI and Central Institutional Review Board (cIRB) 

The Medical Monitor at the CCC will work collaboratively with the reporting investigator to 

determine if a serious adverse event has a reasonable possibility of having been caused by the 

study procedure, as outlined in 21 CFR 312.32(a)(1)I, and below. The Medical Monitor will also 

determine if the event is unexpected. An adverse is considered “unexpected” if it is not listed in 

the study protocol (21 CFR 312.32(a)). If a determination is made that a serious adverse event 

has a reasonable possibility of having been caused by the study procedure, it will be classified 

as a suspected adverse reaction.  If the suspected adverse reaction is unexpected, it will be 

classified as a serious unexpected suspected adverse reaction (SUSAR).   

The CCC will report all unexpected deaths, serious and treatment related adverse events, and 

SUSARs to the DSMB, NHLBI, and cIRB within 7 days after receipt of the report from a clinical 

site. A written report will be sent to the NHLBI, DSMB and the cIRB within 15 calendar days.  

The DSMB will also review all adverse events and clinical outcomes during scheduled interim 

analyses. If the DSMB determines that the overall rate of adverse events is higher in one fluid 

protocol group, the cIRB will be notified within 15 days of this determination. The CCC will 

distribute the written summary of the DSMB’s periodic review of adverse events to the cIRB in 

accordance with NIH guidelines (http://grants.nih.gov/grants/guide/notice-files/not99-107.html). 

G1.  Unanticipated problems (UP) 

Investigators must also report Unanticipated Problems, regardless of severity, associated with 

study procedures within 24 hours. An unanticipated problem is defined as follows: any incident, 

experience, or outcome that meets all of the following criteria: 

 Unexpected, in terms of nature, severity, or frequency, given the research 

procedures that are described in the protocol-related documents, such as the IRB-

approved research protocol and informed consent document; and the characteristics 

of the subject population being studied; 

 Related or possibly related to participation in the research, in this guidance 

document, possibly related means there is a reasonable possibility that the incident, 

experience, or outcome may have been caused by the procedures involved in the 

research; 

 Suggests that the research places subjects or others at a greater risk of harm 

(including physical, psychological, economic, or social harm) than was previously 

known or recognized. 

G2.  Determining relationship of adverse events to procedures 

Investigators will be asked to grade the strength of the relationship of an adverse event 

to study procedures as follows: 

http://grants.nih.gov/grants/guide/notice-files/not99-107.html
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• Definitely Related: The event follows: a) A reasonable, temporal sequence from a study 
procedure; and b) Cannot be explained by the known characteristics of the patient’s clinical 
state or other therapies; and c) Evaluation of the patient’s clinical state indicates to the 
investigator that the experience is definitely related to study procedures. 
 

• Probably or Possibly Related: The event should be assessed following the same criteria for 
“Definitely Associated”. If in the investigator’s opinion at least one or more of the criteria are 
not present, then “probably” or “possibly” associated should be selected. 
 

• Probably Not Related: The event occurred while the patient was on the study but can 
reasonably be explained by the known characteristics of the patient’s clinical state or other 
therapies. 
 

• Definitely Not Related: The event is definitely produced by the patient’s clinical state or by 
other modes of therapy administered to the patient. 
. 

• Uncertain Relationship: The event does not meet any of the criteria previously outlined. 
 

G3.  Clinical outcomes that may be exempt from adverse event reporting 

Study-specific clinical outcomes of sepsis, as outlined in Sections 3.8.1 and 3.8.2 (Primary and 

Secondary Outcomes) and Section 6.3 (Assessments During the Study) are exempt from 

adverse event reporting unless the investigator deems the event to be related to the study 

procedures (or of uncertain relationship) or if the event leads to discontinuation of study 

procedures. The following are examples of events that will be considered study specific clinical 

outcomes 

• Death not related to the study procedures.   

• Cardiovascular events:  need for vasoactive drugs or fluids for hypotension or 

hypotension, Supraventricular/ventricular tachycardia (SVT) or new onset 

atrial fibrillation (AF). The occurrence of one or more episodes (sustained for 

more than 1 minute for SVT and AF) during the hospital stay will be recorded. 

• Respiratory events: decreased PaO2/FiO2, hypoxia, worsening acute 

respiratory distress syndrome, or respiratory failure. 

• Hepatic events: hepatic injury or liver dysfunction that leads to an increase 

from baseline in the serum level of bilirubin. 

• Renal events: renal failure, renal insufficiency, or renal injury that leads to an 

increase from baseline in serum creatinine. 

• Hematologic/coagulation events: coagulopathy, disseminated intravascular 

coagulation, thrombocytopenia, or thrombocytosis. 

Note: Arrhythmias such as heart block, ventricular tachycardia or ventricular fibrillation are not 

considered study specific clinical outcomes and should be recorded as adverse events if they 

are serious events or are considered by the investigator to be related to study procedures. 
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G4.  Decision tree for determining if an adverse event is reportable 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from Ranieri VM, Thompson BT, Barie PS et al. Drotrecogin alfa (activated) in adults 

with septic shock. N Engl J Med. 2012 May 31;366 (22):2055-64. Epub 2012 May 22. PubMed 

PMID: 226168 
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H. Imputed P/F using SpO2 and FiO2 

The equivalence table below determines the estimated P/F ratio from the FiO2 and SpO2. This 

data was generated by investigators at the University of Utah, on a cohort of critically ill patients 

with pneumonia [32-38]. 

 

For altitude adjustment, we will incorporate the practice from prior ARDS Network studies of 

using average ambient to sea level barometric pressure (for Utah, 0.86; for Denver, 0.84). 

Additional requirements for the use of the S/F ratio include: 

1. SpO2 between 80-96% 

2. SpO2 should be measured at least 10 minutes after any change in FiO2. 

3. PEEP ≥ 5 cm H2O 

4. An adequate pulse oximeter waveform tracing 
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