
This protocol supplement contains the following materials:  

1. Initial protocol: version 1  
2. Final protocol: version 5  
3. Summary of changes to the trial protocol  
4. Final statistical analysis plan.  

Note: The statistical analysis plan was embedded into the official trial protocol and is 
reproduced here for readers. The statistical analysis plan did not change during the trial. 
The Statistical Considerations section of the protocol (Section 6) was amended once, in 
version 5, to remove ambiguous language regarding calculation of the primary 
composite score endpoint. This change was made to ensure that readers unaffiliated with 
the study group understand correctly how the composite score was calculated.  
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STATEMENT OF COMPLIANCE 
 

The study will be carried out in accordance with Good Clinical Practice (GCP) as required by the following: 
 

• United States (US) Code of Federal Regulations (CFR) applicable to clinical studies (45 CFR Part 46; 
21 CFR Part 50, 21 CFR Part 56, and 21 CFR Part 312) 

• ICH E6; 62 Federal Register 25691 (1997)  
• NIH Clinical Terms of Award 

 
All key personnel (all individuals responsible for the design and conduct of this study) have completed Human 
Subjects Protection Training. 
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SIGNATURE PAGE 
 
 
The signature below constitutes the approval of this protocol and the attachments, and provides the necessary 
assurances that this trial will be conducted according to all stipulations of the protocol, including all statements 
regarding confidentiality, and according to local legal and regulatory requirements and applicable US federal 
regulations and ICH guidelines. 
 
 
Site Investigator: _________________________________ 
 
Signed: __________________________________  Date: __________________  
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1. OVERVIEW 

1.1 Primary Study  
 
This phase II prospective randomized controlled trial of ventilation directed by esophageal pressure 
measurements will enroll 200 patients with moderate to severe ARDS by the Berlin conference definition in 
seven academic medical centers in North America. The control group will be ventilated using an alternative 
high-PEEP strategy with PEEP and FiO2 set using to an empiric table.   
 
Plasma samples will be obtained at enrollment and days 3 and 7 and assessed for a variety of lung injury 
biomarkers to better assess the association between our intervention and the inflammation associated with 
mechanical ventilation and the development of ARDS.  Hospital survivors will undergo a brief follow up phone 
survey to assess survival, functional status (Barthel Index), health-related QOL (Short Form 12), and frailty 
(VES) twelve months after enrollment.  
 
The study length will be four years with a six month start-up period followed by a planned 30 month enrollment 
and twelve month follow-up.  

1.2 Biorepository 

Patients will have the option of agreeing to have any blood remaining after the planned biomarker analysis 
saved in a biorepository for future investigations, including genetic testing.  For patients who grant specific 
consent, any blood left over after biomarker analyses will be stored indefinitely in a biorepository located at the 
Harvard School of Public Health (HSPH).   

1.3 Ancillary Study  

At two centers, all patients enrolled in the study will be invited to join an ancillary study with CT imaging. This 
sub-study will apply established and accepted CT imaging techniques, as well as serial measurement of non-
invasive oscillatory impedance of the lung, to seek insights into the mechanism of clinical benefit of the primary 
trial.  The procedures and risks of this trial are described in a separate document provided to participating 
centers. 
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2.  SUMMARY 

2.1 Trial Design 
 

Title: 
EPVent 2- A Phase II study of Mechanical Ventilation Directed by 
Transpulmonary Pressures. 

Objectives: 

 

Primary: To assess the impact of mechanical ventilation directed at 
maintaining a positive transpulmonary pressure. Primary outcome will be a 
composite of death and ventilation free days at 28 days after randomization. 
 
Secondary:  

x Physiologic: Assess differences in ventilation and respiratory 
parameters between the groups, including; PaO2/FIO2 ratio; applied 
PEEP; dead space ventilation; lung compliance and transpulmonary 
inspiratory and expiratory pressures.   

x Clinical: requirement for rescue therapies; length of mechanical 
ventilation, and length of stay in ICU and hospital. Follow up to one-
year for survival and functional status. 

x Biomarkers: Levels of plasma biomarkers of lung injury. 
 

Inclusion Criteria: 1. Adult patients (age >16) admitted to Intensive care unit with moderate to 
severe acute respiratory distress syndrome (ARDS) as defined by the Berlin 
conference criteria: 

 
a. Hypoxemic respiratory failure with PaO2 / FIO2 ratio < 200 mmHg 
b. Bilateral alveolar/interstitial infiltrates on chest x-ray, with opacities 

not present for more than 7 days. 
c. Respiratory failure not fully explained by cardiac failure or fluid 

overload.  
d. Intubation on controlled ventilation and receiving PEEP ≥ 5 cmH2O. 

 
2. Duration of ARDS ≤ 36 hours. ARDS onset defined as when the last 
criterion (a-d above) is met. 

 

Exclusion Criteria: 
Patients will be excluded from the study if they are known to have 
 

x Received mechanical ventilation more than 96 hours 
x Recently treated for bleeding varices, stricture, hematemesis, 

esophageal trauma, recent esophageal surgery or other 
contraindication for NG tube placement 
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x Severe coagulopathy (platelet count < 5000 / microliter or INR > 4), 
x History of lung or liver transplantation, 
x Elevated intracranial pressure or conditions where hypercapnia-

induced elevations in intracranial pressure should be avoided, 
including: 

o Intracranial bleeding 
o Cerebral contusion 
o Cerebral edema 
o Mass effect (midline shift on CT scan) 
o Flat EEG for 2 or more hours 

x Evidence of active air leak from the lung (including broncho-pleural 
fistula, pneumothorax, pneumomediastinum or air leak from an 
existing chest tube) 

x Participation in other intervention trials for ARDS, or sepsis within the 
past 30 days. 

x Neuromuscular disease that impairs ability to ventilate spontaneously, 
such as C5 or higher spinal cord injury, amyotrophic lateral sclerosis, 
Guillain-Barre syndrome, and myasthenia gravis. 

x Severe chronic liver disease [Child-Pugh Score of ≥12]. 
x Patients not committed to full support  
x Treating clinician refusal, or unwillingness to commit to controlled 

ventilation for at least 24 hours. 
x Inability to get informed consent from the patient or surrogate. 
x Use of rescue therapies prior to enrollment (e.g. nitric oxide, ECMO, 

prone positioning, high frequency oscillation). This does not exclude if 
these therapies were used as the initial mode of ventilation.  

 

Description of Study 
Design: 

x Multi-center, prospective, randomized, phase II clinical trial 

x Two hundred patients with ARDS will be randomized to receive either 
mechanical ventilation directed to maintain a positive transpulmonary 
pressure throughout the ventilator cycle or an alternative high PEEP 
strategy. 

x Treatment by protocol will continue until seven days after enrollment, 
death, or weaning from mechanical ventilation, whichever comes first 

 

Efficacy:  

Primary: 

x Composite outcome of death and ventilation free days at 28 days 

Secondary: 
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x Differences in ventilation and respiratory parameters between the 
groups, including; PaO2/FiO2 ratio; PEEP; dead space ventilation; 
lung compliance and transpulmonary inspiratory and expiratory 
pressures.   

x Requirement for rescue therapies; length of mechanical ventilation, 
and length of stay in ICU and hospital.  

x Levels of plasma biomarkers of lung injury. 
 

Safety: 
Reported adverse events, development of broncho-pleural fistula, hospital 
mortality and length of stay. 

Discontinuation of study 
procedures 

Patient or surrogate request, investigator clinical judgment, hospital 
discharge, development of broncho-pleural fistula, any serious adverse event 
thought to be related to study procedures 

Estimated Time to 
Complete Enrollment: 

30 Months 
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2.2  Key Roles 
 

Individuals: Principal Investigators:  D. Talmor, S. Loring  

 Data and Statistical Coordinating Center: V. Novack 

Ancillary study PI: B. Simon 

Lung injury biomarker analyses:  D. Christiani 

 Chair, Steering Committee: D. Talmor 

Scientific Advisor: B.T. Thompson 

Data Safety and Monitoring Board Chair: A. Slutsky 

Institutions: Enrollment sites: Beth Israel Deaconess Medical Center, Boston MA, 
Massachusetts General Hospital, Boston MA, Montefiore Medical Center, New 
York NY, Brigham and Women’s Hospital, Boston MA, University of 
Massachusetts Medical Center, Worcester MA, Vancouver General Hospital, 
Vancouver, Canada, Orlando Health, Orlando FL 

Clinical coordinating center:  Beth Israel Deaconess Medical Center, Boston, 
MA 

Sample repository:  Harvard School of Public Health, Boston MA 

Ancillary study:  Beth Israel Deaconess Medical Center, Boston, MA  
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3 SCIENTIFIC BACKGROUND 
 
3.1 Epidemiology of Acute Lung Injury and Ventilator-Induced Lung Injury:  Acute Respiratory Distress 
Syndrome (ARDS) affects over 190,000 people annually in the US alone.1 The associated mortality in ARDS 
exceeds 30% and accounts for 74,500 deaths annually.  Survival is associated with substantial morbidity, high 
costs of care in the acute illness and substantial use of medical resources after discharge.2-7 
 
3.2 Role of Positive End Expiratory Pressure in ARDS:  Higher levels of Positive End Expiratory Pressure 
(PEEP), which have been shown to be protective in numerous animal experiments, have only shown equivocal 
benefit in human clinical trials. The largest trials to date have compared two empirically derived sliding scales 
of PEEP and FiO2 and on their own have shown no benefit to higher vs. lower levels of PEEP.8-9  Recently, 
however, an individual patient meta-analysis combining data from these trials suggested that higher PEEP, 
when added to use of lower tidal volumes, results in an adjusted risk ratio of 0.90 (95% CI, 0.81-1.00; P=.049) 
in patients with moderate to severe ARDS.  Thus, incremental improvements offer the potential for additional 
mortality reduction, and the central question remains how best to optimize PEEP for the individual patient. 
 
3.3 Transpulmonary Pressure in mechanical ventilation:  Lung inflation reflects transpulmonary pressure 
(PTP), the difference between pressures at the airway opening and the pleural space (PTP = airway pressure – 
pleural pressure).  Clinicians routinely manage mechanical ventilation by controlling pressures measured at the 
airway.  This would be a satisfactory strategy if pleural pressure values were predictable or restricted to a 
narrow range.  However, there is evidence that pleural pressure varies widely and unpredictably among 
patients with ARDS due to factors such as obesity, abdominal fluid accumulation and edema that influence the 
mechanical behavior of the chest wall and diaphragm.  This wide range of pleural pressure among individuals 
could significantly affect lung inflation produced by mechanical ventilation.  For example, a relatively high level 
of PEEP of 18 cmH2O could be too low in a patient with pleural pressure of 20 cmH2O, allowing collapse of 
some airspaces with each expiration and leading to atelectrauma, or too high in a patient with a pleural 
pressure of 5 cmH2O, causing hemodynamic compromise, increased dead space ventilation, and over-
distension of the lungs at end-inflation.10  It is possible that the inconsistency in the results of clinical trials of 
PEEP11-12 reflects a failure to individualize ventilator settings for pleural pressure in each patient.13  
 
3.4 Preliminary data to support targeting transpulmonary pressure during mechanical ventilation: In a 
single center, randomized controlled trial, mechanical ventilation directed by esophageal pressure was 
compared to ventilation using the ARDSNet protocol.14 In this study, nearly all patients managed using the 
esophageal pressure measurements required adjustment upwards of their set PEEP level to maintain a trans- 
pulmonary pressure of greater than zero.  The ratio of blood oxygen tension to inspired oxygen fraction 
(PaO2/FIO2) at 72 hours was higher in the intervention (EP) group than controls (P=0.001).  Respiratory system 
compliance was also significantly improved in the EP group (P=0.002), probably as a consequence of 
improved recruitment.  This trial showed a trend towards reduced mortality that was maintained at six months.  
 
3.5 EPVent 2 is a multi-center phase II randomized controlled trial of mechanical ventilation targeting 
transpulmonary pressure. This trial will also test mechanistic hypotheses and demonstrate the feasibility of the 
technique in a range of medical centers.   
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4 OBJECTIVES 
 
4.1 Study Objectives 
 

Primary Objective:  
x We will test the hypothesis that adjusting ventilator pressure to achieve positive transpulmonary 

pressure (PTP) values will lead to improvement in a composite outcome of mortality and time off the 
ventilator at 28-days. 

 
Secondary Objectives:  
x Physiologic: Assess differences in ventilation and respiratory parameters between the groups, 

including; PaO2/FIO2 ratio; applied PEEP; dead space ventilation; lung compliance and transpulmonary 
inspiratory and expiratory pressures.   

x Clinical: requirement for rescue therapies; length of mechanical ventilation, and length of stay in ICU 
and hospital. Follow up to one-year for survival and functional status. 

x Biomarkers: Levels of plasma biomarkers of lung injury. 
x To inform the design of future studies. 

 
4.2 Outcome Measures 
 

Primary Efficacy Endpoint: 
x A composite outcome of mortality and time off the ventilator at 28-days. 

 
Secondary Endpoints: 

x Ventilator free days to day 28 (VFD) 
x Hospital and ICU mortality to days 28 and 60 
x Hospital and ICU lengths of stay to days 28 and 60 
x Plasma biomarkers of lung injury on enrollment and days 3 and 7 after enrollment 
x 1-year survival 
x QOL (SF12), functional status (Barthel Index), and frailty (VES) assessed by phone follow up interview 

at 12 months 
 

Safety Endpoints 
x Serious Adverse Events 
x Vasopressor requirements 
x Fluid balance 
x Incidence of broncho-pleural fistula 
x Acute Kidney Injury 
x Hospital and ICU mortality to day 28 
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5 CLINICAL PROTOCOL 
 
5.1 Enrollment 
 
Subject Recruitment and Consent 
Two hundred subjects with moderate to severe ARDS as defined by the Berlin Conference definition will be 
recruited.  Children younger than 16 years will not be included in the study since the causes and prognosis of 
acute respiratory failure differs in this population.  We will recruit all available subjects without regard to race, 
gender, or age; therefore, we expect the study population to mirror the US adult acute care hospital population 
in general.  
 
Study coordinators at each site will visit each intensive care unit daily to identify potential candidates for 
enrollment. Screening logs will be maintained at each site and tracked in REDCap to allow generation of a 
CONSORT diagram with the results of the study.  Once a patient is deemed eligible for the study, the family or 
other designated health care proxy will be approached to give informed consent.  
 
5.1.1 Inclusion/exclusion 
 
Inclusion criteria 
 

1. Acute onset of ARDS as defined by the Berlin Consensus Conference definitions: 
 

a) Hypoxemic respiratory failure with PaO2 / FIO2 ratio < 200 mmHg 
 

b) Bilateral alveolar/interstitial infiltrates on chest x-ray, with opacities not present for more than 
7 days. 

 
c) Respiratory failure not fully explained by cardiac failure or fluid overload. 
 
d) Intubation on controlled ventilation and receiving PEEP ≥ 5 cm H2O. 

 
2. Age ≥ 16 years. 
 
3. Duration of ARDS ≤ 36 hours. ARDS onset defined as when the last criterion (a-d above) is met. 

 
Exclusion criteria 
 
Patients will be excluded from the study if they are known to have: 
 

1. Received mechanical ventilation more than 96 hours 
 
2. Recently treated or bleeding varices, esophageal stricture, hematemesis, esophageal trauma, recent 

esophageal surgery or other contraindication for nasogastric tube placement 
 
3. Severe coagulopathy (platelet count < 5000/microliter or INR > 3), 
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4. History of lung or liver transplantation 
 
5. Elevated intracranial pressure or conditions where hypercapnia-induced elevations in intracranial 

pressure should be avoided, including: 
o Intracranial bleeding 
o Cerebral contusion 
o Cerebral edema 
o Mass effect (midline shift on CT scan) 
o Flat EEG for 48 hours. 

 
6. Evidence of active air leak from the lung (including broncho-pleural fistula, pneumothorax, 

pneumomediastinum or air leak from an existing chest tube). 
 
7. Patients not committed to full support  
 
8. Participation in other intervention trials for ARDS, or sepsis within the past 30 days. 
 
9. Neuromuscular disease that impairs ability to ventilate spontaneously, such as C5 or higher spinal 

cord injury, amyotrophic lateral sclerosis, Guillain-Barre syndrome, and myasthenia gravis. 
 
10. Severe chronic liver disease, defined as Child-Pugh Score of ≥12. 
 
11. Treating clinician refusal, or unwillingness to commit to controlled ventilation for at least 24 hours. 
 
12. Inability to get informed consent from the patient or surrogate. 
 
13. Use of rescue therapies for prior to enrollment (e.g. nitric oxide, ECMO, prone positioning, high 

frequency oscillation). This does not exclude cases where these therapies were used as the 
initial mode of ventilation 

 
5.1.2 Consenting process 
 
Direct Patient Consent: The patient will be approached by a qualified (co-)investigator and the study will be 
explained in clear, layperson language. All study procedures will be disclosed.  Risks to the patient will be 
explained; no individual patient benefits will be promised.  The patient will be given the opportunity to ask 
questions and confer with family members and others.  If the patient elects to consent to the trial, they will sign 
and date the consent form(s) in the presence of authorized research personnel, who will also sign and date.   
 
Proxy Consent: In the event the patient is unable to give consent, the investigator may approach the 
designated health care proxy (Legally Authorized Representative, LAR defined per 45 CFR 46 102 (c)) for 
consent.  The method outlined above will be followed in the same manner, but with the LAR instead of the 
patient.  If the LAR consents to enroll the patient in the trial, the investigator will reassess the patient daily to 
determine if the patient has regained capacity to consider trial involvement.  A brief note in the study file should 
mention that the patient was assessed and whether he/she was judged capable of participating in a continuing 
consent discussion.  If/when the patient is able to give consent, consent should be sought.  If a patient in either 
study group declines to consent, study procedures will cease and ventilator management will be handled 
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according to the standard of care endorsed by the treating physicians.  The investigator should request 
permission to contact the patient for follow-up and also to access the patient record for safety and outcomes 
data. Use of specimens collected to date should also be discussed in both groups.  The patient has the 
authority to consent or decline all level of study activities. 
 
Consenting in languages other than English: Each site will follow their local policies governing the consent 
process for non-English speakers. The goal of the trial is to enroll all patients who meet entrance criteria 
regardless of race or ethnicity. Sites will be encouraged to utilize institutional resources to consent 
patients/proxies in their native language and to translate consent forms as necessary based on their patient 
population. 
 
Record-keeping: The original signed form will remain with the investigator in the study file; copies will be given 
to the patient and filed in the official medical record as well.  A brief note will be entered in the record 
documenting the consenting process, personnel involved, questions asked, and investigator’s assessment of 
patient capacity.  Any re-consenting efforts should be documented in a study note to file, and the patient 
should sign the appropriate section of the consent form. 
 
5.1.3 Randomization  
 
Randomization Procedures 
After enrollment, patients will be randomized to either the intervention (EPVent) group or the control group 
using a block randomization scheme at a 1:1 ratio.  Randomization will be stratified by enrollment site. 
Assignment schedules will be generated for each clinical site, and each patient will be assigned using the web-
based system managed by the study core. 
 
After confirming the patient’s inclusion and exclusion criteria, the site investigator or designee (e.g., study 
coordinator) will submit the randomization form within the REDCap system.  This will automatically randomize 
the participant and the treatment assignment will be sent to the investigative team. In the event that REDCap is 
unavailable, manual randomization will be performed using prearranged envelopes at the study site.  
 
The Manual of Operations contains the detailed Standard Operating Procedures with exact step-by-step 
directions these procedures.  
 
Randomization time frame 
All patients must be enrolled, randomized, and initial ventilator adjustments made within 36 hours of the time 
the last inclusion criterion was met. The last inclusion criterion may be met at either the network hospital or a 
referring hospital.  
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5.2 Procedures 
 
Figure 1. Checklist of Study Procedures 
 

 

Baseline 
� Informed Consent 
� Randomization  
� Collect clinical data: Labs (ABG, creatinine), medications (pressors), fluid balance, vital signs, respiratory data 
� Collect demographic data  
� Blood draw for biomarkers (and for DNA if patient has consented for that) 
� Echocardiography (at participating centers) 
� Place esophageal balloon, measurements to check placement 
� Initial physiology recordings (the day this is done is defined as Study Day 1) 
� Initial recruitment maneuver 
� Ventilator settings change per study table (must occur within 36 hours of final ARDS criterion being met) 
� Physiology recordings 1 hour (±30 min) after change 
� Echocardiography 1 hr after change (at participating centers) 

 
Daily for next six (6) days 

� Ventilator settings managed per study table 
� Evaluation: eligibility for weaning 
� Physiology recording 
� Echocardiography (at participating centers) 
� Clinical data recorded: Labs (ABG, creatinine), medications (pressors), fluid balance, vital signs, respiratory data 
� Endpoints assessed: need for rescue therapies, adverse events 
� Blood draw for biomarkers: Day 3 and Day 7 only 

 
Days 8 through 28 (or patient breathing unassisted) 

� Ventilator settings managed per study table 
� Evaluation: eligibility for weaning 
� Physiology recording 
� Clinical data recorded: Labs (ABG, creatinine), medications (pressors), fluid balance, vital signs, respiratory data 
� Endpoints assessed: need for rescue therapies, adverse events 

 
Day 28 

� Medical record evaluation: 
� Mortality 
� Hospital LOS 
� ICU LOS 
� Duration of MV 
� Tracheostomy 
� Failed extubation 

 
Day 60 

� Medical record evaluation for mortality 
 
12-month Follow-up 

� Medical record evaluation for mortality 
� Phone call for outcomes: SF-12, VES-13, Barthel Index questionnaires 
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5.2.1 Sedation 
 
All patients will receive sedation and neuromuscular blockade according to the protocols in use at the clinical 
site until commencement of weaning from ventilatory support. 
 
Sedation during respiratory measurements 
To prevent respiratory efforts during brief apneas and the 30-second alveolar recruitment maneuver, sedation 
may be deepened.  If sedation alone cannot suppress respiratory efforts or is limited by adverse hemodynamic 
effects, temporary neuromuscular blockade may be necessary to ensure that the respiratory pressure 
measurements described below are interpretable.  Short term use of paralytics should be considered if the 
investigator is unable to obtain muscular relaxation for measurements despite administering sedation per 
clinical practice.  
 
5.2.2   Ensuring Adequate Intravascular Volume 
 
Assess the volume status prior to initiating study protocol.  If the CVP is ≤ 12 cmH2O or the intravascular 
volume is otherwise assessed as being inadequate, notify the attending physician and consider administering 
an IV fluid bolus of at least 500 mL.  Once volume status is stable, consider managing fluid status according to 
the modified FACTT trial protocol (see appendix). 
 
5.2.3 Initial measurements 
 
Esophageal balloon catheters will be placed in all enrolled patients and the following variables will be 
measured and recorded in both groups. Measurements in both groups will be made after randomization but 
prior to initiation of study ventilation, one hour (plus or minus 30 minutes) after initiation of study ventilation 
(Day 1), and between 0800 and 1400 each day for a maximum of 28 days or until any of the following are met:  

x Patient is successfully weaned (breathing unassisted for a period of 48 hours) 
x Patient dies 
x Patient is discharged to another facility on the ventilator 
x Patient or proxy withdraws consent 
x Clinician or researcher terminates the patient’s participation for safety reasons 

 
Recordings of all pressures and flows will be made during ventilation with an end-inspiratory airway occlusion 
(hold) to obtain "plateau" pressures and an end-expiratory hold to obtain "total PEEP" and other end-expiratory 
pressures. These physiological variables will be displayed, measured, and recorded for later analysis and used 
to set ventilation parameters in the EPVent group. See Physiological Measurement Manual for detailed 
instruction for making respiratory measurements. Initial measurement waveforms will be uploaded into 
REDCap for subsequent analysis at the physiology core site.  
 

x Airway pressure (Paw) will be measured at the endotracheal tube. 
 

x Respiratory airflow (flow) will be measured using a pneumotachograph. 
 

x Esophageal pressure (Pes) will be measured using an esophageal balloon catheter.  This may be 
either a stand alone catheter or one integrated into an oro-gastric tube (OGT, preferred). If using a 
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stand alone catheter, the catheter will be passed by mouth or nose into the stomach and then 
withdrawn into the esophagus to measure esophageal pressure. If using an esophageal balloon 
integrated into an OGT this will be placed using the site’s existing nursing policy.   

 
x Transpulmonary pressure (Ptp) will be estimated as the difference between airway and esophageal 

pressure using the formula:  (Ptp = airway pressure – esophageal pressure). 
 
x Dead space fraction (Vd/Vt) will be measured using expired CO2 monitoring. 
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5.2.4 Mechanical Ventilation Protocols 
 
Duration of protocol-specified ventilation 
The protocols that follow will specify the mechanical ventilation parameters to be followed until the patient is 
able to breathe unassisted for a period of 48 hours, dies, is discharged, or otherwise withdrawn from the study, 
or day 28 of the study (whichever comes first).   
 
Mechanical ventilator settings for both EPVent and Control groups 
The ventilation mode will be set to pressure control ventilation (PCV) or volume control ventilation (CMV) with 
an inspiratory to expiratory time ratio (I:E) between 1:1 and 1:3 (inspiratory to total time [Ti / Ttot] of 0.5 to 0.25). 
The ventilator mode will be chosen to minimize patient/ventilator dyssynchrony. 
 
Tidal volume (Vt) will normally be set to 6 mL/kg predicted body weight (PBW, working range 4–8 mL/kg) 
using the formulas, 
 

Females: (PBW = 45.5 + 2.3 [height in inches – 60]) 
Males: (PBW = 50 + 2.3 [height in inches – 60]). 
 

Tidal volume will be assessed every 4 hours in patients ventilated on PCV and ventilation adjusted to maintain 
target tidal volumes. 
 
Positive end-expiratory pressure (PEEP) and inspired oxygen fraction (FIO2) will be set according to EPVent or 
Control oxygenation tables below to maintain a target PaO2 of 55–80 mmHg or pulse oximeter saturation 
(SpO2) of 88–93%. In both groups patients will be maintained as far to the left of the table as possible 
employing the lowest PEEP/ FiO2 combination allowable. Do not reduce PEEP by more than 2 cmH2O every 2 
hours. With each change in PEEP recheck Vt and Pplat and adjust as needed. 
 
Respiratory rate will be set to 6-35 breaths/min according to EPVent or Control pH/PaCO2 management grids 
below to maintain a target pH of 7.30–7.45, and target PaCO2 of 40–60 mmHg. 
 
Recruitment maneuvers 
All subjects will have an initial alveolar recruitment maneuver performed by raising Paw to 35 cmH2O for 30 
seconds to standardize the lung volume history.  The airway pressure in this maneuver will be limited in both 
groups as necessary to keep static transpulmonary pressure ≤ 20 cmH2O, which is the maximum allowable 
static inspiratory pressure for the EPVent group.  If blood pressure falls during the RM to below 90 mmHg 
systolic, the RM should be terminated, and fluid resuscitation considered. 
 
Subsequent recruitment maneuvers may be used only if needed to reverse desaturation caused by lung 
deflation after suctioning or inadvertent ventilator circuit disconnection, and will not be done routinely to 
improve oxygenation.  Persistent hypoxemia will be corrected by protocol-appropriate increases in PEEP 
and/or FIO2, and, if necessary, by rescue maneuvers (see below). 
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5.2.4.1 Ventilator settings in the EPVent group 
 
General Approach 
The overall goals for the EPVent group are to employ an open-lung strategy that includes low tidal volumes 
and maintenance of a positive transpulmonary pressure at end-expiration. 
 
PEEP and FiO2 in the EPVent group 
PEEP and FIO2 will be set to achieve a transpulmonary pressure during an expiratory hold (Ptpexp) and FIO2 

combinations shown in one of the columns in Table 1 below. 
 
Before determining ventilator settings, 
 
1. Measure Ptpexp during an end-expiratory hold. 
 
2. Initially, increase (or decrease) PEEP to achieve Ptpexp = 0 by increasing (or decreasing) PEEP 
incrementally according to the formula: [new PEEP] = [initial PEEP] - Ptpexp. Repeat this procedure until Ptpexp 

= 0.  If this formula dictates an increase in PEEP of more than 10 cmH2O, increase PEEP in increments of 10 
cmH2O or less. 
 
When Ptpexp = 0, oxygenation should be reassessed. 
 

If oxygenation is above the desired range, decrease FIO2 one step (0.1), wait 5 minutes, and reassess. 
(Ptpexp should never be set to less than 0, and FIO2 should not be set to less than 0.3) 
 
If oxygenation is below the desired range, increase FIO2 one step (0.1) and/or increase PEEP to raise 
Ptpexp to achieve a combination listed in one column of Table 1, wait 5 minutes, and reassess. 

 
FIO2 and Ptpexp should be changed to achieve values shown in one of the columns of Table 1 below to meet the 
oxygenation target described above.  In most, but not all cases, this will result in an initial reduction of the pre-
enrollment FIO2 and an increase in the pre-enrollment PEEP to achieve an FIO2 & Ptpexp combination shown in 
Table 1. 
 

Table 1- Oxygenation Management Table - EPVent group 
Step 1 2 3 4 5 6 7 8 9 10 11 12 13 
FIO2 0.3  0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0 
Ptpexp 0 0 0 2 2 3 3 4 4 5 5 6 6 

 
Note: FiO2 and PTPexp must be kept within one column of this table, moving right or left one column at a time as 
required by blood gas values or oxygen saturation. 
 
Tidal volume and respiratory rate in the EPVent group 
Goal PTP at end-inspiratory hold is ≤ 20 cmH2O. Ventilator adjustments will not be made based on the airway 
plateau pressure. If plateau PTP exceeds 20 cmH2O, tidal volume will be decreased to 5 mL/kg or 4 mL/kg PBW 
as necessary. If after reducing Vt to 4 mL/kg the plateau PTP  continues to exceed 20 cmH2O then no further 
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reductions in tidal volume are to be made.  If the patient has severe dyspnea or acidosis, the tidal volume may 
be increased to 7 or 8 mL/kg PBW as long as the plateau PTP < 20 cmH2O. 
 
PaCO2 and pH will be managed according to Table 2 below. 
 
Table 2- pH/PaCO2 Management Grid – EPVent Group 

Target 

pH < 7.15 pH = 7.15 – 7.29 pH = 7.30 – 7.45 pH > 7.45 
↑ RR up to a 
maximum of 35 /min. 
Keep PaCO2 > 25 
mmHg. 

↑ RR up to 35 /min 
(max).  Keep PaCO2 
> 25 mmHg. 

Maintain Vt at or 
near 6 mL/kg 
PBW and RR 20 – 
35 /min to keep 
PaCO2 = 40-60. 

↓ RR as needed 
but not below 6 
/min to keep 
PaCO2 = 40-60. 

Consider NaHCO3 Consider NaHCO3   

If needed, ↑ Vt 1 ml/kg 
increments up to 
plateau PTP limit of 20 
cm H2O. (Vt may 
exceed 8 ml/kg) 

If needed, ↑ Vt 1 
ml/kg increments up 
to plateau PTP limit of 
20 cm H2O. (Keep Vt 
≤ 8 ml/kg.) 

 If needed, ↓ Vt in 1 
ml/kg decrements 
but not below 4 
ml/kg. 

 
Transitioning the EPVent group to Conventional Ventilation 
Once a patient has reached step 2 or 3 on the FiO2 / Ptpexp table (Table 1), has been stable on these settings 
for at least 24 hours and has been on the EPVent protocol for at least 48 hours, the attending physician may 
consider at his discretion transitioning to the conventional PEEP/ Fi02 table and begin weaning. If the patient 
has reached step 1 for at least 12 hours and been on the EPVent protocol for at least 48 hours conversion to 
the conventional PEEP/ FiO2 table is mandatory. 
 
When converting to the conventional PEEP/ FiO2 table, start at step 6 (Table 3) with a FiO2 of 0.4 and PEEP 
14 cm H2O. Within the first two hours of transitioning patients may go up to a FiO2 of 0.6 and a PEEP of 16. If 
however at the end of two hours they are not back at step 6, they are to be returned to the EPVent protocol. 
 
After converting to the conventional PEEP/ FiO2 table patients in the EPVent group will receive identical 
mechanical ventilation and weaning to those in the control group. 
 
Table 3. 
Step 1 2 3 3 5 6  
FiO2 0.3 0.3 0.3 0.4 0.4 0.4 
PEEP 5 8 10 10 12 14 

Return patient to EPVent protocol settings 

 
If any of the following conditions is met within 48 hours of transitioning to the conventional PEEP /FiO2 table, 
patients will be deemed transition failures and returned to the EPVent protocol. 

x SpO2 < 88% on PEEP 14 and FiO2 0.4 (or a requirement for PEEP / FiO2 levels higher than these to 
maintain adequate SpO2) for 1 hour or longer. 

x If the pH falls to less than 7.15 despite efforts to augment minute ventilation. 
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When transitioning back to the EPVent protocol, a RM will be performed and the patient placed on the last 
EPVent protocol settings.  
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5.2.4.2 Ventilator settings in the Control group 
 
General Approach 
The overall goals for the Control group are similar to those for the EPVent group: to employ an open-lung 
strategy that includes low tidal volumes using an alternative high PEEP strategy. 
 
PEEP and FIO2 in the Control group 
The control group PEEP and tidal volume will be managed without reference to the esophageal pressure 
measurements. PEEP and FIO2 will be raised or lowered to achieve the oxygenation target level using Table 4 
below. Values on this table represent set PEEP level on the ventilator and not total PEEP. 
 
Table 4- Oxygenation Management Table – Control Group 

Step 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
FIO2 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.7 0.8 0.8 0.9 1.0 1.0
PEEP 5 8 10 10 12 14 16 18 18 20 20 20 20 22 22 22 24 

 
FIO2 and PEEP must be kept within one column of this table, moving right or left one column at a time as 
required by blood gas values or oxygen saturation. Patients will be managed as far to the left on this chart as 
possible, employing the lowest PEEP / FiO2 combination needed to maintain target oxygenation. Do not reduce 
PEEP by more than 2 cmH20 every two hours. 
 
Deviating from the PEEP/FiO2 chart 
If a patient’s lungs appear over-distended on chest radiography, and/or they are unresponsive to increments in 
PEEP, a lower PEEP may be indicated. This may be applicable when a patient’s severity of hypoxemia seems 
out of keeping with the extent of airspace disease seen on their current chest X-ray. In this setting, if a patient 
requires FiO2 > 0.6 for greater than 2 hours and intravascular volume is optimized, clinicians may trial a lower 
PEEP at the discretion of the physician 

x If oxygenation worsens: 
o Raise the PEEP back towards its previous level 

x If oxygenation is stable or improved: 
o Leave the PEEP at the reduced level 
o Wean FiO2 as tolerated until a listed combination on the PEEP/FiO2 chart is reached 
o Continue Adjusting FiO2 and PEEP According to the chart 

 
Tidal volume and respiratory rate in the Control group 
Goal plateau pressure in the control group is ≤ 35 cmH2O. If plateau pressure exceeds 35 cmH2O, tidal volume 
will be decreased to 5 ml/kg or 4 mL/kg PBW as necessary. For patients on PCV driving pressure should be 
reduces to achieve this goal. If the patient has severe dyspnea or acidosis, the tidal volume may be increased 
to 7 or 8 mL/kg PBW as long as the plateau pressure < 35 cmH2O.   
 
PaCO2 and pH will be managed according to Table 5 below. 
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Table 5- pH/PaCO2 Management Grid – Control Group 
 

Target 
pH < 7.15 pH = 7.15 – 7.29 pH = 7.30 – 7.45 pH > 7.45 

↑ RR up to 35 /min (max). 
Keep PaCO2 > 25 mmHg. 

↑ RR up to 35 /min 
(max). Keep PaCO2 > 
25 mmHg. 

Maintain Vt at or near 
6 ml/kg PBW and RR 
20 – 35 /min to keep 
PaCO2 = 40-60. 

↓RR as needed 
but not below      
6 /min to keep 
PaCO2 = 40-60. 

Consider NaHCO3 Consider NaHCO3   

If needed, ↑ Vt in 1 ml/kg 
increments but do not 
exceed 8 ml/kg.  Pplat can 
exceed 35 cmH2O in 
extreme acidosis. 

If needed, ↑ Vt in 1 
ml/kg increments up to 
8 ml/kg but do not 
exceed Pplat = 35. 

 If needed, ↓ Vt in 
1 ml/kg 
decrements but 
not below 4 ml/kg.
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5.2.4.3 Common procedures for both groups 
 
Rescue procedures 
If either of the protocol ventilation strategies above fail to maintain PaO2 ≥ 55 mmHg or the SpO2 ≥ 88% with 
FIO2 of 1.0 or if acidosis is severe and cannot be controlled, the protocol will be determined to have failed, and 
alternate therapies (rescue measures) will be employed. Rescue measures will be chosen according to the 
practice at the clinical site, and may include repeated recruitment maneuvers, prone positioning, nitric oxide, 
epoprostenol sodium, airway pressure release ventilation, high frequency ventilation, or ECMO. The patients 
will continue to be followed and included in the analysis on an intention-to-treat basis. Failure of the protocol 
and subsequent need for rescue therapy will constitute a secondary outcome.  Control group patients will not 
be allowed to cross-over to the EPVent group. 
 
Hemodynamic Instability 
We provide the following guidelines as additional safeguards for cardiopulmonary instability that may be 
related to high levels of PEEP. 
 

o Instability while increasing PEEP: If a patient becomes hypotensive (mean arterial pressure [MAP] < 
60 mmHg that is clinically important) or desaturates (SpO2 < 88%) following an increase in PEEP, 
physicians should consider fluid administration and/or vasopressors; clinicians may (but are not 
required to) reduce PEEP. After stabilization, if it was lowered, increase PEEP in increments of 2 
cmH2O, as tolerated, to the desired level. If hypotension and/or hypoxemia persist, discontinue, if 
possible, all systemic vasodilators (nitroglycerine, nitroprusside, dobutamine, excess sedation and/or 
analgesics, etc.) and increase PEEP in increments of 2 cmH2O to the desired level. Failing that, 
increase PEEP to the maximum level tolerated (MAP > 60 mmHg; SpO2 > 88%). 

 
o Instability without change in PEEP: If a patient becomes hypotensive (MAP < 60 mmHg or 

desaturates (SpO2 < 88%) on any level of PEEP and the PEEP is thought to be contributory, physicians 
may reduce PEEP for a trial period of 5-10 minutes.  If there is no improvement, the hypotension is 
unlikely to be related to the PEEP and the patient should be returned to the previous level of PEEP. If 
there is an improvement in hemodynamics following the trial decrease in PEEP the patient should be 
supported with additional fluids and vasopressors and an attempt made after that to return the patient 
to study settings as described above. An attempt to return to appropriate levels of PEEP must be 
attempted at least on a daily basis.   

 
Weaning from controlled mechanical ventilation 
The EPVent or Control ventilator protocols will be continued until patients are able to breathe unassisted for 48 
hours, death, discharge, study withdrawal, or day 28, whichever comes first. Patients will be assessed for the 
following criteria each day between 0600 and 1400. If a patient procedure, test, or other extenuating 
circumstance prevents assessment for these criteria between 0600 and 1400, then the assessment and 
initiation of subsequent weaning procedures may be delayed for up to four hours.  Weaning may be initiated 
only after all the following criteria are met: 
 

1. FIO2 is ≤ 0.4 
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2 PEEP is 10 cmH2O or less.   
 
3. Systolic arterial blood pressure is ≥ 90 mmHg without vasopressor support (≤ 5 mcg/kg/min dopamine or 

dobutamine or equivalent low dose of another vasopressor will not be considered a vasopressor). 
 
4. The patient is able to make breathing efforts to trigger the ventilator for pressure support ventilation. 

 
 
If the above conditions for weaning are met, the patient will be liberated from sedation and assessed for 
weaning between 0600 and 1400 with a trial of pressure support ventilation using the following procedure: 
 

1. Pressure support ventilation (PSV) will be initiated with a level of pressure support to achieve the pre-
weaning tidal volume and a PEEP level equal to the PEEP level prior to weaning. 

 
2. If the patient tolerates PSV with this level of PEEP and pressure support (see definition of tolerance 

below) for a period of 30 minutes, reduce the PEEP level by 2 cmH2O every hour and reassess 
toleration.  If the tidal volume increases to more than the 8 mL/kg PBW, decrease the pressure support 
level by 5 cmH2O. 

 
3. PEEP and/or pressure support levels during PSV may be reduced in this way every 1 hour based on 

clinical judgment. 
 
4. If any given level of PEEP or pressure support is not tolerated (see below for criteria) at a given level of 

PEEP, raise PEEP and/or pressure support level to the preceding higher level or, if this is the first trial 
of PSV, return ventilation to the protocol-determined level of controlled ventilation that was used before 
the trial of PSV weaning.  The patient's readiness for weaning should be reassessed the next morning. 

 
5. When the patient has been supported by PSV for more than 12 hours or has been weaned to a PEEP of 

≤ 10, a spontaneous breathing trial (SBT) should be performed daily according to local practice at each 
clinical site. 

 
Criteria indicating toleration of a given level of pressure support ventilation 
The patient must fulfill all of criteria listed below to be considered as tolerating a given level of PSV: 

1. Ability to consistently trigger the ventilator 
2. Breathing rate ≤ 35 bpm 
3. Tidal volume ≥ 4 mL/kg 
4. No respiratory distress as evidenced by any 2 of the following: 

o Patient reports severe shortness of breath 
o HR ≥ 120 
o Diaphoresis 
o Use of accessory muscles of respiration 
o Abdominal paradox 

 
Spontaneous breathing trials and extubation 
A trial of spontaneous breathing will be initiated on CPAP ≤ 5 cmH2O, T-piece, or tracheostomy mask with FiO2 

≤ 0.50.  The following criteria will be required to continue with spontaneous breathing:  
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1. SpO2 ≥ 90% and/or PaO2 ≥ 60 mmHg.  
2. Spontaneous tidal volume ≥ 4 mL/kg ideal body weight.  
3. Respiratory Rate ≤ 35/min.  
4. pH ≥ 7.30 if measured.  
5. No respiratory distress (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.  

6. Clinician assessment that the patient can maintain their airway and is able to clear their secretions. 
 
If criteria 1-5 are met for > 30 minutes, unassisted breathing will be extubated. If any of criteria 1-5 are not met 
during the 30 minute trial, then PS will resume at 5 cmH2O and tolerance will be reassessed. 
 
Definition of unassisted breathing 
1. Extubated with face mask, nasal prong oxygen, or room air, or 
2. T-tube breathing, or 
3. Tracheostomy mask breathing, or 
4. CPAP = 5 without PSV or IMV assistance. 
 
Definition of unsuccessful extubation 
If reintubation occurs within 48-hours of extubation, this event will be noted as a reintubation. 
 
Completion of ventilator procedures.  
Patients will be considered to have completed the study ventilator procedures if any of the following conditions 
occur:  
1. Death.  
2. Hospital discharge.  
3. Patient or proxy withdraws consent 
4. Clinician or researcher determines that the trial is no longer in the patient’s best interest 
5. Completed a period of 48 hours of unassisted breathing.  
If a patient requires positive pressure ventilation after a period of unassisted breathing, these will be at the 
discretion of the team caring for the patient. 
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5.2.5 Echocardiography 
 
At select centers, a complete transthoracic echocardiogram will be performed on patients in both groups at the 
following time points: 1) after enrollment in the study and prior to initiation of study procedures, 2) one-hour 
after initiation of study ventilation and 3) daily for six days.  These exams will be performed only at participating 
sites. 
 
5.2.6 Ancillary Imaging study 
 
See separate document for procedures pertaining to the ancillary CT imaging study. 
 
5.2.6 Specimen Collection 
 
Table 5. Biomarkers of interest 
 

Plasma Biomarker 
 

Importance in ALI/ARDS Development 

Surfactant  Protein-D (SP-D) 15-17 Reflect injury and ↑ permeability of alveolar epithelium 

Receptor for advanced glycation end products (RAGE) 18-20 Reflects endothelial activation and injury 

Intercellular adhesion molecule-1 (ICAM-1) 15, 21-24 Reflects endothelial activation and injury 

Interleukin-6 15, 25-27 Inflammation 
Interleukin-8 (IL-8) 25, 26, 15, 19, 21, 27 Inflammation 

Plasminogen activator inhibitor-1 (PAI-1) 15, 21, 28-32 Activation of coagulation and inhibition of fibrinolysis 

Von Willebrand Factor (VWF) 54, 58, 68, 70-71 Reflects endothelial activation and injury 

Protein C  (PROTC) 54, 60, 67, 69, 72  Activation of coagulation and inhibition of fibrinolysis 

 
Specimen Collection: A total of 39 mL of blood will be drawn for biomarker analysis from patients enrolled in 
the trial.  One 10 cc EDTA tube and one 3 cc EDTA tube of blood will be collected at each three time points 
during the course of the study: baseline, day three and seven after study enrollment.  For further details on 
specimen storage, collection and shipping, see the separate specimen processing manual. 
 
The blood samples at each time point will be used for the biomarkers study.  Sample biomarkers of interest are 
listed in Table 5 above. Patients will have the option of consenting to have their blood stored in a biorepository 
for future investigations, including genetic testing.  For patients who grant specific consent, any blood left over 
after biomarker analyses will be stored indefinitely in a biorepository located at the Harvard School of Public 
Health (HSPH).  This information will not become part of the patient’s medical record.  Investigators will apply 
for access to this blood by submitting a written proposal to a research subcommittee. Applications would 
require (each one) IRB approval from their institution and from the study core at BIDMC.  Dr. Christiani will only 
receive de-identified specimens, and the code will be held by the PI (Talmor).  These specimens will only be 
obtained from patients who give specific consent, prospectively, for this portion of the research study. 
 
Sample Shipping:  Plasma samples for the biomarker study will be processed, frozen and shipped in batches 
on dry ice by commercial carrier to HSPH for storage as specified in the data management and specimen 
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management document.  All local sites will also send to the biorepository data on whether the patient 
consented for DNA collection and use of plasma samples for future studies beyond the parent trial.  If the 
patient consented to DNA extraction, the DNA will be shipped to HSPH for storage.  
 
Specimen Storage and Retrieval:  Storage and retrieval of samples will operate under the best practices set 
out by NCI and International Society of Biological and Environmental Repositories (ISBER).  All samples in the 
biorepository are tracked and archived using the a database linked to the centralized sample tracking system 
to provide efficient storage, retrieval and chain of custody information and meeting GLP and FDA Guidelines, 
including 21 CFR part 11 requirements.  Plasma will be stored at -80°C freezers, and DNA samples for those 
patients who consented to DNA collection will be stored at -80°C.  
 
After analysis for the parent trial is completed, left over plasma samples from those patients who did not 
consent to the storage and use of their samples for future studies will be retrieved and destroyed.  Left over 
samples from patients who consented to storage and use of their samples for future studies will continue to be 
stored at HSPH.  When requests for samples for future studies are approved by the EPVent2 Executive 
Committee and Ancillary Studies and Publication Committee, then samples will be retrieved and sent on dry 
ice to the requesting investigator.  No samples will be sent without evidence of IRB approval or exemption from 
the requesting institution. 
 
5.2.7 Follow-up procedures 
 
Each patient will be contacted by phone 12 months after they enrolled in the EPVent2 trial.  On these calls the 
investigator will gather information pertaining to mortality, and various functional measures as assessed via 
validated questionnaire: the Short-Form 12, Vulnerable Elder Survey, and Barthel Index.  A maximum of three 
attempts are allowed by phone, after which point if the investigator has been unable to reach the participant or 
surrogate, a certified letter may be sent with the questionnaires attached and a self-addressed stamped 
envelope inviting the patient/surrogate to respond.   
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5.3 Premature withdrawal from study 
 
Patients may withdraw from the study at any time without prejudice. Clinical circumstances that would 
necessitate a patient’s withdrawal from the study are detailed in the table below: 
 
Table 6. Stopping Criteria for Individual Patient 
 
Condition Detail Justification for withdrawing patient 

from trial 
Esophageal injury 
 

bleeding varices, hematamesis, 
esophageal trauma, need for esophageal 
surgery, etc. 

In ability to continue making esophageal 
pressure measurements 

Development of elevated intracranial 
pressure or conditions where hypercapnia-
induced elevations in intracranial pressure 
should be avoided 

Intracranial pressure greater than 25 
mmHg. CT indication of increased ICP 

Contraindication for high-PEEP ventilation 
strategy 

Development of broncho-pleural fistula or 
other air leak 

Pneumothorax, leak from existing chest 
tube, pneumomediastinum, broncho-
pleural fistula 

Contraindication for high-PEEP ventilation 
strategy 

Withdrawal of support  Patient/family wishes to withdraw life 
support 

Inability to ethically retain patient in trial 

Need for rescue therapy  Prone positioning, ECMO, nitric oxide, 
high-frequency oscillation, etc. 

Rescue therapy is an endpoint of the trial 

 
Furthermore, the patient or surrogates may withdraw consent at any time, and the investigator can discontinue 
any patient at any time if he or she deems it medically necessary.  If the decision is made to withdraw the 
patient from the active portion of the trial, the patient’s ventilator settings will be managed entirely by the 
clinical team according to institution practice and attending physician clinical judgment. 
 
It is important to obtain complete follow-up data for all patients whether or not they receive their assigned 
treatment. Every attempt will be made to collect follow-up information except for those patients who specifically 
withdraw consent to release of such information.  All procedures and laboratory specimens or tests will be 
carried out when possible whether or not a patient continues to receive treatment according the protocol.  It will 
be documented as to whether or not each patient completed the study.  If for any reason the study treatment or 
observations were discontinued, the reason will be recorded and the MCC will be notified promptly. 
 
Patients who withdraw early from the study will be assessed for the primary endpoint via medical record review 
if the patient consents to the collection of this data. The participant will be encouraged, per intention to treat, to 
complete study assessments regardless of intervention compliance.  The primary outcome may be assessed 
through phone contact with the patient in the event of early discharge. All primary and secondary analyses will 
be based on the intent-to-treat population. 
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5.4  Data Safety and Monitoring Board (DSMB) and Termination of Study 
 
Judgment concerning the continuation or termination of the study will only be based on recommendations from 
the DSMB.  The DSMB will play a valuable role in advising the study leadership on the relevance of advances 
in the diagnosis and treatment of patients.  A number of therapeutic or diagnostic testing advances may 
possibly occur during the course of the trial.  The DSMB will need to help put these advances in proper 
perspective.  If protocol modifications are warranted, close consultation among the DSMB, the NHLBI staff, 
and the study leadership will be required.  A separate DSMB charter that outlines in detail the operating 
guidelines for the committee and the protocol for evaluation of data will be developed prior to the start of 
patient randomization and agreed upon in the initial meeting of the DSMB.  Minutes of all DSMB meetings will 
be prepared and promptly distributed to committee members and study sites. 
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6 STATISTICAL CONSIDERATIONS 
 
6.1 Primary Endpoint 
 
The trial will utilize a primary composite endpoint that incorporates death and days off the ventilator at 28 days 
in such a manner that death constitutes a more serious outcome.  Every subject in the treatment group is 
compared to every subject in the control group and assigned one number resulting from each comparison as 
shown in Table 3 (win +1; lose-1; deuce=0). Since mortality outcome is clinically more important, mortality 
takes precedence over days off the 
ventilator.  These scores are 
summed up to obtain a cumulative 
score for each subject.  The 
cumulative scores are added up for 
each treatment group to form a test 
statistic by the Mann-Whitney 
technique. 
 
6.2 Secondary Endpoints 
 
The current study is designed 
additionally to detect important differences in ventilation and respiratory parameters between the groups, 
including; PaO2/FiO2 ratio; PEEP; dead space ventilation; lung compliance and transpulmonary inspiratory and 
expiratory pressures.  Secondary clinical outcomes will include requirement for rescue therapies; length of 
mechanical ventilation, and length of stay in ICU and hospital.  The individual components of the composite 
endpoint will be reported separately as well. 

Table 7: Assignment of scores for primary outcome. 
Mortality 

in Control 
group 

Mortality in 
EP group 

Days off 
Ventilator 
in Control 

group 

Days off 
Ventilator 

in EP group 

Control 
group 
score 

EP 
group 
score 

No No > +1 -1 
No No < -1 +1 
No No = 0 0 
Yes Yes 0 0 
No Yes +1 -1 

 
Yes No 

[>, <, =] 

-1 +1 

 
6.3 Sample size calculation 
 
Sample size calculations were performed by simulating 1000 samples on SAS software. The samples were 
assigned basic distribution features of our pilot study.  The following assumptions were made: 

• We assume that 28-day mortality will be 30% and 20% in Control and EP groups respectively 
(conservative estimate as compared to 38.7% in conventional treatment and 16.7% in the EP treatment 
observed in the pilot study). 

• The distribution of days free from ventilation followed the properties of the pilot study and was assigned 
in two stages:  

o First, the proportion of patients with 0 days free from ventilation was assigned (as 10% in 
conventional treatment and 15% in EP treatment, reflecting the higher percentage of alive but 
still ventilated patients at day 28  in EP group)  

o Second, the rest of the values were assigned normal values with mean equal 13.0 and 15.0 
days in conventional and EP groups, respectively (standard deviation 6.5 days in both groups).  

• Within each sample the score for each patient was computed based on comparison of each patient in 
one group to all patients in the second study group.  These values were further compared by Mann-
Whitney procedure within each of 1000 samples and their p-values recorded (PROC NPAR1WAY 
WILCOXON).  
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The proportion of tests with p-value < 0.05 was 85.7% with a sample size of 100 patients in each study group. 
Therefore, we may expect that sample size of minimum 100 patients in each study group will provide the study 
with 85.7% power to detect a difference in primary outcome at 5% of significance. 
 
6.4  Missing Data:  
 
For the proposed trial, we anticipate that the proportion of participants with missing primary evaluation will be 
small (<1%).  For the primary analysis we will assign death to all patients lost to follow-up prior to the 28-days.  
Secondary sensitivity analysis will consider these patients alive and their ventilation status assessment will be 
based on the last available observation. 
 
6.5  Analysis sets 
 
Primary analyses will use the set of all randomized subjects (intention-to-treat, ITT sample).  We anticipate 
compliance to be high, but it is possible that patients in the EPVent arm may not initiate the EPVent protocol 
due to difficulty placing the esophageal balloon.  In addition, patients who die in the first 24 hours might be too 
sick to benefit from the presumed benefit of EP based ventilation.  Therefore a second analysis set, per 
protocol (PP sample) will use subjects who a) survived 24 hours from randomization; b) underwent the 
assigned intervention (i.e. the control or intervention ventilation protocol was initiated and successfully 
implemented for at least 24 hours) and c) data on day 28 assessment are available. The results of analyses 
using PP will be compared with results using the full set of all randomized subjects (intent-to-treat analyses) to 
test sensitivity of primary findings.  
 
Interim Analyses 
The Data and Safety Monitoring Board (DSMB) will routinely monitor the study (see Human Subjects section 
for complete discussion). Four meetings are planned: at 25%, 50%, 75% and 100% of enrollment.  We do not 
propose an early stopping rule for efficacy as this Phase II trial is unlikely to result in a benefit with confidence 
intervals narrow enough to provide compelling evidence to change practice.  However, the DSMB may stop the 
trial for safety at any time.  The DSMB operations (reporting structure, specific stopping rules, etc.) are further 
described in the DSMB charter. 
 
Safety Analyses 
The safety endpoints will be examined for all participants in the safety evaluable analysis set.  Safety endpoints 
will include expected clinical events, including death, for this patient population and summarized by treatment 
group.  Also, all serious and unexpected adverse events will be summarized by treatment group.  Fisher’s 
exact test will be used to estimate treatment differences in the incidence of each specified adverse event.  No 
adjustments will be made for multiple hypothesis evaluations of safety endpoints.  Adverse events will be 
summarized with groupings by body system and preferred term using the REDCap system.  Other safety data 
(e.g., labs and assay data) will be listed, and when appropriate, summarized in tabular or graphical format. 
 
6.6 Halting Rules 
 
The DSMB will monitor the progress of the trial. The trial will not be stopped for efficacy or futility. Suggested 
stopping rules for safety are outlined in the associated DSMB protocol however any recommendation by the 
DSMB to halt the trial will be based on the totality of the safety data.  The DSMB, whose members will be 
independent from the study operations, will have regular conference calls and e-mail correspondence to review 
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safety data, including mortality data, at 50, 100 and 150 patients.  An interim analysis could be performed at 
any time to assess safety if requested by the DSMB.   
 
Any action taken by the committee, and the reasons for the action, will be recorded.  These documents will 
include any data summaries or analyses provided to the DSMB and will remain confidential until the study is 
concluded.  The DSMB may choose to stop enrollment on the basis of safety data observed.  If safety 
concerns are found, further enrollment will not be allowed until issues are resolved.  If no safety concerns are 
found, enrollment will continue until the target sample size is reached. 
 
6.7  Blinding 
 
Investigators will remain blinded to the results of the study until study completion. The patient safety monitor, 
the unblinded statistician and the DSMB will have full access to unblinded data throughout the study. 
 
6.8 Decision to proceed with phase III trial  
 
The decision to proceed with phase III trial is formally outlined in below.  
 
Initiate Phase III Study:  Demonstrated efficacy signal in addition to adequate safety profile 
Criteria:  Primary end-point of the trial achieves statistical significance.  
 
Further Development Potentially Required: Weak efficacy signal 
Criteria:  Primary endpoint did not achieve a priori level of significance but is in the right direction and there 
was a general consistency of secondary endpoints indicating propensity for efficacy and no increased mortality 
in the treatment arm.  
 
Abandon Treatment Platform: Harm (in efficacy or safety endpoints) 
Criteria:  Study terminated early per recommendation by DSMB for safety and/or risk/benefit ratio concerns 
(i.e., stop for harm, unacceptable risk profile, etc.) 
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7 DOCUMENTATION & SITE OVERSIGHT 
 
7.1 Documentation 
 
By signing the protocol, the investigator acknowledges that, within legal and regulatory restrictions and 
institutional and ethical considerations, study documentation will be promptly and fully disclosed to the Medical 
Coordinating Center (MCC), BIDMC, by the investigator upon request and also shall be made available at the 
investigator’s site upon request for inspection, copying, review, and audit at reasonable times by 
representatives of either NIH and/or MCC or responsible government agencies as required by law.  
 
The investigator agrees to promptly take any reasonable steps that are requested by MCC or responsible 
government agencies as a result of an audit to correct deficiencies in the study documentation. 
 
All data collected on this trial must be verifiable.  Sites are expected to retain source documents (medical 
records, laboratory reports, etc.) in folders for each study patient.  The site PI should initial and date all safety 
lab print-outs to properly document timely oversight of patients.  All data recorded by study personnel should 
be reviewed and signed off on by the PI. The original signed consent forms must be kept by the investigator. 
 
7.2 Site Monitoring 
 
Protocol Violations and Deviations 
Sites are responsible for monitoring their own adherence to study protocol and reporting any protocol violation 
or deviations to their local IRB in the time and manner required per institution policy.  Any local IRB reports of 
protocol violation or deviations must then be forwarded to the MCC by email or fax.  
 
Data Fidelity 
Two of the first five patients enrolled will be remotely monitored. A random sample of 10% patients enrolled 
after that will be monitored using a remote monitoring technique developed by the ARDS Network.  The MCC 
will e-mail an audit tool that contains the patient study number, an inclusion and exclusion criteria checklist, 
and selected study and outcome data elements that were entered into the eCRFs when the patient was on 
study.  A member of the research team that did not enter the data into the eCRF originally will then reconcile 
the eCRF data with the patient record (source document).  Any discrepancies will be noted on the audit tool 
and returned to the MCC and the errors will be corrected by the site investigators in the eCRFs.  Sites with 
unacceptable data entry error rates will undergo additional training and more focused remote monitoring and / 
or on-site monitoring.   Scanned versions of the signed informed consent documents for this random sample 
will be reviewed centrally for the necessary signatures and dates and confirmation that the consent version 
used was IRB approved at the date and time of study entry. 
 
Quality of Esophageal Pressure Measurements 
At the time of pressure measurements, site investigators will record tracings of PTP and other pressures at the 
time of an end-expiratory hold and an end-inspiratory plateau.  These recordings on the CRF and digital 
recordings of physiological signals will be electronically transferred through RedCap on the day of study.  
Physiologic recordings will be downloaded from RedCap by the PCL and analyzed.  Measurements, including 
flow, airway, esophageal, and transpulmonary pressures, will be independently read by the PCL using the 
digital record and entered on a separate CRF.  Readings by the PCL and those previously entered by the site 
will be compared for error checking and quality control.  Serious reading errors or data quality problems 
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detected by the PCL staff will be transmitted to the sites for corrective action. For example, an artifact would be 
suspected if the esophageal amplitude and average level decreased during a run of constant ventilation, 
suggesting a possible leak in the recording system and a corresponding decrease in the balloon volume.  An 
error in interpretation would be identified if esophageal pressure and PTP were measured at the time of an 
inspiratory effort instead of during relaxation.  All errors and artifacts will be noted and tabulated.  If consistent 
measurement errors are found, recurrent training will be provided for the clinical sites.  The PCL staff will 
usually be unaware of the source of the data they analyze.  Data on accuracy of measurements and 
compliance with goal mechanical ventilation will be reported regularly to the DSMB.  
 
Study Close-Out 
At the end of the trial, the MCC will conduct a site close-out call to resolve remaining data queries, assure 
proper return/destruction of study supplies, and review record retention and regulatory responsibilities. 
 
7.3 Site Replacement 
 
Sites will be provided with a milestone grid indicating the acceptable timeline for IRB approval, commencement 
of screening activities, and enrollment targets.   
 
Back up sites have been identified in the case that enrollment can not be continued in any of the original sites 
for the reasons of compliance, feasibility or safety. 
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8 RISK ASSESSMENT 
 
 
8.1 Ventilator management risks 
 
Risks associated with Esophageal Balloon 
There is a potential risk of the esophageal balloon-catheter, which includes nasopharyngeal or esophageal 
injury or perforation, aspiration, and discomfort.  Although the true incidence of complications with esophageal 
balloon placement is unknown, in over 1000 placements of balloon catheters at BIDMC, we have not observed 
a complication.   
 
Risks of Hemodynamic Instability  
Both the control and intervention strategies involve high levels of PEEP.  Increasing intra-thoracic pressure in 
this way has been associated with hemodynamic instability in particular in patients with low preload. The 
mechanism of this hemodynamic instability involves both a reduction in preload as well as an increase in 
afterload to the right ventricle. Data from the original EPVent trial did not demonstrate increased hemodynamic 
instability in patients managed according to the EPVent protocol. Specifically there was no difference in either 
fluid balance or use of vasoactive drugs use between groups. To mitigate risk, in this trial, patients in both 
groups will have an initial assessment of volume status on enrollment. Patients assessed to be hypovolemic 
will receive fluid bolus prior to institution of study procedures.  Volume status and use of vasoactive drugs will 
be secondary outcomes for the study. In addition, some centers are participating in a sub-study where all 
patients will be further assessed by daily echocardiograms.  
 
Risk of Losing the Airway 
While placing or manipulating the esophageal balloon there is a very small risk of accidental dislodgement of 
the endotracheal tube. We have not seen this complication in over 1000 placements but it is theoretically 
possible.  
 
Risks associated with the EPVent protocol 
In our pilot study use of the esophageal guided protocol was associated with improved clinical outcomes and a 
trend to reduction in adjusted 28-day mortality.  In a larger study, this benefit may not exist and there is the 
possibility that the intervention is associated with harm to the patients.  There are two specific risks that may be 
associated with the study protocol, which will be closely monitored. 
 

Barotrauma- Many patients in the study protocol group will be ventilated with a higher airway pressure 
required to achieve positive transpulmonary pressures.  While the relationship between airway 
pressures and the development of air leaks is controversial, this possibility must be taken in to 
account.75  Patients with significant preexisting air leaks will be excluded from the study both to 
minimize the possibility of exacerbating the leak and because of the difficulty in achieving adequate 
measurements of transpulmonary pressure.  Patients in both groups will be closely monitored for the 
development of new air leaks.  It should be pointed out that in our preliminary study there were no 
incidents of air leak in either group. 

 
Worsening Ventilator Associated Lung Injury- Our preliminary data suggest that patients’ oxygenation and 

compliance is improved using a strategy of optimizing the transpulmonary pressure.  This finding may 
not be borne out in the larger EPVent2 study.  It will be difficult, given the critical nature of ARDS and 
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the high rates of morbidity and mortality, to identify worsening VILI as the cause of death in any 
individual patient.  

 
 

8.2 Imaging risks 
 
See separate document 
 
8.3 Blood draw risks 
 
Additional risks in both study groups include those associated with extra blood draws, such as bleeding, 
bruising and pain at the phlebotomy site.   
 
8.4 Confidentiality  
 
Potential breach of confidentiality is a risk in both study arms.   
 
8.5 Mitigation of risks 
 
In addition to the monitoring for study defined outcomes, investigators will determine daily if other clinical 
adverse experiences occur during the period from enrollment through hospital discharge or death, whichever 
occurs first.  As part of the EPVent2 study, the data safety and monitoring board (DSMB) will meet on a regular 
basis to ensure that no serious adverse consequences occur as a result of either administering or withholding 
the intervention.  The DSMB will be chaired by Dr. Arthur Slutsky of the University of Toronto.  Reports for 
review by the DSMB will be prepared by the MCC.  The DSMB will include five members not involved in the 
research.   
 
We will assess safety by mandatory reporting of adverse events (AEs) and serious adverse events (SAEs) 
throughout the study period, with the DSMB regularly reviewing all events.  If it is determined by the DSMB that 
there is an unacceptable safety risk, further accrual into either intervention arm or to the entire study will be 
stopped.  Mortality data will be provided to the DSMB after accrual of 50 and 100 patients to assess the overall 
impact of the protocol on mortality.  If the DSMB determines that the protocol is associated with increased 
mortality, it will recommend termination of the trial.   
 
The potential risk to privacy from the inadvertent disclosure of medical information is prevented by monitoring 
all data forms, identified by study numbers only, in a locked file and separate from the name file of study 
participants.  Only the authorized personnel from each site will have access.  Only de-identified data will be 
entered into the online electronic data collection tool (REDCap).   
 
8.6 Benefits 
 
Enrolled subjects have the potential benefit of improved outcome from ARDS.  Given the significant morbidity 
and mortality associated with ARDS this may confer significant benefit of preserving life, function, and 
improved quality of life.  In addition to the benefit to enrolled patients, large number of hospitalized patients in 
the future will benefit from improved understanding of how to best treat ARDS.   
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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 at random by a computer, and only the study investigators 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 in a locked 
cabinet inside a locked office.  Clinical 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 EPVent2 
Medical Coordinating Center. 
 
 
10 PROTOCOL MODIFICATIONS 
 
Clarifications and Amendments  
Any change to the data analysis methods or study procedures described in the protocol will require an 
amendment ONLY if it changes a principal feature of the protocol. Any other change to the data analysis 
methods or study procedures described in the protocol, and the justification for making the change, will be 
described in clarification memos provided to the study sites.  Additional exploratory analyses of the data will be 
conducted as deemed appropriate. 
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11 ADVERSE EVENT AND UNANTICIPATED PROBLEM REPORTING 
 
11.1 Definitions 
 
¾ Unexpected: An Unexpected Adverse Event (UAE) is any Adverse Event and/or reaction, the 

specificity, severity, or frequency of which is not consistent with the informed consent, current 
investigator brochure or product labeling.  Further, it is not consistent with the risk information described 
in the general investigational plan or proposal and informed consent document on file with the MCC, or 
is not consistent with what would be expected in a patient with critical illness. 

 
¾ Expected: Expected Adverse Events are those events that are included as a possible risk in the 

informed consent document or are expected in the course of care of a patient with critical illness. 
 
¾ Serious:  An SAE is defined as death believed to be related to the study medications or procedures, or 

a death that is unexpected considering the acuity of a patient; or a life threatening experience, 
persistent or significant disability or incapacity that is of greater frequency or severity than what would 
be normally expected in the course of critical illness, or an event that jeopardizes the Human Subject 
and may require medical or surgical treatment to prevent one of the preceding outcomes and is not 
expected in the course of critical illness. 

 
¾ Unanticipated Problem: Events that are unexpected and create a problem in the conduct of the trial. 

Examples in include loss/theft of laptop containing sensitive study data, manufacturing problem 
resulting in tainted medication products which do not cause actual harm to a study patient.  Please note 
that there maybe overlap between events that are adverse events and also unanticipated problems: 
serious adverse events that are unexpected and at least possibly related to the study are also 
unanticipated problems. 

 
11.2 Clinical Outcomes 
 
Our patient population is by definition critically ill.  It is expected that they will have a number of unrelated 
adverse health events during the course of their hospital stay.  Therefore, we will report Adverse Events as 
shown in Figure 2 
 
Figure 2. Safety Reporting Plan 
 
 
 

 
 
 
 

 
 
 

Clinical Outcome of ARDS captured in eCRF 

Serious  or 
Related to study  or 
Specified event (ICP, code status change) 

Related to study 

Does not need to be recorded Record as AE / SAE Clinical Outcome 

No No 

No 

Yes 
Yes

Yes 

 
Serious Adverse Events, defined as 
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¾ Death, believed to be related to the study medication or procedures, or a death that is unexpected 
considering the acuity of a patient.  

¾ A life threatening experience believed to be related to the study medication or procedures  
¾ Persistent or significant disability or incapacity that is of greater frequency or severity than what would 

be normally expected in the course of critical illness.  
¾ An event that jeopardizes the Human Subject and may require medical or surgical treatment to prevent 

one of the preceding outcomes and is not expected in the course of critical illness. 
 
Adverse Events possibly related to esophageal balloon placement or mechanical ventilation:  
¾ Barotrauma 
¾ Pneumothorax  
¾ Other abnormal air collection (e.g. development of new broncho-pleural fistula) 
¾ Loss of airway related to device 
¾ Hemodynamic instability 
¾ Renal failure 

 
 
11.3 Timeline 
 
All sites bear the responsibility of monitoring study patients closely for adverse events during the active 
intervention portion of the trial, and at each of the pre-determined follow-up time points.  Any adverse events 
must be reported to the local IRB within the institution's time frame. Furthermore, adverse events get reported 
to the MCC using the electronic data capture system REDCap.  Non-serious Adverse Events and 
Unanticipated Problems should be logged into REDCap within 7 days of discovery.  Serious Adverse Events 
should be logged into REDCap within one day of discovery.  The MCC will evaluate all adverse events and 
Unanticipated Problems in REDCap, and contact the site for additional information as necessary.  The MCC 
will report all potentially related SAEs and UPs to the DSMB and to NHLBI within 7 days of discovery.  A 
summary report of all adverse events will be provided to the DSMB prior to each DSMB meeting, at least every 
six months. 
 
11.4 Safety Oversight: DSMB 
 
Safety oversight will be under the direction of a DSMB whose members will be independent from the study 
operations, will regularly review safety data throughout the study duration.  Full details of the composition and 
the operation of the DSMB and how the safety analyses are to be performed will be detailed in a separate 
DSMB Charter.  If halting rules are initiated, more frequent meetings may be held.  The DMSB will operate 
under the rules of an approved charter that will be approved at an organizational meeting of the DSMB.  The 
DSMB will advise NHLBI of its findings; meeting minutes will also be distributed to study sites, who have the 
responsibility of providing these minutes to their local IRB.  The safety endpoints will be examined for all 
eligible patients who sign informed consent and are enrolled in the study on an intent-to-treat basis.  Safety 
endpoints will include expected clinical events, including death, for this patient population and summarized by 
treatment group.  Also, all serious and unexpected adverse events will be summarized by treatment group.  
Fisher’s exact test will be used to estimate treatment differences in the incidence of each specified adverse 
event.  No adjustments will be made for multiple hypothesis evaluations of safety endpoints.  Adverse events 
will be summarized with groupings by body system and preferred term using the National Cancer Institute’s 
Common Terminology for Adverse Events (CTCAE) and captured in the RedCap system.  Other safety data 
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(e.g., labs and assay data) will be listed, and when appropriate, summarized in tabular or graphical format.  
Enrollment at any site may not begin, even with IRB approval, until the DSMB has reviewed and approved the 
protocol.   
 
Data quality and safety will be monitored by each site’s PI, the study Medical Coordinating Center (MCC), a 
Data Safety Monitoring Board (DSMB), and the NHLBI.  The site PIs will continuously monitor the data quality 
according to data quality measures.  In addition, recruitment rate, deviation from inclusion/exclusion criteria 
and protocol, and confidentiality of data and database will be monitored.  A DSMB, drawing from persons with 
expertise in the area has been constituted.  The DSMB will monitor the data from the trial periodically, to 
review and assess the performance of its operations.  Development of ARDS, organ failure, prolonged 
hospitalization, ICU admission, and mortality will be recorded as part of the study defined outcomes.  Other 
adverse events will be monitored by the site PI and research specialist in real time from the start of 
randomization to hospital discharge or death.  Reportable adverse events will include barotraumas and need 
for rescue procedures.  A serious adverse event in this study will be defined as a reportable adverse event that 
is fatal, life-threatening, permanently disabling, severely incapacitating or prolongs hospitalization or requires 
medical or surgical intervention to prevent serious outcomes.  All adverse events will be indicated on the data 
forms for the study and on the specific adverse event report forms and all serious adverse events will be 
reported to the site IRB within 24 hours of the research team learning about the event followed by more 
detailed written report to the local IRB.  The following information about adverse events will be collected:  1) 
the onset and resolution of the event, 2) an assessment of the severity or intensity of the event, 3) an 
assessment of the relationship of the event to the intervention, and 4) any action taken because of event.  
Sites will inform the MCC of any and all related adverse events (non-serious) within 14 days of discovery.   All 
serious adverse events (regardless of relatedness) must be reported to the MCC within 24 hours of discovery.  
The MCC will prepare summaries of these reports and provide them to the DSMB at least every six months.  
The DSMB will convene by teleconferencing or in person every six months to review adverse events or earlier 
if so needed.  The NHLBI will be invited to all DSMB meetings and kept apprised of any safety concerns. 
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13.1 APPENDIX A: DATA COLLECTION  
 
Please note this is not an exhaustive summary. Sites should follow the Case Report Form when 
collecting data. 
 
A. Initial assessment at the time of enrollment: 

1. Demographic and Admission Data. 
Date and time of enrollment 
Race 
Sex 
Date of birth 
Study group 

2. Pertinent Medical History. 
Primary and secondary diagnoses 
APACHE II score at the time of enrollment 
SOFA score of organ system failure 

3. Height. 
4. Predicted body weight (PBW). 
5. Weight. 
6. Time on mechanical ventilation prior to enrollment. 

 
B. Assessments made for 7 days after enrollment: 

1. Vital signs (if available from invasive monitors) 
CVP 
PA systolic 
PA diastolic 
PCWP 
Cardiac output 
Bladder pressure 
Mixed venous saturation 

2. Arterial blood analysis 
pH 
PaCO2 
PaO2 
HCO3 
Base excess 

3. Ventilation parameters will be recorded before and after any changes in ventilator settings required 
by protocol (some data may not be available in patients who are no longer on controlled mechanical 
ventilation). 

FiO2 (%) 
PEEP 
Peak inspiratory pressure 
Tidal volume 
Respiratory rate 
Plateau pressure 
Mean airway pressure 



EPVent2 Protocol 
Version 1, Date: 24-July-2012 ___________________________________________________________________________________  
 

___________________________________________________________________________________________________________  
50 

Ti (seconds) 
PEEPt (total peep) 
Pes (end-expiratory hold) 
Ptp (end-expiratory hold) 
Pes (end-inspiratory hold) 
Ptp (end-inspiratory hold) 
Mixed expired CO2 

4. Drug use 
Vasoactive drugs, dose 
Continuous sedative or paralytic drugs, dose 

5. Fluid balance (previous 24 hrs beginning 24 hrs after enrollment) 
24 hrs NET balance 
LOS NET balance 
IV total 
Blood products 
PO total 
Colloids total 
Output total 
Urine output 

 
C. Data collection after 7 days but before 28 days: 

1. Vital status 
2. Mechanical ventilation (not unassisted breathing) 
3. Failed extubation (reintubation within 48 hours of extubation) 
4. Reintubation after 48 hours of extubation 
5. Tracheostomy 

 
D. Waveforms: 
Physiologic respiratory data including airway and esophageal pressures and flow will be recorded 
electronically at baseline, during initial ventilator adjustments, and each day for seven days or until weaning, 
whichever occurs first.  Measurements will be recorded during tidal ventilation, end expiratory holds, end 
inspiratory holds, and before and after changes to mechanical ventilator settings (other than FIO2) required 
by protocol.  Instructions for making and transmitting physiologic recordings can be found in the appendix. 
 
E. Endpoint determinations (times are after enrollment): 

1. Survival at 28 days. 
2. Days of unassisted breathing in the first 28 days (unassisted breathing must last for at least 48 

consecutive hours). 
3. Duration of intubation. 
4. Duration of ICU admission. 
5. Duration of hospital admission. 
6. Need for rescue therapy (failure of protocol). 
7. Failed extubation (reintubation in less than 48 hours) or need for late reintubation. 

 
F. Long-term Follow-up (times are after enrollment): 

1. Mortality at 1 year assessed by phone call or medical record review 
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2. Functional status at 1 year as assessed by telephone administration of questionnaires:  
Barthel Index 
Short Form 12 
Vulnerable Elder Survey 
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13.2 APPENDIX B: CHILD-PUGH SCORE 
 

Measure 1 point 2 points 3 points 
Total bilirubin, μmol/l (mg/dl) <34 (<2) 34-50 (2-3) >50 (>3) 
Serum albumin, g/l >35  28-35 <28 
INR <1.7 1.71-2.20 > 2.20 
Ascites None Mild Severe 
Hepatic encephalopathy None Grade I-II  

(or suppressed with 
medication) 

Grade III-IV  
(or refractory) 

 
Interpretation: 

 
Points Class One year survival Two year survival 
5-6 A 100% 85% 
7-9 B 81% 57% 
10-15 C  45% 35% 
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13.3 APPENDIX C: SOFA SCORE 
 
Organ System 

 
0 

 
1 

 
2 

 
3 

 
4 

Respiratory 
PaO2/FiO2 

>400 ≤400 ≤300 ≤200 ≤100 

Renal 
Creatinine  

<106 mmol/L 
< 1.2 mg/dL 

106-168 mmol/L 
1.2-1.9 mg/dL 

169-300 mmol/L 
1.9-3.4 mg/dL 

301-433 mmol/L 
3.4-4.9 mg/dL 

Urine output <500 
mL/day 

>433 mmol/L 
>4.9 mg/dL 

Urine output <200 
mL/day 

Hepatic 
Bilirubin 

<20 mmol/L 
<1.17 mg/dL 

20-32 mmol/L 
1.17-1.87 mg/dL 

33-100 mmol/L 
1.87-5.85 mg/dL 

101-203 mmol/L 
5.9-11.87 mg/dL 

>203 mmol/L 
>11.87 mg/dL 

Cardiovascular 
Hypotension 

No hypotension MAP <70 mm Hg Dopamine  
≤5 mcg/kg/min 

Dopamine >5 or 
Epinephrine ≤0.1 or 

Norepinephrine 
≤0.1 mcg/kg/min 

Dopamine >15 or 
Epinephrine >0.1 or 

Norepinephrine 
>0.1 mcg/kg/min 

Hematologic 
Platelet count 
(x103/mm3) 

>150 ≤150 ≤100 ≤50 ≤20 

Neurologic 
Glasgow Coma 
Scale score 

15 13-14 10-12 6-9 <6 

 
 
Reference:  Williams, L & Gannon J. Use of the SOFA score in pandemic influenza – a prospective study.  Journal of the Intensive 
Care Society: 2009, 10: 179-182. 
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13.4 APPENDIX D: THE BARTHEL INDEX 

 
The Barthel Index 

Patient Name:   
Rater Name:   
Date:   

 
Activity Score 
 
FEEDING ______ 

0 = unable 
5 = needs help cutting, spreading butter, etc., or requires modified diet 
10 = independent 

 
BATHING ______ 

0 = dependent 
5 = independent (or in shower) 

 
GROOMING ______ 

0 = needs help with personal care 
5 = independent face/hair/teeth/shaving (implements provided) 

 
DRESSING ______ 

0 = dependent 
5 = needs help but can do about half unaided 
10 = independent (including buttons, zips, laces, etc.) 

 
BOWELS ______ 

0 = incontinent (or needs to be given enemas) 
5 = occasional accident 
10 = continent 

 
BLADDER ______ 

0 = incontinent, or catheterized and unable to manage alone 
5 = occasional accident 
10 = continent 

 
TOILET USE ______ 

0 = dependent 
5 = needs some help, but can do something alone 
10 = independent (on and off, dressing, wiping) 

 
TRANSFERS (BED TO CHAIR AND BACK)  ______ 

0 = unable, no sitting balance 
5 = major help (one or two people, physical), can sit 
10 = minor help (verbal or physical) 
15 = independent 

 
MOBILITY (ON LEVEL SURFACES)  ______ 

0 = immobile or <50 yards 
5 = wheelchair independent, including corners, >50 yards 
10 = walks with help of one person (verbal or physical) >50 yards 
15 = independent (but may use any aid; for example, stick) >50 yards 

 
STAIRS ______ 
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0 = unable 
5 = needs help (verbal, physical, carrying aid) 
10 = independent 

 

 Total (0-100): ______ 
 
 
 
 
The Barthel ADL Index: Guidelines 
 

1. The index should be used as a record of what a patient does, not as a record of what a patient could do. 
2. The main aim is to establish degree of independence from any help, physical or verbal, however minor 

and for whatever reason. 
3. The need for supervision renders the patient not independent. 
4. A patient's performance should be established using the best available evidence.  Asking the patient, 

friends/relatives and nurses are the usual sources, but direct observation and common sense are also 
important.  However, direct testing is not needed. 

5. Usually the patient's performance over the preceding 24-48 hours is important, but occasionally longer 
periods will be relevant. 

6. Middle categories imply that the patient supplies over 50% of the effort. 
7. Use of aids to be independent is allowed. 
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13.5 APPENDIX E: SF-12 HEALTH SURVEY 
 

SF-12® Health Survey 
 
This survey asks for your views about your health. This information will help you keep track of how you feel and how 
well you are able to do your usual activities. 
 
Answer every question by selecting the answer as indicated. If you are unsure about how to answer a question, please 
give the best answer you can.  

 
1. In general, would you say your health is: 
 � Excellent � Very good � Good � Fair � Poor 

 

2. The following questions are about activities you might do during a typical day. Does your health now limit 
you in these activities? If so, how much? 

a) Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf 
� Yes, limited a lot � Yes, limited a little � No, not limited at all 

 
b) Climbing several flights of stairs 

� Yes, limited a lot � Yes, limited a little � No, not limited at all 

 
1.During the past 4 weeks, have you had any of the following problems with your work or other regular daily 
activities as a result of your physical health? 
a) Accomplished less than you would like 
 � Yes � No 
b) Were limited in the kind of work or other activities 
 � Yes � No 
 
2.During the past 4 weeks, have you had any of the following problems with your work or other regular daily 
activities as a result of any emotional problems (such as feeling depressed or anxious)? 
a) Accomplished less than you would like 
 � Yes � No 
 
b) Did work or other activities less carefully than usual 
 � Yes � No 
 
5. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the 
home and housework)? 

� Not at all � A little bit � Moderately � Quite a bit � Extremely 

 
 
 
Continued on the next page .
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6. These questions are about how you feel and how things have been with you during the past 4 weeks. For each 
question, please give the one answer that comes closest to the way you have been feeling. 
 
How much of the time during the past 4 weeks... 

 
 All 

of the time
Most 

of the time 
A good bit 
of the time

Some 
of the time 

A little 
of the time

None 
of the time

a) Have you felt calm and peaceful?       
b) Did you have a lot of energy?       
c) Have you felt downhearted and blue?       
 
3.During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with 
your social activities (like visiting friends, relatives, etc.)? 

� All of the time � Most of the time � Some of the time � A little of the time � None of the time 
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13.6 APPENDIX F: VULNERABLE ELDERS SURVEY 
 
1. Age ___________________________ 
 
2. Is the patient known to have dementia?  � Yes   � No 
 
3. Do you/patient experience problems in daily life due to poor vision?  � Yes   � No 
 
4. Do you/patient experience problems in daily life due to being hard of hearing?  � Yes   � No 
 
5. Do you/patient experience problems in daily life due to poor memory?  � Yes   � No 

 
6. In general, compared to people 
your age, would you say that your 
health is: 

□Poor* □Fair* □Good  □Very 
Good 

□Excellent

 
7. How much difficulty, on average, do you/patient have with the following activities: 
 No 

Difficulty 
A little 
Difficulty 

Some 
Difficulty 

A lot of 
Difficulty 

Unable to 
do 

a. Stooping, crouching or kneeling? 
 

□ □ □ □* □* 

b. Lifting, or carrying objects as 
heavy as 10 pounds? 

□ □   □ □* □* 

c. Reaching or extending arms 
above shoulder level? 

□ □ □ □* □* 

d. Writing, or handling and grasping 
small objects? 

□ □   □ □* □* 

e. Walking a quarter of a mile? □ □ □ □* □* 
f. Heavy housework such as 

scrubbing floors or washing 
windows? 

□    □ □ □* □* 

 
8. Because of your/patient health or physical condition, do you have any difficulty: 

a. Shopping for personal items (like toilet items or medicines)? 
□YES If YES, do you/patient get help with shopping? 

□YES*                                    □NO 
□NO   
□DON’T DO SHOPPING If DON’T DO, is that because of your/patient’s health? 

□YES*                                    □NO 
b. Managing money (like keeping track of expenses or paying bills)? 

□YESÆ  If YES, do you/patient get help with managing money? 
□YES*                                    □NO 

□NO   
□DON’T MANAGE MONEY If DON’T DO, is that because of your/patient’s health? 
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□YES*                                    □NO 
c. Walking across the room? USE OF CANE OR WALKER IS OK 

□YES IF YES, do you/patient get help?  
□YES*                                    □NO 

□NO  
□DON’T WALK If DON’T DO, is that because of your health? 

□YES*    □NO 
d. Doing light housework (like washing dishes, straightening up, or light cleaning)? 

□YES If YES, do you/patient get help? 
□YES*                                     □NO 

□NO  
□DON’T DO LIGHT HOUSEWORK If DON”T DO, is that because of your/patient health? 

□YES*                                    □NO 
e. Bathing or showering? 

□YES If YES, do you/patient get help 
□YES*                                    □NO 

□NO   
□DON’T DO If DON’T DO, is that because of your/patient health? 

□YES*                                    □NO 
 
9. In the last year, have you/patient lost more than 10 pounds  

unintentionally?  � Yes   � No 
 
10. During the last month, have you/the patient been eating less  

than usual for whatever reason?  � Yes   � No 
 
Scoring the VES-13 original:  

1. Age: 1 point for 75-84; 3 points for age ≥ 85 
2. Use the answer to question 1 of SF-12: 1 point for fair or poor as a response 
3. 1 point for each *response in question 3a through f, maximum of 2 points 
4. 4 points for one or more *responses in q4a through q4e; for question 4c, use the response to 

Barthel’s “mobility on level surfaces” (<15 points on this Barthel question qualifies as yes to 
q4c); for question 4e refer to the response to Barthel’s “toilet use” (<10 points on this question 
qualifies as yes to q4e).  

 
 
REFERENCE 
 
Saliba D, Elliott M, Rubenstein LZ, et al. The Vulnerable Elders Survey: a tool for identifying vulnerable older 
people in the community. Journal of the American Geriatrics Society. Dec 2001;49(12):1691-1699. 
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13.7 APPENDIX G: CONSERVATIVE FLUID MANAGEMENT ALGORITHM (MODIFIED FACTT 
PROTOCOL) 
 
This protocol may be initiated for EPVent2 trial patients who have a stable volume status, and 
continued while the patient is in the active treatment portion of the trial. 

 
1 Discontinue maintenance fluids. 
2 Continue medications and nutrition. 
3 Manage electrolytes and blood products per usual practice. 
4 For shock, use any combination of fluid boluses# and vasopressor(s) to achieve MAP ≥ 60 

mmHg as fast as possible. Wean vasopressors as quickly as tolerated beginning four hours 
after blood pressure has stabilized. 

5 Withhold diuretic therapy in renal failure**. 
 

MAP > 60 mm Hg AND off vasopressors for > 12 hours  
 

CVP 
(recommended) 

 

 
 

PAOP 
(optional) 

 
Average urine output < 0.5 ml/kg/hr Average urine output > 0.5 ml/kg/hr 

> 8 > 12 

 
Furosemide* 

 
Reassess in 1 hour 

4-8 8-12 

Furosemide* 
 

Reassess in 4 hours 

 
< 4 

 
< 8 

Give fluid bolus as fast as 
possible# 

 
Reassess in 1 hour 

 
 

No intervention 
Reassess in 4 hours 

 
 
# Recommended fluid bolus= 15 mL / kg crystalloid (round to nearest 250 mL) or 1 Unit packed red cells or 25 grams albumin 
* Recommended Furosemide dosing = begin with 20 mg bolus or 3 mg / hr infusion or last known effective dose.  Double each 

subsequent dose until goal achieved (oliguria reversal or intravascular pressure target) or maximum infusion rate of 24 mg / hr or 
160 mg bolus reached.  Do not exceed 620 mg / day.  Also, if patient has heart failure, consider treatment with dobutamine. 

**Renal failure: dialysis dependence, OR oliguria with serum creatinine greater than3 mEq/dl, OR serum oliguria with creatinine 0-3 
mEq/dl with urinary indices indicative of acute renal failure.   

 



EPVent2 Protocol 
Version 1, Date: 24-July-2012 ___________________________________________________________________________________  
 

___________________________________________________________________________________________________________  
61 

5.8 APPENDIX H: INFORMATION SHEET FOR SITES REQUESTING CO-ENROLLMENT IN OTHER 
TRIALS 

 
Please note that for the EPVent2 trial any co-enrollment of patients in other intervention trials must be 
approved in advance by the DSMB.  Sites are asked to fill out the following information for each trial 
they wish to co-enroll in at their institution. 
 
 
Your institution: ____________________________________________________ 
 
Competing trial name: _______________________________________________ 
 
Target population: __________________________________________________ 
 
Duration: __________________________________________________________ 
 
Intervention: _______________________________________________________ 
 
Summary of trial procedures: _______________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
 
 
� I have ascertained that my IRB will likely allow co-enrollment of patients in the EPVent2 trial and 
the above-named trial.  
 
Please note that formal IRB approval is not required until the DSMB makes its determination; 
however, investigators should at least phone/email their IRB representative to inquire as to whether 
such co-enrollment would be permitted. 
 
 
 

Please email completed sheet to vgoodspe@bidmc.harvard.edu or fax to 617-632-8070. 
 

mailto:vgoodspe@bidmc.harvard.edu
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STATEMENT OF COMPLIANCE 
 

The study will be carried out in accordance with Good Clinical Practice (GCP) as required by the following: 
 

• United States (US) Code of Federal Regulations (CFR) applicable to clinical studies (45 CFR Part 46; 
21 CFR Part 50, 21 CFR Part 56, and 21 CFR Part 312) 

• ICH E6; 62 Federal Register 25691 (1997)  
• NIH Clinical Terms of Award 

 
All key personnel (all individuals responsible for the design and conduct of this study) have completed Human 
Subjects Protection Training. 
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SIGNATURE PAGE 
 
 
The signature below constitutes the approval of this protocol and the attachments, and provides the necessary 
assurances that this trial will be conducted according to all stipulations of the protocol, including all statements 
regarding confidentiality, and according to local legal and regulatory requirements and applicable US federal 
regulations and ICH guidelines. 
 
 
Site Investigator: _________________________________ 
 
Signed: __________________________________  Date: __________________  
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ABBREVIATIONS 
 
AE Adverse Event 
AKI Acute Kidney Injury 
ALI Acute Lung Injury 
APACHE Acute Physiology and Chronic Health Evaluation 
ARDS Acute Respiratory Distress Syndrome 
ARDSNet Acute Respiratory Distress Syndrome Network for clinical trials 
BIDMC Beth Israel Deaconess Medical Center 
CFR Code of Federal Regulations 
CONSORT Consolidated Standards of Reporting Trials 
CPAP Continuous positive airway pressure 
CRF Case Report Form 
CTCAE Common Terminology Criteria For Adverse Events 
CVP Central venous pressure 
DSMB Data & Safety Monitoring Board 
ECMO Extracorporeal membrane oxygenation 
EDTA Ethylenediaminetetraacetic acid 
FiO2 Fraction of inspired oxygen 
GCP Good Clinical Practice 
HCO3 Bicarbonate 
HR Heart rate 
HSPH Harvard School of Public Health 
ICF Informed Consent Form 
ICH International Conference on Harmonization 
ICU Intensive Care Unit 
IMV Invasive mechanical ventilation 
INR International normalized ratio 
IRB Institutional Review Board 
ISBER International Society for Biological and Environmental Repositories 
ITT Intent-to-treat [analysis] 
LAR Legally Authorized Representative 
LOS Length of stay 
MCC Medical Coordinating Center 
NaHCO3 Sodium bicarbonate 
NCI National Cancer Institute 
NG Naso-gastric 
NHLBI National Heart, Lung and Blood Institute 
NIH National Institutes of Health 
OG Oro-gastric 
PaCO2 Partial pressure of carbon dioxide in arterial blood 
PaO2 Partial pressure of oxygen in arterial blood 
Paw Airway pressure 
PBW Predicted body weight 
PCL Physiology Core Laboratory 
PCV Pressure control ventilation 
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PEEP Positive end-expiratory pressure 
Pga Gastric pressure 
PO per orem [by mouth] 
PP Per-protocol [analysis] 
Pplat Plateau pressure 
PSV Pressure support ventilation 
Ptp Transpulmonary pressure 
Ptpexp transpulmonary pressure during an expiratory hold 
PV Pressure-volume 
QOL Quality of life 
RR Respiratory rate 
SAE Serious Adverse Event 
SAS Statistical analysis software 
SBT  Spontaneous breathing trial 
SF-12 Short-Form 12 survey 
SOFA Sequential Organ Failure Assessment 
SpO2 Oxygen saturation 
Ti Inspiratory time  
UP Unanticipated Problem 
VES Vulnerable Elder Survey 
VFD Ventilator-free days 
VILI Ventilator-induced lung injury 
Vt Tidal volume 
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1. OVERVIEW 

1.1 Primary Study  
 
This phase II prospective randomized controlled trial of ventilation directed by esophageal pressure 
measurements will enroll 200 patients with moderate to severe ARDS by the Berlin conference definition in 
several academic medical centers in North America. The control group will be ventilated using an alternative 
high-PEEP strategy with PEEP and FiO2 set using to an empiric table.   
 
Plasma samples will be obtained at enrollment and days 3 and 7 and assessed for a variety of lung injury 
biomarkers to better assess the association between our intervention and the inflammation associated with 
mechanical ventilation and the development of ARDS.  Hospital survivors will undergo a brief follow up phone 
survey to assess survival, functional status (Barthel Index), health-related QOL (Short Form 12), and frailty 
(VES) twelve months after enrollment.  
 
The study length will be six years with a six month start-up period followed by a planned 50 month enrollment 
and twelve month follow-up.  

1.2 Biorepository 

Patients will have the option of agreeing to have any blood remaining after the planned biomarker analysis 
saved in a biorepository for future investigations, including genetic testing.  For patients who grant specific 
consent, any blood left over after biomarker analyses will be stored indefinitely in a biorepository located at the 
Harvard School of Public Health (HSPH).   

1.3 Ancillary Study  

At a sub-set of centers, all patients enrolled in the study will be invited to join an ancillary study with CT 
imaging. This sub-study will apply established and accepted CT imaging techniques, as well as serial 
measurement of non-invasive oscillatory impedance of the lung, to seek insights into the mechanism of clinical 
benefit of the primary trial.  The procedures and risks of this trial are described in a separate document 
provided to participating centers. 
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2.  SUMMARY 

2.1 Trial Design 
 

Title: 
EPVent 2- A Phase II study of Mechanical Ventilation Directed by 
Transpulmonary Pressures. 

Objectives: 

 

Primary: To assess the impact of mechanical ventilation directed at 
maintaining a positive transpulmonary pressure. Primary outcome will be a 
composite of death and ventilation free days at 28 days after randomization. 
 
Secondary:  

• Physiologic: Assess differences in ventilation and respiratory 
parameters between the groups, including; PaO2/FIO2 ratio; applied 
PEEP; dead space ventilation; lung compliance and transpulmonary 
inspiratory and expiratory pressures.   

• Clinical: requirement for rescue therapies; length of mechanical 
ventilation, and length of stay in ICU and hospital. Follow up to one-
year for survival and functional status. 

• Biomarkers: Levels of plasma biomarkers of lung injury. 
 

Inclusion Criteria: 1. Adult patients (age >16) admitted to Intensive care unit with moderate to 
severe acute respiratory distress syndrome (ARDS) as defined by the Berlin 
conference criteria: 

 
a. Hypoxemic respiratory failure with PaO2 / FIO2 ratio < 200 mmHg 
b. Bilateral alveolar/interstitial infiltrates on chest x-ray, with opacities 

not present for more than 7 days. 
c. Respiratory failure not fully explained by cardiac failure or fluid 

overload.  
d. Intubation on mechanical ventilation and receiving PEEP ≥ 5 cmH2O. 

 
2. Duration of ARDS ≤ 36 hours. ARDS onset defined as when the last 
criterion (a-d above) is met. 

 

Exclusion Criteria: 
Patients will be excluded from the study if they are known to have 
 

• Received mechanical ventilation more than 96 hours 
• Recently treated for bleeding varices, stricture, hematemesis, 

esophageal trauma, recent esophageal surgery or other 
contraindication for NG tube placement 

• Severe coagulopathy (platelet count < 5000 / microliter or INR > 4), 
• History of lung transplantation, 
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• Elevated intracranial pressure or conditions where hypercapnia-
induced elevations in intracranial pressure should be avoided, 
including: 

o Intracranial bleeding 
o Cerebral contusion 
o Cerebral edema 
o Mass effect (midline shift on CT scan) 
o Flat EEG for 2 or more hours 

• Evidence of active air leak from the lung (including broncho-pleural 
fistula, pneumothorax, pneumomediastinum or air leak from an 
existing chest tube) 

• Participation in other intervention trials for ARDS, or sepsis within the 
past 30 days. 

• Neuromuscular disease that impairs ability to ventilate spontaneously, 
such as C5 or higher spinal cord injury, amyotrophic lateral sclerosis, 
Guillain-Barre syndrome, and myasthenia gravis. 

• Severe chronic liver disease [Child-Pugh Score of ≥12]. 
• Patients not committed to full support  
• Treating clinician refusal, or unwillingness to commit to controlled 

ventilation for at least 48 hours. 
• Inability to get informed consent from the patient or surrogate. 
• Use of rescue therapies prior to enrollment (e.g. nitric oxide, ECMO, 

prone positioning, high frequency oscillation). This does not exclude if 
these therapies were used as the initial mode of ventilation.  

 

Description of Study 
Design: 

• Multi-center, prospective, randomized, phase II clinical trial 

• Two hundred patients with ARDS will be randomized to receive either 
mechanical ventilation directed to maintain a positive transpulmonary 
pressure throughout the ventilator cycle or an alternative high PEEP 
strategy. 

• Treatment by protocol will continue until the patient is able to breathe 
unassisted for a period of 48 hours, dies, is discharged, or otherwise 
withdrawn from the study, or day 28 of the study (whichever comes 
first). 

 

 

Efficacy:  

Primary: 

• Composite outcome of death and ventilation free days at 28 days 

Secondary: 
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• Differences in ventilation and respiratory parameters between the 

groups, including; PaO2/FiO2 ratio; PEEP; dead space ventilation; 
lung compliance and transpulmonary inspiratory and expiratory 
pressures.   

• Requirement for rescue therapies; length of mechanical ventilation, 
and length of stay in ICU and hospital.  

• Levels of plasma biomarkers of lung injury. 
 

Safety: 
Reported adverse events, development of broncho-pleural fistula, hospital 
mortality and length of stay. 

Discontinuation of study 
procedures 

Patient or surrogate request, investigator clinical judgment, hospital 
discharge, development of broncho-pleural fistula, any serious adverse event 
thought to be related to study procedures 

Estimated Time to 
Complete Enrollment: 

50 Months 

 
 



EPVent2 Protocol 
Version 5, Date: 20-July-2018 ___________________________________________________________________________________  
 

 __________________________________________________________________________________________________________  
13 

2.2  Key Roles 
 

Individuals: Principal Investigators:  D. Talmor, S. Loring  

 Data and Statistical Coordinating Center: V. Novack 

Ancillary study PI: T. Sarge 

Lung injury biomarker analyses:  D. Christiani 

 Chair, Steering Committee: D. Talmor 

Scientific Advisor: B.T. Thompson 

Data Safety and Monitoring Board Chair: A. Slutsky 

Institutions: Enrollment sites: Beth Israel Deaconess Medical Center, Boston MA, 
Massachusetts General Hospital, Boston MA, Montefiore Medical Center, New 
York NY, University of Massachusetts Medical Center, Worcester MA, 
Vancouver General Hospital, Vancouver, Canada, Orlando Health, Orlando FL, 
University of Michigan, Ann Arbor MI, Toronto General Hospital, Toronto, 
Ontario, Canada St. Joseph’s Hospital, McMaster University, Hamilton Canada. 
Quebec City Hospital, Leval University, Quebec, Canada, Stanford University 
Medical Center, Stanford CA; University of California at San Diego, La Jolla, 
CA; University of Maryland Medical Center, Baltimore MD. 

Clinical coordinating center:  Beth Israel Deaconess Medical Center, Boston, 
MA 

Sample repository:  Harvard School of Public Health, Boston MA 

Ancillary study:  Beth Israel Deaconess Medical Center, Boston, MA  
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3 SCIENTIFIC BACKGROUND 
 
3.1 Epidemiology of Acute Lung Injury and Ventilator-Induced Lung Injury:  Acute Respiratory Distress 
Syndrome (ARDS) affects over 190,000 people annually in the US alone.1 The associated mortality in ARDS 
exceeds 30% and accounts for 74,500 deaths annually.  Survival is associated with substantial morbidity, high 
costs of care in the acute illness and substantial use of medical resources after discharge.2-7 
 
3.2 Role of Positive End Expiratory Pressure in ARDS:  Higher levels of Positive End Expiratory Pressure 
(PEEP), which have been shown to be protective in numerous animal experiments, have only shown equivocal 
benefit in human clinical trials. The largest trials to date have compared two empirically derived sliding scales 
of PEEP and FiO2 and on their own have shown no benefit to higher vs. lower levels of PEEP.8-9  Recently, 
however, an individual patient meta-analysis combining data from these trials suggested that higher PEEP, 
when added to use of lower tidal volumes, results in an adjusted risk ratio of 0.90 (95% CI, 0.81-1.00; P=.049) 
in patients with moderate to severe ARDS.  Thus, incremental improvements offer the potential for additional 
mortality reduction, and the central question remains how best to optimize PEEP for the individual patient. 
 
3.3 Transpulmonary Pressure in mechanical ventilation:  Lung inflation reflects transpulmonary pressure 
(PTP), the difference between pressures at the airway opening and the pleural space (PTP = airway pressure – 
pleural pressure).  Clinicians routinely manage mechanical ventilation by controlling pressures measured at the 
airway.  This would be a satisfactory strategy if pleural pressure values were predictable or restricted to a 
narrow range.  However, there is evidence that pleural pressure varies widely and unpredictably among 
patients with ARDS due to factors such as obesity, abdominal fluid accumulation and edema that influence the 
mechanical behavior of the chest wall and diaphragm.  This wide range of pleural pressure among individuals 
could significantly affect lung inflation produced by mechanical ventilation.  For example, a relatively high level 
of PEEP of 18 cmH2O could be too low in a patient with pleural pressure of 20 cmH2O, allowing collapse of 
some airspaces with each expiration and leading to atelectrauma, or too high in a patient with a pleural 
pressure of 5 cmH2O, causing hemodynamic compromise, increased dead space ventilation, and over-
distension of the lungs at end-inflation.10  It is possible that the inconsistency in the results of clinical trials of 
PEEP11-12 reflects a failure to individualize ventilator settings for pleural pressure in each patient.13  
 
3.4 Preliminary data to support targeting transpulmonary pressure during mechanical ventilation: In a 
single center, randomized controlled trial, mechanical ventilation directed by esophageal pressure was 
compared to ventilation using the ARDSNet protocol.14 In this study, nearly all patients managed using the 
esophageal pressure measurements required adjustment upwards of their set PEEP level to maintain a trans- 
pulmonary pressure of greater than zero.  The ratio of blood oxygen tension to inspired oxygen fraction 
(PaO2/FIO2) at 72 hours was higher in the intervention (EP) group than controls (P=0.001).  Respiratory system 
compliance was also significantly improved in the EP group (P=0.002), probably as a consequence of 
improved recruitment.  This trial showed a trend towards reduced mortality that was maintained at six months.  
 
3.5 EPVent 2 is a multi-center phase II randomized controlled trial of mechanical ventilation targeting 
transpulmonary pressure. This trial will also test mechanistic hypotheses and demonstrate the feasibility of the 
technique in a range of medical centers.   
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4 OBJECTIVES 
 
4.1 Study Objectives 
 

Primary Objective:  
• We will test the hypothesis that adjusting ventilator pressure to achieve positive transpulmonary 

pressure (PTP) values will lead to improvement in a composite outcome of mortality and time off the 
ventilator at 28-days. 

 
Secondary Objectives:  
• Physiologic: Assess differences in ventilation and respiratory parameters between the groups, 

including; PaO2/FIO2 ratio; applied PEEP; dead space ventilation; lung compliance and transpulmonary 
inspiratory and expiratory pressures.   

• Clinical: requirement for rescue therapies; length of mechanical ventilation, and length of stay in ICU 
and hospital. Follow up to one-year for survival and functional status. 

• Biomarkers: Levels of plasma biomarkers of lung injury. 
• To inform the design of future studies. 

 
4.2 Outcome Measures 
 

Primary Efficacy Endpoint: 
• A composite outcome of mortality and time off the ventilator at 28-days. 

 
Secondary Endpoints: 

• Ventilator free days to day 28 (VFD) 
• Hospital and ICU mortality to days 28 and 60 
• Hospital and ICU lengths of stay to days 28 and 60 
• Plasma biomarkers of lung injury on enrollment and days 3 and 7 after enrollment 
• 1-year survival 
• QOL (SF12), functional status (Barthel Index), and frailty (VES) assessed by phone follow up interview 

at 12 months 
 

Safety Endpoints 
• Serious Adverse Events 
• Vasopressor requirements 
• Fluid balance 
• Incidence of broncho-pleural fistula 
• Acute Kidney Injury 
• Hospital and ICU mortality to day 28 
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5 CLINICAL PROTOCOL 
 
5.1 Enrollment 
 
Subject Recruitment and Consent 
Two hundred subjects with moderate to severe ARDS as defined by the Berlin Conference definition will be 
recruited.  Children younger than 16 years will not be included in the study since the causes and prognosis of 
acute respiratory failure differs in this population.  We will recruit all available subjects without regard to race, 
gender, or age; therefore, we expect the study population to mirror the US adult acute care hospital population 
in general.  
 
Study coordinators at each site will visit each intensive care unit daily to identify potential candidates for 
enrollment. Screening logs will be maintained at each site and tracked in Studymaker to allow generation of a 
CONSORT diagram with the results of the study.  Once a patient is deemed eligible for the study, the family or 
other designated health care proxy will be approached to give informed consent.  
 
5.1.1 Inclusion/exclusion 
 
Inclusion criteria 
 

1. Acute onset of ARDS as defined by the Berlin Consensus Conference definitions, with all criteria met 
in the same 24-hour period: 

 
a) Hypoxemic respiratory failure with PaO2 / FIO2 ratio < 200 mmHg 

 
b) Bilateral alveolar/interstitial infiltrates on chest x-ray, with opacities not present for more than 

7 days. 
 
c) Respiratory failure not fully explained by cardiac failure or fluid overload. 
 
d) Intubation on mechanical ventilation and receiving PEEP ≥ 5 cm H2O. 

 
2. Age ≥ 16 years. 
 
3. Duration of ARDS ≤ 36 hours. ARDS onset defined as when the last criterion (a-d above) is met. 

 
Exclusion criteria 
 
Patients will be excluded from the study if they are known to have: 
 

1. Received mechanical ventilation more than 96 hours 
 
2. Recently treated or bleeding varices, esophageal stricture, hematemesis, esophageal trauma, recent 

esophageal surgery or other contraindication for nasogastric tube placement 
 
3. Severe coagulopathy (platelet count < 5000/microliter or INR > 4), 
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4. History of lung transplantation 
 
5. Elevated intracranial pressure or conditions where hypercapnia-induced elevations in intracranial 

pressure should be avoided, including: 
o Intracranial bleeding 
o Cerebral contusion 
o Cerebral edema 
o Mass effect (midline shift on CT scan) 
o Flat EEG for 48 hours. 

 
6. Evidence of active air leak from the lung (including broncho-pleural fistula, pneumothorax, 

pneumomediastinum or air leak from an existing chest tube). 
 
7. Patients not committed to full support  
 
8. Participation in other intervention trials for ARDS, or sepsis within the past 30 days. 
 
9. Neuromuscular disease that impairs ability to ventilate spontaneously, such as C5 or higher spinal 

cord injury, amyotrophic lateral sclerosis, Guillain-Barre syndrome, and myasthenia gravis. 
 
10. Severe chronic liver disease, defined as Child-Pugh Score of ≥12. 
 
11. Treating clinician refusal, or unwillingness to commit to controlled ventilation for at least 48 hours. 
 
12. Inability to get informed consent from the patient or surrogate. 
 
13. Use of rescue therapies for prior to enrollment (e.g. nitric oxide, ECMO, prone positioning, high 

frequency oscillation). This does not exclude cases where these therapies were used as the 
initial mode of ventilation 

 
5.1.2 Consenting process 
 
Direct Patient Consent: The patient will be approached by a qualified (co-)investigator or approved delegate 
and the study will be explained in clear, layperson language. All study procedures will be disclosed.  Risks to 
the patient will be explained; no individual patient benefits will be promised.  The patient will be given the 
opportunity to ask questions and confer with family members and others.  If the patient elects to consent to the 
trial, they will sign and date the consent form(s) in the presence of authorized research personnel, who will also 
sign and date.   
 
Proxy Consent: In the event the patient is unable to give consent, the investigator or designee may approach 
the designated health care proxy (Legally Authorized Representative, LAR defined per 45 CFR 46 102 (c)) for 
consent.  The method outlined above will be followed in the same manner, but with the LAR instead of the 
patient.  If the LAR consents to enroll the patient in the trial, the investigator will reassess the patient daily to 
determine if the patient has regained capacity to consider trial involvement.  A brief note in the study file should 
mention that the patient was assessed and whether he/she was judged capable of participating in a continuing 
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consent discussion.  If/when the patient is able to give consent, consent should be sought.  If a patient in either 
study group declines to consent, study procedures will cease and ventilator management will be handled 
according to the standard of care endorsed by the treating physicians.  The investigator should request 
permission to contact the patient for follow-up and also to access the patient record for safety and outcomes 
data. Use of specimens collected to date should also be discussed in both groups.  The patient has the 
authority to consent or decline all level of study activities. 
 
Consenting in languages other than English: Each site will follow their local policies governing the consent 
process for non-English speakers. The goal of the trial is to enroll all patients who meet entrance criteria 
regardless of race or ethnicity. Sites will be encouraged to utilize institutional resources to consent 
patients/proxies in their native language and to translate consent forms as necessary based on their patient 
population. 
 
Record-keeping: The original signed form will remain with the investigator in the study file; copies will be given 
to the patient and filed in the official medical record as well.  A brief note will be entered in the record 
documenting the consenting process, personnel involved, questions asked, and investigator’s assessment of 
patient capacity.  Any re-consenting efforts should be documented in a study note to file, and the patient 
should sign the appropriate section of the consent form. 
 
5.1.3 Randomization  
 
Randomization Procedures 
After enrollment, patients will be randomized to either the intervention (EPVent) group or the control group 
using a block randomization scheme at a 1:1 ratio.  Randomization will be stratified by enrollment site. 
Assignment schedules will be generated for each clinical site, and each patient will be assigned using the web-
based system managed by the study core. 
 
After confirming the patient’s inclusion and exclusion criteria, the site investigator or designee (e.g., study 
coordinator) will submit the randomization form within the Studymaker system.  This will automatically 
randomize the participant and the treatment assignment will be sent to the investigative team. In the event that 
Studymaker is unavailable, manual randomization will be performed using prearranged envelopes at the study 
site.  
 
 
Randomization time frame 
All patients must be enrolled, randomized, and initial ventilator adjustments made within 36 hours of the time 
the last inclusion criterion was met. The last inclusion criterion may be met at either the network hospital or a 
referring hospital.  
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5.2 Procedures 
 
Figure 1. Checklist of Study Procedures 
 

 
 

Baseline 
� Informed Consent 
� Randomization  
� Collect clinical data: Labs (ABG, creatinine), medications (pressors), fluid balance, vital signs, respiratory data 
� Collect demographic data  
� Blood draw for biomarkers (and for DNA if patient has consented for that) 
� Echocardiography (at participating centers) 
� Place esophageal balloon, measurements to check placement 
� Initial physiology recordings (the day this is done is defined as Study Day 1) 
� Initial recruitment maneuver 
� Ventilator settings change per study table (must occur within 36 hours of final ARDS criterion being met) 
� Physiology recordings 1 hour (±30 min) after change 

 
Daily for next six (6) days 

� Ventilator settings managed per study table 
� Evaluation: eligibility for weaning 
� Physiology recording 
� Echocardiography (at participating centers): Day 2 
� Clinical data recorded: Labs (ABG, creatinine as available), medications (pressors), fluid balance, vital signs, respiratory 

data 
� Endpoints assessed: need for rescue therapies, adverse events 
� Blood draw for biomarkers: Day 3 and Day 7 only 

 
Days 8 through 28 (or patient breathing unassisted) 

� Ventilator settings managed per study table 
� Evaluation: eligibility for weaning 
� Physiology recording (for EPVent group only, not control group) 
� Clinical data recorded: vital signs, respiratory data 
� Endpoints assessed: need for rescue therapies, adverse events 

 
Day 28 

� Medical record evaluation: 
� Mortality 
� Hospital LOS 
� ICU LOS 
� Duration of MV 
� Tracheostomy 
� Failed extubation 

 
Day 60 

� Evaluation for mortality: Medical record search, supplemented with phone call if no medical records available 
 
12-month Follow-up 

� Medical record evaluation for mortality 
� Phone call for outcomes: SF-12, VES-13, Barthel Index questionnaires 



EPVent2 Protocol 
Version 5, Date: 20-July-2018 ___________________________________________________________________________________  
 

 __________________________________________________________________________________________________________  
20 

5.2.1 Sedation 
 
All patients will receive sedation and neuromuscular blockade according to the protocols in use at the clinical 
site until commencement of weaning from ventilatory support. 
 
Sedation during respiratory measurements 
To prevent respiratory efforts during brief apneas and the 30-second alveolar recruitment maneuver, sedation 
may be deepened.  If sedation alone cannot suppress respiratory efforts or is limited by adverse hemodynamic 
effects, temporary neuromuscular blockade may be necessary to ensure that the respiratory pressure 
measurements described below are interpretable.  Short term use of paralytics should be considered if the 
investigator is unable to obtain muscular relaxation for measurements despite administering sedation per 
clinical practice.  
 
5.2.2   Ensuring Adequate Intravascular Volume 
 
Assess the volume status prior to initiating study protocol.  If the CVP is ≤ 12 cmH2O or the intravascular 
volume is otherwise assessed as being inadequate, notify the attending physician and consider administering 
an IV fluid bolus of at least 500 mL.  Once volume status is stable, consider managing fluid status according to 
the modified FACTT trial protocol (see appendix). 
 
5.2.3 Initial measurements 
 
Esophageal balloon catheters will be placed in all enrolled patients and the following variables will be 
measured and recorded in both groups. Measurements in both groups will be made after randomization but 
prior to initiation of study ventilation, one hour (plus or minus 30 minutes) after initiation of study ventilation 
(Day 1), and between 0800 and 1400 each day. For patients in the control arm, measurements will be made 
for a maximum of 7 days, or until the patient is weaned (whichever is sooner). For patients in the EPVent arm, 
daily measurements will be made for a maximum of 28 days or until any of the following are met:  

• Patient is successfully weaned (breathing unassisted for a period of 48 hours) 
• Patient dies 
• Patient is discharged to another facility on the ventilator 
• Patient or proxy withdraws consent 
• Clinician or researcher terminates the patient’s participation for safety reasons 

 
Recordings of all pressures and flows will be made during ventilation with an end-inspiratory airway occlusion 
(hold) to obtain "plateau" pressures and an end-expiratory hold to obtain "total PEEP" and other end-expiratory 
pressures. These physiological variables will be displayed, measured, and recorded for later analysis and used 
to set ventilation parameters in the EPVent group. See Physiological Measurement Manual for detailed 
instruction for making respiratory measurements. Initial measurement waveforms will be uploaded into 
REDCap for subsequent analysis at the physiology core site.  
 

• Airway pressure (Paw) will be measured at the endotracheal tube. 
 

• Respiratory airflow (flow) will be measured using a pneumotachograph. 
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• Esophageal pressure (Pes) will be measured using an esophageal balloon catheter.  This may be 
either a standalone catheter or one integrated into an oro-gastric tube (OGT, preferred). If using a 
standalone catheter, the catheter will be passed by mouth or nose into the stomach and then withdrawn 
into the esophagus to measure esophageal pressure. If using an esophageal balloon integrated into an 
OGT this will be placed using the site’s existing nursing policy.   

 
• Transpulmonary pressure (Ptp) will be estimated as the difference between airway and esophageal 

pressure using the formula:  (Ptp = airway pressure – esophageal pressure). 
 
• Dead space fraction (Vd/Vt) will be measured using mixed expired CO2 (PeCO2) monitoring. 
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5.2.4 Mechanical Ventilation Protocols 
 
Duration of protocol-specified ventilation 
The protocols that follow will specify the mechanical ventilation parameters to be followed until the patient is 
able to breathe unassisted for a period of 48 hours, dies, is discharged, or otherwise withdrawn from the study, 
or day 28 of the study (whichever comes first).   
 
Mechanical ventilator settings for both EPVent and Control groups 
The ventilation mode will be set to pressure control ventilation (PCV) or volume control ventilation (CMV) with 
an inspiratory to expiratory time ratio (I:E) between 1:1 and 1:3 (inspiratory to total time [Ti / Ttot] of 0.5 to 0.25). 
The ventilator mode will be chosen to minimize patient/ventilator dyssynchrony. 
 
Tidal volume (Vt) will normally be set to 6 mL/kg predicted body weight (PBW, working range 4–8 mL/kg) 
using the formulas, 
 

Females: (PBW = 45.5 + 2.3 [height in inches – 60]) 
Males: (PBW = 50 + 2.3 [height in inches – 60]). 
 

Tidal volume will be assessed every 4 hours in patients ventilated on PCV and ventilation adjusted to maintain 
target tidal volumes. 
 
Positive end-expiratory pressure (PEEP) and inspired oxygen fraction (FIO2) will be set according to EPVent or 
Control oxygenation tables below to maintain a target PaO2 of 55–80 mmHg or pulse oximeter saturation 
(SpO2) of 88–93%. In both groups patients will be maintained as far to the left of the table as possible 
employing the lowest PEEP/ FiO2 combination allowable.  
 
Respiratory rate will be set to 6-35 breaths/min according to EPVent or Control pH/PaCO2 management grids 
below to maintain a target pH of 7.30–7.45, and target PaCO2 of 40–60 mmHg. 
 
Recruitment maneuvers 
All subjects will have an initial alveolar recruitment maneuver performed by raising Paw to 35 cmH2O for 30 
seconds to standardize the lung volume history.  The airway pressure in this maneuver will be limited in the 
EPVent group as necessary to keep static transpulmonary pressure ≤ 20 cmH2O, which is the maximum 
allowable static inspiratory pressure for the EPVent group.  For patients in the control group, raise the Paw to 
35 cmH2O without regard for transpulmonary pressure. If blood pressure falls during the RM to below 90 
mmHg systolic, the RM should be terminated, and fluid resuscitation considered. 
 
Subsequent recruitment maneuvers may be used only if needed to reverse desaturation caused by lung 
deflation after suctioning or inadvertent ventilator circuit disconnection, and will not be done routinely to 
improve oxygenation.  Persistent hypoxemia will be corrected by protocol-appropriate increases in PEEP 
and/or FIO2, and, if necessary, by rescue maneuvers (see below). 
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5.2.4.1 Ventilator settings in the EPVent group 
 
General Approach 
The overall goals for the EPVent group are to employ an open-lung strategy that includes low tidal volumes 
and maintenance of a positive transpulmonary pressure at end-expiration. 
 
PEEP and FiO2 in the EPVent group 
PEEP and FIO2 will be set to achieve a transpulmonary pressure during an expiratory hold (Ptpexp) and FIO2 

combinations shown in one of the columns in Table 1 below. 
 
Before determining ventilator settings, 
 
1. Measure Ptpexp during an end-expiratory hold. 
 
2. Initially, increase (or decrease) PEEP to achieve Ptpexp = 0 by increasing (or decreasing) PEEP 
incrementally according to the formula: [new PEEP] = [initial PEEP] - Ptpexp. Repeat this procedure until Ptpexp 

= 0.  If this formula dictates an increase in PEEP of more than 10 cmH2O, increase PEEP in increments of 10 
cmH2O or less. 
 
When Ptpexp = 0, oxygenation should be reassessed. 
 

If oxygenation is above the desired range, decrease FIO2 one step (0.1), wait 5 minutes, and reassess. 
(Ptpexp should never be set to less than 0, and FIO2 should not be set to less than 0.3) 
 
If oxygenation is below the desired range, increase FIO2 one step (0.1) and/or increase PEEP to raise 
Ptpexp to achieve a combination listed in one column of Table 1, wait 5 minutes, and reassess. 

 
FIO2 and Ptpexp should be changed to achieve values shown in one of the columns of Table 1 below to meet the 
oxygenation target described above.  In most, but not all cases, this will result in an initial reduction of the pre-
enrollment FIO2 and an increase in the pre-enrollment PEEP to achieve an FIO2 & Ptpexp combination shown in 
Table 1. During the transition to study ventilation, raise or lower PEEP incrementally to achieve the desired 
Ptpexp and adjust FIO2 accordingly; reassess oxygenation in 5-10 minutes.  
 

Table 1- Oxygenation Management Table - EPVent group 
Step 1 2 3 4 5 6 7 8 9 10 11 12 13 
FIO2 0.3  0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0 
Ptpexp 0 0 0 2 2 3 3 4 4 5 5 6 6 

 
Note: FiO2 and PTPexp must be kept within one column of this table, moving right or left one column at a time as 
required by blood gas values or oxygen saturation. If a patient deteriorates between scheduled study 
measurements, and study staff is unavailable to make repeat measurements, the clinician can reassess. If 
needed, PEEP can be increased in increments of 2 cmH2O. Esophageal pressure measurements should be 
taken at the earliest opportunity to ensure trial ventilation is followed. Please record any deviations from trial 
ventilator settings on the appropriate electronic case report form. 
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Tidal volume and respiratory rate in the EPVent group 
Goal PTP at end-inspiratory hold is ≤ 20 cmH2O. Ventilator adjustments will not be made based on the airway 
plateau pressure. If plateau PTP exceeds 20 cmH2O, tidal volume will be decreased to 5 mL/kg or 4 mL/kg PBW 
as necessary. If after reducing Vt to 4 mL/kg the plateau PTP  continues to exceed 20 cmH2O then no further 
reductions in tidal volume are to be made.  If the patient has severe dyspnea or acidosis, the tidal volume may 
be increased to 7 or 8 mL/kg PBW as long as the plateau PTP < 20 cmH2O. 
 
PaCO2 and pH will be managed according to Table 2 below. 
 
Table 2- pH/PaCO2 Management Grid – EPVent Group 

Target 

pH < 7.15 pH = 7.15 – 7.29 pH = 7.30 – 7.45 pH > 7.45 
↑ RR up to a 
maximum of 35 /min. 
Keep PaCO2 > 25 
mmHg. 

↑ RR up to 35 /min 
(max).  Keep PaCO2 
> 25 mmHg. 

Maintain Vt at or 
near 6 mL/kg 
PBW and RR 20 – 
35 /min to keep 
PaCO2 = 40-60. 

↓ RR as needed 
but not below 6 
/min to keep 
PaCO2 = 40-60. 

Consider NaHCO3 Consider NaHCO3   

If needed, ↑ Vt 1 ml/kg 
increments up to 
plateau PTP limit of 20 
cm H2O. (Keep Vt ≤ 8 
ml/kg) 

If needed, ↑ Vt 1 
ml/kg increments up 
to plateau PTP limit of 
20 cm H2O. (Keep Vt 
≤ 8 ml/kg.) 

 If needed, ↓ Vt in 1 
ml/kg decrements 
but not below 4 
ml/kg. 

 
Transitioning the EPVent group to Conventional Ventilation 
Once a patient has reached step 2 or 3 on the FiO2 / Ptpexp table (Table 1), has been stable on these settings 
for at least 24 hours and has been on the EPVent protocol for at least 48 hours, the attending physician may 
consider at his discretion transitioning to the conventional PEEP/ Fi02 table and begin weaning. If the patient 
has reached step 1 for at least 12 hours and been on the EPVent protocol for at least 48 hours conversion to 
the conventional PEEP/ FiO2 table is mandatory. 
 
When converting to the conventional PEEP/ FiO2 table, start at step 6 (Table 3) with an FiO2 of 0.4 and PEEP 
14 cm H2O (or a lower step if needed to match the current PEEP). Within the first two hours of transitioning 
patients may go up to a FiO2 of 0.6 and a PEEP of 16. If however at the end of two hours they are not at or 
below step 6, they are to be returned to the EPVent protocol. 
 
After converting to the conventional PEEP/ FiO2 table patients in the EPVent group will receive identical 
mechanical ventilation and weaning to those in the control group. 
 
Table 3. 
Step 1 2 3 3 5 6  
FiO2 0.3 0.3 0.3 0.4 0.4 0.4 Return patient to EPVent protocol settings 
PEEP 5 8 10 10 12 14 
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If any of the following conditions is met within 48 hours of transitioning to the conventional PEEP /FiO2 table, 
patients will be deemed transition failures and returned to the EPVent protocol. 

• SpO2 < 88% on PEEP 14 and FiO2 0.4 (or a requirement for PEEP / FiO2 levels higher than these to 
maintain adequate SpO2) for 1 hour or longer. 

• If the pH falls to less than 7.15 despite efforts to augment minute ventilation. 
 
When transitioning back to the EPVent protocol, a RM will be performed and the patient placed on the last 
EPVent protocol settings.  
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5.2.4.2 Ventilator settings in the Control group 
 
General Approach 
The overall goals for the Control group are similar to those for the EPVent group: to employ an open-lung 
strategy that includes low tidal volumes using an alternative high PEEP strategy. 
 
If the patient is in the control group, select the initial ventilator settings based on Table 4 before measuring 
esophageal pressures. This will help reduce possible influence of knowledge of pressure measurements on the 
control patient’s ventilator settings.  After determining what the ventilator settings will be per Table 4, please 
take the initial measurements and set the ventilator according to Table 4. 
 
PEEP and FIO2 in the Control group 
The control group PEEP and tidal volume will be managed without reference to the esophageal pressure 
measurements. PEEP and FIO2 will be raised or lowered to achieve the oxygenation target level using Table 4 
below. Values on this table represent set PEEP level on the ventilator and not total PEEP. 
 
Table 4- Oxygenation Management Table – Control Group 

Step 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
FIO2 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.7 0.8 0.8 0.9 1.0 1.0 
PEEP 5 8 10 10 12 14 16 18 18 20 20 20 20 22 22 22 24 

 
FIO2 and PEEP must be kept within one column of this table, moving right or left one column at a time as 
required by blood gas values or oxygen saturation. During the initial transition to study ventilation, raise or 
lower PEEP incrementally and adjust FIO2 accordingly to achieve the desired column in table 4; reassess 
oxygenation in 5-10 minutes. Patients will be managed as far to the left on this chart as possible, employing 
the lowest PEEP / FiO2 combination needed to maintain target oxygenation. Do not reduce PEEP by more than 
2 cmH20 every two hours to prevent rapid de-recruitment of the lung.  Provided oxygenation targets are 
maintained, patients can be moved to the next-left column on the table as quickly as one step every two hours. 
Adjustments more frequently than this are discouraged. 
 
Deviating from the PEEP/FiO2 chart 
If a patient’s lungs appear over-distended on chest radiography, and/or they are unresponsive to increments in 
PEEP, a lower PEEP may be indicated. This may be applicable when a patient’s severity of hypoxemia seems 
out of keeping with the extent of airspace disease seen on their current chest X-ray. In this setting, if a patient 
requires FiO2 > 0.6 for greater than 2 hours and intravascular volume is optimized, clinicians may trial a lower 
PEEP at the discretion of the physician 

• If oxygenation worsens: 
o Raise the PEEP back towards its previous level 

• If oxygenation is stable or improved: 
o Leave the PEEP at the reduced level 
o Wean FiO2 as tolerated until a listed combination on the PEEP/FiO2 chart is reached 
o Continue Adjusting FiO2 and PEEP According to the chart 

 
Tidal volume and respiratory rate in the Control group 
Goal plateau pressure in the control group is ≤ 35 cmH2O. If plateau pressure exceeds 35 cmH2O, tidal volume 
will be decreased to 5 ml/kg or 4 mL/kg PBW as necessary. For patients on PCV driving pressure should be 
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reduces to achieve this goal. If the patient has severe dyspnea or acidosis, the tidal volume may be increased 
to 7 or 8 mL/kg PBW as long as the plateau pressure < 35 cmH2O.   
 
If plateau pressure remains above 35 cmH2O, reduce PEEP and increase FiO2. (Please note the deviation 
from protocol-specified settings in the appropriate electronic case report form.)  Reassess the patient after four 
hours to determine if he or she can move back to the control table settings.  Should PEEP reduction lead to 
desaturation, the protocol has failed. Under these circumstances, please consider rescue therapy. 
 
PaCO2 and pH will be managed according to Table 5 below. 
 
Table 5- pH/PaCO2 Management Grid – Control Group 
 

Target 
pH < 7.15 pH = 7.15 – 7.29 pH = 7.30 – 7.45 pH > 7.45 

↑ RR up to 35 /min (max). 
Keep PaCO2 > 25 mmHg. 

↑ RR up to 35 /min 
(max). Keep PaCO2 > 
25 mmHg. 

Maintain Vt at or near 
6 ml/kg PBW and RR 
20 – 35 /min to keep 
PaCO2 = 40-60. 

↓RR as needed 
but not below      
6 /min to keep 
PaCO2 = 40-60. 

Consider NaHCO3 Consider NaHCO3   

If needed, ↑ Vt in 1 ml/kg 
increments but do not 
exceed 8 ml/kg.  Pplat can 
exceed 35 cmH2O in 
extreme acidosis. 

If needed, ↑ Vt in 1 
ml/kg increments up to 
8 ml/kg but do not 
exceed Pplat = 35. 

 If needed, ↓ Vt in 
1 ml/kg 
decrements but 
not below 4 ml/kg. 
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5.2.4.3 Common procedures for both groups 
 
Rescue procedures 
 
If either of the protocol ventilation strategies above fail to maintain PaO2 ≥ 55 mmHg or the SpO2 ≥ 88% with 
FIO2 of 1.0 or if acidosis is severe and cannot be controlled, the protocol will be determined to have failed, and 
alternate therapies (rescue measures) will be employed. Rescue measures will be chosen according to the 
practice at the clinical site, and may include repeated recruitment maneuvers, prone positioning, nitric oxide, 
epoprostenol sodium, airway pressure release ventilation, high frequency ventilation, or ECMO. The patients 
will continue to be followed and included in the analysis on an intention-to-treat basis. Failure of the protocol 
and subsequent need for rescue therapy will constitute a secondary outcome.  Control group patients will not 
be allowed to cross-over to the EPVent group. 
 
 
Hemodynamic Instability 
 
We provide the following guidelines as additional safeguards for cardiopulmonary instability that may be 
related to high levels of PEEP. 
 

o Instability while increasing PEEP: If a patient becomes hypotensive (mean arterial pressure [MAP] < 
60 mmHg that is clinically important) or desaturates (SpO2 < 88%) following an increase in PEEP, 
physicians should consider fluid administration and/or vasopressors; clinicians may (but are not 
required to) reduce PEEP. After stabilization, if it was lowered, increase PEEP in increments of 2 
cmH2O, as tolerated, to the desired level. If hypotension and/or hypoxemia persist, discontinue, if 
possible, all systemic vasodilators (nitroglycerine, nitroprusside, dobutamine, excess sedation and/or 
analgesics, etc.) and increase PEEP in increments of 2 cmH2O to the desired level. Failing that, 
increase PEEP to the maximum level tolerated (MAP > 60 mmHg; SpO2 > 88%). 

 
o Instability without change in PEEP: If a patient becomes hypotensive (MAP < 60 mmHg or 

desaturates (SpO2 < 88%) on any level of PEEP and the PEEP is thought to be contributory, physicians 
may reduce PEEP for a trial period of 5-10 minutes.  If there is no improvement, the hypotension is 
unlikely to be related to the PEEP and the patient should be returned to the previous level of PEEP. If 
there is an improvement in hemodynamics following the trial decrease in PEEP the patient should be 
supported with additional fluids and vasopressors and an attempt made after that to return the patient 
to study settings as described above. An attempt to return to appropriate levels of PEEP must be 
attempted at least on a daily basis.   
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Weaning from controlled mechanical ventilation 
The EPVent or Control ventilator protocols will be continued until patients are able to breathe unassisted for 48 
hours, death, discharge, study withdrawal, or day 28, whichever comes first. Patients will be assessed for the 
following criteria each day between 0600 and 1400. If a patient procedure, test, or other extenuating 
circumstance prevents assessment for these criteria between 0600 and 1400, then the assessment and 
initiation of subsequent weaning procedures may be delayed for up to four hours.  Weaning may be initiated 
only after all the following criteria are met: 
 

1. FIO2 is ≤ 0.4 
 
2 PEEP is 10 cmH2O or less.   
 
3. Systolic arterial blood pressure is ≥ 80 mmHg without escalating vasopressor requirements or 

hemodynamic instability.  (For example, a patient on stable or decreasing vasopressor requirements 
should not be prevented from weaning.) 

 
4. The patient is able to make breathing efforts to trigger the ventilator for pressure support ventilation. 

 
 
If the above conditions for weaning are met, the patient will be liberated from sedation and assessed for 
weaning between 0600 and 1400 with a trial of either spontaneous breathing or pressure support ventilation 
using the following procedure: 
 

1. Pressure support ventilation (PSV) will be initiated with a level of pressure support to achieve the pre-
weaning tidal volume and a PEEP level equal to the PEEP level prior to weaning. 

 
2. If the patient tolerates PSV with this level of PEEP and pressure support (see definition of tolerance 

below) for a period of 30 minutes, reduce the PEEP level by 2 cmH2O every hour and reassess 
toleration.  If the tidal volume increases to more than the 8 mL/kg PBW, decrease the pressure support 
level by 5 cmH2O. 

 
3. PEEP and/or pressure support levels during PSV may be reduced in this way every 1 hour based on 

clinical judgment. 
 
4. If any given level of PEEP or pressure support is not tolerated (see below for criteria) at a given level of 

PEEP, raise PEEP and/or pressure support level to the preceding higher level or, if this is the first trial 
of PSV, return ventilation to the protocol-determined level of controlled ventilation that was used before 
the trial of PSV weaning.  For patients who have been on PS for a significant period of time and then 
require more support, the study team should place the patient on the step of the table that is most 
appropriate based on the patient’s current status.  The patient's readiness for weaning should be 
reassessed the next morning. 

 
5. When the patient has been supported by PSV for more than 12 hours or has been weaned to a PEEP of 

≤ 10, a spontaneous breathing trial (SBT) should be performed daily according to local practice at each 
clinical site. 
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Criteria indicating toleration of a given level of pressure support ventilation 
 
The patient must fulfill all of criteria listed below to be considered as tolerating a given level of PSV: 

1. Ability to consistently trigger the ventilator or breathe unassisted 
2. Breathing rate ≤ 35 bpm 
3. Tidal volume ≥ 4 mL/kg 
4. SpO2 > 88% 
5. No respiratory distress as evidenced by any 2 of the following: 

o Patient reports severe shortness of breath 
o HR ≥ 120 
o Diaphoresis 
o Use of accessory muscles of respiration 
o Abdominal paradox 

 
 
Spontaneous breathing trials and extubation 
 
A trial of spontaneous breathing will be initiated on CPAP ≤ 5 cmH2O (with or without tube compensation or 
pressure support ≤7), T-piece, or tracheostomy mask with FiO2 ≤ 0.50.  The following criteria will be required to 
continue with spontaneous breathing:  

1. SpO2 ≥ 90% and/or PaO2 ≥ 60 mmHg.  
2. Spontaneous tidal volume ≥ 4 mL/kg ideal body weight.  
3. Respiratory Rate ≤ 35/min.  
4. pH ≥ 7.30 if measured.  
5. No respiratory distress (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.  

6. Clinician assessment that the patient can maintain their airway and is able to clear their secretions. 
 
If criteria 1-5 are met for > 30 minutes, unassisted breathing will be initiated. If any of criteria 1-5 are not met 
during the 30 minute trial, then patient will be returned to PS at the settings used prior to the spontaneous 
breathing trial, and tolerance will be reassessed. 
 
 
Definition of unassisted breathing 
 
1. Extubated with face mask, nasal prong oxygen, or room air, or 
2. T-tube breathing, or 
3. Tracheostomy mask breathing, or 
4. CPAP = 5 without PSV or IMV assistance. 
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Definition of unsuccessful extubation 
 
If reintubation occurs within 48-hours of extubation, this event will be noted as a reintubation, and the patient 
should resume the study ventilation. 
 
 
Completion of ventilator procedures.  
 
Patients will be considered to have completed the study ventilator procedures if any of the following conditions 
occur:  

1. Death.  
2. Hospital discharge.  
3. Patient or proxy withdraws consent 
4. Clinician or researcher determines that the trial is no longer in the patient’s best interest 
5. Completed a period of 48 hours of unassisted breathing.  

 
If a patient requires positive pressure ventilation after a period of unassisted breathing, these will be at the 
discretion of the team caring for the patient. 
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5.2.5 Echocardiography 
 
At select centers, a complete transthoracic or transesophageal echocardiogram will be performed on patients 
in both groups at the following time points: 1) after enrollment in the study and prior to initiation of study 
procedures, 2) on day two.  These exams will be performed only at participating sites. 
 
5.2.6 Ancillary Imaging study 
 
See appendix for procedures pertaining to the ancillary CT imaging study. These exams will be performed only 
at participating sites. 
 
5.2.6 Specimen Collection 
 
Table 5. Biomarkers of interest 
 

Plasma Biomarker 
 

Importance in ALI/ARDS Development 

Surfactant  Protein-D (SP-D) 15-17 Reflect injury and ↑ permeability of alveolar epithelium 

Receptor for advanced glycation end products (RAGE) 18-20 Reflects endothelial activation and injury 

Intercellular adhesion molecule-1 (ICAM-1) 15, 21-24 Reflects endothelial activation and injury 

Interleukin-6 15, 25-27 Inflammation 
Interleukin-8 (IL-8) 25, 26, 15, 19, 21, 27 Inflammation 

Plasminogen activator inhibitor-1 (PAI-1) 15, 21, 28-32 Activation of coagulation and inhibition of fibrinolysis 

Von Willebrand Factor (VWF) 54, 58, 68, 70-71 Reflects endothelial activation and injury 

Protein C  (PROTC) 54, 60, 67, 69, 72  Activation of coagulation and inhibition of fibrinolysis 

 
Specimen Collection: A total of 39 mL of blood will be drawn for biomarker analysis from patients enrolled in 
the trial.  One 10 cc EDTA tube of blood will be collected at each three time points during the course of the 
study: baseline, day three and seven after study enrollment.  For further details on specimen storage, 
collection and shipping, see the separate specimen processing manual. 
 
The blood samples at each time point will be used for the biomarkers study.  Sample biomarkers of interest are 
listed in Table 5 above. Patients will have the option of consenting to have their blood stored in a biorepository 
for future investigations, including genetic testing.  For patients who grant specific consent, any blood left over 
after biomarker analyses will be stored indefinitely in a biorepository located at the Harvard School of Public 
Health (HSPH).  This information will not become part of the patient’s medical record.  Investigators will apply 
for access to this blood by submitting a written proposal to a research subcommittee. Applications would 
require (each one) IRB approval from their institution and from the study core at BIDMC.  Dr. Christiani will only 
receive de-identified specimens, and the code will be held by the PI (Talmor).  These specimens will only be 
obtained from patients who give specific consent, prospectively, for this portion of the research study. 
 
Sample Shipping:  Plasma samples for the biomarker study will be processed, frozen and shipped in batches 
on dry ice by commercial carrier to HSPH for storage as specified in the data management and specimen 
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management document.  All local sites will also send to the biorepository data on whether the patient 
consented for DNA collection and use of plasma samples for future studies beyond the parent trial.  If the 
patient consented to DNA extraction, the DNA will be shipped to HSPH for storage.  
 
Specimen Storage and Retrieval:  Storage and retrieval of samples will operate under the best practices set 
out by NCI and International Society of Biological and Environmental Repositories (ISBER).  All samples in the 
biorepository are tracked and archived using the a database linked to the centralized sample tracking system 
to provide efficient storage, retrieval and chain of custody information and meeting GLP and FDA Guidelines, 
including 21 CFR part 11 requirements.  Plasma will be stored at -80°C freezers, and DNA samples for those 
patients who consented to DNA collection will be stored at -80°C.  
 
After analysis for the parent trial is completed, left over plasma samples from those patients who did not 
consent to the storage and use of their samples for future studies will be retrieved and destroyed.  Left over 
samples from patients who consented to storage and use of their samples for future studies will continue to be 
stored at HSPH.  When requests for samples for future studies are approved by the EPVent2 Executive 
Committee and Ancillary Studies and Publication Committee, then samples will be retrieved and sent on dry 
ice to the requesting investigator.  No samples will be sent without evidence of IRB approval or exemption from 
the requesting institution. 
 
5.2.7 Follow-up procedures 
 
A mortality assessment is performed at 60 days after enrollment. Study staff performs a medical record review 
to determine vital status. If there are no medical records on file within two weeks of the 60-day mark, team 
members will call the study patient to determine mortality status. A maximum of three attempts are allowed by 
phone. 
 
Each patient will be contacted by phone 12 months after they enrolled in the EPVent2 trial.  On these calls the 
investigator will gather information pertaining to mortality, and various functional measures as assessed via 
validated questionnaires:  

• Short-Form 12: all patients 
• Barthel Index: all patients 
• Vulnerable Elder Survey: patients age 65 and older 
•  

 
A maximum of three attempts are allowed by phone, after which point if the investigator has been unable to 
reach the participant or surrogate, a certified letter may be sent with the questionnaires attached and a self-
addressed stamped envelope inviting the patient/surrogate to respond.   
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5.3 Premature withdrawal from study 
 
Patients may withdraw from the study at any time without prejudice. Clinical circumstances that would 
necessitate a patient’s withdrawal from the study are detailed in the table below: 
 
Table 6. Stopping Criteria for Individual Patient 
 

Condition Detail Justification for withdrawing patient 
from trial 

Esophageal injury 
 

bleeding varices, hematamesis, 
esophageal trauma, need for esophageal 
surgery, etc. 

In ability to continue making esophageal 
pressure measurements 

Development of elevated intracranial 
pressure or conditions where 
hypercapnia-induced elevations in 
intracranial pressure should be avoided 

Intracranial pressure greater than 25 
mmHg. CT indication of increased ICP 

Contraindication for high-PEEP ventilation 
strategy 

Development of broncho-pleural fistula or 
other air leak 

Pneumothorax, leak from existing chest 
tube, pneumomediastinum, broncho-
pleural fistula 

Contraindication for high-PEEP ventilation 
strategy 

Withdrawal of support  Patient/family wishes to withdraw life 
support 

Inability to ethically retain patient in trial 

Need for rescue therapy  Prone positioning, ECMO, nitric oxide, 
high-frequency oscillation, etc. 

Rescue therapy is an endpoint of the trial 

 
Furthermore, the patient or surrogates may withdraw consent at any time, and the investigator can discontinue 
any patient at any time if he or she deems it medically necessary.  If the decision is made to withdraw the 
patient from the active portion of the trial, the patient’s ventilator settings will be managed entirely by the 
clinical team according to institution practice and attending physician clinical judgment. 
 
It is important to obtain complete follow-up data for all patients whether or not they receive their assigned 
treatment. Every attempt will be made to collect follow-up information except for those patients who specifically 
withdraw consent to release of such information.  All procedures and laboratory specimens or tests will be 
carried out when possible whether or not a patient continues to receive treatment according the protocol.  It will 
be documented as to whether or not each patient completed the study.  If for any reason the study treatment or 
observations were discontinued, the reason will be recorded and the MCC will be notified promptly. 
 
Patients who withdraw early from the study will be assessed for the primary endpoint via medical record review 
if the patient consents to the collection of this data. The participant will be encouraged, per intention to treat, to 
complete study assessments regardless of intervention compliance.  The primary outcome may be assessed 
through phone contact with the patient in the event of early discharge. All primary and secondary analyses will 
be based on the intent-to-treat population. 
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5.4  Data Safety and Monitoring Board (DSMB) and Termination of Study 
 
Judgment concerning the continuation or termination of the study will only be based on recommendations from 
the DSMB.  The DSMB will play a valuable role in advising the study leadership on the relevance of advances 
in the diagnosis and treatment of patients.  A number of therapeutic or diagnostic testing advances may 
possibly occur during the course of the trial.  The DSMB will need to help put these advances in proper 
perspective.  If protocol modifications are warranted, close consultation among the DSMB, the NHLBI staff, 
and the study leadership will be required.  A separate DSMB charter that outlines in detail the operating 
guidelines for the committee and the protocol for evaluation of data will be developed prior to the start of 
patient randomization and agreed upon in the initial meeting of the DSMB.  Minutes of all DSMB meetings will 
be prepared and promptly distributed to committee members and study sites. 
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6 STATISTICAL CONSIDERATIONS 
 
6.1 Primary Endpoint 
 
The trial will utilize a primary composite endpoint that incorporates death and days off the ventilator at 28 days 
in such a manner that death constitutes a more serious outcome.  Each subject in the trial is compared to 
every other subject in the trial and assigned one number resulting from each pair-wise comparison as shown in 
Table 7 (win +1; lose-1; deuce=0). Since mortality outcome is clinically more important, mortality takes 
precedence over days off the 
ventilator.  These scores are 
summed up to obtain a cumulative 
score for each subject.  The 
cumulative scores are added up for 
each treatment group to form a test 
statistic by the Mann-Whitney 
technique. 
 
6.2 Secondary Endpoints 
 
The current study is designed 
additionally to detect important 
differences in ventilation and 
respiratory parameters between the 
groups, including; PaO2/FiO2 ratio; 
PEEP; dead space ventilation; lung 
compliance and transpulmonary inspiratory and expiratory pressures.  Secondary clinical outcomes will include 
requirement for rescue therapies; length of mechanical ventilation, and length of stay in ICU and hospital.  The 
individual components of the composite endpoint will be reported separately as well. 
 
6.3 Sample size calculation 
 
Sample size calculations were performed by simulating 1000 samples on SAS software. The samples were 
assigned basic distribution features of our pilot study.  The following assumptions were made: 

• We assume that 28-day mortality will be 30% and 20% in Control and EP groups respectively 
(conservative estimate as compared to 38.7% in conventional treatment and 16.7% in the EP treatment 
observed in the pilot study). 

• The distribution of days free from ventilation followed the properties of the pilot study and was assigned 
in two stages:  

o First, the proportion of patients with 0 days free from ventilation was assigned (as 10% in 
conventional treatment and 15% in EP treatment, reflecting the higher percentage of alive but 
still ventilated patients at day 28  in EP group)  

o Second, the rest of the values were assigned normal values with mean equal 13.0 and 15.0 
days in conventional and EP groups, respectively (standard deviation 6.5 days in both groups).  

• Within each sample the score for each patient was computed based on comparison of each patient in 
one group to all patients in the second study group.  These values were further compared by Mann-

Table 7: Assignment of scores for primary outcome. 
Subject Outcome Pair-wise comparison scores Σ 

Pt A1 Death -1 0 -1 -1 0 -1 -1 -5 

Pt A2 VFD 02 +1 +1 -1 -1 +1 -1 -1 -1 

Pt A3 Death 0 -1 -1 -1 0 -1 -1 -5 

Pt A4 VFD 12 +1 +1 +1 +1 +1 +1 -1 +5 

      Group A sum -6 

Pt B1 VFD 06 +1 +1 +1 -1 +1 -1 -1 +1 

Pt B2 Death 0 -1 0 -1 -1 -1 -1 -5 

Pt B3 VFD 08 +1 +1 +1 -1 +1 +1 -1 +3 

Pt B4 VFD 20 +1 +1 +1 +1 +1 +1 +1 +7 

      Group B sum +6 
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Whitney procedure within each of 1000 samples and their p-values recorded (PROC NPAR1WAY 
WILCOXON).  

 
The proportion of tests with p-value < 0.05 was 85.7% with a sample size of 100 patients in each study group. 
Therefore, we may expect that sample size of minimum 100 patients in each study group will provide the study 
with 85.7% power to detect a difference in primary outcome at 5% of significance. 
 
6.4  Missing Data:  
 
For the proposed trial, we anticipate that the proportion of participants with missing primary evaluation will be 
small (<1%).  For the primary analysis we will assign death to all patients lost to follow-up prior to the 28-days.  
Secondary sensitivity analysis will consider these patients alive and their ventilation status assessment will be 
based on the last available observation. 
 
6.5  Analysis sets 
 
Primary analyses will use the set of all randomized subjects (intention-to-treat, ITT sample).  We anticipate 
compliance to be high, but it is possible that patients in the EPVent arm may not initiate the EPVent protocol 
due to difficulty placing the esophageal balloon.  In addition, patients who die in the first 24 hours might be too 
sick to benefit from the presumed benefit of EP based ventilation.  Therefore a second analysis set, per 
protocol (PP sample) will use subjects who a) survived 24 hours from randomization; b) underwent the 
assigned intervention (i.e. the control or intervention ventilation protocol was initiated and successfully 
implemented for at least 24 hours) and c) data on day 28 assessment are available. The results of analyses 
using PP will be compared with results using the full set of all randomized subjects (intent-to-treat analyses) to 
test sensitivity of primary findings.  
 
Interim Analyses 
The Data and Safety Monitoring Board (DSMB) will routinely monitor the study (see Human Subjects section 
for complete discussion). Three meetings are planned: at 25%, 50%, and 75% of enrollment.  An interim 
analysis will be performed at 50% of planned enrollment. We do not propose an early stopping rule for efficacy 
as this Phase II trial is unlikely to result in a benefit with confidence intervals narrow enough to provide 
compelling evidence to change practice.  However, the DSMB may stop the trial for safety at any time.  The 
DSMB operations (reporting structure, specific stopping rules, etc.) are further described in the DSMB charter. 
 
Safety Analyses 
The safety endpoints will be examined for all participants in the safety evaluable analysis set.  Safety endpoints 
will include expected clinical events, including death, for this patient population and summarized by treatment 
group.  Also, all serious and unexpected adverse events will be summarized by treatment group.  Fisher’s 
exact test will be used to estimate treatment differences in the incidence of each specified adverse event.  No 
adjustments will be made for multiple hypothesis evaluations of safety endpoints.  Adverse events will be 
summarized with groupings by body system and preferred term using the REDCap system.  Other safety data 
(e.g., labs and assay data) will be listed, and when appropriate, summarized in tabular or graphical format. 
 
6.6 Halting Rules 
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The DSMB will monitor the progress of the trial. The trial will not be stopped for efficacy or futility. Suggested 
stopping rules for safety are outlined in the associated DSMB protocol however any recommendation by the 
DSMB to halt the trial will be based on the totality of the safety data.  The DSMB, whose members will be 
independent from the study operations, will have regular conference calls and e-mail correspondence to review 
safety data, including mortality data, at 50, 100 and 150 patients.  An interim analysis could be performed at 
any time to assess safety if requested by the DSMB.   
 
Any action taken by the committee, and the reasons for the action, will be recorded.  These documents will 
include any data summaries or analyses provided to the DSMB and will remain confidential until the study is 
concluded.  The DSMB may choose to stop enrollment on the basis of safety data observed.  If safety 
concerns are found, further enrollment will not be allowed until issues are resolved.  If no safety concerns are 
found, enrollment will continue until the target sample size is reached. 
 
6.7  Blinding 
 
Investigators will remain blinded to the results of the study until study completion. The patient safety monitor, 
the unblinded statistician and the DSMB will have full access to unblinded data throughout the study. 
 
6.8 Decision to proceed with phase III trial  
 
The decision to proceed with phase III trial is formally outlined in below.  
 
Initiate Phase III Study:  Demonstrated efficacy signal in addition to adequate safety profile 
Criteria:  Primary end-point of the trial achieves statistical significance.  
 
Further Development Potentially Required: Weak efficacy signal 
Criteria:  Primary endpoint did not achieve a priori level of significance but is in the right direction and there 
was a general consistency of secondary endpoints indicating propensity for efficacy and no increased mortality 
in the treatment arm.  
 
Abandon Treatment Platform: Harm (in efficacy or safety endpoints) 
Criteria:  Study terminated early per recommendation by DSMB for safety and/or risk/benefit ratio concerns 
(i.e., stop for harm, unacceptable risk profile, etc.) 
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7 DOCUMENTATION & SITE OVERSIGHT 
 
7.1 Documentation 
 
By signing the protocol, the investigator acknowledges that, within legal and regulatory restrictions and 
institutional and ethical considerations, study documentation will be promptly and fully disclosed to the Medical 
Coordinating Center (MCC), BIDMC, by the investigator upon request and also shall be made available at the 
investigator’s site upon request for inspection, copying, review, and audit at reasonable times by 
representatives of either NIH and/or MCC or responsible government agencies as required by law.  
 
The investigator agrees to promptly take any reasonable steps that are requested by MCC or responsible 
government agencies as a result of an audit to correct deficiencies in the study documentation. 
 
All data collected on this trial must be verifiable.  Sites are expected to retain source documents (medical 
records, laboratory reports, etc.) in folders for each study patient.  All data recorded by study personnel should 
be reviewed and signed off on by the PI. The original signed consent forms must be kept by the investigator. 
 
7.2 Site Monitoring 
 
Protocol Violations and Deviations 
Sites are responsible for monitoring their own adherence to study protocol and reporting any protocol violation 
or deviations to their local IRB in the time and manner required per institution policy.  Any local IRB reports of 
protocol violation or deviations must then be forwarded to the MCC by email or fax.  
 
Data Fidelity 
Two of the first five patients enrolled will be remotely monitored. A random sample of at least 10% patients 
enrolled after that will be monitored using a remote monitoring technique developed by the ARDS Network.  
The MCC will e-mail an audit tool that contains the patient study number, an inclusion and exclusion criteria 
checklist, and selected study and outcome data elements that were entered into the eCRFs when the patient 
was on study.  A member of the research team that did not enter the data into the eCRF originally will then 
reconcile the eCRF data with the patient record (source document).  Any discrepancies will be noted on the 
audit tool and returned to the MCC and the errors will be corrected by the site investigators in the eCRFs.  
Sites with unacceptable data entry error rates will undergo additional training and more focused remote 
monitoring and / or on-site monitoring.   Scanned versions of the signed informed consent documents for this 
random sample will be reviewed centrally for the necessary signatures and dates and confirmation that the 
consent version used was IRB approved at the date and time of study entry. 
 
Quality of Esophageal Pressure Measurements 
At the time of pressure measurements, site investigators will record tracings of PTP and other pressures at the 
time of an end-expiratory hold and an end-inspiratory plateau.  These recordings on the CRF and digital 
recordings of physiological signals will be electronically transferred through RedCap on the day of study.  
Physiologic recordings will be downloaded from RedCap by the PCL and analyzed.  Measurements, including 
flow, airway, esophageal, and transpulmonary pressures, will be independently read by the PCL using the 
digital record and entered on a separate CRF.  Readings by the PCL and those previously entered by the site 
will be compared for error checking and quality control.  Serious reading errors or data quality problems 
detected by the PCL staff will be transmitted to the sites for corrective action. For example, an artifact would be 
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suspected if the esophageal amplitude and average level decreased during a run of constant ventilation, 
suggesting a possible leak in the recording system and a corresponding decrease in the balloon volume.  An 
error in interpretation would be identified if esophageal pressure and PTP were measured at the time of an 
inspiratory effort instead of during relaxation.  All errors and artifacts will be noted and tabulated.  If consistent 
measurement errors are found, recurrent training will be provided for the clinical sites.  Data on accuracy of 
measurements and compliance with goal mechanical ventilation will be reported regularly to the DSMB.  
 
Study Close-Out 
At the end of the trial, the MCC will conduct a site close-out call to resolve remaining data queries, assure 
proper return/destruction of study supplies, and review record retention and regulatory responsibilities. 
 
 
7.3 Site Replacement 
 
Sites will be provided with a milestone grid indicating the acceptable timeline for IRB approval, commencement 
of screening activities, and enrollment targets.   
 
Back up sites have been identified in the case that enrollment cannot be continued in any of the original sites 
for the reasons of compliance, feasibility or safety. 
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8 RISK ASSESSMENT 
 
 
8.1 Ventilator management risks 
 
Risks associated with Esophageal Balloon 
There is a potential risk of the esophageal balloon-catheter, which includes nasopharyngeal or esophageal 
injury or perforation, aspiration, and discomfort.  Although the true incidence of complications with esophageal 
balloon placement is unknown, in over 1000 placements of balloon catheters at BIDMC, we have not observed 
a complication.   
 
Risks of Hemodynamic Instability  
Both the control and intervention strategies involve high levels of PEEP.  Increasing intra-thoracic pressure in 
this way has been associated with hemodynamic instability in particular in patients with low preload. The 
mechanism of this hemodynamic instability involves both a reduction in preload as well as an increase in 
afterload to the right ventricle. Data from the original EPVent trial did not demonstrate increased hemodynamic 
instability in patients managed according to the EPVent protocol. Specifically there was no difference in either 
fluid balance or use of vasoactive drugs use between groups. To mitigate risk, in this trial, patients in both 
groups will have an initial assessment of volume status on enrollment. Patients assessed to be hypovolemic 
will receive fluid bolus prior to institution of study procedures.  Volume status and use of vasoactive drugs will 
be secondary outcomes for the study. In addition, some centers are participating in a sub-study where all 
patients will be further assessed by daily echocardiograms.  
 
Risk of Losing the Airway 
While placing or manipulating the esophageal balloon there is a very small risk of accidental dislodgement of 
the endotracheal tube. We have not seen this complication in over 1000 placements but it is theoretically 
possible.  
 
Risks associated with the EPVent protocol 
In our pilot study use of the esophageal guided protocol was associated with improved clinical outcomes and a 
trend to reduction in adjusted 28-day mortality.  In a larger study, this benefit may not exist and there is the 
possibility that the intervention is associated with harm to the patients.  There are two specific risks that may be 
associated with the study protocol, which will be closely monitored. 
 

Barotrauma- Many patients in the study protocol group will be ventilated with a higher airway pressure 
required to achieve positive transpulmonary pressures.  While the relationship between airway 
pressures and the development of air leaks is controversial, this possibility must be taken in to 
account.75  Patients with significant preexisting air leaks will be excluded from the study both to 
minimize the possibility of exacerbating the leak and because of the difficulty in achieving adequate 
measurements of transpulmonary pressure.  Patients in both groups will be closely monitored for the 
development of new air leaks.  It should be pointed out that in our preliminary study there were no 
incidents of air leak in either group. 

 
Worsening Ventilator Associated Lung Injury- Our preliminary data suggest that patients’ oxygenation and 

compliance is improved using a strategy of optimizing the transpulmonary pressure.  This finding may 
not be borne out in the larger EPVent2 study.  It will be difficult, given the critical nature of ARDS and 
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the high rates of morbidity and mortality, to identify worsening VILI as the cause of death in any 
individual patient.  

 
 

8.2 Imaging risks 
 
See separate document 
 
8.3 Blood draw risks 
 
Additional risks in both study groups include those associated with extra blood draws, such as bleeding, 
bruising and pain at the phlebotomy site.   
 
8.4 Confidentiality  
 
Potential breach of confidentiality is a risk in both study arms.   
 
8.5 Mitigation of risks 
 
In addition to the monitoring for study defined outcomes, investigators will determine daily if other clinical 
adverse experiences occur during the period from enrollment through hospital discharge or death, whichever 
occurs first.  As part of the EPVent2 study, the data safety and monitoring board (DSMB) will meet on a regular 
basis to ensure that no serious adverse consequences occur as a result of either administering or withholding 
the intervention.  The DSMB will be chaired by Dr. Arthur Slutsky of the University of Toronto.  Reports for 
review by the DSMB will be prepared by the MCC.  The DSMB will include five members not involved in the 
research.   
 
We will assess safety by mandatory reporting of adverse events (AEs) and serious adverse events (SAEs) 
throughout the study period, with the DSMB regularly reviewing all events.  If it is determined by the DSMB that 
there is an unacceptable safety risk, further accrual into either intervention arm or to the entire study will be 
stopped.  Mortality data and ventilator-free data will be provided to the DSMB after accrual of 50, 100, and 150 
patients to assess the overall impact of the protocol on mortality.  If the DSMB determines that the protocol is 
associated with increased mortality, it will recommend termination of the trial.   
 
The potential risk to privacy from the inadvertent disclosure of medical information is prevented by monitoring 
all data forms, identified by study numbers only, in a locked file and separate from the name file of study 
participants.  Only the authorized personnel from each site will have access.  Only de-identified data will be 
entered into the online electronic data collection tool (REDCap).   
 
8.6 Benefits 
 
Enrolled subjects have the potential benefit of improved outcome from ARDS.  Given the significant morbidity 
and mortality associated with ARDS this may confer significant benefit of preserving life, function, and 
improved quality of life.  In addition to the benefit to enrolled patients, large number of hospitalized patients in 
the future will benefit from improved understanding of how to best treat ARDS.   
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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 at random by a computer, and only the study investigators 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 in a locked 
cabinet inside a locked office.  Clinical 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 EPVent2 
Medical Coordinating Center. 
 
 
10 PROTOCOL MODIFICATIONS 
 
Clarifications and Amendments  
Any change to the data analysis methods or study procedures described in the protocol will require an 
amendment ONLY if it changes a principal feature of the protocol. Any other change to the data analysis 
methods or study procedures described in the protocol, and the justification for making the change, will be 
described in clarification memos provided to the study sites.  Additional exploratory analyses of the data will be 
conducted as deemed appropriate. 
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11 ADVERSE EVENT AND UNANTICIPATED PROBLEM REPORTING 
 
11.1 Definitions 
 
¾ Unexpected: An Unexpected Adverse Event (UAE) is any Adverse Event and/or reaction, the 

specificity, severity, or frequency of which is not consistent with the informed consent, current 
investigator brochure or product labeling.  Further, it is not consistent with the risk information described 
in the general investigational plan or proposal and informed consent document on file with the MCC, or 
is not consistent with what would be expected in a patient with critical illness. 

 
¾ Expected: Expected Adverse Events are those events that are included as a possible risk in the 

informed consent document or are expected in the course of care of a patient with critical illness. 
 
¾ Serious:  An SAE is defined as death believed to be related to the study medications or procedures, or 

a death that is unexpected considering the acuity of a patient; or a life threatening experience, 
persistent or significant disability or incapacity that is of greater frequency or severity than what would 
be normally expected in the course of critical illness, or an event that jeopardizes the Human Subject 
and may require medical or surgical treatment to prevent one of the preceding outcomes and is not 
expected in the course of critical illness. 

 
¾ Unanticipated Problem: Events that are unexpected and create a problem in the conduct of the trial. 

Examples in include loss/theft of laptop containing sensitive study data, manufacturing problem 
resulting in tainted medication products which do not cause actual harm to a study patient.  Please note 
that there may be overlap between events that are adverse events and also unanticipated problems: 
serious adverse events that are unexpected and at least possibly related to the study are also 
unanticipated problems. 

 
11.2 Clinical Outcomes 
 
Our patient population is by definition critically ill.  It is expected that they will have a number of unrelated 
adverse health events during the course of their hospital stay.  Therefore, we will report Adverse Events as 
shown in Figure 2 
 
Figure 2. Safety Reporting Plan 
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Serious Adverse Events, defined as 
¾ Death, believed to be related to the study medication or procedures, or a death that is unexpected 

considering the acuity of a patient.  
¾ A life threatening experience believed to be related to the study medication or procedures  
¾ Persistent or significant disability or incapacity that is of greater frequency or severity than what would 

be normally expected in the course of critical illness.  
¾ An event that jeopardizes the Human Subject and may require medical or surgical treatment to prevent 

one of the preceding outcomes and is not expected in the course of critical illness. 
 
Adverse Events possibly related to esophageal balloon placement or mechanical ventilation:  
¾ Barotrauma 
¾ Pneumothorax  
¾ Other abnormal air collection (e.g. development of new broncho-pleural fistula) 
¾ Loss of airway related to device 
¾ Hemodynamic instability 
¾ Renal failure 

 
 
11.3 Timeline 
 
All sites bear the responsibility of monitoring study patients closely for adverse events during the active 
intervention portion of the trial, and at each of the pre-determined follow-up time points.  Any adverse events 
must be reported to the local IRB within the institution's time frame. Furthermore, adverse events get reported 
to the MCC using the electronic data capture system REDCap.  Non-serious Adverse Events and 
Unanticipated Problems should be logged into REDCap within 7 days of discovery.  Serious Adverse Events 
should be logged into REDCap within one day of discovery.  The MCC will evaluate all adverse events and 
Unanticipated Problems in REDCap, and contact the site for additional information as necessary.  The MCC 
will report all potentially related SAEs and UPs to the DSMB and to NHLBI within 7 days of discovery.  A 
summary report of all adverse events will be provided to the DSMB prior to each DSMB meeting. 
 
11.4 Safety Oversight: DSMB 
 
Safety oversight will be under the direction of a DSMB whose members will be independent from the study 
operations, will regularly review safety data throughout the study duration.  Full details of the composition and 
the operation of the DSMB and how the safety analyses are to be performed will be detailed in a separate 
DSMB Charter.  If halting rules are initiated, more frequent meetings may be held.  The DMSB will operate 
under the rules of an approved charter that will be approved at an organizational meeting of the DSMB.  The 
DSMB will advise NHLBI of its findings; meeting minutes will also be distributed to study sites, who have the 
responsibility of providing these minutes to their local IRB.  The safety endpoints will be examined for all 
eligible patients who sign informed consent and are enrolled in the study on an intent-to-treat basis.  Safety 
endpoints will include expected clinical events, including death, for this patient population and summarized by 
treatment group.  Also, all serious and unexpected adverse events will be summarized by treatment group.  
Fisher’s exact test will be used to estimate treatment differences in the incidence of each specified adverse 
event.  No adjustments will be made for multiple hypothesis evaluations of safety endpoints.  Adverse events 
will be summarized with groupings by body system and preferred term using the National Cancer Institute’s 
Common Terminology for Adverse Events (CTCAE) and captured in the RedCap system.  Other safety data 
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(e.g., labs and assay data) will be listed, and when appropriate, summarized in tabular or graphical format.  
Enrollment at any site may not begin, even with IRB approval, until the DSMB has reviewed and approved the 
protocol.   
 
Data quality and safety will be monitored by each site’s PI, the study Medical Coordinating Center (MCC), a 
Data Safety Monitoring Board (DSMB), and the NHLBI.  The site PIs will continuously monitor the data quality 
according to data quality measures.  In addition, recruitment rate, deviation from inclusion/exclusion criteria 
and protocol, and confidentiality of data and database will be monitored.  A DSMB, drawing from persons with 
expertise in the area has been constituted.  The DSMB will monitor the data from the trial periodically, to 
review and assess the performance of its operations.  Development of ARDS, organ failure, prolonged 
hospitalization, ICU admission, and mortality will be recorded as part of the study defined outcomes.  Other 
adverse events will be monitored by the site PI and research specialist in real time from the start of 
randomization to hospital discharge or death.  Reportable adverse events will include barotraumas and need 
for rescue procedures.  A serious adverse event in this study will be defined as a reportable adverse event that 
is fatal, life-threatening, permanently disabling, severely incapacitating or prolongs hospitalization or requires 
medical or surgical intervention to prevent serious outcomes.  All adverse events will be indicated on the data 
forms for the study and on the specific adverse event report forms and all serious adverse events will be 
reported to the site IRB within 24 hours of the research team learning about the event followed by more 
detailed written report to the local IRB.  The following information about adverse events will be collected:  1) 
the onset and resolution of the event, 2) an assessment of the severity or intensity of the event, 3) an 
assessment of the relationship of the event to the intervention, and 4) any action taken because of event.  
Sites will inform the MCC of any and all related adverse events (non-serious) within 14 days of discovery.   All 
serious adverse events (regardless of relatedness) must be reported to the MCC within 24 hours of discovery.  
The MCC will prepare summaries of these reports and provide them to the DSMB prior to each scheduled 
meeting, and more often if requested.  The DSMB will convene by teleconferencing or in person at 25%, 50% 
and 75% of enrollment to review adverse events or earlier if so needed.  The NHLBI will be invited to all DSMB 
meetings and kept apprised of any safety concerns. 
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Appendix G. Conservative Fluid Management Algorithm (modified FACTT) 
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13.1 APPENDIX A: DATA COLLECTION  
 
Please follow the Case Report Form when collecting data. 
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13.2 APPENDIX B: CHILD-PUGH SCORE 
 

Measure 1 point 2 points 3 points 
Total bilirubin, μmol/l (mg/dl) <34 (<2) 34-50 (2-3) >50 (>3) 
Serum albumin, g/l >35  28-35 <28 
INR <1.7 1.71-2.20 > 2.20 
Ascites None Mild Severe 
Hepatic encephalopathy None Grade I-II  

(or suppressed with 
medication) 

Grade III-IV  
(or refractory) 

 
Interpretation: 

 
Points Class One year survival Two year survival 
5-6 A 100% 85% 
7-9 B 81% 57% 
10-15 C  45% 35% 
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13.3 APPENDIX C: SOFA SCORE 
 
Organ System 

 
0 

 
1 

 
2 

 
3 

 
4 

Respiratory 
PaO2/FiO2 

>400 ≤400 ≤300 ≤200 ≤100 

Renal 
Creatinine  

<106 mmol/L 
< 1.2 mg/dL 

106-168 mmol/L 
1.2-1.9 mg/dL 

169-300 mmol/L 
1.9-3.4 mg/dL 

301-433 mmol/L 
3.4-4.9 mg/dL 

Urine output <500 
mL/day 

>433 mmol/L 
>4.9 mg/dL 

Urine output <200 
mL/day 

Hepatic 
Bilirubin 

<20 mmol/L 
<1.17 mg/dL 

20-32 mmol/L 
1.17-1.87 mg/dL 

33-100 mmol/L 
1.87-5.85 mg/dL 

101-203 mmol/L 
5.9-11.87 mg/dL 

>203 mmol/L 
>11.87 mg/dL 

Cardiovascular 
Hypotension 

No hypotension MAP <70 mm Hg Dopamine  
≤5 mcg/kg/min 

Dopamine >5 or 
Epinephrine ≤0.1 or 

Norepinephrine 
≤0.1 mcg/kg/min 

Dopamine >15 or 
Epinephrine >0.1 or 

Norepinephrine 
>0.1 mcg/kg/min 

Hematologic 
Platelet count 
(x103/mm3) 

>150 ≤150 ≤100 ≤50 ≤20 

Neurologic 
Glasgow Coma 
Scale score 

15 13-14 10-12 6-9 <6 

 
 
Reference:  Williams, L & Gannon J. Use of the SOFA score in pandemic influenza – a prospective study.  Journal of the Intensive 
Care Society: 2009, 10: 179-182. 
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13.4 APPENDIX D: THE BARTHEL INDEX 

 
The Barthel Index 

Patient Name:   
Rater Name:   
Date:   

 
Activity Score 
 
FEEDING  
 0 = unable 
 5 = needs help cutting, spreading butter, etc., or requires modified diet 
 10 = independent 
 
BATHING  
 0 = dependent 
 5 = independent (or in shower) 
 
GROOMING  
 0 = needs help with personal care 
 5 = independent face/hair/teeth/shaving (implements provided)  
 
DRESSING  
 0 = dependent 
 5 = needs help but can do about half unaided 
 10 = independent (including buttons, zips, laces, etc.) 
 
BOWELS  
 0 = incontinent (or needs to be given enemas) 
 5 = occasional accident 
 10 = continent 
 
BLADDER  
 0 = incontinent, or catheterized and unable to manage alone 
 5 = occasional accident 
 10 = continent 
 
TOILET USE  
 0 = dependent 
 5 = needs some help, but can do something alone 
 10 = independent (on and off, dressing, wiping) 
 
TRANSFERS (BED TO CHAIR AND BACK)   
 0 = unable, no sitting balance 
 5 = major help (one or two people, physical), can sit 
 10 = minor help (verbal or physical) 
 15 = independent 
 
MOBILITY (ON LEVEL SURFACES)   
 0 = immobile or <50 yards 
 5 = wheelchair independent, including corners, >50 yards 
 10 = walks with help of one person (verbal or physical) >50 yards 
 15 = independent (but may use any aid; for example, stick) >50 yards 
 
(Continued) 

EPVent2 subject #: ___________ 
Person providing responses: 
 �  Patient 
 �  Surrogate: _________ 
        Relation to patient 
Person recording responses: __________ 
Date & time: ____________  (12 mo F/U) 
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The Barthel Index: page 2 of 2 
  
STAIRS  
 0 = unable 
 5 = needs help (verbal, physical, carrying aid) 
 10 = independent 
 
 Total (0-100): ______ 
 
 
 
 
The Barthel ADL Index: Guidelines 
 

1. The index should be used as a record of what a patient does, not as a record of what a patient could do. 
2. The main aim is to establish degree of independence from any help, physical or verbal, however minor and for whatever 

reason. 
3. The need for supervision renders the patient not independent. 
4. A patient's performance should be established using the best available evidence.  Asking the patient, friends/relatives and 

nurses are the usual sources, but direct observation and common sense are also important.  However, direct testing is not 
needed. 

5. Usually the patient's performance over the preceding 24-48 hours is important, but occasionally longer periods will be relevant. 
6. Middle categories imply that the patient supplies over 50% of the effort. 
7. Use of aids to be independent is allowed. 
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13.5 APPENDIX E: SF-12 HEALTH SURVEY 
 

SF-12® Health Survey 
 
This survey asks for your views about your health. This information will help you keep track of how you feel and how 
well you are able to do your usual activities. 
 
Answer every question by selecting the answer as indicated. If you are unsure about how to answer a question, please 
give the best answer you can.  

 
1. In general, would you say your health is: 
 � Excellent � Very good � Good � Fair � Poor 

 

2. The following questions are about activities you might do during a typical day. Does your health now limit 
you in these activities? If so, how much? 

 Yes, limited a lot Yes, limited a little No, not limited at all 
a) Moderate activities, such as moving a 

table, pushing a vacuum cleaner, 
bowling, or playing golf 

� � � 

b) Climbing several flights of stairs � � � 
 
 
3. During the past 4 weeks, have you had any of the following problems with your work or other regular daily 
activities as a result of your physical health? 

 Yes No 
a) Accomplished less than you would like � � 
b) Were limited in the kind of work or other activities � � 

 
 
4. During the past 4 weeks, have you had any of the following problems with your work or other regular daily 
activities as a result of any emotional problems (such as feeling depressed or anxious)? 

 Yes No 
a) Accomplished less than you would like � � 
b) Did work or other activities less carefully than usual � � 

 
 
5. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the 
home and housework)? 

� Not at all � A little bit � Moderately � Quite a bit � Extremely 

 
 
 
Continued on the next page 

EPVent2 subject #: ___________ 
Person providing responses: 
 �  Patient 
 �  Surrogate: _________ 
        Relation to patient 
Person recording responses: __________ 
Date & time: ____________  (12 mo F/U) 
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SF-12® Health Survey: page 2 of 2 
 
6. These questions are about how you feel and how things have been with you during the past 4 weeks. For each 
question, please give the one answer that comes closest to the way you have been feeling. 
 
How much of the time during the past 4 weeks... 

 
 All 

of the time 
Most 

of the time 
A good bit 
of the time 

Some 
of the time 

A little 
of the time 

None 
of the time 

a) Have you felt calm and peaceful? � � � � � � 
b) Did you have a lot of energy? � � � � � � 
c) Have you felt downhearted and blue? � � � � � � 

 
 
7. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with 
your social activities (like visiting friends, relatives, etc.)? 

� All of the time � Most of the time � Some of the time � A little of the time � None of the time 
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13.6 APPENDIX F:  
 

VULNERABLE ELDERS  
SURVEY  

 
1. Please record patient age: ___________ 
If younger than 65, DO NOT COMPLETE SURVEY 
 
2. Is the patient known to have dementia?  � Yes   � No 
 
3. Do you/patient experience problems in daily life due to poor vision?  � Yes   � No 
 
4. Do you/patient experience problems in daily life due to being hard of hearing?  � Yes   � No 
 
5. Do you/patient experience problems in daily life due to poor memory?  � Yes   � No 

 
6. In general, compared to people your 

age, would you say that your health 
is: 

Poor* 
� 

Fair* 
� 

Good 
� 

Very Good 
� 

Excellent 
� 

 
7. How much difficulty, on average, do you/patient have with the following activities: 
 No Difficulty A little 

Difficulty 
Some 

Difficulty 
A lot of 

Difficulty* 
Unable to do* 

a. Stooping, crouching or kneeling? � � � � � 

b. Lifting, or carrying objects as heavy 
as 10 pounds? 

� � � � � 

c. Reaching or extending arms above 
shoulder level? 

� � � � � 

d. Writing, or handling and grasping 
small objects? 

� � � � � 

e. Walking a quarter of a mile? � � � � � 

f. Heavy housework such as scrubbing 
floors or washing windows? 

� � � � � 

 
 
8. Because of your/patient health or physical condition, do you have any difficulty: 

a. Shopping for personal items (like toilet items or medicines)? 

□YES If YES, do you/patient get help with shopping? 
□YES*                                    □NO 

□NO   

□DON’T DO SHOPPING If DON’T DO, is that because of your/patient’s health? 
□YES*                                    □NO 

EPVent2 subject #: ___________ 
Person providing responses: 
 �  Patient 
 �  Surrogate: _________ 
        Relation to patient 
Person recording responses: __________ 
Date & time: ____________  (12 mo F/U) 
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b. Managing money (like keeping track of expenses or paying bills)? 

□YESÆ  If YES, do you/patient get help with managing money? 
□YES*                                    □NO 

□NO   

□DON’T MANAGE MONEY If DON’T DO, is that because of your/patient’s health? 
□YES*                                    □NO 

c. Walking across the room? USE OF CANE OR WALKER IS OK 

□YES IF YES, do you/patient get help?  
□YES*                                    □NO 

□NO  

□DON’T WALK If DON’T DO, is that because of your health? 
□YES*    □NO 

d. Doing light housework (like washing dishes, straightening up, or light cleaning)? 

□YES If YES, do you/patient get help? 
□YES*                                     □NO 

□NO  

□DON’T DO LIGHT 
HOUSEWORK 

If DON”T DO, is that because of your/patient health? 
□YES*                                    □NO 

e. Bathing or showering? 

□YES If YES, do you/patient get help 
□YES*                                    □NO 

□NO   

□DON’T DO If DON’T DO, is that because of your/patient health? 
□YES*                                    □NO 

 
9. In the last year, have you/patient lost more than 10 pounds  

unintentionally?  � Yes   � No 
 
10. During the last month, have you/the patient been eating less  

than usual for whatever reason?  � Yes   � No 
 
Please note: Score for VES will be calculated in REDCap automatically based on recorded answers.  
 
REFERENCE 
Saliba D, Elliott M, Rubenstein LZ, et al. The Vulnerable Elders Survey: a tool for identifying vulnerable older people in the community. 
Journal of the American Geriatrics Society. Dec 2001;49(12):1691-1699. 
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13.7 APPENDIX G: CONSERVATIVE FLUID MANAGEMENT ALGORITHM (MODIFIED FACTT 
PROTOCOL) 
 
This protocol may be initiated for EPVent2 trial patients who have a stable volume status, and 
continued while the patient is in the active treatment portion of the trial. 

 
1 Discontinue maintenance fluids. 
2 Continue medications and nutrition. 
3 Manage electrolytes and blood products per usual practice. 
4 For shock, use any combination of fluid boluses# and vasopressor(s) to achieve MAP ≥ 60 

mmHg as fast as possible. Wean vasopressors as quickly as tolerated beginning four hours 
after blood pressure has stabilized. 

5 Withhold diuretic therapy in renal failure**. 
 

 
 

CVP 
(recommended) 

 

 
 

PAOP 
(optional) 

 

MAP > 60 mm Hg AND off vasopressors for > 12 hours 

Average urine output < 0.5 ml/kg/hr Average urine output > 0.5 ml/kg/hr 

> 8 > 12 

 
Furosemide* 

 
Reassess in 1 hour 

Furosemide* 
 

Reassess in 4 hours 

4-8 8-12 
Give fluid bolus as fast as 

possible# 

 
Reassess in 1 hour 

 
< 4 

 
< 8 

 
 

No intervention 
Reassess in 4 hours 

 
 
# Recommended fluid bolus= 15 mL / kg crystalloid (round to nearest 250 mL) or 1 Unit packed red cells or 25 grams albumin 
* Recommended Furosemide dosing = begin with 20 mg bolus or 3 mg / hr infusion or last known effective dose.  Double each 

subsequent dose until goal achieved (oliguria reversal or intravascular pressure target) or maximum infusion rate of 24 mg / hr or 
160 mg bolus reached.  Do not exceed 620 mg / day.  Also, if patient has heart failure, consider treatment with dobutamine. 

**Renal failure: dialysis dependence, OR oliguria with serum creatinine greater than3 mEq/dl, OR serum oliguria with creatinine 0-3 
mEq/dl with urinary indices indicative of acute renal failure.   
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5.8 APPENDIX H: INFORMATION SHEET FOR SITES REQUESTING CO-ENROLLMENT IN OTHER 
TRIALS 

 
Please note that for the EPVent2 trial any co-enrollment of patients in other intervention trials must be 
approved in advance by the DSMB.  Sites are asked to fill out the following information for each trial 
they wish to co-enroll in at their institution. 
 
 
Your institution: ____________________________________________________ 
 
Competing trial name: _______________________________________________ 
 
Target population: __________________________________________________ 
 
Duration: __________________________________________________________ 
 
Intervention: _______________________________________________________ 
 
Summary of trial procedures: _______________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
 
 
� I have ascertained that my IRB will likely allow co-enrollment of patients in the EPVent2 trial and 
the above-named trial.  
 
Please note that formal IRB approval is not required until the DSMB makes its determination; 
however, investigators should at least phone/email their IRB representative to inquire as to whether 
such co-enrollment would be permitted. 
 
 
 

Please email completed sheet to vgoodspe@bidmc.harvard.edu or fax to 617-632-8070. 
 

mailto:vgoodspe@bidmc.harvard.edu


Summary of Changes from Protocol Version 1 to Protocol Version 2 
Date of effect:  01/07/2013 
 

§3.2 Procedures: Figure 1 “Checklist of Study Procedures” has been updated. The 
number of echo exams has been reduced. Laboratory results will be recorded 
only as available. Data collection for Days 8-28 has been reduced. 

§5.2.4.1 Ventilator settings in the EPVent group: Clarification provided on transitioning 
patients to study ventilation (timing and rapidity) 

§5.2.4.1 Ventilator settings in the EPVent group: Clarification provided regarding 
clinical management of patients between scheduled study measurements. 

§5.2.4.1 Ventilator settings in the EPVent group: Table 2 updated to reflect plan to keep 
tidal volume at or below 8 mL/kg. 

§5.2.4.1 Ventilator settings in the EPVent group: Correction to the weaning paradigm. 
§5.2.4.2 Ventilator settings in the Control group: Clarification of correct order of study 

procedures for control group patients: 1) determine per-protocol ventilator 
settings based on Table 4, 2) obtain physiology measurements, 3) change 
ventilator settings based on information gathered in step 1. 

§5.2.4.2 Ventilator settings in the Control group: Clarification provided on transitioning 
patients to study ventilation (timing and rapidity) 

§5.2.4.2 Ventilator settings in the Control group: Discussion of ways to manage patients 
who cannot tolerate control group settings. 

§5.2.4.3 Common procedures for both groups: Correction to hemodynamic 
considerations during weaning and other aspects of weaning including failed 
pressure support ventilation and spontaneous breathing trials. 

§5.2.4.3 Common procedures for both groups: Clarification that patients who require re-
intubation within 48 hours should be returned to trial ventilation. 

§5.2.5 Echocardiography: Update to protocol that echocardiography may be done 
either transthoracically or transesophageally. Echos will be performed prior to 
initiating study ventilation, at the one hour measurement, then on Day 2. Please 
note these changes only impact select centers participating in this aspect of the 
trial. 

§5.2.6 Ancillary Imaging Study: Update that the protocol for computed tomography 
scanning will be included in an appendix to the main protocol. Please note this 
change only impacts select centers participating in this aspect of the trial. 

§7.1 Documentation: Deletion of sentence requiring Principal Investigator to sign off 
on lab results. There are no required labs for this trial. 

§7.2 Site Monitoring: Deletion of sentence indicating Physiology Core Lab will be 
unaware of the center and patient ID associated with the waveform files. This 
information is required to perform quality control while the trial is ongoing. 

 
Summary of Changes from Protocol Version 2 to Protocol Version 2.1 
Date of effect:  02/26/2013 
 

§5.1.1 Inclusion/exclusion: Correction that the Berlin definition requires mechanical 
ventilation, not controlled ventilation. 



§3.2 Procedures: Figure 1 “Checklist of Study Procedures” has been updated. The 
prior version had inadvertently cut off the three Quality of Life questionnaires 
administered at the 12-month follow-up. This line has been restored. 

§5.2.4 Mechanical Ventilation Protocols, Recruitment Maneuvers: correction that the 
Ptp cap of 20 cmH2O during the initial recruitment maneuver only applies to 
the EPVent group, not to the control group. 

§5.2.4.2 Ventilator settings in the Control group: Correction of typo referencing 
transpulmonary pressure. 

§5.2.4.3 Common procedures: Correction of a typo in the criteria listing toleration of 
pressure support. 

§11.2 Clinical Outcomes: Correction to the safety reporting diagram to make it 
congruent with the safety reporting plan approved by the Medical Monitor and 
DSMB; specified event that warrants reporting is new shock. 

 
Summary of Changes from Protocol Version 2.1 to Protocol Version 3 
Date of effect:  08/14/2013 
 

§2.1 Exclusion: Change “treating clinician refusal or unwillingness to commit to 
controlled ventilation for 24 hours” to “…48 hours” to keep consistent with 
protocol mandate that participants remain on trial ventilation for at least 48 
hours. 

§5.1.1 Inclusion/exclusion: Clarification that patients are eligible if they meet each of 
the components of the Berlin definition within a 24 hour period. 

§5.1.1 Inclusion/exclusion: Correction INR threshold is 4, not 3. 
§5.1.1 Inclusion/exclusion: Change “11. Treating clinician refusal or unwillingness to 

commit to controlled ventilation for 24 hours” to “…48 hours”. 
§5.1.2 Consenting process: Clarification that recruiting and consenting can be done by 

the investigator or a qualified designee. 
§5.1.3 Randomization: Reference to a manual of operations has been removed. 
§3.2 Procedures: Figure 1 “Checklist of Study Procedures” echocardiography days 

have been updated. 
§5.2.3 Initial Measurements: Clarification that only patients in the EPVent group have 

measurements taken for 28 days. Patients in the control group have 
measurements taken for a maximum of 7 days.  

§5.2.4 Mechanical Ventilation Protocols: Removed sentence describing how frequently 
PEEP may be adjusted. The rapidity with which a patient can be moved down 
the study table is different for each study arm, and is described in the respective 
section. 

§5.2.4.3 Weaning: point 4, clarification that patients who do not tolerate pressure support 
(PS) immediately after the transition are to be managed differently from those 
who initially do well on PS and require additional respiratory support after a 
significant period of time. 

§5.2.4.3 Toleration of PS: point 4, “less than” sign typo corrected to “greater than” sign. 
This criterion should read “SpO2 > 88%” 

§5.2.6 Specimen collection: Deletion of erroneous reference to 3 cc EDTA tube. 



§5.2.7 Follow-up procedures: Clarification that a mortality check occurs at Day 60 
utilizing medical records. The 60-day check is consistent with schedule of 
procedures and secondary outcome measures. 

§6.5 Interim Analysis: Clarification that while the DSMB will meet at 50, 100, and 
150 patients accrued, interim analysis will only occur at 100 patients. 

§8.5 Mitigation of Risks: Clarification that mortality data is reviewed by the DSMB 
at 50, 100, and 150 patients accrued. 

§11.2 Clinical Outcomes: Correction to the safety reporting diagram to make it 
congruent with the safety reporting plan approved by the Medical Monitor and 
DSMB; specified events that warrant reporting are esophageal injury and new 
shock. 

§11.4 Safety Oversight: DSMB: Clarification that safety reports are provided to the 
DSMB before each meeting (more often if needed), and that meetings are 
scheduled based on enrollment status. 

§13.1 Appendix A, Data Collection: This section is deleted. Sites are instructed to 
follow the REDCap eCRF and the eCRF Completion Guideline Document. 

 
Summary of Changes from Protocol Version 3 to Protocol Version 4 
Date of effect:  04/07/2015 
 
The major change in this amended protocol is a revision to the exclusion criteria such that 
patients status post liver transplant are now no longer excluded from the EPVent2 trial.  These 
other changes address several issues that were unclear in prior version of the protocol, and 
update the description of systems in use.  None of the changes require an update to informed 
consent forms currently in use.   
 

§1.1 Overview: change to number of participating centers and length of study. 
§2.1 Exclusion criteria: Liver transplantation exclusion removed. 
§2.1 Time to complete enrollment: Updated from 30 months to 50 months. 
§2.2 Key Roles: Update to ancillary study lead and participating centers. 
§5.1 Enrollment: Correction of the electronic system used for tracking screening. 
§5.1.1 Exclusion criteria: Removal of liver transplant exclusion. 
§5.1.3 Randomization Procedures: Correction of the electronic system used for 

randomization. 
§5.2 Figure 1. Checklist of Study Procedures: Update to echocardiography plan 

(applicable only to participating centers), with echo at baseline and day 2 only. 
§5.2 Figure 1. Checklist of Study Procedures: Clarification for 60-day mortality 

assessment that telephone contact is permitted if medical records are not 
available (this is consistent with protocol as written; see §5.2.7). 

§5.2.3 Initial Measurements:  Added detail to the dead space fraction description. 
§5.2.4.3 Spontaneous Breathing Trials:  Clarification that pressure support of 7 or less is 

permitted during the spontaneous breathing trial. 
§5.2.5 Echocardiography: Update to echocardiography plan (applicable only to 

participating centers), with echo at baseline and day 2 only. 
§5.2.7 Follow-up procedures: Clarification that the Vulnerable Elders Survey (VES-

13) should be administered only to patients age 65 and older. 



§7.2 Site Monitoring: Clarification that data fidelity will be assured by monitoring at 
least 10% of patients enrolled at each center. 

§8.5 Mitigation of Risks: Clarification that data provided to DSMB includes 
ventilator-free-days as well as mortality status. 

§11.3 Timeline: Clarification that data is provided to DSMB prior to every scheduled 
meeting, which is tied to the pace of accrual and may not be every six months. 

§11.4 Safety Oversight: Correction of typo. Planned DSMB meetings are at 25%, 
50%, 75% of accrual (50 pt, 100 pt, 150 pt). 

Appendix F, Vulnerable Elder Survey: Clarification that this survey is for patients age 65 
and older only; update of score instructions: questionnaire score will be 
calculated automatically in REDCap. 

 
Summary of Changes from Protocol Version 4 to Protocol Version 5 
Date of effect:  07/20/2018 
 

§6.1 Primary endpoint: Language for calculating the primary composite endpoint is 
clarified to remove ambiguity regarding for whom pairwise comparisons are 
performed and how the final comparison score for each study arm is calculated. 
The statistical analysis plan itself is unchanged from the original protocol.  

 
  



EPVENT-2 TRIAL:  STATISTICAL ANALYSIS PLAN 
 
Primary Endpoint 
 
The trial will utilize a primary composite endpoint that incorporates death and days off the 
ventilator at 28 days in such a manner that death constitutes a more serious outcome.  Each 
subject in the trial is compared to every other subject in the trial and assigned one number 
resulting from each pairwise comparison (win +1; lose-1; deuce=0) as shown in the below Table. 
Since mortality outcome is clinically more important, mortality takes precedence over days off 
the ventilator.  These scores are summed up to obtain a cumulative score for each subject.  The 
cumulative scores are added up for each treatment group to form a test statistic by the Mann-
Whitney technique. 

 
TABLE: Hypothetical example of assignment of scores for 
primary outcome 

Subject Outcome Pairwise Comparison Score Σ 

Pt A1 Death -1 0 -1 -1 0 -1 -1 -5 

Pt A2 VFD 02 +1 +1 -1 -1 +1 -1 -1 -1 

Pt A3 Death 0 -1 -1 -1 0 -1 -1 -5 

Pt A4 VFD 12 +1 +1 +1 +1 +1 +1 -1 +5 

Group A sum of scores: -6 

Pt B1 VFD 06 +1 +1 +1 -1 +1 -1 -1 +1 

Pt B2 Death 0 -1 0 -1 -1 -1 -1 -5 

Pt B3 VFD 08 +1 +1 +1 -1 +1 +1 -1 +3 

Pt B4 VFD 20 +1 +1 +1 +1 +1 +1 +1 +7 

Group B sum of scores: +6 
 
Secondary Endpoints 
 
The current study is designed additionally to detect important differences in ventilation and 
respiratory parameters between the groups, including; PaO2/FiO2 ratio; PEEP; dead space 
ventilation; lung compliance and transpulmonary inspiratory and expiratory pressures.  
Secondary clinical outcomes will include requirement for rescue therapies; length of mechanical 
ventilation, and length of stay in ICU and hospital.  The individual components of the composite 
endpoint will be reported separately as well. 
 
Sample Size Calculation 
 
Sample size calculations were performed by simulating 1000 samples in SAS. The samples were 
assigned basic distribution features of our pilot study.  The following assumptions were made: 



• We assume that 28-day mortality will be 30% and 20% in Control and EP groups 
respectively (conservative estimate as compared to 38.7% in conventional treatment and 
16.7% in the EP treatment observed in the pilot study). 

• The distribution of days free from ventilation followed the properties of the pilot study 
and was assigned in two stages:  

o First, the proportion of patients with 0 days free from ventilation was assigned (as 
10% in conventional treatment and 15% in EP treatment, reflecting the higher 
percentage of alive but still ventilated patients at day 28 in EP group)  

o Second, the rest of the values were assigned normal values with mean equal 13.0 
and 15.0 days in conventional and EP groups, respectively (standard deviation 6.5 
days in both groups).  

• Within each sample the score for each patient was computed based on comparison of 
each patient in one group to all patients in the second study group.  These values were 
further compared by Mann-Whitney procedure within each of 1000 samples and their p-
values recorded (PROC NPAR1WAY WILCOXON).  

 
The proportion of tests with p-value < 0.05 was 85.7% with a sample size of 100 patients in each 
study group. Therefore, we may expect that sample size of minimum 100 patients in each study 
group will provide the study with 85.7% power to detect a difference in primary outcome at 5% 
of significance. 
 
Missing Data 
 
For the proposed trial, we anticipate that the proportion of participants with missing primary 
evaluation will be small (<1%).  For the primary analysis we will assign death to all patients lost 
to follow-up prior to the 28-days.  Secondary sensitivity analysis will consider these patients 
alive and their ventilation status assessment will be based on the last available observation. 
 
Analysis Sets 
 
Primary analyses will use the set of all randomized subjects (intention-to-treat, ITT sample).  We 
anticipate compliance to be high, but it is possible that patients in the EPVent arm may not 
initiate the EPVent protocol due to difficulty placing the esophageal balloon.  In addition, 
patients who die in the first 24 hours might be too sick to benefit from the presumed benefit of 
EP based ventilation.  Therefore, a second analysis set, per protocol (PP sample) will use 
subjects who a) survived 24 hours from randomization; b) underwent the assigned intervention 
(i.e. the control or intervention ventilation protocol was initiated and successfully implemented 
for at least 24 hours) and c) data on day 28 assessment are available. The results of analyses 
using PP will be compared with results using the full set of all randomized subjects (intent-to-
treat analyses) to test sensitivity of primary findings.  
 
Interim Analyses 
 
The Data and Safety Monitoring Board (DSMB) will routinely monitor the study. Three 
meetings are planned: at 25%, 50%, and 75% of enrollment.  An interim analysis will be 
performed at 50% of planned enrollment. We do not propose an early stopping rule for efficacy 



as this Phase II trial is unlikely to result in a benefit with confidence intervals narrow enough to 
provide compelling evidence to change practice.  However, the DSMB may stop the trial for 
safety at any time.  The DSMB operations (reporting structure, specific stopping rules, etc.) are 
further described in the DSMB charter. 
 
Safety Analyses 
 
The safety endpoints will be examined for all participants in the safety evaluable analysis set.  
Safety endpoints will include expected clinical events, including death, for this patient 
population and summarized by treatment group.  Also, all serious and unexpected adverse events 
will be summarized by treatment group.  Fisher’s exact test will be used to estimate treatment 
differences in the incidence of each specified adverse event.  No adjustments will be made for 
multiple hypothesis evaluations of safety endpoints. 
 
 


