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ABSTRACT 

 

Introduction: Epidural analgesia provides an important synergistic method of pain control.  In 

addition to reducing perioperative opioid consumption, the deliverance of analgesia into the 

epidural space, effectively creating a sympathetic blockade, has a multitude of additional 

potential benefits, from decreasing the incidence of postoperative delirium to reducing the 

development of persistent post-surgical pain (PPSP). Prior studies have also identified a 

correlation between the use of epidural analgesia and improved oncologic outcomes and 

survival.  

 

Methods: The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, 

single-center, randomized controlled trial. 150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

bupivacaine infusion following anesthetic induction followed by continued epidural bupivacaine 

infusion postoperatively in addition to the institutional standardized pain regimen of 

hydromorphone patient-controlled analgesia, acetaminophen, and ketorolac (intervention group) 

or no epidural infusion and only the standardized postoperative pain regimen (control group). 

The primary outcome was the postoperative consumption of morphine or morphine-equivalents. 

Secondary outcomes include patient-reported postoperative pain numerical rating scores (NRS), 

trend and relative ratios of serum inflammatory markers (IL-1b, IL-6, TNF-a, IL-10), occurrence 

of postoperative delirium, development of PPSP as determined by quantitative sensory testing, 

and disease free and overall survival. 

 

Ethics and dissemination: The E-PRO trial has been approved by the institutional review board. 

Recruitment began in May 2016 and will continue until the end of May 2018. Dissemination 

plans include presentations at scientific conferences and scientific publications. 

 

Registration details: This study is registered at clinicaltrials.gov, NCT02681796 (last updated 

September 2016).  

 

Trial registration number: NCT02681796 (last updated September 2016). 

 

Strength and limitations of this study: 

• prospective randomized control trial 

• longitudinal follow-up post-operatively 

• limited to single institution 
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INTRODUCTION 

 

Background and Rationale 

 

Epidural Analgesia 

The utilization of regional analgesia as a compliment to traditional pain management 

techniques has become an increasingly common practice at many institutions. Placed pre-

operatively, epidural analgesia provides an important synergistic method of pain control post-

operatively.  In addition to its usefulness as a pain management adjunct, the deliverance of 

analgesia into the epidural space, effectively creating a sympathetic blockade, has a multitude of 

potential additional benefits. 

Previous studies have examined the use of epidurals in abdominal surgeries with a small 

number of retrospective trials focusing on the use of epidurals in pancreatic resections
1
. While 

these retrospective studies demonstrated an improvement in patient-reported pain scores post-

operatively, objective measures are still needed to quantify these improvements in pain control
2
. 

Prior studies have also highlighted a correlation between poor postoperative pain and the 

development of persistent post-surgical pain (PPSP)
3,4,5

. As epidural analgesia creates a 

sympathetic blockade, its intraoperative and postoperative use can mitigate the body’s 

inflammatory response and reduce the activation of peripheral and central nervous systems 

pathways involved in the development of persistent pain syndromes
6
. Interleukin-1-beta (IL-1b), 

interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a) are three pro-inflammatory 

cytokines involved in the transition from acute pain states to chronic pain syndromes
7
. 

Interleukin-10 (IL-10) is an anti-inflammatory cytokine that helps modulate the body’s stress 

response. IL-1b, IL-6, TNF-a, and IL-10, and the relative balance of the pro- and anti-

inflammatory response, have all been implicated in nociceptive pathways and elevated levels 

have been found in chronic pain processes
8
. While our current understanding of the complex 

modulation pathways of pain is limited, circulating IL-6 has been demonstrated in the up-

regulation of central and peripheral nociceptive receptors, thereby generating the perception of 

pain, and potentially establishing the link between acute and chronic pain
9,10

. This is of particular 

importance in our study population of patients with pancreatic diseases for whom adequate pain 

control is a critical factor in maintaining good quality of life
11,12

.  

 In the immediate postoperative period, the use of epidural analgesia can improve other 

measures of patient recovery and healing, such as promoting gut motility and reducing the 

incidence of postoperative delirium. Along with reducing total opioid use, epidural analgesia 

produces a sympathectomy, allowing for dominance of the parasympathetic system, and further 

expediting the return of bowel function
13,14,15

. With delayed gastric emptying as one of the most 

common complications and reasons for readmission after pancreatic resections, this valuable 

benefit of epidural analgesia requires further investigation
16,17

. Delirium is another common 

postoperative complication that is associated with poor patient outcomes, including functional 

decline and death, and an effective prophylactic treatment remains to be identified. Through the 

effects of decreased intraoperative anesthetic requirement and postoperative opioid use, epidural 

analgesia may have a potential protective role against postoperative delirium. 

The effect of epidural analgesia in suppressing the inflammatory cascade is of particular 

interest to the field of oncology.  In certain types of cancers, including pancreatic, the oncogenic 

process generates an inflammatory environment that propagates the growth of malignant lesions 

and continued inflammatory conditions have been implicated in metastatic disease
18,19,20

. Pain 
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can further exacerbate systemic inflammation
21

. In additional to mitigating post-surgical pain, 

the sympathectomy resulting from epidural analgesia also reduces the body’s overall 

inflammatory conditions
22,23

.  This attenuation of the heightened postoperative inflammatory 

state of the body may provide an additional means of reducing progression of disease. 

 

Pancreatic Diseases 

With improved detection and imaging modalities, the incidence of pancreatic disease, and 

subsequently, pancreatic operations, has increased
24,25,26

. Pancreatic resection continues to be the 

primary surgical treatment in the treatment of many benign and malignant pancreatic diseases, 

with an estimated 4,000 operations performed annually in the United States 
27

. However, the 

mean 5-year survival for malignant pancreatic disease remains the lowest of all cancers at 6%, 

with 70-85% of patients dying of systemic recurrence, not just local disease
28,29,30

. While the 

search continues for earlier screening methods, the development of adjunctive therapies to 

surgical resection remains the most promising target of efforts to improve outcomes in malignant 

diseases of the pancreas. In particular, in recent years, a paradigm shift has occurred in the study 

of pancreatic malignancies where pancreatic cancer is viewed as a systemic disease, even in 

early stages, requiring a systemic approach in additional to regional disease control
31,32,33,34

. In 

previous studies, primarily in prostate and colorectal malignancies, the use of epidural analgesia 

has suggested a correlation with improved oncologic outcomes and survival
35,36

.  Given the role 

between inflammation and cancer development and recurrence, and the sympathetic blockade 

created by epidural analgesia, the significance of epidural analgesia in improving oncologic 

outcomes warrants continued investigation. 

 

METHODS AND ANALYSIS 

 

Study Design 

 

The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, single-

center, randomized controlled trial. This study has been approved by the Institutional Review 

Board at Washington University in St. Louis.150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) following anesthetic 

induction followed by a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr 

postoperatively in addition to the institutional standardized pain regimen of hydromorphone 

patient-controlled analgesia, IV acetaminophen, and ketorolac (intervention group) or no 

epidural infusion and only the standardized postoperative pain regimen (control group). Follow-

up information will be collected from the medical record for up to 2 years post-operatively. The 

study design is outlined in Figure 1. 

 

Eligibility Criteria 

 

Patients 18 years old or older, who able to understand and sign an Institutional Review 

Board (IRB)-approved informed consent form, and who are undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be eligible for study inclusion. Patients 

will be excluded if they fulfill any one of the following criteria: indication for operative 

intervention being chronic pancreatitis, currently on warfarin with an INR>1.4 or clopidogrel 
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that cannot be discontinued 7 days prior to surgery, most recent INR prior to surgery >1.4, most 

recent platelet count prior to surgery <70,000/mcl, chronic opioid use as defined by use of more 

than 20mg oxycodone, or equivalent, daily, history of pre-existing neuropathic pain conditions, 

known medical history of significant psychiatric or cognitive impairment, or history of HIV, 

Hepatitis B, and/or Hepatitis C. Patients will be consented and enrolled during a clinic or 

preoperative evaluation appointment. 

 

Baseline Assessment 

 

Each study participant will be randomized into the control group with standard of care 

pain management regiment or the intervention group with the addition of epidural analgesia. 

Randomization will occur via a randomized number generation by the PI. 

Patients will have the standard of care preoperative evaluation at the Barnes Jewish 

Hospital Center for Preoperative Assessment and Planning. Routine laboratory tests including 

complete blood count, comprehensive metabolic panel, and coagulation studies will be obtained 

and reviewed.  

In patients receiving chronic antiplatelet or anticoagulant medications, the following 

procedure will be practiced to minimize the risk of bleeding (per American Society of Regional 

Anesthesia and Pain Medicine guidelines
37

): 

Acetyl Salicylic acid (ASA, aspirin) or other NSAIDS may be continued prior to epidural 

catheter insertion. Clopidogrel use must be discontinued seven days before the procedure. The 

study participant’s treating physician (e.g. surgeon, cardiologist, neurologist) will be consulted 

prior to the discontinuation of clopidogrel. Participants receiving warfarin will proceed with the 

following schedule: if INR < 1.4, subject may proceed with epidural catheter insertion. If INR 

>1.4, the participant’s treating physician will be consulted whether warfarin can be discontinued 

until INR reaches <1.4, or the subject can be switched to Low Molecular Weight Heparin 

(LMWH), which can be discontinued 36 hours before catheter insertion. INR/PTT will be 

assessed on the day of epidural catheter insertion in all patients on anticoagulant (but not 

antiplatelet) therapy. 

Study participants will undergo a complete medical history and physical examination, and 

the following baseline assessments: 

1. Evaluation of hypersensitivity or dynamic mechanical allodynia to brush stimulation in the 

upper abdomen
38

. 

2. Quantitative sensory testing (QST) to assess warm and cold detection thresholds, heat and 

cold pain thresholds, mechanical detection and pain thresholds, presence of wind-up 

(enhanced temporal summation) to pinprick (Supplemental 1). 

3. Screening for psychological risk factors for acute and chronic pain using Hospital Anxiety 

and Depression Scale (HADS)
39

. 

4. Baseline assessment for delirium using the 3D-CAM instrument. 

5. Baseline assessment of serum inflammatory markers (IL-1b, IL-6, TNF-a, IL-10). 

 

Interventions 

 

Post-operatively, all patients will receive a standardized pain regimen including a 

hydromorphone PCA (initial settings of no bolus dose, 0.25 mg per demand dose, minimal 

interval dose time of 10 minutes), acetaminophen (1000 mg every 6 hours for 24 hours), and 
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ketorolac (15 mg every 6 hours for 72 hours) per surgeon’s preference. Study group patients will 

have an epidural bupivacaine infusion beginning in the operating room.  

An epidural infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) will 

be started after induction of anesthesia. Epidural narcotic consisting of fentanyl 50 mcg will be 

administered with sterile precaution by the anesthesia provider before starting the epidural 

infusion. Epidural boluses of 0.125% bupivacaine may be administered as guided clinically. A 

phenylephrine infusion can be used to maintain adequate blood pressure maintaining mean 

arterial pressures (MAP) above 60 mmHg. The epidural infusion can be paused if vasopressor 

requirements exceed 1 mcg/kg/min of phenylephrine or 0.1 mcg/kg/min of norepinephrine. The 

epidural infusion is to be paused if hemodynamics become unstable, either due to excessive 

blood loss or MAP consistently below 60 mmHg. The epidural infusion can be resumed when 

hemodynamics are stable. 

The bupivacaine 0.125% epidural infusion is to be discontinued in the OR at the end of 

surgery and a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr will be started in the 

PACU. The epidural infusion is followed up by an Acute Pain Service in the postoperative 

period that will titrate the infusion based on the patients’ self-reported pain scores and MAP 

values. 

 

Outcomes 

 

Primary Outcomes 

The primary study outcome is the consumption of morphine or morphine-equivalent in 

patients undergoing pancreatic resections in the control group compared with the study group. 

Each subject’s morphine or morphine-equivalent consumption will be assessed every 24 hours. 

All subjects will be assessed daily during their postoperative inpatient admission by a trained 

member of the Acute Pain Service who is blinded to the treatment arm of the study. 

 

Secondary Outcomes 

Study team members blinded to the treatment group of the patient will assess all 

secondary outcomes. Various measures of patient recovery and healing in the initial 

postoperative period will be evaluated, including visual analog scores (VAS), intravenous fluid 

requirements, anti-emetic doses, and return of bowel function.  Serum inflammatory markers will 

be evaluated serially, preoperatively on day of surgery, three hours after the start of surgical 

incision in the operating room, on postoperative day 2, and at the initial postoperative visit 2-6 

weeks after surgery. Postoperative delirium assessments will be performed when patients can be 

aroused sufficiently in order to be assessed for delirium (Richmond Agitation-Sedation Scale 

(RASS) > -4). Each patient will be assessed for delirium on postoperative day 2 as postoperative 

delirium typically first manifests 24-96 hours after surgery. For non-verbal patients the CAM-

ICU instrument will be used and for verbal patients, the 3D-CAM instrument will be used
40

. As 

delirium is a fluctuating disorder and can be missed with sporadic delirium assessments, a 

structured method of chart review will be used to complement the clinical assessments.   

This combined approach (3D-CAM interview or CAM-ICU plus chart review) increases the 

sensitivity and retains specificity in detecting incident delirium. The trial staff has undergone 

formal training in clinical delirium assessment and on the chart review methodology.  

Patients will be seen for their initial postoperative weeks at 2-6 weeks after hospital 

discharge and will undergo repeat PPSP evaluation at that time.  
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Patients will continue to be followed in clinic for 2 years postoperatively with laboratory 

and radiologic evaluation as deemed appropriate by the primary surgeon. Patients will be 

followed for tumor recurrence and overall survival. Data will be collected directly from subject’s 

medical record; no study-specific procedures will be implemented at follow up visits. 

 

Sample Size 

 

For purposes of sample size estimation, total morphine consumption in the first 72 hours 

after surgery is the primary outcome of the study. Based on our prior experience, sample size 

estimation will be based on the following assumptions
41

: Expected morphine consumption is 30 

milligrams intraoperatively, 30 mg on postoperative day 1 (POD1), 20 mg on POD2 and 10 mg 

on POD3. Therefore, expected total morphine consumption in the first 72 hours is, on average, 

80 mg. Then, assuming that the standard deviation of morphine consumption is 30 mg, that a 20 

mg difference in morphine consumption between groups is a clinically meaningful reduction of 

opioid use and assuming normal distribution of morphine consumption in both patient groups, 

the proposed sample size for a = 0.05 and b = 0.2 would be 37 patients per group (74 patients in 

total). However, we propose to increase the sample size of the study to 150 total patients to 

account for patients lost to follow-up, inability to complete the scheduled pancreatic resection, 

data errors, and other un-anticipated study problems. 

 

Recruitment 

 

 Participants will be recruited primarily through the Washington University Hepatobiliary-

Pancreatic Surgery clinics. Subjects will be given verbal (initially) and then written descriptions 

of the study aims, procedures, risks, and benefits, and will be required to give written informed 

consent. A member of the investigative team provides all study descriptions, informed consent, 

and answers all questions. No deception is required for the purposes of this study. All subjects 

will be aware of the randomization used in this study to either the control or intervention group. 

Subjects are informed verbally and in writing that participation is voluntary and they may refuse 

to participate and may withdraw from the study at any time without penalty. 

 

Allocation 

 

Participants will be randomized in a 1:1 ratio into the control group with standard of care 

pain management regimen or the intervention group with the addition of epidural analgesia. 

Randomization will occur via randomized number generation. 

This is a single-blind study. Patients and the primary investigative team will be aware of 

the randomization. However, all study members performing data collection will be blinded to the 

randomization.  

 

Data Analysis and Management 

  

 Data analysis for this study will focus on the comparison of patient outcomes 

(postoperative morphine/morphine-equivalent consumption, measures of postoperative recovery, 

inflammatory markers, 3D-CAM/CAM-ICU assessments, QST) between the intervention and 

control study groups. Based on data distribution, continuous variables will be compared between 
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the two groups using student’s t test or the Mann Whitney U test as appropriate. When 

appropriate, significance of findings will be adjusted for multiple comparisons using the 

Bonferroni correction method. 

 The Center for Biomedical Informatics at Washington University will be used as the 

central location for data collection and management. Since 2008, Washington University has 

hosted Research Electronic Data Capture (REDCap), a secure, web-based application for 

building and storing online research and clinical trial databases. The REDCap servers are 

securely housed in an on-site limited access data center managed by the Center for Biomedical 

Informatics at Washington University. All web-based information transmission is encrypted and 

all data are stored on a private firewall protected network. All users are assigned individual user 

IDs and passwords and individual access is restricted on a role-specific basis. REDCap was 

developed specifically around HIPAA guidelines and is also implemented and maintained in 

accordance with institutional security guidelines. 

  

Monitoring 

 

 The study team will monitor all study participants for adverse events. The principal 

investigator will report all unanticipated problems or adverse events, all conditions of 

noncompliance, and any new information that may affect the continued or current enrollment of 

study participants to the IRB. All events will be reported to the IRB within 10 working days of 

the event or of notification of the principal investigator of the event. The death of a study 

participant must be reported to the IRB within 1 working day of the event or of notification of 

the principal investigator of the event.  

The specific monitoring plan for this investigation is commensurate with the risks and the 

size and complexity of the investigations planned. The potential risks are attributable to 

performing insertion of the epidural catheter and the use of bupivacaine for neuraxial analgesia. 

Based on these considerations, the monitoring plan involves engaging a colleague from the 

Department of Anesthesiology not involved in the study to serve in a monitoring capacity. Based 

on the small size and relatively low risks nature of the protocol, only a third person (the 

colleague), rather than a full Data Safety Monitoring Board will be used. The colleague will be 

an anesthesiologist knowledgeable in the risks associated with nerve blocks and local anesthetic 

administration. This individual will review the annual summary of adverse events. In addition, 

this colleague will review all reports of a Serious Adverse Event, or an Unexpected Adverse 

Event. 

 

ETHICS AND DISSEMINATION 

 

Ethics Approval and Consent 

 

The E-PRO trial was approved by the Washington University IRB. Study recruitment and 

enrollment began in May 2016 and will continue through the end of 2017. Potential study 

participants will be given verbal and then written descriptions of the study aims, procedures, 

risks, and benefits, and written informed consent will be obtained for all participants. All 

participants are informed verbally and in writing that participation is voluntary and they may 

refuse to participate and may withdraw from the study at any time without penalty.  
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Confidentiality 

 

 Only the investigators and research team will have access to any protected health 

information of study participants and any study data. All subjects will be assigned a study ID 

number. All study data and samples will be coded with the assigned study ID number. A key to 

the code linking code numbers to patient names will be kept at a separate location, under lock 

and key; this link will be destroyed at the conclusion of this study. All data will be recorded by a 

member of the research team and will be stored in a password-protected electronic database 

stored on the departmental network drive. Study data will be not be entered into participants’ 

medical records. 

 

Dissemination 
 

 Dissemination plans include presentations at scientific conferences and scientific 

publications. 

 

CONCLUSIONS 

 

 This trial investigates a wide spectrum of potential benefits to patients undergoing 

pancreatic resection. During the initial postoperative period, the use of epidural analgesia can aid 

in improving postoperative pain control, decreasing opioid consumption, reducing the incidence 

of delirium, and expediting recovery. In addition to improving immediate post-surgical pain 

control, epidural analgesia may reduce the development of persistent post-surgical pain, which 

can persist for weeks to years after surgery. Lastly, epidural analgesia can help reduce the body’s 

stress response to a major operation, which has been linked to malignant progression and spread. 

Based on this trial, we seek to establish the role of epidural analgesia as part of the standard of 

care in future patients undergoing pancreatic operations. 
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Figure 1. Study design. 

 

SUPPLEMENTAL FILES 

 

Supplemental 1. Quantitative sensory testing (QST) protocol. 
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Figure 1. Study design. 
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Supplemental 1. Quantitative sensory testing (QST) protocol. 

 

Quantitative sensory testing will be performed in the main assessment area on the abdomen, in 

close proximity to the surgical incision. 

 

A description of the QST procedures follows: 

 

Thermal detection and thermal pain thresholds 

Equipment: The Thermal Sensory Analyzer (TSA-II or PATHWAY platform - Medoc, Ramat 

Yishai, Israel) will be used to determine thermal detection and pain thresholds. This equipment is 

used globally for functional assessment of pain and temperature-conducting nerve fibers (C and 

A-delta fibers). 

Method and Background: Using the thermal sensory analyzer, cold and warm detection 

thresholds (CDT and WDT, respectively), as well as cold and heat pain thresholds (CPT and 

HPT, respectively) will be determined
42,43

. The thermode with contact area of 9.0 cm
2
 is

 
applied 

to the tested site, and all thresholds are determined by continuous ramping of temperature from 

32°C baseline temperature by 1°C/s until the subject presses the ‘stop‘ button. Cut-off 

temperatures are 0°C and 50°C, to minimize thermal damage to the skin. The baseline 

temperature to which the thermode returns before each test is 32°C. The average threshold is 

calculated from three measurements in each area. 

 

Determination of mechanical detection threshold (MDT) 

Equipment: A set of standardised von Frey filaments (#1.65, #2.35, #2.44, #2.83, #3.22, #3.61, 

#3.84, #4.08, #4.17, #4.31, #4.74, #4.93, #5.07, #5.18, #5.46, #5.88, #6.10, #6.45, 6.65. The 

contact area of the filaments with the skin is of uniform size (<1 mm²) and texture. 

Methods and Background: Standardised von Frey filaments
44,45

 will be used in a modified 

“method of limits” manner using 3 series of increasing and decreasing stimulus intensities to 

determine the geometric average as the tactile detection threshold of the affected and unaffected 

skin areas
46

. 

 

Von Frey filaments of different stimulus intensities are used to determine the tactile detection 

thresholds. A #5.07 filament (eliciting 10 gram force)* is applied first, followed by filaments of 

consecutively lower intensity until the patient cannot detect the stimulus being applied. This 

respective force represents the first threshold value. The order in which the stimuli are applied is 

then reversed and stimuli of consecutively greater intensity are applied until sensation is detected 

(this intensity becomes the second value). Again filaments with decreasing intensity are applied 

until in total 3 upper and lower values of detection are fulfilled from which the mechanical 

detection threshold can be determined. 

 

* In case the first von Frey filament (#5.07) is not detected, the next highest intensity filament 

which can be detected must be used as a starting intensity. However, the relevant force of this 

stimulus is not documented. Filaments with consecutively lower intensity are applied until the 

patient cannot detect the stimulus being applied. The procedure is followed as above; until in 

total 3 upper and lower values of detection are fulfilled from which the mechanical detection 

threshold can be determined. 
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Determination of mechanical pain thresholds (MPT) 

Equipment: Same as for MDT determination. 

Methods and Background:  

Standardised von Frey filaments will be used in a modified “method of limits” manner using 3 

series of increasing stimulus intensities to determine the average mechanical pain threshold of 

the affected and unaffected skin areas. 

Beginning with an applied force of 8mN, stimuli increase in intensity until the sensation induced 

by increased pressure can be described as ‘painful’. The corresponding force is used to represent 

the first MPT value. The procedure is then repeated a total of 3 times and until a total of 3 values 

are obtained, from which the mean mechanical pain threshold can be determined.  

 

Determination of wind-up ratio (WUR) 

Equipment: A pinprick stimulus with standardised intensity (#6.10 von Frey filament, approx. 98 

gram) and a flat contact area of 0.25mm diameter. 

Methods and Background: In this test a pinprick) is first applied singularly. After that a series of 

10 identical pinprick stimuli are applied with a frequency of 1 s
-1 

within an area of 1 cm
2
. 

Immediately following the single stimulus and series of stimuli, an evaluation of the sensation 

must be provided according to NRS (0-10, ‘0’: ‘no pain’, ‘10’: ‘worst pain imaginable’). A ratio 

is calculated using these values. This procedure shall be repeated twice. A geometric average of 

the ‘wind-up’ is calculated from the two ratios
47,48

.  
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents* 

Section/item Item 
No 

Description Addressed on 
page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym ____1,2______ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _____2_______ 

2b All items from the World Health Organization Trial Registration Data Set ____1,2,9_____ 

Protocol version 3 Date and version identifier _____1_______ 

Funding 4 Sources and types of financial, material, and other support _____1,9_____ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors ______1______ 

5b Name and contact information for the trial sponsor ______1______ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, including 

whether they will have ultimate authority over any of these activities 

 

______9______ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee) 

 

 

 

_____7,8______ 
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Introduction 
   

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits and harms for each intervention 

___3,4________ 

 6b Explanation for choice of comparators ___N/A________ 

Objectives 7 Specific objectives or hypotheses ____6,7______ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

___4-6_______ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 

be collected. Reference to where list of study sites can be obtained 

_____7_______ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, surgeons, psychotherapists) 

___4,5________ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 

administered 

____4-6_______ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or improving/worsening disease) 

_____6-8______ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 

(eg, drug tablet return, laboratory tests) 

____8________ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _____6_______ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly recommended 

 

____6-7_______ 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended (see Figure) 

_____4-5,11____ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 

clinical and statistical assumptions supporting any sample size calculations 

_____7_______ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _____7_______ 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 

(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 

or assign interventions 

_____5_______ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

____5-7______ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 

interventions 

_____5_______ 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 

assessors, data analysts), and how 

____5-7______ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 

allocated intervention during the trial 

_____5-7______ 

Methods: Data collection, management, and analysis 
 

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 

study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 

Reference to where data collection forms can be found, if not in the protocol 

____5-7_______ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from intervention protocols 

____6-7_______ 
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 

(eg, double data entry; range checks for data values). Reference to where details of data management 

procedures can be found, if not in the protocol 

____7-8________ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol 

____7-8_______ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____N/A______ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple imputation) 

 

____7,8_______ 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing interests; and reference to where further details 

about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 

needed 

_____8_______ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial 

____N/A________ 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions or trial conduct 

_____8_______ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 

from investigators and the sponsor 

_____8_______ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____8_______ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 

regulators) 

_____8_______ 
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 

how (see Item 32) 

___4-5________ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 

studies, if applicable 

____N/A_______ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 

in order to protect confidentiality before, during, and after the trial 

______9______ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site ____10________ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 

limit such access for investigators 

_____8_______ 

Ancillary and post-

trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 

participation 

_____8_______ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 

sharing arrangements), including any publication restrictions 

______9_______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____9________ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code ______9_______ 

Appendices 
   

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised surrogates __Supplemental_ 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary studies, if applicable 

______5,6_____ 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 

Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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ABSTRACT 

 

Introduction: Epidural analgesia provides an important synergistic method of pain control.  In 

addition to reducing perioperative opioid consumption, the deliverance of analgesia into the 

epidural space, effectively creating a sympathetic blockade, has a multitude of additional 

potential benefits, from decreasing the incidence of postoperative delirium to reducing the 

development of persistent post-surgical pain (PPSP). Prior studies have also identified a 

correlation between the use of epidural analgesia and improved oncologic outcomes and 

survival. The aim of this study is to evaluate the effect of epidural analgesia in pancreatic 

operations on immediate postoperative outcomes, the development of PPSP, and oncologic 

outcomes in a prospective, single blind, randomized controlled trial.  

 

Methods: The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, 

single-center, randomized controlled trial. 150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

bupivacaine infusion following anesthetic induction followed by continued epidural bupivacaine 

infusion postoperatively in addition to the institutional standardized pain regimen of 

hydromorphone patient-controlled analgesia, acetaminophen, and ketorolac (intervention group) 

or no epidural infusion and only the standardized postoperative pain regimen (control group). 

The primary outcome was the postoperative consumption of morphine or morphine-equivalents. 

Secondary outcomes include patient-reported postoperative pain numerical rating scores (NRS), 

trend and relative ratios of serum inflammatory markers (IL-1b, IL-6, TNF-a, IL-10), occurrence 

of postoperative delirium, development of PPSP as determined by quantitative sensory testing, 

and disease free and overall survival. 

 

Ethics and dissemination: The E-PRO trial has been approved by the institutional review board. 

Recruitment began in May 2016 and will continue until the end of May 2018. Dissemination 

plans include presentations at scientific conferences and scientific publications. 

 

Registration details: This study is registered at clinicaltrials.gov, NCT02681796 (last updated 

September 2016).  

 

Trial registration number: NCT02681796 (last updated September 2016). 

 

Strengths and Limitations: Strengths of this study include its design as a prospective randomized 

controlled trial and the length of longitudinal follow-up provided post-operatively. Limitations 

include the single-institutional nature of this study. 
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INTRODUCTION 

 

Background and Rationale 

 

Epidural Analgesia 

The utilization of regional analgesia as a compliment to traditional pain management 

techniques has become an increasingly common practice at many institutions. Placed pre-

operatively, epidural analgesia provides an important synergistic method of pain control post-

operatively.  In addition to its usefulness as a pain management adjunct, the deliverance of 

analgesia into the epidural space, effectively creating a sympathetic blockade, has a multitude of 

potential additional benefits. 

Previous studies have examined the use of epidurals in abdominal surgeries with a small 

number of retrospective trials focusing on the use of epidurals in pancreatic resections
1
. While 

these retrospective studies demonstrated an improvement in patient-reported pain scores post-

operatively, objective measures are still needed to quantify these improvements in pain control
2
. 

Prior studies have also highlighted a correlation between poor postoperative pain and the 

development of persistent post-surgical pain (PPSP)
3,4,5

. As epidural analgesia creates a 

sympathetic blockade, its intraoperative and postoperative use can mitigate the body’s 

inflammatory response and reduce the activation of peripheral and central nervous systems 

pathways involved in the development of persistent pain syndromes
6
. Interleukin-1-beta (IL-1b), 

interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a) are three pro-inflammatory 

cytokines involved in the transition from acute pain states to chronic pain syndromes
7
. 

Interleukin-10 (IL-10) is an anti-inflammatory cytokine that helps modulate the body’s stress 

response. IL-1b, IL-6, TNF-a, and IL-10, and the relative balance of the pro- and anti-

inflammatory response, have all been implicated in nociceptive pathways and elevated levels 

have been found in chronic pain processes
8
. While our current understanding of the complex 

modulation pathways of pain is limited, circulating IL-6 has been demonstrated in the up-

regulation of central and peripheral nociceptive receptors, thereby generating the perception of 

pain, and potentially establishing the link between acute and chronic pain
9,10

. This is of particular 

importance in our study population of patients with pancreatic diseases for whom adequate pain 

control is a critical factor in maintaining good quality of life
11,12

.  

 In the immediate postoperative period, the use of epidural analgesia can improve other 

measures of patient recovery and healing, such as promoting gut motility and reducing the 

incidence of postoperative delirium. Along with reducing total opioid use, epidural analgesia 

produces a sympathectomy, allowing for dominance of the parasympathetic system, and further 

expediting the return of bowel function
13,14,15

. With delayed gastric emptying as one of the most 

common complications and reasons for readmission after pancreatic resections, this valuable 

benefit of epidural analgesia requires further investigation
16,17

. Delirium is another common 

postoperative complication that is associated with poor patient outcomes, including functional 

decline and death, and an effective prophylactic treatment remains to be identified. Through the 

effects of decreased intraoperative anesthetic requirement and postoperative opioid use, epidural 

analgesia may have a potential protective role against postoperative delirium. 

The effect of epidural analgesia in suppressing the inflammatory cascade is of particular 

interest to the field of oncology.  In certain types of cancers, including pancreatic, the oncogenic 

process generates an inflammatory environment that propagates the growth of malignant lesions 

and continued inflammatory conditions have been implicated in metastatic disease
18,19,20

. Pain 
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can further exacerbate systemic inflammation
21

. In additional to mitigating post-surgical pain, 

the sympathectomy resulting from epidural analgesia also reduces the body’s overall 

inflammatory conditions
22,23

.  This attenuation of the heightened postoperative inflammatory 

state of the body may provide an additional means of reducing progression of disease. 

 

Pancreatic Diseases 

With improved detection and imaging modalities, the incidence of pancreatic disease, and 

subsequently, pancreatic operations, has increased
24,25,26

. Pancreatic resection continues to be the 

primary surgical treatment in the treatment of many benign and malignant pancreatic diseases, 

with an estimated 4,000 operations performed annually in the United States 
27

. However, the 

mean 5-year survival for malignant pancreatic disease remains the lowest of all cancers at 6%, 

with 70-85% of patients dying of systemic recurrence, not just local disease
28,29,30

. While the 

search continues for earlier screening methods, the development of adjunctive therapies to 

surgical resection remains the most promising target of efforts to improve outcomes in malignant 

diseases of the pancreas. In particular, in recent years, a paradigm shift has occurred in the study 

of pancreatic malignancies where pancreatic cancer is viewed as a systemic disease, even in 

early stages, requiring a systemic approach in additional to regional disease control
31,32,33,34

. In 

previous studies, primarily in prostate and colorectal malignancies, the use of epidural analgesia 

has suggested a correlation with improved oncologic outcomes and survival
35,36

.  Given the role 

between inflammation and cancer development and recurrence, and the sympathetic blockade 

created by epidural analgesia, the significance of epidural analgesia in improving oncologic 

outcomes warrants continued investigation. 

 

The aim of this study is to evaluate the effect of epidural analgesia in pancreatic 

operations on immediate postoperative outcomes, the development of PPSP, and oncologic 

outcomes in a prospective, single blind, randomized controlled trial. 

 

METHODS AND ANALYSIS 

 

Study Design 

 

The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, single-

center, randomized controlled trial. This study has been approved by the Institutional Review 

Board at Washington University in St. Louis.150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) following anesthetic 

induction followed by a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr 

postoperatively in addition to the institutional standardized pain regimen of hydromorphone 

patient-controlled analgesia, IV acetaminophen, and ketorolac (intervention group) or no 

epidural infusion and only the standardized postoperative pain regimen (control group). Follow-

up information will be collected from the medical record for up to 2 years post-operatively. The 

study design is outlined in Figure 1. 

 

Eligibility Criteria 
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Patients 18 years old or older, who able to understand and sign an Institutional Review 

Board (IRB)-approved informed consent form, and who are undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be eligible for study inclusion. Patients 

will be excluded if they fulfill  

any one of the following criteria: indication for operative intervention being chronic 

pancreatitis, currently on warfarin with an INR>1.4 or clopidogrel that cannot be discontinued 7 

days prior to surgery, most recent INR prior to surgery >1.4, most recent platelet count prior to 

surgery <70,000/mcl, chronic opioid use as defined by use of more than 20mg oxycodone, or 

equivalent, daily, history of pre-existing neuropathic pain conditions, known medical history of 

significant psychiatric or cognitive impairment, or history of HIV, Hepatitis B, and/or Hepatitis 

C. Patients will be consented and enrolled during a clinic or preoperative evaluation 

appointment. 

 

Baseline Assessment 

 

Each study participant will be randomized into the control group with standard of care 

pain management regiment or the intervention group with the addition of epidural analgesia. 

Randomization will occur via a randomized number generation by the PI. 

Patients will have the standard of care preoperative evaluation at the Barnes Jewish 

Hospital Center for Preoperative Assessment and Planning. Routine laboratory tests including 

complete blood count, comprehensive metabolic panel, and coagulation studies will be obtained 

and reviewed.  

In patients receiving chronic antiplatelet or anticoagulant medications, the following 

procedure will be practiced to minimize the risk of bleeding (per American Society of Regional 

Anesthesia and Pain Medicine guidelines
37

): 

Acetyl Salicylic acid (ASA, aspirin) or other NSAIDS may be continued prior to epidural 

catheter insertion. Clopidogrel use must be discontinued seven days before the procedure. The 

study participant’s treating physician (e.g. surgeon, cardiologist, neurologist) will be consulted 

prior to the discontinuation of clopidogrel. Participants receiving warfarin will proceed with the 

following schedule: if INR < 1.4, subject may proceed with epidural catheter insertion. If INR 

>1.4, the participant’s treating physician will be consulted whether warfarin can be discontinued 

until INR reaches <1.4, or the subject can be switched to Low Molecular Weight Heparin 

(LMWH), which can be discontinued 36 hours before catheter insertion. INR/PTT will be 

assessed on the day of epidural catheter insertion in all patients on anticoagulant (but not 

antiplatelet) therapy. 

Study participants will undergo a complete medical history and physical examination, and 

the following baseline assessments: 

1. Evaluation of hypersensitivity or dynamic mechanical allodynia to brush stimulation in the 

upper abdomen
38

. 

2. Quantitative sensory testing (QST) to assess warm and cold detection thresholds, heat and 

cold pain thresholds, mechanical detection and pain thresholds, presence of wind-up 

(enhanced temporal summation) to pinprick (Supplemental 1). 

3. Screening for psychological risk factors for acute and chronic pain using Hospital Anxiety 

and Depression Scale (HADS)
39

. 

4. Baseline assessment for delirium using the 3D-CAM instrument (Supplemental 2).  

5. Baseline assessment of serum inflammatory markers (IL-1b, IL-6, TNF-a, IL-10). 
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Interventions 

 

Post-operatively, all patients will receive a standardized pain regimen including a 

hydromorphone PCA (initial settings of no bolus dose, 0.25 mg per demand dose, minimal 

interval dose time of 10 minutes), acetaminophen (1000 mg every 6 hours for 24 hours), and 

ketorolac (15 mg every 6 hours for 72 hours) per surgeon’s preference. Study group patients will 

have an epidural bupivacaine infusion beginning in the operating room.  

An epidural infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) will 

be started after induction of anesthesia. Epidural narcotic consisting of fentanyl 50 mcg will be 

administered with sterile precaution by the anesthesia provider before starting the epidural 

infusion. Epidural boluses of 0.125% bupivacaine may be administered as guided clinically. A 

phenylephrine infusion can be used to maintain adequate blood pressure maintaining mean 

arterial pressures (MAP) above 60 mmHg. The epidural infusion can be paused if vasopressor 

requirements exceed 1 mcg/kg/min of phenylephrine or 0.1 mcg/kg/min of norepinephrine. The 

epidural infusion is to be paused if hemodynamics become unstable, either due to excessive 

blood loss or MAP consistently below 60 mmHg. The epidural infusion can be resumed when 

hemodynamics are stable. 

The bupivacaine 0.125% epidural infusion is to be discontinued in the OR at the end of 

surgery and a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr will be started in the 

PACU. The epidural infusion is followed up by an Acute Pain Service in the postoperative 

period that will titrate the infusion based on the patients’ self-reported pain scores and MAP 

values. 

 

Outcomes 

 

Primary Outcomes 

The primary study outcome is the consumption of morphine or morphine-equivalent in 

patients undergoing pancreatic resections in the control group compared with the study group. 

Each subject’s morphine or morphine-equivalent consumption will be assessed every 24 hours. 

All subjects will be assessed daily during their postoperative inpatient admission by a trained 

member of the Acute Pain Service who is blinded to the treatment arm of the study. 

 

Secondary Outcomes 

Study team members blinded to the treatment group of the patient will assess all 

secondary outcomes. Various measures of patient recovery and healing in the initial 

postoperative period will be evaluated, including visual analog scores (VAS), intravenous fluid 

requirements, anti-emetic doses, and return of bowel function.  Serum inflammatory markers will 

be evaluated serially, preoperatively on day of surgery, three hours after the start of surgical 

incision in the operating room, on postoperative day 2, and at the initial postoperative visit 2-6 

weeks after surgery. Postoperative delirium assessments will be performed when patients can be 

aroused sufficiently in order to be assessed for delirium (Richmond Agitation-Sedation Scale 

(RASS) > -4). Each patient will be assessed for delirium on postoperative day 2 as postoperative 

delirium typically first manifests 24-96 hours after surgery. For non-verbal patients the CAM-

ICU instrument will be used and for verbal patients, the 3D-CAM instrument will be used
40

. As 

delirium is a fluctuating disorder and can be missed with sporadic delirium assessments, a 
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structured method of chart review will be used to complement the clinical assessments.   

This combined approach (3D-CAM interview or CAM-ICU plus chart review) increases the 

sensitivity and retains specificity in detecting incident delirium. The trial staff has undergone 

formal training in clinical delirium assessment and on the chart review methodology.  

Patients will be seen for their initial postoperative weeks at 2-6 weeks after hospital 

discharge and will undergo repeat PPSP evaluation at that time.  

Patients will continue to be followed in clinic for 2 years postoperatively with laboratory 

and radiologic evaluation as deemed appropriate by the primary surgeon. Patients will be 

followed for tumor recurrence and overall survival. Data will be collected directly from subject’s 

medical record; no study-specific procedures will be implemented at follow up visits. 

 

Sample Size 

 

For purposes of sample size estimation, total morphine consumption in the first 72 hours 

after surgery is the primary outcome of the study. Based on our prior experience, sample size 

estimation will be based on the following assumptions
41

: Expected morphine consumption is 30 

milligrams intraoperatively, 30 mg on postoperative day 1 (POD1), 20 mg on POD2 and 10 mg 

on POD3. Therefore, expected total morphine consumption in the first 72 hours is, on average, 

80 mg. Then, assuming that the standard deviation of morphine consumption is 30 mg, that a 20 

mg difference in morphine consumption between groups is a clinically meaningful reduction of 

opioid use and assuming normal distribution of morphine consumption in both patient groups, 

the proposed sample size for a = 0.05 and b = 0.2 would be 37 patients per group (74 patients in 

total). However, we propose to increase the sample size of the study to 150 total patients to 

account for patients lost to follow-up, inability to complete the scheduled pancreatic resection, 

data errors, and other un-anticipated study problems. 

 

Recruitment 

 

 Participants will be recruited primarily through the Washington University Hepatobiliary-

Pancreatic Surgery clinics. Subjects will be given verbal (initially) and then written descriptions 

of the study aims, procedures, risks, and benefits, and will be required to give written informed 

consent. A member of the investigative team provides all study descriptions, informed consent, 

and answers all questions. No deception is required for the purposes of this study. All subjects 

will be aware of the randomization used in this study to either the control or intervention group. 

Subjects are informed verbally and in writing that participation is voluntary and they may refuse 

to participate and may withdraw from the study at any time without penalty. 

 

Allocation 

 

Participants will be randomized in a 1:1 ratio into the control group with standard of care 

pain management regimen or the intervention group with the addition of epidural analgesia. 

Randomization will occur via randomized number generation. 

This is a single-blind study. Patients and the primary investigative team will be aware of 

the randomization. However, all study members performing data collection will be blinded to the 

randomization.  
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Data Analysis and Management 

  

 Data analysis for this study will focus on the comparison of patient outcomes 

(postoperative morphine/morphine-equivalent consumption, measures of postoperative recovery, 

inflammatory markers, 3D-CAM/CAM-ICU assessments, QST) between the intervention and 

control study groups. Based on data distribution, continuous variables will be compared between 

the two groups using student’s t test or the Mann Whitney U test as appropriate. When 

appropriate, significance of findings will be adjusted for multiple comparisons using the 

Bonferroni correction method. 

 The Center for Biomedical Informatics at Washington University will be used as the 

central location for data collection and management. Since 2008, Washington University has 

hosted Research Electronic Data Capture (REDCap), a secure, web-based application for 

building and storing online research and clinical trial databases. The REDCap servers are 

securely housed in an on-site limited access data center managed by the Center for Biomedical 

Informatics at Washington University. All web-based information transmission is encrypted and 

all data are stored on a private firewall protected network. All users are assigned individual user 

IDs and passwords and individual access is restricted on a role-specific basis. REDCap was 

developed specifically around HIPAA guidelines and is also implemented and maintained in 

accordance with institutional security guidelines. 

  

Monitoring 

 

 The study team will monitor all study participants for adverse events. The principal 

investigator will report all unanticipated problems or adverse events, all conditions of 

noncompliance, and any new information that may affect the continued or current enrollment of 

study participants to the IRB. All events will be reported to the IRB within 10 working days of 

the event or of notification of the principal investigator of the event. The death of a study 

participant must be reported to the IRB within 1 working day of the event or of notification of 

the principal investigator of the event.  

The specific monitoring plan for this investigation is commensurate with the risks and the 

size and complexity of the investigations planned. The potential risks are attributable to 

performing insertion of the epidural catheter and the use of bupivacaine for neuraxial analgesia. 

Based on these considerations, the monitoring plan involves engaging a colleague from the 

Department of Anesthesiology not involved in the study to serve in a monitoring capacity. Based 

on the small size and relatively low risks nature of the protocol, only a third person (the 

colleague), rather than a full Data Safety Monitoring Board will be used. The colleague will be 

an anesthesiologist knowledgeable in the risks associated with nerve blocks and local anesthetic 

administration. This individual will review the annual summary of adverse events. In addition, 

this colleague will review all reports of a Serious Adverse Event, or an Unexpected Adverse 

Event. 

 

ETHICS AND DISSEMINATION 

 

Ethics Approval and Consent 
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The E-PRO trial was provided ethical approval by the Washington University in St. 

Louis’s Institutional Review Board which serves Washington University and Barnes-Jewish 

Hospital. Study recruitment and enrollment began in May 2016 and will continue through the 

end of 2017. Potential study participants will be given verbal and then written descriptions of the 

study aims, procedures, risks, and benefits, and written informed consent will be obtained for all 

participants. All participants are informed verbally and in writing that participation is voluntary 

and they may refuse to participate and may withdraw from the study at any time without penalty.  

 

Confidentiality 

 

 Only the investigators and research team will have access to any protected health 

information of study participants and any study data. All subjects will be assigned a study ID 

number. All study data and samples will be coded with the assigned study ID number. A key to 

the code linking code numbers to patient names will be kept at a separate location, under lock 

and key; this link will be destroyed at the conclusion of this study. All data will be recorded by a 

member of the research team and will be stored in a password-protected electronic database 

stored on the departmental network drive. Study data will be not be entered into participants’ 

medical records. 

 

Dissemination 
 

 Dissemination plans include presentations at scientific conferences and scientific 

publications. 

 

CONCLUSIONS 

 

 This trial investigates a wide spectrum of potential benefits to patients undergoing 

pancreatic resection. During the initial postoperative period, the use of epidural analgesia can aid 

in improving postoperative pain control, decreasing opioid consumption, reducing the incidence 

of delirium, and expediting recovery. In addition to improving immediate post-surgical pain 

control, epidural analgesia may reduce the development of persistent post-surgical pain, which 

can persist for weeks to years after surgery. Lastly, epidural analgesia can help reduce the body’s 

stress response to a major operation, which has been linked to malignant progression and spread. 

Based on this trial, we seek to establish the role of epidural analgesia as part of the standard of 

care in future patients undergoing pancreatic operations. 
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Supplemental 1. Quantitative sensory testing (QST) protocol. 

 

Supplemental 2. 3D-CAM assessment.  
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Figure 1. Study design  

 

 

215x279mm (300 x 300 DPI)  

 

 

Page 14 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018787 on 26 January 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

Supplemental 1. Quantitative sensory testing (QST) protocol. 
 
Quantitative sensory testing will be performed in the main assessment area on the abdomen, in 
close proximity to the surgical incision. 
 
A description of the QST procedures follows: 
 
Thermal detection and thermal pain thresholds 
Equipment: The Thermal Sensory Analyzer (TSA-II or PATHWAY platform - Medoc, Ramat 
Yishai, Israel) will be used to determine thermal detection and pain thresholds. This equipment is 
used globally for functional assessment of pain and temperature-conducting nerve fibers (C and 
A-delta fibers). 
Method and Background: Using the thermal sensory analyzer, cold and warm detection 
thresholds (CDT and WDT, respectively), as well as cold and heat pain thresholds (CPT and 
HPT, respectively) will be determined. The thermode with contact area of 9.0 cm2 is applied to 
the tested site, and all thresholds are determined by continuous ramping of temperature from 
32°C baseline temperature by 1°C/s until the subject presses the ‘stop‘ button. Cut-off 
temperatures are 0°C and 50°C, to minimize thermal damage to the skin. The baseline 
temperature to which the thermode returns before each test is 32°C. The average threshold is 
calculated from three measurements in each area. 
 
Determination of mechanical detection threshold (MDT) 
Equipment: A set of standardised von Frey filaments (#1.65, #2.35, #2.44, #2.83, #3.22, #3.61, 
#3.84, #4.08, #4.17, #4.31, #4.74, #4.93, #5.07, #5.18, #5.46, #5.88, #6.10, #6.45, 6.65. The 
contact area of the filaments with the skin is of uniform size (<1 mm²) and texture. 

Methods and Background: Standardised von Frey filaments will be used in a modified “method 
of limits” manner using 3 series of increasing and decreasing stimulus intensities to determine 
the geometric average as the tactile detection threshold of the affected and unaffected skin areas. 
 
Von Frey filaments of different stimulus intensities are used to determine the tactile detection 
thresholds. A #5.07 filament (eliciting 10 gram force)* is applied first, followed by filaments of 
consecutively lower intensity until the patient cannot detect the stimulus being applied. This 
respective force represents the first threshold value. The order in which the stimuli are applied is 
then reversed and stimuli of consecutively greater intensity are applied until sensation is detected 
(this intensity becomes the second value). Again filaments with decreasing intensity are applied 
until in total 3 upper and lower values of detection are fulfilled from which the mechanical 
detection threshold can be determined. 
 
* In case the first von Frey filament (#5.07) is not detected, the next highest intensity filament 
which can be detected must be used as a starting intensity. However, the relevant force of this 
stimulus is not documented. Filaments with consecutively lower intensity are applied until the 
patient cannot detect the stimulus being applied. The procedure is followed as above; until in 
total 3 upper and lower values of detection are fulfilled from which the mechanical detection 
threshold can be determined. 
 
Determination of mechanical pain thresholds (MPT) 
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Equipment: Same as for MDT determination. 
Methods and Background:  
Standardised von Frey filaments will be used in a modified “method of limits” manner using 3 
series of increasing stimulus intensities to determine the average mechanical pain threshold of 
the affected and unaffected skin areas. 
Beginning with an applied force of 8mN, stimuli increase in intensity until the sensation induced 
by increased pressure can be described as ‘painful’. The corresponding force is used to represent 
the first MPT value. The procedure is then repeated a total of 3 times and until a total of 3 values 
are obtained, from which the mean mechanical pain threshold can be determined.  
 
Determination of wind-up ratio (WUR) 
Equipment: A pinprick stimulus with standardised intensity (#6.10 von Frey filament, approx. 98 
gram) and a flat contact area of 0.25mm diameter. 
Methods and Background: In this test a pinprick) is first applied singularly. After that a series of 
10 identical pinprick stimuli are applied with a frequency of 1 s-1 within an area of 1 cm2. 
Immediately following the single stimulus and series of stimuli, an evaluation of the sensation 
must be provided according to NRS (0-10, ‘0’: ‘no pain’, ‘10’: ‘worst pain imaginable’). A ratio 
is calculated using these values. This procedure shall be repeated twice. A geometric average of 
the ‘wind-up’ is calculated from the two ratios.  
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No 
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page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym ____1,2______ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _____2_______ 

2b All items from the World Health Organization Trial Registration Data Set ____1,2,9_____ 

Protocol version 3 Date and version identifier _____1_______ 

Funding 4 Sources and types of financial, material, and other support _____1,9_____ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors ______1______ 

5b Name and contact information for the trial sponsor ______1______ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, including 

whether they will have ultimate authority over any of these activities 

 

______9______ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee) 
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Introduction 
   

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits and harms for each intervention 

___3,4________ 

 6b Explanation for choice of comparators ___N/A________ 

Objectives 7 Specific objectives or hypotheses ____6,7______ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

___4-6_______ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 

be collected. Reference to where list of study sites can be obtained 

_____7_______ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, surgeons, psychotherapists) 

___4,5________ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 

administered 

____4-6_______ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or improving/worsening disease) 

_____6-8______ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 

(eg, drug tablet return, laboratory tests) 

____8________ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _____6_______ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly recommended 

 

____6-7_______ 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended (see Figure) 

_____4-5,11____ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 

clinical and statistical assumptions supporting any sample size calculations 

_____7_______ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _____7_______ 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 

(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 

or assign interventions 

_____5_______ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

____5-7______ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 

interventions 

_____5_______ 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 

assessors, data analysts), and how 

____5-7______ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 

allocated intervention during the trial 

_____5-7______ 

Methods: Data collection, management, and analysis 
 

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 

study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 

Reference to where data collection forms can be found, if not in the protocol 

____5-7_______ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from intervention protocols 

____6-7_______ 
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 

(eg, double data entry; range checks for data values). Reference to where details of data management 

procedures can be found, if not in the protocol 

____7-8________ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol 

____7-8_______ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____N/A______ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple imputation) 

 

____7,8_______ 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing interests; and reference to where further details 

about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 

needed 

_____8_______ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial 

____N/A________ 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions or trial conduct 

_____8_______ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 

from investigators and the sponsor 

_____8_______ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____8_______ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 

regulators) 

_____8_______ 
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 

how (see Item 32) 

___4-5________ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 

studies, if applicable 

____N/A_______ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 

in order to protect confidentiality before, during, and after the trial 

______9______ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site ____10________ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 

limit such access for investigators 

_____8_______ 

Ancillary and post-

trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 

participation 

_____8_______ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 

sharing arrangements), including any publication restrictions 

______9_______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____9________ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code ______9_______ 

Appendices 
   

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised surrogates __Supplemental_ 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary studies, if applicable 

______5,6_____ 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 

Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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ABSTRACT 

 

Introduction: Epidural analgesia provides an important synergistic method of pain control.  In 

addition to reducing perioperative opioid consumption, the deliverance of analgesia into the 

epidural space, effectively creating a sympathetic blockade, has a multitude of additional 

potential benefits, from decreasing the incidence of postoperative delirium to reducing the 

development of persistent post-surgical pain (PPSP). Prior studies have also identified a 

correlation between the use of epidural analgesia and improved oncologic outcomes and 

survival. The aim of this study is to evaluate the effect of epidural analgesia in pancreatic 

operations on immediate postoperative outcomes, the development of PPSP, and oncologic 

outcomes in a prospective, single blind, randomized controlled trial.  

 

Methods: The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, 

single-center, randomized controlled trial. 150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

bupivacaine infusion following anesthetic induction followed by continued epidural bupivacaine 

infusion postoperatively in addition to the institutional standardized pain regimen of 

hydromorphone patient-controlled analgesia, acetaminophen, and ketorolac (intervention group) 

or no epidural infusion and only the standardized postoperative pain regimen (control group). 

The primary outcome was the postoperative opioid consumption, measured in morphine or 

morphine-equivalents. Secondary outcomes include patient-reported postoperative pain 

numerical rating scores (NRS), trend and relative ratios of serum inflammatory markers (IL-1b, 

IL-6, TNF-a, IL-10), occurrence of postoperative delirium, development of PPSP as determined 

by quantitative sensory testing, and disease free and overall survival. 

 

Ethics and dissemination: The E-PRO trial has been approved by the institutional review board. 

Recruitment began in May 2016 and will continue until the end of May 2018. Dissemination 

plans include presentations at scientific conferences and scientific publications. 

 

Registration details: This study is registered at clinicaltrials.gov, NCT02681796 (last updated 

September 2016).  

 

Trial registration number: NCT02681796 (last updated September 2016). 

 

Strengths and Limitations: Strengths of this study include its design as a prospective randomized 

controlled trial and the length of longitudinal follow-up provided post-operatively. Limitations 

include the single-institutional nature of this study. 
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INTRODUCTION 

 

Background and Rationale 

 

Epidural Analgesia 

The utilization of regional analgesia as a compliment to traditional pain management 

techniques has become an increasingly common practice at many institutions. Placed pre-

operatively, epidural analgesia provides an important synergistic method of pain control post-

operatively.  In addition to its usefulness as a pain management adjunct, the deliverance of 

analgesia into the epidural space, effectively creating a sympathetic blockade, has a multitude of 

potential additional benefits. 

Previous studies have examined the use of epidurals in abdominal surgeries with a small 

number of retrospective trials focusing on the use of epidurals in pancreatic resections
1
. While 

these retrospective studies demonstrated an improvement in patient-reported pain scores post-

operatively, objective measures are still needed to quantify these improvements in pain control
2
. 

Prior studies have also highlighted a correlation between poor postoperative pain and the 

development of persistent post-surgical pain (PPSP)
3,4,5

. As epidural analgesia creates a 

sympathetic blockade, its intraoperative and postoperative use can mitigate the body’s 

inflammatory response and reduce the activation of peripheral and central nervous systems 

pathways involved in the development of persistent pain syndromes
6
. Interleukin-1-beta (IL-1b), 

interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a) are three pro-inflammatory 

cytokines involved in the transition from acute pain states to chronic pain syndromes
7
. 

Interleukin-10 (IL-10) is an anti-inflammatory cytokine that helps modulate the body’s stress 

response. IL-1b, IL-6, TNF-a, and IL-10, and the relative balance of the pro- and anti-

inflammatory response, have all been implicated in nociceptive pathways and elevated levels 

have been found in chronic pain processes
8
. While our current understanding of the complex 

modulation pathways of pain is limited, circulating IL-6 has been demonstrated in the up-

regulation of central and peripheral nociceptive receptors, thereby generating the perception of 

pain, and potentially establishing the link between acute and chronic pain
9,10

. This is of particular 

importance in our study population of patients with pancreatic diseases for whom adequate pain 

control is a critical factor in maintaining good quality of life
11,12

.  

 In the immediate postoperative period, the use of epidural analgesia can improve other 

measures of patient recovery and healing, such as promoting gut motility and reducing the 

incidence of postoperative delirium. Along with reducing total opioid use, epidural analgesia 

produces a sympathectomy, allowing for dominance of the parasympathetic system, and further 

expediting the return of bowel function
13,14,15

. With delayed gastric emptying as one of the most 

common complications and reasons for readmission after pancreatic resections, this valuable 

benefit of epidural analgesia requires further investigation
16,17

. Delirium is another common 

postoperative complication that is associated with poor patient outcomes, including functional 

decline and death, and an effective prophylactic treatment remains to be identified. Through the 

effects of decreased intraoperative anesthetic requirement and postoperative opioid use, epidural 

analgesia may have a potential protective role against postoperative delirium. 

The effect of epidural analgesia in suppressing the inflammatory cascade is of particular 

interest to the field of oncology.  In certain types of cancers, including pancreatic, the oncogenic 

process generates an inflammatory environment that propagates the growth of malignant lesions 

and continued inflammatory conditions have been implicated in metastatic disease
18,19,20

. Pain 
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can further exacerbate systemic inflammation
21
. In additional to mitigating post-surgical pain, 

the sympathectomy resulting from epidural analgesia also reduces the body’s overall 

inflammatory conditions
22,23

.  This attenuation of the heightened postoperative inflammatory 

state of the body may provide an additional means of reducing progression of disease. 

 

Pancreatic Diseases 

With improved detection and imaging modalities, the incidence of pancreatic disease, and 

subsequently, pancreatic operations, has increased
24,25,26

. Pancreatic resection continues to be the 

primary surgical treatment in the treatment of many benign and malignant pancreatic diseases, 

with an estimated 4,000 operations performed annually in the United States 
27
. However, the 

mean 5-year survival for malignant pancreatic disease remains the lowest of all cancers at 6%, 

with 70-85% of patients dying of systemic recurrence, not just local disease
28,29,30

. While the 

search continues for earlier screening methods, the development of adjunctive therapies to 

surgical resection remains the most promising target of efforts to improve outcomes in malignant 

diseases of the pancreas. In particular, in recent years, a paradigm shift has occurred in the study 

of pancreatic malignancies where pancreatic cancer is viewed as a systemic disease, even in 

early stages, requiring a systemic approach in additional to regional disease control
31,32,33,34

. In 

previous studies, primarily in prostate and colorectal malignancies, the use of epidural analgesia 

has suggested a correlation with improved oncologic outcomes and survival
35,36

.  Given the role 

between inflammation and cancer development and recurrence, and the sympathetic blockade 

created by epidural analgesia, the significance of epidural analgesia in improving oncologic 

outcomes warrants continued investigation. 

 

The aim of this study is to evaluate the effect of epidural analgesia in pancreatic 

operations on immediate postoperative outcomes, the development of PPSP, and oncologic 

outcomes in a prospective, single blind, randomized controlled trial. 

 

METHODS AND ANALYSIS 

 

Study Design 

 

The Epidurals in Pancreatic Resection Outcomes (E-PRO) study is a prospective, single-

center, randomized controlled trial. This study has been approved by the Institutional Review 

Board at Washington University in St. Louis.150 patients undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be randomized to receive an epidural 

infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) following anesthetic 

induction followed by a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr 

postoperatively in addition to the institutional standardized pain regimen of hydromorphone 

patient-controlled analgesia, IV acetaminophen, and ketorolac (intervention group) or no 

epidural infusion and only the standardized postoperative pain regimen (control group). Follow-

up information will be collected from the medical record for up to 2 years post-operatively. The 

study design is outlined in Figure 1. 

 

Eligibility Criteria 
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Patients 18 years old or older, who able to understand and sign an Institutional Review 

Board (IRB)-approved informed consent form, and who are undergoing either 

pancreaticoduodenectomy or distal pancreatectomy will be eligible for study inclusion. Patients 

will be excluded if they fulfill  

any one of the following criteria: indication for operative intervention being chronic 

pancreatitis, currently on warfarin with an INR>1.4 or clopidogrel that cannot be discontinued 7 

days prior to surgery, most recent INR prior to surgery >1.4, most recent platelet count prior to 

surgery <70,000/mcl, chronic opioid use as defined by use of more than 20mg oxycodone, or 

equivalent, daily, history of pre-existing neuropathic pain conditions, known medical history of 

significant psychiatric or cognitive impairment, or history of HIV, Hepatitis B, and/or Hepatitis 

C. Patients will be consented and enrolled during a clinic or preoperative evaluation 

appointment. 

 

Baseline Assessment 

 

Each study participant will be randomized into the control group with standard of care 

pain management regiment or the intervention group with the addition of epidural analgesia. 

Randomization will occur via a randomized number generation by the PI. 

Patients will have the standard of care preoperative evaluation at the Barnes Jewish 

Hospital Center for Preoperative Assessment and Planning. Routine laboratory tests including 

complete blood count, comprehensive metabolic panel, and coagulation studies will be obtained 

and reviewed.  

In patients receiving chronic antiplatelet or anticoagulant medications, the following 

procedure will be practiced to minimize the risk of bleeding (per American Society of Regional 

Anesthesia and Pain Medicine guidelines
37
): 

Acetyl Salicylic acid (ASA, aspirin) or other NSAIDS may be continued prior to epidural 

catheter insertion. Clopidogrel use must be discontinued seven days before the procedure. The 

study participant’s treating physician (e.g. surgeon, cardiologist, neurologist) will be consulted 

prior to the discontinuation of clopidogrel. Participants receiving warfarin will proceed with the 

following schedule: if INR < 1.4, subject may proceed with epidural catheter insertion. If INR 

>1.4, the participant’s treating physician will be consulted whether warfarin can be discontinued 

until INR reaches <1.4, or the subject can be switched to Low Molecular Weight Heparin 

(LMWH), which can be discontinued 36 hours before catheter insertion. INR/PTT will be 

assessed on the day of epidural catheter insertion in all patients on anticoagulant (but not 

antiplatelet) therapy. 

Study participants will undergo a complete medical history and physical examination, and 

the following baseline assessments: 

1. Evaluation of hypersensitivity or dynamic mechanical allodynia to brush stimulation in the 

upper abdomen
38
. 

2. Quantitative sensory testing (QST) to assess warm and cold detection thresholds, heat and 

cold pain thresholds, mechanical detection and pain thresholds, presence of wind-up 

(enhanced temporal summation) to pinprick (Supplemental 1). 

3. Screening for psychological risk factors for acute and chronic pain using Hospital Anxiety 

and Depression Scale (HADS)
39
. 

4. Baseline assessment for delirium using the 3D-CAM instrument
40
.  

5. Baseline assessment of serum inflammatory markers (IL-1b, IL-6, TNF-a, IL-10). 
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Interventions 

 

Post-operatively, all patients will receive a standardized pain regimen including a 

hydromorphone PCA (initial settings of no bolus dose, 0.25 mg per demand dose, minimal 

interval dose time of 10 minutes), acetaminophen (1000 mg every 6 hours for 24 hours), and 

ketorolac (15 mg every 6 hours for 72 hours) per surgeon’s preference. Study group patients will 

have an epidural bupivacaine infusion beginning in the operating room.  

An epidural infusion of 0.125% bupivacaine starting at 5 ml/hr (range of 5-8 ml/hr) will 

be started after induction of anesthesia. Epidural narcotic consisting of fentanyl 50 mcg will be 

administered with sterile precaution by the anesthesia provider before starting the epidural 

infusion. Epidural boluses of 0.125% bupivacaine may be administered as guided clinically. A 

phenylephrine infusion can be used to maintain adequate blood pressure maintaining mean 

arterial pressures (MAP) above 60 mmHg. The epidural infusion can be paused if vasopressor 

requirements exceed 1 mcg/kg/min of phenylephrine or 0.1 mcg/kg/min of norepinephrine. The 

epidural infusion is to be paused if hemodynamics become unstable, either due to excessive 

blood loss or MAP consistently below 60 mmHg. The epidural infusion can be resumed when 

hemodynamics are stable. 

The bupivacaine 0.125% epidural infusion is to be discontinued in the OR at the end of 

surgery and a standard epidural infusion of 0.1% bupivacaine at 4-6 ml/hr will be started in the 

PACU. The epidural infusion is followed up by an Acute Pain Service in the postoperative 

period that will titrate the infusion based on the patients’ self-reported pain scores and MAP 

values. 

 

Outcomes 

 

Primary Outcomes 

The primary study outcome is the postoperative consumption of opioids (measured in 

morphine or morphine-equivalents) in patients undergoing pancreatic resections in the control 

group compared with the study group. Each subject’s morphine or morphine-equivalent 

consumption postoperatively will be assessed every 24 hours. All subjects will be assessed daily 

during their postoperative inpatient admission by a trained member of the Acute Pain Service 

who is blinded to the treatment arm of the study. 

 

Secondary Outcomes 

Secondary outcomes of the study include measures evaluated during the inpatient 

postoperative period as well during subsequent outpatient follow-up. Study team members 

blinded to the treatment group of the patient will assess all secondary outcomes. Patient recovery 

and healing postoperatively will be evaluated using various measures, such as visual analog 

scores (VAS), intravenous fluid requirements, anti-emetic doses, and return of bowel function.  

Serum inflammatory markers will be evaluated serially, preoperatively on day of surgery, three 

hours after the start of surgical incision in the operating room, on postoperative day 2, and at the 

initial postoperative visit 2-6 weeks after surgery. Postoperative delirium assessments will be 

performed when patients can be aroused sufficiently in order to be assessed for delirium 

(Richmond Agitation-Sedation Scale (RASS) > -4). Each patient will be assessed for delirium on 

postoperative day 2 as postoperative delirium typically first manifests 24-96 hours after surgery. 
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For non-verbal patients the CAM-ICU instrument will be used and for verbal patients, the 3D-

CAM instrument will be used
40
. As delirium is a fluctuating disorder and can be missed with 

sporadic delirium assessments, a structured method of chart review will be used to complement 

the clinical assessments.   

This combined approach (3D-CAM interview or CAM-ICU plus chart review) increases the 

sensitivity and retains specificity in detecting incident delirium. The trial staff has undergone 

formal training in clinical delirium assessment and on the chart review methodology.  

Patients will be seen for their initial postoperative weeks at 2-6 weeks after hospital 

discharge and will undergo repeat PPSP evaluation at that time.  

Patients will continue to be followed in clinic for 2 years postoperatively with laboratory 

and radiologic evaluation as deemed appropriate by the primary surgeon. Patients will be 

followed for tumor recurrence and overall survival. Data will be collected directly from subject’s 

medical record; no study-specific procedures will be implemented at follow up visits. 

 

Sample Size 

 

Sample size estimation was performed based on the study primary outcome of 

postoperative opioid consumption. Based on our prior experience, this estimation will be based 

on the following assumptions
41
: Expected morphine consumption is 30 milligrams 

intraoperatively, 30 mg on postoperative day 1 (POD1), 20 mg on POD2 and 10 mg on POD3. 

Therefore, expected total morphine consumption in the first 72 hours is, on average, 80 mg. 

Then, assuming that the standard deviation of morphine consumption is 30 mg, that a 20 mg 

difference in morphine consumption between groups is a clinically meaningful reduction of 

opioid use and assuming normal distribution of morphine consumption in both patient groups, 

the proposed sample size for a = 0.05 and b = 0.2 would be 37 patients per group (74 patients in 

total). However, we propose to increase the sample size of the study to 150 total patients to 

account for patients lost to follow-up, inability to complete the scheduled pancreatic resection, 

data errors, and other un-anticipated study problems. 

 

Recruitment 

 

 Participants will be recruited primarily through the Washington University Hepatobiliary-

Pancreatic Surgery clinics. Subjects will be given verbal (initially) and then written descriptions 

of the study aims, procedures, risks, and benefits, and will be required to give written informed 

consent. A member of the investigative team provides all study descriptions, informed consent, 

and answers all questions. No deception is required for the purposes of this study. All subjects 

will be aware of the randomization used in this study to either the control or intervention group. 

Subjects are informed verbally and in writing that participation is voluntary and they may refuse 

to participate and may withdraw from the study at any time without penalty. 

 

Allocation 

 

Participants will be randomized in a 1:1 ratio into the control group with standard of care 

pain management regimen or the intervention group with the addition of epidural analgesia. 

Randomization will occur via randomized number generation. 
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This is a single-blind study. Patients and the primary investigative team will be aware of 

the randomization. However, all study members performing data collection will be blinded to the 

randomization.  

 

Data Analysis and Management 

  

 Data analysis for this study will focus on the comparison of patient outcomes 

(postoperative morphine/morphine-equivalent consumption, measures of postoperative recovery, 

inflammatory markers, 3D-CAM/CAM-ICU assessments, QST) between the intervention and 

control study groups. Based on data distribution, continuous variables will be compared between 

the two groups using student’s t test or the Mann Whitney U test as appropriate. When 

appropriate, significance of findings will be adjusted for multiple comparisons using the 

Bonferroni correction method. 

 The Center for Biomedical Informatics at Washington University will be used as the 

central location for data collection and management. Since 2008, Washington University has 

hosted Research Electronic Data Capture (REDCap), a secure, web-based application for 

building and storing online research and clinical trial databases. The REDCap servers are 

securely housed in an on-site limited access data center managed by the Center for Biomedical 

Informatics at Washington University. All web-based information transmission is encrypted and 

all data are stored on a private firewall protected network. All users are assigned individual user 

IDs and passwords and individual access is restricted on a role-specific basis. REDCap was 

developed specifically around HIPAA guidelines and is also implemented and maintained in 

accordance with institutional security guidelines. 

  

Monitoring 

 

 The study team will monitor all study participants for adverse events. The principal 

investigator will report all unanticipated problems or adverse events, all conditions of 

noncompliance, and any new information that may affect the continued or current enrollment of 

study participants to the IRB. All events will be reported to the IRB within 10 working days of 

the event or of notification of the principal investigator of the event. The death of a study 

participant must be reported to the IRB within 1 working day of the event or of notification of 

the principal investigator of the event.  

The specific monitoring plan for this investigation is commensurate with the risks and the 

size and complexity of the investigations planned. The potential risks are attributable to 

performing insertion of the epidural catheter and the use of bupivacaine for neuraxial analgesia. 

Based on these considerations, the monitoring plan involves engaging a colleague from the 

Department of Anesthesiology not involved in the study to serve in a monitoring capacity. Based 

on the small size and relatively low risks nature of the protocol, only a third person (the 

colleague), rather than a full Data Safety Monitoring Board will be used. The colleague will be 

an anesthesiologist knowledgeable in the risks associated with nerve blocks and local anesthetic 

administration. This individual will review the annual summary of adverse events. In addition, 

this colleague will review all reports of a Serious Adverse Event, or an Unexpected Adverse 

Event. 

 

ETHICS AND DISSEMINATION 

Page 8 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018787 on 26 January 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

 9

 

Ethics Approval and Consent 

 

The E-PRO trial was provided ethical approval by the Washington University in St. 

Louis’s Institutional Review Board which serves Washington University and Barnes-Jewish 

Hospital. Study recruitment and enrollment began in May 2016 and will continue through the 

end of 2017. Potential study participants will be given verbal and then written descriptions of the 

study aims, procedures, risks, and benefits, and written informed consent will be obtained for all 

participants. All participants are informed verbally and in writing that participation is voluntary 

and they may refuse to participate and may withdraw from the study at any time without penalty.  

 

Confidentiality 

 

 Only the investigators and research team will have access to any protected health 

information of study participants and any study data. All subjects will be assigned a study ID 

number. All study data and samples will be coded with the assigned study ID number. A key to 

the code linking code numbers to patient names will be kept at a separate location, under lock 

and key; this link will be destroyed at the conclusion of this study. All data will be recorded by a 

member of the research team and will be stored in a password-protected electronic database 

stored on the departmental network drive. Study data will be not be entered into participants’ 

medical records. 

 

Dissemination 
 

 Dissemination plans include presentations at scientific conferences and scientific 

publications. 

 

CONCLUSIONS 

 

 This trial investigates a wide spectrum of potential benefits to patients undergoing 

pancreatic resection. During the initial postoperative period, the use of epidural analgesia can aid 

in improving postoperative pain control, decreasing opioid consumption, reducing the incidence 

of delirium, and expediting recovery. In addition to improving immediate post-surgical pain 

control, epidural analgesia may reduce the development of persistent post-surgical pain, which 

can persist for weeks to years after surgery. Lastly, epidural analgesia can help reduce the body’s 

stress response to a major operation, which has been linked to malignant progression and spread. 

Based on this trial, we seek to establish the role of epidural analgesia as part of the standard of 

care in future patients undergoing pancreatic operations. 
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FIGURE LEGEND 

 

Figure 1. Study design. 

 

SUPPLEMENTAL FILES 

 

Supplemental 1. Quantitative sensory testing (QST) protocol. 
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Figure 1. Study design  
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Supplemental 1. Quantitative sensory testing (QST) protocol. 
 
Quantitative sensory testing will be performed in the main assessment area on the abdomen, in 
close proximity to the surgical incision. 
 
A description of the QST procedures follows: 
 
Thermal detection and thermal pain thresholds 
Equipment: The Thermal Sensory Analyzer (TSA-II or PATHWAY platform - Medoc, Ramat 
Yishai, Israel) will be used to determine thermal detection and pain thresholds. This equipment is 
used globally for functional assessment of pain and temperature-conducting nerve fibers (C and 
A-delta fibers). 
Method and Background: Using the thermal sensory analyzer, cold and warm detection 
thresholds (CDT and WDT, respectively), as well as cold and heat pain thresholds (CPT and 
HPT, respectively) will be determined. The thermode with contact area of 9.0 cm2 is applied to 
the tested site, and all thresholds are determined by continuous ramping of temperature from 
32°C baseline temperature by 1°C/s until the subject presses the ‘stop‘ button. Cut-off 
temperatures are 0°C and 50°C, to minimize thermal damage to the skin. The baseline 
temperature to which the thermode returns before each test is 32°C. The average threshold is 
calculated from three measurements in each area. 
 
Determination of mechanical detection threshold (MDT) 
Equipment: A set of standardised von Frey filaments (#1.65, #2.35, #2.44, #2.83, #3.22, #3.61, 
#3.84, #4.08, #4.17, #4.31, #4.74, #4.93, #5.07, #5.18, #5.46, #5.88, #6.10, #6.45, 6.65. The 
contact area of the filaments with the skin is of uniform size (<1 mm²) and texture. 

Methods and Background: Standardised von Frey filaments will be used in a modified “method 
of limits” manner using 3 series of increasing and decreasing stimulus intensities to determine 
the geometric average as the tactile detection threshold of the affected and unaffected skin areas. 
 
Von Frey filaments of different stimulus intensities are used to determine the tactile detection 
thresholds. A #5.07 filament (eliciting 10 gram force)* is applied first, followed by filaments of 
consecutively lower intensity until the patient cannot detect the stimulus being applied. This 
respective force represents the first threshold value. The order in which the stimuli are applied is 
then reversed and stimuli of consecutively greater intensity are applied until sensation is detected 
(this intensity becomes the second value). Again filaments with decreasing intensity are applied 
until in total 3 upper and lower values of detection are fulfilled from which the mechanical 
detection threshold can be determined. 
 
* In case the first von Frey filament (#5.07) is not detected, the next highest intensity filament 
which can be detected must be used as a starting intensity. However, the relevant force of this 
stimulus is not documented. Filaments with consecutively lower intensity are applied until the 
patient cannot detect the stimulus being applied. The procedure is followed as above; until in 
total 3 upper and lower values of detection are fulfilled from which the mechanical detection 
threshold can be determined. 
 
Determination of mechanical pain thresholds (MPT) 
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Equipment: Same as for MDT determination. 
Methods and Background:  
Standardised von Frey filaments will be used in a modified “method of limits” manner using 3 
series of increasing stimulus intensities to determine the average mechanical pain threshold of 
the affected and unaffected skin areas. 
Beginning with an applied force of 8mN, stimuli increase in intensity until the sensation induced 
by increased pressure can be described as ‘painful’. The corresponding force is used to represent 
the first MPT value. The procedure is then repeated a total of 3 times and until a total of 3 values 
are obtained, from which the mean mechanical pain threshold can be determined.  
 
Determination of wind-up ratio (WUR) 
Equipment: A pinprick stimulus with standardised intensity (#6.10 von Frey filament, approx. 98 
gram) and a flat contact area of 0.25mm diameter. 
Methods and Background: In this test a pinprick) is first applied singularly. After that a series of 
10 identical pinprick stimuli are applied with a frequency of 1 s-1 within an area of 1 cm2. 
Immediately following the single stimulus and series of stimuli, an evaluation of the sensation 
must be provided according to NRS (0-10, ‘0’: ‘no pain’, ‘10’: ‘worst pain imaginable’). A ratio 
is calculated using these values. This procedure shall be repeated twice. A geometric average of 
the ‘wind-up’ is calculated from the two ratios.  
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Section/item Item 
No 

Description Addressed on 
page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym ____1,2______ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _____2_______ 

2b All items from the World Health Organization Trial Registration Data Set ____1,2,9_____ 

Protocol version 3 Date and version identifier _____1_______ 

Funding 4 Sources and types of financial, material, and other support _____1,9_____ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors ______1______ 

5b Name and contact information for the trial sponsor ______1______ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, including 

whether they will have ultimate authority over any of these activities 

 

______9______ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee) 

 

 

 

_____7,8______ 
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Introduction 
   

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits and harms for each intervention 

___3,4________ 

 6b Explanation for choice of comparators ___N/A________ 

Objectives 7 Specific objectives or hypotheses ____6,7______ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

___4-6_______ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 

be collected. Reference to where list of study sites can be obtained 

_____7_______ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, surgeons, psychotherapists) 

___4,5________ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 

administered 

____4-6_______ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or improving/worsening disease) 

_____6-8______ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 

(eg, drug tablet return, laboratory tests) 

____8________ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _____6_______ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly recommended 

 

____6-7_______ 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended (see Figure) 

_____4-5,11____ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 

clinical and statistical assumptions supporting any sample size calculations 

_____7_______ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _____7_______ 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 

(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 

or assign interventions 

_____5_______ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

____5-7______ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 

interventions 

_____5_______ 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 

assessors, data analysts), and how 

____5-7______ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 

allocated intervention during the trial 

_____5-7______ 

Methods: Data collection, management, and analysis 
 

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 

study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 

Reference to where data collection forms can be found, if not in the protocol 

____5-7_______ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from intervention protocols 

____6-7_______ 
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 

(eg, double data entry; range checks for data values). Reference to where details of data management 

procedures can be found, if not in the protocol 

____7-8________ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol 

____7-8_______ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____N/A______ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple imputation) 

 

____7,8_______ 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing interests; and reference to where further details 

about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 

needed 

_____8_______ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial 

____N/A________ 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions or trial conduct 

_____8_______ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 

from investigators and the sponsor 

_____8_______ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____8_______ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 

regulators) 

_____8_______ 
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 

how (see Item 32) 

___4-5________ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 

studies, if applicable 

____N/A_______ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 

in order to protect confidentiality before, during, and after the trial 

______9______ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site ____10________ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 

limit such access for investigators 

_____8_______ 

Ancillary and post-

trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 

participation 

_____8_______ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 

sharing arrangements), including any publication restrictions 

______9_______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____9________ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code ______9_______ 

Appendices 
   

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised surrogates __Supplemental_ 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary studies, if applicable 

______5,6_____ 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 

Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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