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Abstract 
 

Background  

 

Findings from preclinical studies and one pilot clinical trial suggest potential benefits of 

epidural analgesia in acute pancreatitis. We aimed to assess the efficacy of thoracic epidural 

analgesia, in addition to usual care, in improving clinical outcomes of intensive care unit 

patients with acute pancreatitis. 

 

Methods  

 

A multicenter, open-label, randomized, controlled trial including adult patients with a clinical 

diagnosis of acute pancreatitis upon admission to the intensive care unit. Participants were 

randomly assigned (1:1) to a strategy combining thoracic epidural analgesia and usual care 

(intervention group) or a strategy of usual care alone (control group). The primary outcome 

was the number of ventilator-free days from randomization until day 30. 

 

Results  

 

Between June 2014 and January 2019, 148 patients were enrolled, and 135 patients were 

included in the intention-to-treat analysis, with 65 patients randomly assigned to the 

intervention group and 70 to the control group. The number of ventilator-free days did not 

differ significantly between the intervention and control groups (median [interquartile range], 

30 days [15–30] and 30 days [18–30], respectively; median absolute difference of − 0.0 days, 

95% CI − 3.3 to 3.3; p = 0.59). Epidural analgesia was significantly associated with longer 

duration of invasive ventilation (median [interquartile range], 14 days [5–28] versus 6 days 

[2–13], p = 0.02). 

 

Conclusions  

 

In a population of intensive care unit adults with acute pancreatitis and low requirement for 

intubation, this first multicenter randomized trial did not show the hypothesized benefit of 

epidural analgesia in addition to usual care. Safety of epidural analgesia in this setting 

requires further investigation. 

 

 

 

 

 

Background 
 



 

Acute pancreatitis may develop under a severe form comprising persistent organ failure and 

requiring admission to the intensive care unit [1, 2]. In a French observational study, tracheal 

intubation and invasive mechanical ventilation were needed in 58% of intensive care unit 

patients with severe acute pancreatitis, with a higher mortality rate than in those who did not 

require intubation (34.0% vs. 1.4%, respectively) or who had fewer ventilator-free days [3, 4]. 

The multidisciplinary management of acute pancreatitis has substantially improved in recent 

years and pain management is a pivotal element of current recommendations for usual care [2, 

5–7]. However, no analgesic strategy has been proven superior in terms of efficacy and safety 

[8–10]. 

 

Epidural analgesia is widely used for analgesia during labor or major surgery, and after 

surgery or trauma in some intensive care unit patients [11]. In animal studies, epidural 

analgesia has organ-protective effects which could be clinically relevant [12]. Observational 

studies did not find obvious adverse events attributable to epidural analgesia in intensive care 

unit patients with acute pancreatitis and its use, although infrequent, was associated with 

decreased mortality in a multicenter, retrospective propensity analysis [13–15]. In a single-

center randomized trial, thoracic epidural analgesia improved pancreas perfusion on computed 

tomography, with a nonsignificant decrease in the need for intubation, compared to a control 

strategy without epidural analgesia [16]. Although epidural analgesia is used in some 

intensive care unit patients with acute pancreatitis to treat pain while potentially decreasing 

opioid consumption, its impact on clinical outcomes remains unknown. 

 

Based on the hypothesis that epidural analgesia could influence clinical outcome, we 

conducted the multicenter EPIPAN (epidural analgesia for acute pancreatitis) trial to 

determine whether thoracic epidural analgesia combined with usual care would result in more 

ventilator-free days than usual care alone in intensive care unit adults with acute pancreatitis, 

considering ventilator-free days as an endpoint that reflects the need for intubation and the 

duration of invasive mechanical ventilation when needed, while accounting for death as a 

competing risk [17, 18]. 

 

Methods 
 

Study design and participants 

 

This pragmatic, multicenter, randomized, controlled, open-label, and parallel group 

superiority trial enrolled adult patients with a clinical diagnosis of acute pancreatitis upon 

admission to one the 11 participating intensive care units from France, Switzerland, and 

Belgium. The diagnosis of acute pancreatitis required two of the following three features, as 

per the revised Atlanta definition [1]: abdominal pain consistent with acute pancreatitis, serum 

lipase activity at least three times greater than the upper limit of normal, and characteristic 

findings of acute pancreatitis on contrast-enhanced computed tomography. 

 

The trial design has been published previously [19]. All authors had access to the study data 

and reviewed and approved the final manuscript. All patients or their legal representatives 

provided written informed consent. The study protocol was approved by the French Ethics 

Committee (Comité de Protection des Personnes Sud-Est VI; approval AU1090) and 

Medicine Agency (Agence Nationale de Sécurité du Médicament; approval 131557A-32), as 

well as all participating centers. The study was performed in accordance with the 2008 

Declaration of Helsinki and its later amendments. 



 

Patients fulfilling one or more of the following criteria were not included: prothrombin time < 

60%, platelet count < 75 G/L, curative anticoagulant therapy with heparin interrupted for less 

than 8 h, local infection, active central nervous system infection, history of back surgery 

associated with a dural space procedure, suspected or confirmed intracranial hypertension, 

refractory circulatory shock despite appropriate resuscitation, known allergy to clonidine, 

ropivacaine or sufentanil, treatment with a monoamine oxidase inhibitor in the previous 15 

days, age under 18 or under tutelage measures, and absence of coverage by the French health 

insurance system. 

 

Randomization 

 

Patients were randomized to receive usual care plus epidural analgesia for at least 72 h 

(intervention group) or usual care alone (control group). Randomization was stratified by site, 

duration of symptoms (< 48 vs. ≥ 48 h), and severity as assessed by the modified Marshall 

scoring system for organ dysfunction (three strata of increasing severity were defined 

according to the maximum score obtained for at least one of the respiratory, renal, or 

hemodynamic functions) [1]. 

 

Procedures 

 

Patients assigned to epidural analgesia and usual care received thoracic epidural analgesia as 

soon as possible after randomization. An epidural catheter was placed in an intervertebral 

space between the sixth and ninth thoracic vertebra by a certified anesthesiologist-intensivist 

or a resident in anesthesiology and intensive care, under the supervision of a certified 

anesthesiologist-intensivist. A mixed solution of ropivacaine (2 mg/mL) and sufentanil (0.5 

μg/mL) was administered for at least 72 h using a patient-controlled epidural analgesia system 

with continuous infusion rates set between 5 and 15 mL/h and boli of 3 to 10 mL every 10 

min at maximum. Nurses were encouraged to administer boli to achieve analgesia goals when 

the patient was not able to self-administer. Supplemental iterative epidural administrations of 

clonidine (1 μg/kg) were allowed to achieve analgesia goals. The duration and weaning of 

epidural analgesia, as well as removal of the epidural catheter, were conducted according to 

routine protocols from each participating center. 

 

Patients assigned to usual care alone did not receive epidural analgesia. Usual care was based 

on current consensual guidelines [6]. Goals for pain management were similar in both groups: 

visual analogue score < 40/100 in communicating patients or behavioral pain scale of 3–4 in 

non-communicating patients [20]. Additional details are available in Additional file 1. The 

research protocols and analysis plans are available in Additional file 2; the CONSORT 

checklist is provided in Additional file 3. 

 

Outcomes 

 

The primary endpoint was the number of ventilator-free days from randomization to day 30, 

as defined as the number of days from randomization to day 30 after randomization during 

which a patient was able to breathe without invasive assistance. Patients who had died by day 

30 were considered to have zero ventilator-free days. Although unusual in acute pancreatitis 

research, ventilator- free days are frequently used in critical care trials as it can reflect the 

need for intubation and the duration of invasive mechanical ventilation when needed, while 

accounting for death as a competing event [17, 18]. 



 

Predefined secondary endpoints included: the incidence of various complications at day 30 

(including death, sepsis, organ failure, and abdominal complications); the duration of 

mechanical ventilation (invasive and noninvasive); symptoms of intolerance to enteral 

feeding; effectiveness of pain management, biological markers of inflammatory response, 

lung injury, and renal failure; and duration of epidural analgesia therapy. Cost analysis was 

unfortunately unavailable for this report. 

 

Data collection and endpoint assessment 

 

Anonymized study data were collected prospectively using REDCap electronic data capture 

tools hosted at Clermont-Ferrand University Hospital [21]. For each patient, past medical 

history and baseline demographics, pre-randomization status, clinico-biological variables 

(daily from randomization through day 7, on day 15, and on day 30), and intercurrent events 

or complications were recorded. Patients were followed-up until day 30 after randomization. 

Assessors of clinico-biological outcomes and statistical analyses were masked as to the 

randomization group. In some centers, blood and urine samples were collected on the day of 

randomization, on day 2, and on day 7 after randomization for blinded measurements of 

biomarkers of inflammation, lung injury, and acute kidney injury. 

 

Sample size 

 

Assuming a mean (•} SD) number of 13 •} 15 ventilatorfree days in the usual care group [3, 

16], a sample size of 148 patients was determined to provide the trial with a power of 80% to 

detect an absolute between-group difference of 7 •} 15 ventilator-free days at day 30 after 

randomization with a two-sided type-I error rate of 0.05 [3]. 

 

Statistical analysis 

 

Analyses were performed in the intention-to-treat population, i.e., all patients randomized 

except those who had withdrawn consent or did not retrospectively meet inclusion criteria. 

For the primary analysis, we used a Mann–Whitney U test and computed effect-sizes or 

absolute median differences with 95% confidence intervals (CIs). Given that a high 

proportion of patients never required intubation (i.e., had 30 ventilator-free days), we 

performed post-hoc zero-inflated negative binomial regression to estimate the odds ratio for 

having 30 ventilator- free days and the incident rate ratio for the number of ventilator-free 

days (when not equal to 30), before and after adjustment for the randomization-stratification 

variables, including site as random effect. 

 

Analyses of the primary outcome were also performed in the per-protocol population, as 

defined by all randomized patients, except for patients who withdrew their consent or did not 

meet the inclusion criteria, including those assigned to the intervention group who received 

epidural analgesia for less than 72 h. Post-hoc subgroup analyses of the primary outcome 

based on potential risk factors of worse outcome of acute pancreatitis were performed 

(including randomization-stratification variables, the need for vasopressor support or 

intubation at baseline, the presence of sepsis or peripancreatic necrosis at baseline, age, and 

serum C-reactive protein at baseline) using unadjusted zero-inflated negative binomial 

regression and testing for heterogeneity between subgroups in the number of ventilator-free 

days by fitting an interaction between treatment and subgroup. 

 



Secondary outcomes were analyzed as described in the statistical analysis plan (see 

Additional file 2). No correction for multiple testing was applied for analysis of secondary 

outcomes or subgroup analysis. Two-sided p-values of less than 0.05 were considered 

statistically significant. Analyses were performed with Stata software version 15 (StataCorp, 

College Station, TX, USA) and R version 4.0.5 (R Foundation for Statistical Computing, 

Vienna, Austria). 

 

 

 

Results 
 

Enrollment and randomization 

 

From June 2014 through January 2019, a total of 316 patients were assessed for eligibility 

(Fig. 1 and Additional file 1: Fig. S1). A total of 148 patients (47%) were enrolled and 

randomly assigned to epidural analgesia and usual care (74 patients) or usual care alone (74 

patients). A total of 65 patients in the epidural analgesia and usual care group and 70 in the 

usual care group were included in the intention-to-treat analysis. Baseline characteristics are 

presented in Table 1 and in Table S1 (see Additional file 1). 13 patients (20%) assigned to the 

intervention group and 14 patients (20%) assigned to the control group were under invasive 

mechanical ventilation at the time of randomization and there was no significant between-

group difference in ventilation settings (Additional file 1: Table S2). 

 

Details on epidural analgesia and co-interventions over the first 7 days after randomization are 

available in Additional file 1: Fig. 2 and Tables 3–4. The median duration of epidural 

analgesia was 6 days (interquartile range, 4 to 8) and no severe complication potentially 

attributable to epidural analgesia (epidural hematoma or infection) was reported (Additional 

file 1: Table S5). All clinico-biological variables recorded through day 7 after randomization 

are provided in Additional file 1: Tables S6–S17. 

 

 

Outcomes 

 

Primary outcome 

 

The number of ventilator-free days did not differ significantly between the epidural analgesia 

and usual care group and the usual care group, with a median duration of 30 days 

(interquartile range 15–30) and 30 days (interquartile range 18–30), respectively, for a median 

absolute difference of − 0.0 days (95% CI − 3.3 to 3.3; p = 0.59) (Fig. 2 and Table 2). Forty-

two patients (60%) assigned to the control group and 37 patients (57%) assigned to the 

intervention group never required intubation, and zero-inflated negative binomial regression 

found no between-group differences in both the odds ratio for having 30 ventilator-free days 

(i.e., never requiring intubation) and the duration of invasive mechanical ventilation in 

patients with ventilator-free days not equal to 30 (i.e., those requiring invasive ventilation) 

(Additional file 1: Table S18). Similar results were found after multivariable adjustments and 

in the per-protocol population (Additional file 1: Tables S18–S19). 

 

 



 

 
 

 



The number of ventilator-free days did not differ significantly between the two groups in most 

subgroup analyses (Fig. 3). However, the incident rate ratios for the number of ventilator-free 

days when not equal to 30 were 3.27 (95% CI 1.08–9.87) in patients without organ 

dysfunction at baseline (i.e., with a Marshall score of zero) and 0.67 (95% CI 0.45–0.99) in 

patients with higher baseline levels of serum C-reactive protein. A post-hoc sensitivity 

analysis found fewer ventilator-free days in patients from the intervention group with a higher 

SOFA score at baseline (Additional file 1: Table S20). 

 

 

 

Secondary outcomes 

 

By day 30, deaths were reported for 6 of 65 patients (9%) and 10 of 70 patients (14%) in the 

intervention and control groups, respectively (unadjusted relative risk, 0.65; 95% CI 0.25–

1.68; p = 0.36) (Table 2). Invasive ventilation was needed within 30 days from randomization 

in a total of 27 (42%) and 29 patients (41%) from the intervention and control groups, 

respectively; in these patients, the median duration of invasive ventilation was increased in 

the intervention group (14 days, interquartile range 5–28), compared to the control group (6 

days, interquartile range 2–13) (unadjusted regression coefficient per one-log increment in 

duration of ventilation, 0.56; 95% CI 0.11–0.55; p = 0.02) (Table 2). Despite similar analgesia 

scores in both groups, patients assigned to epidural analgesia had decreased opioid 

requirements from randomization through day 7 (Additional file 1: Fig. S3 and Table S8). The 

frequency of abdominal and extra-abdominal complications was high but did not differ 

between the groups (Table 2 and Additional file 1: Tables S6–S13). There was no obvious 

between-group difference in surrogates of intolerance to enteral feeding (nausea, vomiting, 

ileus requiring pro-kinetic therapy, and/or diarrhea) or in caloric intakes through the enteral 

route during the first week after randomization (Additional file 1: Table S14). Attenuations of 

acute systemic inflammation, lung injury, and kidney injury were hypothesized to be part of 

the beneficial effect of epidural analgesia in acute pancreatitis. However, such effects did not 

occur (Table 2 and Additional file 1: Fig. S4). 

 

Discussion 
 

In this trial, there was no difference in ventilator-free days at day 30 between intensive care 

unit patients with acute pancreatitis receiving thoracic epidural analgesia combined with usual 

care and those receiving usual care alone. There was no between-group difference in the 

incidence of acute pancreatitis-related complications, and patients who received epidural 

analgesia were less likely to receive opioids despite similar between-group analgesia scores. 

However, the duration of invasive ventilation was higher in the intervention group than in the 

control group in patients intubated within 30 days from randomization. 

 

Our trial did not confirm the hypothesized benefits of epidural analgesia. In animal models of 

acute pancreatitis, epidural analgesia improved arterial oxygenation, decreased systemic 

inflammation and liver injury, increased gut barrier function, and improved splanchnic, 

pancreatic, and renal perfusion [22–27]. There was an important mortality reduction with 

epidural analgesia in two studies in rats and pigs [23, 26], as well as in one retrospective 

clinical study [15]. However, two small, randomized trials including patients with severe 

acute pancreatitis found no significant differences in mortality or other clinical outcomes 

between patients treated with epidural analgesia and those who were not [16, 28]. 

 



 

 

 



 

 



 

 



 
 

 



 

 
 

Several hypotheses could explain the differences between the current results and our initial 

assumptions. First, a major limitation is that our population does not correspond to the 

population in which the trial hypothesis was generated, since the observed number of 

ventilator- free days at day 30 was higher than initially assumed. Therefore, no definitive 

conclusion can be drawn from the current study on the efficacy of epidural analgesia in 

improving clinical outcomes in a population of patients who would have higher rates of 

intubation requirements. The less-frequent need for invasive ventilation at day 30 in our trial 

(41–42%), as compared to that in the study from Jung et al. (58%) [3], could be explained by 

a more frequent use of non-invasive ventilation at day 30 (37– 39% versus 15%, 

respectively). In addition, ventilator-free days are more frequently used as secondary 



endpoints than as primary endpoints in acute pancreatitis trials [4, 29] and their skewed 

distribution makes their analysis difficult with usual statistical tests, which are major 

limitations [17, 18]. However, post-hoc zero-inflated negative binomial regression confirmed 

no between-group differences in both the risk of never requiring intubation and the duration 

of invasive mechanical ventilation if intubated. Second, the pragmatic design of the trial 

included wide eligibility criteria, possibly allowing the inclusion of patients with mild acute 

pancreatitis and potential selection bias. We did not use scoring systems for severity 

prediction, which are only moderately accurate [30], but rather stratified randomization on the 

severity of organ dysfunction using the modified Marshall scoring system. However, the 

mortality rate was higher in our cohort (overall mortality rate, 11.9%) than in the trial from 

Sadowski et al. (0%) [16], but lower than in a multicenter retrospective study including 

critically ill patients (21%) [15]. The rates of complications and organ-supportive measures 

were high, in line with those in patients with predicted severe acute pancreatitis [31], thus 

suggesting that the need for intubation is not the sole marker of severity in acute pancreatitis. 

Indeed, baseline severity scores, such as the Acute Physiology and Chronic Health Evaluation 

II [32], were higher in our trial than in some recent studies [3, 15, 31, 33] and plasma 

interleukin-6 levels were higher than previously reported in acute pancreatitis [34]. Although 

epidural bupivacaine decreased plasma interleukin-6 in a rat model of acute pancreatitis [23], 

there was no between-group difference in plasma interleukin-6 over time in our trial. Whether 

the severity of systemic inflammation may affect the effect of epidural analgesia on 

interleukin-6 levels, or whether such an attenuation of the systemic inflammatory response 

may not be observed with ropivacaine, is unknown [35]. Also, the association of at least one 

organ dysfunction or high serum C-reactive protein levels at baseline with fewer ventilator-

free days in subgroup analysis suggests that selecting which patients might benefit from 

epidural analgesia should be further investigated. 

 

Secondary analyses found that the duration of mechanical ventilation was higher in patients 

who received epidural analgesia than in those who did not. It is possible that the intervention 

directly affected weaning from mechanical ventilation and may be harmful in our trial 

population, although potential mechanisms remain unreported to date. In addition, epidural 

analgesia had no effect on biomarkers of lung or kidney injury over time and it reduced opioid 

requirements while providing efficient analgesia. Whether a reduction in opioid requirements 

could benefit a population of patients with higher intubation rates warrants further 

investigation. Although our sample size is limited and our study underpowered to bring 

definitive conclusions, this is concordant with previous findings supporting the potential 

safety of epidural analgesia when administered for multiple days in intensive care unit 

patients, including those with sepsis or under sedation [13, 14, 16]. 

 

This trial has limitations. It did not have detailed protocols addressing each single aspect of 

the management of patients with acute pancreatitis, such as fluid therapy or the initiation, 

route of administration, and dose of enteral feeding [6]. Although the median durations from 

first symptoms to randomization were 2 days in both groups, 57% and 54% of patients from 

the intervention and control groups, respectively, had a duration from pain onset to 

randomization longer than 48 h, which may have influenced clinical management and 

outcomes [36]. Despite a long study period, our sample size was rather small and imbalanced 

between groups, with 9% of the enrolled population unavailable for analysis due to violations 

of exclusion criteria or consent withdrawals, as per French law. Our sample size estimation, 

based on an expected absolute increase in ventilator-free days of more than 50%, was over-

optimistic, further decreasing statistical power and questioning the extrapolability of our 

findings to other selected populations. The high number of secondary endpoints and multiple 



testing without adjustment for multiplicity are also limitations; such exploratory results 

should be cautiously interpreted as hypothesis generating. In addition, epidural analgesia is 

restricted to anesthesiologists or anesthesiologists-intensivists and requires specific training 

and close monitoring to avoid complications such as epidural hematoma or infection. 

 

This study also has strengths. It is the first multicenter randomized trial of epidural analgesia 

in acute pancreatitis. Despite its open-label design, final assessors of clinico-biological data, 

statistical analyses, and outcome assessment remained masked to the treatment group. 

However, many questions remain on the timing and duration of epidural analgesia [13, 37], 

the level of epidural catheter placement [38], and the choice of local anesthetic or its 

combination with opioids [39]. 

 
Conclusion 

 

In a population of intensive care unit adults with acute pancreatitis and low requirement for 

intubation, this first multicenter randomized trial did not show the hypothesized benefit of 

epidural analgesia in addition to usual care. Therefore, no definitive conclusion can be drawn 

from the current results on the efficacy of epidural analgesia in improving clinical outcomes 

in a population of patients who would have higher intubation rates. Although epidural 

analgesia was efficient in reducing opioid requirements, it was significantly associated with 

longer duration of invasive ventilation in our cohort. The potential harm of this intervention in 

critically ill patients requires further investigation. 
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