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Abstract

Background Findings from preclinical studies and one pilot clinical trial suggest potential benefits of epidural anal-
gesia 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
linterquartile range], 30 days [15-30] and 30 days [18-30], respectively; median absolute difference of —0.0 days, 95%
Cl—33103.3; 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.

Trial registration: ClinicalTrials.gov registration number NCT02126332, April 30, 2014.
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Background

Acute pancreatitis may develop under a severe form com-
prising persistent organ failure and requiring admission
to the intensive care unit [1, 2]. In a French observational
study, tracheal intubation and invasive mechanical venti-
lation 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 dur-
ing labor or major surgery, and after surgery or trauma
in some intensive care unit patients [11]. In animal stud-
ies, epidural analgesia has organ-protective effects which
could be clinically relevant [12]. Observational studies
did not find obvious adverse events attributable to epi-
dural analgesia in intensive care unit patients with acute
pancreatitis and its use, although infrequent, was asso-
ciated with decreased mortality in a multicenter, retro-
spective 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, com-
pared to a control strategy without epidural analgesia
[16]. Although epidural analgesia is used in some inten-
sive 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 pancrea-
titis upon admission to one the 11 participating intensive
care units from France, Switzerland, and Belgium. The
diagnosis of acute pancreatitis required two of the follow-
ing three features, as per the revised Atlanta definition
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[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 Com-
mittee (Comité de Protection des Personnes Sud-Est VI,
approval AU1090) and Medicine Agency (Agence Nation-
ale 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 crite-
ria were not included: prothrombin time <60%, platelet
count<75 G/L, curative anticoagulant therapy with hep-
arin 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 circu-
latory shock despite appropriate resuscitation, known
allergy to clonidine, ropivacaine or sufentanil, treat-
ment with a monoamine oxidase inhibitor in the previ-
ous 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 epi-
dural analgesia for at least 72 h (intervention group) or
usual care alone (control group). Randomization was
stratified by site, duration of symptoms (<48vs.>48 h),
and severity as assessed by the modified Marshall scor-
ing system for organ dysfunction (three strata of increas-
ing 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 tho-
racic 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 sufenta-
nil (0.5 pg/mL) was administered for at least 72 h using a
patient-controlled epidural analgesia system with contin-
uous infusion rates set between 5 and 15 mL/h and boli
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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. Sup-
plemental iterative epidural administrations of clonidine
(1 pg/kg) were allowed to achieve analgesia goals. The
duration and weaning of epidural analgesia, as well as
removal of the epidural catheter, were conducted accord-
ing to routine protocols from each participating center.
Patients assigned to usual care alone did not receive
epidural analgesia. Usual care was based on current con-
sensual 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 ran-
domization 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, venti-
lator-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 inci-
dence of various complications at day 30 (including
death, sepsis, organ failure, and abdominal complica-
tions); 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 demograph-
ics, 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 randomi-
zation group. In some centers, blood and urine samples
were collected on the day of randomization, on day 2, and
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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 ventilator-
free 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 dif-
ference of 7+ 15 ventilator-free days at day 30 after ran-
domization with a two-sided type-I error rate of 0.05 [3].

Statistical analysis

Analyses were performed in the intention-to-treat pop-
ulation, 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 inter-
vals (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 ven-
tilator-free days and the incident rate ratio for the num-
ber 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 rand-
omized 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 per-
formed (including randomization-stratification variables,
the need for vasopressor support or intubation at base-
line, the presence of sepsis or peripancreatic necrosis at
baseline, age, and serum C-reactive protein at baseline)
using unadjusted zero-inflated negative binomial regres-
sion and testing for heterogeneity between subgroups in
the number of ventilator-free days by fitting an interac-
tion between treatment and subgroup.

Secondary outcomes were analyzed as described in the
statistical analysis plan (see Additional file 2). No cor-
rection 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).
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Results Additional file 1: Fig. S1). A total of 148 patients (47%)
Enrollment and randomization were enrolled and randomly assigned to epidural anal-
From June 2014 through January 2019, a total of gesia and usual care (74 patients) or usual care alone
316 patients were assessed for eligibility (Fig. 1 and (74 patients). A total of 65 patients in the epidural

316 patients admitted to the intensive
care unit with acute pancreatitis

168 Were excluded

Not meeting inclusion criteria

- 47 declined to participate

Meeting exclusion criteria

- 36 with prothrombin time <60%, platelet count
<75 G/L or curative anticoagulant therapy with
heparin interrupted for less than 8 hours

- 12 with refractory circulatory shock despite
appropriate resuscitation.

- 21 with other absolute contraindications to the
placement of an epidural catheter*

- 1 pregnant patient

- 3 with age under 18 or under tutelage

9 Enrolled in another study

3 No research staff available

36 Had miscellaneous reasons

A 4

4

148 Enrolled

148 Randomized

74 Randomized to receive usual care combined with 74 Randomized to receive usual care alone
epidural analgesia 74 Received usual care alone as randomized
71 Received epidural analgesia as randomized
3 Did not receive epidural analgesia
3 Epidural catheter could not be inserted

A 4 A

65 Included in intention-to-treat analysis 70 Included in intention-to-treat analysis
9 Excluded 4 Excluded

5 Withdrew consent

3 Randomized in error (violation of
exclusion criteria)

1 Was lost to follow-up

61 Included in per-protocol analysis
4 Excluded

2 Did not receive epidural analgesia
(catheter could not be inserted)

1 Received epidural analgesia for les than 72
hours

1 Received epidural analgesia before
randomization

2 Withdrew consent
2 Randomized in error (violation of
exclusion criteria)

69 Included in per-protocol analysis
1 Excluded
1 Received epidural analgesia

Fig. 1 CONSORT patient flowchart. * Reasons for exclusion: local infection, active central nervous system infection, history of back surgery
associated with a dural space procedure, suspected, or confirmed intracranial hypertension
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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 sig-
nificantly between the epidural analgesia and usual care
group and the usual care group, with a median dura-
tion 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 regres-
sion 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 ven-
tilation) (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 sig-
nificantly 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 dys-
function at baseline (i.e., with a Marshall score of zero)
and 0.67 (95% CI 0.45-0.99) in patients with higher base-
line levels of serum C-reactive protein. A post-hoc sensi-
tivity analysis found fewer ventilator-free days in patients
from the intervention group with a higher SOFA score at
baseline (Additional file 1: Table S20).
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Secondary outcomes
By day 30, deaths were reported for 6 of 65 patients (9%)
and 10 of 70 patients (14%) in the intervention and con-
trol 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, interquar-
tile 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 analge-
sia scores in both groups, patients assigned to epidural
analgesia had decreased opioid requirements from ran-
domization through day 7 (Additional file 1: Fig. S3 and
Table S8). The frequency of abdominal and extra-abdom-
inal 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 surro-
gates 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 pancre-
atitis. 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 analge-
sia 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 ven-
tilation 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 pan-
creatitis, epidural analgesia improved arterial oxygena-
tion, decreased systemic inflammation and liver injury,
increased gut barrier function, and improved splanch-
nic, pancreatic, and renal perfusion [22-27]. There was
an important mortality reduction with epidural analge-
sia in two studies in rats and pigs [23, 26], as well as in
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Table 1 Characteristics of the patients at baseline.*
Characteristic Epidural analgesia and Usual care alone Absolute

usual care

standardized
difference (95% Cl)

(n=65) (n=70)
Male sex—no. (%) 42 (65) 53(76) 0.24
Age—yr 58+16 57418 0.06
Body-mass index—kg/m? 28+5 2745 0.12
Past or current medical history—no. (%)
Arterial hypertension 30 (46) 32 (46) 0.01
Type 1 diabetes 0 (0) 2(3) 0.24
Type 2 diabetes 9(14) 10 (14) 0.02
Chronic heart failure 4 (6) 2(3) 0.15
Coronary artery disease 8(12) 6(9) 0.12
Chronic respiratory disease 4 (6) 2(3) 0.16
Chronic renal disease 102) 1(1) 0.01
Solid tumor or hematological cancer
Evolutive 4(6) 1(1) 0.25
In remission 203) 4 (6) 0.13
Stroke 102) 2(3) 0.09
Other 27 (42) 27 (39) 0.07
Current habits
Current alcohol abuse—no. (%) 24 (37) 25 (36) 0.01
Current smoker—no. (%) 18 (28) 18 (26) 0.04
McCabe—no. (%) T 043
Category 1 41 (84) 56 (92)
Category 2 7(14) 3(5)
Category 3 1) 213)
Cause of pancreatitis—no. (%)
Gallstones 26 (40) 25 (36) 0.09
Alcohol abuse 20(31) 23(33) 0.04
Post-ERCP 3(5) 4(6) 0.05
Drugs 2(3) 3(4) 0.06
Hypertriglyceridemia 5(8) 8(11) 013
Unknown 12 (18) 8(11) 0.2
Other 3(5) 3(4) 0.02
Duration from first symptoms to randomization 0.05
Median—day 2 2
Interquartile range — day 1-4 1-5
>48 h — no. (%) 37(57) 38 (54)
Disease severity
Ranson score 28+0.2 2702 0.08
APACHE Il score 18.7+6.2 17774 0.14
SOFA score 48+3.6 44442 0.1
Respiratory 14+13 13+12 0.08
Cardiovascular 1.5+18 09+15 038
Liver 0.7+£09 06+08 0.07
Coagulation 04+08 04+09 0.04
Central Nervous System 02405 04+09 03
Renal 0.7+1.0 08+1.2 0.11
Serum C-reactive protein—mag/L 235+139 2244153 0.08
Septicemia—no. (%) 1(2) 4(6) 0.09
SIRS—no. (%)f 57 (88) 62 (89) 0.03




Jabaudon et al. Critical Care (2023) 27:213 Page 7 of 13
Table 1 (continued)
Characteristic Epidural analgesia and Usual care alone Absolute
usual care standardized
(n=65) (n=70) difference (95% Cl)
Respiratory status—no. (%) 0.02
Spontaneous breathing 49 (75) 53(76)
High-flow oxygen therapy 6(12) 2(4)
Non-invasive ventilation 3(5) 3(4)
Invasive ventilation 13 (20) 14 (20)
Cardiovascular status
Need for vasopressor or inotropic support — no. (%) 25 (38) 13(19) 0.45
Norepinephrine 25(38) 13(19)
Dobutamine 102 1(1)
Dopamine 1(2) 0(0)
Milrinone 12 0(0)
Organ failure—no. (%)** 012
Absent 15(23) 16 (23)
Moderate 31(48) 37 (53)
Severe 19 (23) 17 24)
Isolated organ failure 35(54) 31 (44) 0.19
Multiple organ failure 19 (29) 24 (34) 0.11
CT-scan performed—no. (%) 34 (52) 41 (59) 0.11
Extent of pancreas necrosis 0.26
None—no. (%) 11 471) 13 (34)
<30%—no. (%) 7 (26) 8(21)
30-50%—no. (%) 5(19) 8(21)
>50%—no. (%) 4(15) 9(24)
Peripancreatic necrosis 24 (73) 24 (60) 027
Infected necrosis 2(8) 2(8) 0
Vascular thrombosis—no. (%) 23 5(7) 0.19
Mesenteric venous thrombosis—no. (% of patients with 2 (100) 2 (40)

thrombosis)

" Plus-minus values are means + standard deviations. There were no significant between-group differences at baseline

*The McCabe score is a marker of co-morbidity and severity of underlying diseases, as divided into three categories (category 1: nonfatal disease such as diabetes,
genito-urinary, gastro-intestinal or obstetrical conditions; category 2: ultimately fatal disease, i.e. diseases estimated to become fatal within 4 years, such as aplastic
anemia, metastatic carcinomas, cirrhosis or chronic renal disease; category 3: rapidly fatal disease, such as acute leukemia, plastic relapse of chronic leukemia) (JAMA

Internal Medlicine 1962;110:847-855)

*The systemic inflammatory response syndrome (SIRS) was diagnosed with the use of the Consensus Conference criteria of the American College of Chest Physicians—

Society of Critical Care Medicine (Crit Care Med. 1992;20:864-74)

" Organ failure was defined based on the modified Marshall score as absent (score of 0), moderate (score of 1-2 for at least one organ function) or severe (score of 3-4
for at least one organ function). The modified Marshall score evaluates the respiratory, renal, and cardiovascular functions, with higher scores indicating more severe
disease, as proposed in the revised Atlanta classification of acute pancreatitis (Gut. 2013;62:102-11). Multiple organ failure was defined as failure of two or more organs

on the same day

Cl: confidence interval; ERCP: endoscopic retrograde cholangiopancreatography; APACHE II: acute physiology and chronic health evaluation Il; SOFA: sequential organ
failure assessment; SIRS: systemic inflammatory response syndrome; CT: computed tomography

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 hypoth-
esis was generated, since the observed number of ventila-
tor-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
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Epidural analgesia Usual care
and usual care alone
30 (5] <}

25

20

15 -

median, 30 days
(interquartile range, 15 to 30)

median, 30 days
(interquartile range, 18 to 30)

Ventilator-free days at day 30

p=059
(Kruskal-Wallis test)

0

Epidural analgesia and usual care Usual care alone

Proportion of patients (%)

0 10 20 30
Number of ventilator-free days at day 30 (if not equal to 30)

0 10 20

Fig. 2 Ventilator-free days from randomization to day 30. Top:
median values and interquartile ranges. Bottom: distribution of
ventilator-free days when not equal to 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 limi-
tations [17, 18]. However, post-hoc zero-inflated negative
binomial regression confirmed no between-group differ-
ences in both the risk of never requiring intubation and
the duration of invasive mechanical ventilation if intu-
bated. Second, the pragmatic design of the trial included
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wide eligibility criteria, possibly allowing the inclusion of
patients with mild acute pancreatitis and potential selec-
tion 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 Sad-
owski 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 suggest-
ing 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 pan-
creatitis [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 sever-
ity of systemic inflammation may affect the effect of epi-
dural 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 mechan-
ical ventilation was higher in patients who received
epidural analgesia than in those who did not. It is pos-
sible 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 effi-
cient analgesia. Whether a reduction in opioid require-
ments 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 epi-
dural 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 proto-
cols addressing each single aspect of the management of
patients with acute pancreatitis, such as fluid therapy or
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Outcome Epidural Usual care alone Absolute median p value* Relative risk or
analgesia and difference
usual care
(n=65) (n=70) (95% Cl) regression coefficient (95%
(d)]
Primary endpoint

Ventilator-free days at 30 [15-30] 30 [18-30] 0.00 (—3.33;3.33) 0.59 —0.15(=0.58;0.27)f

day 30

— median [IQR]

Secondary endpoints
Death at day 30 — no. (%) 6 (9) 10 (14) 0.05 (—0.06; 0.16) 0.36 0.65 (0.25; 1.68)§
Organ failure at day 30 — no. (%)

Development of ARDS 15(23) 10 (1 —0.09(-=0.22;0.05) 0.2 1.59(0.77;3.29)8

Need for renal replacement 12 (18) 12017 —0.01(=0.14;0.12) 0.84 1.08(0.52;2.22)§

therapy

Need for vasopressor 29 (45) 28 (40) —0.05(=0.21;0.12) 0.59 1.12(0.75; 1.65)§

support

New-onset organ failure 15 (23) 17 (24) 0.01(=0.14;0.15) 091 0.97(0.53;1.77)§

Duration of invasive mechani- 14 [5-28] 6[2-13] 8.00 (—0.86; 16.86) 0.02 0.56 (0.11; 1.02)%

cal ventilation (days)—

median [IQR]

Duration of non-invasive 0[0-2] 0[0-2] 0.00 (—0.45;0.45) 0.84 —0.06(—037;0.26)
mechanical ventilation

(days)—median [IQR]

Sepsis at day 30 — no. (%) 36 (55) 32 (46) —0.10 (= 0.26; 0.07) 0.26 1.21(0.87;1.70)8
Septic shock at day 30 —no. 23 (35) 23(33) —0.03(=0.19;0.13) 0.76 1.08(0.67;1.72)§

(%)

Abdominal complications at day 30 — no. (%)

Abdominal compartment 5 (8) 6 (9) 0.01 (=0.08;0.10) 0.81 0.87(0.28;2.72)§

syndrome

Infected peripancreatic 10 (15) 9(13) —0.03 (=0.14;0.09) 0.67 1.20(0.52;1.76)§

necrosis

Peripancreatic fluid col- 29 (45) 25 (36) —0.09 (= 0.25;0.08) 0.29 1.25(0.82; 1.89)§

lections

Infected peripancreatic 40 (74) 35(83) 0.09 (—0.07;0.25) 0.28 0.89(0.72; 1.09)§

fluid collections

Walled-off pancreatic 17 (30) 15 (24) —0.06 (=0.22;0.10) 0.49 1.23(0.68;2.23)§

necrosis (persistent)

Need for necrosectomy 7(11) 7 (10) —0.01(=0.11;0.10) 0.88 1.08 (0.40; 2.90)§
Requiring surgical drain- 2 (3) (1) —0.02 (=0.07;0.03) 0.52 2.15(0.20; 23.19)§
age
Need for multiple necro- 5 (8) 34) —0.29 (=0.78;1.05) 0.28 1.67(0.63;4.42)§
sectomies

Intolerance to enteral feeding during the first week after randomization—no. (%)

Nausea 13 (20) 9(13) —0.07 (= 0.20; 0.30) 0.26 1.56 (0.71;3.39)§

Vomiting 13 (20) 13(19) —0.01(0.10; 0.30) 0.83 1.08 (0.54; 2.15)§

lleus (requiring pro-kinetic 34 (52) 33(47) —0.05(=0.22;0.12) 0.55 1.11(0.79; 1.56)§

therapy)

Diarrhea 16 (25) 17 (24) —0.00 (=0.15;0.14) 0.96 1.01 (0.16; 1.83)§

Visual analogue score for pain >40/100 during the first week after randomization (in communicating patients) — no. (%)
At rest 31 (55) 34 (55) —0.01(-0.18;0.17) 0.96 1.01(0.73;1.40)8
During nursing procedures 32 (59) 42 (69) 0.10 (=0.08;0.27) 0.28 0.86 (0.65; 1.14)§
Behavioral pain scale >4 during the first week after randomization (in non-communicating patients) — no. (%)
At rest 3(14) 6(33) 0.19 (—0.07;0.45) 0.16 043 (0.11;1.60)§
During nursing procedures 5 (25) 7 (39) 0.14 (=0.16; 0.43) 0.36 0.64(0.24;1.74)8
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Table 2 (continued)
Outcome Epidural Usual care alone Absolute median p value* Relative risk or
analgesia and difference
usual care
(n=65) (n=70) (95% ClI) regression coefficient (95%
(d)]
Biomarker levels during the first week after randomization — median [IQR]
Plasma interleukin-6 (pg/mL)
Day 0 232 [94-524] 191 [67-439] 53 (—98;204) 049 0.31(=0.29;091)%
(n=52) (n=53)
Day 2 131 [75-266] 113 [61-351] 15 (=76, 106) 0.68 0.06 (—0.48; 0.60)*
(n=52) (n=48)
Day 7 57 [26-126] 41 [17-161] 15 (—34; 64) 0.69 —0.01(=0.73;0.71)%
(n=42) (n=32)
Plasma sRAGE (pg/mL)
Day 0 451 [282-651] 465 [342-707] —12(—144;120) 0.61 —0.07 (-037;023)¢
(n=52) (n=53)
Day 2 538 [335-740] 614 [394-933] —84(—278;110) 0.26 —0.15(=041;012)%
(n=52) (n=48)
Day 7 642 [408-827] 594 [352-914] 40 (171;251) 0.96 —0.04(-0.36;027)F
(n=42) (n=32)
Plasma NGAL (ng/mL)
Day 0 218 [107-478] 184 [86-451] 27 (—105; 159) 0.46 0.12 (—=0.39;0.62)+
(n=51) (n=48)
Day 2 246 [127-389] 204 [120-353] 39(=53;131) 0.58 0.10 (= 0.30; 0.49)%
(n=49) (n=46)
Day 7 187 [113-496] 184 [108-532] 1(=193;195) 087 0.06 (—041;0.53)%
(n=40) (n=30)
Urine TIMP-2*IGFBP-7
(Nephrocheck score
Day 0 0.44[0.21-1.44] 0.27[0.07-0.85] (n=20) 0.09 (- 0.62;0.80) 0.22 0.25(=0.21;0.71)%
(n=29) 0.15[0.11-0.58] (n=20)
Day 2 0.11[0.04-0.61] 0.15[0.08-0.32] (n=20) —0.04(-0.35;0.27) 0.55 0.02 (—0.20;0.23)*
(n=29)
Day 7 0.12 [0.04-0.34] —0.03 (=0.20;0.14) 0.68 —0.01(=022,0.19%

(n=29)

" Pvalues were calculated using the x? or Fisher exact test, as appropriate, for categorical data and the unpaired t test or Mann-Whitney U test for continuous data

¥ Regression coefficient, as expressed for each one-log increase in the continuous dependent variable

S Relative risk for binary dependent variables

Cl: confidence interval; IQR: interquartile range; ARDS: acute respiratory distress syndrome; sSRAGE: soluble receptor for advanced glycation end-products. NGAL:
neutrophil gelatinase-associated lipocalin. TIMP-2: tissue inhibitor of metalloproteinases-2; IGFBP7: insulin-like growth factor-binding protein

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 con-
trol groups, respectively, had a duration from pain onset
to randomization longer than 48 h, which may have influ-
enced 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 find-
ings to other selected populations. The high number of
secondary endpoints and multiple testing without adjust-
ment for multiplicity are also limitations; such exploratory
results should be cautiously interpreted as hypothesis-
generating. In addition, epidural analgesia is restricted
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p for interaction p for interaction

Marshall score strata at baseline: 0 (n=31) —_—— Reference + Reference
Marshall score strata at baseline: 1 or 2 (n=68) —,— 0.58 H— 0.01
Marshall score strata at baseline: 3 or 4 (n=36) —_—— (=1 —_— 0.04
Duration from first symptoms to randomization <48h (n=60) — 0.64 —— 0.83
Duration from first symptoms to randomization >48h (n=75) —_— —_—
No need for vasopressor support at baseline (1=97) ¥ <0.001 —H— 069
Need for vasopressor support at baseline (n=38) —r ——
Not intubated at baseline (n=108) — 0.99 — 0.15
Intubated at baseline (n=27) H=
No sepsis at baseline (n=91) —_—— 002 —— 0.62
Sepsis at baseline (n1=44) —_— ——
No peripancreatic necrosis at baseline (n=87) H— 048 — 0.66
Peripancreatic necrosis at baseline (n=48) —_—— ——
Age <57.5 years (median value) (n=67) —— 0.01 —— 0.67
Age >57.5 years (median value) (n=68) — -
C-reactive protein at baseline <230 mg/L (median value) (n=58) —_— —
C-reactive protein at baseline >230 mg/L (median value) (n=77) — Ly H 0.04
0 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8 9 10

Odds ratio (with 95% confidence interval) for a number of
ventilator-free days of 30

Incident rate ratio (with 95% confidence interval) for the number
of ventilator-free days (when not equal to 30)

Fig. 3 Post-hoc subgroup analysis of the primary endpoint of ventilator-free days from randomization to day 30. 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) were computed using zero-inflated

negative binomial regression

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 multi-
center randomized trial of epidural analgesia in acute
pancreatitis. Despite its open-label design, final asses-
sors 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 hypoth-
esized 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 popula-
tion 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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