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Background: The optimal treatment strategy for postoperative pain following pancreatoduodenectomy remains unknown. The aim of
this study was to investigate whether sublingual sufentanil tablet (SST) is a non-inferior analgesic compared to our standard-of-care
(patient-controlled epidural analgesia [PCEA] or PCA morphine) in the treatment of pain following pancreatoduodenectomy.
Methods: This was a pragmatic, strategy, open-label, non-inferiority, parallel group, randomized (1:1) trial. The primary outcome was
an overall mean pain score (Numerical Rating Scale: 0–10) on postoperative days 1 to 3 combined. The non-inferiority margin was
−1.5 since this difference was considered clinically relevant.
Results: Between October 2018 and July 2021, 190 patients were assessed for eligibility and 36 patients were included in the final
analysis: 17 patients were randomized to SST and 19 patients to standard-of-care. Early treatment failure in the SST group occurred in
2 patients (12%) due to inability to operate the SST system and in 2 patients (12%) due to severe nausea despite antiemetics. Early
treatment failure in the standard-of-care group occurred in 2 patients (11%) due to preoperative PCEA placement failure and in 1
patient (5%) due to hemodynamic instability caused by PCEA. The mean difference in pain score on postoperative day 1 to 3 was
−0.10 (95% CI −0.72–0.52), and therefore the non-inferiority of SST compared to standard-of-care was demonstrated. The mean pain
score, number of patients reporting unacceptable pain (pain score >4), Overall Benefit of Analgesia Score, and patient satisfaction per
postoperative day, perioperative hemodynamics and postoperative outcomes did not differ significantly between groups.
Conclusion: This first randomized study investigating the use of SST in 36 patients following pancreatoduodenectomy showed that
SST is non-inferior compared to our standard-of-care in the treatment of pain on postoperative days 1 to 3. Future research is needed to
confirm that these findings are applicable to other settings.
Keywords: postoperative pain, pancreatoduodenectomy, sufentanil, epidural analgesia, morphine

Introduction
Epidural analgesia (EA) is the gold standard for perioperative analgesic management in most major open abdominal
surgeries.1 Recently, we performed a systematic review of the various analgesic treatment strategies after pancreatoduo-
denectomy in our own center2 and in the current literature.3 The reported use of EA in patients undergoing pancreato-
duodenectomy varies from 9% to 85%.3 The potential benefits of EA are lower pain scores in the first postoperative days

Journal of Pain Research 2022:15 1775–1786 1775
© 2022 Groen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 22 February 2022
Accepted: 17 June 2022
Published: 22 June 2022

http://orcid.org/0000-0002-2438-4665
http://orcid.org/0000-0002-0289-6432
http://orcid.org/0000-0003-3161-3945
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


and fewer postoperative (pulmonary) complications.2,3 The disadvantages of EA are the invasive nature, early failure
rates, hemodynamic instability and notorious, albeit uncommon, complications (eg spinal hematoma and epidural
infections).2–6 The most used alternative to EA is intravenous (iv) morphine.1–3,7_ENREF_3 The advantages of iv
morphine are that most patients are eligible (eg patients with coagulation disorders or spine anatomy alterations) and that
it is a less invasive method compared to EA. The disadvantages of iv morphine are the suboptimal pain control and
a higher consumption of opioids compared to EA with associated side effects.2,3,8 The anesthesia and surgical teams at
our center recently concluded that our standard-of-care treatment strategies following pancreatoduodenectomy were
currently not comprehensive, and hence alternatives are explored.

Among the available alternatives for EA and iv morphine is sublingual sufentanil tablets (SST). _ENREF_9 SST
consists of a patient-controlled non-invasive hand-held device that delivers 15 µg sufentanil micro-tablets with a 20
min lockout time. The advantages of SST are as follows: (1) it is a non-invasive method of analgesia; (2) sufentanil is
highly lipophilic and is rapidly absorbed after which it passes the blood–brain barrier within minutes (t½ ke0 or blood-
effect-site equilibration half-life about 6 min); (3) Due to the sublingual formulation peak concentrations are relatively
low and consequently, concentration dependent side effects – such as acute respiratory depression – do not occur; and
(4) Due to its rapid onset of action, there is little delay in pain relief between the moment of administration and the
onset of pain reduction. The disadvantages of SST are the inability to set a background infusion and the ability to
operate the SST system.9 SST showed adequate pain control in earlier randomized studies in abdominal and orthopedic
surgery, and in a recent retrospective cohort analysis of nearly 300 of our patients after laparoscopic abdominal and
orthopedic surgery, we observed low average pain scores (75% of patients with a pain score ≤4 on the first
postoperative day).10–13_ENREF_10 Nevertheless, no studies are available which investigated the use of SST in
patients undergoing pancreatoduodenectomy.3

The PROSPECT group states that there might be shortcomings when using general analgesic guidelines for choosing
the optimal treatment strategy for postoperative pain following a specific surgical procedure.14 Therefore, this study
compares treatment strategies (rather than medication per se) and investigates whether SST is a non-inferior analgesic
compared to our standard-of-care strategy (patient controlled analgesia with EA (PCEA) or patient controlled analgesia
with iv morphine (PCA morphine)) in the treatment of postoperative pain following pancreatoduodenectomy.

Methods
Study Design and Participants
This was a pragmatic, strategy, open-label, non-inferiority, parallel group, randomized trial in a single center according
to the CONSORT guidelines.15 Inclusion criteria were as follows: American Society of Anesthesiologists scores 1 to 3;
age ≥18 years; elective pancreatoduodenectomy (eg open or robot-assisted procedures). Exclusion criteria were: unable
to give written informed consent; contra-indication for SST, PCEA or PCA morphine such as allergies or coagulo-
pathies; presumed inability to operate the SST or standard-of-care; opioid use >12 weeks; complex chronic pain
disorders; liver failure (Child Pugh class C). Patients received information regarding the study preoperatively at the
outpatient clinic or by phone. All included patients signed an informed consent form prior to study-related activities.
The original protocol and two amendments (also including robot-assisted procedures and changing the non-inferiority
margin) were approved by the Medical Ethical Committee (P18.061) and the Board of Directors of the Leiden
University Medical Center. The Data Monitoring Committee was deemed unnecessary. The full study protocol was
registered at the Netherlands Trial Register (NTR7318; www.trialregister.nl) and is available in Supplementary Files.

Randomization and Blinding
Patients were randomized (1:1) within the electronic data capture system CASTOR (www.castoredc.com), stratified by
procedure type (open or robot-assisted; to ensure equal distribution in both groups of the study) and with varying block
sizes (4, 6, 8). Patients randomized to standard-of-care received PCEA or PCA morphine at discretion of the attending
anesthesiologist and were mainly dependent on procedural type: PCEA for open, PCA morphine for robot-assisted
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procedures. Blinding between study participants and investigators was not done since the treatment strategies were
evidently different.

Treatment Strategies
Sst
Patients randomized to SST received iv sufentanil during surgery and long-acting iv opioids, such as morphine, 45–60
min prior to the end of surgery. In the Post Anesthesia Care Unit (PACU), pain scores were assessed using an 11-point
Numerical Rating Scale (NRS; from 0, no pain to 10, most extreme pain imaginable). If needed, patients received 2 mg
iv morphine bolus doses to reduce pain scores ≤4, only when pain scores were ≤4 and patients were able to operate the
SST system, the SST system was started. The SST system consists of a patient-controlled non-invasive hand-held device
that delivers 15 µg sufentanil micro-tablets for sublingual use at a 20 min interval (lockout). A unique adhesive tag on the
patients’ thumb can activate the device by radio-frequency. The device is fixed to the patients’ bed and contains
a cartridge with 40 micro-tablets. The Acute Pain Service can manage the SST system with a specific card (remove/
replace cartridges, link the thumb tag to the device, etc.).

Standard-of-Care
Patients in the PCEA group received patient-controlled epidural analgesia. The PCEA catheter was inserted preopera-
tively at level Th6-Th10. Following induction of anesthesia, a 6–12 mL bolus containing ropivacaine 0.75% was
administered epidurally, followed by a continuous infusion of a mixture of ropivacaine 0.2% and sufentanil 0.75 µg/
mL, at 6–10 mL/h; with the possibility of giving an additional bolus. During surgery, patients received additional iv
sufentanil if deemed necessary by the attending anesthesiologist. At the PACU, pain scores were assessed at regular
intervals and the level of the epidural blockade was tested with an ice pack. In case of pain score >4, 2 mL boluses at a 20
min interval (lockout) from the PCEA system were permitted. In case of failure to place the epidural catheter
preoperatively, patients received PCA morphine according to the PCA morphine protocol.

Patients with PCA morphine received patient-controlled iv morphine. These patients received 0.1–0.2 mg/kg iv
morphine 45–60 min prior to the end of surgery. During surgery, patients received iv sufentanil if deemed necessary by
the attending anesthesiologist. At the PACU, pain scores were assessed at regular intervals. If needed, initially, patients
received 2 mg iv morphine bolus doses to reduce pain scores ≤4; thereafter, the PCA morphine device was started.
A background infusion of 0.5 mg morphine per h was administered. Patient could additionally administer a 1 mg bolus at
a 5-min interval (lockout) with a maximum dosage of 28 mg per 4 hours.

Perioperative Care
The full study protocol describes the pre, peri and postoperative care in detail and is available in the
Supplementary Files. All patients received paracetamol 1000 mg 4 times daily and if needed metamizole
1000 mg 3 times daily. In case of insufficient pain treatment (persistent pain scores >4) during the course of
treatment, patients could receive rescue pain medication at discretion of the attending anesthesiologist, ie such as
conversion to another of the mentioned techniques. If this did not help, iv ketamine could be added (up to
10 mg/h). On postoperative day 3, both the SST system and the standard-of-care were terminated and replaced
by paracetamol and oral or subcutaneous (sc) opioids, although both the SST system and the standard-of-care
could be prolonged until maximum postoperative day 6 at the discretion of the attending anesthesiologist.

Outcomes and Comparisons
There was a single primary outcome, which was the overall mean pain score on postoperative days 1 to 3 combined. The
non-inferiority margin was set at −1.5 since a difference greater than −1.5 points was considered to be clinically
relevant.16 Secondary outcomes included mean pain score and patients reporting unacceptable pain per
postoperative day, Overall Benefit of Analgesia Score (OBAS)17 and patient satisfaction score on postoperative day 1
to 3 combined and per postoperative day. Additional secondary outcomes were early treatment failure, perioperative
hemodynamics (occurrence of hypotension, use and dosage of vasopressors, postoperative fluid balances) and several
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additional postoperative outcomes (complications related to analgesia, day of resumption of oral diet intake and day of
urinary catheter removal, Clavien-Dindo classification,18 mortality within 30 days, length of hospital stay, readmission).

Outcomes were compared by intention-to-treat analysis (SST versus standard-of-care). Predefined subgroup analyses
of pain scores were performed using the intended procedure type (open and robot-assisted procedure) and the protocol
version (original and amended protocol). To investigate if older patients had the ability to operate the SST system and
achieve adequate pain control, post-hoc subgroup analyses of pain scores were performed by age subgroups of ≤65 and
>65 years.

Data Collection and Definitions
Pain scores were assessed on an 11-point NRS ranging from 0 (no pain) to 10 (most extreme pain imaginable). Pain
scores were assessed by the Acute Pain Service (a dedicated and specialized team of nurses and anesthesiologists who
visit the patient twice daily and who are responsible for [early] postoperative pain treatment) or nursing staff at least
3 times daily according to local and national protocol.19,20 Several training sessions were organized before and during
the trial to ensure standardized assessment of pain scores. The OBAS was measured by the Acute Pain Service on the
morning on postoperative days 1 to 3. The OBAS is a composite score of pain scores, side-effects, and patient
satisfaction, ranging from 0 to 28, in which a lower score is superior to higher scores.17 Patient satisfaction scores
were recorded by the patients themselves at the end of each hospital day (11-point NRS ranging from 0 [not satisfied
at all]) to 10 [fully satisfied]). Additional data were collected from the electronic medical records. The day of surgery
was considered as postoperative day 0. Perioperative hypotension was defined as a mean arterial pressure <55 mmHg.
Unacceptable pain was defined as a reported pain score >4. Early treatment failure was defined as ending the use of
the SST system or termination of standard-of-care before postoperative day 3 due to problems, such as preoperative
placement failure, inadequate pain control, hemodynamic instability, or side effects impeding further treatment. The
Clavien-Dindo classification was used to score overall postoperative complications.18

Sample Size and Statistical Analysis
Based on a non-inferiority margin of −1.5 for the primary outcome (overall mean pain score for postoperative day 1 to 3
combined), 36 patients were required to be 90% certain that the lower limit of the 95% confidence interval was above the
non-inferiority limit (PASS Software version 15.0.4). The primary outcome was tested at the p-value <0.05 level for
significance. Mean differences were reported with 95% confidence intervals. In case the confidence interval was included
in the inferiority limit, non-inferiority was considered demonstrated. Further analysis compared groups using independent
samples t-test or Mann–Whitney test, depending on their distribution, for continuous variables. Chi-square test and
Fisher’s exact tests were used for categorical variables. Statistical analyses were performed using the SPSS statistical
software package version 26.

Results
Baseline Characteristics
Between October 2018 and July 2021, 190 patients were assessed for eligibility of which 38 patients were included
(Figure 1). The main reasons for exclusion were temporary stop of study activities in our institution during the peak of
the COVID pandemic (n = 40) and logistics (n = 38). Randomization allocated 19 patients in the SST group and 19 patients
in the standard-of-care group. Two patients in the SST group were excluded (exclusion criterium found after randomization
[n = 1] and no resection being performed [n = 1]) and therefore 36 patients were included in the final analyses.

Baseline characteristics did not differ between the two groups (Table 1). In the SST group, 10 patients (59%)
underwent an open procedure, 5 patients (30%) underwent a robot-assisted procedure and 2 (12%) underwent a robot-
assisted procedure converted to an open procedure, compared to 11 (58%), 7 (37%) and 1 patients (5%) in the standard-of
-care group, respectively (p = 0.739).

In the SST group, early treatment failure occurred in 2 patients (12%) due to the inability to operate the SST system
and in 2 other patients (12%) due to severe nausea despite antiemetic treatment (Figure 2). In the standard-of-care group,
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Figure 1 Flow chart of inclusion.

Table 1 Baseline Characteristics

Type of Analgesia P

SST
(N = 17)

Standard-of-Care
(N = 19)

N (%) N (%)

Total 17 (47.2) 19 (52.8) -
Sex Male 8 (47.1) 14 (73.7) 0.102

Female 9 (52.9) 5 (26.3)

Age, median (IQR) 68 (59–74) 63 (57–77) 0.612
BMI, median (IQR) 25.7 (23.3–28.5) 27.7 (23.6–28.4) 0.601

Preoperative acetaminophen
use

7 (41.2) 10 (52.6) 0.492

Preoperative NSAID use 0 0 -

Preoperative opioid use 0 2 (10.5) 0.487

ASA-score I–II 11 (64.7) 14 (73.7) 0.559
III–IV 6 (35.3) 5 (26.3)

Type of procedure Open 10 (58.8) 11 (57.9) 0.739
Robot-assisted 5 (29.4) 7 (36.8)

Conversion to open 2 (11.8) 1 (5.3)

Type of incision Midline 12 (70.6) 12 (63.2) 0.732
Minimally invasive 5 (29.4) 7 (36.8)

Type of analgesia PCEA - 10 (52.6) -

PCA morphine - 9 (47.4)
Type of resection PPPD 10 (58.8) 12 (63.2) 0.790

Classic Whipple 7 (41.2) 7 (36.8)

Abbreviations: SST, sublingual sufentanil tablets; IQR, interquartile range; BMI, body mass index; NSIAD, non-steroidal anti-inflammatory drugs; ASA, American society of
anesthesiologists; PCEA, patient-controlled epidural analgesia; PCA morphine, patient-controlled analgesia with morphine; PPPD, pylorus-preserving
pancreaticoduodenectomy.
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10 patients were intended for PCEA and 9 patients were intended for PCA morphine. Early treatment failure occurred in
2 patients (11%) due to preoperative placement failure of PCEA and in 1 patient (5%) due to hemodynamic instability
caused by the PCEA. The rate of early treatment failure did not differ between the groups (p = 0.558).

Primary Outcome
The mean (SD) pain score on postoperative days 1 to 3 was 2.24 (1.00) in the SST group and 2.24 (0.77) in the standard-
of-care group. The mean difference was −0.10 (95% CI −0.72–0.52) (Table 2). The lower limit of the 95% CI was higher
than the predefined limit for non-inferiority (−1.5), and therefore the non-inferiority of SST compared to standard-of-care
was demonstrated.

Secondary Outcomes
Pain Scores
The mean pain score and patients reporting unacceptable pain (pain score >4) per postoperative day did not differ
between groups (Table 2; Figure 3). In both groups, an increase was observed in patients reporting unacceptable pain on
postoperative day 3 compared to day 2.

Overall Benefit of Analgesia Scores (OBAS)
The median (IQR) OBAS on postoperative days 1 to 3 was 7 (3–10) in the SST group and 3 (3–6) in the standard-of-care
group (p = 0.126) (Table 2). Also, the median (IQR) OBAS per postoperative day did not differ between groups.

Patient Satisfaction Scores
The median (IQR) patient satisfaction score on postoperative day 1 to 3 was 7 (5–9) in the SST group and 8 (7–9) in the
standard-of-care group (p = 0.337) (Table 2). Median (IQR) patient satisfaction scores per postoperative day did not
differ between groups.

Figure 2 Flow chart of the use of SST and standard-of-care per postoperative day.
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Perioperative Hemodynamics
Perioperative characteristics did not differ between groups (Table 3). The use and total dosage of vasopressors did not differ
between groups. In the SST group, 7 patients (41%) experienced perioperative hypotension compared to 5 patients (26%) in
the standard-of-care group (P = 0.345). Fluid balances on postoperative days 0 to 5 did not differ between groups.

Additional Postoperative Outcomes
Postoperative characteristics did not differ between groups (Table 3). In both groups, 1 patient (SST group: 6%,
standard-of-care group: 5%) experienced a complication related to analgesia (SST group: respiratory depression with
good effect of naloxone treatment, standard-of-care group: hemodynamic instability with good effect of stopping
PCEA).

Table 2 Mean Difference in Pain Scores, Overall Benefit of Analgesia Score (OBAS) and Patient Satisfaction Scores
per Postoperative Day

Type of Analgesia P

SST (N = 17) Standard-of-Care (N = 19)

Mean Differences (95% CI)

Pain score POD 1 to 3 −0.10 (−0.72–0.52) 0.738

Pain score POD 0 −0.03 (−1.42–1.37) 0.969
Pain score POD 1 0.17 (−0.60–0.94) 0.658

Pain score POD 2 0.17 (−0.70–1.04) 0.688

Pain score POD 3 −0.50 (−1.44–0.45) 0.293
Pain score POD 4 − 0.24 (−1.12–0.64) 0.585

Pain score POD 5 −0.51 (−1.52–0.50) 0.309

Median (IQR) Median (IQR) P

OBAS POD 1 to 3 7 (3–10) 3 (3–6) 0.126
OBAS POD 1 8 (4–9) 3 (2–6) 0.144

OBAS POD 2 5 (1–11) 4 (2–6) 0.762

OBAS POD 3 5 (2–8) 3 (2–5) 0.140
Patient satisfaction POD 1 to 3 7 (5–9) 8 (7–9) 0.337

Patient satisfaction POD 1 6 (1–9) 9 (8–10) 0.105

Patient satisfaction POD 2 8 (5–8) 8 (8–10) 0.050
Patient satisfaction POD 3 8 (6–9) 7 (3–9) 0.609

Abbreviations: SST, sublingual sufentanil tablets; CI, confidence interval; POD, postoperative day; OBAS, overall benefit of analgesia score, IQR,
interquartile range.

Figure 3 Mean (SD) pain score per postoperative day (left), and percentage of patients reporting a pain score >4 per postoperative day (right).
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Subgroup Analysis
Predefined Subgroup Analysis by Intended Type of Procedure
Patients undergoing an intended open procedure (SST [n = 10] versus standard-of-care: PCEA [n = 10] and PCA
morphine [n = 1]) showed similar results for mean pain score on postoperative days 1 to 3 (mean difference −0.23 [95%
CI −1.22–0.75]). The mean (SD) pain score on postoperative day 3 was significantly lower in the SST group compared to
the standard-of-care group (1.19 [0.97] versus 2.75 [1.84]; p = 0.03). Other pain scores per postoperative day did not
differ between these groups. Patients undergoing an intended robot-assisted procedure (SST [n = 7] versus standard-of-
care: PCA morphine [n = 8]) showed similar results for mean pain score on postoperative days 1 to 3 (mean difference
0.02 [95% CI −0.58–0.62]). The mean (SD) pain score on postoperative day 1 was significantly lower in the SST group
compared to the PCA morphine group (2.42 [0.83] versus 3.22 [0.44]; p = 0.033). Other pain scores per
postoperative day did not differ between these groups.

Table 3 Perioperative Hemodynamics and Postoperative Outcomes

Type of Analgesia P

SST (N = 17) Standard-of-Care (N = 19)

N (%) N (%)

PERIOPERATIVE HEMODYNAMICS
Intraoperative use of vasopressors 17 (100) 18 (94.7) 1.00

Noradrenaline 16 (94.1) 18 (94.7) 1.00
Phenylephrine 12 (70.6) 11 (57.9) 0.429

Ephedrine 8 (47.1) 10 (52.6) 0.738

Postoperative MC/ICU use of vasopressors 8 (47.1) 10 (52.6) 0.738
Noradrenaline 8 (47.1) 10 (52.6) 0.738

Phenylephrine 0 0 -

Ephedrine 0 2 (10.5) 0.487
Total dose of noradrenaline (mg), median (IQR)* 0.60 (0.28–2.08) 1.08 (0.56–4.76) 0.358

Total dose of phenylephrine (mg), median (IQR)* 150 (0–300) 50 (0–250) 0.359

Total dose of ephedrine (mg), median (IQR)* 0 (0–5.0) 3.0 (0–12.5) 0.243
Cumulative fluid balance
POD 0 (mL), median (IQR) 2517 (2291–4187) 2625 (1836–3196) 0.522

POD 1 (mL), median (IQR) 3736 (3361–5342) 3590 (3029–6195) 0.968
POD 2 (mL), median (IQR) 4927 (4172–6241) 5601 (4640–7750) 0.262

POD 3 (mL), median (IQR) 6219 (3773–6532) 6397 (4854–7674) 0.137

POD 4 (mL), median (IQR) 6718 (3597–7979) 7369 (5711–8219) 0.233
POD 5 (mL), median (IQR) 7965 (5268–9381) 9015 (6577–9885) 0.233

POSTOPERATIVE OUTCOMES
Complications related to analgesia** 1 (5.9) 1 (5.3) 0.935
Day of resumption of oral diet intake, median
(IQR)***

3 (3–5) 3 (2–5) 0.571

Day of urinary catheter removal, median (IQR) 3 (3–4) 3 (2–4) 0.544
Clavien-Dindo classification 0.357

No complications 11 (64.7) 8 (42.1)

I–II 1 (5.9) 3 (15.8)
III–V 5 (29.4) 8 (42.1)

30-day mortality 0 0 -

Length of hospital stay (days), median (IQR) 9 (7–12) 8 (7–14) 0.778
Readmission 2 (11.8) 6 (31.6) 0.182

Notes: *Missing data for SST group (N = 2). ** In the SST group: respiratory depression, in the standard-of-care group: hemodynamic instability. *** Missing data for SST
group (N = 1) and standard-of-care group (N = 2).
Abbreviations: IQR, interquartile range; MC/ICU, medium care/intensive care unit; mg, milligram; IQR, interquartile range; POD, postoperative day.
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Predefined Subgroup Analysis by Original and Amended Protocol
Patients during the original protocol (SST [n = 3] versus standard-of-care [n = 5]) showed similar results for mean pain
score on postoperative days 1 to 3 (mean difference 0.98 [95% CI −2.23–2.56]). The mean (SD) pain scores on
postoperative days 0 and 1 were significantly higher in the SST group compared to the standard-of-care group (3.67
[1.1] versus 1.62 [1.17]; p = 0.05 and 3.83 [1.74] versus 1.28 [0.82]; p = 0.027). Other pain scores per postoperative day
did not differ between these groups. Patients during the amended protocol (SST [n = 14] versus standard-of-care [n =
14]) showed similar results for mean pain score on postoperative day 1 to 3 (mean difference −0.17 [95% CI −0.80–
0.47]). Pain scores per postoperative day did not differ between these groups.

Post-Hoc Subgroup Analysis by Age
Patients ≤65 years (SST [n = 8] versus standard-of-care [n = 10]) and >65 years (SST [n = 9] versus standard-of-care
[n = 9]) showed similar results for mean pain score on postoperative days 1 to 3 and mean pain score per
postoperative day (data not shown).

Discussion
This first randomized study investigating the use of SST in 36 patients following pancreatoduodenectomy showed that
the SST treatment strategy, as part of a multimodal approach, is a non-inferior analgesic compared to our standard-of-
care (PCEA or PCA morphine) in the treatment of pain on postoperative days 1 to 3. Early treatment failure occurred in
24% of patients in the SST group and in 16% of patients in the standard-of-care group. Additional outcomes such as pain
scores, OBAS and patient satisfaction scores did not differ between the two groups. Also, perioperative hemodynamics
and postoperative outcomes did not differ between the two groups.

The mean difference in pain score on postoperative day 1 to 3 was −0.10 (95% CI −0.72–0.52), and therefore, non-
inferiority of SST was demonstrated. No previous randomized data were available that reported mean postoperative pain
scores with SST. An observational study of our first clinical experience with SST did show comparable postoperative
pain scores in laparoscopic abdominal and orthopedic surgery.10 Previous randomized trials with (PC)EA and PCA or iv
morphine showed similar pain scores during the first postoperative days.21–24 This suggests that our results regarding
pain scores might be applicable to other settings. It should be noted that this study investigated multimodal treatment
strategies, including standard use of paracetamol and if needed metamizole and ketamine besides SST, PCEA or PCA
morphine, and therefore no conclusions can be drawn on the effectiveness of the individual components of the treatment
strategy. An increase was observed in patients reporting unacceptable pain on postoperative day 3 compared to day 2 in
both groups. This may have been caused by the termination of SST and standard-of-care and (painful) transition to
paracetamol and oral or sc opioids.2 Evidently, more efforts are needed to improve this transition and prevent an upsurge
in pain scores when the primary treatment strategy is ended.

The OBAS did not differ significantly between groups. The reported OBAS of the SST group was somewhat higher (a
lower score is better) than the standard-of-care group and also higher than reported in a study comparing continuous
wound infiltration plus PCA morphine to (PC)EA in patients undergoing open hepato-pancreato-biliary surgery.24 Since
we did not separately analyze side effects (mainly nausea and dizziness), we can only hypothesize that OBAS of the SST
group was somewhat higher due to more frequently experienced side effects of the SST and not due to higher pain scores.
This possibly also explains why patient satisfaction scores were slightly lower in the SST group. A more proactive
administration of antiemetics and communication with the patient could be a solution. We did not assess the level of
sedation prior to pain scoring or OBAS. Sedation may have affected scores, but it is our experience that residual sedation
is minimal in our patient population following total intravenous anesthesia and preemptive morphine dosing.

Early treatment failure occurred in 24% of patients in the SST group and in 16% of patients in the standard-of-care
group (all in the PCEA group; 30%). In a previous randomized trial with SST in open abdominal and orthopedic surgery,
the early failure rate was 18%.12 A disadvantage of SST is that patients need a good cognition, vision and hand-to-mouth
coordination in order to operate the system, and careful patient selection (eg low risk for post-operative delirium) is
therefore warranted. A meta-analysis performed by us showed similar data of early treatment failure in patients with EA
(29%).3 We did not formally check the position of the PCEA catheter with, eg radiography, as this is not part of our
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standard clinical practice. Patients were analyzed using an intention-to-treat approach to avoid potential bias due to
exclusion of patients and resemble standard clinical care as much as possible.

EA has been associated with significant vasoactive medication, fluid administration and even impaired anastomotic
healing.25,26 Perioperative hemodynamics did not differ between the groups in this study, yet the sample size could have
been too small to detect relevant and significant differences. This also applies to the other postoperative outcomes. The
use of SST has a benefit over PCEA and PCA morphine as no epidural catheter or iv line is needed which can hinder the
patient from early ambulation and early urinary catheter removal. Unfortunately, no difference was observed regarding
urinary catheter removal in the current study.

Several subgroup analyses were performed to confirm the robustness of the results. In intended open procedures, pain
scores on postoperative day 3 were lower in the SST group compared to the standard-of-care (PCEA) group. As already
mentioned, this might be the result of the (painful) transition to paracetamol and oral or sc opioids.2 During the original
protocol, pain scores on postoperative days 0 and 1 were higher in the SST group compared to the standard-of-care
(PCEA) group. We speculate that this may be caused by a short learning curve in the use of SST in clinical practice
following pancreatoduodenectomy. The subgroup analysis of >65 years showed similar results between SST and
standard-of-care, though we would have expected higher pain scores in the SST group since the SST system is more
difficult to operate compared to standard-of-care. A possible explanation may be that also for the standard-of-care group
patients require a good understanding of the systems as these are also patient controlled methods. There is no one-size-
fits-all type of analgesic treatment strategy and for choosing the most appropriate treatment strategy, in the process of
shared decision-making, the clinician together with the patients should weigh all relevant factors including patient
characteristics and the potential advantages and disadvantages of each different treatment strategy. Careful patient
selection, a multimodal treatment strategy and a dedicated and specialized team, including the Acute Pain Service,19

are pivotal for a successful postoperative pain treatment.
This study has several limitations. First, the sample size was small, although large enough to demonstrate non-inferiority

of the primary outcome. Due to the small sample size, it is possible that some relevant and significant differences were not
found for the secondary outcomes (Type II or β error). Second, postoperative day 0 (day of surgery) was not included in the
primary outcome since, in our experience, this day is used to establish an adequate level of pain control as modifications of
treatment and repetitive instruction of the patient are often needed.2 Another reason was that the antinociceptive treatment
during surgery may have differed among patients with differences in their residual analgesic effects in the first postoperative
hours. To investigate possible variations in pain scores during each postoperative day which were not reflected within the
mean pain score, we also analyzed the proportion of patients that reported unacceptable pain and observed no significant
difference. Third, the open-label design (no blinding) introduces a risk of performance bias. Blinding was not done since the
treatment strategies were evidently different, and blinding of study participants and investigators is not pragmatic and does
not resemble standard clinical care. Fourth, two relevant amendments were made to the protocol during the study (allow
inclusion of robot-assisted procedures and changing the non-inferiority margin) which might have affected the outcomes.
These amendments were reviewed and approved by an independent ethics committee (including a statistical review).
Enlarging the inclusion criteria was done as the number of open pancreatoduodenectomies declined rapidly over the last
two years in our center, partly related to the COVID-19 pandemic and to the wishes of surgeons and patients to perform
a minimal invasive procedure. Minimally invasive pancreatoduodenectomy has been suggested to cause less pain and a faster
recovery in non-randomized studies.27 Stratification of procedure type was used to ensure equal distribution of open and
robot-assisted procedures in both groups. The treatment strategies in the standard-of-care group changed due to the inclusion
of robot-assisted procedures (from only PCEA to PCEA or PCA morphine). This amendment to the protocol was not in
conflict with our goal, which was to demonstrate that the SST treatment strategy is a non-inferior alternative to our standard-
of-care following pancreatoduodenectomy. The change was regarded as statistically acceptable since our own retrospective
data showed that patients with PCEA and PCA morphine following pancreatoduodenectomy reported similar overall mean
pain scores on postoperative days 1 to 3 combined. Due to slow accrual, we changed the non-inferiority margin from −1.0 to
−1.5 in order to decrease the required sample size. It should be noted that −1.5 is still somewhat strict, as other studies used
a margin of −2.0.21,28 Multiple subgroup analysis (eg by intended procedure type and protocol version) was performed to
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check the robustness of the outcomes. And lastly, we chose not to include secondary outcomes investigating the pharmaco-
economics. This should be included in future trials.

In conclusion, this study demonstrated that the SST treatment strategy is a non-inferior analgesic compared to our
standard-of-care (PCEA or PCA morphine) in the treatment of pain following pancreatoduodenectomy. In our institution,
SST can definitely be added to the pallet of postoperative pain treatment strategies following pancreatoduodenectomy.
Future research is needed to confirm that these findings are applicable to other settings, preferably by studies with larger
sample sizes and multicenter study designs.
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