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1 Abstract

Introduction In March 2020, Medisch Spectrum Twente (MST) introduced the Enhanced Recov-
ery After Surgery (ERAS) protocol to enhance patient recovery with evidence-based interventions.
This study investigates the impact of ERAS on daily in-hospital opioid use for four postopera-
tive days of patients who underwent colorectal and/or small bowel surgery in MST compared to
Pre-ERAS patients. Secondary objectives are identifying the most used type of opioids, assessing
compliance of pain medication with the ERAS protocol and prescription practices, and exploring
patient characteristics based on varying amounts of oxycodone intake.

Method The primary outcome of this retrospective cohort study was daily in-hospital opioid in-
take for four postoperative days between Pre-ERAS (surgery between February 2017 and January
2019) and ERAS (surgery between March 2020 and February 2023). Secondary outcomes included
the most used opioid types, adherence to pain medication to the ERAS protocol and MST pre-
scription practice, and characteristics related to varying levels of oxycodone intake. Data analysis
involved multiple statistical tests, confounding factor identification, and multivariate logistic re-
gression to calculate Odds Ratios (ORs).

Results The ERAS group had significantly lower odds of receiving opioids on days one, two, and
three compared to the Pre-ERAS group. Corrected for confounding factors the ORs were respec-
tively 0.18 (0.04 - 0.54 95%-CI), 0.31 (0.10 - 0.76 95%-CI) and 0.28 (0.09 - 0.70 95%-CI). For day
zero, no significant difference was found. Short-acting oxycodone was the most administered post-
operative opioid, with usage rates of 24.2%, 48.1%, 43.8%, and 37.6% for days zero, one, two, and,
three, respectively. ERAS protocol adherence was highest on day zero (99.4%), but decreased on
subsequent days: day one (41.8%), day two (80.0%), and day three (78.8%). The group with zero
oxycodone intake (36.2% of patients) had a shorter length of stay (median of 2 days) compared to
the High intake group (median of 5.5 days), with a p-value of 0.0002. They also reported lower
VAS pain scores on days zero and one (medians of both 2) compared to the High intake group
(medians of 2 and 4), with p-values of respectively 0.01 and 0.0001. Moreover, the Zero intake
group had a quicker time until defecation (median of 1 night) compared to the High intake group
(median of 2 nights), with a p-value of 0.01.

Conclusion The implementation of the ERAS protocol had a positive impact on in-hospital
decrease of opioid intake on postoperative days one, two, and three. Short-acting oxycodone was
the predominant opioid and zero oxycodone intake was associated with better patient outcomes
such as a shorter LOS, lower VAS pain scores on day zero and one, and a shorter duration until
defecation.
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2 Introduction

In March 2020, Medisch Spectrum Twente (MST) implemented the Enhanced Recovery After
Surgery (ERAS) program. This initiative was introduced by the Value Based Healthcare depart-
ment of MST to improve outcomes, such as length of stay (LOS), that were deemed less optimal
compared to other hospitals that had already implemented ERAS.

ERAS includes a set of evidence-based interventions that covers the entire patient care journey;
the preoperative, intraoperative, and postoperative phases [1]. These interventions are designed
with the primary goals to improve and speed up the recovery process of patients. ERAS includes
interventions such as a short period without nutrition after surgery and early mobilization [2].
With the introduction of ERAS, there has been a shift in the standard approach to anaesthesia.
Prior to ERAS, the standard practice involved epidural anaesthesia. However, the downside of
epidural anaesthesia is that the epidural catheter typically stays in for an average of 48 hours [3].
This could affect the mobility of a patient during this period. In the ERAS protocol, the preferred
approach is spinal anaesthesia, which remains effective for about 24 hours without the need for a
catheter, promoting better postoperative mobility [4].

The decrease of opioid administration after surgery is another intervention of the ERAS proto-
col. Opioids are the strongest form of analgesics and are often part of a patient’s pain medication.
As pain can limit a patient’s ability to move and participate in physical therapy or rehabilitation
exercises, effective pain medication is especially important in the beginning of their recovery [5].
However, the use of opioids also has downsides. Opioids can have a negative influence on a pa-
tient’s health, such as a decrease in bowel function, respiratory depression and less mobility due
to sleepiness and dizziness [6]. The decrease of opioid administration is part of ERAS, but it was
yet unclear whether the protocol was effective in opioid reduction in MST. This study focused
primarily on colorectal and/or small bowel surgery, as ERAS was initially implemented for these
procedures in MST. The primary research question was as follows: What is the effect of the im-
plementation of the Enhanced Recovery After Surgery protocol on opioid use per day for patients
after colorectal and/or small bowel surgery during their hospital stay in Medisch Spectrum Twente,
compared to opioid use for patients who underwent similar procedures before the implementation
of ERAS?
The secondary objectives included three key aspects of opioid administration within ERAS patients:
identifying the most used postoperative type of opioid in MST during colorectal and/or small bowel
surgery, assessing compliance of analgesic medication with the ERAS protocol, and exploring
patient characteristics based on varying oxycodone intake levels, the only prescribed postoperative
opioid in MST.
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3 Research method

The data used in this study were collected from the ERAS Interactive Audit System (EIAS)
database, specifically designed for the ERAS program [7]. This system records the usage of opioids
on day zero (the day of surgery, after the surgical procedure) as well as on postoperative days one,
two, and three. For the secondary objectives, administered medication data were extracted from
the electronic health record, HiX, which was implemented in December 2021. The information
recorded in EIAS and HiX was encrypted by data-analysts of the department of Value Based
Healthcare of MST and therefore this research did not require informed consent of the patients
or ethical approval according to the Dutch law. This was checked and confirmed by the Advisory
Committee Medisch Spectrum Twente Enschede, the Netherlands.

3.1 Study Design and Patient Selection

For the primary and secondary research, a retrospective cohort study was conducted. The sec-
ondary research was exploratory.

Patients were eligible for inclusion in this research when they underwent elective laparoscopic
or robotic, colorectal and/or small bowel surgery in MST, and were not readmitted after discharge.
For the primary research question, two cohorts were used. The Pre-ERAS cohort was registered in
EIAS as a reference group and is a random sample of patients who had surgery from February 2017
to January 2019. The second cohort consisted of patients after ERAS implementation, from March
2020 until February 2023. Unlike the Pre-ERAS cohort, this group was selected in its entirety,
representing the ERAS cohort. For the secondary research, a subset of the ERAS cohort was used.
Due to the implementation of HiX, only the ERAS patients registered between December 2021
and February 2023 were included.

3.2 Outcomes

The primary outcome focused on opioid intake, specifically whether a patient received postop-
erative opioids during their hospital stay for the first four postoperative days. The secondary
outcomes aimed to explore the most administered type of opioids, the compliance of the adminis-
tered pain medication with the ERAS protocol, along with characteristics related to varying levels
of oxycodone use. Discrepancies were observed between the ERAS protocol and MST prescription
practices. These differences can be seen in Table 1. Although the MST prescription practice devi-
ated from the official protocol, it was applied within MST and therefore the compliance with the
MST prescription practice was also researched. Excessive medication, for both adherence to the
ERAS protocol and MST prescription practice, was defined as exceeding the recommended dosage.

Table 1: Comparison of analgesic prescriptions between the ERAS protocol and the MST prescrip-
tion practice for four postoperative days.

Day 0 Day 1 Day 2 Day 3

Metamizole 1000 mg
ERAS Protocol 4 0 0 0
MST Prescription Practice 4 4 4 4

Short-acting oxycodone 5 mg
ERAS Protocol 4 4 4 4
MST Prescription Practice 6 6 6 6

Paracetamol 1000 mg
ERAS Protocol 4 4 4 4
MST Prescription Practice 4 4 4 4

Firstly, to explore the most administered type of opioids, opioids were categorized into Short-
acting oxycodone, Long-acting oxycodone, Morphine, and Other (including tramadol, sufentanil,
buprenorphine, fentanyl, methadone, pethidine, and piritramide). If patients used more than one
type of opioid, they could fall into multiple categories. A note has to be made that morphine and
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fentanyl, administered during both surgical and postoperative phases, were excluded from the day
zero analysis. This exclusion was made because the phases could not be distinguished after data
extraction.
Secondly, the analysis aimed to align administered analgesics with the ERAS protocol and MST
prescription practice, as seen in Table 1. In the final secondary outcome analysis, patients were
grouped based on cumulative daily oxycodone amounts: 0 mg daily throughout the entire stay
(No intake), 0-20 mg daily throughout the entire stay (Low intake), one or more days with intake
over 30 mg (High intake), and all patients not falling into the other categories, with on no day an
intake surpassing 30 mg (Intermediate intake).

3.3 Variables

In the characteristics overview comparing Pre-ERAS and ERAS, the information was categorized
into two main sections. The first main section covered patient characteristics which included
age, gender, BMI (body-mass index), alcohol use (coded as non-alcohol for patients who stopped
drinking prior to surgery), smoking (coded as non-smokers for patients who ceased smoking before
surgery), recreational drugs, diabetes mellitus (controlled with medication or diet), and ASA-scores
(American Society of Anaesthesiologists). The second main section focused on procedure charac-
teristics containing laparoscopic surgery, main procedure, procedure length, no complications, non-
serious (Clavien-Dindo gradients between I-IIIa) complications, and serious complications (Clavien-
Dindo gradients between IIIb-V) [8]. Additionally, for the secondary outcome analysis, comparing
different amounts of oxycodone intake, a new category was introduced: Peri/Post-hospital stay
characteristics. These enclosed LOS, VAS (Visual Analogue Scale) pain and nausea scores for four
postoperative days, metamizole (a Non-Steroidal Anti-Inflammatory Drug or NSAID) intake for
four postoperative days, time until defecation, flatus, and solid food intake.

3.4 Statistical analysis

To compare opioid intake between Pre-ERAS and ERAS groups and investigate potential differ-
ences in various amounts of oxycodone intake, analyses were conducted in Rstudio version 4.2.1.
Continuous data were presented as means (M ) and standard deviations (SD), while dichotomous
data were expressed as the number of people (N) and percentages (%). Non-normally distributed
continuous data were represented using medians (Mdn) and interquartile ranges (IQR).

3.4.1 Primary outcome

For the continuous normally distributed data, an unpaired two-sided T-test was performed and for
the non-normally distributed continuous data a Wilcoxon Rank Sum Test was performed [9]. For
the categorical data, the statistical test was the Chi-squared test. To be statistically significant in
this study, the p-value had to be lower than 0.05. The analysis to check for possible confounding
consisted of the following steps:

1. Univariate logistic regression assessed the impact of ERAS on opioid use for each specific
day.

2. All variables with p < 0.15 between the Pre-ERAS and ERAS cohorts were selected [10].

3. Selected variables were analyzed for their association with opioid use for each day, using the
mentioned statistical tests. If a variable showed significance on one specific day, this was
included in the multivariate analysis of each day to ensure equality.

4. Multivariate logistic regression was performed using the significant variables (p < 0.15) from
the second and third steps.

5. No reduction of multivariate analysis was made to ensure consistency across all models.

3.4.2 Secondary outcomes

To analyze the four groups of varying oxycodone usage, the following tests were applied. For
continuous normally distributed data, an ANOVA and for non-normally distributed data a Kruskal
Wallis test was performed. For non-normally distributed countable data a Poisson regression was
performed and for categorical data, the Chi-squared test [9].
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4 Results

Figure 1 shows the patients selection, with an initial amount of 853 patients. Due to the selection
criteria mentioned in Section 3.1, 413 patients were excluded and 440 patients were selected for
the primary research question: 46 Pre-ERAS patients en 394 ERAS patients. For the secondary
outcomes 231 patients were excluded from the 440 ERAS patients, since they were documented
before the implementation of HiX, resulting in a subset of 163 ERAS patients.

Figure 1: A schematic overview of patient selection for primary and secondary outcomes.

4.1 Characteristics

Characteristics are shown in Table 2, providing a detailed comparison between the Pre-ERAS and
ERAS cohorts. Recreational drugs were used in 8.7% of the Pre-ERAS group compared to 1.8%
in the ERAS group (p = 0.01). Differences in ASA-scores distribution were observed (p = 0.0001),
with ASA 1 being more prevalent in Pre-ERAS (19.6%) than in ERAS (4.6%), while ASA 3 and
ASA 4 occurred more often in the ERAS cohort compared to the Pre-ERAS cohort (35.3% and
2.8% versus 13.0% and 2.2%). The distribution of specific procedures also differed (p = 0.03), with
hemicolectomy right and left and anterior resection of the rectum more common in Pre-ERAS,
while sigmoid resection occured more frequently in ERAS. Stoma procedures did not occur in the
Pre-ERAS cohort compared to 7.9% in the ERAS group.
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Table 2: Characteristics overview of Pre-ERAS and ERAS patients who underwent colorectal
and/or small bowel surgery

Pre-ERAS ERAS P-value
N = 46 N = 394

Patient
characteristics
Age M (SD) 66.9 (12.8) 65.5 (13.8) 0.48
Gender: Male N (%) 27 (58.7) 183 (46.4) 0.12
BMI M (SD) 26.9 (4.5) 26.5 (4.5) 0.55
Alcohol N (%) 24 (52.2) 211 (53.6) 0.94
Smoker N (%) 9 (19.6) 70 (17.8) 0.92
Recreational drugs N (%) 4 (8.7) 7 (1.8) 0.01
Diabetes Mellitus N (%) 8 (17.4) 52 (13.2) 0.58
ASA-score N (%) 0.0001

ASA 1 9 (19.6) 18 (4.6)
ASA 2 30 (65.2) 226 (57.4)
ASA 3 6 (13.0) 139 (35.3)
ASA 4 1 (2.2) 11 (2.8)

Procedure
characteristics
Surgery:
Laparoscopic

N (%) 45 (97.8) 372 (94.4) 0.53

Main procedure N (%) 0.03
Hemicolectomy right 23 (50.0) 135 (34.3)
Hemicolectomy left 2 (4.3) 31 (7.9)
Sigmoid resection 5 (10.9) 89 (22.6)
Ant. resect. rectum 9 (19.6) 70 (17.8)
Stoma procedure 0 (0.0) 31 (7.9)
Other 7 (15.2) 37 (9.4)

Procedure length
(min)

M (SD) 113.3 (52.2) 120.1 (56.1) 0.41

Complications N (%) 1.00
No 41 (89.1) 330 (83.8)
Non-serious 4 (8.7) 48 (12.2)
Serious 1 (2.2) 16 (4.1)

Abbreviations: BMI = Body Mass Index, ASA = American Society of Anaesthesiologists, Ant. resect.
rectum = Anterior resection rectum.

4.2 Primary outcome

Table 3 shows the hospital occupancy for each day. There was a disparity in discharge patterns.
Patients in the Pre-ERAS cohort began to be discharged on day three. In contrast, the ERAS
group demonstrated earlier discharges with two patients leaving on day zero, six on day one, and
69 on day two. On day three, 112 patients from the ERAS group were discharged, while only three
patients did so in the Pre-ERAS cohort.

Table 3 demonstrates that the Odds Ratios (ORs) for day one, two, and three show a signifi-
cantly lower likelihood of administering opioids to ERAS patients compared to Pre-ERAS patients,
with ORs of respectively 0.17 (0.04 - 0.48 95%-CI), 0.27 (0.09 - 0.64 95%-CI) and 0.22 (0.07 -
0.53 95%-CI). Gender, recreational drugs, ASA-scores, and main procedure demonstrated p-values
<0.15, shown in Table 2, suggesting potential confounding. Subsequent confounding analysis iden-
tified gender, recreational drugs, and ASA-scores as confounding factors. After adjusting for these
confounders, the ORs of day one, two, and three stayed relatively consistent, respectively 0.18 (0.04
- 0.54 95%-CI), 0.31 (0.10 - 0.76 95%-CI), and 0.28 (0.09 - 0.70 95%-CI). There was no significant
difference on day zero. This holds true for both the uncorrected and corrected ORs.
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Table 3: Hospital occupancy, odds ratios, and their corresponding 95%-CI for opioid use between
Pre-ERAS and ERAS patients

N* No
opioids

Opioids OR 95%-CI OR** 95%-CI**

Opioid use day 0
Pre-ERAS 45*** 2 (4.4%) 43 (95.6%) 0.68 0.11 - 2.40 0.80 0.12 - 2.97
ERAS 392 25 (6.4%) 367 (93.6%)
Opioid use day 1
Pre-ERAS 46 3 (6.5%) 43 (93.5%) 0.17 0.04 - 0.48 0.18 0.04 - 0.54
ERAS 386 112 (29.0%) 274 (71.0%)
Opioid use day 2
Pre-ERAS 46 5 (10.9%) 41 (89.1%) 0.27 0.09 - 0.64 0.31 0.10 - 0.76
ERAS 317 99 (31.2%) 218 (68.8%)
Opioid use day 3
Pre-ERAS 43 5 (11.6%) 38 (88.4%) 0.22 0.07 - 0.53 0.28 0.09 - 0.70
ERAS 205 77 (37.6%) 128 (62.4%)

*Hospital occupancy fluctuates as patients were discharged.

**Corrected for gender, recreational drug use and ASA-scores.

***One patient was excluded from the analysis of this day due to an unknown value in opioid use.

4.3 Secondary outcomes

For the secondary outcomes a subset, as seen in Figure 1, containing 163 ERAS patients was used.

4.3.1 Type of opioids

Whether and which type of opioids were administered, are shown Table 4. The most used opioid
on all days is short-acting oxycodone, with respectively 24.2%, 48.1%, 43.8%, and 37.6% for days
zero, one, two, and three.

Table 4: Different type of opioids administered to ERAS patients

N*
Any opioids

used
N(%)

Short-acting
oxycodone

N(%)

Long-acting
oxycodone

N(%)

Morphine
N(%)

Other
N(%)

Day 0 161 53 (32.9%) 39 (24.2%) 15 (9.3%) - (-%)** 13 (8.1%)**
Day 1 158 78 (49.4%) 76 (48.1%) 13 (8.2%) 3 (1.9%) 1 (0.6%)
Day 2 128 60 (46.9%) 56 (43.8%) 18 (14.1%) 4 (3.1%) 3 (2.3%)
Day 3 85 36 (42.4%) 32 (37.6%) 13 (15.2%) 10 (11.2%) 1 (1.2%)

*Hospital occupancy fluctuates as patients were discharged.

**Due to exclusion of morphine and fentanyl for day zero in the dataset.

As mentioned in Section 3.2, patients could fall into multiple categories. Not shown in Table 4 is
that patients can receive a combination of short-and long-acting oxycodone. For day zero this was
one patient (0.6%). This increased to 12 (7.6%), 16 (12.5%), and 10 (11.2%) patients on days one,
two, and three, respectively.

4.3.2 Compliance with protocol

To calculate the compliance with the ERAS protocol and the MSt prescription practice, the hos-
pital occupancy for each day as shown in Table 4 were used. Table 5 shows that nearly all patients
received pain medication according to the ERAS protocol on day zero. However, on day one, there
was a shift in protocol compliance, since 57.6% of the patients received an excessive amount of
metamizole, and 41.8% of the patients received analgesics according to the ERAS protocol.
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Table 5: Adherence to ERAS protocol

Within Excessive Excessive Excessive Excessive use of
protocol oxycodone paracetamol metamizole multiple analgesics

Day 0 160 (99.4%) 0 (0.0%) 1 (0.6%) 0 (0.0%) 0 (0.0%)
Day 1 66 (41.8%) 7 (4.4%) 2 (1.3%) 91 (57.6%) 8 (5.1%)
Day 2 100 (80.0%) 6 (4.8%) 3 (2.4%) 23 (18.4%) 4 (3.2%)
Day 3 67 (78.8%) 3 (3.5%) 0 (0.0%) 15 (17.6%) 0 (0.0%)

Table 6 shows the compliance to the MST prescription practice, as shown in Table 1 in Section
3.2. Table 6 shows that the percentages of compliance to the MST prescription practice for days
zero, one, two, and three were respectively, 99.4%, 95.6%, 96.1%, and 97.6%.

Table 6: Adherence to MST prescription practice

Within Excessive Excessive Excessive Excessive use of
practices oxycodone paracetamol metamizole multiple analgesics

Day 0 160 (99.4%) 0 (0.0%) 1 (0.6%) 0 (0.0%) 0 (0.0%)
Day 1 151 (95.6%) 1 (0.6%) 3 (1.9%) 4 (2.5%) 1 (0.6%)
Day 2 123 (96.1%) 1 (0.8%) 3 (2.3%) 2 (1.6%) 1 (0.8%)
Day 3 83 (97.6%) 1 (1.2%) 0 (0.0%) 1 (1.2%) 0 (0.0%)

4.3.3 Varying amounts of oxycodone intake

The final analysis showed that 130 patients (79.8%) used less than 20 mg of oxycodone per day
(short-acting as well as long-acting oxycodone) during their entire hospital stay. From this group
59 patients (36.2%) had no oxycodone administered during their hospital stay. The association
of varying oxycodone amounts on different characteristics, such as LOS and VAS pain scores, was
researched, as shown in Table 7.

The Zero intake group had a significantly higher mean age of 69.0 years, compared to other
groups (p = 0.04). ASA-scores also differed significantly, with more ASA 3 patients in the Zero
intake group, compared to the other groups (p = 0.0001). Defecation time varied with a median of
one night in the Zero intake group, to a median of two nights in the Low, Intermediate, and High
intake groups (p = 0.02). Metamizole intake increased with the oxycodone intake, but it showed
only a significant lower intake in the Zero intake group on day one compared to the other groups
(p = 0.02). VAS pain scores showed a significant difference on days zero and one, with lower VAS
pain scores in the Zero intake group compared to patients who received oxycodone (p-values of
respectively 0.01 and 0.0001). Additionally, the LOS was significantly different between groups,
with a median of 2 nights in the Zero intake group compared to medians of 3 , 4, and 5.5, for the
Low, Intermediate, and High intake groups, respectively. Although not significant, the procedures
anterior resection of rectum and stoma procedures occurred most often in the High intake group.
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Table 7: Characteristics overview of patients with zero, low, intermediate or high oxycodone intake

Zero

intake

N = 59

Low

intake

N = 71

Intermediate

intake

N = 21

High

intake

N = 12

P-

value

Patient
characteristics
Age M (SD) 69.0 (10.9) 66.8 (12.8) 54.7 (18.7) 55.3 (17.0) 0.04
Gender: Male N (%) 25 (42.4) 29 (40.8) 9 (42.9) 6 (50.0) 0.95
BMI M (SD) 26.5 (3.5) 26.2 (4.4) 26.5 (4.3) 25.2 (2.8) 0.57
Alcohol N (%) 30 (50.8) 42 (59.2) 14 (66.7) 4 (33.3) 0.24
Smoker N (%) 8 (13.6) 14 (19.7) 7 (33.3) 3 (25.0) 0.25
Recreational drugs N (%) 0 (0.0) 2 (2.8) 1 (4.8) 0 (0.0) 0.44
Diabetes Mellitus N (%) 10 (16.9) 7 (9.9) 2 (9.5) 0 (0.0) 0.08
ASA-score N (%) 0.0001

ASA 1 2 (3.4) 7 (9.9) 0 (0.0) 0 (0.0)
ASA 2 34 (57.7) 42 (59.2) 18 (85.7) 8 (66.7)
ASA 3 23 (39.0) 22 (31.0) 3 (14.3) 3 (25.0)
ASA 4 0 (0.0) 0 (0.0) 0 (0.0) 1 (8.3)

Procedure
characteristics
Surgery:
Laparoscopic

N (%) 55 (93.2) 65 (91.5) 20 (95.2) 10 (83.3) 0.64

Main procedure N (%) 0.54
Hemicolectomy right 18 (30.5) 28 (39.4) 7 (33.3) 1 (8.3)
Hemicolectomy left 3 (5.1) 6 (8.5) 3 (14.3) 2 (16.7)
Sigmoid resection 14 (23.7) 14 (19.7) 4 (19.0) 2 (16.7)
Ant. resect. rectum 11 (18.6) 13 (18.3) 3 (14.3) 3 (25.0)
Stoma procedures 9 (15.3) 4 (5.6) 2 (9.5) 4 (33.3)
Other 4 (6.8) 6 (8.5) 2 (9.5) 0 (0.0)

Procedure length
(min)

M (SD) 110.8 (54.1) 126.1 (52.9) 156.5 (108.6) 116.2 (98.0) 0.38

Complications N (%) 0.56
No 54 (91.5) 59 (83.1) 20 (95.2) 9 (75.0)
Non-serious 5 (8.5) 9 (12.5) 1 (4.8) 2 (16.7)
Serious 0 (0.0) 3 (4.2) 0 (0.0) 1 (8.3)

Peri/Post-hospital
stay characteristics
LOS Mdn(IQR) 2 (1.5-3) 3 (2-4) 4 (3-6) 5.5 (4-8) 0.0002
VAS pain day 0 Mdn(IQR) 2 (1-2) 2 (1-3) 2 (2-3) 2 (2-4) 0.01
VAS pain day 1 Mdn(IQR) 2 (1-2) 2 (1-3) 3 (1-4) 4 (2.5-5.5) 0.0001
VAS pain day 2 Mdn(IQR) 1.7 (1-2) 2.4 (1-3) 2.5 (2-3) 2.8 (2-4) 0.25
VAS pain day 3 Mdn(IQR) 2 (2-2) 2 (1-4) 2 (2-3) 2 (2.5-4) 0.63
VAS nausea day 0 Mdn(IQR) 0 (0-2) 0 (0-0) 0 (0-1) 0 (0-0) 0.75
VAS nausea day 1 Mdn(IQR) 0 (0-2) 0 (0-1) 0.5 (0-1.3) 1.5 (0.8-2.3) 0.34
VAS nausea day 2 Mdn(IQR) 0.5 (0-2) 2 (0-3.8) 2 (0.3-4.5) 0 (0-0) 0.16
VAS nausea day 3 Mdn(IQR) 0 (0-2) 1 (0-3.8) 0 (0-1.5) 1.5 (0.3-3.5) 0.51
Metamizole day 0 N (%) 54 (91.5) 68 (95.8) 19 (90.5) 11 (91.7) 0.77
Metamizole day 1 N (%) 29 (49.2) 40 (56.3) 13 (61.9) 9 (75.0) 0.02
Metamizole day 2 N (%) 3 (5.1) 11 (15.5) 4 (19.0) 5 (41.7) 0.61
Metamizole day 3 N (%) 2 (3.4) 7 (9.9) 2 (9.5) 4 (33.3) 0.08
Defecation (nights) Mdn(IQR) 1 (1-2) 2 (1-2) 2 (1-4) 2 (1-2) 0.01
Flatus (nights) Mdn(IQR) 1 (1-1) 1 (0-1) 1 (1-2) 2 (1-2) 0.33
Solid food (nights) Mdn(IQR) 0 (0-1) 0 (0-0) 0 (0-0) 0 (0-0) 0.74

Abbreviations: BMI = Body Mass Index, ASA = American Society of Anaesthesiologists, Ant. resect.
rectum = Anterior resection rectum, LOS = Length of stay, VAS = Visual Analogue Scale.
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5 Discussion

In this study, it was found that opioid usage on postoperative days one, two, and three in MST
significantly decreased since the implementation of ERAS. Furthermore, short-acting oxycodone
was the most administered postoperative opioid to ERAS patients. By examining different doses
of oxycodone intake, notable differences were observed for several key factors. These key factors
included a higher age, high ASA-scores, shorter LOS, lower VAS pain score on day zero and one,
less usage of metamizole on day one, and a shorter duration until defecation in nights for the Zero
intake group compared to various amounts of oxycodone intake.

Explanation of primary outcome
To the best of the researcher’s knowledge, this retrospective observational data analysis stands
as the first study to explore the effects of ERAS on all in-hospital postoperative used opioids for
colorectal and/or small bowel surgery, comparing outcomes with a retrospective cohort of Pre-
ERAS patients who underwent similar procedures. The analyses involved four seperate models.
Patients in both cohorts received opioids on multiple days in the ERAS group, indicating an overlap
of patients on different postoperative days. This approach provided an accurate representation of
the hospital situation.
Liu et al. studied opioid use beyond 7, 30, 90, and 180 days in colorectal patients, which all
showed a decrease after ERAS implementation [11]. George et al. and Edney et al. reported
a consistent outcome, showing a reduction of in-hospital opioid use after the implementation of
ERAS in paediatric colorectal surgery [12, 13]. Portinari et al. observed a significant reduction
in postoperative intravenous opioid use in adults undergoing colorectal and small bowel surgery
after the implementation of ERAS [14]. These findings collectively support the positive effects of
enhanced recovery pathways after colorectal and/or small bowel surgery.
A discrepancy was observed between the complete ERAS dataset and the subset of the dataset. In
the complete dataset, opioids were administered to at least 60.0% of the patients each day, while
the subsets suggests that this percentage never surpassed 50.0% for each day. The differences in
outcomes could result from a potential decline in opioid prescriptions over time, due to a more
cautious prescribing approach.

Explanation of secondary outcomes
Zero oxycodone intake showed better patient outcomes, such as lower VAS pain scores and shorter
LOS, compared to Low, Intermediate, and High oxycodone intake. No research was found for
specifically oxycodone, but there are studies that show the same results based on general opioid
intake. The decrease in LOS when using less opioids is also proved by the earlier mentioned articles
of George and Edney [12, 13]. The relation between LOS and oxycodone intake suggests that as
oxycodone intake increases, LOS also tends to increase, as supported by Barletta et al.’s research
on opioids in general [6]. The direction of this relation, whether increased oxycodone leads to longer
LOS or vice versa, remains unclear. Furthermore, multiple studies contradicted the finding that
ASA 3 patients, after colorectal surgery, use fewer opioids and have a shorter LOS than patients
with lower ASA-scores [15, 16]. While a comprehensive explanation is lacking, an analysis of the
13 ASA 3 patients not receiving oxycodone revealed a potential reason. Some patients received
additional pain medication in the recovery, potentially reducing the need for further analgesics
afterwards. For the remaining cases, it is possible that their severe systemic diseases, the reason
for their ASA 3 classification, elevated their pain threshold, requiring less pain relief as they could
tolerate pain more easily. The finding that opioid intake can lead to a longer time until defecation,
aligned with previous studies [6, 17, 18]. However, it was observed that the Intermediate intake
group had a median of 2 with an IQR of 1-4 nights, while the High intake group had a median of
2 and IQR of 1-2 nights. A potential explanation was found, as patients with High intake often
receive more laxatives than patients in the Intermediate intake group, perhaps to prevent side
effects of oxycodone.
Sarin et al. demonstrated the relation between implementation of ERAS and lower pain scores,
even with a reduced intake of opioids [19]. This correlation aligns with the earlier discussed results.
However, it is noteworthy that in this study the use of metamizole, an NSAID, increased with the
oxycodone intake [14]. Usage of metamizole after day zero is against ERAS guidelines, which cau-
tion against the use of NSAIDs due to their potential to induce anastomotic leakage, even if there
is still debate about this statement [2, 20, 21]. Besides the potential to induce anastomic leakage,
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one may question the administration of metamizole on only day zero at all. Given that spinal
anaesthesia is still effective on day zero, the need for additional analgesics seems unlikely. On
day one, when spinal anaesthesia has worn off, the use of extra analgesics becomes more plausible
which is not the case in the ERAS protocol. Administering metamizole on multiple days, as done
in MST, may be aimed at maintaining a consistent pain management level, which is more in line
with effective pain management than administering it on day zero only.

Strengths and limitations
Prominent strengths of this study are the size of the dataset and the details of the dataset with
regard to administered medication for ERAS patients. Additionally, the research shed light on
discrepancies between the ERAS protocol and the MST prescription practice. The discrepancy
in oxycodone prescriptions could be due toun awareness among prescribing specialists, while the
inconsistency in metamizole administration, as mentioned previously, might stem from the need
for effective pain management. In this study, a homogeneous group was selected by excluding
cases of open surgery and readmissions. Also, all patients who did not undergo elective surgery
were excluded. Readmitted patients were excluded because readmission could influence the need
for analgesics. When including all patients, accounting for the same confounders, the odds ratios
remained consistent, showing a significant difference for postoperative days one, two, and three.

Limitations of this study are the exclusion of morphine and fentanyl on day zero, which may
introduce bias by overlooking postoperative administration. Further research could explore the
characteristics of patients receiving additional morphine and fentanyl on day zero. The variation
in discharge times between the Pre-ERAS and ERAS groups, add complexity to the analysis, lim-
iting insights into the overall opioid use. The absence of home documentation results in a lack of
insights into pain scores and opioid intake after discharge. However, MST is introducing a pro-
gram where patients home monitor their analgesics after discharge, which makes further research
on opioid intake possible [22].

Recommendations
Based on this study, three recommendations are made to further decrease postoperative opioid
administration. Firstly, implementing opioid-free anaesthesia (OFA) provides a potential solution
to decrease post-operative opioid use. J. Mulier, a Belgian anaesthesiologist, supports this ar-
gument with the concept of the opioid paradox [23]. This paradox suggests that peri-operative
opioid administration leads to an increased need for post-operative opioids. The global rise of OFA
involves replacing opioids with alternative drugs and techniques, such as a multimodal analgesics
approach, demonstrating comparable outcomes in terms of complications and hospital stay dura-
tion [24, 25]. It is recommended that MST explores the possibilities of OFA in collaboration with
their anaesthesiologists.
The second recommendation is to reduce opioid prescriptions. Although the implementation of
ERAS successfully reduced opioid intake in MST, there is still room for improvement, especially
considering the administration of other opioids alongside oxycodone. Reducing prescriptions leads
to less administration of opioids. Recently MST introduced regional pain medication agreements
for oxycodone. This limits patients to three on-demand doses of short-acting oxycodone (5 mg
each) and two doses of long-acting oxycodone daily, for a maximum of 5 days [26]. While reducing
short-acting oxycodone is positive, the use of long-acting oxycodone may be questionable, given
its potential to exceed protocol limits of 20 mg per day.
Lastly, to reduce opioid intake, offering enhanced preoperative patient education could be consid-
ered, as seen in literature [27]. Educating patients on the health impact of opioids could lead to a
more cautious opioid intake.
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6 Conclusion

The present study showed that the implementation of the ERAS protocol had a positive impact on
the decrease of in-hospital opioid use on days one, two, and three in patients who underwent elec-
tive laparoscopic or robotic colorectal and/or small bowel surgery. Short-acting oxycodone, aligned
with the ERAS protocol, was the main administered opioid. Lower oxycodone intake correlated
with improved outcomes, such as a shorter LOS, lower VAS pain scores on days zero and one,
and shorter duration until defecation. Whether improved patient outcomes were due to reduced
oxycodone intake or better patient conditions prior to surgery remains uncertain. Recommenda-
tions to decrease oxycodone administration in MST are to explore OFA options, reduce opioid
prescriptions, and to enhance patient education on opioids and their effects on a patient’s health.
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