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Introduction: Multimodal analgesia, critical to postoperative recovery, typically
involves oral (PO), intravenous (IV), or regional analgesia. The PO route is
preferred for its non-invasive nature, cost-effectiveness, and comparable
efficacy to parenteral routes. This study assessed whether analgesic practices in
surgical wards align with current guidelines and evaluated the economic impact
of deviations.

Materials and methods: Data from 2,354 adult patients, collected using the
PAIN OUT methodology across 10 Serbian hospitals, were analyzed. Patients
undergoing various surgeries were observed during the first 24 h postoperatively.
We analyzed analgesic administration routes on surgical wards for the entire
cohort and a subgroup where PO administration was deemed feasible. Potential
savings of transitioning from parenteral to PO were calculated, including
medication, disposables, and labor costs.

Results: In the entire cohort, the IV route was used in 86% of patients receiving
non-opioids and 39% receiving opioids, while the IM route was used in 7 and
4%, respectively. The PO route was employed in only 1% of patients. Among
1,850 patients for whom the PO route was considered feasible, the IV route was
used in 86% for non-opioids and 38% for opioids, and the IM route in 8 and 5%,
respectively. Transitioning from parenteral to PO administration would reduce
costs from 822.3 RSD (7.84 USD) to 124.5 RSD (1.19 USD) per patient, resulting
in 85% savings.

Conclusion: The reliance on IV analgesia and underuse of PO route in Serbia
reveals a gap between practice and guidelines. Transitioning to PO analgesia
could result in significant cost savings.
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1 Introduction

Effective acute postoperative pain management is paramount for
ensuring patient comfort, expediting recovery, and minimizing
complications (1). Central to this objective is the adoption of
multimodal analgesia, which integrates diverse medications and
techniques for pain relief (2). This often includes the administration
of multiple analgesics through various routes. The choice of route is
influenced by multiple factors, including the type of surgical
procedure, individual patient risk profiles, patient education, and
hospital resources such as availability of medications and delivery
technologies, pain management protocols, and staff training (3). The
financial implications of route selection may be significant particularly
in multimodal analgesia, i.e., combination of opioids and
non-opioids (4).

The current approach to postoperative pain management
emphasizes the use of regional analgesia (RA) techniques alongside
systemic analgesia administered orally (PO) or intravenously (IV) (1,
5). Although RA techniques are relatively straightforward to perform
in operating theaters and recovery rooms, their use in surgical wards
may be constrained by staff expertise and financial limitations,
particularly in low- and middle-income countries (6, 7).
Consequently, the primary routes for administering analgesia in
surgical wards are typically PO or parenteral. The PO route is favored
over IV as soon as patients can resume oral intake (8). This preference
is grounded in the convenience, non-invasiveness, and cost-
effectiveness of the PO route, while still ensuring comparable efficacy
(9). Furthermore, immediate-release opioids are preferred over
modified-release formulations due to easier titration (10). The
intramuscular (IM) route is discouraged because it causes discomfort
and has unreliable absorption, resulting in inconsistent postoperative
analgesia (3).

While the recommendations for postoperative analgesic
administration routes are well-established, data on adherence to
these guidelines in surgical wards are limited. The PAIN OUT
registry presents a valuable resource, encompassing data from over
10,000 patients across 10 countries (11), offering an opportunity to
evaluate international adherence to these guidelines. In this pilot
study, we utilized the Serbian PAIN OUT database to pursue two
primary objectives: (1) assess the proportion of patients in surgical
wards who received analgesics via PO, IV, or IM routes, or through
RA techniques; and (2) estimate the potential savings if the PO
route were used instead of parenteral routes in patients for whom
oral intake was deemed feasible based on the surgical
procedure performed.

2 Materials and methods
2.1 Study design and settings

We conducted a secondary analysis of data obtained from 2,354
patients during the first 24 h after surgery, who underwent various
surgical procedures. The data were collected between January 2018
and December 2019 from 10 government hospitals in Serbia, following
the PAIN OUT methodology (12).

Patients were enrolled in PAIN OUT if they met the following
inclusion criteria: (1) they were 18 years or older; (2) they were on
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their first postoperative day and had been back in the ward from the
recovery room for at least six hours; and (3) they provided written
consent to participate.

For this analysis, we used the following variables from the PAIN
OUT registry: the type of surgical procedure, the route of analgesic
administration after the patients returned to the ward, and the total
dose of opioid and non-opioid analgesics administered during the
patients’ first 24 h on the surgical ward after discharge from the recovery
room. The term “non-opioids” referred specifically to non-opioid
analgesics, including paracetamol, metamizole, nonsteroidal anti-
inflammatory drugs (NSAIDs), and cyclooxygenase-2 inhibitors, while
such as ketamine, dexamethasone,

excluding co-analgesics

and dexmedetomidine.

2.2 Assessment of analgesic administration
routes in surgical wards

As the initial step of the analysis, we calculated the proportion of
patients receiving non-opioid and opioid analgesics through regional
techniques and via PO, IV, and IM routes in the entire cohort of
2,354 patients.

As a second step, we analyzed the proportion of patients receiving
non-opioid and opioid analgesics via IV or IM routes in a subgroup
of patients in whom administration of analgesics via PO route was
deemed feasible based on a surgical procedure they underwent. The
PO route was not considered feasible in patients undergoing
gastrointestinal, pancreatic and hepatobiliary surgery except for
laparoscopic cholecystectomy.

2.3 Calculating costs associated with
parenteral administration of analgesics

The estimated costs associated with parenterally administered
analgesics included the costs of the parenteral formulations of the
medications, the cost of staff labor for preparing and administering
the analgesics, and the costs of related disposable materials, according
to the following equation:

Cpar =Cmed +Crab + Cdisp 1)

where C,, represents the total cost of parenteral analgesic
administration, C,.s is the cost of the parenteral medication
formulation, Cy,, is the cost of staff labor, and Cy;, denotes the cost of
disposable materials (e.g., syringes, needles, infusion sets) (4).

The costs of the parenteral formulations of analgesics were
determined by multiplying the number of used vials of each
medication by the unitary price of each vial. The number of used
vials was derived from the cumulative dose of each medication, as
recorded per the PAIN OUT protocol, divided by the dose of that
medication per vial. If the medication was available in vials with
varying doses, the price of the vial containing the larger dose was
utilized. In cases where the medication was administered in a dose
smaller than that provided by a vial, the cost for the entire vial was
considered (4). The cost of staff labor for preparing and
administering analgesics was calculated by multiplying the number
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of vials used by the labor cost for administering medications via IV
or IM routes (4).

2.4 Calculating the projected costs
associated with oral administration of
analgesics

We calculated the projected costs of administering analgesics via
the oral (PO) route, ensuring the doses were equipotent to those given
parenterally. This calculation was based on the IV and IM doses
obtained in the previous step of the analysis (9, 13). Since pethidine is
not available in PO form, costs related to its administration were
calculated using the equianalgesic dose of oral morphine (see
Supplementary Table S1). The projected costs for PO analgesic therapy
included only the cost of the immediate-release PO formulations (14),
as the labor cost for oral administration is 0 RSD and no additional
disposables are used, since patients bring their own reusable plastic
cups. The projected savings were calculated by comparing the costs of
parenterally and orally administered analgesic therapy.

All prices were obtained from the official 2023 price list of the
Republic of Serbia National Health Insurance Fund, which defines the
reimbursement rates for medications, labor, and disposable materials
uniformly across all government hospitals in Serbia. Hospitalization
costs and staff fees were considered fixed. We estimated the costs of
disposable materials related to analgesic therapy assuming “ideal
consumption,” meaning that disposable materials were utilized
without any waste.

Costs are expressed in Republic of Serbia Dinars (RSD) and
United States Dollars (USD) based on the official conversion rate of
the National Bank of Serbia as of December 31st, 2023.

3 Results

3.1 Assessment of analgesic administration
routes in surgical wards

In the entire cohort of 2,354 patients, the IV route was used for
administering non-opioids in 2,034 (86%) patients and opioids in 928
(39%) patients. Opioids were also administered as IV Patient-
Controlled Analgesia (IV-PCA) in 21 (1%) patients. The IM route was
employed for administering non-opioids and opioids in 158 (7%) and
91 (4%) patients, respectively. The PO route was only utilized in 18
(1%) patients, all for immediate-release non-opioids. The RA was
limited to epidurals and used in 21 (1%) patients.

3.2 Analgesia administration routes in
patients in whom PO route was deemed
feasible

In a subgroup of 1,850 patients for whom the PO route was
considered feasible, the IV route was used in 1,595 patients (86%) for
administering non-opioids and in 698 patients (38%) for
administering opioids. In the same subgroup, the IM route was used
in 148 patients (8%) for non-opioid administration and in 87 patients
(5%) for opioid administration.
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3.3 Projected savings in patients with
feasible PO intake

Table 1 presents the total number of IV and IM injections of
analgesics administered in surgical wards within the first 24 h after
surgery in patients in whom PO administration of analgesics was
deemed feasible.

The comparison of costs between the surgical disciplines for
parenteral and PO administration of analgesics in equipotent doses is
presented in Table 2. The cost of analgesics administered via IV and
IM routes averaged at 822.3 RSD (7.84 USD) per patient. In contrast,
the projected costs associated with the equianalgesic doses
administered via PO route were notably lower, averaging 124.5 RSD
(1.19 USD) per patient. On average, the projected reduction in costs
is estimated at 85%.

4 Discussion

The present study provides the initial insight into the current
landscape of postoperative analgesic administration routes in surgical
wards during the initial 24 h after surgery in Serbia. It underscores two
key findings: Firstly, clinical practice often diverges from established
guidelines by prioritizing parenteral over oral routes of administration,
particularly in patients in whom oral intake is deemed feasible based
on the surgical procedure they underwent. Secondly, this
misalignment carries substantial financial implications, as analgesic
administration via the PO route instead of IV or IM could yield
savings of up to 85%.

4.1 Analgesic administration routes in
surgical wards

The overwhelming use of the IV route for administering analgesics
in surgical wards within the first 24 h after surgery stands in stark
contrast to early recovery after surgery strategies (15, 16). In most

TABLE 1 Parenterally administered analgesics in patients with feasible PO
route.

Intramuscular Intravenous

Number  Number Number Number

of of of of

patients injections patients injections

Non-opioids

Ketorolac 1(0.1%) 2 435 (23.5%) 789

Paracetamol NA NA 579 (30.9%) 670

Metamizole 9 (0.5%) 24 677 (36.6%) 399

Diclofenac 124 (6.7%) 162 251 (13.6%) 342

Ketoprofen 11 (0.6%) 18 93 (5.0%) 130

Opioids

Tramadol 58 (3.1%) 83 558 (30.2%) 1,369
Morphine 12 (0.6%) 12 141 (7.6%) 142

Pethidine 17 (0.9%) 26 11 (0.6%) 13

NA - not applicable.
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TABLE 2 Costs and projected cost reduction in surgical patients with feasible PO route.

Surgical discipline Number of Cost of IV and IM Projected cost of PO Projected cost

patients analgesics analgesics reduction (%)
RSD uUsD RSD usD

Cardiac 228 192,877.2 1,839.55 24,970.5 238.15 87.1

General 603 345,424.8 3,204.47 78,521.7 748.90 77.3

Obstetrics and gynecology 344 171,425.2 1,634.96 49,981.1 476.69 70.8

Traumatology and orthopedics 475 467,495.3 4,458.71 50,952.6 485.96 89.1

Urology 202 343,975.8 3,280.65 25,819.9 246.26 925

All 1850 1,521,198.3 14,508.33 230,245.8 2195.96 84.9

RSD - Republic of Serbia Dinar; USD - United States Dollar.

surgical disciplines, the decision to initiate oral intake is
straightforward because anesthesia and surgical procedures that do
not interfere with the gastrointestinal (GI) tract typically do not
disrupt the absorption of the orally administered medications (17, 18).
Conversely, upper GI surgery (19) and other major GI resections (20,
21) are expected to alter the absorption of analgesics. We took a
conservative approach by considering all patients undergoing
gastrointestinal, pancreatic, and hepatobiliary surgeries, except for
laparoscopic cholecystectomy, as unsuitable for oral analgesics within
the first 24 h after surgery. This decision was based on variability in
clinical practices, as studies in the scientific literature highlight
differing protocols for initiating oral intake across various surgical
disciplines (22, 23).

An additional concern that may prevent the use of the PO route
in surgical wards is postoperative nausea and vomiting (PONV).
We operated under the assumption that this issue was resolved before
discharge from the recovery room (24), as the PAIN OUT database
records nausea data for the entire 24-h postoperative period, rather
than specifically for the time spent in the surgical wards during that
period. However, there may have been individual patients on the ward
who were also experiencing PONV.

As one of the limitations of our analysis is the lack of data on
antiemetics type and dosage in the PAIN OUT database; therefore,
we could not analyze the incidence or management of nausea and
vomiting. We acknowledge the lower emetogenic potential of slow-
release opioid formulations; however, we based our calculations on
immediate-release formulations since the pharmacokinetic profile of
parenteral administration corresponds more closely to that of
immediate-release opioids.

As evident from our data, patients in our cohort typically received
multimodal analgesia, most often a combination of opioid and
non-opioid agents (4). However, the focus of the present study was
specifically on the costs associated with the route of administration of
analgesics, particularly the potential savings achievable by shifting
from parenteral to oral routes, when feasible. Analyses from the same
cohort have already explored both the efficacy and the cost-
effectiveness of these multimodal strategies in greater detail, as
referenced in our previous publications (4). Of note is that in
postoperative analgesia implementation, different analgesic drugs and
administration methods exhibit varying efficacy. When the analgesic
effects are inconsistent, evaluating the cost of each method may lead
to biased results.

The use of PCA and regional blocks for postoperative pain
management in presented cohort is sporadic (in less than 1% of
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patients). This underutilization highlights a major gap in our practice.
One of the aims of this study was to provide economic data that could
help redirect available resources, such as the savings from reduced
parenteral use, toward increasing access to regional and local analgesia
methods. One of the broader aims of our research group is to generate
reliable cost data, such as those presented in this study, to support
dialogue with hospital administrations and policymakers.
Demonstrating potential savings from reduced parenteral use could
help redirect resources toward acquiring PCA pumps and improving
access to advanced analgesia modalities. PCA and regional anesthesia
techniques are more commonly employed in high-income countries
(25, 26), indicating that their underutilization in our setting may
be due to resource limitations, staff education and a need for enhanced
training among healthcare providers. Expanding this pilot study to the
entire PAIN OUT network database could offer further insights into
the differences between high-income and low- to middle-income
countries (27). This encompasses not just the availability of
medications, but also the utilization and cost-effectiveness of analgesia

techniques in surgical wards.

4.2 Projected savings in patient with
feasible PO intake

The costs of postoperative analgesia may not always compare
directly with other surgical expenses. However, the value of cost
analysis lies in its capacity to affect patient outcomes and reduce
overall healthcare expenditures (4). This study, which evaluated the
costs of different routes for administering analgesics in surgical wards
within the first 24 h after surgery, indicates that opting for the PO
route instead of the parenteral, when possible, could lead to substantial
savings, averaging at 85% of analgesia costs. However, it is essential to
approach these findings with a nuanced perspective.

The projected cost analysis for oral analgesic administration was
based on real-world practices in Serbian hospitals, where staff labor
for dispensing oral medications is not reimbursed and patients are
required to bring reusable cups. However, this organizational approach
is not standard in many healthcare systems and may not
be generalizable. In settings where staff time for medication
administration is factored into cost calculations, or where single-use
disposable cups are used instead of reusable ones, the cost difference
between parenteral and oral analgesic therapy would likely be smaller.
Furthermore, the routine use of disposable materials for oral
administration would also introduce an additional environmental
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burden, which should be considered when evaluating the broader
implications of shifting to PO routes.

Our calculations relied on registry data collected within the first
24 h after surgery. Many surgical patients require a longer hospital
stay, leading to extended use of analgesic medications and,
consequently, even greater potential savings if the use of parenteral
routes continues. As the PAIN OUT protocol does not capture data on
complications of parenteral administration (e.g., infection or nerve
and vascular injury), our study could not account for the costs
associated with their treatment.

Upon analyzing the total number of patients and the administered
analgesic doses, it becomes apparent that not every patient received a
full daily dosage of non-opioid analgesics. Previous studies have
indicated that fewer than half of the Serbian PAIN OUT cohort
received a full daily dosage of non-opioid analgesics (12). Utilizing a
full daily dosage of non-opioid analgesics as part of perioperative pain
management bundle has proven to be cost-effective, improving the
overall quality of acute postoperative pain management (4).

Our calculations indicate that substantial cost savings can
be achieved for commonly performed surgeries, such as trauma,
orthopedic, and urological procedures, if we discontinue
administering medications parenterally to patients who are able to
take them orally. This aspect has not been previously explored,
presenting a novel area for research, especially given the high
frequency of these procedures among the aging population.

Transitioning from parenteral to oral systemic analgesia offers the
additional advantage of reducing nursing staff workload and
increasing patient comfort. Furthermore, it is important to note that
a majority of disposables used for parenteral routes of analgesic
administration are made of glass or plastic, which has a significant
negative environmental impact. For example, recently published data
have shown that intravenous paracetamol produces 12-fold higher
life-cycle carbon emissions compared to the oral form (28). This is
particularly noteworthy since paracetamol was the second most
frequently used non-opioid analgesic in our investigation. This dual
perspective, although not the primary focus of our study, underscores
the importance of considering not only economic benefits but also
practical and environmental implications when choosing oral pain
medication whenever feasible.

Our findings, based on prices from Serbian government hospitals,
may not directly apply to healthcare systems in other countries. Global
variations in labor costs, choice and availability of medications,
medication prices, and related expenses will impact actual costs and
potential savings. However, the model we present for transitioning from
parenteral to oral administration of analgesics, along with the associated
cost savings, can be applicable across different healthcare systems.

5 Conclusion

Our findings reveal a widespread reliance on IV administration
for postoperative analgesia on the first day after surgery once patients
return to the surgical ward. The limited use of oral analgesics,
particularly among eligible patients, highlights a significant gap
between current practices and established guidelines. Additionally, the
prevalence of the IM route raises concerns. The substantial projected
cost savings associated with oral analgesics, estimated at an impressive
85%, underscore the importance of aligning practices with
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evidence-based recommendations. Expanding the analysis to include
multinational data from the PAIN OUT registry could provide further
insights into gaps in adherence to available guidelines and lead to
actionable measures for improving clinical practices.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Participation in
the PAIN OUT study, from which the database used for this analysis
was derived, was approved by the Institutional Ethics Committees of
all hospitals involved in the PAIN OUT network in Serbia. 1. Uzice
Health Center, General hospital Prijepolje—ethical approval for this
study (ethical committee no. 0303/7804) was provided by the Ethical
Committee of Uzice Health Center, Uzice, Serbia (Chairperson Dr.
Sladjana Pavic) on 13 July 2017. 2. Institute for Cardiovascular
Diseases “Dedinje”—ethical approval (ethical committee no. 4301
dated Sept 21, 2017) was provided by the Ethical Committee of
Institute for Cardiovascular diseases “Dedinje”, Belgrade, Serbia
(Chairperson Prof. Dr. Dragan Sagic) on 21 Sept 2017. 3. Oncology
Institute of Vojvodina—Ethical approval for this study (ethical
committee no. 4/17/1-2204/2-6) was provided by the Ethical
Committee of Oncology Institute of Vojvodina, Sremska Kamenica,
Serbia (Chairperson Prof. S. Knezevic Usaj) on 17 July 2017. 4.
Urology Clinic, Clinical Centre of Serbia—ethical approval (ethical
committee no. 361/14-A) was provided by the Ethical Committee of
Clinical Centre of Serbia, Belgrade, Serbia (Chairperson Prof.
Branislav Stefanovic) on 13 July 2017. [*] 5. Military Medical
Academy—Ethical approval for this study (Ethical Committee
Military Medical Academy MMA TS/24.10.2017) was provided by
the Ethical Committee Military Medical Academy, Belgrade, Serbia
(Chairperson Colonel Prof. Nebojsa Jovic, Deputy Chairperson Prof.
Viktorija Dragojevic—Simic) on 3 November 2017. 6. Clinical
Hospital Centre Bezanijska kosa—Belgrade—Ethical approval for
this study (Ethical Committee of Clinical Hospital Centre Bezanijska
Kosa no. 7622/3) was provided by the Ethical Committee Clinical
Hospital Centre Bezanijska Kosa (Chairperson Dr. Mirjana
Cvetkovic) on 8 September 2017. 7. Clinical Centre Nis—Ethical
approval for this study (ethical committee protocol number:
27771/12) was provided by Ethical Committee of the University of
Nis, Clinical Centre Nis, Serbia (Chairperson: Dr. Steva Stanisic) on
5 September 2017. 8. National Cancer Research Centre of Serbia,
Belgrade—ethical approval for this study (ethical committee no
5246-01) was provided by the Ethical Committee of the National
Cancer Research Centre of Serbia (Chairperson Dr. Bosnjak, MD,
PhD) on November 14th, 2017. 9. Clinic for Digestive Surgery,
University Clinical Centre of Serbia—ethical approval for this study
(ethical committee no 361/14-B) was provided by the Ethical
Committee of University Clinical Centre of Serbia, Belgrade,
Pasterova 2, Serbia (Chairperson Prof. Branislav Stefanovic) on 13
July 2017. 10. Clinic for Physical and Rehabilitation Medicine,
Clinical Centre of Serbia—Ethical approval (ethical committee no.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1660365
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Bojic et al.

361/14-A) was provided by the Ethical Committee of Clinical Centre
of Serbia, Belgrade, Serbia (Chairperson Prof. Branislav Stefanovic)
on 13 July 2017. [*] [*] Both belong to the University Clinical Centre
of Serbia, shared the application and approval. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

SB: Formal analysis, Writing - original draft, Methodology, Data
curation, Investigation, Conceptualization, Writing - review &
editing. NL: Writing - review & editing, Data curation, Investigation.
IP: Investigation, Data curation, Writing — review & editing. NR:
Formal analysis, Writing - review & editing. MB: Writing — review &
editing, Writing - original draft. WM: Writing - review & editing. RZ:
Writing - review & editing, Writing - original draft. US: Writing -
original draft, Writing — review & editing. PB: Writing — review &
editing. DS: Data curation, Writing - original draft, Conceptualization,
Writing - review & editing, Investigation, Methodology.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. (1) PAIN OUT was
developed with funding from the European Community’s Seventh
Framework Program FP7/2007-2013 under grant agreement no.
223590. (2) The European Pain Federation (EFIC) provided funding
from its own resources to cover the costs of the project in Serbia.
Funding included: [i] the annual subscription to PAIN OUT for 10
hospitals over a two-year period; [ii] two half-day face-to-face
meetings so that the Principal Investigator and one research surveyor
from each hospital could review the findings and [iii] partial
remuneration to hospitals for datasets collected. The funds were
transferred to the Serbian Pain Association, which then contacted
each of the participating hospitals. Neither funding body received or
requested the trial protocol, analysis plan, analysis itself or any drafts
of the manuscript prior to submission for publication.

References

1. Chou R, Gordon DB, de Leon-Casasola OA, Rosenberg JM, Bickler S, Brennan T, et al.
Management of postoperative pain: a clinical practice guideline from the American pain
society, the American Society of Regional Anesthesia and Pain Medicine, and the American
Society of Anesthesiologists' committee on regional Anesthesia, executive committee, and
administrative council. J Pain. (2016) 17:131-57. doi: 10.1016/.jpain.2015.12.008

2. Small C, Laycock H. Acute postoperative pain management. Br J Surg. (2020)
107:e70-80. doi: 10.1002/bjs.11477

3. Puntillo F, Giglio M, Varrassi G. The routes of administration for acute
postoperative  pain  medication.  Pain  Ther. (2021) 10:909-25.  doi:
10.1007/s40122-021-00286-5

4. Bojic S, Ladjevic N, Palibrk I, Soldatovic I, Likic-Ladjevic I, Meissner W, et al. Cost-
effectiveness of the perioperative pain management bundle: a registry-based study. Front
Public Health. (2023) 11:1157484. doi: 10.3389/fpubh.2023.1157484

5. Schug SA, Palmer GM, Scott DA, Halliwell R, Trinca J. Acute pain management:
scientific evidence, fourth edition, 2015. Med ] Aust. (2016) 204:315-7. doi:
10.5694/mjal6.00133

6. Suksompong S, von Bormann S, von Bormann B. Regional catheters for
postoperative pain control: review and observational data. Anesth Pain Med. (2020)
10:€99745. doi: 10.5812/aapm.99745

Frontiers in Medicine

10.3389/fmed.2025.1660365

Acknowledgments

A portion of this work was presented as a poster at the IASP 2024
World Congress on Pain, held from August 5-9, 2024, in Amsterdam,
Netherlands.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Gen Al was used in the creation of this
manuscript. Generative Al was used for language and grammar editing.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1660365/
full#supplementary-material

7. Meissner W, Zaslansky R. A survey of postoperative pain treatments and unmet
needs. Best Pract Res Clin Anaesthesiol. (2019) 33:269-86. doi: 10.1016/j.bpa.2019.10.003

8. Levy N, Mills P, Mythen M. Is the pursuit of DREAMing (drinking, eating and
mobilising) the ultimate goal of anaesthesia? Anaesthesia. (2016) 71:1008-12. doi:
10.1111/anae.13495

9. National Guideline C. NICE evidence reviews collection In: Evidence reviews for
managing acute postoperative pain: perioperative care in adults: evidence review N1.
London: National Institute for Health and Care Excellence (NICE) (2020)

10. Liu S, Athar A, Quach D, Patanwala AE, Naylor JM, Stevens JA, et al. Risks and
benefits of oral modified-release compared with oral immediate-release opioid use after
surgery: a systematic review and meta-analysis. Anaesthesia. (2023) 78:1225-36. doi:
10.1111/anae.16085

11. Zaslansky R. Status quo of pain-related patient-reported outcomes and
perioperative pain management in 10,415 patients from 10 countries: analysis of registry
data. Eur ] Pain. (2022) 26:2120-40. doi: 10.1002/ejp.2024

12. Stamenkovic D, Baumbach P, Radovanovic D, Novovic M, Ladjevic N, Dubljanin
Raspopovic E, et al. The perioperative pain management bundle is feasible: findings
from the PAIN OUT registry. Clin ] Pain. (2023) 39:537-45. doi:
10.1097/AJP.0000000000001153

frontiersin.org


https://doi.org/10.3389/fmed.2025.1660365
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1660365/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1660365/full#supplementary-material
https://doi.org/10.1016/j.jpain.2015.12.008
https://doi.org/10.1002/bjs.11477
https://doi.org/10.1007/s40122-021-00286-5
https://doi.org/10.3389/fpubh.2023.1157484
https://doi.org/10.5694/mja16.00133
https://doi.org/10.5812/aapm.99745
https://doi.org/10.1016/j.bpa.2019.10.003
https://doi.org/10.1111/anae.13495
https://doi.org/10.1111/anae.16085
https://doi.org/10.1002/ejp.2024
https://doi.org/10.1097/AJP.0000000000001153

Bojic et al.

13. Shaheen PE, Walsh D, Lasheen W, Davis MP, Lagman RL. Opioid equianalgesic
tables: are they all equally dangerous? J Pain Symptom Manag. (2009) 38:409-17. doi:
10.1016/j.jpainsymman.2009.06.004

14. Quinlan J, Levy N, Lobo DN, Macintyre PE. No place for routine use of modified-
release opioids in postoperative pain management. Br ] Anaesth. (2022) 129:290-3. doi:
10.1016/j.bja.2022.06.013

15. European Society of Regional Anaesthesia and Pain Therapy. PROSPECT
guidelines: European Society of Regional Anaesthesia and Pain Therapy; (2024).
Available online at: https://esraeurope.org/prospect/

16. ERAS Society. ERAS Guidelines: ERAS Society; (2024). Available online at: https://
erassociety.org/guidelines/

17.Kennedy JM, van Rij AM. Drug absorption from the small intestine in
immediate postoperative patients. Br ] Anaesth. (2006) 97:171-80. doi:
10.1093/bja/ael117

18. Reilly CS, Nimmo WS. Drug absorption after general anaesthesia for minor
surgery. Anaesthesia. (1984) 39:859-61. doi: 10.1111/j.1365-2044.1984.tb06569.x

19. Kingma JS, Burgers DMT, Monpellier VM, Wiezer MJ, van Blussé Oud-Alblas
H]J, Vaughns JD, et al. Oral drug dosing following bariatric surgery: general concepts
and specific dosing advice. Br ] Clin Pharmacol. (2021) 87:4560-76. doi:
10.1111/bcp.14913

20.Titus R, Kastenmeier A, Otterson MFE. Consequences of gastrointestinal
surgery on drug absorption. Nutr Clin Pract. (2013) 28:429-36. doi:
10.1177/0884533613490740

Frontiers in Medicine

07

10.3389/fmed.2025.1660365

21.Hua S, Lye EC. Impact of gastric and bowel surgery on gastrointestinal drug
delivery. Drug Deliv Transl Res. (2023) 13:37-53. doi: 10.1007/s13346-022-01179-6

22. Kehlet H. Postoperative recovery: DrEaMing as a wake-up call? Br ] Anaesth.
(2022) 129:1-3. doi: 10.1016/j.bja.2022.04.005

23. Huang H, Zhang Y, Shen L, Huang Y. Level of ERAS understanding affects
practitioners' practice and perception of early postoperative resumption of oral intake:
a nationwide survey. BMC Anesthesiol. (2021) 21:279. doi: 10.1186/s12871-021-01500-9

24. Prates A, Colognese B, Caumo W, Stefani LC. Development of a recovery-room
discharge checklist (SAMPE checklist) for safe handover and its comparison with
Aldrete and white scoring systems. Braz ] Anesthesiol. (2022) 72:200-6. doi:
1041016/j.bjane.2021.074004

25. Moll V, Mariano ER, Kitzman JM, O'Reilly-Shah VN, Jabaley CS. Regional anesthesia
educational material utilization varies by World Bank income category: a mobile health
application data study. PLoS One. (2021) 16:€0244860. doi: 10.1371/journal.pone.0244860

26. Emons MI, Maring M, Stamer UM, Pogatzki-Zahn E, Petzke F, Erlenwein J. Safety
and monitoring of patient-controlled intravenous analgesia: clinical practice in German
hospitals. Anaesthesist. (2021) 70:476-85. doi: 10.1007/s00101-020-00907-2

27. Pellegrino PR, Are M. Pain management in cancer surgery: global inequities and
strategies to address them. J Surg Oncol. (2023) 128:1032-7. doi: 10.1002/js0.27441

28. Davies JE, McAlister S, Eckelman M]J, McGain F, Seglenieks R, Gutman EN, et al.
Environmental and financial impacts of perioperative paracetamol use: a multicentre
international life-cycle analysis. Br ] Anaesth. (2024) 133:1439-1448. doi:
10.1016/j.bja.2023.11.053

frontiersin.org


https://doi.org/10.3389/fmed.2025.1660365
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.jpainsymman.2009.06.004
https://doi.org/10.1016/j.bja.2022.06.013
https://esraeurope.org/prospect/
https://erassociety.org/guidelines/
https://erassociety.org/guidelines/
https://doi.org/10.1093/bja/ael117
https://doi.org/10.1111/j.1365-2044.1984.tb06569.x
https://doi.org/10.1111/bcp.14913
https://doi.org/10.1177/0884533613490740
https://doi.org/10.1007/s13346-022-01179-6
https://doi.org/10.1016/j.bja.2022.04.005
https://doi.org/10.1186/s12871-021-01500-9
https://doi.org/10.1016/j.bjane.2021.07.004
https://doi.org/10.1371/journal.pone.0244860
https://doi.org/10.1007/s00101-020-00907-2
https://doi.org/10.1002/jso.27441
https://doi.org/10.1016/j.bja.2023.11.053

	Routes of postoperative analgesia administration in surgical wards: practice vs. guidelines and economic implications
	1 Introduction
	2 Materials and methods
	2.1 Study design and settings
	2.2 Assessment of analgesic administration routes in surgical wards
	2.3 Calculating costs associated with parenteral administration of analgesics
	2.4 Calculating the projected costs associated with oral administration of analgesics

	3 Results
	3.1 Assessment of analgesic administration routes in surgical wards
	3.2 Analgesia administration routes in patients in whom PO route was deemed feasible
	3.3 Projected savings in patients with feasible PO intake

	4 Discussion
	4.1 Analgesic administration routes in surgical wards
	4.2 Projected savings in patient with feasible PO intake

	5 Conclusion

	 References

