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Abstract

Background/Objectives: Although patients with breast cancer often undergo multiple
oncologic procedures after primary tumor resection, an optimal postoperative analgesic
strategy remains undefined. We evaluated the efficacy of acetaminophen/ibuprofen as an
adjunct to opioid-based patient-controlled analgesia (PCA) following oncoplastic breast
surgery. Methods: In this double-blind randomized controlled trial, 79 patients were
assigned to receive either acetaminophen/ibuprofen or saline. A 100 mL solution con-
taining 1000 mg acetaminophen and 300 mg ibuprofen was administered at the end of
surgery, and 200 mL was incorporated into a fentanyl-based PCA for infusion over 48 h.
The control group received an equivalent volume of saline. The primary outcome was
pain intensity at 1 h postoperatively, assessed using an 11-point numerical rating scale.
Secondary outcomes included pain scores at 6, 24, and 48 h, cumulative fentanyl consump-
tion via PCA, additional analgesic use, and adverse effects. Results: Pain scores at 1 h
postoperatively were significantly lower in the intervention group than in the control group
(median [IQR], 2 [2, 2] vs. 2 [2, 3], p = 0.040). Cumulative fentanyl volume administered
via PCA was lower in the intervention group at 24 h (252.4 [186.7, 289.9] mcg vs. 299.7
[208.3, 366.6] mcg, p < 0.001) and 48 h (482.4 [283.2, 548.0] mcg vs. 537.0 [390.9, 586.0] mcg,
p = 0.001). Fewer patients in the intervention group required rescue analgesics during the
first 6 h (22 [56.4%] vs. 32 [80.0%], p = 0.024). Pain scores and rescue analgesic use thereafter
did not differ between groups. Conclusions: Adjunctive acetaminophen/ibuprofen with
opioid-based PCA reduced early postoperative pain, opioid consumption, and rescue
analgesia without increasing adverse effects.

Keywords: acetaminophen; ibuprofen; multimodal analgesia; oncoplastic breast surgery;
postoperative pain

1. Introduction

Breast cancer is the most commonly diagnosed cancer among women worldwide,
accounting for 23.8% of all cancers in females [1]. Even after tumor resection or
mastectomy—the primary curative treatment—many patients undergo additional oncoplas-

tic procedures and experience significant postoperative pain. Inadequate pain control
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increases the risk of complications, delays recovery, and contributes to chronic pain and a
long-term decline in quality of life [2]. Therefore, it is crucial to establish an effective pain
management strategy that minimizes adverse effects while supporting immune function in
immunocompromised cancer patients.

Postoperative analgesic protocols after breast surgery vary and include systemic
opioids, non-opioid analgesics, and regional techniques [3]. The Procedure-Specific Post-
operative Pain Management (PROSPECT) guidelines for oncologic breast surgery recom-
mend multimodal analgesia with a combination of paracetamol and nonsteroidal anti-
inflammatory drugs (NSAIDs) as the first-line regimen, reserving opioids for rescue anal-
gesia [3]. Similarly, the Enhanced Recovery After Surgery (ERAS) pathway emphasizes
multimodal analgesia to improve care quality, facilitate return to preoperative conditions,
and reduce opioid use [4]. Paracetamol and NSAIDs have been shown to reduce post-
operative pain, opioid consumption, and opioid-related side effects [5,6]. Furthermore,
perioperative NSAID use may enhance survival and reduce cancer recurrence [7,8]. De-
spite these advantages, opioids remain the mainstay of postoperative pain management
after cancer surgery owing to their strong analgesic effects [9]. However, they have sig-
nificant adverse effects, such as nausea, vomiting, hypotension, and an increased risk of
immunosuppression [10]. Growing concerns regarding opioid epidemics and misuse have
prompted reexamination of their role in postoperative pain management [11].

Although recommended by the PROSPECT guidelines, no prospective study has
yet evaluated the efficacy and safety of the paracetamol/NSAID combination in patients
undergoing oncoplastic breast surgery. Its routine use in this context remains unestablished.
We aimed to assess the impact of adding a paracetamol/NSAID combination to standard
opioid-based analgesia on pain intensity, opioid consumption, need for rescue analgesia,
and safety compared to opioid-based analgesia alone.

2. Materials and Methods
2.1. Study Design and Participants

This study was approved by the Institutional Review Board and Ethics Committee of
Severance Hospital, Yonsei University College of Medicine (#4-2022-1650) on 27 February
2023 and registered at clinicaltrial.gov (NCT06174363) on 18 December 2023. It was con-
ducted in accordance with the Declaration of Helsinki, and the manuscript adheres to the
Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work
in Medical Journals.

Eligible patients were 20-70 years of age, classified as American Society of Anesthesi-
ologists (ASA) physical status I-11I, and scheduled for elective oncoplastic breast surgery
following mastectomy between December 2023 and December 2024. Exclusion criteria
were: known allergy to opioids, NSAIDs, or acetaminophen; severe cardiac dysfunction
or hepatic/renal impairment (ASA class IV); history of gastrointestinal ulcers or bleeding;
current aspirin use; asthma; inability to read or understand the informed consent form;
and pregnancy or lactation. Written informed consent was obtained from all participants
before enrollment.

2.2. Data Collection

Baseline characteristics, including demographics, comorbidities, and ASA physical
status classification, were recorded. Preoperative laboratory assessments included serum
creatinine and liver function tests. Intraoperative data included surgery type, durations of
anesthesia and surgery, and total remifentanil use.
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2.3. Interventions

After enrollment, patients were randomly assigned in a 1:1 ratio to receive either
intravenous acetaminophen and ibuprofen (intervention group) or saline (control group)
using a computer-generated random number table, without any stratification or blocking.
Group allocation was concealed in sealed envelopes and neither the enrolling personnel
nor those assigning participants to groups had access to the random allocation sequence.
The intervention group received 100 mL of intravenous solution containing 1000 mg
acetaminophen and 300 mg ibuprofen (Maxigesic® IV, Kyungbo Pharm, Asan, Republic of
Korea) over 15 min before the end of surgery. An additional 200 mL of the same solution
was mixed into the fentanyl-based patient-controlled analgesia (PCA) for continuous
infusion over 48 h. The control group received a matching volume of normal saline. The
acetaminophen/ibuprofen combination and saline were prepared in identical syringes
by a nurse who was not involved in this study. The solutions were indistinguishable
in appearance to ensure blinding of care providers, investigators, patients, and outcome
assessors. Group assignments were not revealed until patients were discharged.

2.4. Perioperative Management

In the operating room, all patients underwent routine monitoring, including electro-
cardiography, pulse oximetry, and noninvasive blood pressure measurement, in accordance
with institutional protocols. No premedication was administered. General anesthesia was
induced without neuraxial or regional blocks. Induction was achieved using intravenous
propofol (1.5-2 mg/kg) and remifentanil (1 mcg/kg), followed by rocuronium (0.6 mg/kg)
to facilitate tracheal intubation. Anesthesia was maintained with desflurane (4-7 vol%) and
a continuous intravenous infusion of remifentanil (0.05-0.1 mcg/kg/min). The depth of
anesthesia was adjusted to maintain a bispectral index (BIS) between 40 and 60, and mean
arterial pressure was maintained within 20% of the pre-induction value. Intraoperative
body temperature was maintained at 36.5 &= 0.5 °C. Approximately 15 min before the end
of surgery, fentanyl (50 mcg) and ramosetron (0.3 mg) were administered for postoperative
analgesia and nausea prophylaxis, respectively. Simultaneously, patients received 100 mL
of the assigned study solution (either acetaminophen/ibuprofen or saline). Upon comple-
tion of surgery, all anesthetic agents were discontinued, and neuromuscular blockade was
reversed using neostigmine (1 mg) and glycopyrrolate (0.2 mg). Extubation was performed
once the patient regained consciousness and exhibited adequate spontaneous ventilation.
No anti-inflammatory agents such as dexamethasone were administered perioperatively.

Patients underwent oncoplastic surgery classified as complexity 3 procedures [12], in-
cluding delayed prosthetic reconstruction after mastectomy (placement of a tissue expander
or permanent implant) and implant-related procedures (tissue expander removal and place-
ment of a permanent implant, or implant exchange and breast remodeling in capsular
contracture). Complex oncoplastic or reconstructive surgeries, such as flap surgery or re-
duction mammoplasty (Complexity 4 or higher), were excluded, as their higher complexity
can significantly affect postoperative pain.

For postoperative analgesia, all patients received intravenous PCA for 48 h after
surgery. At our institution, the standard analgesic regimen for oncoplastic breast surgery
includes intravenous fentanyl (50 mcg) administered at the end of surgery, followed by
fentanyl-based PCA. The PCA solution contained fentanyl (10 mcg/kg) and ramosetron
(0.3 mg), diluted with saline to a total volume of 50 mL. An additional 200 mL of the
allocated study solution was added, resulting in a total PCA volume of 250 mL. The PCA
was set to deliver a basal rate of 5 mL/h, a bolus dose of 0.5 mL, and a lockout interval of
15 min. During the postoperative period, both tramadol and acetaminophen were available
to all patients under the same standardized protocol. Patients with a pain score > 4 on
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the 11-point numerical rating scale (NRS) received intravenous tramadol (50 mg) as rescue
analgesia, while those with a score < 4 received intravenous acetaminophen (1000 mg)
upon request.

2.5. Outcome Measures

The primary outcome was the intensity of acute postoperative pain, assessed using
an 11-point NRS at rest and during movement, 1 h after surgery. Secondary outcomes
included NRS pain scores at 6, 24, and 48 h postoperatively; cumulative fentanyl consump-
tion via intravenous PCA during the first 24 and 48 h; the need for additional analgesics
beyond PCA at 6, 24, and 48 h postoperatively; the incidence of analgesic-related ad-
verse effects—including nausea, vomiting, headache, dizziness, and hypotension—and
the length of hospital stay. All outcomes were assessed by clinicians who were blinded to
group allocation.

2.6. Statistics

As no previous studies have investigated the effect of an acetaminophen/ibuprofen
combination as an adjunct to opioid-based analgesia in patients undergoing oncoplastic
breast surgery, the sample size was calculated based on a pilot study conducted at our
institution involving 10 such patients. In patients who received fentanyl-based analgesia,
the mean NRS pain score during movement 1 h postoperatively—the most painful time
point—was 5.2, with a standard deviation of 1.5. Assuming a minimum clinically important
difference of at least 1 point [13,14], with a significance level (x) of 0.05 and a power of
90%, the required sample size was estimated to be 37 patients per group. To account for an
anticipated 10% dropout rate, we planned to enroll 42 patients in each group.

The normality of continuous variables was assessed using the Kolmogorov-Smirnov
test. Based on data distribution, continuous variables were compared using either the two-
sample ¢ test (for normally distributed data) or the Mann-Whitney U test (for non-normally
distributed data), and are reported as mean = standard deviation or median (interquartile
range), as appropriate. Categorical variables were compared using the chi-squared test
or Fisher’s exact test and are presented as absolute numbers (percentages). All statistical
analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). A
p-value < 0.05 was considered statistically significant.

3. Results

Of the 89 patients assessed for eligibility, five were excluded for the following reasons:
declined to participate (n = 2), chronic kidney disease (n = 1), elevated liver enzymes (n = 1),
and asthma (n = 1). A total of 84 patients were enrolled and randomly assigned to the
intervention or control group. Among them, five patients were excluded from the final
analysis: three were discharged within 48 h after surgery, and two had missing primary
outcome data owing to incomplete pain assessments. Ultimately, 79 patients were included
in the final analysis (Figure 1).

3.1. Demographics and Clinical Data

Baseline demographic and clinical data are presented in Table 1. There were no signifi-
cant differences between the groups in terms of patient characteristics, type or distribution
of surgery, duration of surgery or anesthesia, or intraoperative remifentanil consumption.
Implant insertion was the most common procedure, followed by capsulectomy, tissue
expander placement, and breast augmentation or reduction.
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Figure 1. Flow diagram.

Table 1. Demographics, clinical, and laboratory data.

. Intervention Group Control Group
Variables (n = 39) ( = 40) p Value
Age (years) 50.1 £104 484 +12.3 0.515
Body mass index (kg/m?) 232434 235432 0.686
Hypertension 10 (25.6%) 6 (15.0%) 0.239
Diabetes mellitus 1(2.6%) 3 (7.5%) 0.317
ASA class I/11/111 25/13/1 26/11/3 0.556
Preoperative albumin (g/dL) 45(4.3,4.6) 45 (4.3,4.7) 0.670
Preoperative creatinine (mg/dL) 0.68 (0.62, 0.79) 0.68 (0.62, 0.75) 0.424
Preoperative as(IIDSr/ti’;e transaminase 24 (20, 29) 24 (20, 29) 0918
Preoperative alanine transferase (IU/L) 20 (14, 25) 18 (15, 32) 0.988
Operation type
Tissue expander procedures 4 (10.3%) 4 (10.0%)
Implant procedures 12 (30.8%) 9 (22.5%)
Tissue expandpr rerpoval & implant 13 (33.3%) 14 (35.0%) 0.485
Insertion
Implant exchange & capsulectomy 10 (25.6%) 10 (25.0%)
Implant procedure & simple 0 3 (7.5%)
mammoplasty
Duration of operation (min) 105.8 £+ 46.3 1104 £ 544 0.697
Duration of anesthesia (min) 135.7 £49.5 141.1 £56.3 0.659
Remifentanil (mcg/kg/min) 0.06 (0.05, 0.07) 0.05 (0.05, 0.07) 0.211

Values are mean =+ standard deviation, number (percent), or median (interquartile range). ASA class, American
Society of Anesthesiologists physical status classification.
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3.2. Postoperative Pain Intensity and Additional Analgesic Requirement

Postoperative pain intensity was assessed using the 11-point NRS at rest and during
movement at 1, 6, 24, and 48 h after surgery. At 1 h postoperatively, the pain score during
movement was significantly lower in the intervention group compared with the control
group (median [IQR], 2 [2, 2] vs. 2 [2, 3]), with an absolute median difference of 0 (95% CI,
—1.0to 0; p = 0.040). Pain scores at all other time points did not differ significantly between
groups (Table 2).

Table 2. Postoperative pain intensity.

Intervention Group Control Group

Variables (1 = 39) (n = 40) p Value
At 1 h after surgery
NRS at rest 2(1,2) 2(1,2) 0.789
NRS during 202,2) 2(2,3) 0.040
movement
At 6 h after surgery
NRS at rest 3(2,4) 3(2,4) 0.319
NRS during 64,7) 5(4,7) 0.758
movement
At 24 h after surgery
NRS at rest 2(0,3) 2(1,2) 0.630
NRS during 4(3,5) 3(2,5) 0.353
movement
At 48 h after surgery
NRS at rest 1(0,2) 1(0,1) 0.398
NRS during 2(2,3) 2(1,2) 0.314
movement

Values are median (interquartile range). NRS, numerical rating scale (0 = no pain, 10 = worst pain).

Cumulative fentanyl volume administered via PCA was significantly lower in the in-
tervention group during the first 24 h (252.4 [186.7, 289.9] mcg vs. 299.7 [208.3, 366.6]
mcg), with median difference of —49.7 (95% CI —92.3 to —4.1, p < 0.001) and over
48 h (482.4[283.2, 548.0] mcg vs. 537.0 [390.9, 586.0] mcg), with median difference of
—52.7 (95% CI, —149.0 to —21.0, p = 0.001). The need for additional analgesics beyond
PCA was assessed at the following postoperative intervals: 0-6 h, 624 h, and 2448 h.
During the first six postoperative hours, a significantly higher proportion of patients
in the control group required rescue analgesics than those in the intervention group
(32 [80.0%] vs. 22 [56.4%], p = 0.024). Although the number of patients receiving tramadol
(50 mg for NRS > 4) or acetaminophen (1 g for NRS < 4 and upon patient request) indi-
vidually and the corresponding doses did not differ between groups, the overall need for
additional analgesics beyond PCA was significantly greater in the control group. No
significant differences were observed between groups during the later time intervals
(Table 3). In addition, a sensitivity analysis excluding patients who received tramadol rescue
showed consistent results, supporting the robustness of the opioid-sparing effect. Cumula-
tive fentanyl consumption was also lower in the intervention group during the first 24 h
(257.3 [196.2, 310.1] mcg vs. 319.6 [217.2, 383.8] mcg, p = 0.002) and during the first 48 h
(500.0 [278.4, 605.0] mcg vs. 544.0 [390.9, 602.0] mcg, p = 0.003).
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Table 3. Cumulative fentanyl volume and additional analgesics requirement.

Intervention Group Control Group

Variables (1 = 39) ( = 40) p Value
Cumulative fentanyl consumption via PCA (mcg)
During 24 h after surgery 252.4 (186.7, 289.9) 299.7 (208.3, 366.6) <0.001
During 48 h after surgery 482.4 (283.2, 548.0) 537.0 (390.9, 586.0) 0.001
Additional analgesic use beyond PCA, n (%)
0-6 h after surgery
Any rescue analgesic 22 (56.4%) 32 (80.0%) 0.024
Tramadol use 5 (12.8%) 9 (22.5%) 0.260
Acetaminophen 21 (53.8%) 28 (70.0%) 0.139
624 h after surgery
Any rescue analgesic 16 (41.0%) 21 (52.5%) 0.307
Tramadol use 6 (15.4%) 5 (12.5%) 0.711
Acetaminophen use 14 (35.9%) 19 (47.5%) 0.296
24-48 h after surgery
Any rescue analgesic 11 (28.2%) 12 (30.0%) 0.861
Tramadol use 1(2.6%) 1(2.5%) 0.986
Acetaminophen use 10 (25.6%) 12 (30.0%) 0.666

Values are median (interquartile range) or number (%).

3.3. Analgesic-Related Side Effects and Hospital Stay

There were no significant differences between groups in the incidence of analgesic-
related side effects, including nausea/vomiting, dizziness, headache, hypotension, and
pruritus. The length of hospital stay was also similar between the two groups (Table 4).

Table 4. Analgesic-related side effects and hospital stay.

. Intervention Group Control Group
Variables (n = 39) (0 = 40) p Value
Nausea 17 (43.6%) 14 (35.0%) 0.434
Vomiting 5 (12.8%) 3 (7.5%) 0.433
Headache 2 (5.1%) 3 (7.5%) 0.665
Hypotension 5 (12.8%) 4 (10.0%) 0.693
Dizziness 4 (10.3%) 10 (25.0%) 0.086
Pruritus 0 1 (2.5%) 0.320
Postoperative hospital 3(2,3) 32, 4) 0.275

stay (days)

Values are the number (%) or median (interquartile range).

4. Discussion

In this randomized controlled trial, the addition of intravenous acetaminophen and
ibuprofen to fentanyl-based PCA significantly reduced immediate postoperative pain
intensity, opioid consumption, and the need for additional analgesics following oncoplas-
tic breast surgery, without increasing adverse effects. These findings support the use
of multimodal analgesia incorporating paracetamol and NSAIDs in accordance with
PROSPECT guidelines.

Although surgical resection is essential for cancer treatment, it may inadvertently
promote the dissemination of cancer cells due to physical manipulation and disruption
of tissue integrity [15]. Surgery induces a pro-inflammatory response, followed by a
compensatory anti-inflammatory phase, which can result in immunosuppression. This
immunosuppressive state may be further exacerbated by sympathetic nervous system
activation and the use of anesthetics and opioids [16]. Inadequate pain control can also
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worsen immune dysfunction, as pain itself is a potent immunosuppressive factor [16]. These
perioperative immunological changes may create a window of vulnerability during which
residual cancer cells can evade immune surveillance and proliferate, potentially leading to
recurrence or metastasis [17]. Therefore, it is essential to adopt analgesic strategies that not
only ensure effective pain control but also minimize immunosuppression.

Postoperative pain management should adopt a multimodal approach, using multiple
pharmacological classes of analgesics to target different pain pathways. This strategy en-
hances analgesic efficacy and reduces the side effects associated with individual drugs [18].
The PROSPECT guidelines for oncologic breast surgery recommend administering a combi-
nation of paracetamol and either conventional NSAIDs or cyclooxygenase (COX)-2 selective
inhibitors both preoperatively and intraoperatively, with continued use throughout the
postoperative period as first-line analgesia. Opioids should be reserved for rescue use post-
operatively, and regional analgesic techniques are recommended for major procedures [3].
The analgesic efficacy and opioid-sparing effects of paracetamol and NSAIDs are well-
established across various perioperative settings, including breast cancer surgery [5,6,19].
Although opioids remain effective for managing acute pain after cancer surgery, they ex-
ert dose-dependent immunosuppressive effects by suppressing natural killer cell activity,
cytokine production, and antibody formation [20,21]. These immune-modulating actions
may contribute to enhanced breast cancer progression and metastasis [21,22]. Given these
concerns, it is essential to explore analgesic strategies that minimize opioid use while ensur-
ing adequate pain control in this vulnerable population, particularly in those undergoing
multiple oncologic or oncoplastic surgeries throughout their lives.

NSAIDs and paracetamol enhance analgesic efficacy and reduce opioid requirements
through distinct but complementary mechanisms. NSAIDs exert peripheral effects via
their analgesic, antipyretic, and anti-inflammatory properties. They inhibit COX enzymes,
thereby reducing prostaglandin synthesis and blocking inflammatory pathways [18]. Given
the interplay between nociception and inflammation, NSAIDs provide effective analgesia
by targeting both processes [23]. In addition, through COX-2 inhibition, NSAIDs may
exhibit antitumor properties. While COX-2 is not expressed in normal breast tissue, it
is overexpressed in up to 80% of breast tumors, leading to increased prostaglandin E2
synthesis—a potent mitogen that stimulates estrogen production and promotes tumor
progression [24,25]. NSAIDs may counteract these effects by reducing prostaglandin lev-
els, inhibiting aromatase activity, and lowering serum estrogen concentrations. Through
these mechanisms, they may decrease the risk of hormone receptor-positive tumors and
potentially contribute to anticancer effects by promoting apoptosis and limiting mutage-
nesis [26]. In breast cancer surgery, perioperative NSAID use has been associated with
lower recurrence rates and improved disease-free and overall survival [27-29]. Paracetamol
possesses analgesic and antipyretic properties similar to NSAIDs but lacks peripheral anti-
inflammatory activity. Its central effects are thought to involve modulation of descending
inhibitory pain pathways, and its peripheral effects involve the inhibition of prostaglandin
synthesis within the CNS, likely via indirect COX inhibition. As paracetamol acts through
mechanisms partly independent of COX, its combination with NSAIDs may provide addi-
tive analgesia by engaging distinct pathways [30]. This combination offers superior pain
relief and greater opioid-sparing effects than either agent alone [31]. The fixed-dose combi-
nation used in this study has been safely administered and has demonstrated enhanced
analgesic efficacy compared to either drug alone or placebo [32,33]. Additionally, when
incorporated into opioid-based PCA, it significantly reduced opioid consumption [6].

Although systematic reviews support the enhanced efficacy of paracetamol and
NSAID combination, findings have been inconsistent, and the reasons for this variabil-
ity remain unclear [34]. The PROSPECT guidelines strongly recommend the use of
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paracetamol and NSAIDs for breast cancer surgery; however, few prospective studies
have directly evaluated their combined efficacy. Most supporting evidence comes from
comparisons of paracetamol with placebo [35,36], paracetamol/ibuprofen with paraceta-
mol/codeine/caffeine [37], or NSAIDs added to paravertebral blocks [38], rather than stud-
ies directly comparing the paracetamol/NSAID combination with placebo or individual
agents. The lack of high-quality comparative studies highlights the need for well-designed
prospective trials to confirm the analgesic benefits of this regimen. Furthermore, despite the
established advantages of multimodal analgesia, its implementation remains inconsistent
across institutions, providers, and medication protocols [39]. To address this gap, we
conducted a study to evaluate the efficacy and safety of adding paracetamol and NSAIDs
to opioid-based postoperative analgesia. The addition of acetaminophen/ibuprofen to
fentanyl-based PCA significantly reduced immediate postoperative pain during movement,
decreased cumulative fentanyl consumption during 24 and 48 h, and reduced the need for
additional analgesics within the first 6 h postoperatively. These findings support the routine
use of a paracetamol/NASID combination as a part of multimodal analgesia, providing
improved pain control and reduced opioid consumption without increasing adverse effects.

This study had some limitations. First, it was conducted at a single center, which may
limit the generalizability of the findings. Second, both groups received fentanyl-based
PCA with background infusion, which is standard practice at our institution to provide
continuous low-dose opioid support for postoperative pain management. This may have
attenuated the between-group differences in postoperative pain and opioid-related adverse
events. Continuous opioid infusion may mask the opioid-sparing effects of adjunctive
analgesics. A previous study comparing fentanyl-based PCA with and without background
infusion found that background infusion was significantly associated with increased fen-
tanyl consumption and a higher incidence of opioid-related side effects [40]. Given these
findings, future studies should consider using PCA without background infusion to more
accurately assess the analgesic and safety effects of adding paracetamol/NSAIDs to opioid-
based analgesia. Third, this study excluded patients with hepatic or renal impairment.
While co-administration of acetaminophen, ibuprofen, and fentanyl has been shown to be
safe in several clinical settings [6], the pharmacokinetic (PK) and pharmacodynamic (PD)
interactions between these drugs should be carefully considered, especially in the elderly
or patients with hypoalbuminemia, due to the potential for altered drug metabolism and
adverse drug interactions. Lastly, although paracetamol and NSAIDs are theoretically
hypothesized to exert antitumor effects via COX-2 inhibition, oncologic outcomes such
as cancer recurrence and mortality were not assessed in this study. These outcomes are
beyond the scope of the current work and should be interpreted with caution. Future
prospective trials are warranted to evaluate their long-term oncologic impact when used as
adjuncts to opioids for postoperative analgesia.

5. Conclusions

In conclusion, the addition of intravenous acetaminophen and ibuprofen to opioid-
based analgesia significantly reduced immediate postoperative pain, opioid consumption,
and the need for additional analgesics after oncoplastic breast surgery, without increasing
adverse effects. This multimodal analgesic strategy is effective and safe. It may improve
postoperative pain control, reduce opioid reliance, and potentially mitigate perioperative
immune suppression.
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