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Abstract

Background: Total knee arthroplasty (TKA) is a standard surgical procedure for individuals with debilitating knee arthritis.
Effective postoperative pain management is essential for successful recovery, although traditional opioid-based methods have
limitations.

Objectives: This study aimed to compare the efficacy of Apotel and remifentanil patient-controlled analgesia in managing
postoperative pain after TKA.

Methods: This double-blind, randomized, controlled clinical trial took place at Amir-al-Momenin and Qods Hospitals in Arak, Iran,
spanning from June 2022 to September 2023. Sixty-two eligible patients scheduled for knee joint replacement were randomly
assigned to receive either Apotel (Group A) or remifentanil (Group R) as part of multimodal analgesia administered via a pain pump
for postoperative pain relief in TKA. The study assessed hemodynamic parameters, pain levels (measured using the Visual Analog
Scale), analgesic duration, and narcotic consumption. Statistical analyses were performed using SPSS v.27 and Plotly.

Results: Subjects exhibited no statistically significant differences in age, gender distribution, duration of surgery, or anesthesia. The
hemodynamic status assessment in the recovery room showed no significant differences in SPO,, PR, or MAP between the groups.
However, remifentanil demonstrated superior effectiveness in reducing pain over 24 hours post TKA surgery compared to Apotel, as
evidenced by lower average Visual Analog Scale (VAS) scores (P < 0.001), longer duration without the need for narcotic painkillers
(P < 0.001), and lower cumulative opioid analgesic consumption in Group R(P < 0.001).

Conclusions: Remifentanil demonstrates superior pain control in a multimodal pain management approach compared to Apotel,
providing sustained pain reduction over 24 hours post-surgery. Moreover, remifentanil offers longer-lasting pain relief and results
in lower cumulative narcotic painkiller consumption compared to Apotel.
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1. Background The procedure involves a multidisciplinary team,
including primary care physicians, orthopedic surgeons,
nurses, and therapists. Comprehensive preoperative
evaluation, imaging, and soft tissue management
are crucial, and different surgical techniques, such as

measured resection and gap balancing, can be employed

Total knee arthroplasty (TKA), commonly referred to
as knee replacement surgery, is a surgical procedure
designed to alleviate chronic knee pain and restore joint
function in individuals with end-stage osteoarthritis of the

knee, with additional indications including rheumatoid
arthritis, peri-articular fractures, or malignancy. However,
the latter often necessitates specialized prostheses (1, 2).

depending on the implant type and surgeon preference (1,
3,4).

During TKA, the surgeon removes damaged or diseased
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parts of the knee joint, including the damaged cartilage
and bone, and replaces them with prosthetic components
made of metal and plastic. These prosthetic components
mimic the natural structure and movement of the knee
joint, allowing for improved mobility and pain relief (5, 6).

The TKA procedure involves administering anesthesia,
making an incision over the knee joint, reshaping
damaged bone, implanting prosthetic components,
ensuring proper joint alignment, and closing the incision.
Subsequently, patients undergo monitored recovery and
essential physical therapy and rehabilitation to regain
knee joint function and mobility (1, 2, 7).

Total knee arthroplasty (TKA) is considered a highly
successful procedure for relieving chronic knee pain
and improving the quality of life for individuals with
debilitating knee arthritis. It can significantly enhance
a patient’s ability to perform everyday activities and
enjoy a more active lifestyle. However, it is important
for patients to follow postoperative instructions, engage
in rehabilitation, and maintain a healthy lifestyle to
maximize the long-term benefits of the procedure (8, 9).

Postoperative pain management in TKA is crucial
for patient comfort and rehabilitation. Traditionally,
opioids have been the primary choice for pain relief, but
they come with adverse effects. Multimodal analgesia
combines various pain relief methods, such as preemptive
analgesia, neuraxial anesthesia, peripheral nerve
blockade, patient-controlled analgesia, local infiltration
analgesia, and oral medications, to achieve superior pain
relief while minimizing opioid-related complications (5,
10,11).

Preemptive  analgesia involves administering
medications like COX-2 inhibitors before surgery to
prevent pain hypersensitivity. Neuraxial anesthesia and
peripheral nerve blockade target pain pathways effectively.
Local infiltration analgesia is a low-risk technique where a
cocktail of anesthetics and analgesics is injected around
the surgical site. Patient-controlled analgesia allows
patients to self-administer pain relief as needed, reducing
the risk of overmedication. Utilizing these methods in
combination enhances pain management, promotes knee
recovery, reduces opioid consumption, and improves
patient satisfaction (5, 10-13).

Inadequately managed pain can result in diminished
patient mobility and hinder the rehabilitation process,
potentially prolonging the patient’s hospital stay
and decreasing overall satisfaction. Moreover, timely
control of acute pain following TKA is crucial to mitigate
potential postoperative complications, prevent patient
dissatisfaction, and reduce the risk of chronic pain
syndrome. In fact, inadequate pain control after TKA has
been associated with long-term complications, including

restricted range of motion and the development of
chronic pain syndrome (14, 15).

Effective postoperative pain management is crucial as
it can prevent chronic pain that persists 2-3 months after
surgery, with incidence rates ranging from 5% to 65%,
severely impacting patients’ quality of life (16). Utilizing
preventive analgesic techniques improves pain control
(17), enabling early mobility, reducing complications like
DVT and PE, shortening hospital stays, and boosting
patient satisfaction (18-20).

Overall, optimal pain control in surgical patients
brings multiple benefits, including improved cardiac,
respiratory, and gastrointestinal function, reduced
thromboembolic risks, decreased chronic post-surgical
pain, lower mortality in high-risk patients, enhanced
participation in physical therapy, and reduced healthcare
costs (21). Various methods, including diverse drugs,
administration routes, and medical techniques,
are employed for post-surgery pain management.
Patient-controlled analgesia (PCA) is widely favored
for its efficacy and safety (22). Epidural analgesia, femoral
nerve blocks, and oral analgesics are also suitable for
total knee arthroplasty (23). Orthopedic patients typically
receive oral or intravenous opioids for postoperative pain,
but these drugs often trigger adverse effects like nausea,
vomiting, pruritus, ileus, and constipation. Higher doses
can lead to respiratory depression, hypotension, dizziness,
confusion, and delirium (24). A preferred approach
combines multiple methods. Multimodal analgesics, such
as acetaminophen, nonsteroidal anti-inflammatory drugs
(NSAIDs), opioids, ketamine, alpha-2 adrenergic agonists,
corticosteroids, gabapentinoids, local anesthesia, epidural
anesthesia, peripheral nerve blocks, and cryotherapy, offer
diverse options (25).

In TKA, opioids and PCA remain crucial for initial
relief from moderate to severe post-surgical pain due to
their efficacy. However, they may not be well-tolerated,
particularly by the elderly. Lumbar epidural analgesia is
another common option but can hinder postoperative
mobility and cause complications like epidural hematoma
and hypotension (26). Acetaminophen, introduced in 1887
and widely available since the 1950s, is a pain reliever
and antipyretic. It lacks peripheral anti-inflammatory
effects and does not affect platelet function, making it
suitable for surgery anytime. Acetaminophen’s analgesic
mechanism involves central prostaglandin inhibition
through the cyclooxygenase pathway. Studies confirm its
ability to reduce postoperative pain, especially in fields
like orthopedics. Intravenous acetaminophen, known as
Apotel, is commonly used for pain control in operating
rooms and inpatient wards (27, 28). Remifentanil,
an ultra-short-acting synthetic opioid, allows rapid
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titration and elimination, with effects fading within 5
to 10 minutes after discontinuation. However, patients
receiving remifentanil during surgery may experience
postoperative hypotension, bradycardia, secondary
hyperalgesia, and increased opioid needs (29-31).

2. Objectives

Given the prevalence of knee joint replacement
surgery as a common orthopedic procedure, and
despite advancements in surgical techniques and
anesthesia, many patients continue to experience
acute postoperative pain. Therefore, it is imperative
for healthcare professionals to employ effective strategies
to alleviate these issues. To address this concern, this
study aims to assess and compare the efficacy of two
medications, Apotel and remifentanil, in managing
postoperative pain among patients.

2.1. Primary Aims

1. To evaluate and compare the effectiveness of Apotel
and remifentanil in pain management, as measured by
the Visual Analog Scale (VAS) at various time points: after
entering the recovery room and 2, 4, 8, 12, and 24 hours
postoperatively and overall.

2.2. Secondary Aims

1. To compare the hemodynamic status (MAP, SPO,,
PR) during the recovery period among patients receiving
Apotel and remifentanil.

2. To determine and compare the average duration of
analgesia until the first request for analgesia in patients
treated with Apotel and remifentanil.

3. To assess and compare the total amount of painkiller
(narcotic) consumed by patients receiving Apotel and
remifentanil.

3. Methods

3.1. Patients and Design

This double-blind prospective randomized controlled
clinical trial was registered and approved by the Iranian
Registry of Clinical Trials (IRCT) under registration
number IRCT20220812055663N1. Additionally, it received
approval from the institutional ethics committee of Arak
University of Medical Sciences on May 29, 2022.

The research was conducted at Amir-al-Momenin and
Qods Hospitals in Arak, Iran, spanning from June 2022
to September 2023. Prior to their inclusion in the study,
patients or their legal representatives provided written
informed consent. It's worth noting that the study
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meticulously adhered to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines, and for further
details on this aspect, please refer to the supplementary
materials.

Within this investigation, a total of 62 eligible patients
who were scheduled to undergo knee joint replacement
through arthroplasty were randomly assigned to 2 distinct
groups: Group A (Apotel) and Group R (remifentanil).
Figure 1 presents an overview of the study’s design.

3.1.1. Inclusion Criteria

- Eligible candidates for knee joint replacement
referred to Amir-al-Momenin and Qods Hospitals, Arak,
Iran.

- Age range: 18 to 65 years.

-ASAclasslorll

- Surgery performed by a single qualified surgeon
using the same arthroplasty method.

3.1.2. Non-Inclusion Criteria

- Allergies to local anesthetics, remifentanil, Apotel,
and opioids.

- Underlying heart, lung, liver, kidney, or other
significant medical conditions.

- Patients who have not provided consent to
participate.

3.1.3. Exclusion Criteria

-Patients exceeding the maximum surgery duration of
150 minutes.

- Patients experiencing failed spinal anesthesia
necessitating a shift to general anesthesia.

3.2. Randomization and Blinding

Candidates referred for knee joint replacement,
meeting inclusion criteria, were randomly assigned to
2 groups (Apotel and remifentanil) using a randomized
block method supervised by an anesthesiologist (A.K.).
Initially, the entire series of patients was divided into
quadruple blocks (AARR, ARAR, RARA, ARRA, RAAR,
RRAA) utilizing computer-generated permuted blocks.
Subsequently, randomization within each block was
performed to guarantee an equal distribution of patients
among the groups.

Following surgery, patients received either
remifentanil or Apotel through a pain pump based on
their assigned group. To maintain the study’s double-blind
nature, patients were equally allocated to Group A and
Group R, and they received their respective infusions.
Importantly, neither the researchers responsible for data
collection, clinicians (except the chief anesthesiologist),
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Figure1. Patients aged 18- 65 undergoing knee arthroplasty at Amir-al-Momenin and Qods Hospitals were randomly assigned to Group A (Apotel) or Group R (remifentanil) by
an anesthesiologist using a randomized block method. Both groups received spinal anesthesia, with Apotel infused in Group A and remifentanil in Group R. Pain management
included dexamethasone, ondansetron, fentanyl, and additional post-op drugs in a PCA pain pump based on group allocation.

patients, nor their families were made aware of their
group assignments. The project’s data collection process
remained blind to group distinctions (Figure 2).

The trial's design, data collection, and analysis
were conducted by the authors, who diligently ensured
accuracy, completeness, and strict adherence to the
protocol. Eligible subjects for TKA, as assessed by the
orthopedic surgeon (M.P.), were further evaluated by an
anesthesiologist (A.K.) following the study’s protocol to
determine their eligibility for participation.

3.3. Trial Interventions

After obtaining informed consent from the patients,
they were brought into the operating room and positioned
supine on the operating bed. Upon entering the operating
room, all patients underwent comprehensive monitoring
of vital signs, including heart rate (HR), respiratory
rate (RR), non-invasive blood pressure (NIBP), oxygen
saturation (SPO,), and temperature. ECG monitoring was
initiated, followed by the administration of 3 - 5 cc/kg of
crystalloid solution as compensatory volume expansion
(CVE). Subsequently, the patients were positioned in a
seated posture, and after receiving CVE fluid, a spinal
needle (gauge 25) was employed to administer 3 - 4 cc of
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Figure 2. CONSORT Diagram. The flow of the clinical randomized trial is illustrated in a CONSORT diagram. In Group R, remifentanil intervention was administered, while

Group A received Apotel.

0.5% Marcaine through the L4-L5 or L5-S1 space for spinal
anesthesia. Following spinal anesthesia, patients were
placed in the supine position, and once anesthesia was
confirmed, the surgical procedure commenced.

In the Apotel group, following spinal anesthesia and
confirmation of hemodynamic stability, 1 gram of Apotel
was mixed with 200 cc of normal saline and administered
via infusion within the first hour of surgery. In the
remifentanil group, after spinal anesthesia, hemodynamic
stability was confirmed, and anesthesia was verified; a
remifentanil infusion at a rate of 0.5 pg/kg/min was

Anesth Pain Med. 2024;14(2):e141975.

initiated within the first hour of surgery.

Upon completion of the surgical procedure, while
ensuring stable hemodynamics and confirming
anesthesia, patients were transferred to the recovery
room. The anesthesiologist in charge of the plan prepared
a pain pump, which was set to administer an 8 cc/h
infusion rate for up to 12 hours post-surgery. Both
groups received pain management consisting of 16 mg of
dexamethasone, 8 mg of ondansetron, 150 ug of fentanyl,
and its volume increased to 100 cc using normal saline.
For the Apotel group, an additional 2 grams of Apotel
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were added to the pain pump, while in the remifentanil
group, 2 mg of remifentanil (equivalent to 1 vial) were
added to the pain pump under the supervision of the
project’s anesthesiologist. The infusion pump maintained
a constant flow of 8 cc/h, and patients had the option
for an extra 0.5 cc injection from this mixture every 20
minutes as desired through patient-controlled analgesia
(PCA).

It's important to mention that should any patient
in either group report a VAS score exceeding 5 during
the study, they would receive an IV narcotic injection
(pethidine 25 - 50 mg). Furthermore, the quantity
of narcotics administered within the 24-hour period
following the operation was also carefully documented.

In this study, remifentanil (Remifentanilo,
Laboratorios Normon SA, Tres Cantos, Madrid, Spain)
and paracetamol (Apotel, Exir Pharmaceutical Co., Tehran,
Iran) were utilized.

3.4. Measurements

3.4.1. Hemodynamic Monitoring

Throughout the recovery period, continuous
monitoring of crucial hemodynamic parameters,
including Mean Arterial Pressure (MAP), Peripheral
Oxygen Saturation (SPO,), and Pulse Rate (PR) were
conducted. These vital signs were vigilantly observed and
documented using a questionnaire.

3.4.2. Pain Assessment

The Visual Analog Scale (VAS) is a pain assessment
tool widely used in clinical settings to measure a person’s
subjective perception of pain intensity. It consists of a
10-centimeter line, with “no pain” at one end (0 cm) and
the “worst pain imaginable” at the other end (10 cm).
Patients mark a point on the line that represents their
current level of pain, and the distance from the “no pain”
end to the marked point is measured in centimeters,
providing a quantifiable score for pain intensity. VAS is
a straightforward and versatile method for individuals to
self-report their pain. In this study, each patient’s VAS
score was recorded at baseline, upon entering the recovery
room, and then at 2, 4, 8, 12, and 24 hours following the
operation using a questionnaire (32, 33).

3.4.3. Analgesic Duration Assessment

The average duration of the period from initiation
of analgesic intervention to the patient’s initial request
for a narcotic painkiller injection was recorded and
documented using a questionnaire.

3.4.4. Narcotic Consumption

The total amount of narcotic painkillers consumed
by each patient was thoughtfully documented in a
questionnaire.

Data recording was carried out by S.G., who was kept
unaware of the grouping information to ensure the study’s
masking.

3.4.5. Sample Size Estimation

The sample size for a two-sample test comparing
means is determined using a formula based on the normal
distribution. This formula incorporates parameters such
as standard deviations (41 and §2), means (g, and p,), and
critical values for the desired level of significance («) and
power (1-3). The critical values, Z;_ ¢ and Z;_ s represent
the thresholds for the two-tailed test at significance level
« and the desired power 1-3, respectively. Given specific
values for these parameters, the sample size per group (n)
is calculated using the formula:

2 2
(Zl—% + Z1_ﬁ) X (01 + 92)
(1 — p2)®

n =

The mean and standard deviations were extracted
from the study by Grape etal. (30). Assuming a significance
level (o) of 0.05 and a power of 0.80, the estimated sample
size (n) is approximately 31 for each group based on these
parameters.

3.5. Statistical Analysis

Descriptive statistics were utilized to summarize data
characteristics, with categorical variables presented as
frequencies and percentages and continuous variables
presented as mean + standard deviation. t-tests and
chi-square tests were employed for inferential analyses.
Multivariate Analysis of Variance (MANOVA) was utilized
to compare 2 or more continuous dependent variables
between the 2 intervention groups. Following the MANOVA
testand identification of significant differences among the
groups, pairwise comparisons were further explored using
the Bonferroni post-hoc test. Statistical significance was
considered at a P-value below 0.05. The statistical analysis
was conducted using IBM SPSS Statistics 27 (IBM Corp.,
USA). Additionally, Plotly, a Python open-source library, was
utilized to create data visualizations.

4. Results
In the final analysis, 62 patients participated in this

trial, with an average age of 60.71 + 3.02 years. The
mean age in Group A was 60.65 = 2.96, while in Group

Anesth Pain Med. 2024;14(2):e141975.
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R, it was 60.77 £ 3.13. Notably, there was no statistically
significant difference in age between the 2 groups (P =
0.868). Among the participants, 24 (77.4%) in Group A were
female, and 21 (67.7%) in Group R were also female, with
gender distribution showing no significant distinction
between the intervention groups (P = 0.393). There was
no statistically significant difference in the duration of
surgery (P = 0.602) or anesthesia (P = 0.737) between the
two groups. Detailed demographic and surgical data are
presented in Table 1.

Table 1. Demographics and Surgical Data *

Demographics Group A (N=31) Group R(N=31) P-Value
Mean age,y 60.65+ 2.96 60.77+ 3.13 0.868
Gender
Male 7(22.6) 10 (32.3) 0.393
Female 24(77.4) 21(67.7)
Surgery time, min 119.6 + 11.6 1212+ 12.4 0.602
Anesthesia time, min 178.4+ 15.4 179.7 £ 14.9 0.737
Blood loss, mL 355+ 135 372+ 131 0.617

? The data are depicted as the mean + SD or No. (%). Group R underwent
remifentanil intervention, whereas Group A was administered Apotel. The
statistical analysis comprised a chi-squared test for gender and an independent
samples t-test for age comparisons between the two groups.

In the recovery room after surgery, we assessed
the participants’ hemodynamic status, including
measurements of SPO,, PR, and MAP. The average SPO, in
Group A was 98.87 + 0.81, while in Group R, it was 98.94
+ 0.89, and we found no significant difference in SPO,
between the two groups (P = 0.766). Likewise, the mean PR
in Group A was 69.35 + 4.29, and in Group R, it was 68.81+
3.87, with no significant difference observed between the
groups (P = 0.599). Additionally, the mean MAP in Group
A was 86.10 = 1.89, and in Group R, it was 85.67 + 2.78,
again showing no significant difference in MAP between
the groups (P = 0.475). Detailed hemodynamic data are
presented in Table 2.

To assess the impact of the intervention group (Apotel
vs. remifentanil) on patients’ average VAS pain scores at
six-time points (0, 2, 4, 8,12, and 24 hours after surgery), we
conducted a Multivariate Analysis of Variance (MANOVA).
The intervention group served as the independent
variable, with 6 VAS scores as dependent variables. The
MANOVA results indicated a significant overall effect of
the intervention group on patients’ average VAS scores (F
=14.12, P < 0.001). Additionally, Wilk’s A demonstrated a
notable between-group difference (A = 0.393), indicating
distinct effects of the 2 intervention groups on the set
of 6 VAS variables collectively. The substantial effect size
(partial n* = 0.607) underscores the clinical significance of

Anesth Pain Med. 2024;14(2):e141975.

Table 2. Effects of Apotel and Remifentanil on Hemodynamic Status *

Variables GroupA(N=31) Group R(N =31) P-Value
MAP 86.10 £ 1.89 85.67+ 2.78 0.475
PR 69.35+ 4.29 68.81+ 3.87 0.599
SPO, 98.87+ 0.81 98.94+ 0.89 0.766

Abbreviations: SPO,, peripheral oxygen saturation; MAP, mean arterial
pressure; PR, pulse rate.

? The data are presented as mean + SD and were subjected to a t-test for
analysis. In Group R, remifentanil intervention was administered, while Group
Areceived Apotel.

these observed differences.

As depicted in Figure 3, remifentanil is significantly
more effective in reducing pain 24 hours post-TKA surgery
(P < 0.001). To assess the impact of the interventions
on each dependent variable individually, pairwise
comparisons between groups were conducted using
the Bonferroni post hoc test, with a Bonferroni-adjusted
alpha level of 0.025, as outlined in Table 3.

Table 3. VAS vs. Group Pairwise Comparisons *

hae —
GroupA Group R
VAS (recovery) 5.258 + 0.250 3.839 + 0.250 < 0.001
VAS (2 hrs-PO) 4.613% 0.187 3.774 £ 0.187 0.002
VAS (4 hrs-PO) 5.645% 0.281 4129 + 0.281 < 0.001
VAS (8 hrs-PO) 5.935+ 0.356 4.613 % 0.356 0.011
VAS (12 hrs-PO) 5452+ 0379  4.645+ 0379 0.137
VAS (24 hrs-PO) 5.710 = 0.380 4.581+ 380 0.040

? Bonferroni post-hoc tests were conducted for pairwise comparisons within
the MANOVA analysis. The data are expressed as the mean + standard error
(SE). Group R underwent remifentanil intervention, whereas Group A was
treated with Apotel. VAS refers to the Visual Analog Scale, and PO signifies the
post-operative period.

The post hoc results revealed that the average VAS
scores at baseline, 2 hours, 4 hours, 8 hours, and 24 hours
following the intervention were significantly lower in the
remifentanil group (all P-values < 0.05). However, there
was no statistically significant difference in the average
VAS scores between the groups at the 12-hour post-op time
point (P =0.130).

To evaluate the duration of pain relief provided by the
interventions, we measured the time until the first request
for a narcotic painkiller following surgery. In Group
A, the average analgesic duration was 267.10 + 249.241
minutes, whereas in Group R, it extended to 855.48 + 408.11
minutes. This substantial difference indicates that GroupR
experiences significantly longer periods without the need
for narcotic painkiller consumption compared to Group A
(P < 0.001). See Table 4.
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Figure 3. Average VAS by Group. This figure illustrates the changes in average VAS scores within the initial 24 hours following TKA surgery for each group. The lines represent

the mean values, and the shaded areas represent the standard deviations.

Table 4. Effects of Apotel and Remifentanil on Opioid Consumption After Surgery
and Time to First Request for Analgesic

Variables GroupA(N=31)  GroupR(N=31) P-Value
Analgesic time, min 26710 + 249.24 855.48 + 408.11 < 0.001
Analgesic demand 871+ 3.64 4.68+ 2.87 < 0.001
(opioid) mg

? The data are presented as mean + SD and were subjected to a t-test for
analysis. In Group R, remifentanil intervention was administered, while Group
Areceived Apotel.

The cumulative consumption of narcotic painkillers
amounted to 8.71 + 3.64 mg in Group A and 4.68 + 2.87
mg in Group R, illustrating a notably greater demand for
opioid analgesics in Group A (P < 0.001). See Table 4.

5. Discussion

Total knee arthroplasty is a well-established surgical
procedure for individuals suffering from debilitating knee
arthritis. It significantly improves patients’ quality of
life and mobility, but postoperative pain management is
crucial for successful recovery. Traditional opioid-based
pain relief methods are effective but often come with

adverse effects, necessitating the exploration of alternative
approaches like multimodal analgesia.

In this study, 62 eligible patients with an average
age of 60.71 £ 3.02 years underwent TKA and were
randomly assigned to two groups: Apotel (Group
A) and remifentanil (Group R). After undergoing
spinal anesthesia and surgery, patients in each group
received either a remifentanil- or Apotel-based pain
pump for postoperative pain management. The study
aimed to compare the effectiveness of Apotel and
remifentanil in managing postoperative pain after
TKA, with hemodynamic measurements showing no
significant differences between the groups. Remifentanil
demonstrated superior pain control over a 24-hour period,
as indicated by lower VAS scores at various time points.
Additionally, Group R experienced longer-lasting pain
relief and lower cumulative consumption of narcotic
painkillers compared to Group A.

In their 2017 clinical trial, O'Neal et al. randomly
assigned 174 patients into three groups: one receiving
intravenous acetaminophen, another receiving oral
acetaminophen (both at a dose of 1 gram), and a third
receiving an oral placebo. The study demonstrated that
when used as an adjunct pain relief medication alongside

Anesth Pain Med. 2024;14(2):e141975.
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hydromorphone, there were no significant differences in
pain intensity among patients during the first 6 hours
and the first 24 hours after surgery between the oral
and injectable acetaminophen groups. These findings
align with our study, indicating that the utilization of
acetaminophen (Apotel) does not significantly impact
average pain levels during the initial 24 hours following
surgery (34).

In a single-blinded, randomized clinical trial at
Taleghani Hospital in Iran, 70 patients undergoing
elective C-sections were randomly assigned to receive
either intravenous apotel or remifentanil. The study
found that remifentanil provided superior postoperative
pain control compared to apotel immediately after
surgery, as indicated by lower pain scores during the
recovery period. However, there were no significant
differences between the groups in terms of narcotic drug
use, blood pressure, or heartrate (35). These findings align
with our study results, suggesting that remifentanil’s
superior postoperative pain reduction performance may
be extended to various other surgical procedures (35).

A study conducted in Korea to assess the impact of
intraoperative remifentanil infusion on postoperative
opioid consumption in patients undergoing TKA with
femoral nerve block aimed to investigate whether the
use of remifentanil during surgery would influence the
amountof opioids required for postoperative pain control.
It showed that patients who received intraoperative
remifentanil had a significantly higher cumulative opioid
consumption at 48 hours postoperatively compared to
those who did not. This finding suggests a potential
link between remifentanil use and opioid-induced
hyperalgesia, leading to increased postoperative pain and
opioid requirements. Additionally, the study highlighted
the importance of multimodal pain management
strategies and the need to balance effective pain control
with minimizing opioid-related side effects (13).

This study contradicts our findings, as our research
showed that intraoperative remifentanil reduces
postoperative opioid consumption. This inconsistency
likely arises from the discontinuation of postoperative
remifentanil infusion and the use of tramadol-fentanyl
pumps in this study. When combining our results with
those of this study, it becomes evident that relying
solely on intraoperative remifentanil administration,
without postoperative remifentanil-based pain pumps,
could potentially lead to an increased demand for
opioid analgesics and is not advisable. If remifentanil is
planned for TKA analgesia, it should also be factored into
postoperative pain management considerations, as it may
contribute to opioid-induced hyperalgesia (13).

The study by Tomita et al. investigated acute
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opioid tolerance during remifentanil infusion for
postoperative pain in patients undergoing TKA. Findings
suggest that intraoperative remifentanil infusion led
to increased postoperative pain during movement,
indicating potential acute tolerance development,
while preoperative NSAID administration showed some
promise in improving postoperative analgesia (36).
These findings suggest that while restricting the use
of remifentanil during surgery may elevate the risk of
opioid tolerance and lead to less favorable outcomes, its
continued administration in the postoperative phase has
the potential to reduce the need for opioid analgesics.

The study conducted by Hwang et al. investigated the
use of dexmedetomidine as an adjuvant in propofol-based
total intravenous anesthesia (TIVA) for spinal surgery.
Dexmedetomidine displayed superior efficacy to
remifentanil in controlling postoperative pain for up
to 48 hours after surgery, reducing the need for rescue
analgesics and postoperative nausea and vomiting
(PONV), potentially making it a more efficient choice in
propofol-based TIVA for pain and PONV management. It
is important to note that in this study, dexmedetomidine
and remifentanil were exclusively used for intraoperative
pain management, with patient-controlled pumps
containing tramadol and fentanyl for postoperative pain
control (37).

A pilot study compared two intravenous
patient-controlled analgesia regimens with different
doses of remifentanil for labor analgesia. Although pain
and satisfaction scores were similar in both groups, the
regimen with a continuous infusion of 0.025 - 0.1 microg
per kg per min and a bolus of 0.25 microg per kg in Group
A was associated with fewer side effects compared to
the bolus-based dosing regimen in Group B, suggesting
the potential efficacy of remifentanil intravenous PCA
for labor analgesia, but close respiratory monitoring is
necessary due to the potential for respiratory depression
(38).

A review of 20 randomized controlled trials involving
3,569 women compared the use of remifentanil
intravenous PCA with various other analgesic methods
for labor pain relief. The review found that women using
remifentanil PCA reported higher satisfaction with pain
relief and stronger pain relief at one hour compared to
some other opioids but also noted that remifentanil PCA
was associated with increased pain intensity compared to
epidural analgesia. However, the quality of evidence was
generally low, and further research is needed to assess the
safety and efficacy of remifentanil PCA for both mothers
and newborns during labor (39).

Remifentanil postoperative infusion has
demonstrated superiority in post-operative pain control,
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offering sustained relief over 24 hours and reducing
cumulative narcotic consumption. Although concerns
arise regarding potential opioid-induced hyperalgesia,
acute tolerance development, and the need for careful
patient selection, these concerns are related to limited
intraoperative use, and postoperative use may reduce
or mask this effect. In certain surgical contexts,
such as spinal surgery, dexmedetomidine may offer
better pain management with fewer side effects than
remifentanil, prompting the need for a nuanced approach
to opioid usage in postoperative care. Additionally,
remifentanil’s application in labor analgesia yields high
patient satisfaction but necessitates vigilant respiratory
monitoring due to the risk of respiratory depression.
Hence, the choice of remifentanil for postoperative pain
management should be considered in light of specific
surgical requirements and the potential for opioid-related
complications, emphasizing the importance of a
comprehensive, multimodal pain management strategy
and the need for further research to determine its
appropriateness and safety in various clinical scenarios.

Remifentanil has demonstrated its effectiveness in
post-operative pain control, offering sustained relief
over a 24-hour period and reducing cumulative narcotic
consumption. However, concerns have been raised
regarding potential issues such as opioid-induced
hyperalgesia and acute tolerance development. It's
important to note that these concerns are often associated
with limited intraoperative use, and postoperative use of
remifentanil may reduce or mask these effects.

In specific surgical contexts, such as spinal surgery,
dexmedetomidine has shown promise as a potential
alternative to remifentanil, providing better pain
management with fewer side effects. This highlights
the importance of adopting a nuanced approach to opioid
usage in postoperative care, considering the unique
requirements of each surgical procedure.

Moreover, when considering remifentanil in other
contexts, such as labor analgesia, it’s worth noting that it
canyield high patient satisfaction. However, this approach
necessitates vigilant respiratory monitoring due to the
potential risk of respiratory depression.

In conclusion, the choice of using remifentanil
for post-operative pain management should be carefully
evaluated in light of specific surgical requirements and the
potential for opioid-related complications. Emphasizing
the importance of a comprehensive, multimodal pain
management strategy is crucial, and further research is
needed to determine the appropriateness and safety of
remifentanil in various clinical scenarios.
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5.1. Limitations

This study, conducted with a small sample size of
62 patients in Arak, Iran, may limit the generalizability
of its findings to broader healthcare contexts. The
study primarily assessed pain control within the first
24 hours after surgery. It is crucial for future studies
to investigate pain control for extended periods to
ensure that postoperative remifentanil will mitigate
analgesic tolerance or merely mask it for a short period of
time. The study did not consider potential confounding
factors like baseline pain levels, psychological variables,
or concurrent medications. Therefore, while it offers
valuable insights into the effectiveness of Apotel and
remifentanil in postoperative pain management after
total knee arthroplasty, its limitations, including the small
sample size, absence of a placebo group, and potential
confounding factors, should be noted when interpreting
the results.

5.2. Conclusions

This study compared Apotel and remifentanil for
postoperative pain management in TKA patients, revealing
several key findings. The research included 62 participants
with no significant differences in demographics or
surgical characteristics between the 2 intervention
groups. Remifentanil exhibited superior and sustained
pain control over 24 hours, with longer-lasting pain relief
and lower cumulative narcotic painkiller consumption
compared to Apotel. Hemodynamic parameters remained
stable for both medications.

Footnotes

Authors’ Contribution: Study concept and design: AKX,
Sa.Gm., and M.P. Acquisition of data: Sa.Gm. Analysis and
interpretation of data: A.T. Drafting of the manuscript:
A.T. Critical revision of the manuscript for important
intellectual content: AK., B.M. Statistical analysis: A.T.
Administrative, technical, and material support: A.K. and
B.M. Study supervision: A.K., M.P.

Clinical Trial Registration Code: The research, which is
adouble-blind prospective randomized controlled clinical
trial, has been duly registered and approved by the Iranian
Registry of Clinical Trials (IRCT) under the registration
number IRCT20220812055663N1.

Conflict of Interests: The authors have no conflicts of
interest to declare. All co-authors have seen and agree with
the contents of the manuscript, and there is no financial
interest to report.

Anesth Pain Med. 2024;14(2):e141975.


https://en.irct.ir/trial/65301

Golrokh Moghadam SA et al.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: We hereby confirm that this research
involving human subjects has obtained the requisite
approval from the Institutional Review Board (IRB) in full
compliance with ethical and regulatory guidelines. The
study received its approval from the Institutional Ethics
Committee of Arak University of Medical Sciences on May
29,2022, with the Approval ID IR ARAKMU.REC.1401.083.

Funding/Support: This study was supported in part by
grant 6152.

Informed Consent: Informed consent is uploaded to the
files section.

References

10.

1.

. Gemayel AC, Varacallo M. Total Knee Replacement Techniques. StatPearls

Publishing; 2023.

. Hsu H, Siwiec RM. Knee Arthroplasty. StatPearls Publishing; 2023.
. Sheth NP, Husain A, Nelson CL. Surgical Techniques for Total Knee

Arthroplasty: Measured Resection, Gap Balancing, and Hybrid. ] Am
Acad Orthop Surg. 2017;25(7):499-508. [PubMed ID: 28644188]. https:
|/doi.org(10.5435[JAAOS-D-14-00320.

. Feng JE, Novikov D, Anoushiravani AA, Schwarzkopf R. Total knee

arthroplasty:  improving outcomes with a multidisciplinary
approach. | Multidiscip Healthc. 2018;11:63-73. [PubMed ID: 29416347].
[PubMed Central ID: PMC5790068]. https://doi.org/10.2147/JMDH.
$140550.

. Li JW, Ma YS, Xiao LK. Postoperative Pain Management in Total Knee

Arthroplasty. Orthop Surg. 2019;11(5):755-61. [PubMed ID:31663286].
[PubMed Central ID: PMC6819170]. https:|/doi.org[10.1111/0s.12535.

. Marczak D, Synder M, Sibinski M, Okon T, Kowalczewski J. One-stage

total knee arthroplasty with pre-existing fracture deformity:
post-fracture total knee arthroplasty.JArthroplasty. 2014;29(11):2104-8.
[PubMed ID: 25092561]. https://doi.org/10.1016/j.arth.2014.07.007.

. Peters CL. Soft-tissue balancing in primary total knee arthroplasty.

Instr Course Lect. 2006;55:413-7. [PubMed ID:16958476].

. Price A], Alvand A, Troelsen A, Katz JN, Hooper G, Gray A,

et al. Knee replacement. Lancet. 2018;392(10158):1672-82.
[PubMed ID:30496082]. https://doi.org/10.1016/S0140-6736(18)32344-
4

. Choi YS, Kim TW, Chang M], Kang SB, Chang CB. Enhanced recovery

after surgery for major orthopedic surgery: a narrative review. Knee
Surg Relat Res. 2022;34(1):8. [PubMed ID:35193701]. [PubMed Central
ID: PMC8864772]. https:|/doi.org[10.1186/s43019-022-00137-3.

Mont MA, Beaver WB, Dysart SH, Barrington JW, Del Gaizo DJ. Local
Infiltration Analgesia With Liposomal Bupivacaine Improves Pain
Scores and Reduces Opioid Use After Total Knee Arthroplasty: Results
of a Randomized Controlled Trial. | Arthroplasty. 2018;33(1):90-6.
[PubMed ID: 28802777]. https://doi.org/10.1016/j.arth.2017.07.024.
Moucha CS, Weiser MC, Levin EJ. Current Strategies in
Anesthesia and Analgesia for Total Knee Arthroplasty. | Am
Acad  Orthop  Surg. 2016;24(2):60-73. [PubMed ID: 26803543].
https:|/doi.org[10.5435[JAAOS-D-14-00259.

. Bian YY, Wang LC, Qian WW, Lin ], Jin ], Peng HM, et al. Role of

Parecoxib Sodium in the Multimodal Analgesia after Total Knee
Arthroplasty: ARandomized Double-blinded Controlled Trial. Orthop
Surg. 2018;10(4):321-7. [PubMed ID:30485685]. [PubMed Central ID:
PMC6594467]. https://doi.org/10.1111/0s.12410.

Anesth Pain Med. 2024;14(2):e141975.

15.

18.

20.

21.

22.

23.

24.

25.

26.

. Chung C, Choi ], Lee T, Park S. The Effects of Intraoperative

Remifentanil Infusion on Postoperative Opioid Consumption in
Patients Who Underwent Total Knee Arthroplasty with Femoral
Nerve Block. J Clin Med. 2023;12(15). [PubMed ID:37568377|. [PubMed
Central ID: PMC10420314]. https:|/doi.org[10.3390/jcm12154975.

. Surdam JW, Licini D], Baynes NT, Arce BR. The use of exparel

(liposomal bupivacaine) to manage postoperative pain in unilateral
total knee arthroplasty patients. J Arthroplasty. 2015;30(2):325-9.
[PubMed ID: 25282071]. https://doi.org/10.1016/j.arth.2014.09.004.

de Hoogd S, Ahlers SJ, van Dongen EP, van de Garde EM,
Hamilton-Ter Brake TA, Dahan A, et al. Is Intraoperative
Remifentanil Associated With Acute or Chronic Postoperative
Pain After Prolonged Surgery? An Update of the Literature.

Clin ] Pain. 2016;32(8):726-35. [PubMed ID:26626296]. https:
[/doi.org(10.1097/A]JP.0000000000000317.
. De Oliveira GJ, Castro-Alves L], McCarthy R]. Single-dose

systemic acetaminophen to prevent postoperative pain: a
meta-analysis of randomized controlled trials. Clin | Pain.
2015;31(1):86-93.  [PubMed ID: 25485955].  https:|/doi.org[10.1097/
AJP.0000000000000081.

. Britten T, Hughes ]D, Munoz Maldonado Y, Hitt KD. Efficacy of

Liposomal Bupivacaine Compared with Multimodal Periarticular
Injections for Postoperative Pain Control following Total Knee
Arthroplasty. ] Knee Surg. 2019;32(10):979-83. [PubMed ID:30396201].
https://doi.org/10.1055/s-0038-1675191.

Ma ], Zhang W, Yao S. Liposomal bupivacaine infiltration versus
femoral nerve block for pain control in total knee arthroplasty: A
systematic review and meta-analysis. Int | Surg. 2016;36(Pt A):44-55.
[PubMed ID: 27742564]. https://doi.org[10.1016/j.ijsu.2016.10.007.

. Wang C, Cai XZ, Yan SG. Comparison of Periarticular Multimodal

Drug Injection and Femoral Nerve Block for Postoperative Pain
Management in Total Knee Arthroplasty: A Systematic Review and
Meta-Analysis. [ Arthroplasty. 2015;30(7):1281-6. [PubMed ID: 25735501].
https://doi.org/10.1016/j.arth.2015.02.005.

Bagsby DT, Ireland PH, Meneghini RM. Liposomal bupivacaine
versus traditional periarticular injection for pain control
after total knee arthroplasty. | Arthroplasty. 2014;29(8):1687-90.
[PubMed ID: 24793570]. https://doi.org/10.1016/j.arth.2014.03.034.
Wylde V, Dieppe P, Hewlett S, Learmonth ID. Total knee replacement:
is it really an effective procedure for all? Knee. 2007;14(6):417-23.
[PubMed ID:17596949]. https://doi.org[10.1016/j.knee.2007.06.001.
Mammoto T, Fujie K, Mamizuka N, Taguchi N, Hirano A, Yamazaki
M, et al. Effects of postoperative administration of celecoxib on pain
management in patients after total knee arthroplasty: study protocol
for an open-label randomized controlled trial. Trials. 2016;17:45.
[PubMed ID: 26803746]. [PubMed Central ID: PMC4724107]. https://
doi.org/10.1186/513063-015-1106-2.

YaDeau |T, Lin Y, Mayman D], Goytizolo EA, Alexiades MM, Padgett
DE, et al. Pregabalin and pain after total knee arthroplasty: a
double-blind, randomized, placebo-controlled, multidose trial. Br |
Anaesth. 2015;115(2):285-93. [PubMed ID: 26170351]. [PubMed Central
ID: PMC4500762]. https://doi.org/10.1093/bja/aev217.

Lachiewicz PF. The role of intravenous acetaminophen in
multimodal pain protocols for perioperative orthopedic
patients. Orthopedics. 2013;36(2 Suppl):15-9. [PubMed ID: 23379571].
https://doi.org[10.3928/01477447-20130122-52.

Kornilov N, Lindberg MF, Gay C, Saraev A, Kuliaba T, Rosseland LA,
et al. Factors Related to Postoperative Pain Trajectories following
Total Knee Arthroplasty: A Longitudinal Study of Patients Admitted
to a Russian Orthopaedic Clinic. Pain Res Treat. 2016;2016:3710312.
[PubMed ID: 26885390]. [PubMed Central ID: PMC4738950]. https://
doi.org/10.1155/2016/3710312.

Elmallah RK, Cherian ]JJ, Pierce TP, Jauregui J]J, Harwin SF,
Mont MA. New and Common Perioperative Pain Management
Techniques in Total Knee Arthroplasty. | Knee Surg. 2016;29(2):169-78.
[PubMed ID: 25892004]. https://doi.org/10.1055[s-0035-1549027.

1


https://ethics.research.ac.ir/ProposalCertificateEn.php?id=268976&Print=true&NoPrintHeader=true&NoPrintFooter=true&NoPrintPageBorder=true&LetterPrint=true
https://vdresearch.arakmu.ac.ir/webdocument/load.action?webdocument_code=5000&masterCode=7005746
http://www.ncbi.nlm.nih.gov/pubmed/28644188
https://doi.org/10.5435/JAAOS-D-14-00320
https://doi.org/10.5435/JAAOS-D-14-00320
http://www.ncbi.nlm.nih.gov/pubmed/29416347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5790068
https://doi.org/10.2147/JMDH.S140550
https://doi.org/10.2147/JMDH.S140550
http://www.ncbi.nlm.nih.gov/pubmed/31663286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6819170
https://doi.org/10.1111/os.12535
http://www.ncbi.nlm.nih.gov/pubmed/25092561
https://doi.org/10.1016/j.arth.2014.07.007
http://www.ncbi.nlm.nih.gov/pubmed/16958476
http://www.ncbi.nlm.nih.gov/pubmed/30496082
https://doi.org/10.1016/S0140-6736(18)32344-4
https://doi.org/10.1016/S0140-6736(18)32344-4
http://www.ncbi.nlm.nih.gov/pubmed/35193701
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8864772
https://doi.org/10.1186/s43019-022-00137-3
http://www.ncbi.nlm.nih.gov/pubmed/28802777
https://doi.org/10.1016/j.arth.2017.07.024
http://www.ncbi.nlm.nih.gov/pubmed/26803543
https://doi.org/10.5435/JAAOS-D-14-00259
http://www.ncbi.nlm.nih.gov/pubmed/30485685
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6594467
https://doi.org/10.1111/os.12410
http://www.ncbi.nlm.nih.gov/pubmed/37568377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10420314
https://doi.org/10.3390/jcm12154975
http://www.ncbi.nlm.nih.gov/pubmed/25282071
https://doi.org/10.1016/j.arth.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/26626296
https://doi.org/10.1097/AJP.0000000000000317
https://doi.org/10.1097/AJP.0000000000000317
http://www.ncbi.nlm.nih.gov/pubmed/25485955
https://doi.org/10.1097/AJP.0000000000000081
https://doi.org/10.1097/AJP.0000000000000081
http://www.ncbi.nlm.nih.gov/pubmed/30396201
https://doi.org/10.1055/s-0038-1675191
http://www.ncbi.nlm.nih.gov/pubmed/27742564
https://doi.org/10.1016/j.ijsu.2016.10.007
http://www.ncbi.nlm.nih.gov/pubmed/25735501
https://doi.org/10.1016/j.arth.2015.02.005
http://www.ncbi.nlm.nih.gov/pubmed/24793570
https://doi.org/10.1016/j.arth.2014.03.034
http://www.ncbi.nlm.nih.gov/pubmed/17596949
https://doi.org/10.1016/j.knee.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26803746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4724107
https://doi.org/10.1186/s13063-015-1106-2
https://doi.org/10.1186/s13063-015-1106-2
http://www.ncbi.nlm.nih.gov/pubmed/26170351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500762
https://doi.org/10.1093/bja/aev217
http://www.ncbi.nlm.nih.gov/pubmed/23379571
https://doi.org/10.3928/01477447-20130122-52
http://www.ncbi.nlm.nih.gov/pubmed/26885390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4738950
https://doi.org/10.1155/2016/3710312
https://doi.org/10.1155/2016/3710312
http://www.ncbi.nlm.nih.gov/pubmed/25892004
https://doi.org/10.1055/s-0035-1549027

Golrokh Moghadam SA et al.

27.

28.

29.

30.

31

32.

12

Politi JR, Davis R2, Matrka AK. Randomized Prospective Trial
Comparing the Use of Intravenous versus Oral Acetaminophen
in Total Joint Arthroplasty. | Arthroplasty. 2017;32(4):1125-7.
[PubMed ID: 27839957]. https://doi.org/10.1016/j.arth.2016.10.018.
Heydari SM, Hashemi ], Pourali S. The Comparison of Preventive
Analgesic Effects of Ketamine, Paracetamol and Magnesium Sulfate
on Postoperative Pain Control in Patients Undergoing Lower Limb
Surgery: A Randomized Clinical Trial. Adv Biomed Res. 2017;6:134.
[PubMed ID: 29279832]. [PubMed Central ID: PMC5674649]. https://
doi.org(10.4103/2277-9175.217217.

Erdivanli B, Erdivanli OC, Sen A, Ozdemir A, Tugcugil E,
Dursun E. Comparison of Metoprolol and Tramadol with
Remifentanil in Endoscopic Sinus Surgery: A Randomised
Controlled Trial. Turk ] Anaesthesiol Reanim. 2018;46(6):424-33.
[PubMed ID:30505604]. [PubMed Central ID: PMC6223865].
https://doi.org[10.5152|TJAR.2018.28999.

Grape S, Kirkham KR, Frauenknecht |, Albrecht E. Intra-operative
analgesia with remifentanil vs. dexmedetomidine: a systematic
review and meta-analysis with trial sequential analysis.
Anaesthesia. 2019;74(6):793-800. [PubMed ID:30950522]. https:
|/doi.org/10.1111/anae.14657.

Tajabadi N, Kamali A, Alaghmand A, Jamilian H, Pazooki S,
Tajerian A. The Effects of Remifentanil, Dexmedetomidine, and
Metoral as Adjuncts to Thiopental on Hemodynamic Status After
Electroconvulsive Therapy in Patients with Major Depressive
Disorder: A Randomized Controlled Clinical Trial. Anesth Pain
Med. 2023;13(5). €139383. [PubMed ID: 38028112]. [PubMed Central ID:
PMC10664154]. https://doi.org/10.5812/aapm-139383.

Delgado DA, Lambert BS, Boutris N, McCulloch PC, Robbins AB,
Moreno MR, et al. Validation of Digital Visual Analog Scale
Pain Scoring With a Traditional Paper-based Visual Analog
Scale in Adults. ] Am Acad Orthop Surg Glob Res Rev. 2018;2(3).
€088. [PubMed ID:30211382]. [PubMed Central ID: PMC6132313].

33.

34.

35.

36.

37.

38.

39.

https://doi.org/10.5435/JAAOSGlobal-D-17-00088.

Baamer RM, Igbal A, Lobo DN, Knaggs RD, Levy NA, Toh LS. Utility
of unidimensional and functional pain assessment tools in
adult postoperative patients: a systematic review. Br | Anaesth.
2022;128(5):874-88. [PubMed ID:34996588]. [PubMed Central ID:
PMC9074792]. https:[/doi.org[10.1016[j.bja.2021.11.032.

O'Neal |B, Freiberg AA, Yelle MD, Jiang Y, Zhang C, Gu Y, et al.
Intravenous vs Oral Acetaminophen as an Adjunct to Multimodal
Analgesia After Total Knee Arthroplasty: A Prospective, Randomized,
Double-Blind Clinical Trial. J Arthroplasty. 2017;32(10):3029-33.
[PubMed ID:28690041].  [PubMed Central ID: PMC5605416].
https://doi.org[10.1016/j.arth.2017.05.019.

Kamali A, Mortazavi L, Shokrpour M. The Effects of Apotel and
Remifentanil on Postoperative Pain. Altern Ther Health Med.
2019;25(3):8-12.

Tomita A, Satani M, Morimoto A, Omae N. Influence of remifentanil
on postoperative pain with intravenous patient-controlled
analgesia following total knee arthroplasty. Masui Jpn | Anesthesiol.
2011;60(11):1308-13. Japanese. [PubMed ID: 22175171].

Hwang W, Lee ], Park ], Joo J. Dexmedetomidine versus remifentanil
in postoperative pain control after spinal surgery: a randomized
controlled study. BMC Anesthesiol. 2015;15:21. [PubMed ID: 25750586 ].
[PubMed Central ID: PMC4352285]. https:|/doi.org[10.1186/s12871-015-
0004-1.

Balki M, Kasodekar S, mbbs SD, Bernstein P, Carvalho JC. Remifentanil
patient-controlled analgesia for labour: optimizing drug delivery
regimens. Can | Anaesth. 2007;54(8):626-33. https://doi.org/10.1007/
bf03022956.

Weibel S, Jelting Y, Afshari A, Pace NL, Eberhart LH, Jokinen ],
et al. Patient-controlled analgesia with remifentanil versus

alternative parenteral methods for pain management in
labour. Cochrane Database Syst Rev. 2017;4(4). CDO11989.
[PubMed ID: 28407220]. [PubMed Central ID: PMC6478102].

https://doi.org/10.1002/14651858.CD011989.pub2.

Anesth Pain Med. 2024;14(2):e141975.


http://www.ncbi.nlm.nih.gov/pubmed/27839957
https://doi.org/10.1016/j.arth.2016.10.018
http://www.ncbi.nlm.nih.gov/pubmed/29279832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5674649
https://doi.org/10.4103/2277-9175.217217
https://doi.org/10.4103/2277-9175.217217
http://www.ncbi.nlm.nih.gov/pubmed/30505604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6223865
https://doi.org/10.5152/TJAR.2018.28999
http://www.ncbi.nlm.nih.gov/pubmed/30950522
https://doi.org/10.1111/anae.14657
https://doi.org/10.1111/anae.14657
http://www.ncbi.nlm.nih.gov/pubmed/38028112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10664154
https://doi.org/10.5812/aapm-139383
http://www.ncbi.nlm.nih.gov/pubmed/30211382
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6132313
https://doi.org/10.5435/JAAOSGlobal-D-17-00088
http://www.ncbi.nlm.nih.gov/pubmed/34996588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9074792
https://doi.org/10.1016/j.bja.2021.11.032
http://www.ncbi.nlm.nih.gov/pubmed/28690041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5605416
https://doi.org/10.1016/j.arth.2017.05.019
http://www.ncbi.nlm.nih.gov/pubmed/22175171
http://www.ncbi.nlm.nih.gov/pubmed/25750586
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352285
https://doi.org/10.1186/s12871-015-0004-1
https://doi.org/10.1186/s12871-015-0004-1
https://doi.org/10.1007/bf03022956
https://doi.org/10.1007/bf03022956
http://www.ncbi.nlm.nih.gov/pubmed/28407220
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478102
https://doi.org/10.1002/14651858.CD011989.pub2

	Abstract
	1. Background
	2. Objectives
	2.1. Primary Aims
	2.2. Secondary Aims

	3. Methods
	3.1. Patients and Design
	Figure 1
	3.1.1. Inclusion Criteria
	3.1.2. Non-Inclusion Criteria
	3.1.3. Exclusion Criteria

	3.2. Randomization and Blinding
	Figure 2

	3.3. Trial Interventions
	3.4. Measurements
	3.4.1. Hemodynamic Monitoring
	3.4.2. Pain Assessment
	3.4.3. Analgesic Duration Assessment
	3.4.4. Narcotic Consumption
	3.4.5. Sample Size Estimation

	3.5. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 3
	Table 3
	Table 4

	5. Discussion
	5.1. Limitations
	5.2. Conclusions

	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Data Availability: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

