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Abstract: Surgical interventions in hip fracture have been associated with multiple adverse events,
including perioperative hypotension and mortality, making the choice of the anesthetic method for
this procedure crucial. There is still no consensus on whether regional (RA) or general (GA) anesthesia
should be used to maintain hemodynamic stability and more favorable outcomes. Therefore, this
meta-analysis examines the differences between RA and GA groups in the incidence of mortality,
intraoperative hypotension, and other intra- and postoperative complications. The comparison is
essential given the rising global prevalence of hip fractures and the need to optimize anesthesia
strategies for improved patient outcomes, particularly in an aging population. We followed PRISMA
guidelines (PROSPERO #CRD42022320413). We conducted the search for studies published in English
before March 2022 in PubMed, Google Scholar, and the Cochrane Library. We included RCTs that
compared general and regional anesthesia in adult patients having hip fracture surgical interven-
tions. The primary outcome was perioperative mortality. The secondary outcomes were peri- or
postoperative complications and duration of hospital stay. We conducted a meta-analysis in RevMan
(version 5.4). We examined the quality of the methodology with the Cochrane risk of bias 2 tool,
while the quality of evidence was determined with GRADE. Fifteen studies with 4110 patients were
included. Our findings revealed no significant difference between general and regional anesthesia in
risk of perioperative mortality (RR = 1.42 [0.96, 2.10], p-value = 0.08), intraoperative complications, or
duration of hospital length of stay. Our results suggest that regional anesthesia and general anesthesia
have comparable safety and can be used as alternatives based on specific patient requirements.

Keywords: general anesthesia; regional anesthesia; spinal anesthesia; epidural anesthesia; hip
fracture; surgery; outcomes

1. Introduction

The number of new cases of hip fracture is projected to exceed two and a half million
worldwide by the first quarter of the 21st century [1]. Hip fracture is associated with a
substantial perioperative complication rate of 6–19% overall [2,3] and a mortality rate of
3–8% [4–7]. Among complications, hypotension poses a particular concern, especially in
the frail elderly population, given its association with elevated mortality at 30 days [8,9].
Different methods of anesthetic techniques, fluid therapy, and vasopressors are used to
maintain the stability of the mean arterial pressure (MAP) [10,11]. Moreover, directing fluid
and vasopressor administration based on a thorough hemodynamic evaluation, conducted
through preoperative echocardiography and noninvasive monitoring, is crucial due to the
potential adverse events associated with hypo- and hypervolemia. Hypovolemia may lead
to decreased preload, resulting in cardiac output reduction and inadequate organ perfusion,
while hypervolemia can cause systemic and pulmonary congestion, leading to decreased
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organ function. Currently, there are several approaches to monitoring fluid responsiveness.
One option is the visualization of the inferior vena cava (IVC) diameter with echocardio-
graphy from the subcostal region or using a coronal trans-hepatic approach, although
more research is needed to determine the appropriate thresholds for fluid responsiveness
when employing the latter [12]. Alternatively, continuous noninvasive blood pressure
monitoring can be used as it has been associated with a lower incidence of hypotension and
hypertension during general anesthesia compared to intermittent cuff measurement [13].
Furthermore, the use of artificial intelligence for continuous noninvasive monitoring of
blood pressure during general anesthesia has demonstrated promising results in hemody-
namic assessment [14]. Despite the various attempts to prevent hypotensive events and
other adverse outcomes, a definitive agreement on the best anesthesia approach for this
surgery has not been reached.

General anesthesia (GA) is still widely used in hip fracture surgery, yet multiple
regional anesthetic (RA) techniques are also gaining popularity. Thus, spinal anesthesia
(SA) is often favored over general anesthesia in patients with a higher susceptibility to
complications due to its effectiveness, simplicity, and minimal impact on cognitive and
pulmonary function [15]. In fact, between 2007 and 2017, the usage of SA for hip fracture
surgery increased by 50% [16]. However, SA is associated with severe hypotension, as it
reduces the body’s ability to compensate for changes in blood pressure, particularly in frail
populations with numerous underlying health conditions [17]. On the other hand, continu-
ous spinal anesthesia (CSA) has been shown to more effectively maintain hemodynamic
stability compared with single-shot SA or GA thanks to low-fractionated administration
of local anesthetic [10,11,18]. A recent meta-analysis also demonstrated that a 6.5 mg dose
of SA was effective and associated with a lower incidence of hypotension compared to a
10.5 mg dose [19]. The authors suggest that a smaller dose provides an effective sensory
block in conjunction with opiates through synergistic action of the two while minimizing
systemic effects, including hemodynamic outcomes [19]. Similarly, multiple nerve blocks
(MNBs) have been used as a GA alternative to minimize hypotensive episodes with some
studies reporting promising results [20,21].

This systematic review with meta-analysis (SR&MA) aims to answer two main ques-
tions: Are there differences in death rates between the general and regional (SA, CSA,
MNB) anesthesia groups? Are there differences in hypotension and other intraoperative
and postoperative complications between the two groups?

2. Materials and Methods

2.1. Protocol

We conducted this study using the PRISMA guidelines [22]. PRISMA diagram is
available in Figure 1. The protocol was developed prior to conducting the study and is
publicly available in PROSPERO (#CRD42022320413). There were no deviations from
the protocol.

2.2. Search Strategy and Criteria

The systematic search for relevant articles published before 15 March 2022 was per-
formed using the following databases: PubMed, Google Scholar, and the Cochrane Li-
brary. The search terms used are available in Supplementary Materials. After searching
the databases, a manual search was conducted by going through the references of the
identified studies.

2.3. Screening

Screening of the articles was conducted by two authors in an independent manner. In
case of disagreements, a third author was consulted. The studies were screened based on
titles, then abstracts, and finally, by full texts. We included studies based on these criteria:

2



J. Clin. Med. 2023, 12, 7513

Inclusion criteria:

• Randomized controlled trials (RCTs);
• Adult patients with hip fractures undergoing surgical procedures;
• Comparing regional anesthesia versus general anesthesia;
• Reporting outcomes of interest: mortality (primary) and intra- and postoperative

complications (secondary).

Exclusion criteria:

• Study designs other than RCTs;
• Pediatric studies;
• Not comparing regional to general anesthesia;
• Not reporting outcomes of interest.

Studies that did not meet the specified inclusion criteria were excluded.

 

Figure 1. PRISMA diagram.

2.4. Data Extraction and Statistical Methods

Two authors extracted data independently. Any disagreements were solved by con-
sulting a third author. We extracted study characteristics (country, primary/secondary
outcomes, sample size, age) in a data table (Supplementary Table S1). Numeric data on the
outcomes of interest were extracted into a spreadsheet for further analysis. If a study did
not report data on an outcome of interest for this meta-analysis, we did not include that
study in the analysis of that outcome. The primary outcome was death, while the secondary
ones were other adverse events and duration of hospitalization. For each outcome, the
risk ratio or standardized mean difference was calculated, and sensitivity analysis was
conducted. If required, we employed mathematical techniques to calculate the sample
mean and standard deviation [23,24]. Given the differences in study populations and
procedures, a high level of heterogeneity among the studies was anticipated. Therefore, the
random effects model was employed for the analysis. A significance level of p < 0.05 was
adopted. Forest plots were constructed for each outcome. To assess statistical heterogeneity,
we utilized the I2 statistic. The data analysis was performed in the software “Review
Manager (RevMan) [Computer program]. Version 5.4 (The Cochrane Collaboration, 2020,
Copenhagen, Denmark)”.
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2.5. Quality Assessment

The quality of the methodology of the studies included in the review was evaluated
with the Cochrane Risk of Bias Tool 2 [25]. We evaluated each study as “low risk”, “some
concerns”, or “high risk” of bias based on the “randomization process”, “deviations from
the intended intervention”, “missing outcome data”, “measurement of the outcome”,
and “selection of the reported results”. To assess the quality of the evidence of the main
outcomes, we analyzed them with the GRADE [26]. We analyzed each outcome for “risk
of bias”, “inconsistency”, “indirectness”, and “imprecision” and summarized the overall
quality of the outcome as “high”, “moderate”, “low”, or “very low”.

3. Results

3.1. Included Studies

The systematic search yielded 616 articles. After duplicate removal and title screening,
15 RCTs comprising 4110 patients were identified for inclusion in the MA [27–41] (Figure 1,
Table 1).

Table 1. Characteristics of the included studies.

First Author, Year Country Groups Study Outcomes Age (Mean ± SD)
N of Patients:

Total (I/C)
Local Anesthetic

Bigler, 1985 [27] NG
GA Prim.—postoperative mental

function and morbidity
80.1 ± 1.6 40 (20/20) SA: 3 mL bupivacaine 0.75%SA 77.6 ± 2.3

Davis, 1981 [28] New Zealand

GA

Prim.—morbidity and mortality

81 ± 8.2

132 (64/68)

SA: tetracaine 0.5% in 6%
dextrose with adrenaline

1:100,000 without barbotage in
51 patients

Hyperbaric cinchocaine 0.5% in
6% dextrose in 13 patients

SA 78 ± 8.6

Davis, 1987 [29] New Zealand
GA

Prim.—mortality 79.5 ± 8.8 538 (259/279)
SA: tetracaine, nupercaine or

bupivacaine (optional),
hyper/iso-baricSA

Juelsgaard, 1998 [30] Denmark
GA Prim.—incidence of myocardial

ischemia in atherosclerotic patients

85.7 (72–94)
43 (14/15/14) ISA: Bupivacaine 0.5% plain

SDSA: 2.5 mL bupivacaine plainISA 82.2 (65–99)
SDSA 79.6 (72–92)

Li, 2021 [31] China

GA Prim.—delirium within 7 days.
Sec.—delirium characteristics, pain

intensity in week 1, death at 30 days,
hospital LoS, complications, and

long-term and financial outcomes

77 (72–82)
77 (71–82) 942 (471/471)

SA: ropivacaine EA,
NB: ropivacaine,

bupivacaine, lidocaine

SA
EA
NB

McKenzie, 1980 [32] UK
GA Prim.—postoperative arterial

oxygenation and
intraoperative mortality

76.8 ± 1.38
100 (49/51) SA: 1.3–1.5 mL hyperbaric

cinchocaine 0.5%SA 74.5 ± 2.29

McKenzie, 1984 [33] UK
GA Prim.—mortality at 1 year 74.2 ± 1.7 150 (75/75) SA: 1.3–1.5 mL hyperbaric

0.5% cinchocaineSA 75.4 ± 1.4

McKenzie, 1985 [34] UK
GA Prim.—incidence of deep vein

thrombosis and pulmonaryembolism
73.9 ± 4.1 40 (20/20) SA: 1.2–1.5 mL

hyperbaric conchocaineSA 72.3 ± 2.8

McLaren, 1978 [35] UK
GA Prim.—mortality and morbidity 76 ± 9.7 55 (26/29) SA: 0.5 mL hyperbaric

cinchocaine (0.5% in 6% dextrose)SA 75.6 ± 10.3

Messina, 2013 [36] Italy
GA

Prim.—hemodynamic response
81.8 ± 6.3

20 (10/10)

SA: 7.5 mg levobupivacaine
diluted from 7.5 mg/mL with

2 mL distilled water +
preservative-free sufentanil 5 μgSA 83.9 ± 9.4

Neuman, 2021 [37] USA, Canada
GA Prim—death or inability to walk

independently at 60 days
after randomization

77.7 ± 10.7 1572
(782/790)

Varied across study sites
SA 78.4 ± 10.6

Parker, 2015 [38] UK
GA Prim.—mortality 82.9 (range 52–105) 322 (158/164) At the discretion of

the anesthetistSA 83.0 (range 59–99)

Svartling, 1986 [39] Finland
GA Prim.—arterial blood, pressure,

arterial oxygen tension, plasma
levels of cortisol

79.6 ± 2.1
30 (15/15) SA: 3 mL isobaric bupivacaine

hydrochloride 0.5%SA 75.1 ± 1.1

Tzimas, 2018 [40] Greece
GA Prim.—POCD at 30 days after

surgery, possible differences
Sec.—delirium on days 1, 2, 3, 4

77.11 ± 6.5
70 (37/33)

SA: fentanyl 20 mcg +
ropivacaine 0.75% based on
somatometric characteristics

SA 75.09 ± 6.08

White, 1980 [41] South Africa
GA Prim.—pre, intra-, and

postoperative events and mortality

78 ± 7.8
56 (20/20/16) SA: hyperbaric cinchocaine

0.6–0.8 mL
SA 80 ± 9.1

PCB 78 ± 7.3

Abbreviations: C, control; I, intervention; N, number; POCD, postoperative cognitive dysfunction; prim., primary
outcome; sec., secondary outcome; SD, standard deviation; GA, general anesthesia; SA, spinal anesthesia; ISA,
incremental spinal anesthesia; SDSA, single-dose spinal anesthesia; PCB, psoas compartment block; EA, epidural
block; NB, nerve blocks; NG, not given; LoS, length of stay.
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3.2. Mortality

There was no difference in the risk of death in the RA group compared to the GA group
(RR = 1.42; 95% CI: [0.96, 2.10], p-value = 0.08) (Figure 2). Sensitivity analysis revealed that
excluding either Davis et al. (1987) [29] or Li et al. (2022) [31] changed the result favoring
RA. We should note that most included studies reported values for the period of four weeks
or one month, Neuman et al. (2021) [37] reported values for the period of “after 60 days”,
and Bigler et al. (1985) [27] did not mention the specific postoperative period.

Figure 2. Death. Square—risk ratio for individual studies; line—confidence interval; diamond—pooled
risk ratio [27–33,37,38].

3.3. Intraoperative Hypotension

We did not observe a difference between the RA and the GA groups in the risk of
hypotension (RR = 1.24 [0.59, 2.60], p = 0.57) (Figure 3). Among the six studies with 1095
patients, there was substantial heterogeneity at I2 = 76%.

Figure 3. Intraoperative hypotension. Square—risk ratio for individual studies; line—confidence
interval; diamond—pooled risk ratio [28–30,35,36,38].

3.4. Cardiac and Cerebrovascular Complications

We combined myocardial infarction, cardiac failure, and cardiovascular accident into
the overall cardiac and cerebrovascular complications outcome. There was no significant
difference between the GA and RA groups in terms of myocardial infarction (RR = 1.23
[0.54, 2.82]), cardiac failure (RR = 0.85 [0.23, 3.07]), or cerebrovascular accident (RR = 0.60
[0.03, 12.83]). The lack of difference was maintained at the exclusion of any study (Figure 4).

3.5. Vascular Complications

For deep vein thrombosis, there was no difference between the two groups at RR = 1.36
[0.43, 4.29]. It should be mentioned that the result changed in favor of RA when the study
by McKenzie et al. (1985) [34] was excluded. For postoperative pulmonary embolus, the
results for the two groups were comparable at RR = 1.59 [0.61, 4.14] (Figure 5). The overall
result of the model for vascular complications is in favor of RA.

5
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Figure 4. Cardiac and cerebrovascular complications. Square—risk ratio for individual studies;
line—confidence interval; diamond—pooled risk ratio [29–31,33,37,38].

 

Figure 5. Vascular complications. Square—risk ratio for individual studies; line—confidence interval;
diamond—pooled risk ratio [27–29,33,34,37,38].

3.6. Acute Kidney Disease

The model does not favor RA over GA (Figure 6) since RR with 95% CI is equal to 1.68
[0.28, 10.27].

3.7. Postoperative Pneumonia

The model does not favor RA over GA (Figure 7) since RR with 95% CI is equal to 1.19
[0.73, 1.96].
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Figure 6. Acute kidney disease. Square—risk ratio for individual studies; line—confidence interval;
diamond—pooled risk ratio [28,29,38].

Figure 7. Postoperative pneumonia. Square—risk ratio for individual studies; line—confidence
interval; diamond—pooled risk ratio [27–29,33,37,38,41].

3.8. Intraoperative Blood Loss (mL)

The model does not favor RA over GA (Figure 8) since the std. mean difference (SMD)
with 95% CI is equal to 0.24 [−1.34, 1.83].

Figure 8. Intraoperative blood loss (mL). Square—risk ratio for individual studies; line—confidence
interval; diamond—pooled risk ratio [28,32–34,36].

3.9. Perioperative Blood Transfusion

The model (Figure 9) does not favor RA over GA since RR with 95% CI is equal to 1.04
[0.96, 1.13].

Figure 9. Perioperative blood transfusion. Square—risk ratio for individual studies; line—confidence
interval; diamond—pooled risk ratio [27,37,38,40].

7
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3.10. Duration of Hospital Stay (Days)

The model does not favor RA over GA (Figure 10) since SMD with 95% CI is equal to
0.33 [−0.08, 0.74].

Figure 10. Duration of hospital stay (days). Green square—risk ratio for individual studies;
line—confidence interval; diamond—pooled risk ratio [29,31,38].

3.11. Quality Assessment

We report the Cochrane Risk of Bias 2 in Table 2. Given the nature of the intervention,
group assignment could not be concealed from the patients, which contributed to the
“risk of bias”. Moreover, the randomization process and concealment technique were not
described in the older publications. However, these were published in reputable journals.
Therefore, all the studies were rated as having “some concerns” in terms of risk of bias.

Table 2. Cochrane risk of bias.

Study
(Author, Year)

Risk of Bias
Arising from the
Randomization

Process

Risk of Bias Due
to Deviations from

the Intended
Interventions

Missing
Outcome Data

Risk of Bias in
Measurement of

the Outcome

Risk of Bias in
Selection of the
Reported Result

Overall Risk
of Bias

Davis et al.,
1981 [28] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Bigler et al.,
1985 [27] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Davis et al.,
1987 [29] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Juelsgaard et al.,
1998 [30] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Mckenzie et al.,
1980 [32] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Mckenzie et al.,
1984 [33] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Neuman et al.,
2021 [37] Low risk Low risk Some concerns Some concerns Low risk Some concerns

Parker et al.,
2015 [38] Low risk Some concerns Low risk Low risk Low risk Some concerns

White et al.,
1980 [41] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Messina et al.,
2013 [36] Low risk Low risk Low risk Some concerns Low risk Some concerns

Svartling et al.,
1986 [39] Some concerns Low risk Low risk Some concerns Low risk Some concerns

McLaren et al.,
1978 [35] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Li et al.,
2022 [31] Low risk Low risk Low risk Some concerns Low risk Some concerns

Tzimas et al.,
2018 [40] Some concerns Low risk Low risk Some concerns Low risk Some concerns

McKenzie et al.,
1985 [34] Some concerns Low risk Low risk Some concerns Low risk Some concerns

8
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The results of the GRADE assessment of the main outcomes are presented in Table 3.
The outcomes ranged in the quality of evidence from “low” to “very low” due to “risk
of bias” (lack of blinding, lack of information concerning allocation concealment, etc.),
“inconsistency” (unexplained heterogeneity and wide variance of point estimates), and
“imprecision” (wide confidence intervals). The full description of the assessment is available
in the Evidence profile (Table S1).

Table 3. Summary of findings. Abbreviations: CI, confidence interval; GA, general anesthesia;
GRADE, Grading of Recommendations Assessment, Development and Evaluation; N, number; RA,
regional anesthesia; RCT, randomized controlled trial.

N of
Studies

Design
N of Patients Effect

Overall Quality
Outcome RA GA

Relative Risk/Mean
Difference [95% CI]

Death 10 RCT 1918 1958 1.42 [0.96, 2.10] Low a ⊕⊕��
Intraoperative hypotension 6 RCT 564 531 1.24 [0.59, 2.60] Low a ⊕⊕��
Myocardial infarction 6 RCT 1759 1793 1.23 [0.54, 2.82] Very low b ⊕���
Cardiac failure 3 RCT 1199 1233 0.85 [0.23, 3.07] Very low b ⊕���
Cerebrovascular accident 3 RCT 492 518 0.60 [0.03, 12.83] Very low b ⊕���
Deep vein thrombosis 3 RCT 252 242 1.36 [0.43, 4.29] Very low b ⊕���
Postoperative pulmonary embolus 5 RCT 1294 1328 1.59 [0.61, 4.14] Very low b ⊕���

a Due to the risk of bias and inconsistency. b Due to the risk of bias, inconsistency, and imprecision. ⊕⊕��—low
quality; ⊕���—very low quality.

4. Discussion

There are controversies as to the most appropriate anesthetic approach in hip fracture
surgeries to minimize the risk of complications, especially among the frail population. In
this meta-analysis, we failed to identify the benefits of RA or GA for hip fracture surgery
concerning mortality as well as intra- and postoperative complications.

The primary outcome was death. Although there was a trend toward decreased risk
of mortality in the RA group at RR = 1.42 [0.96, 2.10], p-value = 0.08, we failed to reach
statistical significance. Therefore, we observed no difference between the groups. On the
contrary, previous observational studies concluded that GA might have an association with
reduced incidence of mortality, adverse events, delirium, and shorter length of hospital
stay compared with SA [42–46].

The secondary outcomes were intra- and postoperative complications. The results
between the two groups were comparable. This finding is in agreement with a recent study
that found no difference between the CSA/MNB and GA groups concerning postoperative
complications and mortality rates in elderly patients undergoing hip fracture surgery [47].
However, in their study, CSA and MNB offered superior intraoperative blood pressure
(BP) control than GA and comparable BP control between the regional anesthesia groups.
Moreover, the MNB and CSA groups had a decreased frequency of cases of hypotension
below 50 mmHg and requirement in vasopressors compared with the GA group.

One of the reasons for discrepancies in our results with previous literature might
be the variations in the characteristics of the patient populations across studies, such as
differences in age distribution, baseline health conditions, or comorbidities. These factors
may interact differently with the chosen anesthesia methods, influencing mortality and
other intra- and postoperative outcomes. Additionally, variations in surgical and anesthetic
protocols, including drug dosages, administration techniques, and perioperative care, could
contribute to differing results. Methodological dissimilarities, such as study design and
blinding procedures, might also play a role in the observed differences. The evolution of
medical practices over the study period, spanning three decades, could introduce disparities
in outcomes due to advancements in surgical and anesthetic techniques.

Thus, our results suggest that the rate of death and adverse events in patients un-
dergoing surgical procedures for hip fracture did not differ significantly between GA and
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RA, suggesting comparable safety of the two approaches. This might suggest that either
approach can be used as an alternative based on specific patient requirements. For example,
RA may be favored in patients with cardiovascular or pulmonary comorbidities, as it can
offer better hemodynamic stability. RA was hypothesized to have minimal impact on
cognitive function, making it a preferred option for elderly patients. However, a recent
meta-analysis did not support this hypothesis [48]. Certain regional techniques, like Con-
tinuous Spinal Anesthesia or Multiple Nerve Blocks, may provide superior intraoperative
blood pressure control compared to GA. On the other hand, patients with contraindications
to regional techniques, such as severe coagulopathy or hemodynamic instability, may be
more suitable for general anesthesia. GA might also be preferred in emergency cases or
when a rapid onset of anesthesia is crucial. A recent study also proposed that the decision
on the anesthesia type for hip fracture surgery may be influenced more by patient prefer-
ence rather than solely relying on existing evidence and variations in clinical results [46].
For instance, some patients may prefer GA due to a desire for complete unconsciousness
during the procedure. Ultimately, the choice between GA and RA should be made on a
case-by-case basis, taking into account the patient’s medical history, preferences, and the
specific clinical context. Shared decision-making between the patient and the healthcare
team is crucial to ensure the most appropriate and individualized anesthesia approach for
hip fracture surgery.

Thus, the comparable efficacy of GA and RA in hip fracture surgery has substantial
implications for clinical decision-making. This finding supports a personalized approach
to anesthesia selection, enabling clinicians to consider individual patient characteristics,
such as cardiovascular and pulmonary comorbidities or the risk of postoperative cognitive
dysfunction. Moreover, the study suggests considering patient preferences in anesthesia
choice, promoting shared decision-making processes. Additionally, the study’s results
suggest that in cases with contraindications to spinal anesthesia, GA remains a viable
and safe option. Overall, the study’s insights enhance the practical relevance of clinical
decision-making by providing a nuanced understanding of when and how to apply GA
and RA based on individual patient needs and preferences.

There are several limitations in the body of evidence. The majority of the included
studies were conducted over three decades ago, potentially misaligning with current stan-
dards in surgical and anesthetic practices. Moreover, the studies demonstrated significant
methodological limitations, including a lack of blinding and an inadequate description of
the randomization method, which may introduce bias. The review process itself had limita-
tions, as it combined studies with variations in anesthetic regimens and blocks, and there
were relative differences in patients’ conditions at admission, with some studies defining
outcomes differently. Additionally, the inclusion of studies spanning over 40 years may
have introduced variations in the quality and safety of surgical and anesthetic techniques.
These limitations suggest that generalizing the findings to contemporary clinical settings
should be carried out with caution. Moreover, a methodological limitation of our study is
the absence of trial sequential analysis (TSA) to assess the robustness of our meta-analysis
findings. TSA is an increasingly utilized statistical method in medical literature designed to
manage type I and type II errors in meta-analyses [49,50]. It involves cumulative analysis,
adjusting significance thresholds, and statistical power throughout the process.

Considering that the majority of the included studies were conducted over three
decades ago, future research should involve RCTs that align with current clinical standards.
Researchers should also pay careful attention to issues such as blinding and provide
detailed descriptions of the randomization method to enhance the quality and reliability of
study outcomes. Standardized reporting of outcomes and procedures across studies would
facilitate meaningful comparisons and meta-analyses. Long-term outcomes, especially in
terms of recovery trajectories, should be investigated to understand the overall impact of
anesthesia choice on patient recovery. Patient preferences in anesthesia decision-making
are also an issue that should be explored. Addressing these aspects in future research will
contribute to a more comprehensive and clinically relevant understanding of the choice
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between general and regional anesthesia in hip fracture surgeries. Future meta-analyses
could perform a subgroup analysis based on the years of publication to partially solve the
issue of including older studies.

The comparable safety and efficacy of general and regional anesthesia observed in our
meta-analysis suggest that either approach can be acceptable, depending on individual
patient characteristics, preferences, and clinical contexts. Policymakers and guideline
developers may find it valuable to acknowledge this flexibility and consider incorporating
it into recommendations. This recognition can provide healthcare practitioners with a
broader choice of options and encourage shared decision-making between patients and
clinicians. Additionally, our study highlights the importance of ongoing updates to clinical
guidelines to reflect contemporary evidence and advancements in anesthesia techniques.

5. Conclusions

Existing evidence showed that the rate of mortality in patients undergoing hip fracture
surgery did not differ significantly between general anesthesia and regional anesthesia.
There was no statistically significant difference between RA and GA in cardiac and cerebral
complications, including myocardial infarction, cardiac failure, cerebrovascular accident,
deep vein thrombosis, postoperative pulmonary embolus, renal failure, postoperative
pneumonia, intraoperative hypotension, intraoperative blood loss, intraoperative blood
transfusion, or duration of hospital length of stay.
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Abstract: This study aimed to investigate the efficacy and safety of transcutaneous electrical nerve
stimulation (TENS) in postoperative acute pain control. PubMed, Scopus, and Cochrane Library
were searched on 1–8 December 2022, for randomized controlled trials on the analgesic effects of
TENS. The outcomes were pain intensity and opioid use (primary), and postoperative (PO) adverse
events, blood pressure, and the duration of hospital stay (secondary); PROSPERO CRD42022333335.
A total of 40 articles were included in the meta-analysis. Pain intensity at rest and during coughing
for all types of surgeries combined was lower in the TENS group (standardized mean difference
(SMD) = −0.51 [−0.61, −0.41], p < 0.00001, 29 studies, and −1.28 [−2.46, −0.09], p-value = 0.03,
six studies, respectively). There was a statistically significant decrease in morphine requirements, as
well as in the incidence of postoperative nausea and vomiting, dizziness, and pruritus. There was no
difference between the groups in postoperative pain intensity during walking, in blood pressure, and
only a borderline difference in the length of hospital stay. The subgroup analysis by surgery type
did not show significant differences between the groups in pain severity at rest. Thus, TENS has a
potential for pain control and postoperative recovery outcomes.

Keywords: acute pain; postoperative pain; transcutaneous electrical nerve stimulation; adverse
events; hospital stay

1. Introduction

Acute pain is the most common symptom and patient complaint during the acute post-
operative period. It can contribute to numerous unwanted physiological and pathological
effects, such as cardiovascular activation, resulting in tachycardia, elevated blood pressure,
and increased myocardial oxygen demand; it can also impair respiratory, endocrine, and
other system impairments. For patients undergoing simple surgical procedures, pain is one
of the most frequent reasons for overnight hospital stays [1,2]. Postoperative pain is also a
major cause of prolonged hospitalization, leading to a potential increase in morbidity after
surgery [1]. Improved pain management may enhance postoperative recovery and reduce
morbidity [3].

Prescribing opioids for the management of moderate to severe pain often results
in side effects, with the most common being nausea, vomiting, intestinal hypomotility,
and respiratory depression. Interventional modalities of acute pain management, such
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as epidural analgesia, some newer plane blocks, including transversus abdominis plane
block, erector spinae plane block, and quadratus lumborum block, can provide effective
pain management but require experienced specialists and can result in complications, such
as local anesthetic systemic toxicity [4–11]. Multimodal analgesia is usually recommended
for pain reduction [3,12]. This approach may include opioids, regional analgesia, low-dose
ketamine, and neurocognitive modalities [12]. Nonpharmacologic methods, including tran-
scutaneous acupoint electrical stimulation (TENS) and “transcutaneous acupoint electrical
stimulation” (TAES), have been studied to improve postoperative pain control and reduce
analgesic drug requirements [13–15].

TENS is a physical method of controlled low-voltage electrical nerve stimulation
used for the reduction of pain. The electricity is conducted by electrodes placed on the
skin [16]. TENS is a non-invasive, portable, compact, easy-to-use, and safe method of pain
control [16]. In the postoperative period, TENS is used as an add-on pain management
modality to standard analgesics rather than a stand-alone modality. The sterile electrodes
are applied parallel to the surgical incision, and additional electrodes are placed over the
thoracic spinal nerves in the corresponding area [17]. The possible advantages of TENS
in postoperative pain management include faster mobilization and improvement in deep
respiratory function and coughing, which might also shorten the time to discharge from
the hospital [17].

The original theory suggested that the activation of descending inhibitory pathways
might be the mechanism of action of TENS. Previous studies also supported the mechanism
of segmentally mediated inhibition. Therefore, TENS appears to activate both descending
and segmental inhibition [18]. The analgesic effect of TENS is also produced by the pain
gate control theory, which is characterized by an attenuation of the nociceptive stimulation
of afferent fibers of large diameter in the dorsal horn [19]. Conventional TENS activates
the A-α and A-β fibers, alleviating the pain. TENS also activates the endogenous opioid
system. This activation is produced by high and low-frequency stimulations [20].

Two decades ago, a meta-analysis comprising 21 studies examined the use of TENS
in various surgeries and its effect on opioid consumption [21]. However, more studies
have been published over the past twenty years; therefore, there is a need for additional
analysis of the currently available data. Recently, meta-analyses have been conducted on
the analgesic effects of TENS in orthopedic [22], pulmonary [23], inguinal hernia repair [24],
gynecological [25], and cardiothoracic surgical interventions [26]. A recent large meta-
analysis of 381 studies, comprising almost 25,000 patients, studied the analgesic effect of
TENS in all-cause pain [27]. The authors state that aggregating pain intensity data regardless
of the underlying medical condition is appropriate, as there is a lack of conclusive evidence
establishing a connection between TENS outcomes and factors such as pathology, pain
characteristics, medical diagnoses, or clinical context [27]. While this study comprises all
types of pain, including chronic and non-surgical, it is important to also examine the effect
of TENS on acute postoperative pain.

While these previous publications have examined the effect of TENS on postoperative
pain, the evidence regarding the impact of TENS on pain and other postoperative outcomes
is still inconclusive. Therefore, the goal of this work was to assess the efficacy and safety
of TENS in acute postoperative pain management, as well as its influence on opioid
consumption, ICU and hospital stay, and the rate of postoperative complication. We
hypothesize that the use of TENS in various surgeries lowers pain scores and opioid
consumption and might be associated with a reduction in postoperative adverse events
and hospital length of stay.

2. Materials and Methods

2.1. Protocol

We used the PRISMA guidelines [28] and the Cochrane Handbook for Systematic
Reviews of Interventions [29]. The protocol was registered in the PROSPERO database
(CRD42022333335). We searched for suitable articles in PubMed, Scopus, and the Cochrane
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Library, published before December 2022. No gray literature was searched. We used the
following search terms and combinations: (“transcutaneous electric nerve stimulation”
OR (“transcutaneous” AND “electric” AND “nerve” AND “stimulation”) OR “transcuta-
neous electric nerve stimulation” OR (“transcutaneous” AND “electrical” AND “nerve”
AND “stimulation”) OR “transcutaneous electrical nerve stimulation”) OR “transcutaneous
acupoint electrical stimulation” AND (“pain, postoperative” OR (“pain” AND “postopera-
tive”) OR “postoperative pain” OR (“postoperative” AND “pain”)). The filters used were
“randomized controlled trials” and “English language”. No restrictions were used for the
year or country of publication. Two authors independently worked on record screening
and article searching. The search results retrieved from the mentioned databases were
pooled in a spreadsheet, and duplicates were removed. Then, the two authors conducted
the screening based on titles in accordance with the pre-specified inclusion criteria. The
remaining articles were further screened based on the abstracts. Finally, the full texts were
screened to identify those reporting the outcomes of interest. The final lists of articles were
compared between the two authors. In case of disagreements, a third author was consulted
to resolve the dispute.

2.2. Participants and Population
2.2.1. Inclusion Criteria

Patients: postoperative patients with no limitations on age, gender, or type of surgery.
Intervention: use of TENS.
Comparison: sham or no TENS (with standard postoperative pain management).
Outcomes: pain and other clinically important postoperative outcomes (please see below).
Study: randomized controlled trials (RCTs).

2.2.2. Exclusion Criteria

Types of studies: Study designs other than RCTs.
Outcomes: Studies not reporting the outcomes of interest.

2.3. Outcomes

The primary outcomes of our meta-analysis are postoperative (PO) pain (at rest, while
walking, while coughing during a 72-h period postoperatively). The secondary outcomes
were opioid consumption, postoperative adverse events, physiological parameters (blood
pressure levels), and hospital stay duration (days).

2.4. Data Extraction and Statistical Methods

One author extracted and entered essential descriptive information (e.g., study goals
and sample size). Another author extracted numeric data for meta-analysis from the studies.
A third author further checked the descriptive and quantitative data, and disagreements
were resolved by discussion. Data analysis was conducted using the software “Review
Manager (RevMan) [Computer program]. Version 5.4. The Cochrane Collaboration, 2020”.
The random-effects model was employed for the meta-analysis, in anticipation of hetero-
geneity resulting from the combination of various types of surgeries, patient populations,
and the different scales used to report the outcomes of interest. All outcome variables
were continuous. In some instances, we estimated statistics from the reported data using
established statistical methods [30,31]. The effect size was reported as the standardized
mean difference (SMD), mean difference (MD), or risk ratio (RR), with a 95% confidence
interval. The utilization of SMD allowed for the standardized comparison of effect sizes
across diverse outcome measures, such as pain scores and opioid use, accommodating
the varied scales and units of measurement employed in the included studies. The risk
ratio was used for analyzing dichotomous outcomes, such as adverse events, providing a
measure of the relative risk between the TENS and control groups. Statistical significance
was reported at p < 0.05. Heterogeneity was measured using the I2 statistic, which quanti-
fies the proportion of total variation across studies due to heterogeneity. Additionally, the
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p-value of Cochran’s Q statistic was considered to evaluate the statistical significance of
observed heterogeneity. A significance level of 0.1 was employed to determine whether the
observed heterogeneity was statistically significant. Sensitivity analyses were performed
for each outcome by running the model with the elimination of studies one by one and
were reported only if the results were sensitive.

2.5. Assessment of the Methodological Quality and the Publication Bias

Two authors independently assessed the methodological quality. The Cochrane Risk
of Bias tool 2.0 [32] was utilized to evaluate the methodological quality of the studies. The
risk of bias was categorized as “high”, “low”, or “medium/some concerns”, based on the
provided description of randomization and blinding procedures, as well as the reporting
of results. Furthermore, we assessed the certainty of evidence using the Grading of Rec-
ommendations Assessment, Development, and Evaluation (GRADE) [33]. Five outcomes
(pain at rest at 24 h, morphine consumption at 24 h, PONV, pruritus, and hospital length of
stay) were evaluated for upgrading or downgrading based on the risk of bias, imprecision,
inconsistency, and indirectness. Each of these outcomes received a certainty of evidence
grading ranging from “very low” to “high”. Additionally, we conducted a comprehensive
assessment of publication bias utilizing both funnel plots and Egger’s regression test.

3. Results

3.1. Article Search Results

In total, 182 articles were initially identified (Figure 1). Of them, 89 duplicates were
removed. Subsequently, 93 RCTs were screened. After screening the titles and abstracts,
53 articles were excluded. Finally, a total of 40 articles [2,13,34–71] with 2265 (TENS—1137,
control—1128) patients were included in the meta-analysis (Table 1).

Figure 1. PRISMA diagram.
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3.2. Assessment of Methodological Quality

Regarding methodological quality, 10 studies had a low risk of bias, while 29 studies
were assessed as having “some concerns” regarding the risk of bias. One study had a high
risk of bias. The detailed results of the quality analysis are presented in Table 2 [2,13,34–71].

Table 2. Risk of Bias table. “+” low risk of bias; “?” some concerns; “-” high risk of bias.

First Author, Year 1 2 3 4 5 6

Asgari 2018 [37] + ? + + + ?

Beckwee 2017 [41] ? + + + + ?

Benedetti 1997 [66] ? ? + + + ?

Bjersa 2014 [62] + ? + + + ?

Bjersa 2015 [38] + ? + + + ?

Chen 2021 [55] ? ? + + + ?

Chiu 1999 [42] + ? + + + ?

Cuschieri 1985 [63] ? + + + + ?

da Silva 2015 [35] + ? ? + + ?

Elboim-Gabyzon 2019 [43] + + + + + +

Engen 2015 [44] ? ? + + + ?

Erden 2022 [45] + + - - + +

Erden 2016 [36] + ? + + + ?

Erdogan 2005 [46] ? + + + + ?

Ferreira 2011 [40] ? ? + + + ?

Fiorelli 2011 [2] + + + + + +

Forogh 2017 [56] + + + + + +

Galli 2015 [57] + + + + + +

Gregorini 2010 [58] + ? + + + ?

Hamza 1999 [67] + ? ? + + ?

Ilfeld 2021 [34] + + + + + +

Jahangirifard 2018 [61] ? + + + + ?

Kara 2011 [48] + ? + + + ?

Kurata 2022 [47] + + + + + +

Laitinen 1991 [68] ? ? + + + ?

Lima 2011 [39] - ? ? ? ? -

Mahure 2017 [59] + ? + ? + ?

McCallum 1988 [64] ? + + + + ?

Navarathnam 1984 [65] ? ? + + + ?

Parseliunas 2020 [49] + + + + + +

Rakel 2003 [60] ? ? + + + ?

Sezen 2017 [50] ? ? + + + ?

Silva 2012 [13] + ? + + + ?

Smedley 1988 [51] + ? + + + ?
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Table 2. Cont.

First Author, Year 1 2 3 4 5 6

Solak 2007 [69] ? ? + + + ?

Stubbing 1988 [70] ? ? + + + ?

Wang 2014 + + + + + +

Yu 2020 [52] + + + + + +

Zhang 2017 [53] + ? + + + ?

Zhang 2018 [54] ? ? + + + ?
1. Risk of bias arising from the randomization process. 2. Risk of bias arising from deviations from the intended
interventions. 3. Risk of bias arising from missing outcome data. 4. Risk of bias arising from the measurement of
the outcome. 5. Risk of bias arising from the selection of the reported results. 6. Overall risk of bias.

3.3. Pain at Rest

The forest plot in Figure 2 illustrates the pain intensity at rest measured immediately
after surgery, 24 h post-surgery, and at various intervals. The overall model effect favors
TENS over the control, indicating a standardized mean difference (SMD) on a 0-10 scale
with a 95% CI of −0.79 [−1.21, −0.36], with a p-value less than 0.00001. However, it
is important to note that the model shows substantial heterogeneity (I2 = 94%). The
TENS group comprises 891 patients, while the control group consists of 876 patients. One
study [72] was excluded from the meta-analysis due to the absence of a reported sample
standard deviation.

 

Figure 2. Pain at rest [2,13,34–42,44,45,47–60].
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Subgroup analysis further reinforces the superiority of TENS over the control across
all three subgroups (‘immediately after surgery’, ’24 h after surgery’, and ‘various peri-
ods’), although with considerable heterogeneity for the latter two (I2 = 96% and I2 = 91%,
respectively). In the ‘immediately after surgery’ subgroup, the SMD with a 95% CI is
−0.76 [−1.10, −0.42], with a highly significant p-value < 0.0001, I2 = 9%. In the primary (24 h
postoperative) subgroup, the SMD with a 95% CI is −0.69 [−1.33, −0.06], with a p-value
of 0.03, I2 = 96%. The third subgroup, covering varied measurement times, such as ‘after
TENS’ [13], ’12 h postoperative’ [59], ‘postoperative day 3’ [58], ‘postoperative day 7’ [34],
‘4 weeks postoperative’ [56], and instances with no provided information [39,55,57,60],
shows a significant SMD with a 95% CI of −0.96 [−1.63, −0.28], with a p-value of 0.005,
I2 = 91%. These results indicate statistically significant improvements in pain intensity for
the TENS group in all the measured periods.

3.4. Pain at Rest for Specific Types of Surgeries 24 h PO

The pain intensity at rest, measured 24 h after three different types of surgeries
(abdominal, thoracic, and orthopedic), is presented in the forest plot below (Figure 3). The
overall effect of the model shows no significant difference between TENS and control (SMD
on a 0–10 scale with a 95% CI = −0.56 [−1.23, 0.11], p-value = 0.10), and the model shows
substantial heterogeneity with the value of I2 = 96%. However, the result is sensitive to
the exclusion of the study by Parseliunas (2020), in which case the model favors the TENS
group. The total number of patients in the TENS group is 518, and 519 in the control group.
Two studies [35,45], representing the results for plastic and breast surgery, respectively,
were excluded.

Figure 3. Pain at rest 24 h after different surgeries [2,36,38,41–44,46–54].

In terms of subgroup analysis, the model shows no significant difference between
the TENS and control groups. The ‘For abdominal surgery’ subgroup yielded an SMD of
−0.49 [−1.41, 0.42], p-value = 0.29; the ‘For thoracic surgery’ subgroup yielded an SMD of
−1.30 [−2.86, 0.27], p-value = 0.10; and the “For orthopedic surgery” subgroup yielded an
SMD of 0.46 [−0.03, 0.95], p-value = 0.06.
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3.5. Pain while Walking (POD 1, POD 2)

The forest plot in Figure 4 illustrates the pain intensity while walking measured 24 h
and 48 h after surgery. The overall effect of the model does not favor TENS over the control
(SMD with a 95% CI: 0.61 [−1.52, 2.74], p-value = 0.57). This result is sensitive to the
exclusion of the study by Elboim-Gabyzon et al., 2019 [43]. The model shows considerable
heterogeneity (I2 = 96%), which is likely attributed to the limited number of included
studies. Parseliunas et al., 2020 [49] reported pain while walking values for postoperative
day 1 (POD 1), whereas Elboim-Gabyzon et al., 2019 [43] reported them for POD 2.

Figure 4. Pain while walking (POD 1, POD 2) [43,49].

3.6. Pain at Coughing (POD 1, POD 3)

The overall effect of the model favors the TENS group over the control group (SMD
with a 95% CI: −1.28 [−2.46, −0.09], p-value = 0.03) (Figure 5). This result is statistically
significant but sensitive to the exclusion of some studies [45,46,61]. Subgroup analysis
reveals no significant difference between the groups. It is important to note that one
study [57] did not provide the time of measurements, and as a result, we included it in the
POD 3 subgroup.

Figure 5. Pain at coughing (POD1, POD 3) [36,45,46,57,58,61].

3.7. Morphine Requirements (mg)

One study [66] reported ketorolac intake (mg), and we adjusted the values by multiply-
ing them by 0.4, following the recommendation of the American Pain Society in 2003 and
2008 (https://cdn-links.lww.com/permalink/jpsn/a/jpsn_4_2_2015_04_23_manworren_
jpsn-d-14-00050r2_sdc1.pdf (accessed on 15 December 2022)). Another study [38] reported
IV oxycodone (mg) consumption, and we used a conversion factor of 1.5. Finally, one
study [62] reported IV morphine consumption at 24 h; however, there was not enough
information about the units (mL in the Table, but mg in the text), so we did not include this
study in the analysis (the results were not sensitive to the values from this study).

Some studies [42,47,66] did not explicitly report the time of measurement, so we
included them in the ‘No time info’ subgroup. The majority of the studies reported
morphine requirements within 24 h after surgery (‘POD 1′ subgroup). One study [61] was
excluded due to the absence of information about the sample standard deviation.

The overall effect of the model favors TENS over control (MD with a 95% CI: −7.82
[−13.48, −2.16], p-value < 0.00001) (Figure 6). However, this result is sensitive to the
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exclusion of a study by Chen 2021 [55]. Broken down, on POD1, the use of TENS decreased
morphine use by 15.64 mg [−26.69, −4.58], p-value = 0.006, I2 = 97%. In the “no time”
subgroup, morphine use was decreased by 6.28 mg (−6.28 [−10.12, −2.43], p-value = 0.001,
I2 = 90%) in the TENS group.

 

Figure 6. Postoperative morphine requirements (mg) [2,38,42,44,47,55,63–66].

3.8. Postoperative Nausea and Vomiting

The overall effect of the model favors the TENS group over the control group (the risk
ratio (RR) with a 95% CI: 0.52 [0.30, 0.93], p-value = 0.03; I2 = 51%) (Figure 7). It should
be noted that the studies primarily reported the incidences of PONV on postoperative
day 1 (POD 1) and postoperative day 2 (POD 2), but several studies did not explicitly report
the time of measurement [13,35,46].

Figure 7. PO nausea and vomiting [13,35,46,52,67,68,71].

The subgroup analysis indicates that the model favors the TENS group over the control
group in two subgroups, namely ‘nausea’ and ‘PONV’.
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3.9. Other Adverse Events (Dizziness and Pruritus)

The overall effect of the model favors TENS over control (RR with a 95% CI: 0.42 [0.29,
0.61], p-value < 0.00001, I2 = 0%) (Figure 8). The model supports TENS over control in both
subgroups: ‘dizziness’ and ‘pruritus’. Specifically, for dizziness, the RR for the TENS group
is 0.39 [0.23, 0.66], p-value = 0.0005, I2 = 0%, 2 studies, 110 patients. For pruritus, the RR for
the TENS group is 0.44 [0.26, 0.76], p-value = 0.003, I2 = 0%, 3 studies, 226 patients.

 

Figure 8. Other adverse events [46,67,71].

3.10. Hospital Stay Duration (Days)

The model shows no significant difference between TENS and control (MD with a
95% CI: −1.16 [−2.35, 0.02], p-value = 0.05; I2 = 94%) (Figure 9). The result is sensitive to
the exclusion of any of these three studies: Erdogan 2005, Solak 2007, or Stubbing 1998, in
which case, the model favors TENS.

Figure 9. Hospital stay duration (days) [44,46,47,54,61,69,70].

3.11. Blood Pressure Postoperatively (mmHg)

The model indicates no significant difference between TENS and control (MD with
a 95% CI: 0.98 [−1.20, 3.16], p-value = 0.38; I2 = 0%) (Figure 10). Sezen et al., 2017 [50]
reported the blood pressure values for postoperative day 1 (POD 1), and Gregorini et al.,
2010 [58] reported these for postoperative day 3 (POD 3).

Figure 10. Blood pressure PO (mmHg) [50,58].
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3.12. Publication Bias

Our findings from the analyses using the funnel plots and Egger’s regression test
did not indicate substantial evidence of publication bias in the studies included in our
meta-analysis regarding pain intensity.

The funnel plot below for the pain intensity at rest (Figure 11) demonstrates a spread
of study outcomes that resembles a slightly asymmetric distribution. This slight asymmetry
could be attributed to the nature of the random effects model, accounting for potential
heterogeneity among the included studies.

Figure 11. Funnel plot for pain at rest, the random effects model.

In contrast, the funnel plot under the fixed effect model (Figure 12) illustrates a more
symmetric distribution of study outcomes. However, it is important to note that the fixed
effect model assumes homogeneity across studies, which might not accurately represent
the true variability seen in the data.

Figure 12. Funnel plot for pain at rest, the fixed effects model.
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3.13. Certainty of Evidence

Table 3 provides the certainty of the evidence for five outcomes (pain at rest at 24 h,
morphine consumption at 24 h, PONV, postoperative adverse events, and hospital length
of stay). The certainty of evidence ranges from “very low” to “moderate”. The evidence
profile (Table 4) contains information regarding the quality of evidence evaluation and the
summary of findings for each of the studied outcomes.

Table 3. Summary of findings. ⊕⊕⊕⊕ high quality of evidence, ⊕⊕⊕� moderate quality of
evidence, ⊕⊕�� low quality of evidence, ⊕��� very low quality of evidence. Population: Patients
undergoing various surgeries. Settings: In-hospital. Intervention: Use of TENS. Comparison: No
TENS [2,13,34–71].

Outcomes Risk Ratio (95% CI)
(Standardized) Mean
Difference [95% CI]

N of Participants
(Studies)

Certainty of the
Evidence (GRADE)

Pain at rest, 24 h (0–10) - −0.69 [−1.33, −0.06] 1136 (18) ⊕⊕�� Very low a

Morphine
requirements, 24 h (mg) - −15.64 [−26.69, −4.58] 361 (7) ⊕��� Very low b

Postoperative nausea 0.46 [0.21, 1.04] - 265 (5) ⊕⊕�� Low c

Pruritus 0.44 [0.26, 0.76] - 226 (3) ⊕⊕⊕� Moderate d

Hospital stay duration
(days) - −1.16 [−2.35, 0.02] 514 (7) ⊕⊕�� Low e

a For three studies, the randomization method was unclear. Four studies were not blinded, and for two, blinding
was unclear. There was considerable heterogeneity, wide variance of point estimates, and some confidence
intervals did not overlap. b Four studies did not specify randomization procedures. One study was not blinded,
and one study did not mention blinding. There was considerable heterogeneity, wide variance of point estimates,
and some confidence intervals did not overlap. The confidence interval of the pooled effect crossed the no-
difference line. c For two studies, the randomization method was unclear. Two studies were not blinded, and
for two studies, blinding was unclear. There was moderate heterogeneity. The overall risk ratio was lower than
0.5; therefore, the outcome was upgraded. d For one study, the randomization method was unclear, for another,
blinding was unclear. The overall risk ratio was lower than 0.5. e Four studies did not properly describe the
randomization process. One study was not blinded, and two did not mention blinding. There was considerable
heterogeneity and a wide variance of point estimates.

Table 4. The evidence profile (the quality of evidence evaluation and the summary of findings for
each of the studied outcomes).

Pain at Rest, 24 h
Morphine

Requirements,
24 h (mg)

Postoperative
Nausea and

Vomiting
Pruritus

Hospital Stay
Duration (Days)

Risk of Bias Very Serious Very Serious Very Serious Serious Very Serious

Lack of allocation
concealment Some concerns Some concerns Some concerns No Some concerns

Lack of blinding Some concerns Some concerns Some concerns No Some concerns

Incomplete
accounting of
patients and

outcome events

Some concerns Some concerns Some concerns Some concerns Some concerns

Selective outcome
reporting No No No No No

Other limitations No No No No No
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Table 4. Cont.

Pain at Rest, 24 h
Morphine

Requirements,
24 h (mg)

Postoperative
Nausea and

Vomiting
Pruritus

Hospital Stay
Duration (Days)

Inconsistency Very serious Very serious Serious Not serious Serious

I2 (unexplained
heterogeneity of

results)
Considerable Considerable Moderate None Considerable

Wide variance of
point estimates No Yes Yes No Yes

Confidence
intervals (CIs) do

not overlap
Yes Yes No No No

Indirectness Not serious Not serious Not serious Serious Not serious

Differences in
population No No No No No

Differences in
interventions No No No No No

Differences in
outcome measures No No No Yes No

Indirect
comparisons No No No No No

Imprecision Not serious Serious Not serious Not serious Not serious

Few patients Not serious Not serious Not serious Not serious Not serious

Wide confidence
interval (CI) Not serious Serious Not serious Not serious Not serious

Upgrading None None None RR < 0.5 None

RR > 2 or RR < 0.5
RR > 5 or RR < 0.2 No No No RR < 0.5 No

Dose-response
gradient No No No No No

Effect of plausible
residual

confounding
No No No No No

4. Discussion

Our meta-analysis revealed positive associations between TENS and various post-
operative improvements, including reduced immediate and early postoperative pain, as
well as diminished pain at coughing on days 1 and 3. Furthermore, TENS demonstrated
effectiveness in decreasing morphine requirements, overall PONV, dizziness, pruritus, and,
possibly, hospital length of stay. However, TENS did not show a significant impact on
pain during walking. Similarly, sub-analysis based on the type of surgery did not reveal
differences in pain scores.

A previously conducted large meta-analysis supports our findings regarding the pain-
alleviating effect of TENS. The authors found that TENS reduced acute pain (surgical
and non-surgical combined together) by −1.02 [−1.24, −0.79] on a ten-point scale, and
postoperative pain by −0.92 [−1.15, −0.69] [27]. All studies combined (92 samples with
4841 participants reporting acute/chronic pain, (non)procedural, etc.) produced similar
results: Pain scores in the TENS group were −0.96 [−1.14, −0.78] lower than in the placebo
arm [27]. The researchers concluded that while TENS provided analgesic effects, the type
of pain, the diagnosis, and the procedure did not affect the impact [27].
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Unlike our study, meta-analyses concentrating on specific surgeries observed a statisti-
cally significant pain reduction in the TENS group compared to controls. A meta-analysis
comprising 559 patients observed lower pain scores on POD one, two, and three in the TENS
group compared to the placebo following inguinal hernia repair [24]. In a gynecological
study, TENS was found to provide a pain-relieving effect comparable to that of opioids [25].
The use of TENS reduced pain scores at 12, 24, and 48 h following total knee arthroplasty
(TKA), according to a meta-analysis of five studies comprising 472 patients [22]. Similarly,
TENS reduced pain scores on the first five postoperative days following lung surgeries [23].

Regarding opioid consumption, a meta-analysis of 21 studies found that TENS re-
duced the postoperative use of opioids by more than 25% [21]. The TENS group consumed
fewer opioids in the post-analgesia care unit than the opioid-only group following gyne-
cological surgeries [25]. TENS reduced opioid use at 12, 24, and 48 h following TKA [22].
Similarly, lower pain scores at rest and on coughing were observed in the TENS group after
cardiothoracic procedures [26].

Thus, while previous literature demonstrates the pain-relieving and opioid-sparing
effects of TENS in the postoperative period following specific surgeries or generally for
acute pain management, our study contributes insights to the existing literature on TENS by
providing a comprehensive analysis of its effectiveness in postoperative pain management
across various surgical contexts. This approach allows for a more generalized evaluation
of TENS efficacy in postoperative pain control, offering valuable insights applicable to a
wide array of clinical scenarios. Our study examines a comprehensive set of postoperative
outcomes, including immediate and early postoperative pain, pain at different time points,
pain during specific activities (coughing and walking), as well as morphine requirements,
adverse events, and hospital length of stay. This holistic approach provides a more nuanced
understanding of TENS’s impact on various aspects of postoperative recovery.

This meta-analysis observed a considerable heterogeneity in most outcomes. However,
such heterogeneity was anticipated beforehand, given the differences in the durations of
interventions, patient characteristics, control groups, surgical procedures, and outcome
measures. Variations in TENS protocols, including differences in electrode placement,
stimulation parameters, and treatment duration, introduced another source of heterogeneity.
Although this heterogeneity posed a challenge in terms of combining and interpreting
data, given that the effectiveness of TENS may vary across different contexts, a random
effects model was used to account for the between-study variability. Furthermore, sub-
group analysis was undertaken wherever possible to obtain more homogeneous results.
Sensitivity analyses were also performed to help explore the sources of heterogeneity.

An important limitation of this research was the lack of extended follow-up infor-
mation, which would have allowed for an assessment of the long-term advantages or
potential complications associated with the use of TENS. Furthermore, the quality of the
meta-analysis was contingent on the quality of the studies included. As evident from the
Cochrane risk of bias, a number of studies had “some concerns” regarding the risk of bias,
which subsequently affected the certainty of the evidence. Finally, challenges related to
synthesizing data, such as differences in outcome measurement scales or reporting formats,
complicated the aggregation of results and the conduct of a comprehensive analysis, as
some studies had to be excluded due to these issues.

The implications of our meta-analysis extend both clinically and practically. For clini-
cians, our findings suggest that incorporating transcutaneous electrical nerve stimulation
(TENS) into postoperative pain management protocols can offer tangible benefits, particu-
larly in alleviating early postoperative pain and opioid requirements, and reducing adverse
events. This information empowers healthcare providers to make informed decisions about
the inclusion of TENS in multimodal analgesia strategies, enhancing overall patient care.
Therefore, the study may serve as a guide for clinicians considering TENS as an adjunctive
therapy in postoperative care.

From the research point of view, the study identified the need for investigations into
the long-term effects of TENS and its impact on specific surgical contexts. Researchers
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could focus on conducting well-designed, prospective studies with extended follow-up
periods to understand the sustained benefits and potential delayed adverse effects of TENS.

5. Conclusions

When considering all types of surgeries, the meta-analysis shows that TENS reduces
pain intensity at rest (immediately after surgery and 24 h after surgery), pain intensity
during coughing, morphine consumption, the incidence of PONV, and other adverse events,
such as PONV, dizziness, and pruritus. We did not find a significant difference between
the TENS group and the control group in reducing pain during walking. The subgroup
analysis does not show significant differences between the TENS group and controls in
pain severity at rest for thoracic, abdominal, or orthopedic surgeries.
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Abstract: Ultrasound guided parasternal block is a regional anaesthesia technique targeting the
anterior branches of intercostal nerves, which supply the anterior thoracic wall. The aim of this
prospective study is to assess the efficacy of parasternal block to manage postoperative analgesia and
reduce opioid consumption in patients undergoing cardiac surgery throughout sternotomy. A total of
126 consecutive patients were allocated to two different groups, receiving (Parasternal group) or not
(Control group) preoperative ultrasound guided bilateral parasternal block with 20 mL of 0.5% ropivacaine
per side. The following data were recorded: postoperative pain expressed by a 0–10 numeric rating scale
(NRS), intraoperative fentanyl consumption, postoperative morphine consumption, time to extubation and
perioperative pulmonary performance at incentive spirometry. Postoperative NRS was not significantly
different between Parasternal and Control groups with a median (IQR) of 2 (0–4.5) vs. 3 (0–6) upon
awakening (p = 0.07); 0 (0–3) vs. 2 (0–4) at 6 h (p = 0.46); 0 (0–2) vs. 0 (0–2) at 12 h (p = 0.57). Postoperative
morphine consumption was similar among groups. However, intraoperative fentanyl consumption
was significantly lower in the Parasternal group [406.3 ± 81.6 mcg vs. 864.3 ± 154.4, (p < 0.001)].
Parasternal group showed shorter times to extubation [(191 ± 58 min vs. 305 ± 72 min, (p)] and
better performance at incentive spirometer with a median (IQR) of 2 raised balls (1–2) vs. 1 (1–2)
after awakening (p = 0.04). Ultrasound guided parasternal block provided an optimal perioperative
analgesia with a significant reduction in intraoperative opioid consumption, time to extubation and a
better postoperative performance at spirometry when compared to the Control group.

Keywords: parasternal block; regional anaesthesia; cardiac surgery; cardiac anaesthesia; pain management

1. Introduction

Due to the improvement in life expectancy, heart surgery has become increasingly
common among elderly population. However, due to the frailty and comorbidities of these
patients, perioperative complications are frequent. Moreover, the impact of anaesthetics
and analgesic drugs play an important role on the perioperative course [1].

Post-operative pain is mainly related to median surgical sternotomy; it is intense and
difficult to control, especially in the immediate few hours after surgery [2]. It requires high
doses of opiates that may lead to different side effects, such as nausea, vomiting, respiratory
issues and postoperative delirium. Furthermore, high anaesthetic drug administration can

J. Clin. Med. 2023, 12, 2060. https://doi.org/10.3390/jcm12052060 https://www.mdpi.com/journal/jcm38



J. Clin. Med. 2023, 12, 2060

cause a delay in extubating time and weaning from mechanical ventilation. Moreover, sym-
pathetic stimulus and chest pain may induce an important reduction in thoracic excursion,
finally facilitating pulmonary infections [3].

Recently, many thoracic fascial plane blocks have been proven to be a valid option in
controlling pain in cardiac, thoracic and breast surgery [4–7].

The sternal region is innervated by the anterior branches of intercostal nerves, which
arise from the anterior branches of the spinal nerves from T1 to T11 [8]. Parasternal block is
a recent block which targets these branches due to the injection of local anaesthetic between
the pectoral major and the intercostal muscles, proximal to the sternum. To obtain a good
analgesic cover, the block needs to be performed bilaterally with a spread from the II to the
VI intercostal spaces.

Several studies have investigated the parasternal block in cardiac patients trying to
understand its impact on intra- and post- operative pain [9–13]; however, most of the
studies are retrospective or based on a small number of patients.

The aim of this prospective study is to assess the efficacy of parasternal block to
manage postoperative analgesia, reduce opioid consumption and improve respiratory
function in patients undergoing cardiac surgery.

2. Materials and Methods

This study was approved by Campus BioMedico Hospital Ethical Committee (protocol
number 20/20 PAR ComEt CBM) and was registered on clinicaltrias.gov (NCT04319588).

A total of 126 patients who underwent elective cardiac surgery were enrolled be-
tween November 2019 and March 2020. Written informed consent was obtained from all
the subjects. Inclusion criteria to participate included: patients aged 18 years or older,
ASA physical status I-IV and candidates for elective cardiac surgery with median ster-
notomy. Exclusion criteria included: allergy to local anaesthetics, site of puncture infection,
weight < 30 Kg, impaired cerebral function and patient’s disapproval.

All patients received general anaesthesia conducted with sevoflurane 2%, fentanyl
3–5 mcg/kg, remifentanil continuous infusion 0.1 mcg/kg/min (depending on clinical
judgment of the anaesthetist), rocuronium 0.8–1 mg/kg and propofol 2% continuous
infusion (in patients who underwent extracorporeal circulation). The administration of
adjunctive boluses of fentanyl (1 mcg/kg) intraoperatively was decided by the anaesthetists
based on the hemodynamic parameter variations suggesting pain, such as a rapid increase
in blood pressure and heart rate in the absence of fluid loading or amine infusion.

Patients were freely allocated in two groups:

• The “Parasternal” group received ultrasound guided bilateral parasternal block after
general anaesthesia induction and an infiltration with local anaesthetic of the surgical
drainage sites at the end of surgery.

• The “Control” group received just the infiltration with local anaesthetic of the surgical
drainage sites at the end of surgery.

Drainages sites’ infiltration was provided since the parasternal block does not target
the sub-phrenic area where the drainages exit the skin. Moreover, we performed it in both
groups to eliminate potential bias generated by patients’ upper abdominal pain perception.
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Both groups received the same protocol of multimodal perioperative analgesia, which
included: dexamethasone 0.1 mg/kg i.v. intraoperative; ketorolac 60 mg/24 h i.v. and
paracetamol 1 g every 8 h i.v., postoperatively. In addition, morphine 2 mg i.v. was
administered in the case of postoperative NRS pain scores ≥ 6.

A spirometry evaluation was performed both immediately before surgery and in
the postoperative period with the aim to evaluate respiratory function after the surgical
intervention and to compare to baseline values. This evaluation was performed with the
TriFlo Inspiratory Exerciser®, a device which consist of three air columns with different
weights and coloured balls that move up when the patient inhales.

At the end of the operation, all patients were transferred to the intensive care unit
(ICU) for weaning from invasive mechanical ventilation and immediate postoperative
monitoring.

Data collected: anthropometric data; chronic opiate medications; diabetes mellitus;
pre-existing pulmonary conditions; type of surgery—aortocoronary bypass, off pump
aortocoronary bypass, valvular surgery and ascending aortic surgery; length of surgery;
postoperative pain at extubation and after 6–12–24 h on a 0–10 numeric rating scale (NRS)
expressed as maximum pain experienced during that period of time; postoperative opiates
consumption: time to first morphine bolus administration (from the patient awakening);
total morphine consumption during the first 24 h after surgery; intraoperative opiate
consumption (fentanyl, remifentanil); time to extubation; side effects—nausea and vomiting;
delirium (using the Mini Mental State Examination); and respiratory performance with the
TriFlo expressed as the number of balls moved up before and after the surgery. All the data
in the ICU (e.g., NRS, postoperative consumption, pulmonary function, etc.) were collected
by the ICU nurses specialized in the management of cardiac surgery patients.

2.1. Block Execution

The patients in the Parasternal group received bilateral ultrasound guided paraster-
nal block immediately after induction of general anaesthesia and intubation [14]. The
block was executed with aseptic technique right after patient intubation and before sur-
gical incision. A high-frequency ultrasound probe was positioned immediately lateral to
the sternum, identifying the second and the fourth intercostal spaces (Figure 1A). Then,
an echogenic 100 mm needle (Stimuplex ultra 360, BBraun Deutschland GmbH & Co.,
Melsugen, Germany) was advanced through the skin with an in-plane approach and an
injection of 10 mL 0.5% ropivacaine was performed between pectoral major and intercostal
muscles, bilaterally, with a total dose of 200 mg of ropivacaine (Figure 1B). Success of the
block was confirmed by the presence of the double hypoechogenic V sign indicative of
correct presence of local anaesthetic between the two muscular fasciae [15]. All the blocks
were performed by two expert anaesthesiologists in regional anaesthesia who had already
performed more than 50 parasternal blocks before enrolling the first patient.
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Figure 1. Parasternal Block Execution. Legend: A high frequency ultrasound probe was positioned
immediately lateral to the sternum identifying the second and the fourth intercostal spaces (A). Then,
an echogenic 100 mm needle (Stimuplex ultra-360, BBraun Deutschland GmbH & Co., Melsugen,
Germany) was advanced through the skin with an in-plane approach and an injection of 10 mL 0.5%
ropivacaine was performed between pectoral major and intercostal muscles for every intercostal
space, bilaterally, with a total dose of 200 mg of ropivacaine (B). PMM: pectoral major muscle; IM:
intercostal muscles; TTM: transversus thoracis muscle; PL: pleura; *: point of injection.

At the end of the surgery, both groups received a local infiltration of the surgical
drainages with ropivacaine 0.25% 20 mL performed by the surgeon.

2.2. Statistical Analysis

To calculate a sample size, we focused on our primary hypothesis that perioperative
analgesia is improved with the parasternal block. We estimated the density of pain scores
(mean 2; SD 1.5) based on published data regarding the use of parasternal block for cardiac
surgery [16]. To simulate power, we used the truncated Gaussian distribution with range
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0–10; standard deviation = 1.5; PARASTERNAL group mean = 2. Under these assumptions
and 2-sided α = 5%, we simulated 10,000 trials with sample size of 63 per group. With an
overall sample size of 126 subjects, we have at least 90% power to detect group differences
in pain as small as approximately 1.

Statistical analysis and graphical presentation were obtained thanks to the use of the
GraphPad Prism 8 software (GraphPad Software Inc., San Diego, CA, USA).

The values of continuous quantitative variables are expressed as mean ± standard
deviation (SD); the values of discrete variables are expressed as median and interquartile
range (IQR). Qualitative variables are expressed as number of observations and percentage
of distribution.

The parametric distribution of numerical variables was evaluated using the Shapiro–
Wilk normality test. Difference between groups was assessed by T-Student test for con-
tinuous parametric variables, while Wilcoxon–Mann–Whitney U test was used when
appropriate. Bonferroni–Dunn correction has been applied to multiple repeated measures
in order to reduce the risk of type 1 error.

Categorical variables were compared with Pearson’s χ2 test. The level of statistical
significance was set for p value < 0.05.

3. Results

A total of 126 patients were enrolled in this study. In the Parasternal group, the median
age was 67 ± 10 years, while in the Control group was 70 ± 10; both groups had a higher
prevalence of males, and the mean body mass index (BMI) was 26.5 kg/m2 ± 2.1 in the
Parasternal group and 27.8 kg/m2 ± 1.1 in the Control group.

Aortocoronary bypass in extracorporeal circulation (CEC) was the most performed
intervention overall (57% in Parasternal group and 65% in Control group), followed by
valvular surgery (30% and 25%, respectively); less frequent were off-pump aortocoronary
bypasses, combined bypasses plus valvular surgery and thoracic aorta aneurysm. Surgical
average duration was 230.7 ± 53.5 min in the Parasternal group, and 213 ± 40.8 min in the
Control group (Table 1).

Table 1. Patients’ characteristics.

Parasternal (63) Control (63) p-Value

Age (years) 67 ± 10 69.6 ± 10 0.17
Sex (M/F) 33/30 35/28 0.8

BMI (kg/m2) 26.7 ± 4 26.5 ± 3.3 0.9
Chronic opiates medication 2 (3%) 3 (5%) >0.9

Diabetes Mellitus 13 (21%) 12(19%) >0.9
Pre-existing pulmonary disorders 11 (17%) 10 (16%) 0.88

Type of surgery
CABG 36 (57%) 41 (65%)

0.6
CABG off pump 3 (5%) 4 (6%)
Valvular surgery 19 (30%) 16 (25%)

CABG + valvular surgery 4 (6%) 1 (2%)
Thoracic aorta aneurysm 1 (2%) 1 (2%)
Surgery duration (min) 230.7 ± 53.5 213 ± 40.8 0.08

Values are expressed in mean ± standard deviation or in number of patients (%); CABG = coronary artery
bypass surgery.

Intraoperative fentanyl consumption emerged to be significantly higher in the Con-
trol group with a mean of 864.3 mcg compared to 406.3 mcg in the Parasternal group
(p-value < 0.001). Intraoperative remifentanil administration was not statistically significa-
tive between the two groups.

Median (IQR) postoperative pain at awakening, expressed as maximum NRS scale
value (range 0–10), was 2 (0–4.5) in the Parasternal and 3 (0–6) in the Control group
(p = 0.07); in the next 6 h it was 0 (0–3) in the Parasternal and 2 (0–4) in the Control group,
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while it was 0 in both groups during the following hours. However, pain was always under
4 at 48 h after extubation (mild pain) in both groups.

Postoperative opiates were requested by 30% of patients in the Parasternal group and
by 29% of patients in the Control group. Furthermore, both groups showed no difference in
the median (IQR) consumption of postoperative morphine during the first 24 h (0 (0–2) mg).
Furthermore, the median (IQR) time to first opioid administration was similar (30 (10–45) mg
for parasternal group vs. 30 (11–60) mg for control group) (Table 2).

Table 2. Main Outcomes.

Parasternal Control p-Value

Intraoperative fentanyl (γ) 406.3 ± 81.6 864.3 ± 154.4 <0.001
Intraoperative remifentanil (γ) 336.1 ± 13.1 338.3 ± 13.5 0.3367

Postoperative pain
(NRS max 0–10)

Extubation 2 (0–4.5) 3 (0–6) 0.07
0–6 h 0 (0–3) 2 (0–4) 0.46
6–12 h 0 (0–2) 0 (0–2) 0.57
12–24 h 1 (0–2) 2 (0–3) 0.69

Postoperative opiates consumption
Yes 19 (30%) 18 (29%) 0.8
No 44 (70%) 45 (71%)

Time to first opioid (min) 30 (10–45) 30 (11–60) 0.6
Morphine consumption 0–24 h (mg) 0 (0–2) 0 (0–2) >0.9

Values are expressed in mean ± standard deviation; median (interquartile range); number of patients (%); NRS
(numeric rating scale).

Mean extubation time from admission in ICU was 191 ± 48 min in the Parasternal
group and 305 ± 62 min in the Control group (Table 1).

Respiratory performance was evaluated by the TriFlo Inspiratory Exerciser and was
expressed in the number of balls moved up during inspiration one hour after extubation.
The median number of balls moved up was 2 (1–2) in the Parasternal group versus 1 (1–2)
in the Control group.

Side effects, such as nausea, vomiting and delirium, were present in a small percentage
of patients (2–3%) in both groups. Data regarding respiratory performance and side effects
are reassumed in Table 3.

Table 3. Secondary Outcomes.

Parasternal Control p-Value

Time to extubation (min) 191 ± 48 305 ± 62 <0.001
Pulmonary performance (balls moved up)

Basal 3 (2–3) 3 (2–3) 0.9
After extubation 2 (1–2) 1 (1–2) 0.045

Side effects
Nausea 2 (3%) 1 (2%) –
Vomit 1 (2%) 2 (3%) –

Delirium 1 (2%) 2 (3%) –

Values are expressed in mean ± standard deviation; median (interquartile range); number of patients (%).

4. Discussion

This study was conducted on an extremely heterogeneous population, including
every patient who underwent cardiac surgery; we tried to confront two different groups
with different analgesic strategies in terms of pain management, recovery capacity and
postoperative outcome.

Due to the increased life expectancy, heart surgery has become frequent in the el-
derly population; in our study, while the mean age of our patients was 70 years old, we
faced many patients aged 80 years or more and were affected by many comorbidities. To
best manage this frail population, it is mandatory to devise an anaesthetic plan aimed
at minimizing the impact on the patient’s vital functions and homeostasis [17]. Periop-
erative strategies must be adopted to reduce surgical invasiveness, post-operative pain,
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anaesthetic drugs usage and promote early respiratory recovery and patient-autonomous
mobilization [1].

Pain, in fact, plays a central role in this therapeutic process; it reduces thoracic excur-
sion and influences respiratory functional recovery, finally promoting pulmonary compli-
cations, such as pneumoniae, pleural effusion and lung atelectasis.

Different regional anaesthetic protocols have been proposed to better control sternal
pain after cardiac surgery. Starting from neuraxial techniques, different approaches have
been developed to target the thoracic fascial plane where intercostal nerves from T1 to T11
lay, such as the pectoral blocks [18,19], the serratus anterior plane block [20], the transversus
thoracic muscle block [21], the erector spinae block [22] and the parasternal block. All these
blocks contribute to obtaining a better control of thoracic pain in heart surgery, reducing
recovery time and improving dismission time [23].

The parasternal block is one of the more promising fascial blocks to manage sternal
pain as described in the recent studies conducted by Sepolvere et al. [24,25].

In our study, post-operative pain, expressed with an NRS scale from 0 to 10, was very
low in both groups in absence of a significant statistical difference (Figure 2). These results
are similar to the study by Lee et al. [11], as they found a marginal decrease in postoperative
pain levels, although they use a longer acting local anaesthetic (liposomal bupivacaine).

Figure 2. Postoperative Pain. Legend: Maximum postoperative (numeric rating scale) pain scores in
both study groups reported during four postoperative intervals. Values are median (horizontal bars),
IQR (box) and range (whiskers). Denotes statistical significance (p < 0.05).

Additionally, postoperative opiate consumption was low in both groups without any
significant statistical difference, with a mean morphine consumption of 1 mg overall. This
result could be correlated to the long and complex type of surgery and the timing of the
block execution. In fact, we observed a mean surgical time between 3 and 4 h; moreover, a
phase of recovery from anaesthesia and weaning from mechanical ventilation in ICU before
weaking up was always needed. Therefore, extubation often happened several hours after the
critical phase of acute postoperative pain, which is particularly intense in the immediate period
after the end of the surgery, as shown in the study of Zubrzycki et al. [2]. Moreover, considering
the timing of the block execution, patients were often extubated several hours after the
execution of the parasternal block when the analgesic effect is not at the apex anymore,
which is in accordance with the studies demonstrating that the analgesic effect of the block
usually last between 5 and 12 h [26,27]. Nevertheless, the small difference in pain detected
at patients awakening could have had a role in the prolonged extubation time observed in
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the Control group. Performing the block during the postoperatively probably impacted
more on pain, but some difficulties may rise, such as the oedema of the nearby tissues and
the sterile medication applied on the wound itself, which both may be complicating factors
for ultrasound visualization. Moreover, and most important, performing the block before
the surgery has an important impact on diminishing intraoperative opiates consumption,
as demonstrated by Bloc et al. [28].

Another interesting result regards intraoperative fentanyl consumption: intraoperative
administration in the Control group was twice the dose used in the Parasternal group.
This result is in line with a recent study conducted in 2020 [16], which compared two
groups of cardiac surgery patients who underwent parasternal block before and after the
intervention. Authors found a significant reduction in intraoperative opioid administration
in the preoperative Parasternal group, suggesting an important pre-emptive and intra-
operative effect of the block. Limiting the intraoperative dosage of opiates could lead to
rapid weaning from mechanical ventilation, early extubation and lucid weaking up, which
improves patient outcomes.

Moreover, considering the low NRS scores and the successful postoperative pain
control in both groups, the analgesic intraoperative regimen adopted probably had an
important influence on the postoperative period. Multimodal pre-emptive analgesia with
opiates, FANS, regional anaesthesia, corticosteroids, and paracetamol plays a fundamental
role in preventing the development of surgical pain [29].

Notably, time to extubation could be affected by several other factors, such as preop-
erative conditions, i.e., pre-existing pulmonary and neurologic disorders; surgical factors,
such as intraoperative and postoperative bleeding; and postoperative conditions, such
as arrhythmia or bleeding. Nevertheless, we did not register significant differences in
patients’ characteristics and perioperative conditions that could have affected or delayed
time to extubation.

It must be said that other parameters, such as intraoperative heart rate and pressure
values, use of vasopressor drugs, conscious state at awakening and respiratory complica-
tions, have not been evaluated in our study.

Pulmonary performance is another interesting result to underline. Postoperative chest
pain is usually evaluated with the patient in a supine position in the absence of movement.
Respiratory evaluation could be a way to evaluate parasternal block efficacy when the
thorax is moving.

Every patient underwent the TriFlo Inspiratory Exerciser test immediately after ex-
tubation and weaning from mechanical ventilation, which was compared to the baseline
test performed immediately before surgery. Data showed that patients in the parasternal
block moved up a mean of one ball more than the Control group (2 and 1 balls, respec-
tively). This result may suggest a better analgesic effect of the parasternal block during
thoracic excursions and consequently a better respiratory performance in the postopera-
tive period; this implies better blood oxygenation and oxygen saturation, better airway
clearance and a lower risk of postoperative pneumonia. Moreover, earlier extubation and
less mechanical ventilation time could also have improved respiratory performance in the
Parasternal group.

This study has several limitations. Firstly, it is difficult to show a clinically meaningful result
for postoperative pain, which was one of our primary outcomes, when baseline postoperative
pain scores are already low. However, these results confirm those of Lee et al. [11].

Secondly, we did not record pain on movement, although performance at spirometer
may be considered an inversely proportional indirect index of chest pain.

Moreover, we did not investigate the correlation between perioperative analgesia
and other outcomes, such as, days of ICU stay, total hospitalization time and incidence
of chronic postoperative pain. At the same time, we did not correlate time to extubation
and postoperative spirometer performance with the incidence of respiratory complications,
leading, for example, to supplemental oxygen therapy or mechanical ventilation. We expect
several future studies focus in depth on these aspects.
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Another limit of the study is broad inclusion and exclusion criteria without reporting
more baseline characteristics that could have influenced the primary outcome, such as pre-
existing chronic pain and neuropathy, although the incidence of chronic opioid medications
was similar among groups. Nevertheless, some important pre-existing conditions have
been investigated and discussed.

Lastly, postoperative multimodal analgesia included on-demand administration of
i.v. morphine, although recommendations indicate the oral route is preferable for opioid
intake. However, this is not always possible as patients undergoing cardiothoracic surgery
may have dysphagia and an increased aspiration risk in the first postoperative period [30].

In this regard, a solution could be represented by the administration of sublingual
sufentanil through a patient-controlled analgesia (PCA) system, which has already proved
to be effective and safe in thoracic surgery [31].

5. Conclusions

Ultrasound guided parasternal block seems to be an effective, safe and easy to perform
technique in patients undergoing cardiac surgery under sternotomy. Although it did not
significantly affect postoperative analgesia, it showed a relevant reduction in intraoperative
opioid consumption and a better postoperative performance at spirometry compared to
the Control group. Further studies are expected to confirm these findings and explore the
medium- and long-term impact of this technique on postoperative morbidity.
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Abstract: Background: This study aimed to compare local periarticular infiltration (LIA) with ultra-
sound guided regional anesthesia (USRA) with ropivacaine and dexmedetomidine as an additive
agent in primary total knee arthroplasty (TKA). Methods: Fifty patients were randomized into
two groups in a 1:1 ratio. Patients in the LIA group received local periarticular infiltration into
the knee joint. The USRA group received two single-shot USRA blocks. Functional outcomes
and satisfaction (range of movement, Knee Society Knee Score, Western Ontario and McMaster
Universities Osteoarthritis Index, Oxford Knee Score, and Forgotten Joint Score), including well-being,
were analyzed preoperatively and at five days, six weeks, and one and two years postoperatively.
Results: Functional outcomes did not significantly differ between the two groups at six weeks and
one and two years after the implementation of TKA. A moderate correlation was observed in the LIA
group regarding well-being and pain on day five. Six weeks postoperatively, the LIA group showed
significantly superior well-being but worse pain scores. No differences between the groups in well-
being and functional outcomes could be observed one and two years postoperatively. Conclusion:
Patients treated with LIA had superior postoperative well-being in the early postoperative phase of
up to six weeks. Furthermore, LIA patients had similar functionality compared to patients treated
with USRA but experienced significantly more pain six weeks postoperatively. LIA leads to improved
short-term well-being, which is potentially beneficial for faster knee recovery. We believe that LIA
benefits fast-track knee recovery with respect to improved short-term well-being, higher practicability,
and faster application.

Keywords: pain management; total knee arthroplasty; well-being; dexmedetomidine; local infiltra-
tion analgesia; peripheral nerve block

1. Introduction

Postoperative pain management is still developing [1] but is crucial for successful
patient recovery, rehabilitation [2,3], satisfaction, and perioperative well-being [4–9]. Cur-
rently, no ideal analgesic protocol for total knee arthroplasty (TKA) performs best in all
outcome measures, including well-being [10,11].

The optimization of analgesia in TKA patients plays an important role in postop-
erative clinical outcomes, as there is a strong association between postoperative pain,
early recovery, and functionality [12]. Postoperative pain can impair recovery and hinder
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early rehabilitation [2,13]. As rehabilitation should start immediately after surgery, pain
management in TKA should permit adequate knee movement with minimal pain and no
motor blocking to accelerate early mobilization for better postoperative functionality of the
affected knee [14].

In recent years, there has been a shift toward using multimodal analgesic regimens
to aim at multiple pain pathways while reducing opioid consumption. Among these,
multimodal pain regimens utilizing local infiltration analgesia (LIA), also known as the
local periarticular infiltration anesthesia technique, and peripheral nerve blocks (PNB) have
emerged to handle surgical pain and enable early postoperative mobilization [15–17].

Among peripheral nerve blocks (PNBs), the femoral, sciatic, and obturator nerves
are the most common targets for postoperative analgesia by ultrasound-guided regional
anesthesia (USRA) in TKA [18]. Furthermore, the combination of a femoral (FNB) and
sciatic nerve block (SNB), which contributes to additional improved pain relief compared
to FNB alone [19,20], is described by a recent meta-analysis as one of the best options when
it comes to early pain relief [21].

However, although the combination of FNB and SNB shows excellent results in pain
reduction, it is associated with reduced mobility from muscle weakness, which can prevent
a rapid recovery from occurring [10,22]. This is one of the reasons that LIA has been
the subject of increasing interest in recent years [23]. Besides its advantages regarding
lower complication rates and reduced systemic toxicity, the application of LIA in TKA is
simple and fast [15,18,24]. Moreover, the analgesic effect of both approaches is reported
to be comparable, with no significant difference in the short-term, making LIA a feasible
alternative to combined femoral and sciatic nerve blocks [25].

The use of perineural dexmedetomidine in combination with nerve blocks has emerged
as a potentially promising approach to enhance the outcomes of regional anesthesia [26–28].
Several studies have reported positive results, including a prolonged block duration, ef-
fective postoperative pain relief, and increased patient satisfaction [26–28]. As a result,
dexmedetomidine as an adjuvant has garnered attention for its potential to improve the
overall patient experience during and after surgical procedures in different settings, in-
cluding regional and epidural anesthesia and analgesia [29,30]. In the context of epidu-
ral analgesia and anesthesia, dexmedetomidine as an adjuvant has been subjected to a
meta-analysis, confirming its general safety and tolerability. The findings suggest that
dexmedetomidine can be used as a valuable adjuvant in epidural analgesia and anesthesia,
providing additional benefits in terms of pain control and patient comfort [30].

Concerning regional anesthesia and analgesia, it has shown superiority over fentanyl
in elective cesarean sections by increasing the time to first rescue analgesia and prolonging
the duration of the sensory block [29]. Additionally, a study by Schittek et al. provided data
on TKA patients who received USRA with FNB and SNB as well as LIA with dexmedeto-
midine as an adjuvant in both groups [18]. The authors observed significantly more pain
in the USRA group than in the LIA group at rest and exercise one day after surgery, with
no meaningful difference between the study groups until the sixth postoperative day [18].
Furthermore, they detected a longer-lasting opioid-sparing effect in both groups, which
they attributed to the addition of dexmedetomidine.

Given these promising outcomes, dexmedetomidine has also been described as one of
the most promising additive drugs in the field of regional anesthesia [31]. However, there
is a lack of data regarding the impact on well-being and early functional outcomes when
adding dexmedetomidine to the USRA approach with FNB and SNB or the LIA approach
for TKA patients.

As LIA is a feasible alternative to USRA due to its ease of implementation and rapid
placement in clinical practice, we examined these two concepts in TKA as part of this
prospective randomized controlled study with a two-year follow-up. We focused on
ambulation, postoperative well-being, and functional outcome scores after surgery.
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This study aimed to compare local periarticular infiltration (LIA) with ultrasound-
guided regional anesthesia (USRA) with ropivacaine and dexmedetomidine as an additive
agent in primary total knee arthroplasty (TKA).

2. Materials and Methods

This randomized, controlled clinical trial (RCT) followed accepted ethical, scientific,
and medical standards and was conducted in compliance with recognized international
standards, including the principles of the Declaration of Helsinki. Informed consent was
obtained from all the participants, and the study protocol was approved by the institutional
Ethics Committee (32–239 ex 19/20) and registered with data safety authorities (study
registry: ClinicalTrials.gov, NCT04697537).

2.1. Study Population

The study’s cohort was based on a previous study [18] that examined two novel anal-
gesic regimens for TKA using dexmedetomidine additionally in LIA and USRA, focusing
on opioid consumption, postoperative pain, and complications, but was terminated due to
ethical considerations. With a minimum follow-up of two years in this study population, we
aimed to gain new insights into the effects of the described analgesic regimens on patients’
clinical outcomes and well-being up to two years postoperatively. We included consecutive
patients from February to April 2021. Adult patients with end-state osteoarthritis were
included in the study. Every patient enrolled in the randomized, controlled clinical trial
analysis study received an Attune TKA (DePuy Synthes, Warsaw, IN, USA) operated by the
same senior surgeon. The Attune Knee system is a versatile implant system for TKA [32].
It was developed by DePuy Synthes was introduced to address concerns about anterior
knee problems and high dissatisfaction rates (up to 21%) associated with the previous
PFC Sigma TKA by DePuy Orthopaedics [33]. The system had a limited launch in 2011
and was formally launched in 2013 [32,34]. The new design features a femoral component
with a gradually reduced radius, enhancing conformity with the polyethylene insert to
allow gradual femoral rollback and greater mid-flexion stability; in addition, the marketing
emphasizes the unique patellar system for improved tracking and bone coverage [35,36].
Moreover, the tibial base component integrates a central locking system, aiming to provide
more secure fixation and reduce micromotion at the backside of the implant [37].

Patients were randomly assigned to the USRA or LIA group in a 1:1 ratio. A web-based
randomization tool from the Institute for Medical Informatics, Statistics, and Documenta-
tion (https://www.randomizer.at, accessed on 27 November 2020, certified according to
ISO-9001:2015) generated the random allocation sequence before the surgery. Patients and
physicians were aware of the group assignments. In the LIA group, patients were given
local infiltration analgesia from the surgeon at the end of TKA. In the USRA group, patients
received two ultrasound-guided peripheral nerve blocks from their anesthesiologist imme-
diately before anesthesia induction in the operating theater. Postoperatively, the patients
followed a standardized rehabilitation protocol, which consisted of full weight bearing
with crutches immediately after surgery and continuous passive motion (CPM) on the first
postoperative day. The study adhered to the applicable CONSORT guidelines [38].

2.2. Local Infiltration Anesthesia Procedures and Regional Anesthesia

Patients in the LIA group received periarticular infiltration with 60 mL ropivacaine
0.5% and 1 mL dexmedetomidine (100 μg mL−1) around the knee joint, including the
posterior capsule, to block distal nerve fibers. The volume LIA was distributed according
to the surgeon’s choice. The infiltration was performed before positioning the liner and
after the femoral and tibial components’ implantation. Before skin closure and the end of
surgery, the infiltration procedure treated the knee joint capsule, posterior joint structures,
periarticular soft tissue, and subcutaneous soft tissues.

According to the local standard operating procedure, both single-shot peripheral nerve
blocks were conducted in the USRA group immediately before the induction of general
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anesthesia or spinal anesthesia. A 120-mm 22-gauge needle (Pajunk SonoplexStim; GmbH
Medizintechnologie, Geistigen, Germany) was used under sterile conditions to perform the
blocks. A linear ultrasound transducer (frequency 10 to 12 MHz) was used to visualize the
target nerves, the needle, and the surrounding structures.

Approximately 1–3 cm before the sciatic nerve’s division into the common perineal
and tibial nerves and at a safe distance from the popliteal fossa, the distal single-shot sciatic
nerve was performed. The nerve block was performed in the supine position, with the foot
resting on an elevated footrest. An ultrasound-guided in-line needle insertion technique
was used for needle placement and control of local anesthetic spread. Perineurally, a
mixture of 15 mL ropivacaine 0.5% and 0.5 mL dexmedetomidine (100 μg mL−1) was
injected. To reduce patient discomfort during regional anesthesia, ultrasound-guided
femoral nerve blockade with the simultaneous intravenous administration of remifentanil
20 was performed before anesthetic induction. Thus, patients were placed in the supine
position to access the groin. Another mixture of 15 mL ropivacaine 0.5% and 0.5 mL
dexmedetomidine (100 μg mL−1) was injected perineurally with an ultrasound-guided
in-line needle insertion technique for proper needle placement. One senior anesthesiologist
performed USRA.

2.3. Surgical Technique and Anesthetic Management

All TKA procedures were carried out by one senior knee surgeon using the same
surgical technique via the medial parapatellar approach with no patella resurfacing, with
an extension gap first flexion gap balanced system (Attune, DePuy Synthes, West Chesrer,
PA, USA). Both the femoral and tibial components were cemented (Palacos R + G, Heraeus
Medical, Wehrheim, Germany). Attending anesthesiologists were not limited in their
clinical management of the patients, except that no peripheral nerve blocks were allowed
in the LIA group.

2.4. Outcome Measurement

The endpoints for analysis were functional outcome parameters. The following
questionnaires were used: Knee Society Knee Score (KSKS) and Knee Society Func-
tion Score (KSFS) [39], Western Ontario and McMaster Universities Osteoarthritis In-
dex (WOMAC) [40], Oxford Knee Score (OKS) [41], Forgotten Joint Score (FJS) [42], and
the English version of the “Evaluation du Vécu de I’Anesthésie LocoRégionale“ (EVAN-
LR) [43]. In addition, the Anästhesiolgischer Nachbefragungsbogen (ANP) [44] has been
validated to assess postoperative disturbances and satisfaction. The ANP was used to
determine well-being. The range of motion (ROM) was measured with a double-armed
goniometer. Patients were evaluated preoperatively and 5 days, 6 weeks, 12 months, and
24 months postoperatively.

2.5. Statistical Analysis

Data were reported as numbers of patients in percent, means (±SD) for parametric
data or medians (25 to 75 percentiles [IQR]) for nonparametric data, and the Kolmogorov–
Smirnov and Shapiro–Wilk tests were used for normal distribution testing. For univariate
analyses of statistical significance, Fisher’s exact test or the Mann–Whitney test for nonpara-
metric data were performed. Statistical significance was analyzed with a two-sided alpha
of less than 5% as a significance level. Further analyses included rank correlation with
Spearman’s ρ and logistic regression. Spearman correlations were performed to assess a
possible correlation between the use of LIA and the items of the questionnaires (at rest and
during exercise). For the logistic regression models for well-being, the covariates “type of
anesthesia” (general anesthesia [binary]), “type of administration of local anesthetics “(LIA
[binary]), and “sex” (binary) were adjusted. The well-being Likert scores with a threshold
of good (two lowest disturbance scores) and bad (two highest scores) were dichotomized in
this logistic regression analysis. A priori power analysis (Statistical Solutions Ltd. nQuery
Advisor Version 8.4.1 2019; Cork, Ireland) regarding the endpoints well-being and clinical
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outcome was performed with a difference of 10% set for clinical relevance and revealed a
number of n = 25 per group as sufficient, with a p-value < 0.05 and a power greater than
80%. Statistical significance was analyzed with a two-sided alpha of less than 5% as a
significance level. Correlations were defined as weak when r = 0.10–0.29, moderate when
r = 0.30–0.59, and strong when r > 0.59 (and vice versa for negative correlations).

3. Results

Of 56 consecutive patients screened for eligibility (Figure 1), 50 were randomized and
included in the final analysis. No dropouts and no complications associated with USRA
or LIA were observed in this study. The characteristics of the patients did not differ but
for the more frequently applied general anesthesia in the USRA group. Spinal anesthesia
was more frequent in the LIA group (p = 0.037). No significant differences were observed
between the two groups in baseline characteristics and demographics (Table 1).

Figure 1. Study enrollment. Fifty-six consecutive patients were screened for eligibility. These patients
were randomized into two groups. One group was given local periarticular infiltration anesthesia
(LIA) into the knee capsule during surgery and the other was given two single-shot ultrasound-guided
regional anesthesia (USRA) blocks.

3.1. Well-Being

The analysis of the questionnaires revealed that ten patients in the LIA group re-
ported well-being, while only three did so in the USRA group, six weeks postoperatively
(p = 0.024) (Table 1). No significant differences were found in well-being during the follow-
up (p = 1.000).
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Table 1. Patient characteristics, anesthesia, days of hospitalization, and well-being.

USRA,
N = 25

LIA,
N = 25

p-Value

Age (years) 67.6 (±11.0) 68.6 (±10.2) 0.771
Female (%) 10 (40) 12 (48) 0.569

BMI (kg/m2) 27.8 [24.3 to 33.8] 28.4 [25.7 to 31.6] 0.734
ASA 1 (%) 1 (4) 0 (0)
ASA 2 (%) 7 (28) 10 (40) 0.437
ASA 3 (%) 17 (68) 15 (60)

General anesthesia (%) 11 (44) 5 (20) 0.037
Spinal anesthesia (%) 14 (56) 20 (80)

Days of hospitalization 6.0 [6.0 to 7.0] 6.0 [6.0 to 7.0] 0.639

Well-being, N (%)

• Six weeks after surgery No: 22 (88%)
Yes: 3 (12%)

No: 15 (60%)
Yes: 10 (40%) 0.024

• 12 months after surgery No: 5 (11%)
Yes: 42 (89%)

No: 4 (9%)
Yes: 43 (91%) 1.000

• 24 months after surgery No: 5 (11%)
Yes: 42 (89%)

No: 4 (9%)
Yes: 43 (91%) 1.000

LIA: local periarticular infiltration anesthesia technique; USRA: ultrasound-guided regional anesthesia; ASA:
physical status classification system by the American Society of Anesthesiologists.

3.2. Functional Outcome

Functional outcome scores differed only in KSKS pain on day 5, with higher pain
scores in the LIA group (p = 0.011). Differences in KSKS pain were non-significant thereafter.
Furthermore, there were no significant differences in the other clinical outcome scores after
TKA with dexmedetomidine LIA or combined FNB and SNB in the short (day 5 and week
6) or long term (one and two years), as reported in Table 2.

Table 2. Functional outcomes preoperatively and five days, six weeks, 12 months, and 24 months
after primary TKA with dexmedetomidine LIA or USRA.

USRA (n = 25) LIA (n = 25) p-Value

Range of Motion
• Preoperative 105 [100–115] 95 [85–115] 0.412
• Five days postoperative 90 [90–100] 90 [90–100] 0.593
• Six weeks after surgery 115 [110–120] 115 [110–120] 0.734
• 12 months after surgery 118 [90–145] 119 [100–145] 0.825
• 24 months after surgery 123 [100–150] 123 [100–150] 0.241

KSKS Pain
• Preoperative 59 [55–64] 55 [53–67] 0.464
• Five days postoperative 65 [62–67] 75 [68–92] 0.011
• Six weeks after surgery 92 [89–97] 90 [73–96] 0.907
• 12 months after surgery 96 [80–100] 95 [87–100] 0.497
• 24 months after surgery 98 [90–100] 98 [94–100] 0.189

KSKS Function
• Preoperative 50 [50–70] 50 [50–60] 0.565
• Five days postoperative 20 [20–50] 30 [30–60] 0.257
• Six weeks after surgery 50 [50–70] 50 [50–60] 0.757
• 12 months after surgery 83 [65–100] 84 [50–100] 0.659
• 24 months after surgery 93 [65–100] 93 [80–100] 0.643
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Table 2. Cont.

USRA (n = 25) LIA (n = 25) p-Value

WOMAC
• Preoperative 57.1 [54.2–63.4] 58.6 [55–62.3] 0.846
• Five days postoperative 72.3 [65.9–78] 77.4 [75.1–80.3] 0.081
• Six weeks after surgery 90.1 [85.3–94.1] 90.5 [90.3–95.3] 0.294
• 12 months after surgery 92.6 [86–100] 93.4 [86–100] 0.711
• 24 months after surgery 94.1 [90–100] 95.8 [90–100] 0.754

OKS
• Preoperative 19 [17–23] 16 [14–22] 0.255
• Six weeks after surgery 31 [27–36] 31 [27–36] 0.712
• 12 months after surgery 38 [28–42] 37 [28–41] 0.862
• 24 months after surgery 43 [31–45] 43 [32–46] 0.897

FJS
• Six weeks after surgery 48 [47–51] 51 [49–53] 0.090
• 12 months after surgery 62 [48–75] 63 [49–78] 0.382
• 24 months after surgery 80 [60–92] 82 [58–94] 0.827

LIA: local infiltration anesthesia; USRA: ultrasound-guided regional anesthesia (combined femoral and sciatic
nerve block); ROM: range of motion; KSKS: Knee Society Knee Score; WOMAC: Western Ontario and McMaster
Universities Osteoarthritis Index; OKS: Oxford Knee Score; FJS: Forgotten Joint Score.

3.3. Postoperative Improvement

Functional outcome scores differed only in KSKS pain on day 5, with higher pain
scores in the LIA group (p = 0.011). Differences in KSKS pain were non-significant thereafter.
Furthermore, there were no significant differences in the other clinical outcome scores after
TKA with dexmedetomidine LIA or combined FNB and SNB in the short- (day 5 and
week 6), long-term (one and two years), which is reported in Table 2.

3.4. Rank Correlation and Logistic Regression Analyses

Regarding the observed correlations between LIA and the questionnaires, only well-
being and KSKS pain five days after surgery (r = 0.401, r = 0.362, p < 0.01) were correlated
moderately. When the well-being of patients was placed in a logistic regression model
adjusted for LIA, sex, and type of anesthesia (spinal or general anesthesia), only the
performance of LIA remained significant (Table 3). The comparison between the USRA
and LIA groups regarding return to sex (p = 0.231), allodynia (p = 0.191), and hyperalgesia
(p = 0.280) six weeks and one and two years after surgery showed no significant differences
between groups.

Table 3. Patient well-being in a logistic regression model adjusted for LIA, sex, and type of anesthesia.

Exp (B)
95% CI for Exp (B)

p-Value
Lower Upper

male sex 0.622 9 (50%) 30 (86%) 0.009
LIA 5.254 13 (72%) 27 (77%) 0.743
GA 0.748 4 (22%) 11 (31%) 0.539

Variables entered at step 1: male sex, local infiltration anesthesia (LIA), general anesthesia (GA). Exp (B): regression
coefficient; CI: confidence interval.

4. Discussion

This study aimed to compare local periarticular infiltration (LIA) with ultrasound-
guided regional anesthesia (USRA) with ropivacaine and dexmedetomidine as an additive
agent in primary total knee arthroplasty (TKA).

The most important finding of our investigation was that patients reported signifi-
cantly higher rates of well-being when LIA was performed than USRA, despite higher
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postoperative opioid requirements during the first 24 postoperative hours [18]. Although a
higher rate of well-being was observed in the LIA group six weeks postoperatively, there
were no differences between the two groups one and two years after TKA. Moreover, no
differences in the long term could be observed concerning clinical outcomes, including pain.

This could mean that the sensory/motor block caused by USRA has a greater influence
on early well-being than more intense pain and a greater need for opioids, as observed
in our LIA group. We interpret this in light of the patients’ expectations, which certainly
include postoperative pain more often than temporary motor paralysis for up to two days
postoperatively, leading to the aforementioned results. This circumstance can probably be
best explained by the brief and simplified definition of well-being, “. . . the state of feeling
healthy and happy”, which can only be assessed subjectively [45].

It is known that general physical well-being affects satisfaction in patients following
TKA [46]. Furthermore, psychological factors, such as tangible support, depression, dys-
functional coping, and low optimism, are associated with higher pain and inferior results
in functionality as well as patient satisfaction after TKA [47]. Hence, we interpret this as
growing evidence that well-being, including physical and mental components, appears to
play a more important role than previously thought.

Kampitak et al. [48] assessed patient satisfaction in their study, in which LIA and an
adductor canal block (ACB) were compared. Contradictory to our observed well-being
scores, the patient satisfaction score of the LIA group was inferior to that of the USRA
group; however, the difference was statistically non-significant. Kastelik et al. [49] presented
comparable results in patient satisfaction and requirements for postoperative oral morphine
equivalents during the hospital stay between LIA and single-shot SNB combined with ACB,
which is different from our findings. Moreover, Uesugi et al. [50], comparing combined
FNB and SNB with LIA, found no significant difference in satisfaction with analgesia up to
48 h after TKA. However, in the present RCT, we showed superior short-term well-being
rates for LIA compared to USRA for the first time, although the LIA group experienced
significantly more pain on day 5 after TKA. We see the greater well-being observed six
weeks postoperatively as a psychological advantage with a potentially higher grade of
motivation for rehabilitation, which could lead to improved knee recovery and overall
satisfaction. Improvements in functional outcomes due to early mobilization [51–53] and
the beneficial effects of LIA on functional recovery and pain control have been repeatedly
described [54–57].

Regarding postoperative short-term functionality, our findings align with previous
studies that evaluated patients who underwent TKA with regional anesthesia or LIA,
showing no significant differences up to one year after surgery [13,58]. Fan et al. evaluated
the KSKS function score up to one year after TKA in patients receiving either regional
anesthesia with FNB or LIA [58]. In accordance with their results, we did not observe
significant differences in short-term functionality up to one year post-TKA. Furthermore,
the lack of statistically significant differences regarding postoperative short-term function-
ality observed in our study is consistent with the findings of Li et al. [13], who assessed
patients undergoing TKA with regional anesthesia involving a combined ACB and lateral
cutaneous femoral nerve block (LCFNB) versus LIA. Similar to our findings, they also did
not observe a significant difference in the KSKS function score between the two groups at
three months post-surgery, which is comparable with our findings six weeks to six months
after surgery [13]. Hence, these results suggest that both regional anesthesia and LIA
appear to be comparably effective in facilitating short-term functional recovery for patients
following TKA. However, it is important to mention that, when comparing FNB with LIA,
Yu et al. [57] observed significantly more falls in the FNB group during the hospital stay,
potentially leading to anxiety and further hindering the early rehabilitation process [59,60].

A recent study compared the additional implementation of dexmedetomidine with
ropivacaine in LIA and USRA (femoral nerve block and popliteal nerve block) and revealed
a superior opioid-sparing effect in both groups, with USRA being superior to LIA when
compared directly [18]. As with these findings, another study demonstrated that LIA
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provided better results in pain control in the early postoperative period than ACB after
TKA, which was beneficial to early postoperative rehabilitation and added to patient
satisfaction [56]. Aso et al. [61] described that performing LIA in addition to an FNB is
an effective method for postoperative pain management after TKA. Lychagin et al. [24]
compared LIA with combined FNB and SNB in TKA patients and found that the PNB only
provided significantly better pain relief 4 h postoperatively, with no further significant
differences in pain until the fifth day after surgery. The non-significant difference between
both groups differed from our results, which showed significantly more pain on the fifth
day after surgery in the LIA group.

For patient satisfaction, FNB combined with LIA was determined as the best op-
tion [38]. Studies comparing LIA (using liposomal bupivacaine (LB)) with FNB found
that LIA resulted in a greater number of patients ambulating on the day of surgery and
faster and better recovery of function, but similar pain relief in both groups [54,57,62,63].
Furthermore, Surdam et al. [62] showed a reduction in the LIA group’s average length of
hospital stay (LOS). According to Spangehl et al. [64], LIA provides comparable pain relief
to single-shot SNB combined with an indwelling femoral nerve catheter and results in a
slightly reduced length of hospital stay.

The results of LIA and various types of USRA in terms of functional outcomes, post-
operative pain, length of hospital stay, satisfaction, and opioid consumption are still contro-
versial in the current literature [48,55–57,62,65], and it seems rather impossible to point out
an intervention that performs the best in all outcome measures. Furthermore, the lack of
consistency in functional outcomes may be attributable to the heterogeneity of the used
agents and perioperative pain management, as well as differences in the implemented
interventions in previous studies. This makes it challenging to determine whether LIA
or USRA is superior for TKA in clinical practice regarding functional outcomes, early
postoperative pain, and well-being.

This RCT observed that USRA and LIA influence patient well-being and early post-
operative pain differently but show similar functional outcomes. We emphasize that the
decision regarding whether to perform LIA or USRA should be sought individually, primar-
ily depending on the medical indications, patient expectations, and perceptions, including
the careful evaluation of individual risk factors and benefits for each patient, as well as the
goals of the rehabilitation process after surgery. Our results suggest that determining the
postoperative analgesic method of choice in TKA patients should also rely on whether anal-
gesia (USRA) or motor function (LIA) is the priority, especially in the early postoperative
period, to improve patient outcomes.

5. Limitations

We wish to underline that the discrepancy between spinal and general anesthesia, with
more LIA patients having undergone spinal anesthesia, was a confounder within the data.
Moreover, this study did not compare outcomes during the first four postoperative days,
which would likely have provided additional valuable information for the comparison
between the two groups, as the effects of the agents used typically disappeared after the
first or second postoperative day. The observed differences among both groups (LIA vs.
USRA) were based on the study’s small sample size, and the results should therefore be
interpreted with caution. Based on the study’s limitations, we cannot suggest one method
over the other as both approaches have advantages and disadvantages when it comes to
well-being and pain in the early postoperative period.

6. Conclusions

Patients treated with LIA had superior postoperative well-being in the early postoper-
ative phase of up to 6 weeks and had similar functionality in comparison to patients treated
with USRA but experienced significantly more pain. LIA leads to improved short-term well-
being, which is potentially beneficial for faster knee recovery, including the motivation for

57



J. Clin. Med. 2023, 12, 5088

rehabilitation and physical therapy. Additionally, LIA has advantages in its practicability,
as it is easier and faster to perform than USRA.
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Abstract: Introduction: Various types of vagus nerve stimulation are employed in the treatment of
a range of conditions, including depression, anxiety, epilepsy, headache, tinnitus, atrial fibrillation,
schizophrenia, and musculoskeletal pain. The objective of this study was to apply vagal stimulation
to the neck area using standardised cold, and then analyse the level of vascular access discomfort
experienced by individuals who underwent venous cannulation from the dorsal side of the hand prior
to anaesthesia. Materials and Methods: A total of 180 patients, aged 18–75, who were scheduled to
undergo elective surgery, were categorised into three distinct groups: the Sham group (Group S), the
Control group (Group K), and the Cold group (Group M), with each group consisting of 60 individuals.
Bilateral cold application to the lateral side of the neck was performed prior to the commencement of
vascular access in Group M patients, followed by the subsequent opening of vascular access. The
alterations in heart rate among patients was assessed subsequent to the application of cold and
following the establishment of vascular access. The participants were instructed to assess their level
of vascular access pain on a numerical pain scale (NRS) ranging from 0 to 10. Results: A statistically
significant difference (p = 0.035) was seen when comparing the pain ratings of patients during vascular
access. The study revealed that the NRS values exhibited a statistically significant decrease in Group
M compared to both Group K (p = 0.038) and Group S (p = 0.048). Group M had a higher prevalence
of individuals experiencing mild pain compared to other groups, and the difference was statistically
significant (p = 0.029). In Group M, the average heart rate following vagal stimulation exhibited a
statistically significant decrease compared to the average heart rate observed at the beginning of the
study (p < 0.05). Upon comparing the original heart rate measurements with the heart rate values
following vascular access, it was observed that there was an elevation in heart rate for both Group
S and Group K. Conversely, Group M exhibited a decrease in heart rate after vascular access when
compared to the initial heart rate values. Conclusions: In the present investigation, it was discovered
that the application of cold to the neck region resulted in a drop in heart rate among the patients,
which persisted throughout the process of vascular access. Furthermore, the level of pain experienced
by these individuals was reduced during vascular access procedures.

Keywords: vascular access pain; heart rate; cold application; vagal stimulation

1. Introduction

The vagus nerve (N. vagus) extends from the brain stem to the proximal two-thirds
of the large intestine and is therefore the longest of the cranial nerves [1]. Furthermore,
apart from serving as the primary neuron of the autonomic parasympathetic system, it also
has anti-inflammatory and analgesic characteristics. The afferent branch of the N. vagus
can be found in the region of the ear known as the ‘cymba conchae’, while the cervical
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branch is densely situated in the neck region [2]. These regions are employed to deliver
stimuli for the vagus stimulation approach. The vagus stimulation approach, formerly
employed for managing refractory epilepsy, has been found to have pain-reducing effects
in musculoskeletal disorders [3]. Similarly, Eastern medicine has, for millennia, harnessed
the analgesic properties of auricular acupuncture [4].

The clinical application of vagus stimulation extends beyond the treatment of de-
pression, epilepsy, and vascular access pain in encompassing additional conditions such
as headache, tinnitus, atrial fibrillation, schizophrenia, and various pain management
approaches. Transcutaneous cervical vagus stimulation (TCVS) is a frequently utilised
non-invasive method [5]. The Valsalva manoeuvre is a physiological technique that elicits
activation of the vagus nerve. It is believed that the activation of the vagal nerve by the
stimulation of the baroreceptor reflex arc leads to the release of a substance similar to sub-
stance P, which exhibits antinociceptive properties [6–8]. The application of ice to the lateral
neck region is believed to elicit stimulation of the vagus nerve, resulting in a reduction in
heart rate. The application of cold to the neck region also leads to an antinociceptive effect,
which is attributed to the activation of the parasympathetic system by the stimulation of
the baroreceptor reflex arc via vagal stimulation [7].

Intravenous (IV) cannulation is a frequently employed procedure conducted by anaes-
thesiologists both within and beyond the confines of the operating room. Prior to the
initiation of any surgery, it is imperative to establish vascular access. The process of venous
cannulation is associated with a moderate level of pain, causing discomfort and height-
ened stress levels among patients [9]. During the venous cannulation procedure, patients’
stress level and pain may increase, especially in repeated interventions. For this reason,
ultrasonography support is also used to increase the success rate of cannulation and aid in
single-attempt success [10,11]. Numerous methodologies have been employed in attempts
to mitigate the discomfort associated with venous cannulation and to alleviate the pa-
tient’s pain and divert their attention. These include the administration of local anaesthetic
through injection to the intervention site, the application of topical anaesthetic, the use of
cold, and the use of a vibrating buzzy device. The administration of local anaesthetic mostly
alleviates the physical aspect of pain, whereas the Valsalva manoeuvre, which involves the
stimulation of the vagus nerve, mitigates both the somatic and psychological dimensions
of pain [8]. The induction of antinociception can be achieved through the activation of
the cardiopulmonary baroreceptor reflex arc or sino-aortic baroreceptor reflex arc via the
Valsalva manoeuvre. It has been noted that the elevation of intrathoracic pressure during
this manoeuvre leads to a reduction in venous return, thereby underscoring the significance
of venous cannulation [12,13].

Aim: The aim of this study was to administer vagus stimulation with the application
of standardised cold to the neck area, and thereafter assess the level of pain experienced by
patients who underwent venous cannulation on the dorsal side of the hand.

2. Materials and Methods

This single-centre study was conducted within the operating room of Samsun Uni-
versity Training and Research Hospital, Samsun, Turkey) between 18 June and 30 July
2023 following ethics committee approval (Decision no. 11/19 of SÜKAEK-07.06.2023) and
Clinical Trials (NCT05920915) registration. Upon their arrival at the operating theatre on the
designated day of surgery, patients who had already undergone preoperative preparation
for the surgical procedure and administration of anaesthesia were briefed about the aims
of the study and informed consent was obtained.

Inclusion Criteria: The study included individuals aged between 18 and 70 years who
underwent elective surgery and were classified by the American Society of Anesthesiolo-
gists (ASA) as class I-III.

Exclusion Criteria: The study excluded individuals who exhibited the following charac-
teristics: a scar located on the dorsal aspect of the hand, a diagnosis of psoriasis, peripheral
vascular disease, chronic analgesic usage, opioid usage, steroid usage, gabapentinoid us-

63



J. Clin. Med. 2023, 12, 6273

age, a history of substance and alcohol use, peripheral neuropathy, ongoing oncological
treatment, individuals scheduled for oncological surgery, pregnant women, patients using
anti-arrhythmic medication, and patients with limited cooperation.

Randomisation and intervention: Individuals were transported to the preoperative
waiting area where they underwent routine monitorisation. The sample size for each group
was determined to be 53 patients, with an additional 7 individuals included for potential
losses, resulting in a total sample size of 60 individuals for each group. Patients were
randomly assigned to three groups: a Control group (Group K), a Cold group (Group
M), and a Sham group (Group S). Randomisation was conducted using the Sequentially
Numbered, Opaque, Sealed Envelope (SNOSE) technique [14]. Patients whose venous
cannulation from the dorsum of the left hand could not be successfully completed in a
single attempt were excluded from the study (Figure 1).

Figure 1. Flow chart of the study. n = number.

Group K (Control group): A waiting period of 30 s was observed prior to opening the
vascular access, without any intervention.

Group M (Cold group): Immediately prior to the initiation of vascular access, a marble
stone measuring 4 × 5 cm was applied for a duration of 30 s to the carotid artery, specifically
positioned 2–3 cm above the collarbone on the sternocleidomastoid muscle (SCM). This
marble-derived stone was retrieved from the vegetable shelf of a refrigerator. The stone
was subjected to a cooling process at a temperature of −8 ◦C for a duration of 10 min.
Subsequently, the temperature reduced to 11 ◦C. The temperature of the sample in contact
with the palm increases to 12 ◦C during a span of 1 min and rises to 18 ◦C over a period of
5 min while placed on a table at room temperature. The marble stone was taken out of the
refrigerator at the time of application for each patient and used without waiting.

Group S (Sham group): Prior to initiating vascular access, the bilateral neck region of
the patients was prepared by applying a 4 × 5 cm marble stone contained within a polar
sheath for a duration of 30 s (Figure 2).
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Figure 2. Picture on the left (1) is the application of cold marble to the neck area, picture on the right
(2) is application of non-cold marble to the neck area.

Prior to establishing vascular access, the heart rate (HR), respiratory rate (RR), non-
invasive blood pressure (NIBP), and oxygen saturation (SPO2) were measured in all patients.
The same parameters were then re-measured following 30 s of contact with a marble stone
on the neck area in Group M and Group S. In Group K, the measurements were taken after a
30 s waiting period without any intervention. Subsequently, a single insertion of an 18 gauge
(green) intravenous catheter was performed by the same healthcare professional on the dorsal
aspect of the left hand. The data of heart rate (HR), respiratory rate (RR), non-invasive
blood pressure (NIBP), and peripheral capillary oxygen saturation (SpO2) were promptly
documented after the placement of the intravenous catheter. The participants were requested
to assess their levels of pain on a scale ranging from 0 to 10 using the numerical pain scale
(NRS). The records were recorded by the same nurse blinded to the study.

Statistical Analysis: The data were analysed using the SPSS 21 software. GPower
3.1 was utilised to determine the total sample size required for a study with three groups.
The effect size was specified as 0.25, the α error was set at 0.05, and the desired power was
0.80. The computed sample size was found to be 159. The study assessed the NRS scores of
three groups and investigated the correlation between heart rate (HR), respiratory rate (RR),
and non-invasive blood pressure (NIBP), as well as the oxygen saturation (SPO2) readings
of the patients before, immediately after, and following the application of a marble. The
normality of distribution was assessed using the Kolmogorov–Smirnov and Shapiro–Wilk
tests. The examination of data with a normal distribution involved the utilisation of both
the analysis of variance (ANOVA) and the paired samples test. The Kruskal–Wallis, Mann–
Whitney U, and Wilcoxon Signed Rank tests were used to analyse data that did not follow
a normal distribution. The Chi-square test was conducted by constructing cross tables.
Descriptive statistics utilised mean ± standard deviation and percentiles. The results were
evaluated using a confidence interval of 95% and a significance level of p 0.05.

3. Results

Data from 162 patients were analysed: 54 in the Control group, 52 in the Sham group,
and 56 in the Cold group. The age, gender, and BMI distributions of the patients were
comparable between groups (Table 1). No parasympathetic activity-related complications,
such as syncope or hypotension, were observed in any of the patients.

Table 1. Demographic data.

Group
p

S (n = 52) K (n = 54) M (n = 56)

Age (Mean ± SD) 47.25 ± 17.71 47.3 ± 15.84 44.54 ± 15.56 >0.05
Gender (n) Male 24 21 24 >0.05

Female 28 32 32
BMI (Mean ± SD) 28.71 ± 5.7 28.97 ± 5.44 28.00 ± 5.27 >0.05
ASA (n) I/II/III 7/33/12 5/40/9 18/36/2

BMI = body mass index; ASA = American Society of Anesthesiologists, SD = standard deviation, n = number.
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The initial values for heart rate, respiratory rate, and non-invasive blood pressure
were comparable between groups. After vagal stimulation, the mean heart rate in Group M
was significantly lower than at baseline (p < 0.05). When the initial heart rate values were
compared to the heart rate values after vascular access, there was an increase in the heart
rate in Groups S and K, while there was a decrease in the heart rate in Group M (Table 2).

Table 2. Changes in heart rates.

Heart Rate Beats/min (Mean ± SD)

Initial Value After Vagal Stimulation p

M (n = 56) 77.07 ± 10.38 72.66 ± 10.29 <0.05
Initial Value After Vascular Access

S (n = 52) 74.0 ± 12.56 76.98 ± 14.41 <0.05
K (n = 54) 76.46 ± 12.29 78.04 ± 12.14 >0.05
M (n = 56) 77.07 ± 10.38 76.02 ± 10.43 >0.05

n = number, SD: standard deviation.

When comparing the pain levels of patients undergoing vascular access, the difference
between the groups was statistically significant (p = 0.035). Significantly reduced NRS
values were observed in Group M compared to Group K (p = 0.038) and in Group M
compared to Group S (p = 0.048). When the NRS value of 1–3 was classified as mild pain
and 4–10 as moderate to severe pain, significantly more Group M patients experienced
mild pain than Group K patients. Table 3 demonstrates that the number of patients
with moderate and severe pain was considerably greater in Group K than in Group M
(p = 0.029).

Table 3. Evaluation of pain scores between groups.

Groups
p

S (n = 52) K (n = 54) M (n = 56)

NRS (Mean ± SD) 5.02 ± 2.04 4.94 ± 1.72 a 4.16 ± 1.97 <0.05
No Pain (NRS 0) 0 0 1 NA
Mild Pain (NRS 1–3) 14 10 b 21 <0.05
Moderate/Severe Pain
(NRS 4–10) 38 44 34 >0.05

NRS = numeric rating scale, n = number, SD = standard deviation, NA = Not applicable. a p < 0.05 when S-K-M,
K-M, S-M groups were compared, b p < 0.05 when M and K groups were compared.

When the respiratory rate and non-invasive blood pressure measurements of the
patients were evaluated at baseline, prior to vagal stimulation, after vagal stimulation, and
after intravenous access, there was no difference between the groups or within the groups.

4. Discussion and Conclusions

The aim of this study was to evaluate the level of discomfort experienced by in-
dividuals undergoing venous cannulation following vagal stimulation induced by the
administration of a cold compress to the neck. Our findings indicate that the individuals in
Group M, where cold was applied, exhibited less discomfort during vascular access and
a better rate of successful vascular access. A notable reduction in the heart rates of the
patients in the cold group was noticed in comparison to their initial levels.

Various Valsalva techniques, namely, balloon insufflation, coughing, and breath-
holding, are employed for the purpose of stimulating the vagus nerve [12,13,15]. An
alternative method of stimulating the vagus nerve involves the application of cold to the
cervical region. Jungman previously demonstrated that the application of cold to the neck
region results in a reduction in heart rate [7]. In this study, we found that the heart rate of
the patients who underwent cold application to the neck region exhibited a statistically

66



J. Clin. Med. 2023, 12, 6273

significant decrease compared to their initial values. This decrease was seen both immedi-
ately after the application of cold and during vascular access. These findings confirm the
occurrence of vagal stimulation.

Patients frequently experience discomfort during vascular access, especially when
under the stress of a surgical operation. The venous cannulation process is a crucial
component of surgical interventions for patients, and successfully navigating this stage
without complications brings significant relief. The NRS values observed during vascular
access procedures were found to be lower in the group of patients who had undergone
cold therapy compared to the other groups. This difference was deemed to be clinically
significant, as seen in Table 3. In a study utilising balloon insufflation for vagus stimula-
tion, a substantial proportion of patients reported the absence of any pain, and a much
lower number of patients had severe discomfort [12]. Another study demonstrated that
patients who underwent plateletpheresis experienced reduced levels of needle insertion
pain and anxiety when utilising the Valsalva manoeuvre [15]. In another study, the effect
of the Valsalva manoeuvre on the sensation of pain during the insertion of a catheter
during spinal anaesthesia was investigated. No patients in the Valsalva group exhibited
severe pain, and the proportion of patients who did not report pain was much greater
compared to the other groups. In our study, one patient subjected to cold treatment did
not report any pain sensation, whereas a total of 21 individuals had mild pain. In their
study, Höbek et al. [16] employed the Valsalva manoeuvre as a means to mitigate the
vascular access pain experienced by pregnant women. The researchers noted a decrease
in pain levels among the participants. The analgesic effect in various clinical scenarios
has been investigated in the literature through the utilisation of several approaches to
vagus stimulation, such as the Valsalva manoeuvre, stimulation of the vagus nerve from
the ear region, and the application of invasive or non-invasive devices targeting the neck
region [17,18].

Our research incorporates a novel approach to alleviate venepuncture discomfort by
the application of cold stimulation to the vagus nerve. The findings of our investigation
indicate that the administration of ice to the vagus nerve has a pain-reducing effect. In
the course of our comprehensive literature review, we encountered a dearth of studies
investigating the administration of analgesia via vagus nerve stimulation through the
application of cold stimuli to the neck area.

This study has several limitations. Firstly, it was conducted in a single centre, which
may restrict the generalisability of our findings in other settings. Additionally, the psycho-
logical status of the patients, including factors such as anxiety and depression, was not
assessed prior to the trial. These psychological factors have been shown to potentially influ-
ence pain perception and might have impacted our results. The application of quantifiable
markers for assessing nerve vagus stimulation could potentially enhance the effectiveness.
An intriguing comparison could be made with a group receiving local anaesthesia.

In conclusion, in this study, we observed that patients whose necks underwent
cold compress had a reduced pulse rate that remained low during vascular access.
Furthermore, these patients experienced less discomfort during vascular access. The
research presented in this study can be regarded as a valuable contribution to the existing
body of knowledge on vagus stimulation techniques, which have been employed in
several domains such as anxiety management, depression treatment, analgesic efficacy,
and epilepsy therapy. To effectively transfer our findings into clinical practice, it is
imperative to substantiate our research with studies conducted in diverse contexts such
as critical care units, oncology services, and other relevant settings. Additionally, it is
crucial to encompass a wide range of age groups, including children and the elderly, to
ensure the applicability of our findings across various populations. Furthermore, it is
essential to foster broad involvement in these studies to enhance the generalisability and
robustness of our conclusions.
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Abstract: Up to 25% of patients undergoing knee arthroplasty report chronic pain postoperatively.
Early identification of high-risk individuals can enhance pain management strategies. This retrospec-
tive analysis investigates the incidence of severe postoperative pain and its associated risk factors
among 740 patients who underwent total knee arthroplasty. Utilizing a digital application, patients
provided comprehensive data encompassing pre- and postoperative pain levels, analgesic usage, and
completed a chronic pain risk assessment. Participants were categorized into two distinct groups
based on their pain status at three months post-op: Group D+ (14%), characterized by pain scores
exceeding 40/100 and/or the utilization of level 2 or 3 analgesics, and Group D− (86%), who did
not meet these criteria. An analysis of pain trajectories within these groups revealed a non-linear
progression, with specific patterns emerging amongst those predisposed to chronic pain. Notably,
patients with a trajectory towards chronic pain exhibited a plateau in pain intensity approximately
three weeks post-surgery. Significant preoperative risk factors were identified, including elevated
initial pain levels, the presence of comorbidities, pain in other body areas, heightened joint sensitivity
and stiffness. This study highlights the utility of digital platforms in enhancing patient care, particu-
larly through the continuous monitoring of pain. Such an approach facilitates the early identification
of potential complications and enables timely interventions.

Keywords: knee surgery; chronic pain; mhealth; analgesia; pain trajectory; pain management;
prehabilitation

1. Introduction

Despite the implementation of multimodal pain management techniques, the post-
operative phase following total knee arthroplasty (TKA) frequently results in significant
pain for patients. This often leads to adverse patient outcomes, including dissatisfaction,
prolonged hospitalization, diminished quality of life, and non-adherence to rehabilitation
protocols [1]. Additionally, the extended use of analgesics can precipitate adverse side
effects [2], contributing to the development of chronic pain symptoms in 10 to 30% of
cases [3,4].

The current understanding of the risk factors contributing to chronic pain post-TKA is
incomplete, despite extensive research efforts [5,6]. Research has identified several potential
risk factors, including local inflammation due to surgery, nerve sensitization, psychological
factors such as anxiety and depression, pain catastrophizing, and preoperative opioid
use [7–10]. Accurately predicting which patients will develop chronic pain remains a sig-
nificant challenge. However, recent studies have highlighted the potential of perioperative
pain patterns as a valuable indicator for identifying patients at risk of chronic pain [11–13].
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The past decade has seen the advent of digital health technologies enabling the contin-
uous collection of perioperative data [14–17], including pain scores [18].

This development has provided physicians with enhanced insights into patient pain
experiences, thereby improving pain management strategies. By integrating these technolo-
gies with the knowledge of identified risk factors, there is potential for a more profound
understanding and prediction of chronic pain post-TKA [19,20].

This study aims to: (1) characterize the structure of acute pain trajectories during the
postoperative period following TKA using a digital platform, (2) investigate risk factors
potentially leading to chronic pain, and (3) examine the differences in recovery patterns
among patients who develop chronic pain.

2. Materials and Methods

2.1. Study Design and Data Source

We conducted a retrospective observational study using anonymized depersonalized
data from the database of moveUP digital therapies (moveUP solution, Brussels, Belgium).
The database comprises data from patients who underwent hip and knee arthroplasty
across Belgium, France, and the Netherlands. A cohort of 740 patients who underwent
elective total knee arthroplasty was selected, covering the period from November 2017
to June 2023. Patients were included in the study if they used the digital application for
at least 70 days after surgery and completed their patient reported outcome measures at
3 months postop. Prior to the inclusion, each patient provided written informed consent for
the scientific use of their anonymized data. Regulatory guidelines were followed with no
involvement of institutional review board (IRB) approval as this study used anonymized
patient-level data.

2.2. Data Collection System

All data collection was facilitated via the moveUP® application (moveUP®, Brussels,
Belgium), which is registered as a medical device. This application operates on a smart
virtual platform designed for digital monitoring, utilizing both objective and subjective
patient data. The platform consists of two main components: a patient-facing mobile
application and a web-based dashboard utilized by the care provider.

In concurrence with data collection, the application provided patients with timely
educational materials regarding their postoperative recovery. These informational resources
were developed and validated in collaboration with hospital care teams [14], ensuring the
delivery of credible and accurate guidance to facilitate patient recovery (Figure 1).

2.3. Outcomes

The patients used the moveUP app to collect pre- and postoperative pain data, chronic
pain risk factors, analgesic usage and physical activity (using a commercial activity tracker
(Garmin Vivofit 4) worn 24/7 by the patients.). Pain and swelling were assessed daily
using a visual analog scale (VAS: 0–100 scale, higher score indicating worse pain) [21]. Pain
medication type and frequency was also assessed daily (level 1, 2 and 3 painkillers).

Potential chronic pain risk factors were collected pre-operatively: age, gender, body
mass index (BMI), type and number of comorbidities, patient reported sensitivity, patient
reported stiffness, preoperative pain intensity at rest, preoperative pain intensity at night,
and presence of pain elsewhere at multiple sites (Table 1). Patient-reported outcomes such
as Knee Osteoarthritis Outcome score (KOOS), and EuroQol 5-Dimension (EQ5D) were
measured before surgery and 6 weeks, 3 months, 6 months, 1 and 2 years after surgery
through the app.

2.4. Chronic Pain

The International Association for the Study of Pain (IASP) defines chronic post-surgical
pain as pain that persists beyond the healing process, i.e., at least three months after
surgery [22]. Patients were divided into two groups: those exhibiting pain scores greater
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than 40/100 and/or consuming level 2 or 3 analgesics were categorized as D+, and those
who did not fulfill these criteria at three months post-surgery were categorized as D− [23].

(a) (b) 

Figure 1. Patient application (a) and example of an evolution report showing patient reported
outcomes scores against a population and the evolution of daily data (b).

Table 1. Questions asked through the application.

Questions Answer Options

Indicate on the slider the stiffness you experienced
in your joint? 0–100 slider—none—very stiff

What is the intensity of your pain? 0–100 slider—no pain—intolerable pain

Does your affected joint feel swollen?
(no swelling—very swollen) 0–100 slider—no swelling—very swollen

In the last 7 days, how bad was you pain at rest? 0–100 slider—no pain—worst pain
imaginable

In the last 7 days, how bad was your pain at night? 0–100 slider—no pain—worst
pain imaginable

On a scale from 0 to 10, how severe is the
sensitivity in/around the joint?

0–10 choice—normal- not sensitive at all,
extremely sensitive

Do you experience complaints to other areas
surrounding your index joint? Yes—No

Did you take any medication today? Yes—No

Add the medication you took today below
(painkillers, anti-inflammatory,
anti-coagulants, etc.)

Multiple choice + free entry

2.5. Statistical Analysis

Descriptive statistics were used to describe the data with median (interquartile range)
for continuous variables, and number (percentage) for categorical variables. The Chi-square
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test was applied to assess proportional differences between groups. The Mann–Whitney
U test was utilized to compare the parameters between the groups, with an alpha error
threshold set at 0.05.

3. Results

Demographic characteristics of the study participants are delineated in Table 2. Within
the cohort, the non-chronic pain group (D−) constituted 632 patients (85%), whereas the
chronic pain group (D+) comprised 108 patients (15%). At the three-month postoperative
interval, 89 patients reported a pain intensity exceeding 40/100, and 19 patients were using
level 2 or 3 analgesics. The majority of participants in both cohorts were retired. A higher
proportion of females was observed in the chronic pain group (71%) compared to the
non-chronic pain group (56%).

Table 2. Demographics comparison between chronic and non-chronic pain groups.

Characteristic Chronic Pain (D+) Non-Chronic (D−) p-Value

N (%) 108 (14.6%) 632 (85.4%) /
Age (years), median (IQR) 61.0 (56.0–70.0) 63.0 (57.0–69.0) 0.989
BMI, median (IQR) 29.0 (26.1–32.6) 29.0 (26.1–32.7) 0.711
Gender, N (%) 0.007

Female 77 (71) 352 (56)
Male 31 (29) 273 (43)

Unknown 0 7 (1)
Employment status, N (%) 0.034

Employed 1 (1) 43 (8)
Unemployed 88 (98) 497 (92)

Educational background, N (%) 0.253
Primary school 11 (12) 48 (9)

Secondary school 47 (52) 260 (48)
Bachelor degree 20 (22) 139 (26)
Master degree 9 (10) 88 (16)

I prefer not to answer this
question 2 (2) 4 (1)

N: number of patients, IQR: interquartile range.

Preoperative pain intensity was reported to be greater during the daytime as opposed
to nighttime (Figure 2). A notable peak in pain was recorded within the initial two days
post-surgery, which then subsided by the third day and approached a plateau around
day 45.

Figure 2. Pain intensity evolution during day and night over the 90 days post-surgery for the whole
TKA population.
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During the first and second weeks post-surgery, the chronic pain cohort consistently
reported elevated pain levels relative to the non-chronic pain cohort, with these dispari-
ties proving to be statistically significant. Over time, the divergence in pain trajectories
became more pronounced (Figure 3). The pain levels in the chronic pain cohort began
to plateau after three weeks, while those in the non-chronic pain cohort continued on a
declining trend.

Figure 3. Pain experienced during the day for the chronic and non-chronic pain group. Rel to surgery:
relative to surgery.

Comparative analysis revealed significant statistical differences across most measured
parameters between the chronic pain group (D+) and the non-chronic pain group (D−) as
presented in Table 3. Patients in the chronic pain cohort were more likely to have at least
one comorbidity, with 79% of them reporting such conditions.

Table 3. Risk factors comparison between chronic and non-chronic pain groups.

Characteristic Chronic Pain (D+) Non-Chronic (D−) p-Value

Number of comorbidities, % <0.001
0 21 53
1 57 31

>2 22 16
Pre-operative parameters

Number of patients with pain
elsewhere than surgical site, % 60 42

Percentage of patients in each pain
category, % <0.001

No pain—VAS 0–4 0 1
Mild pain—VAS 5–44 17 42

Moderate pain- VAS 45–74 70 55
Severe pain—VAS 75–100 13 2

Sensitivity (0/10) (median, IQR) 8.0 (7.0–8.0) 7.0 (6.0–8.0) 0.002
Stiffness (0/100) (median, IQR) 59.3 (49.3–73.0) 46.2 (31.6–59.8) <0.001

Pain at night (0/100) (median, IQR) 52.8 (41.0–63.4) 36.7 (22.7–51.3) <0.001
Swelling (0/100) (median, IQR) 29.8 (12.9–53.6) 25.0 (11.4–50.7) 0.40

Physical activity (number of steps)
(median, IQR) 3637 (2545–5490) 3916 (2262–5931) 0.75

Peri-operative parameters Chronic pain (D+) Non-Chronic (D−)

Pain first week (0/100) (median, IQR) 52.6 (43.4–62.7) 37.6 (27.7–47.4) <0.001
Pain second week (0/100)

(median, IQR) 48.1 (41.2–56.8) 31.2 (22.6–41.4) <0.001

Patient reported outcomes Chronic pain (D+) Non-Chronic (D−)
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Table 3. Cont.

Characteristic Chronic Pain (D+) Non-Chronic (D−) p-Value

EQ5D (VAS score) (median, IQR) 54.0 (38.0–72.0) 62.0 (43.0–76.0) 0.009
KOOS Pain (median, IQR) 39.0 (31.0–50.0) 47.0 (36.0–58.0) <0.001

KOOS Symptoms (median, IQR) 50.0 (39.0–64.0) 54.0 (43.0–68.0) 0.47
KOOS Activities of Daily Life

(median, IQR) 40.5 (31.8–51.5) 50.0 (39.5–63.0) <0.001

KOOS Quality of Life (median, IQR) 19.0 (6.0–31.0) 25.0 (19.0–38.0) <0.001
N: number of patients, IQR: interquartile range, VAS: visual analogic scale.

Furthermore, a substantial proportion of the chronic pain group reported experiencing
pain in areas other than the surgical site (60% in D+ vs. 42% in D−). This group also
demonstrated statistically significant higher levels of sensitivity, stiffness, and pain at night
(p-value < 0.05). A higher proportion of the chronic pain group experienced moderate and
severe pain than the non-chronic pain group [24].

When considering preoperative patient-reported outcome measures, those with chronic
pain showed significantly lower scores, particularly in KOOS Pain, KOOS Activities of
Daily Life, and KOOS Quality of Life domains (p-value < 0.05).

Postoperatively, the chronic pain group consistently scored lower across all KOOS
subscales when compared to their counterparts without chronic pain (p < 0.05), except for
the KOOS Symptoms domain, which only diverged at 6 months, and one and two years
post-surgery (p < 0.05), as indicated in Figure 4.

Figure 4. Box plots illustrating the distribution of KOOS pain in chronic and non-chronic pain groups
over a 2-year duration. PROM: Patient reported outcome score for KOOS pain.

Preoperative physical activity levels, approximating 5000 steps/day, were comparable
between the groups. Any differences in early postoperative physical activity were minimal,
but tended to grow over time (Figure 5). Similarly, patient-reported swelling showed no
preoperative variance but escalated as time progressed (Figure 6). The duration of NSAID
use differed between the groups; patients with chronic pain used NSAIDs for a median
of 51 days (IQR 31–76 days), while those without chronic pain had a shorter duration of
33 days (IQR 21–58 days).
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Figure 5. Recovery of physical activity level (number of steps/day) in chronic and non-chronic pain
groups. Rel to surgery: relative to surgery.

Figure 6. Patient reported swelling (VAS scale 0–100) in chronic and non-chronic pain groups. Rel to
surgery: relative to surgery.

4. Discussion

The primary objectives of our investigation were to: (1) characterize the structure of
acute pain trajectories post-surgery, (2) identify risk factors potentially leading to chronic
pain, and (3) assess recovery patterns in patients with chronic pain post-TKA.

The concept of pain trajectories is a relatively recent development, distinct from the
traditional approach of assessing pain at discrete time points [11]. Pain does not follow a
linear progression over the 90 days following surgery; instead, it tends to follow a distinct
pattern [25]. After surgery, there is an acute pain phase as a reaction to the surgical trauma,
followed by an early recovery around day 3 with a gradual reduction in the peak pain.
Subsequently, the pain continues to decrease gradually, eventually reaching a plateau that
many patients describe as a manageable level of pain. However, it is important to note that
not all patients follow this pattern, and some require specific attention. The transition from
subacute to chronic pain is of significant research interest. In the Althaus study [11], pain
resolution at 5 days in one of the patient groups did not occur despite analgesic treatment.
Previous analyses suggest that psycho-social variables such as depression and anxiety may
play a role in pain resolution by influencing degree of support [26].

By dividing the population into two groups, we gained a better understanding of the
typical pain progression for patients who ultimately experience chronic pain. Notably, these
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patients deviated from the expected pattern of diminishing pain intensity, instead reaching
a plateau in pain levels by the third postoperative week. Furthermore, this unfavorable
trajectory is reflected in worse KOOS pain scores at 2 years post-surgery. The total knee
arthroplasty (TKA) population is inherently diverse, and this arbitrary binary classification
underscores the necessity for personalized, person-centered care.

The link between high preoperative pain intensity and the evolution of chronic pain
postoperatively was reinforced, with our chronic pain cohort exhibiting elevated initial
pain levels [5,6]. This suggests a heightened nociceptive response or an increased sensi-
tivity of the pain signaling system. Nevertheless, the marginal differences in initial pain
between the groups preclude its utility as a standalone prognostic marker. In contrast, the
divergence in pain levels at two and three weeks postoperative offers a more definitive
prognostic indicator, signaling an optimal period for clinical intervention. Four studies
already investigated the association between pain severity during the first two weeks and
chronic pain, but there was insufficient evidence to draw firm conclusion [27]. The question
remains about why these two groups exhibit such divergent pain resolution trajectories.

The study confirmed that having pain in multiple areas or other health issues increases
the risk of chronic pain post-TKA, which aligns with previous research [4–6]. Predictive
models using simple risk factors show promise in identifying patients at risk for chronic
pain [28]. Yet, this study did not capture data on neuropathic pain or psychological
factors like pain catastrophizing, depression, and anxiety, which are known to affect pain
perception and recovery [29].

We split the TKA patients into groups based on pain at the three-month mark, because
the IASP identifies this as when acute pain may become chronic. Our analysis shows it is
unnecessary to wait six months to see if a patient’s recovery is off track. Most improvement
happens in the first three months post-surgery [30,31], and higher pain scores at three
months could indicate worse outcomes at one and two years. Singh et al. observed similar
patterns, with distinct pain trajectories at eight weeks predicting six-month outcomes [13].
While most patients recover typically, some have different experiences up to eight years
post-surgery [32].

Our chronic pain incidence was 14%, lower than the 30% found in some studies [23].
Ongoing pain tracking could help clinicians spot problems and tailor treatments. Digital
tools are already making strides in patient education, reducing post-TKA pain [16]. A
stronger digital link between patients and care providers, including automatic alerts for
quick response by pain management teams, might further cut chronic pain rates in a
cost-effective manner.

Unfortunately, information regarding the type of anesthesia used in the 40 different
centers was not available. While the specific anesthesia details may enhance the granularity
of our analysis, we contend that the scale and diversity of our dataset allow for valuable in-
sights into broader trends and practices. However, as regional anesthesia techniques, such
as epidural anesthesia [33] and fascial plane blocks [34], have been employed to alleviate
acute pain after TKA, this may limit the generalizability of our study. Indeed, while these
techniques primarily target perioperative pain, there is evidence suggesting that effective
pain control during the immediate postoperative period may have implications for the
development of chronic pain [33–36]. The potential mechanisms underlying the observed
reduction in chronic pain incidence involve the prevention of central sensitization and
modulation of the inflammatory response. Regional anesthesia techniques, by targeting
specific nerve pathways, may contribute to a more controlled perioperative pain environ-
ment, mitigating the neuroplastic changes associated with chronic pain development [37].
Furthermore, the attenuation of the inflammatory response during the early stages of
recovery may have implications for long-term pain outcomes [38].

Pain is linked to swelling in the acute phase, which is influenced by how active patients
are [39]. To manage this, patients received custom advice from physical therapists. They
used standard inflammation control like ice, activity management, and NSAIDs. These
approaches may affect pain over time. Despite measures to control inflammation, the
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chronic pain group still showed more swelling by a score of 20/100 at three months post-
surgery compared to their counterparts. The impact of these interventions is more visible on
an individual level, as illustrated by a case where a patient’s early resumption of physical
activity led to stagnant pain and swelling levels. Following the advice to significantly
reduce physical activity after the first consultation, the patient experienced a decrease in
pain after a few weeks. While instructive, more research is needed to clarify the influence
of activity pacing and NSAID use on postoperative swelling and pain (Figure 7).

Figure 7. Patient case. Blue bars represent the level of physical activity. The lines represent the pain
and the swelling.

The study has several limitations. Its retrospective design can show associations
but not causality. Prospective studies are necessary to understand the cause-anD−effect
relationship between risk factors and chronic pain. The selection of participants may also
introduce bias, as it relies on patients consistently using a mobile app for data collection,
potentially excluding those who recovered quickly or did not use the app. Additionally,
while the study points to pre-surgery risk factors for chronic pain, it may not account for all
variables that could affect pain outcomes. The study also did not differentiate between the
specific causes of chronic pain, such as extra-articular or intra-articular issues [40], which
might influence results and introduce confounders. Further research is required to parse
out these distinctions for a clearer understanding of chronic pain development after TKA.

5. Conclusions

In this research, we conducted a detailed examination of acute pain trajectories post-
total knee arthroplasty (TKA) and investigated the risk factors for chronic pain. Our
results bring to light the complex nature of postoperative pain, stressing the critical role
of early detection and individualized management strategies in optimizing outcomes for
TKA patients.

The analysis indicated that pain after TKA does not follow a simple, linear decline,
but rather presents in various patterns, particularly a plateauing of pain levels after the
third week in patients who develop chronic pain. This suggests the necessity for adaptive
care plans that are responsive to the unique pain experiences of each patient.

Identified preoperative risk factors for chronic pain included not only high pain levels
before surgery, but also the presence of multiple comorbidities, pain in other body areas,
increased sensitivity, joint stiffness, and nocturnal pain. These findings are instrumental
in forming predictive models that can be used to anticipate chronic pain and customize
early interventions.

The study highlights the efficacy of continuous pain monitoring with digital platforms
in enhancing patient care. By establishing a digital interface between patients and healthcare
providers, there is an opportunity for more immediate detection of complications and the
provision of prompt care, which may lead to a decrease in the occurrence of chronic pain.

To conclude, this study advances our understanding of the postoperative pain land-
scape and the elements that influence chronic pain after TKA. Emphasizing personalized
and interdisciplinary approaches, and incorporating digital healthcare tools, this research
points towards improved patient outcomes and the elevation of care standards in the field
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of orthopedic surgery. The insights gained herein pave the way for future research to refine
clinical approaches in managing post-TKA pain.
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Abstract: Background: Burn wound dressing and debridement are excruciatingly painful procedures
that call for appropriate analgesia—typically multimodal. Better post-procedural pain management,
less opioid use, and consequently fewer side effects, which could prolong recovery and increase
morbidity, are all benefits of this type of analgesia. Intravenously administered ketamine can be
effective as monotherapy or in combination with opioids, especially with procedural sedation such
as in burn wound dressing. Methods: This observational study investigated the effect of ketamine
administered in subanesthetic doses combined with opioids during burn wound dressing. The study
was conducted from October 2018 to October 2021. A total of 165 patients met the inclusion criteria.
A total of 82 patients were in the ketamine group, while 83 patients were dressed without ketamine.
The main outcome was the effect of ketamine on intraprocedural opioid consumption. The secondary
outcome included the effect of ketamine on postprocedural pain control. Results: Patients dressed
with ketamine were significantly older (p = 0.001), while the mean doses of intraoperatively admin-
istered propofol and fentanyl were significantly lower than in patients dressed without ketamine
(150 vs. 220 mg, p < 0.001; and 0.075 vs. 0.150 mg, p < 0.001; respectively). Conclusions: Ketamine was
an independent predictor of lower intraoperative fentanyl consumption, according to the multivariate
regression analysis (p = 0.015). Contrarily, both groups of patients required postoperative tramadol
treatment, while intraoperative ketamine administration had no beneficial effects on postoperative
pain management.

Keywords: acute pain control; burns; burn wound dressing; multimodal analgesia; opioid consumption;
postoperative analgesia; postoperative pain; ketamine

1. Introduction

Burns present some of the most painful injuries; thus, pain control in such trauma
remains challenging and demanding [1]. The importance of effective acute burn pain
management is reflected in the reduction in acute suffering as well as the prevention of
neuropathic and chronic pain [2].

When selecting an analgesic, it is important to consider the changes that take place
during the acute phase of a burn injury. These changes include decreased blood flow
through tissues, which lowers drug clearance, changes in acute phase protein concentration,
which affects drug binding to proteins, as well as metabolic changes and volume shifts [1].
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The American Burn Association Guidelines (ABA) state that a variety of drugs, including
opioids, non-steroidal anti-inflammatory drugs (NSAIDs), gabapentin, pregabalin, alpha-2
agonists, lidocaine, and ketamine, can be used to treat pain in burn patients [1]. Lidocaine
given intravenously ought to be used as a second- or third-line adjuvant analgesic [1].

Burn wound dressing and debridement are extremely painful procedures that call for
appropriate analgesia—typically multimodal. The combination of medications with various
but complementary or additive mechanisms of action is suggested by the multimodal
analgesia principle in order to provide the optimal pain management [3]. Better post-
procedural pain management, less opioid use, and consequently fewer side effects, which
could prolong recovery and increase morbidity, are all benefits of this type of analgesia [3–5].
Despite studies that demonstrate the effectiveness of multimodal analgesia in reducing
postoperative pain, it is important to consider both the patient’s specific pain response and
the pain mechanism particular to the treatment when selecting non-opioid medications [5].

There exists a growing interest in the use of ketamine for the management of acute pain
to reduce the dose-dependent adverse effects of opioids [1]. Ketamine induces dissociative
anesthesia with effects of sedation, amnesia, and pain relief [6]. Intravenously administered
ketamine can be effective as monotherapy or in combination with opioids, especially with
procedural sedation such as in burn wound dressing, as it is a non-competitive N-methyl
d-aspartate (NMDA) receptor antagonist with anesthetic, analgesic, anti-inflammatory,
and antidepressant effects [7–9]. Ketamine is a drug of choice for short-term procedures
when muscle relaxation is not required [10]. A patient’s management of acute trauma pain
might be complicated due to the patient’s mental state, age, or alteration in their state of
consciousness [11]. Ketamine is frequently used in severely injured patients and appears to
be safe in this group. It has been widely used for emergency surgery in field conditions in
war zones [12]. A 2011 clinical practice guideline supports the use of ketamine as a sedative
in emergency medicine, including during physically painful procedures [13].

Another benefit of ketamine is reflected in its characteristic of not inducing hypoten-
sion or bradycardia [14,15]. Ketamine releases catecholamines by inhibiting neuronal and
extraneuronal reuptake, raising cardiac output, heart rate, and arterial pressure [15]. White
et al. found that during anesthesia induction ketamine increased mean arterial pressure
by 10% [15]. According to clinical practice guidelines, ketamine is the drug of choice for
people in traumatic shock who are at risk of hypotension [13]. It is also frequently used to
provide analgesia and anesthesia to patients with hemodynamic instability and to morbidly
obese patients who require high opioid doses [3,16]. Burn shock incorporates distributive,
hypovolemic, and cardiogenic features, and is characterized by a diffuse capillary leak in
which electrolytes, proteins, and plasma decrease the volume of the circulatory system, as
well as interfere with end-organ perfusion, leading to cellular hypoxia [17–19]. Considering
the circulatory changes as well as the high risk of hemodynamic instability, the use of
ketamine for short-term procedures such as wound dressing in burn patients would have
great benefits. Even though it has been used as an anesthetic for years, there is a lack of
data showing the effect of subanesthetic doses of ketamine combined with opioids during
burn wound dressing. Thus, further studies are still needed to elucidate their indications
in this context.

The aims of this study are to examine the effect of ketamine administered during burn
wound dressing on intraprocedural opioid consumption, particularly its effect in relation
to burn size and depth, as well as its effect on postprocedural pain control.

2. Materials and Methods

2.1. Study Design and Population

This study was designed as a retrospective observational study and included patients
with burn injuries treated at the Clinic for Burns, Plastic, and Reconstructive Surgery,
University Clinical Centre of Serbia in Belgrade in the period from October 2018 to October
2021. The study was approved by the Institutional Review Board (date 20 September 2021,
approval number 415/66) and performed in accordance with the tenets of the Declaration
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of Helsinki. Inclusion criteria were patients of both sexes, older than 15 years, with burn
injuries of various extents, who required burn wound dressings and debridement in the
operating room under intravenous anesthesia between the 3rd and the 5th day post-injury
(following the initial 48 h of hemodynamic stabilization and before the planned definitive
surgical treatment). Patients with superficial partial-thickness burns, deep partial-thickness
burns, as well as patients with a combination of deep and superficial burns, were included.
Of the 295 patients admitted to the burn unit, 165 met the inclusion criteria for the study
while 130 patients were excluded from the study. Patients with inhalation injuries, intubated
patients on mechanical ventilation, and patients with well-known contraindications for
the use of ketamine were excluded. Due to the pathophysiological response to pain in
deep burns, patients with full-thickness burns were also excluded from the study. Another
exclusion criterion was insufficient postoperative pain data (Figure 1).

Figure 1. Flow chart of the study. A total of 130 of the 295 patients were excluded from the study.
A total of 165 of patients met the inclusion criteria. A total of 82 of the included patients were dressed
with ketamine, while 83 were dressed without ketamine.

2.2. Anesthetic Management

The choice of anesthetic management was decided by the senior anesthesiologists.
All patients received premedication of 0.1 mg/kg midazolam and 0.5 mg atropine intra-
muscularly, 30 min before the burn wound dressing was performed. The position of the
patient on the operating table depended on the location of the burns and included a back
position, a side position, and a prone position. To secure the airway, laryngeal masks of
appropriate size were used, while anesthesia was maintained with a gas mixture of air
(2 L/min) and oxygen (2 L/min).

Patients were divided into two groups based on whether they received ketamine
during burn dressing: 82 patients in the ketamine group and 83 patients in the non-
ketamine group. A subanesthetic dose of ketamine (0.5 mg/kg) was prescribed to patients
in the ketamine group at the beginning of the intervention. Patients from both groups
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received fentanyl and propofol in a dose individually determined by their requirements
during the burn wound dressing. The depth of the burn injury, the total body surface area
burned (TBSA), the age and sex of the patient, the duration of the treatment, as well as
the impact of the administration of subanesthetic doses of ketamine (0.5 mg/kg) on the
intraoperative requirements for opioid analgesics (fentanyl), were noted.

After burn wound dressing was performed, the patients were admitted to the intensive
care unit (ICU). Standard hemodynamic parameters (pulse rate, blood pressure, oxygen
saturation), and electrocardiogram (ECG) were continuously monitored and recorded every
hour during the first 24 h after the procedure. Standard laboratory variables such as blood
counts, coagulation status, and biochemical analyses were checked.

Pain intensity at rest was measured using the numerical pain intensity scale (NPIS)
1 h, 3 h, 6 h, 12 h, and 24 h after wound dressing. The intensity of pain in motion was
not measured, considering the fact that different parts of the body were affected by burns,
and it was thus not possible to define a specific motion that would be valid for all patients.
A combination of NSAIDs and paracetamol was used for postprocedural analgesia; thus,
all patients received paracetamol 1 g and ketorolac 30 mg every 8 h during the first 24 h.
In patients whose non-opioid analgesic therapy was not satisfactory (when the intensity
of pain on the NPIS scale was over 4), tramadol was prescribed in a dose of 100 mg,
which was repeated according to the patient’s requirements. Additionally, the impact of
intraprocedurally administered ketamine on the need for additional postoperative analgesia
and the need for postoperative tramadol was examined.

2.3. Study Outcomes and Data Collection

The main outcome was assessing the effect of ketamine on intraprocedural opioid con-
sumption, while the secondary outcome included the effect of ketamine on postprocedural
pain control. Demographics, medical histories, and perioperative variable data, including
the type and amount of anaesthetic used, pain intensity, as well as the need for additional
analgetic, were collected from medical records. Due to the lack of information, the side
effects of ketamine could not be analyzed.

2.4. Statistical Analysis

SPSS software for Windows version 20.0 was used for statistical data analysis. Numer-
ical variables are shown in the form of mean values ± standard deviation, coefficient of
variation, and minimum and maximum values, while categorical variables are shown as
absolute numbers and percentages. Using the Kolmogorov–Smirnov test, the normality
of the data distribution was checked. Pearson’s χ2 test (contingency tables) was used to
analyze data with normal distribution, while the Mann–Whitney U test was used to analyze
data without normal distribution. Predictors of differences between the analyzed groups of
patients (the group without ketamine and the group with ketamine) were determined by
logistic regression analysis. Values of p < 0.05 were considered statistically significant.

3. Results

Of the 165 patients included in the study, 63% were male while 37% were female. The
mean age was 51.86 ± 11.42 years (the youngest patient was 15 years old, while the oldest
was 93). The mean TBSA was 23.97 ± 15.45%, with the least TBSA burned being 3%, and
the largest TBSA burned being 66%. According to TBSA burned, patients were divided into
6 groups (TBSA less than 10%, TBSA 11–20%, TBSA 21–30%, TBSA 31–40%, TBSA 41–50%,
and TBSA above 50%). Most patients (33.9%) were in the 11–20% TBSA burned group,
while the fewest (6.1%) were in the 41–50% TBSA burned group. There were about 10.3%
of patients with burns greater than 50% TBSA. The patients’ characteristics are shown in
Table 1.

There was no statistical significance in the difference between the genders in the
ketamine and the non-ketamine group. Patients in the ketamine group were significantly
younger (46.03 ± 19.59 vs. 55.38 ± 17.95, p = 0.001, Mann–Whitney U test). However, there
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were no differences between groups according to TBSA burned (p = 0.733, Mann–Whitney
U test).

Table 1. Patients’ characteristics.

Variable N (%)

Included patients 165 (100%)
Age (mean ± SD), years 51.86 ± 11.42

Sex: male 104 (63.0%)
TBSA burned (mean ± SD)% 23.97 ± 15.45%

Patients with TBSA burned <10% 25 (15.2%)
Patients with TBSA burned 11–20% 56 (33.9%)
Patients with TBSA burned 21–30% 39 (23.6%)
Patients with TBSA burned 31–40% 18 (10.9%)
Patients with TBSA burned 41–50% 10 (6.1%)
Patients with TBSA burned >51% 17 (10.3%)

SD—standard deviation; N—number of patients; TBSA—total body surface area.

The mean body weight in the ketamine group was 71.94 ± 8.04, while in the non-
ketamine group it was 72.95 ± 7.55, with no statistical difference (p = 0.393, Mann–Whitney
U test). The median dose of intraoperatively administered propofol in the ketamine group
was 150 mg (minimum 0 mg, maximum 480 mg), compared to the 220 mg (minimum 70 mg,
maximum 500 mg) in the non-ketamine group, with a statistically significant difference
(p < 0.01, Mann–Whitney U test). Additionally, patients in the ketamine group received
significantly lower doses of fentanyl during wound dressing than patients in the non-
ketamine group (0.075 mg vs. 0.150 mg, p < 0.01, Mann–Whitney U test) (Table 2).

Table 2. Characteristics of patients dressed with and without ketamine.

Variable
With Ketamine N

(%)
Without Ketamine N(%) p Value

Patients 82 (49.7%) 83 (50.3%)
Age (mean ± SD), years 46.0.3 ± 19.59 55.38 ± 17.95 0.001

Sex:
0.599male 52 (31.5%) 52 (31.5%)

TBSA burned (mean ± SD)% 24.75 ± 16.27 23.37 ± 14.84 0.733
TBSA% subgroups: 0.918
TBSA burned <10% 13 (7.9%) 11 (6.7%)

TBSA burned 11–20% 26 (15.8%) 30 (18.2%)
TBSA burned 21–30% 18 (10.9%) 21 (12.7%)
TBSA burned 31–40% 9 (5.5%) 10 (6.1%)
TBSA burned 41–50% 7 (4.2%) 3 (1.8%)
TBSA burned >51% 9 (5.4%) 8 (4.8%)

Body wight (mean ± SD), kg 71.94 ± 8.04 72.95 ± 7.55 0.393
Fentanyl median (range) mg 0.075 (0.00–0.40) 0.150 (0.05–0.50) <0.001
Propofol, median (range) mg 150 (0–480) 220 (70–500) <0.001

Tramadol postoperatively
0.631Yes 30 (18.2%) 24 (14.5%)

SD—standard deviation; N—number of patients; TBSA—total body surface area.

Although rest pain intensity measured by NPIS was lower in the first 12 h after wound
dressing in the ketamine group, statistical significance was not observed compared to the
non-ketamine group (Table 3). About 32.7% of patients received tramadol in the postopera-
tive period, while 67.3% of patients did not require additional analgesia. The requirement
for tramadol was quite uniform in patients who received intraoperative ketamine, com-
pared with the patients who did not receive intraoperative ketamine (p = 0.631, Pearson χ2

test) (Table 2).
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Table 3. Rest pain intensity measured with numerical pain intensity scale 1 h, 3 h, 6 h, 12 h, and 24 h
after procedure. No statistical significance was observed between two groups.

Variable With Ketamine Without Ketamine p Value

Rest pain 1 h after procedure 1.8 ± 0.2 2.2 ± 0.2 0.691
Rest pain 3 h after procedure 3.3 ± 0.7 3.6 ± 0.2 0.851
Rest pain 6 h after procedure 5.0 ± 0.2 5.4 ± 0.6 0.776
Rest pain 12 h after procedure 5.3 ± 0.1 5.5 ± 0.3 0.966
Rest pain 24 h after procedure 3.8 ± 0.4 3.7 ± 0.3 0.899

The logistic regression analysis showed that patients who received ketamine dur-
ing burn wound dressing were significantly older; moreover, they received significantly
lower doses of both propofol and fentanyl than patients who did not receive ketamine
(Table 4). Additionally, using multivariate logistic regression analysis, intraoperative use
of ketamine was found to be an independent predictor of reduced intraoperative use of
fentanyl (Table 5).

Table 4. Univariate regression analysis showed that patients who received ketamine during burn
wound dressing were significantly older; moreover, they received significantly lower doses of both
propofol and fentanyl than patients who did not receive ketamine.

Characteristics OR (95% CI) p Value

Gender 1.187 (0.626–2.252) 0.599
Age 1.027 (1.009–1.044) 0.002

TBSA burned 0.994 (0.975–1.014) 0.567
TBSA burned in subgruops 0.952 (0.775–1.170) 0.641

Body weight (kg) 1.017 (0.977–1.058) 0.410
Propofol (mg) 1.007 (1.003–1.010) <0.001

Fentanyl 5247.123 (73.202–376,112.12) <0.001
CI—confidence interval; TBSA—total body surface area.

Table 5. Multivariate regression analysis showed that intraoperative use of ketamine was an inde-
pendent predictor of reduced intraoperative use of fentanyl.

Characteristics OR (95% CI) p Value

Propofol (mg) 1.005 (1.000–1.009) 0.095
Fentanyl 822.330 (3.693–183,088.334) 0.015

CI—confidence interval.

4. Discussion

This study demonstrated that when ketamine was used in subanesthetic doses
(0.25–0.5 mg/kg) during burn wound dressing under intravenous anesthesia in patients
with burns of various extents between the third and the fifth day after injury, the patients
received lower doses of propofol and fentanyl. The study also demonstrated that ketamine
was an independent predictor of decreased intraoperative fentanyl use.

In a meta-analysis, McGiness et al. demonstrated that ketamine had the best analgesic
impact on burn patients when compared to other analgesics [8]. They claimed that ketamine
given intravenously at a dose of 0.3 mg/kg/h considerably decreased the occurrence of
secondary hyperalgesia when compared to a dose of 0.15 mg/kg/h, whereas the addition
of morphine had no effect [8]. Moreover, they demonstrated that adverse effects like
nausea and vomiting occurred following the injection of morphine, but sleepiness was, as
anticipated, dose-dependent [8]. They did not investigate if hallucinations occurred. In this
study, it was demonstrated that ketamine’s coanalgesic action might be used to effectively
manage pain during burn wound dressing at subanesthetic doses. However, the occurrence
of side effects from ketamine were not investigated.
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In patients who underwent skin grafting, Lennertz et al. investigated how peri-
operative multimodal analgesia affected both intraoperative and postoperative opioid
consumption [20]. They demonstrated that the most significant predictors of postoperative
opioid usage were age and TBSA burned [20]. Younger patients in their study required
larger morphine doses; morphine intake fell by 2.7 morphine equivalents (ME) for every
year of age (1 ME = 1 mg of oral morphine) [20]. They also demonstrated that for every
10% rise in TBSA burned, there was a 1.8 ME increase in opioid intake, with the average
amount of opioid use rising from 166 ± 94 ME preoperatively to roughly 218 ± 117 ME in
the first 24 h postoperatively [20]. Similar to our findings, this study demonstrated that the
single administration of ketamine, whether as preemptive analgesia or intraoperatively,
had no impact on the postoperative reduction in opioid consumption. Patients with a
larger %TBSA burned are likely to require longer time in the OR necessary for burn wound
dressing, resulting in a higher consumption of fentanyl which decreases the level of pain
in the early post-procedural course. In this study, however, the patients who received
ketamine during wound dressing had significantly lower fentanyl use; thus, a higher level
of pain in the post-procedural course would be expected. Given how this study found
no difference in pain intensity after dressing between the groups, it can be assumed that
ketamine had some effect on pain intensity. The injection of ketamine in a bolus dose
without further continuous infusion administration may be one explanation for this. The
average percent of body surface area burned was higher (8.1% vs. 23.7% TBSA), and a
positive correlation was found between the %TBSA burned and the intraoperative use of
opioids. This was to be expected given that patients with extensive burns required more
intraoperative analgesic administration due to the longer duration of burn wound dressing
and the intensity of their pain.

Ketamine was utilized by Brennan et al. in a bolus dose of 1.2 mg/kg, repeated
as needed for 5 min during burn wound dressing, along with benzodiazepines at an
average dose of 3 mg, and opioids (fentanyl at an average dose of 10 ME) in 26% of pa-
tients [21]. Dysphoric reactions were seen in 6% of individuals, whereas the remaining 6%
experienced ketamine-induced hypertension that responded positively to labetalol given
intravenously [11]. They used a higher dose of ketamine (0.25–0.5 mg/kg vs. 1.2 mg/kg)
and did not utilize propofol, which increased the risk of complications such as ketamine-
induced hypertension [21]. In order to achieve the desired level of analgosedation during
wound dressing in burn patients, Gündüz et al. investigated the effects of various drug
combinations (1 mg/kg ketamine followed by 1 mg/kg dexmedetomidine, 0.05 mg/kg
midazolam, and saline solution) [22]. The dexmedetomidine–ketamine combination per-
formed better than other combinations in terms of blood pressure and heart rate, as well
as analgesia and postoperative sedation duration [22]. In addition, Zor et al. analyzed
the ideal analgesic combination for the dressing of burn wounds [23]. The participants in
their study were split into three groups: the first received a dose of 2 mg/kg of ketamine
alone; the second, 1 mg/kg of tramadol and, after 30 min, 1 g/kg of dexmedetomidine and
2 mg/kg of ketamine; and the third, 1 mg/kg of tramadol and, after 30 min, 0.05 mg/kg
of midazolam and 2 mg/kg of ketamine [23]. With regard to pain management and side
effects, the second group performed better [23].

Ketamine can be taken orally, rectally, or intranasally in addition to intravenously.
There have been some investigations into ketamine taken orally [24,25]. Kundra et al.
investigated the effects of oral ketamine (5 mg/kg) and dexmedetomidine (4 g/kg) on pain
management during burn wound dressing [24]. They showed noticeably lower pain scores,
with 67% in the ketamine group and 44% in the dexmedetomidine group (the mean for the
groups being 2.6 ± 0.6 and 3.8 ± 0.8, respectively) [24]. In a retrospective study, Lintner
et al. found that patients who received oral ketamine in doses of 0.5–3 mg/kg with 2–4 mg
of midazolam as premedication had statistically significantly lower doses of intravenously
administered opioids (fentanyl or hydromorphine, 50 mg vs. 75 mg, p = 0.009) [25].
Ketamine, whether administered orally or intravenously, reduces the requirement for
intraoperative opioid consumption and, as a result, the likelihood of side effects associated
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with the use of opioids in large doses. Furthermore, according to Grossmann et al., children
with burns less than 6% TBSA burned can achieve a satisfactory level of analgosedation
with a reasonable recovery period and few side effects when receiving rectally administered
ketamine at a dose of 6 mg/kg combined with 0.5 mg/kg of dormicum [26].

The effectiveness of ketamine as a coanalgesic in postoperative pain control follow-
ing various types of surgery, as well as the prevalence of side effects, were evaluated by
Subramaniam et al. in a meta-analysis and systematic review [27]. A total of 20 out of the
37 studies included in the analysis revealed that the addition of ketamine to opioids had a
positive impact on postoperative pain management, particularly when it was given as a
bolus or continuous infusion [27]. It was not demonstrated, however, how the timing of
ketamine administration affected its analgesic impact (before incision, during operation,
or after surgery). In individuals who had developed an acute tolerance to opioids, the
favorable effects of ketamine on the lowering of pain intensity and the opioid sparing effect
are described in the literature [28]. The use of ketamine was considered when the severity
of postoperative pain necessitated high doses of opioids, such as in major abdominal
and thoracic surgery, given how a combination of local anesthetics, NSAIDs, and opioids
typically provided adequate analgesia in surgical procedures like appendectomy, tonsillec-
tomy, laparoscopic surgery, and knee arthroscopy [27]. Additionally, the administration of
ketamine had no impact on the incidence of psychomimetic side effects or the reduction in
respiratory depression, pruritus, or postoperative nausea and vomiting [27].

According to Brinck et al., preoperative ketamine injection considerably decreased the
need for postoperative opioids by 8 ME in the first 24 h and by 13 ME in the next 48 h [29].
Additionally, pain intensity at rest decreased by 19% during the first 24 h and by 22% during
the next 48 h, whereas pain intensity during movement decreased by 14% during the initial
24 h and by 16% during the subsequent 48 h [29]. In addition, administering ketamine
added a 54 min delay before the administration of the first analgesic in the postoperative
phase [29]. Similar outcomes were obtained by Laskowski et al., and Wang et al., but none
of them demonstrated a connection between the ketamine dose delivered and the desired
outcome [30,31].

This study is limited by its retrospective nature, the single-center design, as well as
a small number of participants. Additionally, the study’s limitations stem from the fact
that just one parameter of postprocedural rest pain was examined, which fails to take into
account the multidimensional characteristics of pain pathways as well as patient-specific
perceptions of pain. The use of subanesthetic doses of ketamine as part of multimodal
analgesia in other, less painful procedures could produce different results in terms of even
better pain control and lower postoperative pain score values, since burns are considered
an extremely painful trauma and burn wound dressing and debridement are a typically
very painful procedure. Furthermore, the post-procedural side effects of ketamine were not
investigated in this study.

5. Conclusions

Administering ketamine intraoperatively in subanesthetic (analgesic) doses showed a
considerably decreased need for intraoperative opioids. Patients with burns less than 20%
TBSA burned as well as patients with burns larger than 21% TBSA burned both showed
positive effects in terms of the reduction in use of opioids (fentanyl) and propofol. Ke-
tamine was an independent predictor of lower intraoperative fentanyl use, according to
the multivariate regression analysis. Contrarily, both groups of patients required postoper-
ative tramadol treatment, while intraoperative ketamine administration had no statistically
significant effects on postoperative pain management.
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Dexmedetomidine and Ketamine-Midazolam on Dressing Changes of Burn Patients. J. Anaesthesiol. Clin. Pharmacol. 2011, 27,
220–224. [CrossRef]

23. Zora, F.; Ozturka, S.; Bilginb, F. Pain Relief during Dressing Changes of Major Adult Burns: Ideal Analgesic Combination with
Ketamine. Burns 2010, 36, 501–505. [CrossRef] [PubMed]

24. Kundra, P.; Velayudhana, S.; Krishnamacharib, S. Oral Ketamine and Dexmedetomidine in Adults’ Burns Wound Dressing-A
Randomized Double Blind Cross over Study. Burns 2013, 39, 1150–1156. [CrossRef] [PubMed]

25. Lintner, A.C.; Brennan, P.; Miles, M.V.P.; Leonard, C.; Alexander, K.M.; Kahn, S.A. Oral Administration of Injectable Ketamine
during Burn Wound Dressing Changes. J. Pharm. Pract. 2021, 34, 423–427. [CrossRef] [PubMed]

26. Grossmann, B.; Nilsson, A.; Sjöberg, F.; Nilsson, L. Rectal Ketamine during Paediatric Burn Wound Dressing Procedures:
A Randomised Dose-Finding Study. Burns 2019, 45, 1081–1088. [CrossRef]

27. Subramaniam, K.; Subramaniam, B.; Steinbrook, R.A. Ketamine as Adjuvant Analgesic to Opioids: A Quantitative and Qualitative
Systematic Review. Anesth. Analg. 2004, 99, 482–495. [CrossRef]

28. Weinbroum, A.A. A Single Small Dose of Postoperative Ketamine Provides Rapid and Sustained Improvement in Morphine
Analgesia in the Presence of Morphine-Resistant Pain. Anesth. Analg. 2003, 96, 789–795. [CrossRef] [PubMed]

29. Brinck, E.C.; Tiippana, E.; Heesen, M.; Bell, R.F.; Straube, S.; Moore, R.A.; Kontinen, V. Perioperative Intravenous Ketamine for
Acute Postoperative Pain in Adults. Cochrane Database Syst. Rev. 2018, 12, CD012033. [CrossRef]

30. Laskowski, K.; Stirling, A.; McKay, W.P.; Lim, H.J. A Systematic Review of Intravenous Ketamine for Postoperative Analgesia.
Can. J. Anaesth. 2011, 58, 911–923. [CrossRef]

31. Wang, X.; Lin, C.; Lan, L.; Liu, J. Perioperative Intravenous S-Ketamine for Acute Postoperative Pain in Adults: A Systematic
Review and Meta-Analysis. J. Clin. Anesth. 2021, 68, 110071. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

91



Citation: Pascarella, G.; Costa, F.;

Strumia, A.; Ruggiero, A.;

Remore, L.M.; Lanteri, T.;

Hazboun, A.; Longo, F.; Gargano, F.;

Schiavoni, L.; et al. Lateral Femoral

Cutaneous Nerve Block or Wound

Infiltration Combined with

Pericapsular Nerve Group (PENG)

Block for Postoperative Analgesia

following Total Hip Arthroplasty

through Posterior Approach: A

Randomized Controlled Trial. J. Clin.

Med. 2024, 13, 2674. https://

doi.org/10.3390/jcm13092674

Academic Editor: Sorin J. Brull

Received: 26 March 2024

Revised: 28 April 2024

Accepted: 30 April 2024

Published: 2 May 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Lateral Femoral Cutaneous Nerve Block or Wound Infiltration
Combined with Pericapsular Nerve Group (PENG) Block for
Postoperative Analgesia following Total Hip Arthroplasty
through Posterior Approach: A Randomized Controlled Trial

Giuseppe Pascarella 1, Fabio Costa 1, Alessandro Strumia 1,*, Alessandro Ruggiero 2, Luigi Maria Remore 1,

Tullio Lanteri 1, Anton Hazboun 1, Ferdinando Longo 1, Francesca Gargano 1, Lorenzo Schiavoni 1, Alessia Mattei 1,

Felice Eugenio Agrò 1,2, Massimiliano Carassiti 1,2 and Rita Cataldo 1,2

1 Unit of Anesthesia and Intensive Care, Fondazione Policlinico Universitario Campus Bio-Medico,
00128 Rome, Italy; g.pascarella@policlinicocampus.it (G.P.); f.costa@policlinicocampus.it (F.C.);
l.remore@policlinicocampus.it (L.M.R.); t.lanteri@policlinicocampus.it (T.L.);
a.hazboun@policlinicocampus.it (A.H.); f.longo@policlinicocampus.it (F.L.);
f.gargano@policlinicocampus.it (F.G.); l.schiavoni@policlinicocampus.it (L.S.);
a.mattei@policlinicocampus.it (A.M.); f.agro@policlinicocampus.it (F.E.A.);
m.carassiti@policlinicocampus.it (M.C.); r.cataldo@policlinicocampus.it (R.C.)

2 Unit of Anesthesia and Intensive Care, Department of Medicine, Università Campus Bio-Medico,
00128 Rome, Italy; alessandro.ruggiero@unicampus.it

* Correspondence: a.strumia@policlinicocampus.it; Tel.: +39-34-7140-3574

Abstract: Background: Pericapsular nerve group (PENG) block, although effective for pain man-
agement following total hip arthroplasty (THA), does not cover skin analgesia. In this randomized
controlled trial, we compared the effectiveness of PENG block combined with lateral femoral cu-
taneous nerve (LFCN) block or wound infiltration (WI) on postoperative analgesia and functional
outcomes. Methods: Fifty patients undergoing posterior-approached THA under spinal anesthesia
were randomly allocated to receive LFCN block with 10 mL of 0.5% ropivacaine or WI with 20 mL of
0.5% ropivacaine. In both groups, PENG block was performed by injecting 20 mL of 0.5% ropivacaine.
Primary outcomes were static and dynamic pain scores (0–10 numeric rating scale) measured in the
first 24 h after surgery. Secondary outcomes included postoperative opioid consumption, functional
assessment and length of hospital stay. Results: Postoperative static NRS of patients receiving LFCN
was higher than that of patients receiving WI at 6 h but lower at 24 h, with a median (IQR) of 3 (2–4)
vs. 2 (1–2) (p < 0.001) and 2 (2–3) vs. 3 (3–4) (p = 0.02), respectively. Static pain scores at 12 h did not
show significant differences, with an NRS of 3 (2–4) for WI vs. 3 (3–4) for LFCN (p = 0.94). Dynamic
pain and range of movement followed a similar trend. No significant differences were detected in
other outcomes. Conclusions: LFCN block was not inferior to WI for postoperative analgesia and
functional recovery in association with PENG block during the first postoperative day, although it
had worse short-term pain scores. Based on these results, it is reasonable to consider LFCN block as a
valid alternative to WI or even a complementary technique added to WI to enhance skin analgesia
during the first 24 h after THA. Future studies are expected to confirm this hypothesis and find the
best combination between PENG block and other techniques to enhance analgesia after THA.

Keywords: total hip arthroplasty; analgesia; anesthesia; regional anesthesia; nerve block; postoperative pain

1. Introduction

Pericapsular nerve group (PENG) block is a fascial block first described in 2018 by
Girón Arango and colleagues to treat hip fracture-related pain [1]. It targets periarticular
sensory branches derived from the femoral, obturator and accessory obturator nerves
innervating the anterior hip capsule [2]. Since 2021, many trials have been published
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demonstrating its efficacy in managing perioperative pain after hip arthroplasty without
affecting functional recovery [3]. However, PENG block does not involve other anatomical
structures affected by postsurgical stress, such as skin, periarticular fascias, muscles and
posterior capsula. In particular, among all of these structures, skin has been demonstrated
to have a higher concentration of nociceptors involved in hip replacement-related pain [4].

Lateral femoral cutaneous nerve (LFCN) block has been shown to contribute to cuta-
neous anesthesia of hip surgery incisions, although not completely [5,6]. However, these
were the results of studies performed on healthy volunteers and do not take count of tissues
response to surgical stress, including local inflammatory reactions which could involve tis-
sues near the wound, although not included in the surgical incision line. Not by chance, the
positive impact of LFCN block on postoperative analgesia after postero-lateral-approached
THA has been confirmed by clinical investigations [7,8].

Although some authors suggest the use of LFCN combined with PENG to enhance
postoperative analgesia after THA [9,10], the impact of this association has not yet been
sufficiently investigated. At the same time, wound infiltration (WI) has been demonstrated
to be effective in managing postoperative analgesia in different kinds of surgeries, including
hip surgery [11–13].

For these reasons, we conducted a randomized controlled trial to compare the efficacy
of PENG block combined with LFCN block or WI, which is our current standard treatment
to cover skin analgesia following posterior THA.

2. Methods

2.1. Enrollment

This study was approved by the Ethics Committee of Campus Bio-Medico University
Hospital in Rome (protocol number 34.22, date of approval: 24 May 2022) and registered
on ClinicalTrials.gov (NCT05432011, Principal Investigator: Giuseppe Pascarella, Date of
registration: 20 June 2022) before the first patient was enrolled. Enrollment was performed
from 1 July 2022 to 18 May 2023, offered preoperatively to adults undergoing primary
hip arthroplasty at the Day Surgery Department of Fondazione Policlinico Universitario
Campus Bio-Medico, Italy, aged ≥ 18 y and ASA physical status 1–3. Patients with allergies
to local anesthetics, infection of the puncture site, lack of signing of informed consent,
weight < 30 kg, age < 18 years old, ASA physical status IV, dementia or cognitive impair-
ment were excluded from this study. Fifty eligible patients were randomly allocated into
two groups to receive a PENG block combined with an LFCN block or WI (Figure 1).

Randomization was achieved using computer-generated lists in blocks of eight with a
1:1 ratio, and treatment allocation was concealed using consecutively numbered, sealed,
opaque envelopes. All patients underwent total hip replacement performed in the morning
by the same surgical team using a posterior approach. Every patient was informed of the
sequence of procedures during anesthesia and surgery, and written informed consent was
obtained before enrollment.

Moreover, as part of a preoperative checklist, we always asked patients to describe both the
anesthetic and surgical procedure they are undergoing in order to verify their comprehension.

In both groups, patients received mild sedation with 0.03 mg.kg−1 intravenous mi-
dazolam. Before surgery, 1 g acetaminophen, 30 mg ketorolac and 8 mg dexamethasone
were given intravenously (i.v.) as multimodal pre-emptive analgesia. Spinal anesthesia was
chosen as the main anesthetic technique. It was performed by injecting 16 mg of ropivacaine
0.5% through a 27G Whitacre needle at the L2–L3 or L3–L4 interspace with the patient in a
sitting position and with the help of preprocedural ultrasound spinal evaluation [14,15].
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Figure 1. CONSORT flow diagram. CONSORT indicates Consolidated Standards of Reporting Trials.

2.2. Interventions

Patients were scheduled to receive WI or LFCN at the end of surgery.
WI was performed by the surgeon, injecting 20 mL of 0.5% of ropivacaine in the

subcutaneous tissue. Ultrasound-guided LFCN block was performed in the post-anesthesia
recovery room (PACU). A linear probe was used to identify the LFCN lying between the
sartorius muscle and tensor fasciae latae muscle, and then the needle (50 mm Stimuplex
Ultra 360, BBraun, Melsungen, Germany) was inserted from lateral to medial to target the
nerve. After a negative aspiration test, 10 mL of 0.5% ropivacaine was injected perineurally
(Figure 2A). LFCN block success was assessed using an ice test on the lateral aspect of thigh
at dismission from PACU.

 

Figure 2. Regional Anesthesia Techniques: (A) Lateral femoral cutaneous nerve (LFCN) block.

Green dashed line: LFCN; TFLM: tensor fasciae latae muscle; SM: sartorius muscle (B) PENG Block:

IPT: iliopsoas tendon; IPE: iliopubic eminence; asterisk (green *): injection target; FA: femoral artery;
IPM: iliopsoas muscle; AIIS: anterior inferior iliac spine.
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Moreover, all patients received PENG block in the PACU block according to the tech-
nique originally described by Girón-Arango [1]. A curvilinear probe was used. The needle
(80 mm Stimuplex Ultra 360, BBraun, Melsungen, Germany) was inserted lateromedially
until it reached the space between the iliopsoas tendon and periosteum, situated on the
lateral side of the iliopubic eminence (IPE) (Figure 2B). Following confirmation via a neg-
ative aspiration test, 20 mL of 0.5% ropivacaine was injected in the plane beneath the
iliopsoas muscle (IPM) to obtain transverse spread under the muscular plane with the
tendon lifted [16].

PENG block and LFCN block were always performed by the same four anesthetists,
(GP, FC, TL, AH) experts in regional anesthesia.

2.3. Postoperative Management

Both groups received the same postoperative multimodal analgesia, which included
acetaminophen 1 g i.v. every 6 h and ketorolac 60 mg i.v. every 24 h, as recommended by
international guidelines [17]. In addition, patient-controlled analgesia was provided i.v.
(morphine bolus = 1 mg; lockout interval = 8 min).

2.4. Outcomes Assessment

At 6, 12 and 24 postoperative hours, patients were asked to indicate perceived
static (at rest) and dynamic (hip adduction) pain using a 0–10 NRS (0 no pain, 10 worst
imaginable pain).

Functional recovery of the hip joint was evaluated through the postoperative range
of movement (ROM) together with the ability to perform physiotherapy and ambulation.
The ROM was analyzed through active hip flexion, within the range of 0◦ to 90◦, measured
with a protractor, at 6, 12, and 24 h postoperatively.

For each time point, quadriceps strength was evaluated by asking the patient to extend
the leg to exclude motor paralysis due to PENG block. Furthermore, the ability to start
physiotherapy and ambulate thanks to the help of a walker during the first postoperative
day was recorded. In case of inability, it was specified if it was related to motor block or
pain. The length of hospital stay was also recorded. We recorded any complications or side
effects, including local infection, vascular puncture, nausea and/or vomiting, dizziness
and respiratory depression. Outcome assessment was performed by the same group of
clinicians (AS, LR, AR), blinded to patients’ group allocation.

2.5. Statistical Analysis

To calculate the sample size, we focused on the primary hypothesis that postoperative
analgesia after PENG block combined with LFCN is not inferior to PENG block with WI.
Despite the absence of similar clinical trials at the time of our protocol study, we estimated
the density of pain scores (mean 2; SD 1) based on the database of our previously published
work regarding the use of PENG block combined with WI for THA [18].

To simulate power, we employed the truncated Gaussian distribution spanning from
0 to 10, with a standard deviation of 1, and a mean of 2 for the PENG + WI group. Based
on these parameters and assuming a two-sided significance level of 5%, we conducted
10,000 simulations, each with a sample size of 25 per group. With a total sample size
of 50 subjects, we possess 90% power to identify group disparities in pain as minimal as
approximately 1. Statistical analysis and visual presentation were obtained using GraphPad
Prism 8 software (GraphPad Software Inc., La Jolla, CA, USA).

Continuous quantitative variables are presented as Mean ± Standard Deviation (SD),
while discrete variables are expressed as the median and interquartile range (IQR). Qual-
itative variables are represented by the number of observations and the percentage dis-
tribution. The parametric distribution of numerical variables was assessed using the
Shapiro–Wilk normality test. Group differences for continuous parametric variables were
evaluated using Student’s t-test, while the Wilcoxon–Mann–Whitney U test was employed
when appropriate. To mitigate the risk of type 1 error in multiple repeated measures,
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Bonferroni–Dunn correction was applied. Categorical variables were compared using
Pearson’s chi-squared test. Statistical significance was defined as a p-value < 0.05.

3. Results

A total of 50 patients were included in the study and equally allocated between groups
(Figure 2).

No clinically relevant differences were noticed between group characteristics (Table 1).

Table 1. Patient characteristics.

PENG + LFCN
(n = 25)

PENG + WI
(n = 25)

Age (yrs) 67.7 ± 8.8 65.2 ± 13
Sex (M/F) 12/13 14/11
BMI (kg/m2) 27.9 ± 3.7 28.5 ± 5.3
ASA score, n (%)

- I
- II
- III

1 (4%)
13 (52%)
11 (44%)

2 (8%)
16 (64%)
8 (32%)

Chronic Opiate Use, n (%)

- Yes
- No

3 (12%)
22 (88%)

4 (16%)
21 (84%)

Surgery Duration (min) 107 ± 20 105 ± 18
Values are reported as number (percentage) of subjects and mean ± standard deviation (SD). PENG: pericapsular
nerve group block; LFCN: lateral femoral cutaneous nerve block; WI: wound infiltration; BMI: body mass index.

The postoperative static NRS of patients receiving LFCN was higher than that of
patients receiving WI at 6 h but lower at 24 h, with a median (IQR) of 3 (2–4) vs. 2 (1–2)
(p< 0.001) and 2 (2–3) vs. 3 (3–4) (p = 0.02), respectively (Figure 3).

Figure 3. Static postoperative pain. The box plot shows postoperative pain scores in both study
groups. Data include static pain reported at three different postoperative time points (6, 12 and 24 h).
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Pain severity is expressed using a 0–10 numeric rating scale, with 0 equal to no pain and 10 being the
worst imaginable pain. Values are expressed as median (horizontal bars) with 25th–75th (box) and
range of minimum to maximum value (whiskers); * denotes statistical significance (p < 0.05). PENG:
pericapsular nerve group block; WI: wound infiltration; LFCN: lateral femoral cutaneous nerve block;
s-NRS: numeric rating scale at rest (static).

Static pain scores at 12 h did not show significant differences, with an NRS of 3 (2–4)
for WI vs. 3 (3–4) for LFCN (p = 0.94). Dynamic pain scores followed a similar trend,
showing a median NRS of 5 (3–6) vs. 3 (2–4) (p < 0.001), 4 (3–5) vs. 4 (4–5) (p = 0.18) and 4
(3–4) vs. 5 (4–5) (p = 0.019) at 6, 12, and 24 h, respectively (Figure 4).

Figure 4. Dynamic postoperative pain. The box plot shows postoperative pain scores in both study
groups. Data include dynamic pain reported at three different postoperative time points (6, 12 and
24 h). Pain severity is expressed using a 0–10 numeric rating scale, with 0 equal to no pain and
10 being the worst imaginable pain. Values are expressed as median (horizontal bars) with 25th–75th
(box) and range of minimum to maximum value (whiskers); * denotes statistical significance (p < 0.05).
PENG: pericapsular nerve group block; WI: wound infiltration. LFCN: lateral femoral cutaneous
nerve block; d-NRS: numeric rating scale on movement (dynamic).

Secondary outcomes are summarized in Table 2.
Total morphine consumption did not differ among groups, with a mean ± SD of

6.9 ± 3.6 mg for LCFN vs. 6.5 ± 4.6 for WI (p = 0.45). Regarding functional outcomes, the
LFCN group showed a worse ROM at 6 h postoperatively (59.8◦ ± 11.2 vs. 71.4◦ ± 15.5,
p = 0.011), while a better ROM was noticed at 24 h (71.4◦ ± 15.5 vs. 60.6 ± 16.5, p = 0.018),
with no significant differences at 12 h (69.6◦ ± 9.3 vs. 62.8 ± 12.8, p = 0.1).

However, the ability to perform physiotherapy and ambulation during the first POD
was comparable between groups, as well as the total length of stay (Table 2).

Moreover, no postoperative quadriceps paralysis was noticed except for one patient in
the LFCN group and two patients in the WI group, but in all cases, it occurred only at 6 h
postoperatively. Last, the incidence of postoperative complications was comparable and
not significant.
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Table 2. Secondary outcomes.

PENG + LFCN
(n = 25)

PENG + WI
(n = 25)

p Value

Morphine Consumption (mg)

- 24 h
- Total

4.3 ± 3.1
6.9 ± 3.6

3.7 ± 2.9
6.5 ± 4.6

0.57
0.45

Range of Movement (◦)

- 6 h
- 12 h
- 24 h

59.8 ± 11.2
69.6 ± 9.3
71.6 ± 9.9

71.4 ± 15.5
62.8 ± 12.8
60.6 ± 16.5

0.011
0.1

0.018

Quadriceps Paralysis
6/12/24 h, n (%) 1 (4%)/0/0 2 (8%)/0/0 >0.9

Ability to perform physiotherapy at POD1, n (%) 25 (100%) 25 (100%) >0.9
Ability to ambulation at POD1, n (%) 25 (100%) 24 (96%) >0.9
Length of stay (days) 2 (2–3) 2 (2–4) 0.96
Nausea/vomiting, n (%) 1 (4%) 2 (8%) >0.9
Dizziness, n (%) 0 0 -
Vascular Puncture, n (%) 0 0 -

Values are reported as number (percentage) of subjects, mean ± standard deviation (SD) or median and interquar-
tile range (IQR). LFCN: lateral femoral cutaneous nerve block; POD: postoperative day; WI: wound infiltration;
PENG: pericapsular nerve group block.

4. Discussion

PENG block, despite being shown to be effective for postoperative analgesia following
THA in different randomized clinical trials [14,19–21], is analgesically incomplete, as it
does not cover the skin, which has the highest concentration of nociceptors involved in this
kind of surgery. For this reason, several trials have investigated combining PENG block
with other regional techniques, including periarticular infiltration, intra-articular injection
and quadratus lumborum block [22–26].

In our study, both LFCN and WI ensured successful analgesia combined with PENG
block, as no severe pain scores were noticed at any time point among the groups, although
there were some differences. The WI group showed better analgesia and range of move-
ments at 6 h after surgery compared to the LFCN group, which showed better scores at
24 h postoperatively. However, these differences did not impact opioid consumption or the
remaining functional outcomes, including ambulation and physiotherapy. These results
lead us to speculate about some clinical considerations, as they may reflect the strength
and limitations of both techniques.

LCFN innervates only part of the skin involved in post-surgical pain following THA
via the posterior approach, and this could justify the better analgesia in the WI group during
the first postoperative hours. In contrast, better pain scores at 24 h postoperatively may be
explained by the local anesthetic pharmacokinetics, which are characterized by a slower
systemic absorption in the case of perineural rather than subcutaneous administration [27].
Another aspect to discuss is the discrepancy of ROM, which increases over time in the
LFCN group, while it decreases in the WI group. As the articular ROM, in the absence
of muscular block, may be strictly dependent on analgesia (in an indirectly proportional
relationship with pain scores), it is reasonable to think that the inverted trend regarding
ROM among the two groups reflects the same tendency of pain scores.

This is the first clinical trial analyzing the effect of PENG block compared to LFCN
block or WI for postoperative analgesia after THA.

Gurbuz et al. explored a similar association through a prospective evaluation of
22 patients undergoing total hip replacement. They found a longer time for first analgesic
demand in the WI group, although the LFCN group had lower pain scores at 24 h, similar to
our study. However this study had important limitations including a lack of randomization,
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a poor sample size, and the surgical approach was not specified [28]. Dr. Liang and
colleagues have recently demonstrated the superiority of PENG block combined with
LFCN block vs. supra-inguinal FIB in improving postoperative analgesia after THA [8].
However, the study population was heterogeneous, as both fractured and non-fractured
patients were included. Moreover, Dr. Liang compared the association of PENG plus LFCN
block vs. SIFI block, which gives an indirect LFCN block itself, and for this reason, it seems
unclear if any differences in outcomes can be attributed to the effect of LFCN block rather
than PENG block.

Future studies may focus on the combination of PENG block with other techniques to
enhance postoperative skin analgesia. In particular, the iliohypogastric nerve and subcostal
nerve have been shown to innervate most of the skin involved in surgery, and they could
easily be blocked through fascia transversalis or a lateral quadratus lumborum block [5].

At the same time, LFCN block could be added to WI to maximize the analgesic effect
of both technique during the first 24 h, as suggested by this study, while being careful about
the maximum recommended local anesthetic dosage.

In this study, we used 0.5% ropivacaine in our daily practice. We prefer this concentra-
tion to lower ones aiming to enhance block duration, as the rate of LA absorption (which
impacts on block’s duration) also depends on the administered dosage [27], although no
studies have yet analyzed the impact of different ropivacaine dosages on PENG block,
LFCN block and WI in hip surgery. Despite a high concentration of ropivacaine, the total
dosage administered to every patient (200 mg) was not superior to the maximum dosage
recommended for one shot nerve block in adults (250 mg). Moreover, after administration of
LA, patients were always monitored to exclude early prodromal symptoms related to Local
Anesthetic Systemic Toxicity (LAST), like perioral paresthesia, metallic taste and tinnitus.
In addition, clinical and ECG monitoring were maintained until discharge from PACU.

Regarding the duration of the WI analgesic effect, we think it may be prolonged
through the use of a continuous technique or liposomal local anesthetics, as already demon-
strated in different surgeries [13,29,30].

Last, we would like to discuss three cases (one in the LFCN group and two in the WI
group) of postoperative quadriceps paralysis recorded at 6 h.

As described by a recent cadaveric study, this event could be related to the spread of
local anesthetic to the femoral nerve during the execution of PENG block, especially when
more than 13 mL is injected [31]. However, this has never been demonstrated to cause
a significant impact on postoperative functional outcomes, including physiotherapy and
ambulation. Not by chance, although Aliste et al. showed a similar incidence of quadriceps
paralysis [19], it did not influence functional outcomes, and the same was true for our study.
It is worth investigating the use of newer high definition US technology to better identify
the optimal injection point and LA spread during the PENG block execution in order to
further reduce the risk of femoral nerve involvement.

Limitations

This study has several limitations.
Our actual institutional protocols require the patients to start ambulation after 24 h,

and for this reason, it was not possible to investigate the ability of patients to walk before
this time point. The same issue regards the ability to start of physiotherapy, which was
assessed on POD 1. Future studies assessing these outcomes in earlier time points may
overcome these limits.

Secondary outcomes including opioid consumption and length of stay did not show
significant differences, although our sample size was powered 90% only for main outcomes:
that means higher samples may be required to significantly evaluate the true effect of these
outcomes. Moreover, we missed the assessment of other functional outcomes, i.e., the timed
up and go (TUG) and walking tests, although its accuracy could be limited by different
baseline health statuses and muscular tropisms among patients [32].
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Pain scores were recorded only during the first 24 h after surgery, although, based
on our clinical experience and our previous study, we consider this time interval to be
the most critical for postoperative analgesia following THA via the posterior approach.
Furthermore, we did not take the social differences among patients into account, and this
could represent a potential bias in pain reporting.

Regarding the assessment of quadriceps strength, we did not use any muscular
strength grading to differentiate between paralysis and paresis, as in other studies [19].
However, this method has been shown to have several limitations due to the variability in
examiners’ subjective perceptions [33].

Our study focused on postoperative acute pain, although it would be interesting
for future investigations to analyze the impact of these regional anesthesia techniques
on chronic postoperative pain, whose incidence is estimated to be 10% for THA [34]. In
this study, we used multimodal analgesia through NSAIDs, which positively impacts
postoperative pain and may overestimate the efficacy of a regional anesthesia technique.
However, NSAIDs “around the clock” has been applied to both groups at the same dosages,
and this is reasonably unlikely to represent a bias.

Lastly, although we monitored clinical and vital signs to exclude LAST, we did not
measure systemic absorption rates. Future studies should look at blood levels of ropivacaine
after PENG block in order to confirm the safety of this technique and investigate other
possible mechanism of actions (systemic?).

5. Conclusions

LFCN block was not inferior to WI for postoperative analgesia and functional recovery
in association with PENG block during the first postoperative day, although it had worse
short-term pain scores.

However, no significant differences were observed in functional recovery and opioid
consumption. Based on these results, it is possible to consider both LFCN block and WI
as valuable options to cause skin analgesia after THA. Moreover, we hypothesize that an
association of LFCN block and WI combined with PENG block may enhance the analgesic
effect of both of the techniques during the first 24 h. However, future studies are expected
to confirm this hypothesis and find the best combination between PENG block and other
techniques to enhance analgesia and functional outcomes after THA.
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Abstract: Background/Objective: Wound infiltration with local anesthetics emerges as a promising
modality for postoperative pain alleviation. However, such strategies in neck surgery have not been
a well-established practice. To assess wound infiltration with ropivacaine plus magnesium sulfate
for pain relief following thyroid surgery. Methods: This prospective, double-blind, randomized
study enrolled 68 patients who underwent thyroid surgery. Concerning the solution used for surgical
wound infiltration, the study participants were randomly allocated into three groups: (1) 100 mg of
ropivacaine (Group R); (2) 100 mg of ropivacaine plus magnesium sulfate 10 mg/kg (Group RMg);
and (3) normal saline which served as a placebo (Group P). Pain perception both at rest and at
movement, was measured using the Visual Analogue Scale (VAS) at 30 min, as well as at 1, 2, 4,
6, 12, and 24 h postoperatively. The total consumption of analgesics in morphine equivalents was
also recorded. Moreover, adverse effects and patient satisfaction were recorded. Cortisol, TNF-α,
and IL-6 levels were measured 30 min before infiltration and 6 h and 24 h postoperatively. Results:
Demographics and clinical characteristics were similar between the groups. The VAS scores at
rest and during movement were significantly lower in the RMg group compared to the saline or
ropivacaine groups. Total analgesic consumption was also significantly lower in the RMg group. No
operation-, wound-, or infiltration-related adverse effects were recorded in the study groups. Better
overall satisfaction was obtained for the RMg group. Conclusions: Ropivacaine plus magnesium
sulfate wound infiltration provided better pain control and the analgesic effect was more significant,
contributing to effective postoperative analgesia in patients undergoing thyroid surgery.
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1. Introduction

Thyroid surgery represents a common operation with approximately 93,000 thy-
roidectomies being performed in the United States each year, while parathyroidectomy
is comparatively rare, as the incidence of primary hyperparathyroidism is approximately
25 cases per 100,000 [1].

Postoperative pain related to thyroid or parathyroid surgery can be a major challenge
for patient care. Pain control after thyroid surgery improves patients’ quality of life and
allows a quick return to normal daily activities. Adequate postoperative pain control
is customarily managed by a broad spectrum of analgesics, including nonsteroidal anti-
inflammatory drugs (NSAIDs) or opioid analgesics, which constitute the top analgesic
choices [2,3]. Yet, both regimens are frequently linked to adverse effects.
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Local wound infiltration has long been used in general surgery to reduce postoperative
pain intensity and minimize the need for analgesics. Evidence indicates that thyroidectomy
wound infiltration constitutes an easy-to-implement technique performed by the surgeon
himself, while it elongates the time frame until rescue analgesia [4]. In the current clinical
practice, magnesium sulfate is widely applied in the perioperative setting for its multifacto-
rial properties, among which it has been shown to mitigate analgesic requirements [5–8].
Relevant reports indicate that the implementation of wound infiltration with magnesium
sulfate and ropivacaine mixture seems to reduce postoperative tramadol requirements after
radical prostatectomy [5–8].

To the authors’ knowledge, no studies exist in the current literature investigating the
use of magnesium sulfate as an adjunct to local anesthetics for wound infiltration thyroidec-
tomy/parathyroidectomy. Thus, the present study aims to evaluate the effectiveness of
wound infiltration with ropivacaine plus magnesium sulfate mixture for postoperative
pain control in patients undergoing thyroid or parathyroid surgery, with the safety of this
practice constituting the secondary study endpoint.

2. Materials and Methods

2.1. General Information

After institutional approval was obtained from the Ethics Committee of the School
of Medicine of Aristotle University of Thessaloniki (No. 3.468/18-1-2022), all consecutive
adult patients of both sexes and the American Society of Anesthesiologists (ASA) classifica-
tion I–II, scheduled for thyroidectomy/parathyroidectomy from January 2022 to January
2024, were eligible for enrolment in this study. This study was conducted following the
Declaration of Helsinki guidelines, while written informed consent was obtained from all
patients before study enrollment. The trial was registered in the ClinicalTrials.gov database
with the unique reference ID NCT05294393.

The exclusion criteria included the indication for selective lateral neck dissection,
previous cervical operation, long-term analgesic drug use, known or suspected allergy to
local anesthetics, and a major complication of surgery or anesthesia (major bleeding, allergy
to anesthetic products).

2.2. Randomization and Masking

Patients were allocated to three groups using a computer randomization list (www.
sealedenvelope.com, assessed on 19 January 2022) developed by a person irrelevant to the
study protocol. Permuted block randomization was performed using a random number
table with equal allocation and a block size of 6. An anesthesia nurse, being unaware of
the study protocol, prepared an unlabeled syringe of 15 mL solution, including normal
saline which served as a placebo (Group P), ropivacaine 100 mg (Group R), or a mixture
of 100 mg ropivacaine plus 10 mg/kg magnesium sulfate (Group RMg). The patients,
operating team, and investigator who served as the outcome assessor were blinded to the
infiltrated solution.

2.3. Anesthesia and Surgical Procedure

A standardized protocol was applied to all patients. The same anesthesia and surgical
team were involved in all procedures. Preoperatively, all patients were premedicated with
0.5 mg alprazolam. In the operating room, venous access with an 18–20 G IV cannula and
standard hemodynamic monitoring were applied to all patients. After preoxygenation with
100% oxygen for 3 min, anesthesia induction was established by intravenous 2–2.5 mg·kg−1

propofol, 0.2 mg·kg−1 cis-atracurium, and target-controlled infusion (TCI) of remifentanil
(3 mcg·mL−1). Endotracheal intubation was facilitated by spiral endotracheal tubes with
inner diameters of 7.5 and 8 mm for females and males, respectively. After anesthesia in-
duction, 8 mg dexamethasone and 40 mg omeprazole were also administered. Maintenance
of anesthesia was ensured with desflurane, while remifentanil in TCI mode was applied
for intraoperative analgesia. Desflurane was used for its rapid onset and offset, enabling
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the swift and smooth awakening of the involved patients. A change of 20% in heart rate or
mean blood pressure guided TCI rate alterations.

Patients were placed in the supine position on the operating table, with the neck
hyperextended. Through a 4–7 cm skin incision (depending on the size of the thyroid),
subplatysmal flaps were created, and strap muscles were separated in the midline and
reflected laterally. The middle, superior, and inferior thyroid vessels were then divided.
The same steps were repeated for the removal of the contralateral lobe. After complete
hemostasis and before wound closure, the surgeon, blinded to the applied medications,
soaked a pad with the solution over the anterior face of the trachea, then infiltrated, using
a 21-gauge needle, the strap muscles and subcutaneous tissues in both flaps as well as
the surgical edges. Extra attention was paid to avoid laryngeal nerve infiltration and
thus preserve laryngeal function after surgery. Before surgical wound closure, all patients
received 1 g of paracetamol and 4 mg of ondansetron.

Finally, the wound was closed using interrupted 3-0 and 4-0 polyglactin sutures
to approximate the strap muscles and the platysma layer, respectively. The skin was
closed with 4-0 interrupted polypropylene sutured. Suction drains were not used. All
patients were extubated after ensuring enough muscle strength and the ability to follow
all commands. Surgical time (incision to wound closure) and awakening time (anesthesia
discontinuation to tracheal extubation) were also registered for each participant.

2.4. Assessment of Postoperative Pain

All patients were familiarized with a 10 cm Visual Analogue Scale (VAS) preoperatively
for pain intensity evaluation. All study participants were followed for 24 h for pain
evaluation and adverse effect occurrence. The VAS score at rest and during movement
was recorded at 30 min and at 1, 2, 4, 6, 12, and 24 h after surgery completion. In cases
of moderate pain at rest (VAS score > 4), 1 gr paracetamol was administered as a rescue
analgesic drug, while in cases of severe pain (VAS score > 6), 40 mg parecoxib or 50–100 mg
tramadol was administered targeting a VAS < 4. Total analgesic requirements up to 24 h
postoperatively were calculated in oral morphine equivalents. Blood samples for the
determination of cortisol, TNF-α, and IL-6 levels were collected 30 min before surgical
wound infiltration and at 6 and 24 h after surgery completion. Blood samples were placed
in dry tubes and centrifuged within 5 min of collection. Thereafter, plasma serum was
separated and stored at −70 ◦C until analyzed. Patient satisfaction was also evaluated with
a 5-point scale upon hospital discharge.

2.5. Outcomes

The primary study outcome was total analgesic consumption up to 24 h after the study
completion. The time to the first analgesic request, pain intensity assessed by the VAS at
the predefined time points, magnitude of the inflammatory response, occurrence of adverse
effects, and patient satisfaction constituted secondary study endpoints.

2.6. Statistical Analysis

Based on the findings of previous relevant clinical studies in patients undergoing
lumbar laminectomy, a sample size of 19 patients was used for each group, with a two-
sided alpha of 0.05 and a power of 80% to detect a 24 h reduction in the consumption of
rescue analgesics (in oral morphine equivalents) by 30% (standard deviation of 15) between
tested groups. Allowing for a 20% drop-out rate, the final study population was set at
68 patients. The sample size analysis was conducted using MedCalc version 16.1.

Data normality was assessed by the Kolmogorov–Smirnoff test. Friedman’s non-
parametric test was applied for continuous variable comparisons over different time points
(VAS scores at rest and movement), while pairwise comparisons were achieved by the
Durbin–Conover test (24 h analgesic consumption). Comparisons by group for each
time point were performed by the Kruskal–Wallis test, while the Dwass–Steel–Critchlow–
Fligner test was used for pair comparison. Cross-tabulations were applied for qualitative
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variable comparisons. Data of inflammatory markers were normalized by inverse normal
transformation through their fractional rank to facilitate the use of a parametric test. A
mixed ANOVA analysis was performed. The sphericity testing criterion with the Mauchly
test was not met (p < 0.05) and a Greenhouse–Geisser correction was applied. The equality
of variances test for equality of covariance in the three patient groups indicated equality of
variances at all time points.

The SPSS package (version 29.0) was used for statistical analysis, while a p-value < 0.05
was considered statistically significant.

3. Results

3.1. Clinical and Demographic Characteristics of Study Patients

From the total of 68 patients initially stratified in this study, two were excluded due to
reoperation for severe bleeding control, leaving 66 patients for the final analysis (Figure 1).
Demographics and intraoperative data were comparable between study groups (Table 1).
There was no statistically significant difference between the groups. As far as the type
of surgery was concerned, 41 thyroidectomies were performed for multinodular disease,
seven for toxic goiter, six for carcinoma, five for concurrent hyperparathyroidism and goiter,
and seven for hyperparathyroidism.

Figure 1. CONSORT diagram. Notes: R, ropivacaine; RMg, ropivacaine plus magnesium sulfate; P, placebo.
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Table 1. Demographic and intraoperative characteristics of the patients in the ropivacaine (R),
ropivacaine plus magnesium sulfate (RMg), and placebo (P) groups. NOTES: R, ropivacaine; RMg,
ropivacaine plus magnesium sulphate; P, placebo; M, male; F, female; kg/m2, kilogram per square
meter; cm, centimeter; μg, microgram; min, minute.

Group R Group RMg Group P

Sex (M:F) 4:20 5:16 5:16

Age (years) BMI (kg/m2) 54.78 ± 15.08 51.48 ± 15.56 62.14 ± 10.29

BMI (kg/m2) 27.49 ± 4.44 28.06 ± 6.25 27.52 ± 5.70

Hamilton Anxiety Scale 13.17 ± 5.44 14.05 ± 4.19 12.86 ± 3.55

Duration of Surgery (min) 108.54 ± 38.16 123.52 ± 27.11 125.05 ± 32.23

Anesthesia Interruption to
Extubation Time (min) 5.75 ± 1.87 6.19 ± 3.37 6.43 ± 2.40

Incision Length (cm) 4.39 ± 1.05 4.50 ± 0.62 4.54 ± 0.72

Remifentanil TCI (μg) 795.96 ± 287.16 729.96 ± 389.40 1064.36 ± 457.94

3.2. Total Analgesic Requirements

The total dose of analgesics administered over the 24 h postoperative period varied
significantly between the three groups. Patients in Group RMg received less total analgesic
requirements than in Group R (7.53 ± 14.55 mg vs. 18.30 ± 13.16 mg, p < 0.01, respectively).
Patients in the placebo group showed higher analgesic demand than in the RMg and
R groups (39.35 ± 19.93 mg vs. 7.53 ± 14.55 mg vs. 18.30 ± 13.16 mg, p < 0.001).

Patients in Group P received their first analgesic drug within the first postoperative
hour, while the time to first analgesic request was significantly elongated in the R and
RMg groups (Table 2). The time for analgesic demand was significantly lower in the RMg
group compared to other groups and in Group R compared to the placebo (χ2 (2,66) = 29.42,
p < 0.001).

Table 2. Time to first analgesic request and analgesic consumption expressed in morphine equivalents.

Group R Group RMg Group P

1st analgesic requirement (min) 140.60 ± 127.56 * 184.13 ± 131.58 *ˆ 53.75 ± 60.62
Total analgesic requirements in
morphine equivalents (mg) 18.30 ± 13.16 * 7.53 ± 14.55 *ˆ 39.35 ± 19.93

Notes: * p < 0.001 between treatment groups vs. control. ˆ p < 0.01 between Mg and RMg groups.

3.3. Pain Evaluation

The VAS score at rest of all study patients decreased after thyroidectomy at all time
points. Higher pain intensity was observed during the first two postoperative hours.
Statistical significance was noted when comparing the 1st to 2nd, 4th to 6th, and 6th to 8th
postoperative hours.

Comparison between groups revealed significant differences at all timeframes (χ2 (6) = 126.34,
p < 0.001). Analysis showed that the R group obtained lower VAS scores than the placebo
at all time intervals. It was also revealed that when magnesium was added to the mixture,
the analgesic effect was notably improved compared to ropivacaine alone or the placebo at
all time points (Figure 2).

Comparison between groups revealed significant differences at all timeframes (χ2 (6) = 133.10,
p < 0.001); ropivacaine showed lower VAS scores compared with the placebo). However,
when magnesium was added in the mixture, the analgesic effect was significantly improved.
Group RMg showed the lowest VAS scores at all timeframes followed by Group R (Figure 3).
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Figure 2. Postoperative Visual Analog Score (VAS) at rest of the three groups presented as the
mean and standard deviation. NOTES: All non-parametric Dwass–Steel–Critchlow–Fligner pairwise
comparisons were statistically significant at a p < 0.001 level. The VAS score at movement of all
study patients was increased during the first postoperative hour and decreased afterwards. Statistical
significance was noted except for when comparing the 30 min results to the 1st and 2nd h, 2nd to
4th h, and 12th to 24th h.

Figure 3. Postoperative Visual Analog Score during movement (DVAS) of the three groups presented
as the mean and standard deviation. NOTES: All non-parametric Dwass–Steel–Critchlow–Fligner
pairwise comparisons were statistically significant at a p < 0.001 level.

3.4. Inflammatory Marker Release

No statistically significant difference between groups was detected for cortisol, IL-6,
and TNF-a levels (Figure 4a–c).
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(a) 

(b) 

(c) 

Figure 4. (a) Cortisol serum concentration at each time point of assessment; (b) TNF-α serum
concentration at each time point of assessment; (c) IL-6 serum concentration at each time point
of assessment.

109



J. Clin. Med. 2024, 13, 4499

3.5. Postoperative Complications

A sore throat was the most commonly reported adverse effect, yet no between-group
difference was detected. However, the incidences of nausea and vomiting were similar
between the treatment groups (Table 3).

Table 3. Postoperative complications. NOTES: PONV, postoperative nausea and vomiting.

Group R Group RMg Group P

PONV 2 (3.3%) 2 (3.3%) 3 (4.9%)
Shiver 1 (6.1%) 1 (1.5%) 0 (0%)
Cough 4 (6.1%) 2 (3%) 2 (3%)
Sore Throat 9 (13.6%) 6 (9.1%) 9 (13.6%)

No immediate or short-term cases of mortality were encountered, while wound com-
plications at the injection sites were absent in the study group. Regarding local infiltration
agents, no patient developed complications after infiltration.

3.6. Patients’ Satisfaction

Based on the median overall satisfaction score based on a 5-point scale, pairwise com-
parisons revealed a statistically significant difference (chi-square (2,66) = 16.00, p < 0.001).
Patients in Group RMg (5(1)) reported better overall satisfaction than patients in the placebo
group (3 (1.5)), while a marginal statistical difference was found between patients in the R
group (4, (1.75)) and patients in the RMg group.

4. Discussion

Postoperative discomfort following thyroid surgery is elicited by multiple causes.
Incisional pain especially in the first postoperative day is the major component of this
discomfort [9]. The complexity of surgical maneuvers, odynophagia due to endotracheal
intubation, and neck soreness caused by the hyperextension position are also incrimi-
nated [10]. In the context of Enhanced Recovery After Surgery (ERAS) protocols, which aim
to reduce the hospital length of stay while providing faster recovery and functional restora-
tion of the patient, the implementation of a structured analgesic protocol is of paramount
importance [11,12].

Pain after thyroid surgery is poorly assessed by many physicians, misjudging the
small incision. Although these procedures are characterized by a short duration, surgery-
related pain is maximized one hour postoperatively and starts to decline 3 h later [11].
Postoperative pain may delay the patient’s discharge as well as return to everyday life.

Pain relief is most commonly achieved by administering NSAIDs and/or opioid
analgesics. However, NSAIDs have been associated with potential cardiovascular events,
postoperative bleeding, and renal impairment [13]. Meanwhile, opioids are linked to side
effects such as sedation, dizziness, nausea, vomiting, constipation, physical dependence,
tolerance, and respiratory depression [14].

Based on the fact that the main innervation of the thyroidectomy field originates
from the superficial branches of the cervical plexus, regional techniques such as local
anesthesia and bilateral superficial and/or deep cervical plexus block could represent
a promising method. Local wound infiltration bears the advantage of being a safe and
easy-to-implement procedure. It seems that thyroidectomy wound infiltration elongates
the timeframe until rescue analgesia. Local anesthetics used for thyroidectomy wound
infiltration include the amides bupivacaine, lidocaine, and ropivacaine [9].

In our trial, we tried to achieve a long-lasting infiltrative technique by supplementing
ropivacaine with magnesium sulfate. Magnesium sulfate reduces NMDA’s receptor binding
capacity, preventing central sensitization to a peripheral pain stimulus while preventing
the established hyperalgesia [14]. It is even hypothesized to antagonize opioid-induced
hyperalgesia as the analgesic effect appears to be better when remifentanil is administered
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in the anesthetic protocol rather than desflurane [15]. The effects of magnesium sulfate
on postoperative pain and opioid consumption have been studied in recent years in a
variety of surgical procedures. It has been administered by various routes, including oral,
intravenous, intrathecal, and epidural.

Regarding wound infiltration, magnesium sulfate has been applied, alone or as an
adjunct, to prostatectomy, caesarian section, lumbar discectomy, and inguinal hernia repair
procedures. In laparoscopic prostatectomy cases, wound infiltration with magnesium
achieved a superior analgesic effect compared to the placebo, while in inguinal hernia
repair, magnesium was less effective compared to local anesthetic infiltration at reduc-
ing opioid requirements [15,16]. Similarly, in pediatric adenectomy, the combination of
magnesium with levobupivacaine or ropivacaine reduced postoperative pain and the inci-
dence of laryngospasm compared to the administration of levobupivacaine or ropivacaine
alone [17,18]. However, different results were obtained by Sun et al. They assumed that the
addition of epinephrine to their solution masked the analgesic effect of magnesium [19].

Notably, in lumbar discectomy procedures, a superior nociceptive effect was at-
tributed to the combined administration of ropivacaine or bupivacaine plus magnesium
sulfate [20,21]. More recently, Dave et al. applied the combination of bupivacaine and
magnesium sulfate in rectal procedures [22]. Such operations require a deep level of anes-
thesia since the anorectal region is innervated from both the autonomic nervous system
and the animal nervous system, while postoperatively, patients experience severe pain and
discomfort. It was found that during the first 24 h, combined administration led to superior
results in terms of pain management, less opioid consumption, and pain during defecation.

The supplementary use of magnesium sulfate in periarticular injection drug mixtures
after total arthroplasty procedures has also provided promising findings in terms of early
postoperative pain control [23,24]. Noteworthy enough is that no adverse effect was
observed in any of the local infiltration studies with magnesium sulfate.

Ropivacaine is a long-acting amide local anesthetic, which reversibly binds and inacti-
vates sodium channels in the open state, inhibiting sodium ion influx in nerve fibers and
blocking the propagation of action potentials. Compared to other local anesthetics, it is less
likely to penetrate large myelinated motor fibers, acting selectively on the nociceptive A, B,
and C fibers. Manufactured as a pure S(−) enantiomer, it is characterized by significantly
less cardiotoxicity and neurotoxicity [25,26].

Thyroidectomy wound infiltration with ropivacaine has been studied in a few random-
ized clinical trials. Motamed et al. [27] compared thyroidectomy wound infiltration at the
end of surgery with ropivacaine vs. placebo and they observed a significant reduction in
pain scales as well as opioid consumption during the patient’s stay in the recovery room but
not in the ward. Their observation was attributed to the low ropivacaine dose (20 mg) used
for wound infiltration. Comparing local infiltration with ropivacaine (75 mg), bupivacaine
(50 mg), and a placebo, Ayman et al. [11] observed a reduction in postoperative pain with
ropivacaine but not with bupivacaine. This effect, however, was significant only during the
first postoperative hour [11]. Contrary to previous findings, Miu et al. [9] could not prove
any significant analgesic benefit with ropivacaine infiltration (75 mg) or a placebo at the
end of thyroid surgery.

It appears that the efficacy of ropivacaine is present but limited when given alone.
Both the efficacy and the duration of the method depend on the surgical incision length, as
well as the topical agent used [4]. In the same clinical setting, the use of NSAIDs as adjuncts
to ropivacaine infiltration promoted an enhanced analgesic effect [12,25,28].

In the present study, we attempted to evaluate the analgesic efficacy of the tested
infiltrative agents by assessing the magnitude of the inflammatory markers’ release, namely
cortisol, TNF-α, and IL-6, but we failed to detect any notable difference between study
groups. A plausible explanation for this finding could be the fact that inflammatory
response modulation was a secondary study endpoint, and presumably, our study was
underpowered for this effect. Over and above, it appears that thyroidectomy-induced
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stress response is trivial considering that the average VAS score at rest and movement was
maintained at clinically acceptable levels throughout the study course [9,29,30].

Several limitations could be acknowledged in the present study. First, a possible
drawback could be the absence of serum magnesium level determination, as well as the
recording of subsequent magnesium-related adverse effects. Second, intraoperative opioid
titration was guided by hemodynamic alterations. Although the implementation of noci-
ception monitoring seems to reflect intraoperative stimuli slightly better than traditionally
used parameters and contribute to the quantification of the patient’s physiological pain
response, to date, none among the commercially available devices has shown a convincing
and clinically relevant benefit for its routine use [31–35].

Third, although we applied a randomization process in our study methodology, a
higher intraoperative remifentanil consumption was recorded in the placebo group, yet the
difference was not statistically significant. This finding could imply the development of a
hyperalgesic effect in this group of patients. Fourth, pain assessment was achieved by a
subjective scale which could be associated with bias since patients may have interpreted a
sore throat or neck pain as incisional pain. Lastly, by conducting a single-center study, our
findings reflect the effect of this practice in a defined population subjected to a standardized
surgical practice.

5. Conclusions

In conclusion, local wound infiltration with magnesium sulfate as an adjunct to ropiva-
caine can enhance the postoperative analgesic effect in comparison to either ropivacaine or
a placebo following total thyroidectomy, further demonstrating an advanced safety profile.
Future large-scale studies are mandatory to enlighten the role of magnesium sulfate as an
adjunct analgesic regimen for wound infiltration in this clinical setting.
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Abstract: Background: The immediate postoperative period after total hip arthroplasty can be as-
sociated with significant pain. Therefore, this study aimed to evaluate the effect of pericapsular
nerve block on pain management and functional recovery after total hip arthroplasty. Methods:
This prospective, randomized, double-blinded, placebo-controlled trial was conducted on 489 adult
patients scheduled for total hip arthroplasty, ASA 1–2, operated under spinal analgesia. Participants
were assigned to receive either a pericapsular nerve group (PENG) block with 20 mL of 0.5% ropiva-
caine or a sham block. Results: The primary outcome measure was the postoperative NRS score in
motion. The secondary outcomes were cumulative opioid consumption, the time to the first opioid,
and functional recovery. Demographic characteristics were similar in both groups. Intraoperative
pain scores were significantly lower in patients who received the PENG block than in the control
group (p < 0.0001). Also, the time to the first opioid was considerably longer in the PENG group
(p < 0.0001). Additionally, 24% of PENG patients did not require opioids (p < 0.0001). Conclusions:
The pericapsular nerve group showed significantly decreased opioid consumption and improved
functional recovery. Pericapsular nerve group block improved pain management and postoperative
functional recovery following total hip arthroplasty.

Keywords: total hip arthroplasty; PENG block; quality of life; pain management; regional anesthesia

1. Introduction

Total hip arthroplasty is one of the most common major orthopedic interventions
and improves patients’ quality of life and functional status [1]. However, despite these
advantages, the immediate time after surgery can be associated with significant pain, which
delays mobilization and increases the duration of hospitalization and the risk of throm-
boembolic events [2,3]. In total hip arthroplasty (THR), the pain is usually treated with
an injection of a local anesthetic around the joint, known as “local infiltration analgesia”.
Adequate pain management after total hip arthroplasty is critical for early rehabilitation
and patient satisfaction. Moreover, the complex innervation of the hip joint makes a perfect
regional anesthesia technique questionable. After surgery, regional anesthesia techniques
for pain management include epidural analgesia, lumbar plexus block, parasacral block,
fascia iliaca block, and femoral and obturator nerve block [2,4,5]. However, these proce-
dures can lead to complications such as epidural hematoma, headache after surgery, or
prolonged motor block with the subsequent prolonged hospital stay [6–8].

The obturator nerves, accessory obturator, and femoral nerve innervate the anterior
hip capsule. The iliopubic eminence and inferomedial acetabulum were recommended as
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important bone landmarks to block the articular branches of these three nerves. Further-
more, the great role of the accessory obturator nerve and femoral nerve in the anterior hip
innervation has also been stated.

LIA pursues the sensory nerve endings around the joints without decreasing the
quadriceps strength. However, even with LIA, some patients experience pain in the days
after total hip arthroplasty.

An international consensus of evidence-based experts recommends peripheral nerve
blocks (PNB) as a central anesthetic method in THA to improve outcomes [9]. PNB for
postoperative analgesia would also maintain quadriceps strength to facilitate early recovery.
Common PNBs like a sciatic nerve block, femoral nerve block, lumbar plexus block, and
fascia iliaca block cause quadriceps muscle weakness.

The pericapsular nerve group (PENG) block is an ultrasound-guided approach first
described by Giron-Arango et al. [10]. The PENG block targets the articular branches of the
obturator nerve, the accessory obturator nerve, and the femoral nerve, providing sensory
innervation to the anterior capsule of the hip [7,11,12]. It has been used successfully in
multimodal pain management for hip fractures [12,13] and for pain management after
total hip arthroplasty [14]. It has been shown that the PENG block can protect the body,
speeding up the first ambulance and recovery. However, some studies have shown that it
can weaken the quadriceps, especially if the volume is more than 20 mL [15,16]. Therefore,
we conducted a prospective, randomized, controlled, double-blinded trial to assess the
effectiveness of a PENG block in improving analgesia and functional recovery following
total hip arthroplasty. Our primary outcomes were the postoperative pain sores, and
the secondary outcome measures included opioid consumption and functional recovery
expressed by active elevation of the operated limb and walking by the balcony.

2. Patients and Methods

2.1. Study Design and Participants

This prospective, randomized trial was performed at the Independent Public Health
Care Institution of the Ministry of the Interior and Administration in Poznań, Poland, in
accordance with the Declaration of Helsinki. The Institutional Review Board of the Poznan
University of Medical Sciences approved the study protocol on 17 June 2020, protocol
number 496/20, and registered it at clinicaltrails.gov (NCT05944380). Written informed
consent was obtained from all patients for this scientific contribution.

Enrollment was proposed before surgery for adults scheduled for elective primary
unilateral total hip arthroplasty under spinal anesthesia, aged >18 years, and American
Society of Anesthesiologists physical status 1 or 2.

Patients were not included in this study if they refused to participate, had a history
of opioid abuse, had an infection of the site of needle puncture, were less than 18 years
of age, were postponed as having ASA > 2, had an allergy to any of the drugs used in
the study, had renal failure (estimated glomerular filtration rate of <15 mL/min/1.73 m2),
liver failure, known or suspected coagulopathy, pre-existing anatomical or neurological
disorders in the lower extremities, intellectual disability with problems in pain evaluation,
and severe psychiatric illness.

2.2. Randomization

Patients were randomly allocated to receive ultrasound-guided PENG block, or sham
block, by computer software using a 1:1 randomization list generated by the program
nQuery Advisor (Statistical Solutions, Boston, MA, USA). The randomization lists were
accessible to a researcher who was not involved in the study and concealed group assign-
ments in consecutively numbered, sealed, opaque envelopes. A consultant anesthesiologist
followed management to open the envelopes shortly before the nerve block performance to
reveal the group allocation and perform the procedure according to the assignment. The
patients, surgeons, operating room staff, and anesthesia team were masked from the study
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group allocation. Group blinding and unmasking occurred once the statistical analysis
was complete.

All patients underwent primary total hip replacement (under spinal analgesia) per-
formed by three surgical teams using the posterior approach at our tertiary institution.

The study subjects were subjected to at least 5 days of active follow-up. An in-
dependent researcher gathered the primary and secondary outcomes during in-person
hospital visits.

2.3. Perioperative Management and Spinal Anesthesia Procedure

All the patients received standardized spinal anesthetic management as commonly
practiced in our hospital. In both groups, the patients received 7.5 mg of midazolam p.o.
and 8 mg of Dexamethasone i.v. half an hour before the procedure as a part of multimodal
preemptive analgesia. For mild sedation, before the induction of anesthesia, intravenous
doses of 2 mg of midazolam and 100 mg of fentanyl were given. In addition, all patients had
spinal anesthesia, which was performed by injecting 20 mg of ropivacaine 0.5% through
a 27G or 25G Whitacre needle at the L2–L3 or L3–L4 interspace with the patient sitting.
Intravenous tranexamic acid 1000 mg and cefazolin 1 g were administered after spinal
anesthesia and before surgery. There was no surgeon-delivered periarticular infiltration
during the surgery.

2.4. PENG Block Procedure

In both groups, the PENG block or sham block was performed after the spinal anes-
thesia and before the surgical incision, according to the technique described by Girón-
Arango [10]. However, according to Peng et al. [17] and Tran et al. [18], we modified the
original PENG block technique to avoid quadriceps weakness. A curvilinear probe (low
frequency, 4–8 mHz) was used. The puncture was performed in the lateromedial direction,
and the needle was placed more laterally, away from the surface of the iliopsoas tendon
and between the anteroinferior iliac spine and the ilio-pubic eminence. After negative
aspiration, 20 mL of 0.5% ropivacaine or 20 mL of 0.9% NaCl was injected laterally from the
iliopsoas tendon, as seen in Figure 1. Three anesthesiologists performed the blocks. All had
at least five years of experience of post-specialty clinical experience focused on regional
anesthesia. During the surgery, basic hemodynamic parameters, opioid consumption
(fentanyl), and operation time were measured.

 

Figure 1. Injection technique of PENG block.
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2.5. Postoperative Analgesia Management and Evaluation of Outcomes

The patients were transferred to the post-anesthesia care unit (PACU) after the end of
the surgery. In the PACU, the same postoperative multimodal analgesia was applied in
both groups, which was consistent with acetaminophen 1 g i.v. every six hours, metamizole
1 g i.v. every six hours, and ketorolac 50 mg every twelve hours. The 5 mg morphine was
administered if the NRS score was higher than 4 as rescue analgesia. When severe nausea
or vomiting occurred, the patients were treated with 8 mg of Ondansentrone. All patients
received thromboembolism prophylaxis daily with enoxaparin for 4 weeks postoperatively.
Subsequently, after the first 10 postoperative hours, patients were ambulated with the help
of the hiker.

2.6. Outcome Assessments

The primary outcome measures were pain scores at rest and during mobilization up
to 5 days following surgery. At all postoperative time points (24, 48, 72, >72 h), patients
were asked to rate perceived pain using an 11-point Numeric Pain Rating Scale (NRS:
0 indicating no pain and 10 indicating the worst pain imaginable) experienced at rest and
during mobilization. The secondary outcomes included total opioid consumption and
time to first opioid use obtained from the postoperative and orthopedic wards. Opioid
consumption during 0–24, 24–48, and 48–72 h after surgery, and total opioid consumption
at 72 h following surgery, were recorded. The consumption of the different types of
postoperative opioid administration was converted to intravenous morphine equivalents.
The functional recovery of each patient was tested by active elevation of the operated limb.
The measurement was made 6 h postoperatively, and the ability to walk 3 steps by the
balcony was assessed 10 h after surgery.

The outcome assessment was performed by a group of two clinicians (GK and KWT)
who were blinded to the group allocation.

2.7. Statistical Analyses and Sample Size Calculation

To calculate the sample size, we studied our primary and secondary hypotheses that
the PENG block improves postoperative analgesia. We estimated pain score density as
a mean of 4 and SD of 6 based on the published data on total hip arthroplasty using
PENG blocks [14]. We use a truncated Gaussian distribution with a range of 0 to 10, SD
6, and a mean of 4 for the PENG group to model the drift. Under these assumptions and
two-sided = 5%, we simulated a sample of 234 patients in each group. With an overall
sample size of 468 subjects, we estimated 95% power to detect differences in pain between
groups as small as approximately 1. Statistical analysis was performed using GraphPad
Prism 8 software (GraphPad Software Inc., San Diego, CA, USA).

The parametric distribution of numerical variables was evaluated using the
Kołomogorov–Smirnov normality test. The differences between groups were analyzed
by t-student or Mann–Whitney U test. Categorical variables were correlated with the
Mann–Whitney U test, and an analysis of contingency was compared with Fisher’s exact
test. Values are given as mean (standard deviation), median (interquartile range), or the
number of patients (proportion). The balance of inpatient and operation idiosyncrasies
between the randomized groups was determined by estimating the standardized difference,
defined as the variation in proportions or means divided by the pooled standard devia-
tion. Successively measured variables were postponed using a linear mixed model with
the patient indicator as a random effect and group, time, and group-by-time interaction
as fixed effects, adjusting for variables of patient and operation characteristics (sex, age,
body mass index, ASA physical status, surgery duration, spinal anesthesia level). An
unstructured covariance structure was applied. The Bonferroni correction was enforced to
adapt for multiple comparisons. All analyses were accomplished using GraphPad Prism
8 software (GraphPad Software Inc., San Diego, CA, USA). A p-value of <0.05 was treated
as statistically significant.
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3. Results

Patients and Operation Characteristics

Of 556 patients assessed for eligibility, 43 did not meet the inclusion criteria, and
24 preferred general anesthesia. The remaining 489 were randomly allocated between
groups, as shown in Figure 2. No clinically relevant differences were apparent from group
characteristics, as shown in Table 1.

♦
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♦

♦

♦

♦
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Analysis 

Follow-Up 

Enrollment 

Figure 2. Consort Flow Chart.
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Table 1. Baseline characteristics. Values are mean (SD) or number.

Sham Block Group n = 237
Pericapsular Nerve Group

(PENG) Block Group n = 239
p Value

ASA 2 (SD = 0.5) 2 (SD = 0.5) 0.8508

Age (years) 66 (SD = 5.1) 66 (SD = 5.8) 0.1001

Sex (F/M) 115/122 99/140 0.1429

BMI (kg/m2) 31 (SD = 2.9) 31 (SD = 3.2) 0.2108

NRS at rest—before surgery 4.1 (SD = 1.3) 4.3 (SD = 1.1) 0.2741

Spinal anesthesia needle level (L2/3 vs. L3/4) 31 (13%) vs. 206 (87%) 34 (14%) vs. 205 (86%) 0.7898

Surgery duration (min) 63 (SD = 7.6) 61 (SD = 8.3) 0.3211

ASA—American Society of Anesthesiologists Physical Status Classification System; F—female; M—male;
BMI—body mass index; PENG—pericapsular nerve group.

Postoperative pain scores are shown in Table 2 and Figures 2 and 3. Patients who
underwent the PENG block had lower NRS pain scores at rest at all time points. Comparing
the PENG block to the sham block, NRS pain scores such as 3.1 vs. 5.3 at 24 h (p < 0.0001),
2.8 vs. 2.5 at 72 h (p < 0.0001), and 0.4 vs. 0 over 72 h (p = 0.0004), reveals better pain control.

Table 2. Study outcomes. Values are mean (SD) or numbers.

Sham Block Group n = 237
Pericapsular Nerve Group

(PENG) Block Group n = 239
p Value

NRS postoperative

24 h 5.3 (SD = 1.0) 3.1 (SD = 1.0) <0.0001

NRS in motion

48 h 7.6 (SD = 1.0) 5.9 (SD = 1.0) <0.0001

72 h 6.4 (SD = 1.1) 5.2 (SD = 0.6) <0.0001

>72 h 5.7 (SD = 1.0) 4.4 (SD = 0.6) <0.0001

NRS at rest

48 h 3.7 (SD = 0.7) 2.8 (SD = 0.8) <0.0001

72 h 2.8 (SD = 0.6) 2.5 (SD = 0.8) <0.0001

>72 h 0.4 (SD = 0.8) 0 0.0004

Postoperative opioid consumption

yes 237 (100%) 182 (76%)
<0.0001

no 0 (0%) 57 (24%)

Time to first opioid

hours 4.5 (SD = 1.6) 9.5 (SD = 5.5) <0.0001

Total opioid consumption(Intravenous morphine equivalents; mg)

0–24 h 8.4 (SD = 3.7) 2.3 (SD = 1.6) <0.0001

24–48 h 2.5 (SD = 2.0) 0.5 (SD = 1.1) <0.0001

48–72 h 0.3 (SD = 0.7) 0 <0.0001

Functional recovery

Active elevation of operated limb 25 (11%) 127 (53%) <0.0001

Walking by the balcony 108 (46%) 239 (100%) <0.0001

NRS, numerical rating scale; mg, milligrams.
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Figure 3. NRS at rest.

Also, NRS pain scores during movement were lower in the PENG block group at all
time points, with a median of 5.9 vs. 7.6 at 48 h, 5.2 vs. 6.4 at 72 h, and 4.4 vs. 5.7 over 72 h,
all p < 0.0001 (Figure 4).

Figure 4. NRS et motion.

Every patient in the Sham group received morphine intravenously for pain treatment.
In contrast, 57 (24%) in the PENG group received none. As a result, the total opioid
consumption, expressed in intravenous equivalents, was lower in the PENG group at all
time points: 2.3 vs. 8.4 at 24 h, 0.5 vs. 2.5 at 48 h, and 0 vs. 0.3 at 72 h, all p < 0.0001. In
addition, the mean time to the first opioid was 5 h shorter in the Sham group (p < 0.0001)
(Figure 5). The results are shown in Table 2.

Quadriceps Strength in the operative leg measured 6 h after surgery by active elevation
of the operated limb was higher in the PENG group. 127 (53%) patients in the PENG group
could actively elevate the operated limb, compared to 25 (11%) patients in the Sham group.
The remaining 47% of patients in the PENG group and 75% of patients in the Sham group
could not actively elevate the operated limb due to accompanying pain.
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Figure 5. Time to first opioid.

Moreover, all patients in the PENG group could walk by the balcony 10 h after surgery,
compared to 108 (47%) in the sham group, p < 0.0001. 53% of patients in the Sham group
could not walk by the balcony due to accompanying pain.

4. Discussion

The major result of this study was that ultrasound-guided PENG block could improve
pain relief after surgery in THA patients without weakening the quadriceps muscle. Ad-
ditionally, patients in the PENG group took much longer until the first opioid, and half
did not require opioids. Our results support the fact that the pericapsular nerve group
significantly reduced pain scores during motion and opioid consumption. Moreover, it
extended the time until the first opioid and improved functional recovery.

The PENG block is a relatively novel ultrasound-guided regional anesthesia tech-
nique designed to block the branches of the femoral, obturator, and obturator accessory
nerves innervating the anterior capsule of the hip joint [10,14]. Currently, the PENG
block is used for pain management in various hip surgeries, including fractures and hip
replacements [11–14,17]. However, most recent evidence is limited to trials with small
group sizes [11,14] and case reports [19–22]. Pascarella et al. [14], in their randomized,
observer-masked, controlled trial, showed a significant reduction in opioid consumption, a
shorter time to ambulation, and a better range of hip motion. Also, Lin et al. [16], in their
double-blinded randomized comparative trial, showed that patients receiving PENG block
for intraoperative and postoperative analgesia during hip fracture surgery experienced
less postoperative pain with preserved quadriceps strength. Similar pain relief was also
observed in our study. On the other hand, Zheng et al. [23] revealed that a PENG block
added to intra-articular injection of local anesthetic provides a limited benefit to postopera-
tive analgesia. However, Eti Korkusuz et al. [24] showed that ultrasound-guided PENG
block offers better pain relief in treating hip osteoarthritis than the intra-articular injection
of steroid-bupivacaine.

Quadriceps weakness was observed in some studies after the PENG block [16,25,26].
The exact mechanism of femoral nerve anesthesia after PENG block is controversial and
results from local anesthetic spread via a plane between the psoas major and pectineus
or intramuscularly [27]. According to Pascarella et al. [28] to avoid the short-term motor
block, the needle tip should be placed medial to the iliopsoas eminence and under the
iliopsoas tendon. Also, the clinician should observe a transversal spread with the tendon
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lifted during the injection. In our study, we placed the needle tip laterally and away from
the undersurface of the iliopsoas tendon. Also, we reduced the volume of a local anesthetic
to 20 mL to avoid motor weakness, as Çiftçi et al. [29] and Yeoh et al. [30] suggested in their
studies. For this reason, we did not observe quadriceps weakness in our study. However,
in our study, 47% of patients in the PENG group and 75% in the Sham group could not
actively elevate the operated limb. The severe pain caused difficulty lifting the operated
limb, similar to other studies [31,32].

A significant drawback of a single-shot PENG block is the limited time of analge-
sia. Also, rebound hyperalgesia after a single-shot nerve block has been reported [33,34].
Therefore, our study gave the patients acetaminophen, metamizole, and ketorolac to avoid
rebound pain. Also, we decided to use systematic dexamethasone to prolong analgesia
following a single-shot peripheral nerve block due to its proven effectiveness [35].

Only three researchers [10,19,36] reported that few patients experienced pain after the
PENG block in the lateral femoral cutaneous nerve region. That is why we decided not to
add the femoral cutaneous nerve block to the PENG block. In addition, we did not observe
pain in the femoral cutaneous nerve region in our study. Furthermore, the pain scores
were significantly lower in the PENG group, and 24% of patients did not need opioids,
compared to 0% in the placebo group. Furthermore, the PENG block significantly reduced
total opioid consumption and lengthened the time to first opioid consumption. Also, total
opioid consumption was lower in the PENG group, and the patients in the PENG group
did not require opioids 48 h postoperatively.

Our study suggests that the PENG block maintained optimal postoperative pain
management, swift motor recovery, and lowered opioid consumption. Therefore, the PENG
block may be a helpful anesthetic technique for postoperative pain control in modern, rapid
hip surgery.

However, this study has limitations, such as the volume of the local anesthetic used for
the PENG block, single-shot injection instead of the catheter, and the fact that we did not
evaluate the dermatome levels. The functional recovery was assessed by active elevation
of the operated limb 6 h after surgery and the ability to walk 3 steps by the balcony 10 h
after surgery. Our study included only posterior total hip replacements, although this is
the most commonly performed procedure worldwide.

5. Conclusions

The PENG block has proven to be a forceful opioid-sparing analgesic technique that
boosts early postoperative mobilization and merits consideration as an effective analgesic
option in total hip arthroplasty.
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