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Abstract: Background and objectives: Patients often suffer from moderate to severe pain during the
early recovery period in orthopedic surgery. We investigated the impact of a single-shot preoperative
peripheral nerve block (PNB) on post-anesthesia recovery parameters and interleukin (IL)-6 level
during limb surgery. Materials and Methods: A prospective randomized controlled study was
conducted, and patients scheduled for limb surgery were recruited. Sixty patients were randomly
assigned to either the PNB group or control group, who received morphine as a primary analgesic.
The peak verbal numeric rating scale (NRS) score in the post-anesthesia care unit (PACU) was
evaluated as a primary outcome. We also recorded rescue analgesics requirement and wake-up time
from anesthesia in the PACU. In addition, the change of plasma IL-6 level after incision was measured.
Results: Fifty-two patients completed the study, 27 and 25 cases in the PNB and control group,
respectively. Preemptive PNB significantly reduced peak NRS score in the PACU compared to control
group. Lower rescue analgesics requirement and rapid wake-up from anesthesia were also noted in
PNB group. The IL-6 concentration increased less in the PNB group at 2 h after incision. Conclusions:
Preemptive PNB attenuates IL-6 expression 2 h after incision and improves pain management in the
PACU. PNB was considered as an essential part of pain management in limb surgery.
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1. Introduction

Poor pain control after surgery may lead to chronic post-surgical pain and some patients even
experienced persistent pain over three months postoperatively [1–5]. Adequate pain control impacts
on early ambulation [6,7] and avoidance of long-term complications [8,9]. Opioid prescriptions
for managing surgical pain are common. However, these may raise some dose-dependent adverse
effects, such as nausea, vomiting, drowsiness, respiratory depression, and possible lead to chronic
opioid abuse [10]. High-dose opioids also have a potential role in facilitating pain sensitization and
the development of persistent postoperative pain [11]. Research in patients undergoing surgery on
extremities mentioned that opioids alone are associated with less satisfaction with pain relief and
suggest combined alternative analgesic methods to decrease systemic opioid use [12].
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Furthermore, patients who are elderly or with co-morbidities constitute a high proportion of
extremity surgery incidences. Surgical trauma is a significant stressor for patients and evokes an
inflammatory cascade following the release of cytokines [13]. Inflammatory responses to surgery
include an increase in proinflammatory cytokines and a decrease in anti-inflammatory cytokines [14,15].
These substances can exert harmful generalized responses and perhaps lead to multiple organs
dysfunction [14,16]. It is important to use appropriate modalities to manage nociception intraoperatively,
attenuate surgical-induced stress response, decrease hemodynamic fluctuation during surgery,
and improve pain control after surgery. In a multiplex cytokine survey in total hip replacement,
systemic level of interleukin 6 (IL-6) significantly increased during the postoperative period [17].
In general, IL-6 concentration increases within 30–60 min after incision and the production of IL-6 is
significantly increased after 2 to 4 h [18].

Employing opioid free anesthesia with alternative analgesic drugs is important for preventing
perioperative complications [19]. Several approaches were developed to decrease opioid consumption,
including preemptive analgesia to avoid precipitate acute noxious inflammatory reactions and central
sensitization [20,21]. Preemptive analgesic regimens were reported for perioperative pain relief under
general anesthesia, such as parecoxib [22,23], acetaminophen [24], pregabalin [25] and ketamine [26].
Accumulating evidence has shown that peripheral nerve blocks (PNB) improve acute pain management
either in the emergency department [27,28] or during the postoperative period [29,30]. However,
the impact of PNB on post-anesthesia recovery parameters and the change of serum IL-6 concentration
in response to extremity surgery has not been fully investigated. In the study, we assess the numeric
rating scale (NRS) score, rescue analgesics required, and wake-up time in the post-anesthesia care unit
(PACU), as well as the change of plasma IL-6 concentration after incision in limb surgery.

2. Materials and Methods

The study was approved by the hospital Ethics Committee (KMUHIRB-F(I)-2017-0007) in February
2017. The study was also registered at ClinicalTrails.gov (NCT03913650). Written informed consent was
obtained from each subject before anesthesia. Patients were recruited if they were mentally oriented,
American society of anesthesiologists class I-III and undergoing extremity procedures. Patients with
known drug or alcohol abuse, chronic pain with analgesics, previous adverse reactions to local
anesthetics, opioids, or non-steroidal anti-inflammatory drugs (NSAID), and bleeding tendency were
excluded from the study. In addition, operation time over 3 h, inadequate blood samples, and loss of
postoperative follow-up were also excluded. All patients were assigned into two groups randomly by
a computer-generated table. Patients who received single shot preemptive PNB following general
anesthesia were allocated to Group N and those did not receive PNB were allocated to Group C (control
group).

2.1. Anesthetic Protocol

All patients received standard monitor including electrocardiography, pulsed oximetry,
and non-invasive blood pressure monitors. Anesthesia was induced by intravenous lidocaine (1 mg/kg),
propofol (2 mg/kg) and fentanyl (1 mcg/kg). A laryngeal mask airway was placed after adequate
anesthetic depth was achieved. Target-controlled infusion of propofol with effect concentration (2–5%)
was used to maintain general anesthesia. Patients in Group N received real-time ultrasound guidance
PNB with 0.25% bupivacaine via brachial plexus, femoral, lateral femoral cutaneous, or sciatic nerve
according to the surgical sites before incision. Two experienced anesthesiologists (over 100 injections)
performed all ultrasound-guided PNB injections with a linear ultrasound transducer (6–10 MHz).
In both groups, anesthetic adjuvants with inhalation agent sevoflurane were applied to alleviate
noxious stimulation when necessary. After surgery, all patients were transferred to the PACU for
further care. Morphine was administered for primary postoperative pain medication in the PACU.
Intravenous morphine 0.05 mg/kg was prescribed to the Group C for postoperative pain and both
groups if NRS greater than 3 in the PACU. Rescue NSAID (parecoxib or ketorolac) could be given if
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poor response or intolerance to morphine was noted. Patients were allowed to discharge when they
met the PACU discharge criteria (modified Aldrete score of 9–10) [31] and returned to the ward.

2.2. Interleukin-6 (IL-6) Concentration Measurement

Peripheral blood samples were collected and stored in ethylenediaminetetraacetic acid (EDTA)
tubes. The blood samples were centrifuged at 3000 rpm for 10 min to obtain plasma. The plasma
was stored at −80 ◦C until analysis. IL-6 concentrations were analyzed by commercially available
Enzyme-Linked Immunosorbent Assay (ELISA) kit (10 pg/mL).

2.3. Outcome Measures

The primary outcome was the peak verbal NRS pain score ranging from 0 (no pain) to 10 (worst
pain imaginable) [32] in the PACU, and pain intensity was measured at four time points (awake,
15 and 30 min after wake-up, and time of discharge from PACU). We also recorded wake-up time,
total morphine consumption, and incidence of NSAID supplement for poor pain control with morphine
during the period of PACU. Wake-up time was defined as the period between cessation of anesthetic
delivery to response the command “open your eyes” [33].

The change of proinflammatory cytokine IL-6 level after incision was evaluated in each group.
For IL-6 measurement, the blood samples were collected at three time points (preoperatively,
1 h post-incision and 2 h post-incision). We also evaluate perioperative hemodynamic variation.
The perioperative hemodynamic parameters, including mean arterial pressure (MAP) and heart rate
(HR) were recorded at six time points (T0: before anesthesia, T1: after LMA insertion, T2: at the time of
skin incision, T3: 1 h after incision, T4: at the end of surgery, T5: peak value during PACU period).

Adverse events 1 day after surgery were followed, including dizziness, nausea/vomiting pruritis,
respiration depression, and toxicity of local anesthetic. Patient satisfaction was measured by a four
points scale; 1 = poor, 2 = fair, 3 = good, and 4 = excellent. Motor and sensory block were also evaluated
to detect any possible neurological deficits, as previously described [34]. Sensory blockade was scored
as 0 = no sensory block, 1 = loss to cold sensation and no loss to pinprick sensation, and 2 = loss to
both cold and pinprick sensation. Motor blockade was scored as 0 = no motor block, 1 = partial block,
and 2 = complete motor block.

We assumed that ultrasound guided PNB would produce a NRS decrease in the pain intensity
of 2 as a clinical significant improvement. Sixteen patients in each group were calculated to identify
this difference (with a type I error of 0.05 and power of 0.8, including a correction for a possible 10%
loss to follow-up). The trial enrolled 30 cases in each group to ensure the power. Statistical analysis
of continuous variables between groups was carried out by the Student t-test. Intragroup statistical
analysis of continuous variables were compared using the paired t-test. Categorical nominal variables
were analyzed with the Fisher exact test. All statistical tests were 2-tailed, and p values < 0.05 were
considered statistically significant. Continuous data were expressed as mean ± standard deviation
(mean ± SD). Categorical data were expressed as n (%). The entire analysis was performed using the
statistical Package for the Social Sciences (SPSS, version 14.0)

3. Results

Sixty patients scheduled for elective extremity surgery were recruited from May 2017 to December
2018. The flowchart of the study showed 52 patients completed the study, with 27 cases in Group
N and 25 cases in Group C (Figure 1). Five patients were excluded from our study due to actual
operation time being over 3 h. Two patients that did not have adequate blood samples were also
excluded. One patient was discharged within 24 h after surgery and was lost at the postoperative visit.
The two groups had comparable patient characteristics (Table 1). In Group N, 7 brachial plexus blocks,
11 femoral nerve blocks, 6 lateral femoral cutaneous blocks, and 3 sciatic nerve blocks were performed.
In Group C, 8 brachial plexus blocks, 10 femoral nerve blocks, 4 lateral femoral cutaneous blocks, and
3 sciatic nerve blocks were performed.
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Figure 1. Flowchart of the study. Sixty patients scheduled for elective extremity surgery were recruited.
The flowchart showed 52 patients completed the study, with 27 cases in Group N and 25 cases in
Group C.

Table 1. The patient characteristics between both groups. The level of significance was set as
p values < 0.05.

Group N (n = 27) Group C (n = 25) p value

Age (year) 60.23 ± 14.37 51.56 ± 14.46 0.053
Gender (Male/Female) (n) 8/19 12/13 0.256
Weight (kg) 67.59 ± 12.25 66.70 ± 13.30 0.758
Height (cm) 158.33 ± 9.37 160.70 ± 10.64 0.550
ASA 1 class I/II/III (n) 0/9/18 0/11/14 0.321
Surgical procedures
Fracture(n)/Arthroplasty(n) 18/9 16/9 0.84

Surgical sites 0.629
Upper limb, n (%)
Lower limb, n (%)

7 (25.9%)
20 (70.1%)

8 (32.0%)
17 (68.0%)

Propofol dose (mg) 1124.85 ± 471.31 1093.48 ± 410.56 0.819
Operation period (min) 127.33 ± 48.33 116.00 ± 44.21 0.373

1 ASA: American Society of Anesthesiologists. Continuous data (age, weight, height, propofol dose, operation
period) were expressed as mean ± SD. Categorical data (ASA class, gender, surgical procedures or sites) were
expressed as n or n(%). p values < 0.05.
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The primary outcome of peak verbal NRS pain score during PACU was significantly lower in
Group N than in Group C (1.15 ± 1.81, 5.40 ± 2.48 respectively, p = 0.001) (Table 2). Total morphine
consumption was significantly lower in the Group N than Group C (1.85 ± 2.04 mg and 6.44 ± 3.22 mg
respectively, p = 0.001). Fewer patients required rescue NSAID analgesics in Group N than in Group C
(11.1% vs. 56%, p = 0.003) in the PACU. Less wake-up time was noted in Group N (p = 0.025).

Table 2. Analgesia and recovery profile after anesthesia in the post-anesthesia care unit (PACU).
The level of significance was set as p values < 0.05.

Group N (n = 27) Group C (n = 25) p value

Peak verbal NRS 1 pain score (0–10) 1.15 ± 1.81 5.40 ± 2.48 0.001 *
Morphine consumption (mg) 1.85 ± 2.04 6.44 ± 3.22 0.001 *
Rescue analgesics 2,n(%) 3 (11.1%) 14 (56.0%) 0.003 *
Wake-up time (min) 17.04 ± 10.49 26.60 ± 15.32 0.025 *

1 NRS = Numeric Rating Scale. 2 Postoperatively, regular administration of intravenous morphine 0.05 mg/kg if NRS
greater than 3 in the PACU. When the patients had poor response to morphine in the PACU, the following rescue
analgesics were administered according to the anesthesiologist’s preferences to improve pain control: Parecoxib
or ketorolac. Continuous data (peak verbal NRS 1 pain score, morphine consumption, and wake-up time) were
expressed as mean ± SD. Categorical data (rescue analgesics) were expressed as n(%). * p values < 0.05.

The impact of PNB on perioperative hemodynamic changes were illustrated in Figure 2. There was
no significant difference in HR between the two groups. MAP was significantly higher in Group C at
the time of skin incision (p < 0.001) and 1 h after incision (p < 0.05). Less MAP fluctuation in response
to surgical manipulation was observed in Group N within 1 after incision. Plasma IL-6 concentrations
between two groups were similar before surgery and 1 h after the skin incision. Lower circulating IL-6
concentration was noted in Group N than in Group C at 2 h after skin incision (5.36 ± 5.01 pg/mL vs.
12.95 ± 15.32 pg/mL, p = 0.027; Table 3 and Figure 3).
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Figure 2. Perioperative hemodynamic changes at six time points. (A) Time course of perioperative heart
rate changes. (B) Time course of perioperative mean arterial pressure changes. T0: before anesthesia
induction, T1: after anesthesia induction and laryngeal mask airway insertion, T2: time of incision,
T3: 1 h after incision, T4: end of surgery, T5: at the post-anesthetic care unit. * p values < 0.05.

Table 3. Changes of serum interleukin 6 concentration during surgery. The level of significance was set
as p values < 0.05.

Group N (n = 27) Group C (n = 25) p-value

Pre-incision (pg/mL) 6.04 ± 4.92 5.97 ± 5.44 0.684
Incision 1 h (pg/mL) 3.79 ± 4. 21 5.19 ± 5.93 0.437
Incision 2 h (pg/mL) 5.36 ± 5.01 12.95 ± 15.32 0.027 *

All data were expressed as mean ± standard deviation. * p values < 0.05.

Incidence of adverse effects and patient satisfaction on 1 day after surgery was summarized in
Table 4. The experience of postoperative dizziness was reduced in Group N (7.4% vs. 32%, p = 0.024).
Patient satisfaction did not differ significantly between groups. Residual motor and sensory blockade
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were exanimated on the first day. One patient experienced mild sensory impairment and four patients
felt mild limb weakness on the postoperative day 1. For blinded analysis, the investigator also
measured the sensory and motor blockade of control patients. No obvious significant difference in
sensory and motor between two groups.
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Table 4. Adverse events, sensory/motor deficit and satisfaction on the post-operative day 1.

Group N (n = 27) Group C (n = 25) p value

Adverse events
Dizziness, n(/%) 2 (7.4%) 8 (32%) 0.024 *
PONV 1, n(/%) 0 (0%) 3 (12%) 0.141
Pruritus, n(/%) 0 (0%) 0 (0%) 1
Respiratory episode 2, n(/%) 0 (0%) 3 (12%) 0.064

Sensory blockade 3 (0/1/2) (n) 26/1/0 25/0/0 0.130
Motor blockade 4 (0/1/2) (n) 23/4/0 23/2/0 0.187
Satisfaction (1/2/3/4) 5 (n) 4/21/2/0 0/22/3/0 0.365

1 PONV = post-operative nausea and vomiting. 2 Respiratory episode was defined as oxygen saturation (spO2)
below 90% and oxygen supply was needed. 3 Sensory block scoring as: 0 = no sensory block, 1 = loss to cold
sensation and no loss to pinprick sensation, 2 = loss to both cold and pinprick sensation. 4 Motor block scoring
as: 0 = No motor block, 1 = Partial block, 2 = Complete motor block. 5 Satisfaction grading as: 1 = very satisfied,
2 = satisfied, 3 = fair, 4= unsatisfied. * p values < 0.05.

4. Discussion

The major finding of our study is that preoperative single-injection PNB as a part of multimodal
regimen in extremity surgery attenuates postoperative pain intensity, reduces total morphine
consumption, and decreases rescue NASID analgesics in the PACU as well as provides rapid wake-up
from general anesthesia. Less blood pressure variation in response to surgical stimuli was found in
Group N. Group N also showed less increase in proinflammatory cytokine IL-6 level at 2 h after incision.
In addition, less postoperative dizziness on 1 day after surgery was found in Group N. These findings
suggest preemptive PNB could play a role as a valuable analgesic regimen upon the surgical stress
response in patients undergoing extremity surgery.

In extremity procedures, patients usually suffer from moderate to severe postoperative pain. As is
known, opioids are widely used for postoperative pain control. However, several adverse events
are related to traditional opioid analgesics and limit its use [35]. These side effects appear to occur
in a dose-dependent fashion. Many analgesic adjuncts are available to improve postoperative pain
control and limit opioid consumption, such as acetaminophen and NSAIDs. PNB is an alternative
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that offers enhanced postoperative pain control as well as reduced side effects. PNB also reduces
length of hospital stay and readmissions in total knee arthroplasty [36]. PNB is not uncommonly
employed as a part of general anesthesia in various surgeries, including extremity surgery [37–41].
In our hospital, PNB injection under general anesthesia, performed by anesthesiologists with expertise
in ultrasound, is widely used for extremity procedures, especially in cases that cannot accommodate to
nerve block or neuraxial anesthesia alone. One of the most important options is to establish a secure
airway and provide sufficient ventilation. Furthermore, some patients experienced discomfort during
PNB injection despite being under conscious sedation [42]. A previous study suggested brachial plexus
block under general anesthesia had similar success and complication rates with non-anesthetized
patients [38].

Surgery often induces stressful response by sending impulses from the incision site to the
hypothalamus [43]. Stress hormone cortisol and catecholamines, as well as proinflammatory cytokines,
are released in the perioperative period. Consequently, perioperative hemodynamic instability is related
to activation of the sympathetic stimulation by surgical stress and pain associated with cardiovascular
adverse events in cardiac or non-cardiac surgery [44,45]. Some methods were applied to modulate
the surgical stress. Preemptive gabapentin attenuated IL-6 production in total knee arthroplasty on
postoperative day 1 [46]. Elderly patients undergoing colorectal laparoscopic surgery experienced
significant elevation of C-reactive protein and IL-6 after surgery [47]. Enhanced recovery after surgery
protocols combined with PNB improved surgical stress response. Transversus abdominis plane block
was postulated to attenuate the production of IL-6 in patients of advanced age undergoing laparoscopic
rectal cancer surgery, and femoral nerve block reduced the expression of TNF-α in elderly patients with
a hip fracture [48,49]. Previous study also showed that preoperative ultrasound-guided rectus sheath
block inhibited the increase of IL-6 in patients undergoing transabdominal gynecological surgery [50].
In our study, MAP increased less within 1 h of incision and IL-6 concentration was elevated less at
2 h after incision in patients receiving PNB. The above findings indicated that combined with PNB,
this might alleviate stress response in patients undergoing extremity procedures.

Neurological injury is an infrequent complication following PNB. Studies have reported the
incidence is around 0.5 to 10% [51–54], with most patients complaining about numbness or limb
weakness for a few days to weeks. Long-term neuropathy directly attributed to nerve block is
rare [55]. Ultrasound-guided approach PNB was assumed to achieve more rapid onset, better blockade
quality, and higher success rate than the anatomical approach or nerve stimulation guidance [56,57].
The duration of single injection nerve block is variable, but the effective time is usually about 12 to 24 h.
In our study, neurological symptoms were followed up on 1 day after surgery. Transient sensory and
motor deficits in the involved extremity were noted on 1 day after surgery in both groups, however,
it showed no significant difference to the control group. We supposed that neurological impairments
might not relate to PNB, but resulted from preexisting pathology such as tissue trauma. All participants
resolved their neurological deficits a few days before discharge.

There were some limitations in this study. In the study, we enrolled included upper and lower
extremities, not a single procedure. Different types of peripheral nerve blocks were performed
depending on operation sites. The study was not large enough to measure the safety of PNB under
general anesthesia and to confirm the protective effect of PNB on surgical-induced stress response.
Lack of blinding (PNB/no PNB for the patients), short length of evaluation, and only NRS after PACU
were also major limitations in our study. Finally, additional nociception monitors, such as analgesia
nociception index, might be included when PNB is used during general anaesthesia to detect early
block failure [58]. Future large-scale and long-term follow-up research should be undertaken.

5. Conclusions

The combination of preemptive ultrasound guided PNB under general anesthesia provides patients
comfortable, amnesia, and immobile. It might be a safe alternative to minimize surgical-induced stress
by attenuating IL-6 level, reduces postoperative pain intensity, and improve post-anesthesia recovery
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profiles. PNB is considered as an adjuvant to general anesthesia, as it offers several advantages over
general anesthesia alone during extremity surgery if not contraindication.

Author Contributions: Conceptualization, S.-H.H.; methodology, I.-C.L. and S.H.W.; software, I.-C.L.;
formal analysis, I.-C.L.; investigation, D.V.L. and C.D.H.; writing—original draft preparation, S.H.W.;
writing—review and editing, I.-C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by grants from Kmhk-106-019, Kmhk-108-027, Kmtth-108-R06,
MOST 108-2314-B-037-043.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Friesgaard, K.D.; Gromov, K.; Knudsen, L.F.; Brix, M.; Troelsen, A.; Nikolajsen, L. Persistent pain is common
1 year after ankle and wrist fracture surgery: A register-based questionnaire study. Br. J. Anaesth. 2016,
116, 655–661. [CrossRef] [PubMed]

2. Bjornholdt, K.T.; Brandsborg, B.; Soballe, K.; Nikolajsen, L. Persistent pain is common 1–2 years after shoulder
replacement. Acta. Orthop. 2015, 86, 71–77. [CrossRef] [PubMed]

3. Althaus, A.; Hinrichs-Rocker, A.; Chapman, R.; Arranz Becker, O.; Lefering, R.; Simanski, C.; Weber, F.;
Moser, K.H.; Joppich, R.; Trojan, S.; et al. Development of a risk index for the prediction of chronic
post-surgical pain. Eur. J. Pain. 2012, 16, 901–910. [CrossRef] [PubMed]

4. Niraj, G.; Kelkar, A.; Kaushik, V.; Tang, Y.; Fleet, D.; Tait, F.; McMillan, T.; Rathinam, S. Audit of postoperative
pain management after open thoracotomy and the incidence of chronic postthoracotomy pain in more than
500 patients at a tertiary center. J. Clin. Anesth. 2017, 36, 174–177. [CrossRef]

5. Bugada, D.; Lavand’homme, P.; Ambrosoli, A.L.; Cappelleri, G.; Saccani Jotti, G.M.; Meschi, T.; Fanelli, G.;
Allegri, M. Effect of Preoperative Inflammatory Status and Comorbidities on Pain Resolution and Persistent
Postsurgical Pain after Inguinal Hernia Repair. Mediat. Inflamm. 2016, 2016, 5830347. [CrossRef]

6. Dubljanin-Raspopovic, E.; Markovic-Denic, L.; Ivkovic, K.; Nedeljkovic, U.; Tomanovic, S.; Kadija, M.;
Tulic, G.; Bumbasirevic, M. The impact of postoperative pain on early ambulation after hip fracture.
Acta. Chir. Iugosl. 2013, 60, 61–64. [CrossRef]

7. Carmichael, N.M.; Katz, J.; Clarke, H.; Kennedy, D.; Kreder, H.J.; Gollish, J.; McCartney, C.J. An intensive
perioperative regimen of pregabalin and celecoxib reduces pain and improves physical function scores
six weeks after total hip arthroplasty: A prospective randomized controlled trial. Pain Res. Manag. 2013,
18, 127–132. [CrossRef]

8. Joshi, G.P.; Ogunnaike, B.O. Consequences of inadequate postoperative pain relief and chronic persistent
postoperative pain. Anesthesiol. Clin. North. Am. 2005, 23, 21–36. [CrossRef]

9. Baratta, J.L.; Schwenk, E.S.; Viscusi, E.R. Clinical consequences of inadequate pain relief: Barriers to optimal
pain management. Plast. Reconstr. Surg. 2014, 134, 15S–21S. [CrossRef]

10. Johnson, S.P.; Chung, K.C.; Zhong, L.; Shauver, M.J.; Engelsbe, M.J.; Brummett, C.; Waljee, J.F. Risk of
Prolonged Opioid Use Among Opioid-Naive Patients Following Common Hand Surgery Procedures. J. Hand
Surg. Am. 2016, 41, 947–957 e943. [CrossRef]

11. Richebe, P.; Capdevila, X.; Rivat, C. Persistent Postsurgical Pain: Pathophysiology and Preventative
Pharmacologic Considerations. Anesthesiology 2018, 129, 590–607. [CrossRef] [PubMed]

12. Koehler, R.M.; Okoroafor, U.C.; Cannada, L.K. A systematic review of opioid use after extremity trauma in
orthopedic surgery. Injury 2018, 49, 1003–1007. [CrossRef] [PubMed]

13. Baigrie, R.J.; Lamont, P.M.; Kwiatkowski, D.; Dallman, M.J.; Morris, P.J. Systemic cytokine response after
major surgery. Br. J. Surg. 1992, 79, 757–760. [CrossRef] [PubMed]

14. Prabhakar, A.; Mancuso, K.F.; Owen, C.P.; Lissauer, J.; Merritt, C.K.; Urman, R.D.; Kaye, A.D. Perioperative
analgesia outcomes and strategies. Best Pract. Res. Clin. Anaesthesiol. 2014, 28, 105–115. [CrossRef] [PubMed]

15. Lin, E.; Calvano, S.E.; Lowry, S.F. Inflammatory cytokines and cell response in surgery. Surgery 2000,
127, 117–126. [CrossRef] [PubMed]

16. Hranjec, T.; Swenson, B.R.; Dossett, L.A.; Metzger, R.; Flohr, T.R.; Popovsky, K.A.; Bonatti, H.J.; May, A.K.;
Sawyer, R.G. Diagnosis-dependent relationships between cytokine levels and survival in patients admitted
for surgical critical care. J. Am. Coll. Surg. 2010, 210, 833–844, 845–836. [CrossRef]

http://dx.doi.org/10.1093/bja/aew069
http://www.ncbi.nlm.nih.gov/pubmed/27106969
http://dx.doi.org/10.3109/17453674.2014.987065
http://www.ncbi.nlm.nih.gov/pubmed/25409254
http://dx.doi.org/10.1002/j.1532-2149.2011.00090.x
http://www.ncbi.nlm.nih.gov/pubmed/22337572
http://dx.doi.org/10.1016/j.jclinane.2016.10.011
http://dx.doi.org/10.1155/2016/5830347
http://dx.doi.org/10.2298/ACI1301061D
http://dx.doi.org/10.1155/2013/258714
http://dx.doi.org/10.1016/j.atc.2004.11.013
http://dx.doi.org/10.1097/PRS.0000000000000681
http://dx.doi.org/10.1016/j.jhsa.2016.07.113
http://dx.doi.org/10.1097/ALN.0000000000002238
http://www.ncbi.nlm.nih.gov/pubmed/29738328
http://dx.doi.org/10.1016/j.injury.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/29704954
http://dx.doi.org/10.1002/bjs.1800790813
http://www.ncbi.nlm.nih.gov/pubmed/1393463
http://dx.doi.org/10.1016/j.bpa.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24993432
http://dx.doi.org/10.1067/msy.2000.101584
http://www.ncbi.nlm.nih.gov/pubmed/10686974
http://dx.doi.org/10.1016/j.jamcollsurg.2009.12.042


Medicina 2020, 56, 388 9 of 11

17. Reikeras, O.; Borgen, P.; Reseland, J.E.; Lyngstadaas, S.P. Changes in serum cytokines in response to
musculoskeletal surgical trauma. BMC Res. Notes 2014, 7, 128. [CrossRef]

18. Desborough, J.P. The stress response to trauma and surgery. Br. J. Anaesth. 2000, 85, 109–117. [CrossRef]
19. Pruksapong, C.; Yingtaweesittikul, S.; Burusapat, C. Efficacy of Botulinum Toxin A in Preventing Recurrence

Keloids: Double Blinded Randomized Controlled Trial Study: Intraindividual Subject. J. Med. Assoc. Thai.
2017, 100, 280–286.

20. Vadivelu, N.; Mitra, S.; Schermer, E.; Kodumudi, V.; Kaye, A.D.; Urman, R.D. Preventive analgesia for
postoperative pain control: A broader concept. Local Reg. Anesth. 2014, 7, 17–22.

21. Ong, C.K.; Lirk, P.; Seymour, R.A.; Jenkins, B.J. The efficacy of preemptive analgesia for acute postoperative
pain management: A meta-analysis. Anesth. Analg. 2005, 100, 757–773, table of contents. [CrossRef]
[PubMed]

22. Bian, Y.Y.; Wang, L.C.; Qian, W.W.; Lin, J.; Jin, J.; Peng, H.M.; Weng, X.S. Role of Parecoxib Sodium in
the Multimodal Analgesia after Total Knee Arthroplasty: A Randomized Double-blinded Controlled Trial.
Orthop. Surg. 2018, 10, 321–327. [CrossRef] [PubMed]

23. Peng, H.M.; Wang, L.C.; Wang, W.; Tang, Q.H.; Qian, W.W.; Lin, J.; Jin, J.; Feng, B.; Yin, X.H.; Weng, X.S.;
et al. Preemptive Analgesia with Parecoxib in Total Hip Arthroplasty: A Randomized, Double-Blind,
Placebo-Controlled Trial. Pain Phys. 2018, 21, 483–488.

24. Kashefi, P.; Honarmand, A.; Safavi, M. Effects of preemptive analgesia with celecoxib or acetaminophen on
postoperative pain relief following lower extremity orthopedic surgery. Adv. Biomed. Res. 2012, 1, 66.

25. Lee, J.K.; Chung, K.S.; Choi, C.H. The effect of a single dose of preemptive pregabalin administered with
COX-2 inhibitor: A trial in total knee arthroplasty. J. Arthroplast. 2015, 30, 38–42. [CrossRef]

26. Heydari, S.M.; Hashemi, S.J.; Pourali, S. The Comparison of Preventive Analgesic Effects of Ketamine,
Paracetamol and Magnesium Sulfate on Postoperative Pain Control in Patients Undergoing Lower Limb
Surgery: A Randomized Clinical Trial. Adv. Biomed. Res. 2017, 6, 134.

27. Haines, L.; Dickman, E.; Ayvazyan, S.; Pearl, M.; Wu, S.; Rosenblum, D.; Likourezos, A. Ultrasound-guided
fascia iliaca compartment block for hip fractures in the emergency department. J. Emerg. Med. 2012,
43, 692–697. [CrossRef]

28. Beaudoin, F.L.; Haran, J.P.; Liebmann, O. A comparison of ultrasound-guided three-in-one femoral nerve
block versus parenteral opioids alone for analgesia in emergency department patients with hip fractures:
A randomized controlled trial. Acad. Emerg. Med. 2013, 20, 584–591. [CrossRef]

29. Lin, E.; Choi, J.; Hadzic, A. Peripheral nerve blocks for outpatient surgery: Evidence-based indications.
Curr. Opin. Anaesthesiol. 2013, 26, 467–474. [CrossRef]

30. Liu, Q.; Chelly, J.E.; Williams, J.P.; Gold, M.S. Impact of peripheral nerve block with low dose local anesthetics
on analgesia and functional outcomes following total knee arthroplasty: A retrospective study. Pain Med.
2015, 16, 998–1006. [CrossRef]

31. Aldrete, J.A. The post-anesthesia recovery score revisited. J. Clin. Anesth. 1995, 7, 89–91. [CrossRef]
32. Jensen, M.P.; Karoly, P.; Braver, S. The measurement of clinical pain intensity: A comparison of six methods.

Pain 1986, 27, 117–126. [CrossRef]
33. Hight, D.F.; Dadok, V.M.; Szeri, A.J.; Garcia, P.S.; Voss, L.; Sleigh, J.W. Emergence from general anesthesia

and the sleep-manifold. Front. Syst. Neurosci. 2014, 8, 146. [CrossRef] [PubMed]
34. Paqueron, X.; Gentili, M.E.; Willer, J.C.; Coriat, P.; Riou, B. Time sequence of sensory changes after upper

extremity block: Swelling sensation is an early and accurate predictor of success. Anesthesiology 2004,
101, 162–168. [CrossRef] [PubMed]

35. Benyamin, R.; Trescot, A.M.; Datta, S.; Buenaventura, R.; Adlaka, R.; Sehgal, N.; Glaser, S.E.; Vallejo, R.
Opioid complications and side effects. Pain Phys. 2008, 11, S105–S120.

36. McIsaac, D.I.; McCartney, C.J.; Walraven, C.V. Peripheral Nerve Blockade for Primary Total Knee Arthroplasty:
A Population-based Cohort Study of Outcomes and Resource Utilization. Anesthesiology 2017, 126, 312–320.
[CrossRef]

37. Novello-Siegenthaler, A.; Hamdani, M.; Iselin-Chaves, I.; Fournier, R. Ultrasound-guided continuous femoral
nerve block: A randomized trial on the influence of femoral nerve catheter orifice configuration (six-hole
versus end-hole) on post-operative analgesia after total knee arthroplasty. BMC Anesthesiol. 2018, 18, 191.
[CrossRef]

http://dx.doi.org/10.1186/1756-0500-7-128
http://dx.doi.org/10.1093/bja/85.1.109
http://dx.doi.org/10.1213/01.ANE.0000144428.98767.0E
http://www.ncbi.nlm.nih.gov/pubmed/15728066
http://dx.doi.org/10.1111/os.12410
http://www.ncbi.nlm.nih.gov/pubmed/30485685
http://dx.doi.org/10.1016/j.arth.2014.04.004
http://dx.doi.org/10.1016/j.jemermed.2012.01.050
http://dx.doi.org/10.1111/acem.12154
http://dx.doi.org/10.1097/ACO.0b013e328362baa4
http://dx.doi.org/10.1111/pme.12652
http://dx.doi.org/10.1016/0952-8180(94)00001-K
http://dx.doi.org/10.1016/0304-3959(86)90228-9
http://dx.doi.org/10.3389/fnsys.2014.00146
http://www.ncbi.nlm.nih.gov/pubmed/25165436
http://dx.doi.org/10.1097/00000542-200407000-00025
http://www.ncbi.nlm.nih.gov/pubmed/15220786
http://dx.doi.org/10.1097/ALN.0000000000001455
http://dx.doi.org/10.1186/s12871-018-0648-8


Medicina 2020, 56, 388 10 of 11

38. Misamore, G.; Webb, B.; McMurray, S.; Sallay, P. A prospective analysis of interscalene brachial plexus blocks
performed under general anesthesia. J. Shoulder Elb. Surg. 2011, 20, 308–314. [CrossRef]

39. Erdogan, M.A.; Ozgul, U.; Ucar, M.; Yalin, M.R.; Colak, Y.Z.; Colak, C.; Toprak, H.I. Effect of transversus
abdominis plane block in combination with general anesthesia on perioperative opioid consumption,
hemodynamics, and recovery in living liver donors: The prospective, double-blinded, randomized study.
Clin. Transplant. 2017. [CrossRef]

40. Kessler, P.; Steinfeldt, T.; Gogarten, W.; Schwemmer, U.; Buttner, J.; Graf, B.M.; Volk, T. [Peripheral regional
anesthesia in patients under general anesthesia: Risk assessment with respect to parasthesia, injection pain
and nerve damage]. Anaesthesist 2013, 62, 483–488. [CrossRef]

41. Karaman, T.; Ozsoy, A.Z.; Karaman, S.; Dogru, S.; Tapar, H.; Sahin, A.; Dogru, H.; Suren, M. [The effects
of transversus abdominis plane block on analgesic and anesthetic consumption during total abdominal
hysterectomy: A randomized controlled study]. Rev..Bras. Anestesiol. 2018, 68, 285–291. [CrossRef] [PubMed]

42. Masaracchia, M.M.; Herrick, M.D.; Seiffert, E.A.; Sites, B.D. Nerve Blocks Under General Anesthesia: Time to
Liberalize Indications? Reg. Anesth. Pain Med. 2017, 42, 299–301. [CrossRef] [PubMed]

43. Finnerty, C.C.; Mabvuure, N.T.; Ali, A.; Kozar, R.A.; Herndon, D.N. The surgically induced stress response.
J. Parenter. Enter. Nutr. 2013, 37, 21S–29S. [CrossRef] [PubMed]

44. Varon, J.; Marik, P.E. Perioperative hypertension management. Vasc. Health Risk Manag. 2008, 4, 615–627.
[CrossRef]

45. Neukirchen, M.; Kienbaum, P. Sympathetic nervous system: Evaluation and importance for clinical general
anesthesia. Anesthesiology 2008, 109, 1113–1131. [CrossRef]

46. Erkilic, E.; Kesimci, E.; Sahin, D.; Bektaser, B.; Yalcin, N.; Ellik, S.; Sepici-Dincel, A. Does preemptive
gabapentin modulate cytokine response in total knee arthroplasty? A placebo controlled study. Adv. Clin.
Exp. Med. 2018, 27, 487–491. [CrossRef]

47. Mari, G.; Costanzi, A.; Crippa, J.; Falbo, R.; Miranda, A.; Rossi, M.; Berardi, V.; Maggioni, D. Surgical Stress
Reduction in Elderly Patients Undergoing Elective Colorectal Laparoscopic Surgery within an ERAS Protocol.
Chirurgia (Bucur) 2016, 111, 476–480. [CrossRef]

48. Ping, C.; Lin, Q.S.; Lin, X.Z. Optimal concentration of the transversus abdominis plane block in enhanced
recovery after surgery protocols for patients of advanced age undergoing laparoscopic rectal cancer surgery.
J. In.t Med. Res. 2018, 46, 4437–4446.

49. Jang, J.S.; Lee, Y.H.; Kandahar, H.K.; Shrestha, S.K.; Lee, J.S.; Lee, J.K.; Park, S.J.; Lee, N.R.; Lee, J.J.; Lee, S.S.
[Changes in the tumor necrosis factor-alpha level after an ultrasound-guided femoral nerve block in elderly
patients with a hip fracture]. Rev. Bras. Anestesiol. 2018, 68, 558–563. [CrossRef]

50. Jin, F.; Li, Z.; Tan, W.F.; Ma, H.; Li, X.Q.; Lu, H.W. Preoperative versus postoperative ultrasound-guided rectus
sheath block for improving pain, sleep quality and cytokine levels in patients with open midline incisions
undergoing transabdominal gynecological surgery: A randomized-controlled trial. BMC Anesthesiol. 2018,
18, 19. [CrossRef]

51. Kahn, R.L.; Ellis, S.J.; Cheng, J.; Curren, J.; Fields, K.G.; Roberts, M.M.; YaDeau, J.T. The Incidence of
Complications Is Low Following Foot and Ankle Surgery for Which Peripheral Nerve Blocks Are Used for
Postoperative Pain Management. HSS J. Musculoskelet. J. Hosp. Spec. Surg. 2018, 14, 134–142. [CrossRef]
[PubMed]

52. Jeng, C.L.; Torrillo, T.M.; Rosenblatt, M.A. Complications of peripheral nerve blocks. Br. J. Anaesth. 2010,
105 (Suppl. 1), i97–i107. [CrossRef] [PubMed]

53. Park, Y.U.; Cho, J.H.; Lee, D.H.; Choi, W.S.; Lee, H.D.; Kim, K.S. Complications After Multiple-Site Peripheral
Nerve Blocks for Foot and Ankle Surgery Compared With Popliteal Sciatic Nerve Block Alone. Foot Ankle Int.
2018, 39, 731–735. [CrossRef] [PubMed]

54. Anderson, J.G.; Bohay, D.R.; Maskill, J.D.; Gadkari, K.P.; Hearty, T.M.; Braaksma, W.; Padley, M.A.; Weaver, K.T.
Complications After Popliteal Block for Foot and Ankle Surgery. Foot Ankle Int. 2015, 36, 1138–1143. [CrossRef]
[PubMed]

55. Watts, S.A.; Sharma, D.J. Long-term neurological complications associated with surgery and peripheral
nerve blockade: Outcomes after 1065 consecutive blocks. Anaesth. Intensive Care 2007, 35, 24–31. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.jse.2010.04.043
http://dx.doi.org/10.1111/ctr.12931
http://dx.doi.org/10.1007/s00101-013-2190-x
http://dx.doi.org/10.1016/j.bjan.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29631876
http://dx.doi.org/10.1097/AAP.0000000000000579
http://www.ncbi.nlm.nih.gov/pubmed/28257389
http://dx.doi.org/10.1177/0148607113496117
http://www.ncbi.nlm.nih.gov/pubmed/24009246
http://dx.doi.org/10.2147/VHRM.S2471
http://dx.doi.org/10.1097/ALN.0b013e31818e435c
http://dx.doi.org/10.17219/acem/68630
http://dx.doi.org/10.21614/chirurgia.111.6.476
http://dx.doi.org/10.1016/j.bjan.2018.03.004
http://dx.doi.org/10.1186/s12871-018-0485-9
http://dx.doi.org/10.1007/s11420-017-9588-y
http://www.ncbi.nlm.nih.gov/pubmed/29983654
http://dx.doi.org/10.1093/bja/aeq273
http://www.ncbi.nlm.nih.gov/pubmed/21148659
http://dx.doi.org/10.1177/1071100717753954
http://www.ncbi.nlm.nih.gov/pubmed/29366344
http://dx.doi.org/10.1177/1071100715589741
http://www.ncbi.nlm.nih.gov/pubmed/26109605
http://dx.doi.org/10.1177/0310057X0703500103
http://www.ncbi.nlm.nih.gov/pubmed/17323662


Medicina 2020, 56, 388 11 of 11

56. Casati, A.; Danelli, G.; Baciarello, M.; Corradi, M.; Leone, S.; Di Cianni, S.; Fanelli, G. A prospective,
randomized comparison between ultrasound and nerve stimulation guidance for multiple injection axillary
brachial plexus block. Anesthesiology 2007, 106, 992–996. [CrossRef]

57. Perlas, A.; Brull, R.; Chan, V.W.; McCartney, C.J.; Nuica, A.; Abbas, S. Ultrasound guidance improves the
success of sciatic nerve block at the popliteal fossa. Reg. Anesth. Pain Med. 2008, 33, 259–265. [CrossRef]

58. Ode, K.; Selvaraj, S.; Smith, A.F. Monitoring regional blockade. Anaesthesia 2017, 72 (Suppl. 1), 70–75.
[CrossRef]

© 2020 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/01.anes.0000265159.55179.e1
http://dx.doi.org/10.1097/00115550-200805000-00011
http://dx.doi.org/10.1111/anae.13742
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Anesthetic Protocol 
	Interleukin-6 (IL-6) Concentration Measurement 
	Outcome Measures 

	Results 
	Discussion 
	Conclusions 
	References

