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Purpose: This study examined whether chronic opioid use reduces the effectiveness of brachial plexus block in patients undergoing
upper extremity surgery.

Patients and Methods: Patients undergoing surgery with brachial plexus blocks were divided into two groups: opioid-dependent
(daily opioid use for >1 month) and control (no opioid use for >3 months). Pain scores and opioid use were recorded over 72 hours
postoperatively.

Results: Forty-six patients were included (23 opioid-dependent and 23 control). The median (IQR) NRS scores upon PACU arrival
were 0 (0-0) in the control group and 0 (0-5) in the opioid group (p=0.0101). The duration of the nerve block was shorter in opioid-
dependent patients (14 versus 22 hours; p=0.0035).

Conclusion: Chronic opioid users experienced shorter brachial plexus block duration and more postoperative pain after being
discharged home.
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Introduction

Many patients with orthopedic pathology experience significant pain and may require long-term oral opioids as part of
their pain management.! Recent studies suggest that 6-8% of patients who undergo surgery may develop opioid
dependence, although there is evidence that efforts to mitigate this issue are achieving some success.” Opioid use and
abuse remain relatively common in the United States.>* Consequently, regional anesthesia providers are likely to
encounter patients on long-term opioid therapy with increasing frequency.

The impact of chronic opioid therapy on nerve blockade remains unclear but is clinically relevant. Opioids have the
potential to alter pain perception and structurally modify pain pathways.” Animal studies suggest that long-term opioid
exposure reduces the effectiveness of local anesthetics in peripheral nerve blockade.® Clinical studies, though limited,
have reported that chronic opioid use may result in lower sensory levels and reduced duration of block in spinal
anesthesia,” '® as well as decreased effectiveness of field blocks for minor surgical procedures.”!!

To better understand the effects of chronic opioid therapy on peripheral nerve blockade for postoperative analgesia,
we conducted a prospective study comparing patients maintained on opioids who underwent upper extremity ambulatory
surgery with those who underwent similar surgeries without such exposure. We hypothesized that patients receiving daily
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opioids for more than one month would have less effective brachial plexus blocks, demonstrated by significantly higher
numeric rating scale (NRS) scores upon arrival in the post-anesthesia care unit (PACU). Our primary outcome was the
initial NRS score related to surgical site pain recorded on arrival in PACU. Secondary outcomes included block failure
rates, block duration, postoperative opioid requirements, and pain scores over three postoperative days.

Material and Methods
Study Design and Patients

This prospective, observational, single-center study was approved by the Institutional Review Board of the University of
Pittsburgh (Approval number: STUDY19010112) and was conducted in accordance with the Declaration of Helsinki. All
patients provided written informed consent prior to participation.

Adult patients with chronic opioid use undergoing upper extremity surgery were included. The inclusion criteria were
age >18 years, American Society of Anesthesiologists physical status scores of 1-3, and having undergone elective
interscalene or supraclavicular nerve block for upper extremity surgery. The exclusion criteria were as follows: (1)
cognitive impairment that impaired autonomy and the ability to provide informed consent; (2) medical conditions for
which an interscalene block (ISB) or supraclavicular block (SCB) was contraindicated (for example, pre-existing upper
extremity neuropathy or nerve damage to the brachial plexus, ongoing systemic or local infection, recent use of
anticoagulation); (3) limb or neck abnormalities, such as amputation, radiation therapy, or infection at the proposed
implant site; (4) past or current illicit substance use; (5) intermittent use of opioids (rather than daily); (6) complex
regional pain syndrome; and (7) patient refusal. Patients who received daily opioids for more than 1 month preopera-
tively were assigned to the opioid group, while those who did not receive preoperative opioids for 3 months preopera-
tively were assigned to the control group.

Block Procedure

Nerve blocks were provided by staff anesthesiologists or supervised residents of the University of Pittsburgh Department
of Anesthesiology. Interscalene blocks (ISB) or supraclavicular blocks (SCB) with 0.5% ropivacaine or 0.5% bupiva-
caine, respectively, were administered based on the upper extremity surgery performed. No adjuvants or vasoconstrictors
were added. Block success was determined by evaluating motor and distal sensory functions. A high-frequency (15-6
MHz) linear probe of Sonosite X-Porte ultrasound scanner (Sonosite, Bothell, WA, USA) was used for each block. The
head was tilted 45° to the non-operative side while the patient was in a semi-recumbent position at an angle of 3045
degrees. Oxygen saturation was routinely monitored. Midazolam (1-2 mg) and fentanyl (25-50 mcg) were used as
sedatives to manage anxiety as clinically needed. The needle insertion site was sterilized using 70% isopropyl alcohol
and 2% chlorhexidine solution.

Interscalene Block

Before performing ISB, the transducer was positioned above the supraclavicular region to provide a short-axis view of
the brachial plexus and subclavian artery. The plexus was traced proximally, and the C5, C6, and C7 roots were
identified, as described previously.'> A 22-gauge 8-mm insulated block needle (SonoPlex; Pajunk GmbH, Geisingen,
Germany) was placed in-plane with the ultrasonic beam on the lateral side of the transducer after local injection of
1-3 mL of 2% lidocaine. Under ultrasound guidance, the needle was gently advanced through the middle scalene muscle
toward the lateral boundary of the brachial plexus sheath. The needle tip was moved forward to rest between C5 and Co.
After negative aspiration, incremental injections of 12—15 mL of 0.5% bupivacaine or 0.5% ropivacaine were adminis-
tered to facilitate spread to the brachial plexus roots.

Supraclavicular Block

Before completing SCB, the transducer was placed in the supraclavicular fossa to provide a short-axis image of the
brachial plexus and subclavian artery directly above the first rib. After injection with 1-3 mL of 2% lidocaine, a 22-gauge
8-mm block needle (SonoPlex; Pajunk GmbH, Geisingen, Germany) was advanced under direct visualization using an in-
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plane approach. The brachial plexus appeared as a compact, hyperechoic cluster of nerves with an oval or circular shape
situated superior to the first rib and lateral and superficial to the pulsing subclavian artery. After negative aspiration,
incremental injections of 20-24 mL of 0.5% bupivacaine or 0.5% ropivacaine were administered to facilitate spread to
the brachial plexus trunk. Three locations were targeted for the small incremental injections of anesthetic: (1) the “corner
pocket” (ie, the space where the inferior trunk rested on the first rib), (2) between the middle trunk and the usually

distinct superior trunk, and (3) between the inferior and middle trunk.'*'*

Follow-up

Upon discharge from the recovery unit, the patients completed a pain diary recording pain scores and opioid use over the
following 72 hours. Furthermore, the patients were contacted via telephone on postoperative day 2, as part of the standard
of care, for follow-up on the discomfort, pain scores, and efficacy of the regional nerve block. Block duration was defined
as the interval from completion of local anesthetic injection to the first patient-reported return of surgical-limb pain or
request for rescue analgesia, whichever occurred first. We assessed this in PACU and via standardized follow-ups at
POD?2 by trained staff using a scripted questionnaire.

Outcome Measures

The primary outcome was a PACU NRS score on arrival. We hypothesized that this score would be more than two units
higher in chronic opioid patients than in those not opioid dependents. Secondary outcomes included opioid requirement
in the operating room, block duration, postoperative opioid requirement, and pain scores for three postoperative days.

Statistical Analyses

Descriptive statistics for baseline characteristics are summarized by group (control vs opioid-dependent) as counts
(percentages) for categorical data or as medians (interquartile ranges [IQR]) for non-normally distributed continuous
data. The normal distribution assumption for continuous data was examined using g-q plots and histograms. The
Wilcoxon rank-sum test was used to examine between-group differences in non-normally distributed data. The chi-
square test (or Fisher’s exact test) was used to compare the frequency distribution of categorical measures between the
groups. The Wilcoxon rank-sum test was used to assess between-group differences in the primary (numerical rating scale
[NRS] scores on PACU arrival) and secondary (eg, block duration and PACU length of stay) outcomes. To account for
multiple hypotheses testing for two group comparison tests (ie, several secondary outcomes), Bonferroni adjusted
p-values were also reported. For the secondary outcomes of postoperative pain NRS scores and morphine milligram
equivalents (MMESs), linear mixed models were used to test the main effects of group (control vs opioid dependent), time
(postoperative days 1, 2, and 3), and group-by-time interactions. For these models, a natural logarithmic transformation
was used for the MMESs. For the linear mixed models, Tukey-Kramer adjusted p-values were reported for pairwise
comparisons. All statistical analyses were performed using SAS, version 9.4 statistical software (SAS Institute Inc., Cary,
NC, USA).

Results

A total of 46 patients were enrolled in the study, with 23 in the long-term opioid group and 23 in the control group.
Patient characteristics are summarized in Table 1. Preoperative opioid exposure (type, indication) and individual MMEs
values are provided in Table S1. The median (IQR) NRS scores upon PACU arrival were 0 (0-0) in the control group
and 0 (0-5) in the opioid group (p=0.0101). Significant differences were observed in block duration between the groups
(median block duration: 22 hours for the control group versus 14 hours for the opioid group, p=0.0035, adjusted
p=0.2245 with Bonferroni correction). No significant differences were found in PACU morphine milligram equivalents
(MMESs), PACU length of stay, or intraoperative opioid/dexmedetomidine/ketamine use (Table 2). Statistically significant
differences in mean NRS scores were found between groups (p=0.0070) and across postoperative days (p=0.0021)
(Figure 1). Statistically significant differences in mean logarithm postoperative MMEs were found between the groups
(p=0.0018) (Figure 2). No complications were reported.
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Table | Comparison of Patient Characteristics

Characteristic Control Long-Term Opioid p Value
Group (n=23) Use Group (n=23)

Age (years) 57 (51-66) 60 (54-67) 0.3672

Male sex 10 (43) 8 (35) 0.54577

BMI (kg/m?) 28 (25-36) 34 (29-39) 0.0322

Pain score before block I (0-6) 5 (4-8) 0.0100

Baseline Daily MMEs 0 (0-0) + 22.5 (15-30) <0.0001

Rotator cuff repair (RCR), n (%) 21 (91.3) 19 (82.6) 0.665*

ISB n(%) 21 (91.3%) 20 *87%) 1.00*

ASA PS score 0.3911*

| 2 (9) 0 (0)

2 9 (39) 12 (52)

3 12 (52) Il (48)

Note: Data are presented as the median (IQR) or frequency (%). IQR, interquartile range (first quartile, third
quartile); AChi-square test; *Fisher’s exact test 122/23 controls had MEQ = 0; one had 30 mg.
Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; BMI, body mass index; ISB,
interscalene block; RCR, Rotator cuff repair.

Table 2 Descriptive Statistics for Secondary Outcomes

Secondary outcome Control Opioid-dependent p Value Bonferroni
Group (n=23) Group (n=23) Adjusted p Value
Block duration (h) 22 (17-25) 14 (12-18) 0.0035 0.0245
PACU opioid, MMEs 0 (0-0) 0 (0-0) 0.0715 0.5005
PACU length of stay (min) 62 (48-85) 87 (50-116) 0.1427 0.9989
OR fentanyl (mcg) 0 (0-0) 0 (0-0) 0.3685 1.0000
OR hydromorphone (mg) 0 (0-0) 0 (0-0) 0.3388 1.0000
OR dexmedetomidine (mcg) 8 (0-16) 0 (0-20) 0.3093 1.0000
OR ketamine (mg) 10 (0-30) 10 (0-20) 0.8047 1.0000

Note: Data are presented as the median (IQR). IQR, interquartile range (first quartile, third quartile).
Abbreviations: PACU, post-anesthesia care unit; MME, morphine milligram equivalent; OR, operation room.

Discussion
Patients with chronic opioid use exhibited shorter block durations than patients without chronic opioid exposure.
Postoperatively, they also experienced greater pain than the general population. To the best of our knowledge, this
study represents the first to compare the effectiveness of brachial plexus nerve block in long-term opioid use patients and
non-opioid-use patients undergoing upper extremity surgery. In this study, we found no difference in median NRS pain
scores in PACU, attesting to the effectiveness of nerve blocks. While the median pain score on arrival in PACU was 0 for
each group, statistically significant differences were observed in distribution of scores, with higher scores in the chronic
opioid group. Our plan to compare mean scores could not be carried out due to non-normally distributed data, likely
suggesting that there is no clinical difference in the primary outcome, or warrant further larger scale study.

The secondary endpoints revealed that the average block duration was clinically significantly shorter in opioid-
dependent patients. However, PACU MMESs, PACU length of stay, and intraoperative analgesic medication use did not
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Figure | Estimated NRS scores. Values are the expected means from the linear mixed model analysis for the control group (red line) and opioid-dependent group (blue line). Error
bars indicate 95% confidence intervals. The linear mixed model shows a significant main effect of time (F(2,29)=5.91, p=0.0070) and group (F(I, 29)=11.42, p=0.0021). Further, the
NRS scores increase on day 2 and then decrease on day 3 for both groups, with significant differences between days 2 and 3 (Tukey-Kramer adjusted p=0.0264).
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Figure 2 Estimated postoperative opioid requirements are shown as expected means from the linear mixed model analysis for the control group (red line) and Long-term
opioid use group (blue line). Error bars indicate 95% confidence intervals. The linear mixed model showed statistically significant main effect of group (F(l, 27)=12.02,
p=0.0018).
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differ significantly, likely because the nerve block was still in effect during this early period. Statistically significant
differences in mean NRS scores and mean MMEs were found between groups postoperatively. This suggests that patients
chronically exposed to opioids were likely in more pain. However, the opioid group experienced more pain preopera-
tively (NRS 5 vs 1, p=0.01), and there was a wide range of baseline opioid dosing within and between the two groups.
These differences in postoperative NRS and MME are likely a reflection of their baseline status as higher preoperative
pain levels are expected to lead to high postoperative pain levels and opioid use. Although higher postoperative pain in
long-term opioid use patients is expected, prior work has not characterized early analgesia while the block is at peak
effect or the functional duration of block in this population. By quantifying PACU pain and functional block duration, our
case series provides practice-relevant data to guide perioperative multimodal strategies.

Managing patients exposed to long-term opioids poses a complex challenge for anesthesiologists. The prevalence of
this patient population is on the rise. Anesthesiologists, surgeons, and other healthcare professionals in perioperative care
are likely to increasingly encounter opioid users requiring surgical procedures and effective pain management during
their clinical practice.'> These patients are highly susceptible to experiencing intense postoperative pain. The limited
implementation of guidelines in practical clinical settings could be a contributing factor to the elevated occurrence of
poorly managed postoperative pain.'® In the present day, there is a scarcity of evidence regarding the perioperative
management of individuals who use opioids. Consequently, much of the available information is derived more from
expert opinions than from the clinical trials field."’

Opiates are effective analgesics; however, prolonged exposure to opioids has been associated with the development of
opioid-induced hyperalgesia (OIH).'” The primary mechanism of the change in regional anesthesia effectiveness is still
unclear. Extensive research has identified multiple molecular pathways and receptors that could potentially be linked to
OIH. The cellular and molecular mechanisms responsible for OIH encompass genetic variations, mu opioid receptor
(MOR) variants, factors related to neurons and glia, long-term potentiation, heightened neuronal sensitivity, and
neuroinflammatory processes. For instance, the periaqueductal gray (PAG) has been identified to house Toll-like
receptor4 (TLR4) and glutamate receptors that play a crucial role in the onset and persistence of OIH.'® Activation of
MORs has also been shown to crosstalk with L-type voltage-gated Ca®" channels,'” TRP channels—especially TRPV 1.2
K" channels,”' and Na channels.”>** This crosstalk may contribute to the desensitization of the nervous system to local
analgesics, or by itself lead to the underlying antinociceptive tolerance. Sustained opioid administration may lead to the
plasticity of the receptors and neuroadaptive changes in the nervous system.”*** These alterations in the nervous system
may impact the effectiveness of peripheral nerve blocks, as evidenced by patients’ symptoms, block failure or
insufficiency, increase opioid requirements in the presence of nerve block, and shorten block duration.

Several factors have been suggested as contributors to the variability in postoperative pain among patients. Genetic
variations, including single nucleotide polymorphisms in mu, kappa, and delta opioid receptors, ion channel genes,
cytotoxic T-cells, glutamate receptors, and cytokine genes, have been shown to influence postoperative pain
management.”® Long-term opioid exposure has been associated with a poorer response to analgesics postoperatively.?’
Additionally, numerous studies have explored the potential influence of chronic opioid exposure on DNA methylation,
which alters the patient’s epigenome and may affect pain scores.?®%°

Based on our results regarding the efficacy of nerve blocks in long-term opioid use patients, anesthesiologists may
consider using nerve blocks that are both safe and of longer duration for this patient population, with the goal of facilitating
a more comfortable postoperative recovery. Continuous peripheral nerve block (CPNB) may be preferred, as it can help
compensate for reduced block duration and increased postoperative pain levels, as well as reduce opioid requirements. Since
its initial report in 1946, a substantial body of data has been accumulated on CPNB** For ambulatory patients undergoing
shoulder surgery, acute postoperative pain can be effectively and consistently managed with a continuous ISB.*' Continuous
ISB after shoulder surgery in an ambulatory setting has also been found to be reliable and safe, significantly decreasing
postoperative opioid use.>*** Alternatively, long-acting local anesthetics could be considered for these patients. Liposomal
bupivacaine was initially deemed superior in terms of clinical effectiveness;** however, recent research suggests its clinical
advantages may not be significant.>>® Analgesic adjuvants, such as opioids, a2-agonists, NMDA receptor antagonists, and
other agents, are being explored to enhance and extend anesthetic and analgesic effects.’” As our understanding of
nociceptive processes in the PNS grows, innovative techniques for advancing pain management are expected to emerge.
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Limitations

This study had several limitations. We hypothesized that “it would be >2 units higher in chronic opioid patients than in non-
opioid-dependent patients.” However, because of the limited sample size and non-normally distributed PACU VAS scores on
arrival, we were not able to analyze the difference in means. As the median PACU pain scores on arrival demonstrated
a significant difference but were zero in both groups due to the limitation of sample size, future larger studies are warranted.
In this study, both ropivacaine and bupivacaine were used to provide the brachial plexus blocks, though both of these agents
have similar, prolonged durations of effect. Additionally, pain measurement is inherently subjective, whether assessed by
nurses in PACU or reported by patients at home. The home pain diary relies on patient compliance, and as anticipated,
several patients were lost to follow-up. We also acknowledge the limitation that no prior study is available for us as
a reference to calculate a sample size, we refer to this as a convenience sample for a pilot study. Although we adjusted for
block technique, the study included both interscalene and supraclavicular approaches with very small supraclavicular sample
sizes, so residual confounding by technique cannot be excluded. Although block technique distribution was similar between
groups (ISB 21/23 [91.3%] vs 20/23 [87.0%]), the very small SCB counts (2 vs 3) prevented meaningful stratified analyses.
Finally, this study is a small, single-center prospective observational case series (n=46), which limits precision and
precludes robust multivariable adjustment. Baseline differences (notably BMI and preoperative pain burden and periopera-
tive management of home opioids) may have confounded observed associations.

Conclusion

Patients with chronic opioid exposure, defined as daily opioid use for >1 month preoperatively, reported significantly
shorter block duration. After the nerve blocks wore off, patients with chronic opioid use experienced substantially greater
pain and required higher doses of opioids. These findings underscore the need for longer-lasting regional anesthetic
interventions in this patient population.
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