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Abstract
Background
Severe cases of carpal tunnel syndrome (CTS) are treated with surgical decompression, for which regional
nerve blocks are often administered. There is little data about complications associated with these regional
techniques for this surgery. The primary objective was to assess the association of ultrasound-guided
regional anesthesia nerve blocks in patients undergoing carpal tunnel release with symptom resolution.

Methods
This single-institution, retrospective study analyzed all patients undergoing open carpal tunnel release from
March 2018 to November 2020. Primary exposure was either regional anesthesia (median and ulnar nerve
blocks) or non-regional anesthesia (general anesthesia or local infiltration by surgeon). The primary
outcome measurement was symptom resolution at postoperative follow-up at 30-60 days. Secondary
outcomes were postoperative surgical site infection, time in operating room (minutes), and post-anesthesia
care unit (PACU) length of stay (min). The primary outcome was analyzed using multivariable logistic
regression.

Results
A total of 417 patients were included in this study. Of these, 269 (64.5%) subjects received regional
anesthesia as their primary anesthetic. When adjusting for confounders, the use of regional anesthesia was
not associated with symptoms not improving at postoperative visit (OR 0.52, 95% CI 0.22 - 1.26, P = 0.15),
postoperative surgical site infection (OR 1.47, 95% CI 0.44 - 4.85, p = 0.53), or operating room time duration
(p = 0.09). However, the use of regional anesthesia was associated with an approximately 15-minute
decrease in PACU length of stay (p < 0.001).

Conclusions
Regional anesthesia is a safe, effective, and time-efficient method for anesthesia in patients undergoing
open carpal tunnel release.

Categories: Anesthesiology, Pain Management, Orthopedics
Keywords: retrospective observational study, postoperative complications, carpal tunnel syndrome, ultrasound-
guided regional anesthesia, carpal tunnel release

Introduction
Carpal tunnel syndrome (CTS) is a common neuropathic disorder caused by compression of the median
nerve as it passes through the carpal tunnel [1]. It can cause debilitating pain and numbness in the median
nerve distribution of the hand. CTS affects approximately 1-7% of the population, affecting more women
than men [1,2]. Risk factors include, but are not limited to, obesity, diabetes, pregnancy, hypothyroidism,
and prior wrist trauma [3].

Mild CTS can be treated conservatively with physical therapy, wrist splints, and corticosteroid injections [1].
More severe cases of CTS require surgical decompression, either endoscopically or with open
surgery. Adequate anesthesia for carpal tunnel release surgery can be achieved in a variety of ways: local
anesthetic infiltration, regional anesthesia, and general anesthesia. A regional anesthetic technique can be
performed using either an intravenous block, also known as a Bier block, or with nerve blocks by
anesthetizing the brachial plexus proximally or more distally at the level of the branches [4]. Distal nerve
blocks for carpal tunnel release involve surrounding local anesthetic around the median and ulnar nerves,
typically using ultrasound guidance.

There is inherent risk of nerve damage with all regional anesthesia techniques because of the close
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proximity of needle and local anesthetic to nerves [5]. The potential risk of neuropathy following regional
anesthesia in patients with pre-existing nerve injury has been debated for decades [6]. This controversy
applies particularly to carpal tunnel release surgery given the prevalence of pre-existing nerve damage in
CTS. Commonly cited literature has warned of temporary post-procedural neuropraxias in healthy
individuals [7], and cases of median nerve injury have been reported [8]. However, more modern studies
have yet to identify definitive associations between regional anesthesia and neuropathy following carpal
tunnel release [9-11]. The primary objective of this study is to provide some insight into if regional
anesthesia nerve blocks in patients undergoing carpal tunnel release are safe, despite pre-existing nerve
injury.

Materials And Methods
Study sample
This retrospective study was approved by our institution’s Human Research Protections Program for the
collection of data from our electronic medical record system and the informed consent requirement was
waived. Data were manually collected retrospectively from the electronic medical record system by one
clinician from our healthcare system. Data from all patients that underwent open carpal tunnel release from
March 2018 to November 2020 were extracted. Cases that included a concomitant surgery were excluded.
The manuscript adheres to the applicable EQUATOR guidelines for observational studies.

Primary objective and data collection
The primary outcome measurement was symptom resolution at orthopedic surgery clinic postoperative
follow-up at 30-60 days. Clinic notes were extracted and reviewed for symptoms before and after surgery.
Symptoms included numbness, pain, and tingling. Each patient's outcome was assigned according to
symptoms at follow-up relative to their presenting symptoms. Outcomes were categorized as complete
resolution, some improvement, no improvement, or worsening symptoms. The outcome was converted to a
binary variable in which patients either had symptoms improved (complete resolution or some
improvement) or no symptom resolution (no improvement or worsening symptoms). Secondary outcomes of
interest were postoperative surgical site infection, time in the operating room (minutes), and post-
anesthesia care unit (PACU) length of stay (min). Time in the operating room was defined as the time
between patient entering the operating room and leaving the operating room. Among patients under general
anesthesia, operating room time includes anesthesia induction time since patients at our institution are
induced in the operating room. At our institution, PACU discharge is standardized as the time at which
patients affirm that their pain and nausea is adequately controlled. The primary independent variable was
the use of ultrasound-guided regional anesthesia as the primary anesthetic. Patients either received: 1)
regional anesthesia blocking the median and ulnar nerves at the level of the mid-forearm with bupivacaine
0.5% with 1:400,000 epinephrine (10mL per nerve) or lidocaine 2% with 1:400,000 epinephrine (10mL per
nerve) or 2) non-regional anesthesia using general anesthesia with supraglottic airway or surgeon-applied
superficial local infiltration with upper extremity tourniquet and monitored anesthesia care. Furthermore,
we collected data on patient sex, age (years), body mass index (BMI), and American Society of
Anesthesiologists physical status classification score (ASA PS). ASA PS was a binary variable in which
patients either were ASA PS < 3 or ASA PS ≥ 3.

Statistical analysis
All statistical analysis was performed using R (version 3.6.1; R Foundation for Statistical Computing, Vienna,
Austria). To compare baseline patient characteristics, we used Welch two-sample t-test and Pearson’s chi-
square test for continuous and categorical variables, respectively. A p-value of <0.05 was considered
statistically significant. The primary outcome of interest was symptom resolution. For binary outcomes
(symptom resolution and postoperative surgical site infection), we used multivariable logistic regression to
assess the association of the use of regional anesthesia vs non-regional anesthesia with the outcomes. In
this model, we controlled for sex, age, BMI, and ASA PS. Here, we reported odds ratios (OR) and 95%
confidence interval (CI), in which P <0.05 was considered statistically significant. For continuous outcomes
(operating room minutes and PACU length of stay minutes), multivariable linear regression was used to
assess the association of regional anesthesia with these operating room time metrics. In this model, we
controlled for sex, age, BMI, and ASA PS. We report the coefficient and standard error for regional
anesthesia from the model. For a power of 80%, the study would require 868 patients (434 per group) to
detect a difference between 10% versus 5%. A P <0.05 was considered statistically significant.

Results
During the study period, there were 428 subjects who underwent open carpal tunnel release. Eleven of these
patients underwent a concomitant surgery and was therefore removed from the analysis, leaving a final
sample size of 417 subjects. Of these, 269 (64.5%) subjects received regional anesthesia as their primary
anesthetic. There was no difference between the regional and non-regional anesthesia cohorts based on
ASA PS class, sex, age, or BMI (Table 1).
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 Non-regional Anesthesia Regional Anesthesia  

Characteristics n % n % p-value

Total 148 - 269 -  

ASA PS ≥ 3 49 33.1 93 34.6 0.85

Male Sex 53 35.8 108 40.1 0.44

Mean Age (years) [SD] 59.6 [14.9] 59.4 [14.5] 0.86

Mean BMI (kg/m2) [SD] 30.0 [7.3] 30.9 [6.8] 0.22

TABLE 1: Comparison of baseline patient characteristics in the non-regional versus regional
anesthesia cohorts.
ASA PS = American Society of Anesthesiologists Physical Status score, SD = standard deviation

Twenty-two (5.3%) patients either reported no improvement or worsening symptoms of their carpal tunnel
syndrome at postoperative orthopedic clinic follow-up. On univariate analysis, among patients that did not
receive regional anesthesia or did receive regional anesthesia, 11 (7.4%) and 11 (4.1%) subjects, respectively,
reported no improvement or worsening symptoms (p = 0.22). Furthermore, there was no difference in
postoperative surgical site infection between both cohorts (p = 0.07). In regards to operating room efficiency
metrics, there was no difference in mean operating room time between both cohorts (39.9 vs 37.3 minutes in
the non-regional versus regional anesthesia cohorts, respectively, p = 0.12). The mean PACU length of stay
in the non-regional versus regional anesthesia cohorts was 76.1 vs 61.7 minutes, respectively (p < 0.001)
(Table 2).

 Non-regional anesthesia Regional anesthesia  

Outcome n % n % p-value

CTS symptoms did not improve at follow-up 11 7.4 11 4.1 0.22

Postoperative SSI 4 2.7 10 3.7 0.07

Mean Operating Room Time Duration (min) [SD] 39.9 [13.9] 37.3 [20.1] 0.12

Mean PACU Length of Stay (min) [SD] 76.1 [32.5] 61.7 [22.2] <0.001

TABLE 2: Comparison of outcomes between the non-regional versus regional anesthesia cohorts.
CTS = carpal tunnel surgery; PACU = post-anesthesia care unit; SD = standard deviation; SSI = surgical site infection

When adjusting for age, sex, BMI, and ASA PS using regression analysis, the use of regional anesthesia was
not associated with symptoms not improving at postoperative visit (OR 0.52, 95% 0.22 - 1.26, p = 0.15),
postoperative surgical site infection (OR 1.47, 95% CI 0.44 - 4.85, p = 0.53), or operating room time duration
(coefficient = -3.04min, standard error = 1.84 min, p = 0.09). However, the use of regional anesthesia was
associated with an approximately 15-minute decrease in PACU length of stay (coefficient = -14.5min,
standard error = 2.7min, p < 0.001) (Table 3).
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Patient Outcome OR (95% CI) p-value

CTS symptoms did not improve at follow-up 0.52 [0.22 - 1.26] 0.15

Postoperative SSI 1.47 [0.44 - 4.85] 0.53

 Coefficient (Standard Error) p-value

Operating Room Time (min) -3.04 [1.84] 0.09

PACU Length of Stay (min) -14.46 [2.70] <0.001

TABLE 3: Effects of regional anesthesia vs non-regional anesthesia on patient outcomes and
theatre utilization
Statistics presented are odds ratios and coefficients of each outcome among patients receiving regional anesthesia when compared to patients receiving
non-regional anesthesia. CI = confidence interval; CTS = carpal tunnel surgery; PACU = post-anesthesia care unit; OR = odds ratio; SD = standard
deviation; SSI = surgical site infection

Discussion
The majority of patients undergoing carpal tunnel release surgery at our institution were given regional
anesthesia as their primary anesthetic. At the postoperative orthopedic checkup, there was no difference in
worsening or unchanged symptoms among patients who received regional anesthesia compared to those
who did not. There was also no difference in postoperative surgical site infections or mean operating room
time. Notably, PACU length of stay was significantly shorter for patients who received regional anesthesia
compared to those who did not.

These results are consistent with other studies comparing regional anesthesia to non-regional techniques
for carpal tunnel release. Parallel to our findings on post-operative symptoms, Nabhan and colleagues found
no differences in long-term functional outcomes between patients who received local anesthesia and those
who received intravenous regional anesthesia for carpal tunnel release surgery [9]. When comparing regional
anesthesia and general anesthesia, Droog and colleagues similarly concluded that regional anesthesia was
not associated with a higher risk of new-onset nerve injury following carpal tunnel release [11]. In both
studies, carpal tunnel release with regional anesthesia showed no increased risk for new-onset procedure-
induced deficits in the hand or wrist.

A notable benefit of regional anesthesia with carpal tunnel release surgery is the reduced PACU length of
stay. Our study showed that patients who received regional anesthesia were discharged from the PACU
approximately 15 minutes earlier than those who received other forms of anesthesia. Decreased PACU length
of stay can reduce cost, increase patient satisfaction, and increase PACU efficiency [12]. This is particularly
important in the setting of outpatient surgical centers due to the high volume and turnover of less time-
consuming cases, such as carpal tunnel releases. New methods in regional anesthesia for outpatient hand
surgeries have continued to decrease time to discharge without neglecting pain control [13].

Surgical literature has long debated whether regional anesthesia in populations with pre-existing
neuropathy may lead to increased risk of post-operative nerve damage [14]. Early studies conducted prior to
1985 found rates of post-block neuropathy between 0.36% and 2.7% when paresthesias were provoked prior
to anesthetic infusion. Many studies since then have been limited by difficulties in qualitatively separating
anesthesia-induced neuropathy, surgery-induced neuropathy, and exacerbation of pre-existing neuropathic
disorders. The more recent development of local anesthetic techniques has contributed towards the
increased use of local analgesic infiltration rather than regional anesthesia [15]. However, the results of this
retrospective study showed that regional anesthesia is not associated with worse patient outcomes in carpal
tunnel release surgery. Patients with pre-existing neuropathy, as in CTS, did not report worsened symptoms
post-operatively compared to patients who did not receive regional anesthesia. These findings suggest that
regional anesthesia may be used safely in patients with CTS who require carpal tunnel release surgery.

There are several limitations to this study, mainly due to the retrospective nature of the analysis. There may
be several confounders not accounted for in the study, which would be remedied by a randomized
prospective clinical trial. Furthermore, we relied on clinician notes during the postoperative visit to
ascertain symptom improvement of the CTS. Similarly, interpretation of symptom improvement is
complicated by patients' and clinicians' limited ability to differentiate between surgery- and anesthesia-
induced pain versus inadequate carpal decompression. Future studies should perform sensory tests to better
qualify and quantify postoperative recovery. Importantly, the study may have been underpowered to detect
a difference in our primary outcome. With our current sample size, a post-hoc power analysis demonstrated
a power of 31.6% to detect a difference if we assume an alpha of 0.05 and incidence of non-symptom
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resolution of 7.4% and 4.1% (based on the reported rates in our study) in the non-regional versus regional
anesthesia cohort, respectively. With a power of 80%, 1,560 patients (780 per group) would be required to
identify the difference in symptom resolution found in our study. Nonetheless, we demonstrated that
among 269 patients that did receive a peripheral nerve block (over three years), there were no differences in
symptom resolution. This suggests that, given this current surgical volume, the use of nerve blocks is likely
safe.

Conclusions
In conclusion, regional anesthesia can provide adequate anesthesia with improved PACU length of stay in
patients undergoing carpal tunnel surgery. Our retrospective analysis shows no increased risk of worse
outcomes in patients who receive regional anesthesia compared to those who received local infiltration or
general anesthesia.

Additional Information
Disclosures
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authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: Rodney A. Gabriel declare(s) non-financial support from SPR
Therapeutics (Cleveland, OH). The University of California has received funding and product for other
research projects from SPR Therapeutics (Cleveland, OH) in which Dr. Gabriel was consulted. Rodney A.
Gabriel declare(s) non-financial support from Avanos (Alpharetta, GA). The University of California San
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have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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