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Purpose: The aim of this study was to evaluate the occurrence of early (<6 weeks) post-operative complications following ulnar
nerve decompressions at the cubital tunnel performed under regional anesthesia compared to those performed under general anesthesia.
Methods: In situ ulnar nerve decompressions at the cubital tunnel performed at a single institution from 2012 through 2019 were
retrospectively reviewed. Post-operative complications were compared between subjects who underwent the procedure with regional
versus general anesthesia.

Results: Ninety-one ulnar nerve in situ decompressions were included in the study, which were performed under regional anesthesia
in 55 and general anesthesia in 36 cases. The occurrence of post-operative complications was not significantly different between
patients who received regional (n = 7) anesthesia and general (n = 8) anesthesia. None of the complications were directly attributed to
the type of anesthesia administered. The change in pre- and post-operative McGowan scores were not significantly different between
anesthesia groups (p = 0.81).

Conclusion: In situ ulnar nerve decompression at the cubital tunnel under regional anesthesia does not result in increased post-
operative complications compared to those surgeries performed under general anesthesia. In situ ulnar nerve decompression performed
under regional anesthesia is a safe and reliable option for patients who wish to avoid general anesthesia.

Level of Evidence: III
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Plain Language Summary

The goal of this study was to compare the safety of general anesthesia or a nerve block that makes the arm numb in patients (otherwise
known as regional anesthesia) who have their ulnar nerve released near their elbow. After comparing the outcomes in patients who had
their ulnar nerve released at their elbow, we did not find any difference in complications between the two different types of anesthesia.
Nerve blocks to the arm is a safe and reliable option of anesthesia to have for ulnar nerve release surgery for patients wishing to avoid
general anesthesia.

Introduction

Cubital tunnel syndrome is the second most common upper extremity compressive neuropathy.' In patients that have
failed conservative management, surgical options include in situ decompression, medial epicondylectomy, and various
forms of ulnar nerve anterior transpositions at the elbow.> A recent meta-analysis demonstrated open in situ ulnar nerve
decompressions to have the best outcomes and lowest incidence of complications in treatment of primary cubital tunnel
syndrome. In situ ulnar nerve decompressions have increased in the United States in recent decades, which can be
performed under local, regional, or general anesthesia.***

The choice of anesthesia for upper extremity procedures is a complex decision that must be discussed between the patient,
surgeon, and anesthesiologist. Regional anesthesia and general anesthesia have their own risks and benefits that must be
individualized to each patient. General anesthesia requires intubation, stresses the cardiovascular system, and can cause post-
operative nausea and vomiting.> Conversely, regional anesthesia avoids intubation but requires patient cooperation and some
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patients require unexpected conversion to general anesthesia if the block does not provide adequate analgesia.’ In addition,
while rare, reports of perioperative nerve injury from peripheral nerve blocks raise a concern for their use in select patients by
some anesthesiologists.”” In particular, patients with preexisting peripheral neuropathy are thought to theoretically be at
a higher risk of suffering new or worsening neurologic symptoms or dysfunction. This is derived from the “double crush” or
“double hit” phenomenon, where nerves compressed in one region are thought to be more susceptible to impaired function if
compressed or injured in a second location within the same nerve.®

The appropriateness and efficacy of ulnar nerve in situ decompression under regional anesthesia or peripheral nerve
blocks has not been reported. Therefore, the purpose of this study was to compare the safety of in situ ulnar nerve

decompression performed under regional anesthesia compared to general anesthesia.

Materials and Methods

Following institutional review board approval and in compliance with the Declaration of Helsinki, ulnar nerve in situ
decompressions at the cubital tunnel performed at a single institution from 2012 through 2019 were retrospectively
reviewed. Due to the retrospective nature of the review, written informed consent requirement was waived by the Mayo
Clinic institutional review board. Data was maintained with confidentiality. Two hundred and twenty adult (age 18 years
and older) patients were initially identified based on CPT codes and ICD-9/ICD-10 codes. Patients with a clinical
diagnosis of ulnar neuropathy, defined by history and physical exam of numbness and/or weakness in the ulnar nerve
distribution with or without evidence of ulnar neuropathy on electrodiagnostic studies (nerve conduction velocity and
electromyography), were included. Patients who had prior ulnar nerve surgery (n = 50) or those who underwent ulnar
nerve transposition or medial epicondylectomy (n = 67) were excluded. Additionally, patients who underwent ulnar nerve
decompression following trauma (n = 6), in conjunction with elbow oncologic procedures (n = 4), or in the setting of
elbow arthroplasty were excluded (n = 1).

In situ ulnar nerve decompressions were performed in 92 surgeries on 80 patients by three senior hand surgeons at
a single institution (S.L.M., M.R., P.C.R.). One patient’s surgery was performed under local anesthetic with moderate
sedation and was excluded from the analysis. In total, 91 cases were included in this study, and an in-depth chart review
was performed on each subject. Investigated variables included method of anesthesia (regional versus general), pre- and
post-operative McGowan scores,” and post-operative complications occurring within 6 weeks after surgery in parallel to
the American College of Surgeons National Surgery Quality Improvement Project (NSQIP) which reports complications
and adverse events up to 30 days post-operative.'® Complications were defined as any outcome that required additional
care related to the patient’s surgery beyond the expected postoperative recovery, including additional patient phone calls,
clinical visits, or emergency department visits. In addition, administration of an adjuvant intraoperative local block,
conversion from regional to general anesthesia, and concomitant Guyon’s canal release were evaluated. Medical records
were reviewed to obtain demographic information including age, gender, body mass index (BMI), comorbidities, pre-
operative electrodiagnostic testing results when available, and duration of tourniquet inflation. Primary outcome
measures included any post-operative complications and pre- to post-operative change in McGowan scores. The post-
operative complication of severe swelling was defined by patient reporting marked and bothersome increase in size of
their operative extremity relative to the unoperated arm.

A chi-squared test was used to compare the rates of post-operative complications between patients who underwent in situ
ulnar nerve decompression with regional versus general anesthesia and to evaluate the change in pre- to post-operative
McGowan scores between the two groups. Statistical significance was set at p<0.05. Patient’s cohort was dependent on the
initial planned form of anesthesia. For example, patients who received regional anesthesia who failed to have adequate
analgesia and were subsequently intubated for the procedure were still analyzed as part of the regional anesthesia group.

Results

Of the 91 included elbows, 55 in situ ulnar nerve decompressions were performed under regional anesthesia and 36 under
general anesthesia. Demographic information is shown in Table 1. A tourniquet was used in all but one case in the
regional anesthesia group and two cases in the general anesthesia group. Among those who underwent regional
anesthesia, five subjects received supplemental intra-operative local anesthetic injections (9.1%) at the surgical site,
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Table | Baseline Characteristics

Variables Regional Anesthesia General Anesthesia p-value
(n =55) (n =36)
Male, n (%) 33 (60) 20 (55.6) 0.674
Age, yr¥ 555+ 154 555+ 152 0.982
BMI, kg/m2* 32370 304 £53 0.176
Diabetes, n (%) 14 (25.5) 9 (25) 0.961
Peripheral Neuropathy, n (%) 2 (3.6) 4 (I.1) 0.160
Thyroid Disorder, n (%) 12 (21.8) 6 (16.7) 0.546
Cervical Radiculopathy, n (%) 10 (18.2) 5(13.9) 0.589
Prior Cervical Surgery, n (%) 3 (5.5 5(13.9) 0.067
Right side, n (%) 26 (47.3) 13 (36.1) 0.293
EMG Abnormal, n (%) 24 (43.6) 18 (50) 0.552
Tourniquet time, mins* 42.1 £ 18.6 41.0 £222 0.814
Local Intraop Block, n (%) 4 (7.3) 11 (30.6) 0.003%**
Guyon’s Canal release, n (%) 5.1 5(13.9) 0.474
Admitted, n (%) I (1.8) 2 (5.6) 0.329
Supraclavicular, n (%) 30 (54.5)
Infraclavicular, n (%) 6 (10.9)
Axillary, n (%) 19 (34.6)
Conversion to general, n (%) 6 (10.9)
In-dwelling regional pain pump, n (%) 5(9.1)

Notes: *Data expressed as mean + SD. ***Statistically significant (p<0.05.

and eleven subjects in the general anesthesia cohort received supplemental intra-operative local anesthetic injections
(30.6%). This was the only characteristic that was significantly different between anesthesia groups (p = 0.008).
Concomitant Guyon’s canal release was performed in 5 (9.1%) and 5 (13.9%) cases under regional and general
anesthesia, respectively. One (1.8%) patient in the regional anesthesia cohort and 2 (5.6%) subjects in the general
anesthesia cohort spent one night in the hospital post-operatively for pain control.

Within the regional anesthesia group, supraclavicular nerve blocks were most commonly utilized (n = 30, 54.6%),
followed by axillary (19, 34.6%) and infraclavicular blocks (6, 10.9%). The type of local anesthetic used for the block was
reported in 53 patients (96.4%) and included lidocaine, bupivacaine, and mepivacaine with or without epinephrine. Six
patients (10.9%) required conversion to general anesthesia due to inadequate intra-operative pain control. Characteristics of
these 6 patients are further described in Table 2. In addition, 5 (9.1%) patients in the regional anesthesia group discharged to
home with an in-dwelling continuous anesthetic delivery nerve catheter for 1-2 days post-operative.

Post-operative complications were not significantly different between the regional (7 patients, 12.7%) and general
anesthesia (8 subjects, 22.2%) groups (p = 0.233) (Table 3). Three patients had more than one complication in the
regional anesthesia cohort, and one patient had multiple complications in the general anesthesia cohort—all of these
cases consisted of pain and severe swelling in the operative extremity. Worsening pain was attributed to the post-
operative dressing in 5 of the 9 cases with full resolution after dressing modification or removal. One patient in the
general anesthesia cohort experienced post-operative neuropathic pain within the distribution of the ulnar nerve. None of
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Table 2 Characteristics of Failed Brachial Plexus Blocks

Patient # | Age | Gender | Reason for Conversion to Time from Block to Block Medication(s) Medication BMI | Co-Morbidities
General Anesthesia Incision (Minutes) Approach Dose(s) (mL)
(SG,IC, A)
| 44 M Inadequate pain relief 30 IC Bupivacaine-epinephrine 0.5% 10 and 20 25.8 Anxiety
1:200,000 + mepivacaine 1.5%
2 62 M Block not fully set up 52 IC Mepivacaine 1.5% 40 27
3 63 M Inadequate pain relief, block 22 IC Mepivacaine 1.5% + lidocaine 2% 30 and 3 333
not fully set up
4 45 F Inadequate pain relief, delay to 150 sC Lidocaine 1% 414
surgical start
5 51 F Not listed 100 A Lidocaine 1% 23.6 | Anxiety, chronic
pain disorder

6 67 M Inadequate pain relief 40 sC Not listed 389

Abbreviations: SC, supraclavicular; IC, infraclavicular; A, axillary, mL, milliliters.
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Table 3 Complications

Regional Anesthesia General Anesthesia p-value
(n = 55) (n = 36)
Complications, n (%) 7 (12.7) 8 (22.2) 0.233
Worsening pain 50 4 (11.1)
Edema 4(7.3) 2 (5.6)
Neurapraxia* 0 1 (2.8)
Wound dehiscence 0 I (2.8)
Rash I (1.8) 0
Hematoma I (1.8) 0

Note: *Neurapraxia of the medial antebrachial cutaneous nerve.

Table 4 Postoperative Change in McGowan Score

Regional Anesthesia (n = 55)

General Anesthesia (n = 36)

No Change, n (%) 33 (60) 24 (66.7)
Improvement +| Grade, n (%) 18 (32.7) 10 (27.8)
Improvement +2 Grade, n (%) 4 (7.3) 2 (5.6)

the patients in this study required a return to the operating room for complications regarding their cubital tunnel surgery
in the initial six-week follow-up period. One patient in the regional anesthetic group passed away in six weeks following
surgery due to medical causes unrelated to the procedure.

The pre- to post-operative change in McGowan scores was not significantly different between anesthesia groups
(p = 0.81) (Table 4). The majority of patients had no change in McGowan scores at 6 weeks post-operatively when
performed under regional anesthesia (n = 33, 60%) and general anesthesia (24, 66.7%). No patient’s McGowan score
worsened at 6 weeks follow-up.

Subgroup analysis in the regional anesthesia cohort for patients with (n = 10) and without (n = 45) cervical
radiculopathy was performed. There were no incidences of worsening peripheral neuropathy following regional anesthe-
sia in these patients, and there was no difference between complication rates in patients with (n = 2, 20%) and without
cervical radiculopathy (n =5, 11.1%) (p = 0.59). There was no difference in pre- to post-operative change in McGowan
scores in patients with and without cervical radiculopathy (p = 0.55).

Discussion

There was no significant difference in the occurrence of complications or outcomes at 6 weeks post-operative in patients
who underwent in situ ulnar nerve decompression under general versus regional anesthesia. Specifically, no patient
experienced worsening ulnar neuropathy or a brachial neuritis after receiving a peripheral nerve block. Similarly, Hebl
et al found no significant increase in post-operative complications or worsening ulnar neuropathy following various
forms of ulnar nerve anterior transposition in patients with cubital tunnel syndrome compared between those who
received axillary blocks (6 complications, 6%) versus general anesthesia (n = 15, 6%)."" Disproportionate nerve irritation
during block placement and preexisting neurologic disease were not risk factors for regional anesthesia associated nerve
injury.'" Conversely, one multicenter review of regional anesthesia complications for a wide variety of surgeries in the
body found pain or paresthesias during needle placement or anesthetic injection was associated with an increased risk of
neurologic injury.’
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The incidence of neurologic injury following peripheral nerve block ranges from 0.02% to 0.3%,%'%'* with transient
nerve deficits reported up to 8% in some studies.'?'* Additional reported complications of peripheral nerve blocks, while
rare, include systemic toxicity from the local anesthetic'> and phrenic nerve palsy with hemidiaphragm paralysis,
specifically in supraclavicular and interscalene blocks.'®'® Given the rarity of peripheral nerve injuries following
peripheral nerve blocks, the underlying cause of injury is often unclear.”'*!*?% The implementation of ultrasound
guided and/or nerve stimulator assisted peripheral nerve block is considered to have improved outcomes, though this has
yet to be shown in the literature."® Patients with underlying upper or lower motor neuron pathology within the
distribution of the targeted nerve are thought to be at higher risk for neurologic injuries after nerve blocks due to the
nerve’s increased sensitivity to local anesthetics or decreased neural blood supply, though this has not been confirmed nor
disproved in the literature.'**!

Additionally, it is postulated that patients with cervical radiculopathy are considered to have increased susceptibility to
further progression of nerve injury following regional anesthesia which is extrapolated from the “double crush” theory.®
A study of malpractice claims related to peripheral nerve blocks found that 26% of claims had a preexisting injury or
radiculopathy, and the majority of claims were for “permanent minor injuries.”'* However, neither the current study nor that
performed by Hebl et al'' reported higher rates of neurologic injury following the use of peripheral nerve blocks in patients
undergoing surgery for ulnar nerve compressive neuropathy. Additionally, adverse outcomes were not associated with the
presence of underlying neurologic diseases or cervical radiculopathy. This suggests that regional anesthesia for ulnar nerve
in situ decompression does not place the ulnar nerve at a higher risk for developing a new or worsening nerve deficit.

Multiple studies have compared general versus regional anesthesia in various orthopedic procedures.”> > Regional
anesthesia has been associated with less postoperative nausea, pain, cardiovascular events, and shorter hospital stays in
hip fractures, arthroplasty, and rotator cuff repairs.”>>> A study by Rundgren et al reported decreased post-operative
pain, nausea and vomiting, and shorter total peri-operative time in patients undergoing surgical treatment of distal radius
fractures with peripheral nerve blocks compared to general anesthesia.?® Of note, 7 of the 45 patients (15.6%) in their
study required conversion to general anesthesia due to inadequate anesthesia provided by the peripheral nerve block. This
is similar to the results presented in this study, which found that 10.9% of patients required conversion to general
anesthesia following unsuccessful regional anesthesia. This is a known risk following peripheral nerve blocks and must
be discussed with the patient prior to surgery.'® A study by Roussel and Thirkannad did not find a significant difference
in failure of upper extremity brachial plexus nerve blocks to produce adequate pain control during in situ cubital tunnel
release between axillary (6 of 30), infraclavicular (6 of 30), and supraclavicular (10 of 30) nerve blocks.?’” Our study also
had failure of axillary, infraclavicular, and supraclavicular nerve blocks during in situ cubital tunnel release. Further
evolution in the safe and efficacious delivery of peripheral nerve blocks may improve their efficacy in the future.

Limitations of this study include the retrospective nature of the review, which may not have captured all adverse events
after surgery and may be subject to confounding factors. A selection bias between patients who had general versus regional
anesthesia is likely present in this retrospective comparative study; however, there was no difference in patient demo-
graphics between the two cohorts. Furthermore, nerve injuries following peripheral nerve blocks are extremely rare, and
larger prospective studies may be required to better identify risk factors for development of these complications. Although
our study is underpowered to accurately detect any differences in nerve injuries between anesthesia cohorts, it provides an
important initial investigation into the complex decision-making regarding the choice of anesthesia for surgical procedures
involving the ulnar nerve. Further studies on the safety of regional anesthesia in ulnar nerve transpositions or revision
cubital tunnel surgeries are also warranted, as these patients often differ in the severity of ulnar neuropathy.

Despite the theoretic increased risk of peripheral nerve injury following brachial plexus blocks in patients undergoing
in situ ulnar nerve decompression for the treatment of cubital tunnel syndrome, the current study found no evidence to
support these concerns. However, further studies are necessary to determine if the method of anesthesia performed at the
time of in situ ulnar nerve decompression affects clinical outcomes.
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