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Original Article

Introduction
Interscalene block  (ISB) of the brachial plexus using local 
anesthetic is an established technique that can be used 
instead of, or as an adjunct to general anesthetic for the 
upper limb surgery;[1] ISBs are particularly beneficial in 
managing postoperative pain. They can be either single‑shot 
or continuous infusions,[2] with the latter providing an 
extended period of postoperative pain relief.[3] The ISB is 
commonly guided using ultrasound and/or nerve stimulation. 
Complications specific to ISB include phrenic nerve palsy,[4] 
central nervous system toxicity, pneumothorax, vascular 
injury,[5] Horner’s syndrome,[6] bilateral block,[7] total spinal 
anesthesia,[8] vascular injection leading to seizure,[9] permanent 
neurological damage to the nerves or spinal cord,[10] and even 
death after unrecognized intrathecal placement.[11]

Nerve injury during the shoulder surgery without ISB 
is dependent on the procedure, the approach, and the 
experience of the surgeon. Surgical causes can be due to 

positioning, traction, arthroscopic ports, retraction, or direct 
surgical injury.[12] The incidence of neurological injuries for 
arthroscopic shoulder surgery ranges between 0.2% and 
3%; with transient paresthesia reported in 10%–30% of 
procedures.[12] In the open shoulder surgery, nerve injuries are 
reported in 1%–2% of patients undergoing rotator cuff surgery, 
1%–4% undergoing prosthetic arthroplasty, and 1%–8% 
undergoing surgery for anterior instability.[13] The majority 
of injuries are minor cutaneous nerve injuries and transient 
conduction block injuries to the brachial plexus, permanent 
neurological deficit rarely results.
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The risk of nerve injury due to ISB itself is commonly quoted 
at 1 in 10,000.[14] When the shoulder surgery is conducted with 
ISB, the all‑cause complication rate has been reported to have 
a prevalence of 14% at 10 days postoperatively. At 6 months 
postoperatively, the prevalence of nerve injury reduces to 0.9%; 
long‑term complications are reported as 0.4%.[5] Fredrickson 
and Kilfoyle reported a 3.5% all‑cause complication rate 
with symptoms in ten patients out of 659 resolving within 
1 month and 13 resolving between 1 and 6 months.[15] Just 
over one‑third of the neurological injuries were attributed to 
blocks in the Fredrickson’s series while the majority of the 
high‑transient neurological complications were attributed 
to nonblock-related causes.[15] In the more recent study, 
single‑shot ISB demonstrated a persistent postoperative nerve 
symptom prevalence of 3.5% for symptoms lasting >5 days 
and a prevalence of 2.5% for symptoms lasting >6 months. 
The prevalence of postoperative nerve symptoms was higher 
in those who had a continuous ISB. Those with symptoms 
lasting  >5  days and  >6  months were 12% and 8.7%, 
respectively.[16] The variation in complication rates is also 
dependent upon how nerve injury is defined, the study design, 
the thresholds for reporting, and duration of follow‑up.[17]

The West Midlands Peripheral Nerve Injury Service is a 
regional tertiary referral center for complex peripheral nerve 
disorders, based in the United  Kingdom. Patients referred 
with nerve injury are assessed by the multidisciplinary team, 
data is collected prospectively and stored on a database. We 
observed a cluster of patients with a brachial plexus level nerve 
injury‑associated with interscalene regional anesthesia. Our 
objectives were to determine factors contributing to injury, 
late recognition and then develop recommendations to reduce 
the morbidity.

Materials and Methods
The nerve service database identified 730 new patient 
episodes during a 2 year period, September 1, 2011–August 
31, 2013, inclusive. We conducted a search for patients with 
a documented brachial plexus injury, iatrogenic injury, and 
ISB/regional anesthesia. No cases were excluded from the 
study. The cases were subject to clinical review, a review of 
the medical records including the consent form, anesthetic 
records, operation notes, and the neurophysiology records.

Results
A total of six cases were identified. The characteristics of 
the six cases are presented in Table  1. The mean age was 
52 years with a range of 21–87 years. The operative procedures 
conducted were an open shoulder stabilization, a total shoulder 
replacement, and four arthroscopic procedures. Two cases of 
ISB were conducted with the patients awake, one case was 
sedated during the block, and three were asleep. All blocks 
were undertaken as a single‑shot. Both ultrasound and nerve 
stimulators were used in three cases, nerve stimulation only 
was used in one, and there was no documentation in two cases. 

The mean volume of local anesthetic infiltrated was 27 mL with 
a median volume of 30 mL, range (10–40 ml). The choice of 
local anesthetic varied with 0.25%–0.5% levobupivacaine, 
0.75% ropivacaine, and a mix of 0.5% ropivacaine, 
Depo‑Medrone, and hyalase being used. The patients presented 
to the peripheral nerve injury service at a mean and median of 
16.5 weeks postoperatively, range of 1–37 weeks. All patients 
had symptoms of the upper limb weakness, five had reduced 
sensation or numbness, three had paresthesia, and two had 
the symptoms of pain. These symptoms were present at the 
initial follow‑up in the majority of cases. All patients had a 
positive Tinel’s test over the site of the nerve injury which 
corresponded to the area of the ISB. Neurolysis was offered, 
if there was an absence of progression of Tinel’s sign past 
the site of nerve injury. One patient underwent neurolysis in 
combination with specialist physiotherapy leading to a return of 
power to all affected muscles. The second patient was offered 
neurolysis but refused and underwent physical therapy and 
specialist pain intervention. Unfortunately, they continued to be 
affected by neuropathic pain. The other patients had evidence 
of an advancing Tinel’s, which indicated nerve healing and 
were offered nonsurgical treatment. One patient required 
both specialist physiotherapy and pain specialist intervention 
leading to improved muscle strength and sensation. Two 
patients improved with specialist physiotherapy only. One 
patient’s symptoms resolved with no intervention.

Discussion
Despite standard precautions, neurological injury can occur in 
the shoulder surgery with the reported procedure‑dependent 
incidence of 0.2%–8%.[18] While there is a relative paucity 
of high‑level randomized controlled studies addressing the 
benefits and potential complications of ISB,[19] the ISB is 
an established part of the treatment for patients undergoing 
shoulder surgery.

The main themes to highlight are the mean and median delay 
of 16.5 weeks from injury to review by the peripheral nerve 
injury service. Despite this delay in recognition and referring 
of the patients with complex brachial plexus injury, all patients 
had early documented evidence of at least one of the three 
cardinal signs of a degenerative nerve injury: pain, autonomic 
dysfunction, or a positive Tinel’s sign at the site of the injury.

Review of the anesthetic charts demonstrated no standardisation 
of ISB technique, despite experience indicating standardisation 
improves success[5] and also reduces complication rates.[15] We 
observed a wide variation in local anesthetic volumes, local 
anesthetic types, and needle approach. There was also no 
system in place to flag up the early neurological complications.

The underlying reason we conducted a review of the cases 
was due to our observation of higher than the expected rate 
of persisting nerve injuries from the shoulder surgery with 
ISBs. There is inconsistency in the reporting of the incidence 
of permanent nerve injury in the published literature.[20] 
Previous large‑scale reviews found that the identification of a 
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direct causation link with surgery or anaesthesia is often not 
possible[5,16] and in reality, it is likely to be multifactorial.[15,21] 
Although in our series, all patients had a positive Tinel’s test 
over the site of the nerve injury, which corresponded to the 
area of the ISB. This indicated that injury due to ISB was more 
likely to the cause rather than from the surgery. We noted the 
controversial practice of ISBs being conducted with patients 
under general anesthesia or sedated. This was despite consensus 
recommendations that ISB should not be routinely conducted 
with the patient under general anesthesia or following deep 
sedation.[1,22,23] The late recognition of perioperative nerve 
injury and lack of a robust system to capture postprocedure 

brachial plexus nerve injuries should cause concern for both 
anesthetists and surgeons. A retrospective review demonstrated 
that 29% of neurological injuries proceeding to medico‑legal 
claims only became apparent after their discharge.[24]

There is published evidence that ISB anaesthesia when 
performed correctly is beneficial.[25] Although the ISB has 
specifically been associated with a statistically significant 
increased incidence of postoperative neurologic symptoms 
and contributed to 6 out of 12  cases with neurological 
symptoms that persisted  >6  months.[16] There are currently 
efforts to find alternatives to ISB with either supraclavicular 
blocks[26] or suprascapular blocks.[27] Particularly, as the most 

Table 1: The features of the six patients with brachial plexus injury after shoulder surgery and interscalene block

Patient A Patient B Patient C Patient D Patient E Patient F
Age, gender 43, male 52, male 21, male 87, female 50, male 60, female
Time from surgery to 
referral for PNIC

37 weeks 26 weeks 3 weeks 25 weeks 8 weeks 1 week

Initial sensory symptoms Sensory loss Pain, Numbness Pain, decreased 
sensation

Pain, parasthesia, 
numbness

Numbness Decreased 
sensation

Initial motor symptoms Weakness Weakness Weakness Weakness Weakness Complete 
paralysis “flail 
arm”

Presenting inspection Muscle wasting Muscle wasting Muscle wasting Unknown Muscle wasting No wasting
Presenting sensory 
symptoms

None Pain, parasthesia, 
numbness

Reduced 
sensation, 
parasthesia

Parasthesia 
Hypersensitivity, 
Numbness

Pain, Numbness Reduced 
sensation

Presenting motor 
symptoms

Weakness Weakness Weakness Weakness Weakness Weakness

Tinel’s test Positive Positive Positive Positive Positive Positive
Autonomic dysfunction Negative Negative Positive Negative Negative Positive
Electromyography test 
results

Right upper trunk 
nerve injury,
Partial 
re‑innervation

Right upper trunk, 
lateral, posterior 
and medial cord 
injury

Not conducted Right proximal 
median nerve 
injury
Partial 
re‑innervation

Partial left 
axillary nerve 
injury, partial 
re‑innervation

Not conducted

Shoulder surgery Arthroscopic
Subacromial 
decompression

Arthroscopic
Biceps Tenotomy 
and subacromial 
spur excision

Arthroscopic
Subacromial 
decompression

Arthroscopic
Subacromial 
decompression

Open
Shoulder 
stabilisation

Open
Total shoulder 
replacement

Regional anaesthesia Interscalene Interscalene Interscalene Interscalene Interscalene Interscalene
Consciousness Awake and 

sedated
Asleep Awake Asleep Awake Asleep

Volume of local 
anaesthesia used

30 mls Unknown 10 mls 15 mls 40 mls 40 mls

Ultrasound‑guided No Unknown Yes Yes Unknown Yes
Neuro‑stimulator Yes Unknown 0.3 mA 0.5 mA Unknown 0.3mA
Components of the 
anaesthetic used

0.375% unfiltered 
marcaine

Unknown 0.75% ropivacaine 0.5% 
levobupivacaine

0.5% 
Ropivacaine, 
160 mcg 
Depo‑Medrone, 
1500 u Hyalase

0.25% 
levobupivacaine

Nonoperative management Specialist 
physiotherapy

Specialist 
physiotherapy
Pain specialist

Specialist 
physiotherapy
Pain specialist

Specialist 
physiotherapy

Specialist 
physiotherapy

Not required

Operative management Neurolysis Refused Not required Not required Not required Not required
Outcome Return of power 

to all affected 
muscles

Ongoing 
neuropathic pain

Improved muscle 
strength and 
sensation

Improved muscle 
strength and 
sensation

Improved muscle 
strength and 
sensation

Improved muscle 
strength and 
sensation

mL: Millilitre, mA: Milliampere, PNIC: Peripheral nerve injury clinic
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contemporaneous estimation of prolonged nerve injury for 
single‑shot ISB is 2.5% and for continuous ISB is 8.7% in a 
best‑case scenario. At present, the authors recommend ISB 
should be performed only by trained anaesthetists who are 
experienced in this technique and adhere to published guidance 
on safe practice and documentation of the intervention.[28] 
The majority of patients who undergo ISB anesthesia will 
experience no long‑term neurological sequelae,[5] however, a 
robust follow‑up mechanism to capture the patients with the 
ongoing neurological deficit is beneficial and recommended.[29] 
Local follow‑up pathways could be created with a delegation 
of responsibility to direct contact in the clinic if patients flag 
up issues of prolonged block or indirectly by telephone around 
3 days into postoperative period.

Following shoulder surgery with ISB regional anaesthesia any 
patient with a history of a prolonged duration of block >48 h 
should be examined systematically to ascertain whether there 
is any residual neurological deficit. Conduction block may 
result in neurological dysfunction due to oedema or segmental 
demyelination. Full‑resolution is to be anticipated by 3 months 
from the injury. Axonal injury with Wallerian degeneration 
is manifested with neuropathic pain, a positive Tinel’s sign 
on percussing over the site of nerve injury and autonomic 
abnormalities with vasomotor and sudomotor dysfunction 
in the affected limb. All patients with a documented nerve 
injury should be referred to a regional specialist nerve injury 
service for further assessment. Neurolysis may assist axonal 
regeneration following axonopathy and may prevent deepening 
of a persistent conduction block injury. The British Orthopedic 
Association’s Standards for Trauma 5 guidelines on peripheral 
nerve injury management provide further guidance on this 
complex issue.[30]

Of relevance for clinicians who conduct, review, and audit 
regional anaesthesia a medico‑legal review of complications 
relating to ISB by Liang[29] recommended that documentation 
should include records of the length and type of the needle 
used, the nerve stimulator type and settings, strength and 
location of muscle contractions, the number of attempts, the 
presence or absence of paresthesia, and what was done about 
it. These recommendations are on top of the factors that should 
be routinely documented for all regional block which includes 
documenting premedication, asepsis, patient positioning, 
consciousness, sedation, the type of monitoring, ultrasound 
technique, and depth of the catheter placement.[31] The lists 
above are not exhaustive but are an aid to implementing to an 
appropriate documentation standard.

It is pertinent to orthopedic surgeons that while the majority 
are not anaesthetically trained, they are the “face” of the care 
given; any postdischarge anesthetic complications will be 
observed and managed initially by the surgeon. Therefore, 
orthopedic surgeons are well‑positioned to promptly diagnose 
these complications. Should anaesthetists have concerns 
it would be beneficial to inform the surgical team, but if 
surgeons detect complications, it would be courteous to inform 

anaesthetists also. Clinicians of all specialties and grades 
should be mindful of nerve injury complications and how to 
manage them according to their local protocol. We accept that 
there are limitations from the small scale of our study and the 
lack of denominator from which to estimate the incidence or 
prevalence. While some may propose a prospective trial, we are 
pragmatic and feel that the available evidence from prospective 
clinical registries remains the most sensible way to balance the 
numbers needed to detect significant events versus the dilemma 
of who would fund such a large trial.

Conclusions
Our series demonstrated that nerve injuries were recognized 
late. Despite the late recognition, we were able to facilitate the 
improvement and resolution in the majority of cases through 
multidisciplinary specialist input. While, we are unable to 
attribute an incidence rate, contemporary evidence suggests 
that ISB is associated with statistically significant rates of nerve 
injury. There are efforts to seek alternative blocks, but in the 
meantime, we advocate vigilance for nerve injury if ISBs are 
used in conjunction with the shoulder surgery.

Recommendations
Clinicians should be aware that prolonged block duration is 
a feature of potential nerve injury. The education of patients 
to recognize prolonged block duration and how to obtain 
prompt clinical review would facilitate earlier recognition. The 
presence of a positive Tinel’s sign, autonomic dysfunction, and 
nerve pain in the distribution of the injured nerve are features 
suggestive of nerve injury. Orthopedic surgeons should be 
able to recognize nerve injury and seek an early referral to the 
appropriate specialists.
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