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Editorial comment

Background: Interscalene brachial plexus block is currently the
gold standard for intra- and post-operative pain management for
patients undergoing arthroscopic shoulder surgery. However, it is
associated with block related complications, of which effect on
the phrenic nerve have been of most interest. Side effects caused
by general anesthesia, when this is required, are also a concern.
We hypothesized that the combination of superficial cervical
plexus block, suprascapular nerve block, and infraclavicular bra-
chial plexus block would provide a good alternative to inter-
scalene block and general anesthesia.

Methods: Twenty adult patients scheduled for arthroscopic
shoulder surgery received a combination of superficial cervical
plexus block (5 ml ropivacaine 0.5%), suprascapular nerve block
(4 ml ropivacaine 0.5%), and lateral sagittal infraclavicular block
(31 ml ropivacaine 0.75%). The primary aim was to find the pro-
portion of patients who could be operated under light propofol
sedation, without the need for opioids or artificial airway. Sec-
ondary aims were patients’ satisfaction and surgeons’ judgment of
the operating conditions.

Results: Nineteen of twenty patients (95% CI: 85-100) under-
went arthroscopic shoulder surgery with light propofol sedation,
but without opioids or artificial airway. The excluded patient was
not comfortable in the beach chair position and therefore received
general anesthesia. All patients were satisfied with the treatment
on follow-up interviews. The surgeons rated the operating condi-
tions as good for all patients.

Conclusion: The novel combination of a superficial cervical
plexus block, a suprascapular nerve block, and an infraclavicular
nerve block provides an alternative anesthetic modality for arthro-
scopic shoulder surgery.

In this feasibility study including 20 patients, the authors present a novel combination of a super-
ficial cervical plexus block, suprascapular nerve block, and infraclavicular nerve block for arthro-
scopic shoulder surgery. Results are encouraging, but need confirmation in large scale studies.
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Interscalene brachial plexus block remains the
gold standard for intraoperative and post-opera-
tive pain management in patients undergoing
arthroscopic shoulder surgery. In expert hands,
it has a very high success rate,' but may cause a
wide spectrum of complications and undesired
side effects.” ® The risk of neurological compli-
cations, particularly concerning the phrenic
nerve,”® has encouraged the development of
alternative peripheral block methods for arthro-
scopic shoulder surgery.’

The shoulder joint is innervated by a few
nerves: subscapular, axillary, lateral pectoral,
and suprascapular nerve. The subscapular, axil-
lary, and lateral pectoral nerve can be blocked
with the infraclavicular block, while the
suprascapular nerve must be blocked sepa-
rately. Two nerves provide the cutaneous
innervation of the shoulder: the supraclavicular
and the axillary nerves. The supraclavicular
nerves are not derived from the brachial
plexus, but arise from the superficial cervical
plexus.” ' Novel block methods should block
all these nerves in order to provide effective
intraoperative anesthesia and post-operative
analgesia.

Several alternatives to the interscalene block
have been proposed in order to avoid the
effect on the diaphragmatic function, yet
many of them require further confirmatory tri-
als. In the last years some authors have pro-
posed a C7 root block,'*" an alternative
supraclavicular block limited to the distal
upper extremity,'* and an axillary-suprascapu-
lar block."

We hypothesized that a combination of
superficial cervical plexus block, suprascapular
nerve block, and lateral sagittal infraclavicular
brachial plexus block would provide intraoper-
ative anesthesia and post-operative analgesia
for patients undergoing arthroscopic shoulder
surgery. To test this hypothesis we performed
a feasibility study in 20 patients scheduled for
arthroscopic shoulder surgery. The primary
aim was the proportion of patients who could
be operated under light propofol sedation, but
without the need for opioids or artificial air-
way. Secondary aims were patients’ satisfac-
tion and surgeons’ judgment of the operating
conditions.

Methods

The study was approved by the Institutional
Board at the University Hospital of North Nor-
way (registration number 0472) and registered
at www.clinicaltrials.gov (NCT02809144). The
trial was performed at the University Hospital of
North Norway (Tromsg and Narvik) from April
to November 2016, in accordance with the Hel-
sinki Declaration. Written informed consent was
obtained from patients scheduled for arthro-
scopic shoulder surgery using the following
inclusion criteria: age 18-70 years, BMI 20—
35 kg/m* and ASA physical status 1-3. Exclu-
sion criteria included: pregnancy, coagulation
disorders, allergy to local anesthetics, atrioven-
tricular block, peripheral neuropathy and use of
anticoagulation drugs other than acetylsalicylic
acid or dipyridamol.

All blocks were performed by DM with
assistance from LMY. For the two-first blocks
(the superficial cervical and suprascapular
nerve blocks) the patients were in semilateral
position with slightly elevated upper body.
Subsequently the patients were supine for the
infraclavicular block. All blocks were ultra-
sound-guided, using either a SonoSite Edge
unit or a SonoSite M-Turbo (SonoSite, Inc.,
Bothell, WA, USA). A 50 mm linear array
probe 6-15 MHz was applied for the superficial
cervical and the suprascapular nerve blocks,
while a Cl1x broadband curved array probe
5-8 MHz was used for the lateral sagittal infra-
clavicular block. For the two-first blocks,
correct nerve identification by ultrasound was
confirmed by nerve stimulator response (Stimu-
plex HNS 12, B. Braun AG, Melsungen, Ger-
many). To reduce the risk of intraneural needle
tip position, for all blocks, the relationship
between needle and nerve was carefully
observed by ultrasound. Moreover, a nerve
stimulator response by a current < 0.3 mA,
0.1 ms and 2 Hz or an injection pressure (mea-
sured by B-Smart ; Concert Medical LLC, Nor-
well, MA, USA) > 103 kPa (15 psi) defined the
need for a small retraction of the needle. The
initial needle insertion was counted as the first
pass. An additional needle pass was defined as
needle retraction of at least 10 mm prior to fur-
ther needle insertion.
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Standard monitoring included pulse oximetry,
electrocardiogram and non-invasive blood pres-
sure. All patients received oxygen supplementa-
tion by a nasal cannula.

Superficial cervical plexus block

We used a slight modification of the method
first described by Tran et al.'® Before the inser-
tion of the block needle, the skin was infiltrated
with 1-2 ml lidocaine 10 mg/ml. The probe was
placed axially, just below the midpoint of the
sternocleidomastoid muscle, to visualize the
intermuscular plane between the sternocleido-
mastoid and the scalene muscles (between the
deep part of the superficial cervical fascia and
the prevertebral fascia). The needle was slowly
advanced from posterolateral to anteromedial in
this potential space, using the in-plane tech-
nique. The patient was instructed to signal
paresthesia toward the clavicle or shoulder,
while receiving a current of 0.3-0.8 mA, 0.1 ms,
2 Hz. Five ml ropivacaine 0.5% was injected in
the described interfascial space while trying to
avoid distribution medial to the interscalene
groove. Although the supraclavicular nerves can
often be visualized, a systematical search for
them was not done because the technique relied
on injection of local anesthetic agents in the
intermuscular space.

Suprascapular nerve block

The anterior suprascapular block was first
described by Siegenthaler et al."” and has since
then undergone some modifications.'®'® The
suprascapular nerve is usually the most cranio-
lateral nerve emerging from the supraclavicular
plexus. Sonographically the nerve can be traced
laterally in the posterior cervical triangle, deep
to the omohyoid muscle, by tilting the probe
incrementally steeper in the caudal direction.
This ultrasonographic observation agrees with
anatomical studies by Leung et al.?° The local
anesthetic was injected at the most lateral short-
axis view of the nerve that we could obtain,
with an in-plane technique, while advancing
the needle from posterolateral to anteromedial.
During injection we tried to avoid fluid distri-
bution to the supraclavicular brachial plexus
cluster and (more medially) to the phrenic
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nerve. Electric nerve stimulation (0.3-0.8 mA,
0.1 ms, 2 Hz) served to confirm the sonographic
identification of the nerve, by palpable contrac-
tions of the infra- and supraspinatus muscles.
The local anesthetic dose was 4 ml ropivacaine
0.5%, as recently described by Flohr-Madsen
et al."®

Lateral sagittal infraclavicular block

A periarterial injection technique was used,
slightly modified from the method described by
Flohr-Madsen et al.?! Usually, the dose was
administered by three local anesthetic deposits.
Considering the artery as a clock face with 12
o’clock ventral, the aim was to cover the artery
by fluid from 3 to 11 o’clock. The needle inser-
tion point was 0.5-1.0 cm caudal to the lower
edge of the clavicle, just medial to the coracoid
process. The needle was carefully advanced in
the sagittal plane with the in-plane technique,
between the artery and the lateral cord, tangen-
tial to the cranial aspect of the artery. The first
deposit was at 6 o’clock, the second on with-
drawal of the needle between 9 and 11 o’clock
and the third at 3 o’clock. The latter deposit
required a needle pass ventral to the artery.
Total local anesthetic dose was 31 ml ropiva-
caine 0.75%. The volume of each injection var-
ied depending on observed fluid distribution,
but the largest volume (15-18 ml) regularly at 6
o’clock.

Total block performance time was the time
from the probe was placed on the neck for the
superficial cervical plexus block to final with-
drawal of the block needle after the lateral sagit-
tal infraclavicular block.

Block assessment

Neurologic status of the upper limb and the
cervical area was assessed before the blocks
(baseline) and 15 and 30 min after completion
of the blocks. We performed sensory testing by
applying an ice cube on pre-marked points in
the areas of the supraclavicular nerves, inter-
costobrachial, axillary, medial brachial cuta-
neous, musculocutaneous, medial antebrachial
cutaneous, radial, median and ulnar nerves.
Supraclavicular test points were at the soft
spot and at the upper border of the clavicle in
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the midclavicular line. The soft spot is the pos-
terior portal used for shoulder arthroscopy. It
is formed by the interval between the
infraspinatus and teres minor muscles, approx-
imately 2 cm caudal and 1 cm medial to the
posterolateral tip of the acromion. The follow-
ing scale was used: 3 = normal cold feeling;
2 = reduced cold feeling (hypoalgesia); 1 =no
cold feeling, but feels touch (analgesia); and
0 = no cold or touch feeling (anesthesia). Mus-
cle power was assessed using a modified
seven-point scale (Table 1).*?* Axillary nerve
block was tested by elevation of the extended
upper limb in the sagittal plane. Suprascapular
nerve block was tested by the force for lateral
rotation of the humerus against manual resis-
tance, while the arm was adducted and the
elbow flexed at 90°. Subscapular nerve block
was tested by the force for medial rotation of
the humerus against manual resistance, while
the arm was adducted and the elbow flexed at
90°. The other motor nerve tests were for the
musculocutaneous, radial, median, and ulnar
nerves.>

Block success was assessed 30 min after with-
drawal of the needle upon the last of the three
blocks. The superficial cervical plexus block
was judged successful if the sensory score at
both of its test points was 0 or 1. The supras-
capular nerve block was successful if the motor
score was < 2. The lateral sagittal infraclavicular
block was successful if the axillary sensory
score was 0 or 1. Patients who failed the success
criteria were followed up with repeated assess-
ments until admittance to the operation theatre.
Patients # 1-7 were accepted for surgery if the
sensory score was < 1 (the supraclavicular and
axillary nerves) and the motor test score was < 2

Table 1 Modified Medical Research Council scale of muscle power.

5 Normal power

4+ Active movement against gravity and resistance
(> 50% of normal power)

4— Active movement against gravity and resistance

(< 50% of normal power)
Active movement against gravity
Active movement with gravity eliminated
Flicker or trace contraction
No contraction

o = N W

(the suprascapular nerve). Patients # 8-20 were
accepted for surgery if the sensory score was < 1
(the supraclavicular and axillary nerves) and the
motor test score was < 4— (the suprascapular
nerve).

We recorded the incidence of adverse events
including paresthesia, vessel puncture, systemic
local anesthesia toxicity, Horner’s syndrome,
dyspnea, hoarseness, and dysphagia. To detect
pneumothorax, ultrasound was used within
15 min after completed procedure.

Intraoperative treatment

All patients were offered propofol sedation to
maintain a score between —2 and 0 on the Rich-
mond Agitation and Sedation Scale. The proto-
col required that other sedatives or analgesics
were not administered.

Post-operative assessment

All patients were interviewed in the recovery
room and by phone approximately 24 h after
the surgery was completed. In the recovery
room, post-operative nausea and vomiting
(PONV), pain at rest (numerical rating scale,
1-10), medication, signs of Horner’s syndrome,
hoarseness, dyspnea, or dysphagia were
recorded. The same questions were repeated on
day one. Additionally, we asked about time to
pain debut, average and maximum pain scores
at rest (numerical rating scale, 1-10) and
patients’ total intake of analgesics. Analgesics
were converted to oral morphine equivalents.

Patients” overall satisfaction score was
assessed by asking them, both in the recovery
room and during the follow-up telephone
call, if they would like to receive the same
type of anesthetic technique for a similar
operation in the future. Surgeons’ judgement
of the operative conditions was given by the
operator in the recovery room, immediately
after surgery.

A priori, we assumed a block success rate of
90% with a confidence of interval of + 13%.
This would require a total number of 20
patients included. Descriptive characteristics are
presented as mean (standard deviation), median
(interquartile range and range), or number, as
appropriate. The primary aim is presented as
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proportion with 95% confidence interval. Anal-
yses were performed using the Statistical Pack-
age for Social Sciences (SPSS) program version
23.0 for Windows (SPSS Inc., Chicago, IL,
USA).

Results

Twenty-six consecutive patients scheduled for
arthroscopic shoulder surgery were screened
and 20 patients fulfilled the inclusion criteria.
Patient characteristics are presented in Table 2.

Patient flow chart is presented in Fig. 1. One
patient (#5) had successful blocks, but felt
uneasy in the beach chair position. After start-
ing light propofol sedation, she became restless
and therefore received general anesthesia. The
other 19 out of 20 patients (95% CI: 85-100)
underwent arthroscopic shoulder surgery with
light propofol sedation, but without any need
for opioids or artificial airway. Propofol dose
given was 1.4 (0.4-2.6 [0.0-3.4]), median (IQR
[range]) mg/kg/t. Two patients reported slight
discomfort intraoperatively (numerical rating
scale 1-2) located at the posterior portal (soft
spot). Both were offered analgesics, but refused.
None of the patients required additional local
anesthetic.

Four patients did not fulfill the block success
criteria at 30 min, which resulted in a block
success rate of 80%. One patient (#7) failed the
midclavicular superficial cervical plexus block
test at 30 min, but met the success criteria
10 min later. Three patients (#8, #9, and #20)
failed the SSN test. Patient #20 and patient #9

Table 2 Characteristics of study patients scheduled for
arthroscopic shoulder surgery (n = 19).

Age (yrs) 55.7 (11.9)

Gender (male/female) 1217

BMI; kg/m? 26.0 (3.4)

ASA physical status (I/11/111) 6/12/1

Types of surgery (acromioplasty/supraspinatus 9/6/4
suture/intraarticular surgery)

Side (right/left) 9/10

Mean (SD) or number (n). Continuous variables are presented as
mean (standard deviation); categorical variables are

presented as counts. ASA, American Society of
Anesthesiologists; BMI, mass body index.

Acta Anaesthesiologica Scandinavica (2017)

met the success criteria 45 and 90 min after the
last block, respectively.

Patient #8 retained suprascapular nerve medi-
ated muscle power score 4— up to the time of
surgery. In spite of this suboptimal score, we
decided to proceed to surgery. The precondition
was, by the slightest intraoperative pain, to con-
vert to general anesthesia. The patient did not
experience pain during surgery and received
only propofol according to the protocol.

Summary data of block performance of the
three blocks are presented in Table 3. None of
the patients showed sonographic signs of pneu-
mothorax. Total block performance time was
21.8 (20.4-26.7 [15.9-34.5]), median (IQR
[range]) minutes. Time from end of local anes-
thetic injection until start of surgery was 118
(92-150 [71-200]), median (IQR [range]) min-
utes. Tables 4 and 5 show the individual sen-
sory-motor status of all patients 15 and 30 min
after the blocks.

The duration of surgery was 49 (24-63 [18—
85]), median (IQR [range]) minutes. Surgeons
were satisfied with the working conditions in
19 of 20 patients (all except patient #5) and
would recommend this novel block combination
to all new patients scheduled for arthroscopic
shoulder surgery.

In the post-anesthesia care unit (PACU) none
of the patients suffered from nausea/vomiting,
dyspnea, hoarseness, or dysphagia. One patient
demonstrated temporary Horner’s syndrome and
another patient reported a pain score of 2 (nu-
meric rating scale 0-10), while the others were
pain free. No drugs were required. Accordingly,
in the PACU all the patients were very satisfied
with the regional anesthesia. Furthermore, all of
them wished to receive the same regional anes-
thesia, should they require the same type of sur-
gery in the future.

Patient #3 was excluded from post-operative
day one data analyses because of protocol viola-
tion. This patient was given 16 mg dexametha-
sone i.v. intraoperatively. During the telephone
interview on the first post-operative day, no
patient reported PONV, dysphagia, dyspnea, or
hoarseness. Time to pain debut was 12.5 (11.7—
14.8 [7.6-15.6]), median (IQR [range]) hours.
Average pain score at rest was 0 (0-2.3 [0-6]),
median (IQR [range]). Maximum pain score
was 5 (3.5-8.5 [0-10]), median (IQR [range]).

© 2017 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd 5
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Enrolment

Assessed for eligibility (n = 26)

Excluded (n = 6)
« Not meeting inclusion criteria (n = 6)

o Declined to participate (n=0)
« Other reasons (n = 0)

A

Allocation

Included (n = 20)

1

Number of patients who
underwent arthroscopic
shoulder surgery (n = 20)

A\

—>| Converted to general anaesthesia (n = 1)

Analysed (n = 19)

A\

_>| Lost to follow-up (n = 0)

Follow-Up

Followed up (n =19)

Fig. 1. CONSORT flow diagram.

Table 3 Summary data of block performance of the three blocks (n = 19).

SCPB

SSNB LSIB

Performance time (min)

Number of needle passes (n) 1(1-1 [1-2))

Paresthesia (n) 1
Vascular puncture (n) 0
Local anesthetic systemic toxicity (n) 0

6.0 (5.4-8.0 [3.6-11.2])

5.0 (3.9-7.9 [2.8-14.8)]) 6.5 (5.5-7.1 [4.7-12.0])

1(1-1[1-3) 2 (2-3 [2-3))
2 1
0 1
0 0

infraclavicular block.

Analgesic consumption was 40 (30-60 [0-100]),
median (IQR [range]) mg oral morphine equiva-
lents during the first 24 h after surgery.

Discussion

The study shows that this novel combination of
peripheral nerve blocks is feasible and provides
surgical anesthesia and satisfactory post-

Values are median (IQR [range]) or number (n). SCPB, Superficial cervical plexus block; SSNB, Suprascapular nerve block; LSIB, Lateral sagittal

operative analgesia in patients scheduled for
arthroscopic shoulder surgery.

The superficial cervical plexus block can
potentially affect the brachial plexus and the
phrenic nerve®* if local anesthesia penetrates the
prevertebral fascia and diffuses into the inter-
scalene groove and to the superficial aspect of
the anterior scalene muscle. Nevertheless, to our
knowledge there are no reports of phrenic nerve
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block  associated with ultrasound-guided
superficial cervical plexus block'®?*®> and the
incidence of this event is historically very low.>¢
To reduce the risk of phrenic nerve block, we
used a lower volume of local anesthetic than in
the studies by Tran et al. and Giirkan et al.'®?®

In our former study on supination of the hand
after ultrasound-guided infraclavicular block, 15
patients received infraclavicular block alone and
15 combined infraclavicular and suprascapular
nerve block.'” Chest radiographs were taken
approximately 75 min after the blocks. There
were no signs of diaphragmatic paresis or paral-
ysis. This may suggest that neither infraclavicu-
lar nor suprascapular block, or the combination
of them, challenges the phrenic nerve. However,
in a recent study of 32 patients receiving ultra-
sound-guided infraclavicular block, one patient
developed hemidiaphragmatic paralysis and
three patients hemidiaphragmatic paresis, as
diagnosed by M-mode ultrasonography.?” Based
on data from these two studies, clinicians
should be aware of the potential risk of infra-
clavicular block in patients with impaired respi-
ratory function.

The suprascapular nerve seldom has sensory
branches to the skin.?®?° We therefore used a
muscle power test to evaluate the suprascapular
nerve block. Interestingly, surgery could be per-
formed successfully even in patients with
suprascapular nerve block failure after 30 min.
Most remarkable was patient #8 who failed the
suprascapular nerve test until start of surgery.
We allowed this patient to be operated in accor-
dance to protocol because of two considerations.
First, there may be a significant disparity
between motor power and sensory function after
a peripheral nerve block.?® Second, our success
criterion may be too strict.'®> The patient did not
experience any pain and received propofol only
according to the protocol. In future studies we
will consider using a more liberal success crite-
rion (motor score < 4—) for the suprascapular
nerve block.

Premedication was not administrated for two
reasons. First of all, because the superficial cervi-
cal plexus block anesthetizes the supraclavicular
nerves and thus the injection sites of the subse-
quent blocks. Secondly, our study required an
accurate and timely performed neurological
assessment before and after the blocks. Therefore,
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we did not want any sedative or opioid to
confound the interpretation of the data.

The need for three injections, change of
patient’s body position, and change of needle
type during the procedure, make our triple block
method more time consuming compared to the
interscalene block.'> However, in order to pro-
vide surgical anesthesia, the alternative of low
volume interscalene block, requires an additional
anesthesiological technique (general anesthesia,
local skin infiltration or a supraclavicular nerve
block), which is time consuming as well. This
novel block combination might reduce costs
spent on personnel and supplies, but such benefit
over the interscalene block must be tested in a
randomized controlled study.

The incidence of intraoperative cerebral desat-
uration in patients receiving general anesthesia
in the beach-chair position is of great concern.®
A major advantage of this novel block combina-
tion is that general anesthesia could be omitted
in 19 out of 20 patients. By using only light
propofol sedation, we could easily communicate
with the patient and thereby directly monitor
cerebral function intraoperatively.

In conclusion, this novel combination of
peripheral nerve blocks provides surgical anes-
thesia and satisfactory post-operative analgesia
for patients scheduled for arthroscopic shoulder
surgery. A randomized controlled trial should
be undertaken to compare this shoulder block
with the interscalene block.
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