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ABSTRACT

Background: The interscalene nerve block provides analgesia for shoulder surgery, but is associated with diaphragm paralysis.
One solution may be performing brachial plexus blocks more distally. This noninferiority study evaluated analgesia for blocks
at the supraclavicular and anterior suprascapular levels, comparing them individually to the interscalene approach.

Methods: One hundred-eighty-nine subjects undergoing arthroscopic shoulder surgery were recruited to this double-blind
trial and randomized to interscalene, supraclavicular, or anterior suprascapular block using 15 ml, 0.5% ropivacaine. The pri-
mary outcome was numeric rating scale pain scores analyzed using noninferiority testing. The predefined noninferiority mar-
gin was one point on the 11-point pain scale. Secondary outcomes included opioid consumption and pulmonary assessments.
Results: All subjects completed the study through the primary outcome analysis. Mean pain after surgery was: interscalene = 1.9
(95% CI, 1.3 to0 2.5), supraclavicular = 2.3 (1.7 to 2.9), suprascapular = 2.0 (1.4 to 2.6). The primary outcome, mean pain score
difference of supraclavicular—interscalene was 0.4 (-0.4 to 1.2; P = 0.088 for noninferiority) and of suprascapular—interscalene
was 0.1 (=0.7 to 0.9; P = 0.012 for noninferiority). Secondary outcomes showed similar opioid consumption with better pres-
ervation of vital capacity in the anterior suprascapular group (90% baseline [ < 0.001]) and the supraclavicular group (76%
[P = 0.002]) when compared to the interscalene group (67%).

Conclusions: The anterior suprascapular block, but not the supraclavicular, provides noninferior analgesia compared to the
interscalene approach for major arthroscopic shoulder surgery. Pulmonary function is best preserved with the anterior supra-
scapular nerve block.
Visual Abstract: An online visual overview is available for this article at http://links.lww.com/ALN/B755. (ANESTHESIOLOGY
2018; 129:47-57)

HE interscalene nerve block is a common technique for

postoperative analgesia in patients undergoing shoulder LS B/ IEE ] NOT E 9L el

surgery. Although tolerated by most patients,' an interscalene e The interscalene nerve block offers effective analgesia for
shoulder surgery

¢ |nterscalene nerve block frequently causes hemidiaphragmatic
paralysis

block is associated with diaphragmatic paresis from phrenic
nerve block.>* This adverse effect is particularly concerning
in major arthroscopic outpatient shoulder surgery’ where

symptomatic dyspnea from hemidiaphragmatic paralysis What This Article Tells Us That Is New

is challenging to evaluate and treat. There have been many e This study suggests that anterior suprascapular block provides
attempts to mitigate the pulmonary dysfunction® associ- noninferior analgesia compared to interscalene block, and
. . . . 712 better preserves vital capacity
ated with regional anesthesia of the brachial plexus.”** One . . . . .
. . L. . e While supraclavicular block was associated with some vital
method of avoiding diaphragm paresis is performing blocks capacity preservation compared to interscalene block, the
more distally along the brachial plexus, and thereby increas- analgesia provided by supraclavicular block did not meet
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ing the distance between block location and the phrenic eIiELE) CHEE

nerve. An example of a block more distal to the interscalene
is the supraclavicular block.'® More recently, Siegenthaler ¢#  compromising analgesia. This anterior suprascapular nerve

al. have described a proximal ultrasound-guided selective  block, without the addition of an axillary nerve block, has
anterior suprascapular nerve block within the supraclavicu- ~ been shown to provide diaphragm-sparing analgesia after
lar fossa.!4 Performing a selective block of the anterior supra-  total shoulder arthroplasty.'> These prior results suggest
scapular nerve may minimize phrenic nerve paresis without  that an anterior suprascapular block alone may be a feasible
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analgesic option for those patients undergoing outpatient
shoulder surgery.

The aim of this noninferiority study was to compare the
analgesic efficacy of three different brachial plexus nerve
block approaches after rotator cuff or Bankart repair of the
shoulder. A supraclavicular nerve block and an anterior
suprascapular nerve block were separately assessed against
the known comparator, the interscalene nerve block. We
hypothesized that the supraclavicular block or anterior
suprascapular block would provide noninferior analge-
sia when compared to the interscalene while producing
less pulmonary dysfunction. The primary outcome was
11-point numerical rating scale pain scores 60 min after
surgery completion. The predetermined noninferiority
limit was 1 on the 11-point numerical rating scale. Sec-
ondary outcomes, evaluated for superiority, included: opi-
oid consumption, vital capacity measurements, diaphragm
excursion, motor and sensory changes of the ipsilateral
upper extremity, block- and opioid-related side effects,
and patient satisfaction.

Materials and Methods

The Institutional Research Ethics Board (Benaroya Research
Institute, Virginia Mason Medical Center, Seattle, Wash-
ington) approved this study, which was conducted between
November 2014 and November 2016. The study was pro-
spectively registered at clinicaltrials.gov (NCT02287142) by
Dr. Auyong (principal investigator) on November 5, 2014.
A total of 189 subjects—63 per group—were planned for
enrollment in this study. Subjects were screened by a research
assistant, research nurse, and the study physicians for eligi-
bility. All subjects with written informed consent were allo-
cated in a 1:1:1 ratio with a computer generated simple
randomization by a research assistant to the groups: inter-
scalene, supraclavicular, or suprascapular. Inclusion criteria
were: adult (age greater than 18 yr) with American Society
of Anesthesiologists (ASA) physical status I to III undergo-
ing unilateral shoulder surgery for rotator cuff or Bankart
repair. Exclusion criteria were contraindications to nerve
block or local anesthetics, coagulopathy, or chronic opioid
use. The follow-up investigators, anesthesia personnel, sur-
geons, recovery nurses, and the study participants were all
blinded to the randomization. All study procedures were
completed at the Lindeman Ambulatory Surgery Center,
Virginia Mason Medical Center (Seattle, Washington). As
all patients were discharged home on the day of surgery, all
data collection after discharge to home was collected via tele-
phone by a blinded investigator. The full protocol is available
upon request.

Preprocedure Recordings and Measurements

In the preoperative holding area, demographic and baseline
data were recorded before any interventions. Pain at rest in
the operative shoulder was assessed verbally, recorded on an
11-point numerical rating scale to the tenths of a unit.
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Baseline Pulmonary Assessment

Oxygen saturation using pulse oximetry (Spo,) was recorded
on room air. Vital capacity was measured using a Haloscale
Standard Respirometer (Mercury Medical, USA). Forced
expiratory volume in 1s (FEV,) measured with a MicroPlus
Spirometer (MD Spiro, USA). Diaphragmatic excursion in
centimeters was measured by ultrasound in the mid-axillary
line, by finding the zone of apposition between the dia-
phragm and parietal pleura along the lateral thoracic chest
wall using a high-frequency linear ultrasound transducer.
The movement of the zone of apposition was measured and
marked on the skin during a vital capacity breath.®!>

Baseline Motor and Sensory Assessments

Baseline sensation to ice was evaluated over the C4 (top of
shoulder), C5 (lateral shoulder), C6 (thumb), C7 (34 fin-
ger), and C8 (4™ finger) dermatomes.'® Biceps contraction
and grip strength were assessed viz maximum voluntary
isometric contraction measurements (MicroFET2; Hoggan

Scientific, LLC, USA).

Multimodal Analgesia

As is standard of care for outpatient orthopedic procedures at
Virginia Mason Medical Center, all subjects received 975 mg
oral acetaminophen and 200 mg oral celecoxib in the preop-
erative holding area, unless contraindicated.

Nerve Block Procedure

Randomization assignments were kept in sealed envelopes
until all preprocedure measurements were complete, and
then opened by the research anesthesiologist immediately
prior to the nerve block. For the nerve block procedure, sub-
jects were placed in a semirecumbent position with standard
ASA monitors and supplemental oxygen. All subjects were
sedated with IV propofol (0 to 0.5 mg/kg) and/or IV mid-
azolam (0 to 20 mcg/kg), titrated to a Ramsay Sedation Scale
score of 2 to 3. No opioids were given for block placement.
For the interscalene nerve block group, a high-frequency lin-
ear array ultrasound transducer (SonoSite M-Turbo, USA)
was used to identify the cervical nerve roots/trunks as a
stacked mono- or bifascicular pattern.!”” A 17-gauge Tuohy
needle (Flex-Tip Plus, Arrow International, USA) was then
inserted with in-plane technique into the interscalene grove.
The interscalene nerve block injection endpoint was poste-
rior to the brachial plexus at this level.!” For the supracla-
vicular block group, the brachial plexus was identified in
close approximation with the subclavian artery with a high-
frequency linear array ultrasound transducer in the supra-
clavicular fossa. With an in-plane technique, a needle was
advanced until reaching the injection endpoint at the supe-
rior portion of the brachial plexus, which corresponds to the
superior and middle trunks.'” For the anterior suprascapu-
lar nerve block group, the proximal suprascapular nerve was
traced laterally as it branched away from the superior trunk
or C5 nerve root in the supraclavicular fossa on the anterior
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lateral portion of the neck.!*!> The needle was inserted with
the injection endpoint being immediately beneath (caudal)
to the suprascapular nerve. The suprascapular nerve is often
located underneath the omohyoid muscle at this level.'” In
each group, 15ml, 0.5% ropivacaine (Naropin; Fresenius
Kabi, USA) was injected at the desired location. The dura-
tion of a nerve block placement was recorded as the time
from needle placement to needle removal. As continuous
nerve blocks are a standard of practice at our institution for
this procedure, a 19-gauge wire-reinforced catheter (FlexTip
Plus) was placed through the Tuohy needle and secured.'®
Catheters were covered with opaque gauze and tape to con-
ceal study randomization. No local anesthetic was infused
through the perineural catheters until all data were collected
in the postanesthesia care unit (PACU).

Intraoperative Management

General anesthesia was induced with propofol (1 to 2 mg/kg)
for the placement of laryngeal mask airway and maintained
at less than or equal to 1 minimum alveolar concentration
with sevoflurane. If an endotracheal tube placement was
required, muscle relaxation was used only for the facilitation
of tracheal intubation. A standardized opioid algorithm was
used intraoperatively, with IV fentanyl, 25 mcg given for the
following criteria: (1) increase in heart rate of 10 beats per
minute, or (2) increase in baseline systolic blood pressure
of 20 mmHg due to surgical stimulus. Total intraoperative
fentanyl use was recorded.

PACU Management
All subjects were brought to the PACU extubated and

received by a nurse blinded to randomization.

PACU Recordings and Measurements, 60 Min after
Surgery Completion

All PACU recordings and measurements were performed by
a blinded researcher, 60 min after the completion of surgery.
Patients were deemed ready for PACU discharge when reach-
ing a score greater than or equal to 10 on the 14-point modi-
fied Aldrete’s scoring system per the blinded PACU nurse."”

Postoperative Pain and Opioid Consumption

A standard PACU opioid algorithm was used immedi-
ately following surgery: (1) for numerical rating scale pain
score 4 to 6, 25 mcg of IV fentanyl was delivered, and
(2) for numerical rating scale pain score 7 to 10, 50 mcg
of IV fentanyl was delivered. No other analgesics were
used during the initial 60 min after surgery. Assessment
by the blinded researcher recorded verbal numerical rat-
ing scale pain scores in the PACU to the tenths of a unit.
Upon completion of assessment by the blinded investiga-
tors, both IV and oral opioids were available to the PACU
nurse. Oral oxycodone, if necessary, was dosed using the
following criteria: (1) numerical rating scale pain score
4 to 6, 5mg was given, and (2) numerical rating scale
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pain score 7 to 10, 10 mg was given. Total PACU opioid
consumption was recorded from surgery completion to

PACU discharge.

Postoperative Pulmonary and Nerve Block Assessment
All variables, including the primary outcome (pain), were
assessed at 60 min after surgery, by a blinded investigator.
PACU vital capacity, FEV,, Spo,, diaphragmatic excursion,
and motor and sensory changes were all measured in the
same fashion as the preoperative assessments. Two measure-
ments were recorded for both the pulmonary and motor
function outcomes at each time point, with the greater of
the two values used in the final analysis.

Adverse Effects

The incidence of opioid-induced adverse events was recorded
along with potential brachial plexus block side effects (e.g.,
Horner syndrome, dyspnea, or hoarseness). Subjects also
reported a dichotomous experience of “Satisfied” or “Unsat-
isfied” with regards to postoperative analgesia.

24-h Follow-up

Telephone calls were placed on postoperative day 1, 24h
after surgery completion, by a blinded investigator. Assess-
ments of verbal numerical rating scale pain scores (rest, aver-
age, movement), opioid consumption, opioid-induced and
block-related adverse events, patient satisfaction, and peri-
neural catheter complications were recorded.

Statistical Methods

This study was designed to assess the noninferiority of pain in
supraclavicular block and anterior suprascapular nerve block
cohorts, compared to a common interscalene nerve block
group of subjects undergoing major outpatient arthroscopic
shoulder surgery. Other studies have determined that a pain
score difference of close to 1-point on an 11-point numeri-
cal rating scale pain scale (0 to 10) is clinically meaningful
in lower-pain surgeries, so the noninferiority margin for the
difference in pain was set to 1 point.?0*!

Institutional pilot data in similar subjects suggested that
the SD of PACU pain scores was approximately 1.8. Using
these estimates and accounting for a design comparing two
cohorts to a common control, we calculated that 60 subjects
per group would provide approximately 90% power to dem-
onstrate pain scores with supraclavicular block and anterior
suprascapular nerve block exceed those of interscalene nerve
block by no more than 1 point. Three additional subjects
per group were recruited to account for subject loss prior to
follow-up.

The primary endpoint of this trial was pain in PACU.
Least-square means were calculated for each group using
one-way ANOVA, and the 95% ClIs for the pairwise differ-
ences in pain were adjusted for multiple comparisons within
the ANOVA model. The noninferiority hypothesis (primary
endpoint) was tested using a one-sided 7 test for independent
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groups (null hypothesis that the difference in pain was
greater than or equal to 1 point zs. the alternative hypothesis
that the difference was less than 1 point). P values less than
0.013 were considered significant for these one-sided tests.

Secondary endpoints were compared using the # test for
independent groups. Categorical variables were compared
using the chi-square test (when the expected value of every
cell was greater than or equal to 5) or Fisher exact test (if at
least one cell had an expected value less than 5). All statisti-
cal tests, except for the noninferiority comparisons, are two-
sided tests. A Bonferroni correction was used to account for
two comparisons to a common control group, so P < 0.025
was the threshold for significance for two-sided tests. Statis-
tical analyses were performed using SAS version 9.2 (SAS
Institute, Inc., USA).

Results

Two-hundred-thirty potential subjects were evaluated for
inclusion in this study. Forty-one potential subjects were
excluded, due to either preexisting medical conditions
(chronic opioid use, lung disease, and local anesthetic aller-
gies), a refusal to participate during recruitment process,
or a language barrier that prohibited the obtainment of
informed consent (fig. 1). A total of 189 subjects provided
written, informed consent to participate in this study and
were subsequently randomized under the study protocol. All
subjects completed the acute phase assessments, including

Supraclav Suprascap Interscalene Shoulder Surgery

the primary outcome, and all but six provided secondary
analyses at 24 h postprocedure (fig. 1). The cohorts were well
balanced with no clinically important differences in demo-
graphic data or preoperative evaluations (table 1). A total of
63 subjects per group were analyzed for the primary outcome.
All nerve blocks were placed successfully at the treatment site
selected by randomization. Block placement duration in the
interscalene nerve block group was 292+ 91s. Compared to
the interscalene nerve block group, the supraclavicular block
group had a mean block duration of 321+ 1555 (P = 0.222),
while the anterior suprascapular nerve block group had a

block duration of 346+ 140s (P = 0.014).

Primary Outcome: PACU Pain Score 60 Min after Surgery

The primary outcome of this study, mean current pain in
PACU, was 1.9 for interscalene nerve block (95% CI, 1.3 to
2.5), 2.3 for supraclavicular block (95% CI, 1.7 t0 2.9), and
2.0 for anterior suprascapular nerve block (95% CI, 1.4 to
2.6). The difference in mean PACU pain scores between the
SCB group and the interscalene nerve block group was 0.4
(adjusted 95% CI, -0.4 to 1.2; P = 0.088 for noninferior-
ity) on an 11-point scale. The difference in mean numerical
rating scale pain scores between the anterior suprascapular
nerve block group and the interscalene nerve block group
was 0.1 (adjusted 95% CI, -0.7 to 0.9; P = 0.012 for non-
inferiority) on an 11-point scale. The upper limits of the
95% CI for the mean differences, 1.2 (supraclavicular block-
interscalene nerve block) and 0.9 (anterior suprascapular

Assessed for eligibility

(n=230)
Excluded (n=41)
- Chronic opioid use (n=11)
. - Pulmonary disease (n=5)
- Allergy to local anesthetics (n=1)
- Patient refusal (n=22)
- Language barrier (n=2)
r
Randomized
(n=189)
v
[_nocaion_] |
Interscalene block Supraclavicular block Suprascapular block
(0=63) (=63) (n=63)
r r
Completed primary Completed primary Completed primary
outcome analysis in PACU outcome analysis in PACU outcome analysis in PACU
(n=63) (n=63) (n=63)
Excluded (n=2) Excluded (n=1) Excluded (n=3)
- Unreachable - Unreachable > - Unreachable
by telephone by telephone by telephone
v
Completed secondary Completed secondary Completed secondary
analysis at 24 hours analysis at 24 hours analysis at 24 hours
(n=61) (n=62) (n=60)

Fig. 1. Consolidated standards of reporting trials statement flow diagram. PACU = postanesthesia care unit.
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Table 1. Demographic Data, Preoperative Assessments, Surgical Data

Interscalene Group

Supraclavicular Group Suprascapular Group

(n=63) (n=63) (n=63)

Demographic data

Age, yr 54+13 53+14 55+14

Male, n (%) 38 (60%) 39 (62%) 42 (67%)

BMI 27.8+5.6 28.1+4.5 28.9+6.0

ASA I/II/Il, n 16/41/6 11/50/2 13/47/3
Preoperative assessment

Baseline pain (NRS) 2.3+£2.2 2.4+2.8 1.6+2.0

Surgical side diaphragmatic excursion, cm 7.8+1.8 7.9+2.1 7.8+2.3

Nonsurgical side diaphragmatic excursion, cm 7.4+1.9 7.1+£2.0 79+22

Vital capacity, | 3.6+1.1 3.6+1.1 3.6+1.0

FEV,, | 2.8+0.8 2.8+0.8 2.9+0.8

Spo, 98+2 99+1 98+2

Biceps MVIC, Ibs 27+12 2711 29+15

Grip MVIC, Ibs 239 237 24+8
Surgery

Type of surgery

Rotator cuff repair, n (%) 56 (89%) 56 (89%) 59 (94%)
Bankart repair, n (%) 7 (11%) 7 (11%) 4 (6%)
Duration of surgery, min 90+26 88+25 89+22
Multimodal usage, n (%) 42 (67%) 44 (70%) 44 (70%)

Values are shown as mean + SD or number and %.

ASA = American Society of Anesthesiology classification; BMI = body mass index; FEV, = forced expiratory volume in 1s; MVIC = maximum voluntary
isometric contraction; NRS = numerical rating scale; SpO, = oxygen saturation by pulse oximetry.

nerve block-interscalene nerve block), were both near the
prespecified noninferiority margin (A = 1). Since the CI for
the supraclavicular block-interscalene nerve block difference
exceeded 1, only the anterior suprascapular nerve block met
the prespecified criteria for noninferiority to the interscalene
nerve block based on these results (fig. 2), and the supracla-
vicular block cannot be considered statistically noninferior.
There were no postrandomization exclusions of any subject
for the primary outcome due to protocol deviations.

Pain and Opioid Consumption

No differences in PACU pain scores (initial, average, worst) in
the first 60 min after surgery were detected when comparing
supraclavicular block to interscalene nerve block, or when com-
paring anterior suprascapular nerve block to interscalene nerve
block. Pain was well-controlled at all measured time points.
Opioid consumption was clinically similar, and not statistically
different, across groups at multiple time intervals, including at
the primary outcome assessment (60 min after surgery comple-
tion). All other opioid consumption time intervals (intraopera-
tive opioid, total PACU opioid, and 24-h opioid consumption)
were similar when comparing supraclavicular block and inter-
scalene nerve block, as well as anterior suprascapular nerve
block and interscalene nerve block. (table 2; fig. 3)

PACU Pulmonary Function

Vital capacity preservation in PACU for the supraclavicu-
lar block group (76+16%) was superior to the intersca-
lene nerve block group (67+15%; P = 0.002), (table 3
and fig. 3). A greater vital capacity preservation was also
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Favors Supraclavicular 1 Favors Interscalene

or Suprascapular

S )

A
. 0.4
Supraclavicular - Interscalene =
P =0.088
0.1
Suprascapular - Interscalene =
P=0.012*

I T T I T 1
1.5 10 -05 0 0.5 1.0 1.5

NRS PACU Pain Score Difference

Fig. 2. Noninferiority diagram of numerical rating scale (NRS)
pain difference of supraclavicular-interscalene, anterior
suprascapular-interscalene. The solid red line designates the
noninferiority margin (A) of 1 on a 0 to 10 pain scale. The
error bars designate the 95% CI of the difference between
the groups. To minimize type | error inflation from multiple
comparisons, P values less than 0.025 should be considered
statistically significant. PACU = postanesthesia care unit.

identified comparing the anterior suprascapular nerve block
group (90+15%) to the interscalene nerve block group
(67 £+15%; P < 0.001) (table 3 and fig. 3). In absolute num-
bers, compared to baseline, a mean vital capacity reduction
of 1.17 £ 0.681 was identified in the interscalene nerve block
group, which was significantly more than when compared
to the supraclavicular block group (0.84£0.551; 2= 0.003).
The mean vital capacity reduction in the interscalene nerve
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Table 2. PACU Pain and Opioid Consumption—Interscalene, Supraclavicular, and Anterior Suprascapular

Supraclavicular Group  Suprascapular Group

Interscalene Group (n=63) (n=63)
(n=63) [P [P
Pain
Initial pain score, PACU arrival, (0-10) 2.0+2.9 2.0+£3.2 [P =0.998] 2.0+3.0 [P =0.902]
Average postoperative NRS score, 60 min postsurgery, (0-10) 21+£2.6 2.6+3.1[P=0.381] 2.6+2.7 [P =0.337]
Worst postoperative NRS score, 60 min postsurgery, (0-10) 2.3+£2.6 3.1£3.2[P=0.134] 3.1£3.0[P =0.104]
Opioid consumption
Intraoperative opioid, fentanyl mcg 36+42 31+38 [P =0.469] 23+30 [P = 0.041]
Total opioid at primary outcome assessment, 60 min 42 +50 39+41 [P =0.772] 35+42 [P =0.388]
postsurgery, fentanyl mcg
Total PACU opioid, fentanyl mcg 51+85 48 +68 [P = 0.826] 52+59 [P =0.918]

Values are shown as mean + SD. Total opioid at primary outcome assessment = intraoperative opioid + PACU opioid through 60min postsurgery. Total
PACU opioid = PACU opioid from PACU admission to PACU discharge.

*P value compares each group to interscalene group. To minimize type | error inflation from multiple comparisons, P values less than 0.025 should be
considered statistically significant. Significant P value and 95% CI determined using Bonferroni-adjusted alpha level (o = 0.025) for individual comparisons.

NRS = numerical rating scale; PACU = postanesthesia care unit.
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Fig. 3. Clinical outcome differences for interscalene, supraclavicular, and anterior suprascapular nerve block approaches after
shoulder surgery. A combined graph of vital capacity, opioid consumption, and pain in the postanesthesia care unit (PACU) for
each nerve block approach. Vital capacity is represented as percentage of baseline (green squares). Opioid consumption includes
all opioids delivered from PACU admission to PACU discharge, in fentanyl equivalents (mcg) (blue triangles). Numerical rating
scale (NRS) average PACU pain scores (red bars). Standard error bars are included. “P < 0.001 when comparing the interscalene
block to the supraclavicular block. TP < 0.001 when comparing the interscalene block to the anterior suprascapular block.

block group also exceeded the mean vital capacity reduc- The ipsilateral diaphragmatic excursion was preserved
tion found in the anterior suprascapular nerve block group when comparing the supraclavicular block group to the
(0.34+0.51; P < 0.001). interscalene nerve block group (P < 0.001), and when
Anesthesiology 2018; 129:47-57 52 Auyong et al.
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Table 3. PACU Pulmonary and Nerve Block Outcomes—Interscalene, Supraclavicular, and Anterior Suprascapular

Supraclavicular Group Suprascapular Group
Interscalene Group (n=63) (n=63)
(n=63) [P [P7]

Pulmonary function, 60 min after surgery

Vital capacity, % of baseline 67+15% 76+16% [P = 0.002"] 90+15% [P < 0.001%]

FEV,, % of baseline 68+13% 74+14% [P = 0.019"] 87+13% [P < 0.001%]

Ipsilateral diaphragmatic excursion reduction, cm 59+2.1 3.9+2.8 [P <0.001% 1.7+2.4 [P <0.0017]

Spo, %, postoperative 96+3 97+2 [P =0.169] 98+2 [P < 0.0017]
Nerve block outcomes, 60 min after surgery

Grip strength, % of baseline 27+24% 21+23% [P = 0.163] 34+28% [P = 0.100]

Biceps strength, % of baseline 3x11% 6+17% [P = 0.268] 10+£24% [P = 0.025]

Horner syndrome in PACU, n (%) 18 (29) 15 (24%) [P = 0.686] 5 (8%) [P = 0.005%]

Subjective dyspnea in PACU, n (%) 4 (6%) 2 (3%) [P = 0.680] 1(2%) [P = 0.365]

Hoarseness in PACU, n (%) 14 (22%) 13 (21%) [P > 0.999] 5 (8%) [P = 0.044]
Other

Satisfaction with analgesia in PACU, n (%) 59 (95%) 60 (97%) [P > 0.999] 61 (97%) [P = 0.680]

Ready for PACU discharge, min 102+35 101+33 [P = 0.903] 98+34 [P = 0.537]

Values are shown as mean + SD or number and %.

*P value compares each group to interscalene group. To minimize type | error inflation from multiple comparisons, P values < 0.025 should be considered
statistically significant. Significant P value and 95% CI determined using Bonferroni-adjusted alpha level (o = 0.025) for individual comparisons.

FEV, = forced expiratory volume in 1 second; PACU = postanesthesia care unit; SpO, = oxygen saturation by pulse oximetry.

comparing the anterior suprascapular nerve block group to 24-h Assessment
interscalene nerve block group (P < 0.001) (table 3). Con- A total of 183 subjects (61 in interscalene nerve block, 62

tralateral diaphragm excursion was similar when comparing  in supraclavicular block, and 60 in anterior suprascapular
the interscalene nerve block group (0.1+£2.1cm) to either  nerve block group) were reached by telephone at 24h. All
the supraclavicular block group (0.0 £2.1 cm; P = 0.734), or continuous catheters remained intact at the 24-h assessment
the anterior suprascapular nerve block group (0.5 1.8 cm; except for one subject (supraclavicular block group), who
P = 0.213). Oxygen saturation was also significantly higher =~ removed the catheter due to aversion to numbness in the
when comparing the anterior suprascapular nerve block ipsilateral arm and hand. Numerical rating scale pain scores
group to the interscalene nerve block group (P < 0.001),  at 24h (rest, movement, average) were clinically and statisti-
but not when comparisons were made between the supracla-  cally similar between groups. Total oral opioid consumption
vicular block group and the interscalene nerve block group (oxycodone equivalents) during the first 24h after PACU
(P =0.169; table 3). discharge were also similar when comparing the interscalene

nerve block group to either the supraclavicular block group
PACU Block Assessment, Side Effects, and Satisfaction or anterior suprascapular nerve block group (table 4). Satis-
Sensory assessments of the ipsilateral arm revealed no faction at 24-h assessment was at least 95% for each group,
sensory differences when comparing the supraclavicular and there was no evidence of group differences. Side effects
block group to the interscalene nerve block group. Sensory including dyspnea, hoarseness, and vomiting were similar at
assessments did reveal statistically significant differences at this 24-h assessment time point, with the exception of the

#20Z UdJe|N 0Z uo 1senb Aq ypd'GL000-0 00208102/91098€E/ LY/ L/6T | /ipd-ajoie/ABojoisayisaue/ oo IleydlaA|is zese/:djy wouj papeojumoq

the C6 (P = 0.014), C7 (P = 0.011), and C8 (P = 0.019) incidence of Horner syndrome when comparing the anterior
nerve root dermatomes between the anterior suprascapular suprascapular nerve block group to the interscalene nerve
nerve block and interscalene nerve block groups (fig. 4). block group (0% es. 16%; 2 = 0.001; table 4).

Maximum voluntary isometric contraction strength mea- . .

surements of the biceps and grip strength revealed no statis- Discussion

tical differences when comparing either the supraclavicular  This study demonstrates that analgesia assessed by pain scores fol-
block group or the anterior suprascapular nerve block  lowing major outpatient arthroscopic shoulder surgery in subjects

group to the interscalene nerve block group. PACU side  receiving anterior suprascapular nerve blocks alone is noninferior
effects revealed a statistical difference, only in the incidence  when compared to an interscalene block. Several outcomes evalu-
of Horner syndrome, between the anterior suprascapular  ating pulmonary function (vital capacity, diaphragm excursion,
nerve block and the interscalene nerve block groups. Sub-  Spo, on room air) did show superiority in the suprascapular
jective dyspnea, hoarseness, satisfaction, and time to readi-  group compared to the interscalene group. These data did not
ness for discharge were similar among all groups during ~ demonstrate statistical noninferiority of the supraclavicular block
PACU assessment (table 3). compared to an interscalene block. However, the supraclavicular
Anesthesiology 2018; 129:47-57 53 Auyong et al.
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Sensory Assessment of Block Distribution In PACU
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Fig. 4. Sensory block determined by sensation to ice, evaluated
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in the postanesthesia care unit (PACU) 60 min after surgery.

To minimize type | error inflation from multiple comparisons, P values less than 0.025 should be considered statistically signifi-

cant (*). Additionally, all comparisons are only between the supraclavicular-interscalene groups or the anterior suprascapular-

interscalene groups.

Table 4. 24-h Outcomes—Interscalene, Supraclavicular, Anterior Suprascapular

Supraclavicular Group Suprascapular Group
Interscalene Group (n=62) (n=60)
(n=61) [P [P
Analgesic outcomes at 24 h after discharge
Pain at rest, (NRS 0-10) 1.8+2.1 2.3+2.5[P =0.247] 1.4+1.7 [P =0.323]
Pain with movement, (NRS 0-10) 29+2.8 3.5+2.8 [P =0.248] 2.8+2.4[P=0.816]
Average pain since PACU discharge, (NRS 0-10) 1.8+£1.8 2.5+2.3 [P =0.062] 1.9+£1.7 [P =0.744]
Opioid consumption since PACU discharge, 21+26 20+24 [P =0.822] 18+19 [P =0.522]
oxycodone equivalents (mg)
Block outcomes at 24 h after discharge
Horner syndrome, n (%) 10 (16%) 3 (5%) [P =0.044] 0 (0%) [P = 0.001%]
Subjective dyspnea, n (%) 7 (12%) 7 (11%) [P > 0.999] 5(8%) [P =0.762]
Hoarseness, n (%) 12 (20%) 12 (19%) [P > 0.999] 8 (13%) [P = 0.464]
Vomiting, n (%) 9 (15%) 5(8%) [P =0.270] 2 (3%) [P = 0.054]
Satisfaction with analgesia, n (%) 60 (98%) 59 (95%) [P = 0.619] 59 (98%) [P > 0.999]

Values are shown as mean + SD.

*P value compares each group to interscalene group. To minimize type | error inflation from multiple comparisons, P values less than 0.025 should be
considered statistically significant. Significant P value and 95% Cl determined using Bonferroni-adjusted alpha level (o = 0.025) for individual comparisons.

NRS = numerical rating scale; PACU = Postanesthesia care unit.

group was also associated with improved respiratory outcomes,
including a higher preservation of vital capacity and FEV,, when
compared to the interscalene nerve block group.

There are many suggestions in the literature about meth-
ods to provide lung-preserving regional anesthesia for shoul-
der surgery.”'? 'This study provides efficacy data on three
variants of brachial plexus nerve blocks for analgesia and
pulmonary function. The results suggest several block loca-
tions along the brachial plexus provide similar shoulder anal-
gesia, with varying effects on lung function. A recent study

Anesthesiology 2018; 129:47-57 54

examining an ultrasound-guided distal suprascapular nerve
block reported high failure rates and significantly greater
opioid consumption, when compared to an interscalene
block."" Conversely, our study adds to the sparse literature
demonstrating anterior suprascapular nerve block alone,
without a concomitant axillary nerve block, results in non-
inferior, lung-sparing analgesia when compared to an inter-
scalene nerve block.!>??

The innervation of the shoulder is complex,
recent advances in anatomical understanding report that the

2324 however
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posterior division of the upper trunk lies in close approxi-
mation to the suprascapular nerve.?>?¢ This finding is con-
trary to prior anatomic descriptions, assuming the anterior
division of the upper trunk was closest to the suprascapular
nerve. Clinically, these results suggest that local anesthetic
delivered via a single bolus or continuous catheter at the
anterior suprascapular, near its proximal origin along the
brachial plexus, is likely to spread to the posterior division of
the upper trunk. In turn, this posterior division eventually
gives rise to the axillary and subscapular nerves that also con-
tribute to shoulder innervation, making a separate axillary
nerve block redundant.?® This mechanism may explain the
comprehensive analgesic efficacy of the anterior approach
of suprascapular nerve block, without the addition of a sec-
ondary block of the axillary nerve. Although the methods
describe targeting the suprascapular nerve block after exiting
away from the brachial plexus, we reason part of the efhi-
cacy of this approach is due to some spread to other parts of
the brachial plexus. Indeed, motor and sensory evaluation at
the 60-min PACU assessment revealed some spread of local
anesthetic to the brachial plexus from the anterior suprascap-
ular nerve block itself (table 3 and fig. 4). Despite the needle
endpoint targeting the suprascapular nerve in isolation, the
resulting clinical block routinely includes a partial brachial
plexus block.

All assessments in the PACU reflect the pharmacody-
namics of the initial ropivacaine bolus. There is a wide range
of minimum effective anesthetic volumes of local anesthe-
sia for brachial plexus nerve blocks, but no reported mini-
mum effective anesthetic volumes for suprascapular nerve
blocks. The minimum effective anesthetic volumes of local
anesthetic ranges from 0.95 ml for interscalene nerve block
to 42ml for supraclavicular block.””*® Some of these prior
studies were performed with separate injections around the
brachial plexus, which further complicate the interpretation
of the findings. Additionally, some studies suggest that more
local anesthetic is associated with longer block duration
when compared to low volume injections.?** The study
methods used here—standardizing the local anesthetic to
a 15ml volume—allows for differences between blocks to
be interpreted as related to the injection location along the
brachial plexus, rather than a variation of local anesthetic
volume. Hence, this study used a bolus of 15 ml ropivacaine,
0.5% for all nerve block approaches—a clinically standard
dose that allows for both block success and evaluation of
adverse effects. One explanation for why the supraclavicular
group PACU pain scores did not meet the noninferiority cri-
terion, compared to the interscalene group, is that minimum
effective anesthetic volumes studies generally suggest that the
supraclavicular block requires a larger volume for block effi-
cacy compared to interscalene nerve block.?”?® Although not
a focus of this study, the cross-sectional surface area of the
supraclavicular brachial plexus region may also play a role
in the larger minimum effective anesthetic volumes require-
ments of this approach.?'** Additional study is required to
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evaluate analgesia and lung function for different local anes-
thetic volumes placed at these three block locations.

The lack of noninferiority of the supraclavicular brachial
plexus approach may also be attributed to the stringent
noninferiority margin of 1 on an 11-point numerical rat-
ing scale. A larger predetermined margin, or larger sample
size, may have led to a statistically significant result; often a
2-point difference on the numerical rating scale is considered
clinically significant. However, in comparison to high pain
scores, procedures with lower postoperative pain scores (e.g.,
procedures with nerve blocks) require much smaller changes
in numerical rating scale scores to achieve clinical relevance.
Although we standardized our study population to invasive
arthroscopic shoulder surgery, these procedures are generally
associated with relatively low postoperative pain scores in the
setting of brachial plexus blocks.® This means a small « priori
defined noninferiority pain margin (less than 1) was required
to demonstrate convincingly that pain was not meaningfully
worse in the comparison groups. Clinically significant mar-
gins of the entire pain spectrum have been determined in
previous investigations to be 9mm to 15mm on a 100-mm
visual analog scale.>*

There are several limitations to this study. First, out-
comes after the PACU assessments (secondary outcomes)
must take into account the use of a continuous infusion of
0.2% ropivacaine. During the initial nerve block preop-
eratively, the 15 ml local anesthetic was given per protocol,
and a continuous catheter was inserted with no infusion
started until after all PACU assessments 60 min after sur-
gery completion. The use of a continuous infusion means
we have no true pharmacodynamic data of block duration,
nor assessment of analgesic efficacy after PACU discharge
for a single injection block at these three brachial plexus
locations. However, a continuous nerve block was a require-
ment of our Institutional Review Board, as this is stan-
dard of care at our institution for outpatient arthroscopic
shoulder surgery. Despite this limitation, these data do
suggest efficacy of a continuous nerve block at all three
brachial plexus locations, as 24-h opioid use averaged sim-
ilar oxycodone equivalents. Nevertheless, these analgesic
similarities between groups at 24 h should be interpreted
with caution, as this effect may be from a combination of
both initial block and the continuous catheter infusion.
Second, this ultrasound-guided anterior suprascapular
approach in the supraclavicular fossa is a relatively novel
technique, differing from the more traditional approach
performed near the suprascapular notch on the superior
margin of the scapula. The results presented here should
not be extrapolated to other suprascapular nerve block
locations. Third, the preoperative baseline pain scores were
lowest in the suprascapular group, although not clinically
significant. However unlikely, this could have had an effect
on postoperative pain scores. Finally, significant variabil-
ity exists in the literature about clinical dosing of local
anesthetics for upper extremity nerve blocks. Any results
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presented here through the primary outcome evaluation
at 60 min after surgery reflect the pharmacodynamics of
a single injection of 15 ml ropivacaine, 0.5% at the three
block locations. Variations of volume or concentration of
local anesthetic may have varying effects on analgesia and
pulmonary function.

The clinical interpretation of this study primarily depends
upon individual patient factors and anticipated outcomes
when selecting the appropriate brachial plexus nerve block
(fig. 3). This study shows numerical rating scale pain scores
were noninferior when comparing an anterior suprascapu-
lar and interscalene nerve block. Symptomatic dyspnea did
not vary between groups at PACU or 24-h assessments,
however, subjects with preexisting lung dysfunction were
excluded from this study. Therefore, either the interscalene
or suprascapular is indicated when analgesia is the primary
goal, as differences in dyspnea were not identified in this
healthy patient population. Alternatively, if postoperative
lung preservation is a significant priority,’® then an ante-
rior suprascapular block should be the first to be consid-
ered. Respiratory function after the anterior suprascapular
approach was clinically, and statistically, superior when com-
pared to the interscalene cohort, which is consistent with the
findings of a prior study of these blocks in a total shoulder
arthroplasty population.!® If the anterior suprascapular is
unfamiliar, or cannot be visualized,' then a supraclavicu-
lar approach is a suitable analgesic alternative to potentially
lessen pulmonary side effects associated with an interscalene
brachial plexus block. Mean block performance times were
clinically similar although statistically different, with the
biggest difference in block execution being less than 1 min
when comparing interscalene to anterior suprascapular. This
suggests that performance time should not be a major con-
sideration when choosing a block location along the brachial
plexus for shoulder surgery.

In conclusion, this study demonstrates that analgesia
provided by an anterior suprascapular nerve block follow-
ing outpatient arthroscopic shoulder surgery is noninferior
to an interscalene nerve block, and best preserves pulmonary
function. Additionally, this study also supports the clinical
analgesic efficacy of the supraclavicular block, although sta-
tistical noninferiority to the interscalene nerve block was not

supported by the data.

Acknowledgments

The authors would like to acknowledge: Genna L. Saunders,
R.N., research nurse, Department of Anesthesiology, Virgin-
ia Mason Medical Center, Seattle, Washington, for assisting
with screening and data collection; and Joshuel A. Pahang,
B.S., research assistant, Department of Anesthesiology, Vir-
ginia Mason Medical Center, for assisting with randomiza-
tion, screening, and data collection.

Research Support

Support was provided solely from institutional and/or de-
partmental sources.

Anesthesiology 2018; 129:47-57

56

Supraclav Suprascap Interscalene Shoulder Surgery

Competing Interests

Dr. Auyong has previously received honoraria from FujiFilm
SonoSite (Bothell, Washington), research funding from
Fujifilm Sonosite, and honoraria from Halyard Health
(Alpharetta, Georgia), but nothing related in any way to the
research presented here. The other authors declare compet-
ing interests.

Reproducible Science

Full protocol available at: david.auyong@virginiamason.org.
Raw data available at: david.auyong@virginiamason.org.

Correspondence

Address correspondence to Dr. Auyong: Virginia Mason Med-
ical Center, 1100 Ninth Ave, MS: B2-AN, Seattle, Washington
98101. david.auyong@virginiamason.org. This article may be
accessed for personal use at no charge through the Journal
Web site, www.anesthesiology.org.

References

1. Liu SS, Gordon MA, Shaw PM, Wilfred S, Shetty T, Yadeau JT:
A prospective clinical registry of ultrasound-guided regional
anesthesia for ambulatory shoulder surgery. Anesth Analg
2010; 111:617-23

2. SHAW WM: Paralysis of the phrenic nerve during brachial
plexus anesthesia. ANESTHESIOLOGY 1949; 10:627

3. Urmey WEF, Talts KH, Sharrock NE: One hundred percent
incidence of hemidiaphragmatic paresis associated with
interscalene brachial plexus anesthesia as diagnosed by
ultrasonography. Anesth Analg 1991; 72:498-503

4. Urmey WF, McDonald M: Hemidiaphragmatic paresis during
interscalene brachial plexus block: Effects on pulmonary func-
tion and chest wall mechanics. Anesth Analg 1992; 74:352-7

5. Colvin AC, Egorova N, Harrison AK, Moskowitz A, Flatow EL:
National trends in rotator cuff repair. J Bone Joint Surg Am
2012; 94:227-33

6. Hussain N, Goldar G, Ragina N, Banfield L, Laffey ]G,
Abdallah FW: Suprascapular and interscalene nerve block
for shoulder surgery: A systematic review and meta-analysis.
ANESTHESIOLOGY 2017; 127:998-1013

7. Price DJ: The shoulder block: A new alternative to intersca-
lene brachial plexus blockade for the control of postopera-
tive shoulder pain. Anaesth Intensive Care 2007; 35:575-81

8. Riazi S, Carmichael N, Awad I, Holtby RM, McCartney CJ:
Effect of local anaesthetic volume (20 vs 5ml) on the efficacy
and respiratory consequences of ultrasound-guided intersca-
lene brachial plexus block. Br J Anaesth 2008; 101:549-56

9. Renes SH, Rettig HC, Gielen MJ, Wilder-Smith OH, van Geffen
GJ: Ultrasound-guided low-dose interscalene brachial plexus
block reduces the incidence of hemidiaphragmatic paresis.
Reg Anesth Pain Med 2009; 34:498-502

10. Verelst P, van Zundert A: Respiratory impact of analgesic strate-
gies for shoulder surgery. Reg Anesth Pain Med 2013; 38:50-3

11. Dhir S, Sondekoppam RV, Sharma R, Ganapathy S, Athwal
GS: A comparison of combined suprascapular and axillary
nerve blocks to interscalene nerve block for analgesia in
arthroscopic shoulder surgery: An equivalence study. Reg
Anesth Pain Med 2016; 41:564-71

12. Tran DQ, Elgueta MF, Aliste J, Finlayson RJ: Diaphragm-
sparing nerve blocks for shoulder surgery. Reg Anesth Pain
Med 2017; 42:32-8

13. Kim BG, Han JU, Song JH, Yang C, Lee BW, Baek JS: A com-
parison of ultrasound-guided interscalene and supraclavicu-

lar blocks for post-operative analgesia after shoulder surgery.
Acta Anaesthesiol Scand 2017; 61:427-35

Auyong et al.

#20Z UdJe|N 0Z uo 1senb Aq ypd'GL000-0 00208102/91098€E/ LY/ L/6T | /ipd-ajoie/ABojoisayisaue/ oo IleydlaA|is zese/:djy wouj papeojumoq

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:david.auyong@virginiamason.org
mailto:david.auyong@virginiamason.org
mailto:david.auyong@virginiamason.org
http://www.anesthesiology.org

PERIOPERATIVE MEDICINE

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Siegenthaler A, Moriggl B, Mlekusch S, Schliessbach J, Haug
M, Curatolo M, Eichenberger U: Ultrasound-guided supra-
scapular nerve block, description of a novel supraclavicular
approach. Reg Anesth Pain Med 2012; 37:325-8

Auyong DB, Yuan SC, Choi DS, Pahang JA, Slee AE, Hanson
NA: A double-blind randomized comparison of continuous
interscalene, supraclavicular, and suprascapular blocks for total
shoulder arthroplasty. Reg Anesth Pain Med 2017; 42:302-9
Lee MW, McPhee RW, Stringer MD: An evidence-based
approach to human dermatomes. Clin Anat 2008; 21:363-73
Grant SA, Auyong DB: Ultrasound Guided Regional
Anesthesia: 2" edition. New York, NY: Oxford University
Press, 20106, pp 43-75

Auyong DB, Cantor DA, Green C, Hanson NA: The effect of
fixation technique on continuous interscalene nerve block
catheter success: A randomized, double-blind trial. Anesth
Analg 2017; 124:959-65

White PF, Song D: New criteria for fast-tracking after outpa-
tient anesthesia: A comparison with the modified Aldrete’s
scoring system. Anesth Analg 1999; 88:1069-72

Bijur PE, Chang AK, Esses D, Gallagher EJ: Identifying the
minimum clinically significant difference in acute pain in the
elderly. Ann Emerg Med 2010; 56:517-21

Bird SB, Dickson EW: Clinically significant changes in
pain along the visual analog scale. Ann Emerg Med 2001;
38:639-43

Wiegel M, Moriggl B, Schwarzkopf P, Petroff D, Reske AW:
Anterjor suprascapular nerve block versus interscalene bra-
chial plexus block for shoulder surgery in the outpatient set-
ting: A randomized controlled patient- and assessor-blinded
trial. Reg Anesth Pain Med 2017; 42:310-8

Aszmann OC, Dellon AL, Birely BT, McFarland EG:
Innervation of the human shoulder joint and its implications
for surgery. Clin Orthop Relat Res 1996; 330:202-7

Auyong DB, Yuan SC: Virtual cadaver laboratory-anatomy
pearls in regional anesthesia to improve clinical success.
Refresher Courses in Anesthesiology 2015; 43:27-33

Arad E, Li Z, Sitzman TJ, Agur AM, Clarke HM: Anatomic
sites of origin of the suprascapular and lateral pectoral
nerves within the brachial plexus. Plast Reconstr Surg 2014;
133:367-76

Anesthesiology 2018; 129:47-57

57

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

Hanna A: The SPA arrangement of the branches of the upper
trunk of the brachial plexus: A correction of a longstanding
misconception and a new diagram of the brachial plexus. J
Neurosurg 2016; 125:350-4

Falcao LF, Perez MV, de Castro 1, Yamashita AM, Tardelli MA,
Amaral JL: Minimum effective volume of 0.5% bupivacaine
with epinephrine in ultrasound-guided interscalene brachial
plexus block. Br J Anaesth 2013; 110:450-5

Duggan E, El Beheiry H, Perlas A, Lupu M, Nuica A, Chan
VW, Brull R: Minimum effective volume of local anesthetic
for ultrasound-guided supraclavicular brachial plexus block.
Reg Anesth Pain Med 2009; 34:215-8

Schoenmakers KP, Wegener JT, Stienstra R: Effect of local
anesthetic volume (15 vs 40mL) on the duration of ultra-
sound-guided single shot axillary brachial plexus block: A
prospective randomized, observer-blinded trial. Reg Anesth
Pain Med 2012; 37:242-7

Fenten MG, Schoenmakers KP, Heesterbeek PJ, Scheffer GJ,
Stienstra R: Effect of local anesthetic concentration, dose and
volume on the duration of single-injection ultrasound-guided
axillary brachial plexus block with mepivacaine: A random-
ized controlled trial. BMC Anesthesiol 2015; 15:130

Haun DW, Cho JC, Clark TB, Kettner NW: Normative cross-sec-
tional area of the brachial plexus and subclavian artery using
ultrasonography. ] Manipulative Physiol Ther 2009; 32:564-70
Pavi¢ié¢ Sari¢ J, Vidjak V, Tomuli¢ K, Zenko J: Effects of age
on minimum effective volume of local anesthetic for ultra-
sound-guided supraclavicular brachial plexus block. Acta
Anaesthesiol Scand 2013; 57:761-6

Todd KH, Funk KG, Funk JP, Bonacci R: Clinical significance
of reported changes in pain severity. Ann Emerg Med 1996;
27:485-9

Kelly AM: Does the clinically significant difference in visual
analog scale pain scores vary with gender, age, or cause of
pain? Acad Emerg Med 1998; 5:1086-90

Gallagher EJ, Liebman M, Bijur PE: Prospective validation of
clinically important changes in pain severity measured on a
visual analog scale. Ann Emerg Med 2001; 38:633-8

Melton MS, Monroe HE, Qi W, Lewis SL, Nielsen KC, Klein
SM: Effect of interscalene brachial plexus block on the pul-
monary function of obese patients: A prospective, observa-
tional cohort study. Anesth Analg 2017; 125:313-9

Auyong et al.

#20Z UdJe|N 0Z uo 1senb Aq ypd'GL000-0 00208102/91098€E/ LY/ L/6T | /ipd-ajoie/ABojoisayisaue/ oo IleydlaA|is zese/:djy wouj papeojumoq

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



