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ABSTRACT

Objective: This prospective, randomized study aimed to compare anterior suprascapular nerve block versus interscalene block in terms
of diaphragm paralysis in arthroscopic shoulder surgery.

Methods: Fifty-two patients undergoing shoulder arthroscopy surgery were prospectively randomly assigned to interscalene block
(n=25) or anterior suprascapular nerve block groups (n=27) (each group receiving 5 mL, 0.5% bupivacaine). The ipsilateral diaphrag-
matic excursion was assessed in all patients using ultrasound imaging before (baseline), 30 minutes, and 24 hours after block completion.
Pain scores were recorded 1 hour preoperative, 30-60 minutes in the postoperative recovery unit, and at 6 and 24 hours postoperatively.

Results: No complete paralysis was observed in either treatment group. The incidence of a partial decrease in diaphragm movements was
significantly lower in the anterior suprascapular nerve block than in the interscalene block group (1 vs. 21 patients) (P < .01). Twenty-six
patients in the anterior suprascapular nerve block and 4 in the interscalene block group had less than a 25% decrease in hemidiaphrag-
matic movements, 30 minutes after the blockade. Pain scores were similar in the 2 groups. However, mean pain scores at 24 hours post-
operatively were significantly higher in the interscalene block than in the anterior suprascapular nerve block group (P < .05). Time to first
pain post-block was significantly longer in the anterior suprascapular nerve block compared to the interscalene block group (677.04 +
52.17 minutes vs. 479.2 + 99.74 minutes, P < .05).

Conclusion: Anterior suprascapular nerve block and interscalene block both appear to be clinically effective in providing postoperative
analgesia for patients undergoing arthroscopic shoulder surgery under general anesthesia. However, the time to first pain is significantly
longer with anterior suprascapular nerve block. Pain scores at 24 hours postoperatively were significantly lower in the anterior supra-
scapular nerve block compared to the interscalene block group. Diaphragmatic movements after anterior suprascapular nerve block were
also better preserved at both 30 minutes after the block and 24 hours after surgery.

Level of Evidence: Level 1, Therapeutic Study

Introduction Diaphragmatic and pulmonary functions seem to be
well preserved with ASSB, although this still needs

The interscalene brachial plexus block (ISB) remains  to be confirmed. Cadaver studies have demonstrated

the gold standard for analgesia after shoulder surgery.’
Prior to the more common use of ultrasound (US),
diaphragmatic paresis appeared to be an inevitable
consequence of the ISB.* Symptomatic dyspnea from
hemidiaphragmatic paralysis (HDP) is a challenging
condition, especially for respiratory-compromised
patients. Dosage studies have shown that as little as
5 mL of local anesthetic (LA) may be sufficient for
successful ISB.** Another method of avoiding HDP
is by increasing the distance between the LA and the
phrenic nerve. Different block approaches that pro-
vide similarly efficient postoperative analgesia to that
of ISB without causing HDP have been tested.®

The anterior suprascapular nerve block (ASSB) seems
to be clinically promising in the context of arthroscopic
shoulder surgeries, with no proven inferiority to ISB.®

a 21% rate of phrenic nerve involvement with ASSB
but failed to demonstrate a statistically significant
difference and recommended that clinical trials be
performed.”

In addition to effective pain relief of the blocks in the
early postoperative period, peripheral nerve catheter
techniques are used to prolong analgesia. While initial
injection technique could initially spare phrenic
nerve, because of the LA accumulation, HDP may
occur with time.® The method that will not affect the
phrenic nerve at all and at the same time provide an
effective analgesia is still under investigation.

The aim of the present study was to compare the ISB
and ASSB in terms of diaphragm paralysis in shoulder
arthroscopy operations.
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Materials and Methods

This study was approved by the Kog¢ University Committee on
Human Research Ethics Committee (2020.010.IRB1.001), registered
at clinicaltrials.gov (NCT04626869), and conducted from December
2020 to April 2021. The procedures were conducted in accordance
with the Helsinki Declaration 2013. Fifty-four patients aged 18-70,
patients with physical status I-III according to American Society of
Anesthesiologists (ASA) and undergoing elective arthroscopic shoul-
der surgery under general anesthesia were included in the study.
Exclusion criteria were body mass index (BMI) > 35 kg/m? or the
presence of pre-existing (obstructive or restrictive) pulmonary dis-
ease, pregnancy, allergy to LA, chronic pain condition requiring
the use of opioids at home, or infection at the injection site. Written
informed consent was obtained from all participants.

Patients were randomly divided into 2 groups using a computer-gen-
erated sequence of random numbers.

General anesthesia

Following standard monitoring (electrocardiogram (ECG), pulse
oximetry, and Non-invasive blood pressure (NIBP)), general anes-
thesia was induced using intravenous (IV) propofol (1-3 mg/kg) and
fentanyl (1 mcg/kg). Tracheal intubation was performed following IV
rocuronium administration (0.6 mg/kg). Anesthesia was maintained
with desflurane in an air-oxygen mixture. A continuous infusion of
remifentanil (0.05 to 0.2 pg/kg/min) was used as required to maintain
heart rate and mean blood pressure within 20% of pre-induction val-
ues. Anesthesia depth was monitored using a bispectral index (BIS)
monitor, the desflurane level being adjusted to provide BIS values
between 40 and 60. Invasive monitoring was performed through the
radial artery cannula for blood pressure monitoring. Four milligrams
of dexamethasone and 50 mg ranitidine were administered IV to all
patients, who also received 800 mg ibuprofen and 1 g paracetamol IV
as part of multimodal analgesia. Ondansetron 4 mg IV was adminis-
tered to prevent postoperative nausea and vomiting. All patients were
operated by the same surgeon.

Postoperative pain was measured using a numerical rating scale
(NRS), on which current pain is indicated as 0 points for no pain
and 10 points for the worst imaginable pain. Preoperative pain scores
were also recorded. Pain scores were recorded on 1 hour preopera-
tive, after 30 and 60 minutes at the postoperative recovery unit, and
at 6 and 24 hours postoperatively on the ward. Times to the first anal-
gesic requirement after surgery were also recorded.

Nerve block procedure

All patients were sedated with IV midazolam (1-2 mg) following stan-
dard ASA monitoring and oxygen administration by nasal cannula
during nerve blocks.

HIGHLIGHTS

Hemidiaphragmatic paralysis (HDP) is a challenging condition after the
interscalene brachial plexus block, especially for respiratory compromised
patients. This study aimed to compare the interscalene brachial plexus block
(ISB) and anterior suprascapular nerve block (ASSB) in terms of diaphragm
paralysis in shoulder arthroscopy.

The results show that the ASSB, even with a low volume of local anesthetic
drug, seems to be effective in providing postoperative analgesia for patients
undergoing arthroscopic shoulder surgery with less HDP.

The results from this study indicate that ASSB is an effective and safe alterna-
tive to ISB for arthroscopic shoulder surgery.

Patients in the ASSB group were placed in a semi-sitting position with
their heads facing the contralateral side. A pre-scan was performed
with a linear US probe (GE Logic P9 7-15 MHz, Korea). The US probe
was placed over the suprascapular region in a coronal oblique man-
ner. The suprascapular nerve immediately beneath the omohyoid
muscle belly was identified. The suprascapular nerve block was per-
formed using an in-plane approach with a needle through the cath-
eter (Contiplex C, B. Braun, Melsungen, Germany) and injection of
5 mL of 0.5% bupivacaine (Figure 1A).

The patients in the ISB group were placed in a semi-sitting posi-
tion with their heads facing the contralateral side. A pre-scan was
performed with a linear US probe (GE Logic P9 7-15 MHz). The
block was performed using an in-plane approach. The block needle
(Contiplex G, B. Braun) was advanced in a lateral-to-medial direction.
Bupivacaine 5 mL was injected once the needle tip was in close prox-
imity to the brachial plexus at the level of C5 and C6 nerve roots
(Figure 1B).

The catheter system used involved a needle inserted through the
catheter. The tip of the catheter was located at the site of the LA injec-
tion adjacent to the nerve structures, at the level of the C5 and C6
nerve roots in the ISB group and next to the suprascapular nerve in
the ASSB group. Following both blocks, the catheters were covered
in the same way using padded film dressings. In order to eliminate
performance bias, all blocks were performed by the same experi-
enced regional anesthesiologist. Diaphragm functions were evalu-
ated by another anesthesiologist. The anesthesiologist who evaluated
diaphragm functions and the pain nurses who recorded NRS scores
in the postoperative period were blinded to the regional anesthesia
technique employed.

MEDIAL

MEDIAL

Figure 1. A-B. (A) Sonogram of the suprascapular area. (B) Sonogram of the
interscalene area. The needle approach is from the lateral aspect through the
middle scalene muscle. ASM, anterior scalene muscle; ASSN, anterior
suprascapular nerve; BP, brachial plexus; IJV, internal jugular vein; MSM, middle
scalene muscle; OM, omohyoid muscle; SA, subclavian artery; SCM,
sternocleidomastoid muscle.
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Evaluation of diaphragm movement and respiratory function
Ipsilateral diaphragmatic excursion was assessed in all patients using
US imaging before (baseline) and 30 minutes after block completion
by a single anesthesiologist experienced in evaluating diaphragmatic
motion using M-mode.® Diaphragmatic movement was evaluated at
the subcostal border with patients in a semi-sitting position. M-mode
ultrasonography (GE Logqic P9) and a 2-5 MHz convex transducer
were used. The US probe was placed between the mid-clavicular
line and the anterior axillary line by directing it vertically and
slightly cranially. The liver and spleen acted as an acoustic window.
Diaphragm movement was measured in centimeters during quiet and
deep breathing. The decrease in diaphragm motion was calculated as
the percentage difference in diaphragm motion measured before and
30 minutes after the block. Each test was performed in triplicate, and
the mean values were recorded. The severity of hemidiaphragmatic
paresis was measured by the decrease in diaphragmatic excursion
(calculated as a percentage difference) between baseline and 30 min-
utes after block completion. The values were classified as the com-
plete, partial, or absence of hemidiaphragmatic paresis. A decrease
in diaphragm movement between 75% and 100% was defined as com-
plete paresis, a decrease between 25% and 75% as partial paresis,
and a decrease less than 25% as no paresis.”” In order to investigate
the effect of continuous LA drug administration on diaphragm move-
ment via nerve catheter, the same procedure was repeated 24 hours
after surgery.

Postoperative recovery unit monitoring

All patients’ pain scores were recorded on arrival at the postoperative
recovery unit and after 30 and 60 minutes by pain nurses blinded
to the group allocations. Patients with NRS scores of 4-6 received
25 mcg fentanyl IV, and those with scores of >6 received 50 mcg fen-
tanyl IV. Total fentanyl doses administered in the postoperative recov-
ery unit and side effects such as breathing difficulties were recorded.
Patient-controlled analgesia (PCA) with LA delivered by the nerve
catheter was initiated in the recovery room. The PCA device was
programmed to deliver a continuous infusion of 4 mL of 0.2% bupi-
vacaine and a bolus dose of 6 mL on demand with a 20-minute lock-
out time.

Surgical ward follow-up

The same multimodal analgesia regimen was applied to all patients
in the form of IV paracetamol 3 X 1 g, ibuprofen 2 x 400 mg and oral
pregabalin 1 X 75 mg. In the case of patients with NRS of 4 or above,
1 mg/kg IV tramadol was planned as a rescue analgesic. Potential
side effects that may develop due to the brachial plexus block
(Horner’s syndrome, hoarseness, difficulty swallowing, and short-
ness of breathing) were also recorded.

Sample size calculation

Based on a pilot study performed with 10 patients per group, the dif-
ference between change percentages was 12% (with standard devia-
tions of 20 and 20). Assuming a type I error (a) of 0.05 and power
(1 — P) of 80%, the sample size for each group was calculated at a min-
imum of 24 members per group. To increase the power of the study
and compensate for patient dropouts during surgery, we included
27 patients per group. Sample size calculation was performed using
MedCalc Statistical Software version 19.1 (MedCalc Software bv,
Ostend, Belgium; https://www.medcalc.org; 2019).

Statistical analysis
Statistical analysis was performed on IBM Statistical Package for
the Social Sciences Statistics for Windows, Version 26.0 software

(IBM Corp., Armonk, NY, USA). The normality of the distribution of
continuous variables was investigated using the Shapiro-Wilk test.
Descriptive statistics are presented as mean plus standard deviation
for normally distributed variables and median (minimum-maximum)
for non-normally distributed variables. Non-parametric statistical
methods were employed for values with skewed distribution. The
Mann-Whitney U-test was used to compare 2 non-normally distrib-
uted groups. The »* test was applied for categorical variables, and the
results were expressed as observation counts (and percentages). Two-
sided P values lower than .05 were regarded as significant.

Results

Fifty-four patients were randomly assigned to 1 or other of the
2 treatment groups. Fifty-two patients completed the study and were
included in the final analysis (ISB=25, ASSB=27) (Figure 2). The
cohorts were well balanced with no statistically significant differ-
ences in demographic data or preoperative measurements except for
BMI values (Table 1).

Diaphragm movements differed significantly between the 2 groups
compared to the control value (Table 2). No complete paralysis was
observedin either treatment group. The incidence of a partial decrease

EN LLMENT

Assessed for eligibility
(n=54)
Randomized
(n=54)
Allocated to Allocated to
interscalene block Allocation anterior suprascapular block
(n=27) (n=27)
Analyzed (n=25) Analyzed (n=27)

2 patients lost to follow up No lost to follow up

Figure 2. Consolidated standards of reporting trials statement flow diagram.

Table 1. Demographic data, preoperative assessments, and surgical data

Interscalene block Anterior suprascapular
group (n=25) block group (n=27) P

Age, years 56.50 + 9.6 52.56 + 10.8 215
Sex, male/female 10/15 12/15 .785
Weight, kg 78.8 +12.3 74.1+21.2 .097
Height, cm 168.7 + 8.8 171.8 + 10.3 .135
Body mass index, kg/m?* 27 +£3.6 242+5 .031
ASA status, I/II/I1I 12/8/5 14/11/2 1399
Preoperative baseline pain 2.4+24 1.7 +2.0 479
(NRS) at rest

Duration of surgery, minutes 75+ 18 73 +12 .238
Duration of anesthesia, 113 £ 19 112 £ 13 .547
minutes

Type of surgery

Rotator cuff repair 14 (56%) 14 (52%)

Calcific deposit debridement 9 (36%) 5(19%)

Bankart repair 1(4%) 2 (7%)

Global capsular release 1(4%) 6(22%)

Values are shown as mean + SD, median [interquartile range|, or number (%).
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Table 2. Diaphragm movements compared to the control value 30 minutes after
block completion and at postoperative 24 hours (numbers of patients)

Interscalene block Anterior suprascapular

group (n=25) block group (n=27) P
Complete/partial/ Complete/partial/
absent absent
30 minutes after block 0/21/4 0/1/26 <.001
Postoperative 24 hours 0/7/18 0/1/26 <.001

in diaphragm movements was significantly lower in the ASSB group
than in the ISB group (1 vs. 21 patients). Hemidiaphragmatic pare-
sis at 30 minutes after the blockade was absent in 26 patients in the
ASSB group and 4 in the ISB group (Figure 3). Diaphragm move-
ments were still well preserved at a 24-hour examination in the ASSB
group compared to the ISB group (Table 2).

Pain scores at preoperative assessment, in the PACU (on arrival and at
30 and 60 minutes), and at 6 hours postoperatively were similar in the
2 groups. However, mean pain scores at 24 hours postoperatively were
significantly higher in the ISB group than in the ASSB group (Figure 4).
Time to first pain post-block was significantly longer in the ASSB group

compared to the ISB group (677.04 + 52.17 minutes vs. 479.2 + 99.74
minutes, respectively, P < .05). The amounts of LA delivered with the
PCA device in the first 24 hours were similar (104.19 + 37.12 in the
ASSB group and 113.92 + 34.88 in the ISB group). Postoperative fen-
tanyl requirements in the PACU were similar in the 2 groups. None of
the patients in the surgery ward required rescue tramadol.

None of the patients in the treatment group developed symptomatic
dyspnea. A statistically significant difference was observed only in
the incidence of Horner syndrome in the ISB group compared to the
ASSB group (5 vs. 2 patients). No other significant adverse events
occurred in either group.

Discussion

This study demonstrates ASSB is a clinically effective option for pain
management for arthroscopic shoulder surgeries when compared
with ISB even with low LA drug volumes (5 mL). Not only that but
more ASSB better preserves diaphragm movements. The time to first
pain onset is also significantly longer with ASSB compared to ISB.

The Severity of Hemidiagraphmatic Paresis According to Groups

(%)

100

920 p<0.001
81

0 C
I1SB
m Absent (0%-25%)

w Partial (25%-75%)

96

4
0
I
ASSB
w Complete (75%-100%)

Figure 3. The severity of hemidiaphragmatic paresis in the two groups 30 min after the blockade.

Average NRS over time

3,5

2,5

N

0 —
PACU-30min

Pre-op PACU-Omin

*

PO-6h PO-24h

PACU-60min

mISB mASSB

Figure 4. Average pain scores over time. *P < .05.
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Diaphragmatic paresis appears to be an inevitable consequence of
ISB with a high volume of LA, while symptomatic dyspnea deriv-
ing from HDP is a challenging condition, especially for respiratory-
compromised patients.” The phrenic nerve lies close (1.8-2.0 mm) to
the C5 nerve root at the level of the cricoid cartilage. The distance
from the brachial plexus increases as the phrenic nerve proceeds
more medially into the root of the neck." More distal and lateral
nerve block techniques have been tried in order to avoid HDP. The
supraclavicular brachial plexus block with the “corner pocket” tech-
nique effectively reduced HDP in 1 study, although HDP was still
present in 28% of patients.** The superior trunk block also provided
favorable results in terms of preserving diaphragmatic and respira-
tory functions.” The superior trunk block with 15 mL LA causes less
HDP, with only 23.7% of patients exhibiting no evidence of paresis
as defined by a lower than 25% decrease in diaphragmatic excursion.
One cadaver study reported that ASSB with 5 mL of a mixture con-
taining methylene blue resulted in retrograde staining of parts of the
brachial plexus and of the phrenic nerve in 20% of cases.'* Cadaver
studies have their limitations and staining of a nerve does not always
correlate with clinical findings. Our results show that diaphragmatic
functions were preserved in 96% (26/27) of patients in the ASSB
group but in only 8% (4/25) of those in the ISB group when a low
volume of LA (5 mL) was used.

The optimal doses of LA for regional anesthesia in shoulder arthros-
copies in the literature vary considerably. Both Gautier et al* and
Riazi et al* described 5 mL of LA as clinically effective. However,
10-15 mL is generally used in standard practice.” The principal rea-
son for this is fear of a clinically significant decrease in the duration
and potency of perioperative analgesia.’® A recent cadaveric study
reported that just 4.2 mL dye is sufficient to stain the suprascapu-
lar nerve while sparing the phrenic nerve.'” There may therefore be
a significant risk of block failure in less experienced hands. If the
purpose is only postoperative analgesia, and not surgical anesthesia,
then our results show, in agreement with the previous literature, that
a low volume of LA is sufficient and has an acceptable safety profile.

The critical time in arthroscopic shoulder surgery patients is when
the effect of the block wears off. Dexamethasone has been shown
to be effective in enhancing the effect and prolonging the duration
of analgesia.’® We, therefore, administered dexamethasone to both
patient groups. The mean time to first pain in the ASSB was 12 hours,
significantly longer than in the ISB group, at 7 hours. Continuous
nerve catheters are used to prolong the duration of analgesia and
facilitate rehabilitation after shoulder arthroscopies. Another ques-
tion that has not been fully answered is whether HDP may occur
with continuous blockade due to LA accumulation.® Diaphragm
movements at 24 hours postoperatively indicated that there was still
a 15% decrease with ISB, compared to 4% in the ASSB group. No
patients in either group reported breathing difficulties during fol-
low-up. Examination of pain scores at 24 hours showed that despite
decreases in both groups, NRS scores were significantly lower in the
ASSB group. Our results show that the anterior suprascapular nerve
catheter is more effective for 24-hour postoperative pain control and
that it preserves diaphragmatic movements better even with continu-
ous LA administration via catheter.

The innervation of the shoulder is complex. Sensory innervation
is from the axillary, lateral pectoral, subscapular, and suprascapular
nerves. The suprascapular nerve branches out from the upper trunk,
and the first 3 nerves originate from the lateral and posterior cords

of the brachial plexus.*® A previous cadaver study showed that the
posterior division of the upper trunk lies in close approximation to
the suprascapular nerve.* Local anesthetic delivered to the anterior
suprascapular nerve is likely to spread to the posterior division of the
upper trunk. The posterior division eventually gives rise to the axil-
lary and subscapular nerves that also contribute to shoulder inner-
vation. This mechanism may explain the comprehensive analgesic
efficacy of the anterior approach of the suprascapular nerve block.?
An additional factor that may impact analgesic efficacy is that the
sensory branches of the suprascapular nerve are more common and
numerous than previously described, particularly in terms of the
acromial structures.” Performing an ASSB may provide more com-
plete analgesia compared to posterior ASSB.

There are a number of limitations to this study. First, although
not clinically significant, preoperative baseline pain scores in the
suprascapular group were lower than in the interscalene group.
The second limitation is that all blocks were performed by the
same experienced anesthesiologist. Although this reduces perfor-
mance bias and enhances study validity, it may nevertheless limit
the generalizability of the study findings. Although the number of
cuff repairs is the same in both groups, the other types of elective
surgeries seem to be different between groups, which may influence
postoperative pain. The study could be more powerful if all surger-
ies would be cuff repairs. Although same for both groups, there are
different medications used after the procedures for analgesia which
makes it difficult to evaluate the nominative effects of block meth-
ods. Body mass index was also significantly higher in the ISB group.
High BMI index patients are clearly prone to complications and
are difficult to perform. We did not see any complications or failed
blocks difference between groups. Finally, more detailed respira-
tory functions like tidal volume and forced vital capacity were not
evaluated.

The search for a diaphragm-sparing nerve block for shoulder surgery
is still continuing. Even a minimal risk of HDP may be potentially
threatening, particularly in the case of patients with pre-existing pul-
monary compromise. Studies have stated that the target endpoint for
HDP should be 0%." Although the level of phrenic nerve involvement
after ASSB with 5 mL of LA is not zero, this nevertheless appears to
be a promising clinical result.

In conclusion, both the ASSB and ISB appear to be clinically effec-
tive in providing postoperative analgesia for patients undergoing
arthroscopic shoulder surgery under general anesthesia. Moreover,
the time to first pain is significantly longer with ASSB. Pain scores at
24 hours postoperatively were significantly lower in the ASSB group
compared to the ISB group. Diaphragmatic movements after ASSB
were also better preserved at both 30 minutes after the block and
24 hours after surgery.
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