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Peripheral nerve blocks are an increasingly common method of providing postoperative analgesia for shoulder surgeries.
However, the standard technique, the interscalene block (ISB), inevitably causes hemidiaphragmatic paresis (HDP), secondary to
phrenic nerve palsy. This can cause morbidity in patients with preexisting respiratory compromise, prompting investigation into
alternative “phrenic-sparing” nerve blocks. The aim of this review was to give an overview of these blocks and critically evaluate
the current literature to determine if any are suitable replacements for ISB. The incidence of HDP and analgesic efficacy were
considered. We queried four electronic databases and one register. Twenty-eight original articles were selected for review. The use
of ultrasound guidance, lower volumes of local anaesthetic (LA), and injection 4 mm outside the brachial plexus fascia reduced
HDP incidence for the ISB; however, no single modification did so sufficiently. While the anterior suprascapular nerve block
(SSNB) showed comparable analgesic effects to the ISB, HDP prevalence was also high. The posterior SSNB produced consistently
low HDP incidences but also inferior analgesia to ISB, except when combined with an infraclavicular brachial plexus block. The
superior trunk block (STB) provided equivalent analgesia to the ISB while reducing HDP incidence, but not significantly. Lower
LA volumes consistently led to lower HDP incidence across all blocks, likely due to a reduced ability to spread to the phrenic nerve.
Further investigation into the minimum effective volumes of the extrafascial ISB, anterior SSNB, STB, and combined posterior
SSNB with infraclavicular block is warranted to determine if any of these blocks can successfully balance HDP prevention with
analgesic efficacy.

1. Introduction

1.1. Background. Shoulder surgery encompasses a variety of
procedures, both arthroscopic and open, including rotator
cuff repairs, adhesiolysis, and total shoulder replacement [1].
Most procedures are now performed within the ambulatory
setting, allowing for a more efficient and cost-effective
process by reducing the number of in-patient procedures
[2]. However, a challenging aspect of this system is post-
operative pain, with an estimated 45% of patients experi-
encing severe pain following shoulder arthroscopy alone
[3, 4]. It is essential that this pain is well controlled prior to
discharge to allow for successful rehabilitation and prevent
readmission [2]. Indeed, one study [5] attributed pain to

12% of readmissions following ambulatory procedures in
nine different surgical specialties.

Regional anaesthesia has become an increasingly com-
mon method used to control this pain, either as the primary
anaesthetic or as an adjunct to general anaesthesia (GA) [6].
Compared to GA alone, regional anaesthesia has shown to
increase patient satisfaction while achieving similar pain
scores [7, 8]. In addition, the introduction of these pe-
ripheral nerve blocks has reduced postoperative opioid
consumption and, consequently, opioid-related side effects
such as nausea and respiratory depression [9, 10].

The interscalene block (ISB) has become the “gold
standard” regional anaesthesia technique for shoulder sur-
gery [6, 11]. However, phrenic nerve (PN) palsy and
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subsequent hemidiaphragmatic paresis (HDP) are an in-
evitable side effect of this block, removing it as an option for
those surgical patients with a history of respiratory com-
promise, including chronic obstructive pulmonary disease
(COPD), bronchial asthma, and COVID-19 [6, 12]. Ironi-
cally, this is the patient population which would most benefit
from the avoidance of opioid-induced respiratory de-
pression that regional anaesthesia allows [11]. As such, there
has been growing interest in alternative, “phrenic-sparing”
nerve blocks which could provide comparable shoulder
analgesia to ISB while reducing incidences of PN palsy [6].

1.2. Aims. The aim of this review is to determine if any
“phrenic-sparing” technique can produce equivalent anal-
gesia to ISB while sparing the PN. This would help to as-
certain the optimal regional anaesthesia technique for
patients with respiratory compromise.

1.3. Innervation of the Shoulder. To successfully manage
intra- and postoperative pain, nerves supplying the peri-
osteum, articular surfaces, synovium, capsule, ligaments,
and skin of the glenohumeral joint (GHJ) must be
blocked [13].

Skin in this area receives cutaneous innervation from the
axillary nerve and suprascapular nerve (SSN), branches of
the brachial plexus (BP), alongside the supraclavicular
nerves of the cervical plexus (which are blocked separately
without impacting the PN). Osteological components of the
joint also receive innervation from the axillary nerve and
SSN, in conjunction with the musculocutaneous, long
thoracic, and lateral pectoral nerves [14].

Sensory innervation of the joint capsule and ligaments
can vary amongst individuals, although the SSN and axillary
nerve tend to supply the majority of these structures, with
the former thought to provide up to 70% of innervation to
this area [15]. More minor contributions to the anterior
capsule are made by the lateral pectoral nerve and mus-
culocutaneous nerve, although the latter may provide no
innervation to the capsule in some individuals [16]. The
lower subscapular nerve provides sensation to parts of the
medial aspect of the capsule [17, 18]. As such, Borgeat [7]
posits that it is essential to block the SSN and axillary nerve
as a minimum for arthroscopic shoulder surgery as they
provide the vast majority of sensation to the area.

1.4. The Phrenic Nerve. The phrenic nerve (PN) is a pe-
ripheral nerve which contains fibres from the third to fifth
cervical spinal nerves’ anterior rami. Fibres of these three
rami converge to form the nerve at the superolateral border
of the scalenus anterior, where it then descends obliquely
along the muscle’s anterior surface, deep to the prevertebral
fascia, as shown in Figure 1. The PN forms close to the roots
of the BP, emerging between the anterior and middle
scalene muscles, with only a thin fascia separating them
[20, 21]. However, as the nerve travels caudally, the distance
between it and the BP increases. Initially, the PN and BP are
approximately 2mm apart at the level of the cricoid
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FIGURE 1: Schematic depicting the anatomical relationship of the
left PN and BP, as well as the typical sites of injection for the ISB
and phrenic-sparing blocks. PN, phrenic nerve; ISB, interscalene
block site (blue rectangle); AS, anterior scalene; MS, middle scalene;
SSN, suprascapular nerve; SA, subclavian artery; ST, superior
trunk; STB, superior trunk block injection site (green rectangle);
SUTB, subparaneural superior trunk block site (white rectangle);
aSSNB, anterior suprascapular nerve block site (orange rectangle).
Adapted from Zhang et al. [19].

cartilage (C6), before diverging by about 3 mm for every
1 cm that the PN descends within the neck [22]. The PN
passes between the subclavian vessels in the root of the neck
before entering the thorax via the thoracic inlet [11, 14].
Each PN then courses between the ipsilateral pleura and the
fibrous pericardium, providing sensory innervation to
both, along with the central diaphragm. They also provide
the sole motor innervation to the diaphragm, with each PN
innervating the ipsilateral hemidiaphragm
independently [23].

1.5. Hemidiaphragmatic Paresis. As a result of being the only
source of motor innervation to each hemidiaphragm, PN
palsy can result in ipsilateral HDP [24]. The most relevant
cause of this paresis is inadvertent PN blockade as a result of
local anaesthetic (LA) spread from BP nerve blocks; the drug
can spread anteriorly to reach the PN itself or proximally to
block the C3-5 nerve roots [9].

In quiet inspiration, around 75% of tidal volume is
a result of diaphragmatic movement [25]. Despite this,
healthy adults with unilateral HDP are typically asymp-
tomatic due to compensation by the contralateral hemi-
diaphragm [26, 27]. In contrast, those with comorbidities,
most notably obesity and respiratory disease, can become
dyspnoeic and require either noninvasive or invasive ven-
tilation [28]. Phrenic nerve palsy can be diagnosed, and its
severity measured, using several techniques. As mentioned,
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dyspnoea is the primary symptom of HDP, but it is neither
sensitive nor specific for diagnosis [16].

Pulmonary function tests (PFTs) can be compared to
preoperative baselines or predicted values to detect and
quantify HDP [27]. This method measures forced expi-
ratory volume in one second (FEV;) and forced vital
capacity (FVC), each of which has been shown to decrease
by over 25% as a result of unilateral PN palsy [29, 30].
However, PFTs give an indication of pulmonary function
as a whole rather than the specific side that PN palsy is
suspected [14].

Diaphragmatic ultrasound (US) has become widely used
in detecting abnormal postoperative diaphragm movements
due to its high sensitivity and specificity, coupled with the
brief time it takes to perform and its noninvasive nature
[31, 32]. Additionally, it can be used to quantify the degree of
HDP and classify it as complete or partial by comparing it to
a preoperative baseline diaphragmatic excursion [27].

In recent years, there have been various attempts to
prevent HDP in those receiving regional anaesthesia of the
shoulder, from modifications of the standard ISB to the
development of more distal blocks, such as superior trunk
block (STB) and suprascapular nerve block (SSNB).

1.6. Interscalene Block

1.6.1. Landmark-Guided Lateral Approach. While attempts
at BP blocks had been successful in the past, it was not until
1970 that the first consistently efficacious technique was
created and has since become the standard technique [33].
Developed by Winnie [34], this lateral approach is per-
formed at the level of C6, using the cricoid cartilage as
a landmark. A finger is placed at the posterior border of the
sternocleidomastoid at this level and “hooked” behind it to
overlie the scalenus anterior. This finger is then drawn
laterally along the muscle until the interscalene groove is
reached. A needle can then be inserted into the groove at this
level. Although the original technique involved needle in-
sertion until paraesthesia was elicited, modern equipment
such as nerve stimulators (NS) and US can now also be
employed to ensure appropriate positioning between the C5
and C6 roots, within the BP sheath [16].

Conventionally, 15-20 mL of LA are injected [35]. In-
jection of LA at this point blocks the C5 and C6 nerve roots,
whose fibres will go on to form the SSN and axillary nerve,
the main sources of sensory innervation of the shoulder. As
mentioned, LA spread can also lead to blockage of the PN,
causing HDP [36]. Previously, HDP was seen as inevitability
when using this block, with incidences of 100% [37, 38].
Since its inception, various modifications have been made to
the Winnie [34] approach to reduce the incidence of this side
effect. Modifications include a reduction in LA volume or
concentration, the use of US or NS guidance, and changes to
the needle approach itself.

A varijation of this block was later developed by Meier
etal. [39], with an injection site at the most proximal point of
the interscalene groove and needle orientation towards the
junction of the middle and lateral thirds of the clavicle.

1.6.2. Ultrasound-Guided Lateral Approach. As anatomy is
subject to variation, reliance on surface landmarks, such as
in Winnie’s [34] approach, can lead to complications such as
block failure and damage to nearby structures. Conse-
quently, this lateral approach is now typically performed
with the aid of US guidance [40]. Using US, the cervical
nerve roots can be seen as hypoechoic structures between the
anterior and middle scalene muscles. A needle can then be
passed through the middle scalene muscle to distribute LA
around these nerve roots [41]. This technique is thought to
have many advantages over landmark-guided ISB, with
a study by Soeding et al. [42] showing improved block
quality and reduced complications with the former.

1.6.3. Extrafascial Technique. Albrecht et al. [43] in-
vestigated the maximum effective needle-to-nerve distance
for ISB and concluded that needle contact with the nerve is
not essential. In 85% of cases, the maximum effective dis-
tance for successful ISB was 5.2 mm lateral to the connective
tissue sheath surrounding the BP. They concluded that it is
possible to produce adequate analgesia while injecting
outside of the BP connective tissue fascia/sheath.

Building on this, an “extrafascial” injection technique
was developed. Whilst the initial needle approach is the same
as any US-guided lateral approach, the final position of the
needle tip is 4 mm lateral to the BP sheath, equidistant to the
C5 and C6 nerve roots. This distance was chosen as it was
calculated to be the maximum distance which would lead to
a successful block in 90% of cases [30, 44].

1.7. Superior Trunk Block. The superior trunk of the BP is
formed by the unification of the C5 and C6 nerve roots. As it
travels distally, it gives rise to the SSN before dividing into
anterior and posterior divisions [23]. First described by
Burckett-St Laurent et al. [45], STB targets the C5 and C6
nerve roots at a more distal point than the ISB, with LA being
injected at a point after these roots unite to form the superior
trunk. Importantly, the trunk must be targeted prior to the
exit of the SSN due to the large proportion of innervation
that it provides to the shoulder. By targeting the BP at a more
distal point than the ISB, LA injected will be further from the
PN, reducing the chances of HDP [46]. Moreover, because
all nerves innervating the shoulder emerge distal to this
point, a similar analgesic effect to ISB should be
achieved [47].

Like US-guided ISB, the C5 and C6 nerve roots can be
identified in the interscalene groove using US. However,
they are then tracked distally until the level at which they
join to form the superior trunk, where a needle can then be
inserted between the deep cervical fascia and scalenus
medius muscle until it reaches the upper trunk [45]. The
exact point of LA injection has been subject to variation,
with the needle tip being placed lateral [45, 48], anterior, or
posterior [49, 50] to the superior trunk.

Notably, this approach runs the risk of damaging the
transverse cervical artery, which can lie directly superficial to
the trunks of the BP [45]. The STB can also help to avoid
mechanical injury to the dorsal scapular and long thoracic



nerves which run through the middle scalene muscle. This is
because, unlike in the ISB, the needle will travel superficially
to the middle scalene rather than through it [47]. Although,
in practice, it is not always possible to avoid passing through
this muscle, encountering these nerves should still be
considered a possibility [46].

A further advantage over the ISB, as highlighted by
Burckett-St Laurent et al. [45], is that the superior trunk has
a more consistent anatomical location than the C5 nerve
root, which can take a variant course over or through the
scalenus anterior in approximately 35% of individuals [51].
This allows for easier identification of the superior trunk on
US [45].

More recently, a novel approach to the STB was
attempted in a cadaveric study by Cros Campoy et al. [52],
known as a subparaneural block. As the name suggests, this
procedure involves the needle tip being placed within the
paraneural sheath, between the anterior and posterior di-
visions of the superior trunk, as shown in Figure 1. An
injection of 5 mL of dye at this level led to staining of the C5
and C6 nerve roots, the superior trunk and its divisions, as
well as the SSN and lateral pectoral nerve. However, the PN
remained unstained.

1.8. Suprascapular Nerve Block. First described by Wertheim
and Rovenstine [53] for the alleviation of chronic shoulder
pain, the SSNB has also been considered as a possible al-
ternative to the ISB [54].

The SSN is a peripheral nerve which branches from the
superior trunk of the BP approximately 3 cm superior to the
clavicle, receiving fibres from C5, C6, and often C4 [23]. It
then passes inferiorly via the posterior cervical triangle
before travelling beneath the inferior belly of the omohyoid
muscle [55]. From here, the SSN passes posterolaterally into
the supraspinous fossa of the scapula via an opening between
the suprascapular notch and the superior transverse scapular
ligament [56]. Its terminal branches then pass through the
spinoglenoid notch. It provides motor innervation to the
supraspinatus and infraspinatus muscles and sensory in-
nervation to about 70% of the GHJ capsule, as well as the
acromioclavicular joint and subacromial bursa [57].

Due to the significant proportion of sensory innervation
this nerve provides to the GHJ, two different variations of the
SSNB have been developed: the anterior and posterior
approaches.

1.8.1. Anterior Approach. The anterior SSNB targets the BP
more distally than either ISB or STB, so it is further still from
the PN. It involves using an US probe to locate the SSN as it
branches from the superior trunk. The SSN is then tracked
until it passes under the inferior belly of the omohyoid. It is
at this point that the needle is inserted and LA is injected
[57, 58].

The inferior belly of the omohyoid is an easily identified
landmark, allowing the SSN to be located more reliably than
with the posterior approach. Furthermore, the more prox-
imal injection site should ensure that all sensory branches of
the SSN are sufficiently blocked. However, these benefits
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come with the potential risk of LA spreading to the BP and
PN, which are much closer in proximity than in the posterior
approach [59].

1.8.2. Posterior Approach. The posterior approach to SSNB
can be accomplished using anatomical landmarks [60],
but it is now typically performed under US guidance in
order to reduce the risk of complications like
pneumothorax [61].

In this approach, the US probe is placed parallel to the
scapular spine and passed superiorly to overlie the supra-
spinous fossa. From here, its position is adjusted until it
reaches the suprascapular notch, allowing visualisation of
the SSN passing deep to the superior transverse ligament. A
needle can then be advanced in a lateral-to-medial direction
and LA is injected to surround the nerve in the supra-
scapular fossa [57, 61].

As LA is injected at a much greater distance from the PN
than in ISB, STB, or anterior SSNB, it should theoretically
produce less PN palsy [62]. However, targeting so distally
along the SSN’s length has its own drawbacks as shown by
a cadaveric study [63] which reported previously unde-
scribed anatomy of the distal SSN. It was noted that one
sensory branch of this nerve, the medial subacromial branch,
arose proximal to the suprascapular notch in 57% of
specimens. In addition, the lateral subacromial branch arose
proximal to the notch in 43% of specimens. While only 14
cadavers were analysed and, like any cadaveric study, dis-
section may have altered the typical anatomy of this area, the
presence of any sensory branches proximal to the site of
injection implies this approach may fail to fully block these
branches, causing inadequate analgesia.

In addition to this, the nerve can be difficult to visualise
at this point using US as it is located deep to the supra-
spinatus muscle, increasing the likelihood of block
failure [64].

1.8.3. Combination Blocks. Whilst the SSN supplies the
majority of the shoulder joint’s sensation, the axillary nerve
also provides an estimated 10% of shoulder sensation [15].
As such, this nerve can be blocked alongside the anterior or
posterior SSNB to improve analgesic efficacy [65].

Arising from the posterior cord of the BP, the axillary
nerve runs inferolaterally to the lateral border of the sub-
scapularis, before entering the quadrangular space alongside
the posterior circumflex humeral artery [66]. It can be
blocked as it exits the quadrangular space using either
a landmark or US guidance [65].

The SSNB can also be combined with blocks designed for
more distal upper limb surgery, such as the supraclavicular
and infraclavicular nerve blocks [67, 68].

The infraclavicular block targets the BP at the level of the
cords [69], thus blocking their branches, including the ax-
illary, lateral pectoral, and subscapular nerves, but sparing
the SSN [70]. Therefore, it blocks the 30% of shoulder in-
nervation not provided by the SSN, making it inappropriate
in isolation for shoulder surgery but a theoretically useful
adjunct to the SSNB.
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The supraclavicular block targets the BP at the distal
parts of its three trunks, with the aim of surrounding the
plexus with LA [69].

2. Materials and Methods

2.1. Search Methods for Identification of Studies. A systematic
search was conducted using five different electronic data-
bases: Ovid Medline, Ovid Embase, Scopus, Web of Science,
and the Cochrane Library. Specific search strategies were
implemented for each electronic database. These strategies
are documented in Appendix A. No limitations were placed
on the language or publication period. The most recent
searches were performed on 17 June, 2022. Due to the
limited timeframe that the results of these search engines
include, the reference lists of selected articles were also
screened for additional studies. Search results were further
supplemented with informal searches for key topic names
within this field.

2.2. Study Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria. Adults (aged 18 or over) un-
dergoing any type of shoulder surgery receiving single-shot
STB, SSNB, or modified ISB function had a measured
outcome via symptoms, radiograph, US, and/or PFTs.

2.2.2. Exclusion Criteria. Adolescents (aged under 18);
subjects receiving continuous nerve blocks; studies analysing
the efficacy of these nerve blocks for chronic pain man-
agement; case reports and case series; and ongoing trials.

2.3. Types of Outcome Measures

2.3.1. Primary Outcomes

(1) Overall incidence of HDP based on sonographic
assessment

(2) Decrease in hemidiaphragmatic excursion compared
to baseline based on US assessment 30 minutes
postblock

(3) Percentage reduction from baseline in FVC

30 minutes postblock

2.3.2. Secondary Outcomes
(1) Volume and type of LA used

(2) Postoperative pain scores

(3) Total postoperative opioid consumption 24 hours
postblock

2.4. Data Collection and Analysis. The titles and abstracts of
the results yielded by these search strategies were screened
after duplicate search results were removed. Irrelevant re-
sults were removed, and the full text of the remaining articles
was retrieved for further screening. Reasons for exclusion at
this stage were documented.

3. Results

3.1. Search Results. Our initial search of online databases and
registers yielded a total of 757 studies, of which there were
515 original papers following the removal of duplicate search
results. The titles and abstracts of these remaining articles
were subsequently screened, and 467 were removed fol-
lowing the application of the inclusion and exclusion cri-
teria. Full texts were retrieved for the remaining 48 articles.
A total of 28 articles were included in the review. A summary
of the search strategy is illustrated in Figure 2. Summaries of
the characteristics of these studies are available in
Appendix B.

3.2. Interscalene Block Results. Our search yielded 13 studies
which directly compared the incidence of HDP in modified
versions of the ISB. Summaries of their results are pre-
sented in Table 1. Thirteen additional studies were found in
which standard ISB was used as a control to compare with
SSNB or STB. These are discussed in the respective block’s
section.

Five studies compared ISBs of different volumes. Urmey
and Gloeggler [72] reported incidences of 100% in both
20mL and 45mL landmark-guided blocks using 1.5%
mepivacaine. However, two studies reported significant
reductions in HDP incidence when 5 mL was injected under
US guidance compared to a control ISB using 10 mL [74]
and 20 mL of ropivacaine [73]. Trials by Sinha et al. [75] and
Meena et al. [80] demonstrated similar HDP incidences for
a 10mL and 20mL ISB performed under US and NS
guidance, respectively. All of these groups reported statis-
tically similar analgesia in the high- and low-volume study
groups in the postoperative period.

Two studies modified both volume and concentration
when studying ISB [78, 79]. Both studies used the same dose
of LA for each block (50 mg) by adjusting the volume and
concentration accordingly. Both demonstrated consistently
high HDP incidences, regardless of the volume and con-
centration used, with incidences ranging from 58% to 70%
across the five volume/concentration combinations used. In
addition, in both studies, there was no statistically significant
difference in postoperative pain scores, or rescue analgesia
use amongst the study groups.

Palhais et al. [30] and Ayyanagouda [44] conducted
studies comparing the injection of 20 mL of ropivacaine via
the lateral approach to injecting the same volume using the
extrafascial approach. In both cases, the extrafascial tech-
nique significantly reduced the incidence of HDP, with the
added benefit of producing similar pain scores and opioid
consumption postoperatively.

One study by Renes et al. [41] compared HDP incidence
produced by an US-guided ISB to that produced by a NS-
guided ISB. Notably, a Meier approach was utilised for the
NS-guided blocks, whilst a lateral approach was utilised for
the US group. The study showed significantly lower in-
cidences of PN palsy in the US-guided group (13.3% vs
93.3%). Postoperative pain scores showed no statistically
significant differences.
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FIGURE 2: PRISMA flowchart summarising search strategy (n =number of studies) [71].

3.3. Superior Trunk Block Results. All STB studies yielded by
our search are summarised in Table 2 on page 10. The earliest
randomised control trial (RCT) with HDP as an outcome
[47] showed that, despite STB causing HDP in significantly
less patients than ISB, it still had overall HDP incidence rates
of 76.3%. A later study by Kim et al. [48], using the same
lateral injection site and LA volume produced similarly high
results. In addition, different volumes of LA were compared
in the latter study, with 5mL of LA producing much lower
rates of HDP (14.3%) when injected lateral to the
superior trunk.

A larger trial using a 2-point posterior/anterior injection
technique demonstrated HDP rates of just 4.8% for STB with
15mL of LA, significantly less than the ISB [49]. However,
a study using a similar injection technique [50] showed no
significant difference between HDP incidence in ISB and
STB groups. A subsequent study injecting 12 mL of bupi-
vacaine deep (posterior) into the superior trunk also pro-
duced high incidences of HDP [81].

A recent study by Zhang et al. [19] has been the only one
to investigate the subparaneural approach’s efficacy in
clinical practice, showing HDP incidences of 16.7% when
using 5mL of LA.

All but one RCT comparing STB to ISB found that STB
provided noninferior analgesia and similar 24-hour opioid
consumption levels. Only the study by Lee et al. [50] ana-
lysed anaesthetic effect of STB rather than purely its post-
operative analgesic effect (i.e., its ability to be used without
the use of GA) and found that STB produced a lower an-
aesthesia grade than ISB.

3.4. Suprascapular Nerve Block Results. Our search yielded
five studies of the posterior SSNB with HDP incidence as an
outcome. A summary of the data from all SSNB studies can
be found in Table 3 on page 12. Only one article studied
posterior SSNB without any additional blocks combined
with it. This study demonstrated preservation of PFTs from
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baseline in those receiving either type of SSNB compared to
those receiving ISB [85]. Likewise, when combined with
a supraclavicular block [68] or infraclavicular block [67],
respiratory function was maintained by the posterior ap-
proach, with incidences of HDP reaching 0%. However, one
study did report a single instance of a posterior approach
causing HDP. This was the only study which investigated
a posterior SSNB combined with an axillary nerve block
(AXNB) [62]. Despite this, overall HDP incidence was just
2% in this study.

Posterior SSNB displayed inferior analgesia to anterior
SSNB when not coupled with any other blocks [85]. In the
study which combined posterior SSNB with an infracla-
vicular nerve block [67], the ISB provided improved anal-
gesia in the first 30 minutes postoperative but equivalent
analgesia thereafter. However, combining the posterior
approach with a supraclavicular block led to a comparable
analgesic effect to ISB being achieved [68].

Four studies analysed the lone anterior SSNB’s effect on
the hemidiaphragm amongst other outcome measures. All
studies which compared anterior SSNB to ISB consistently
showed that the former caused significantly fewer cases of
HDP in comparison to the latter, with incidences as low as
5.6% [82, 84, 86]. All four studies of the lone anterior SSNB
showed that it provided noninferior analgesia and opioid
consumption to the ISB.

Only two studies to date have measured HDP incidence
as an outcome when studying the combined SSNB and
AXNB. An RCT comparing this combination performed
with either an anterior or posterior approach to SSNB was
conducted by Ferré et al. [62]. In this study, 40% of patients
receiving an anterior approach experienced some degree of
HDP, compared to just 2% in the posterior group. However,
the latter group experienced higher rates of opioid con-
sumption postop. In a study by Rhyner et al. [87], an anterior
SSNB combined with an AXNB was found to reduce the
incidence of HDP when compared to the traditional ISB.
Notably, the only study combining the anterior approach
with an infraclavicular block [83] showed comparable
postoperative analgesia use to ISB without any significant
changes in spirometry readings postblock.

4. Discussion

4.1. Interscalene Nerve Block. The use of 10 mL or greater
consistently produced high PN palsy rates. However, studies
which used 5 mL of LA noted a significant reduction in HDP
incidences [73, 74]. This can be attributed to the reduced
ability of low volumes of LA to spread within the com-
partment into which they are injected. Such volumes may be
unable to physically reach the PN and block it [35]. Whilst
such low-volume injections are not currently standard
practice due to concerns over inadequate analgesic efficacy
[35], these studies demonstrated that they provide sufficient
analgesia. The introduction of US-guided blocks, which have
since become the standard of care [80], has allowed accurate
deposition of LA directly adjacent to the target nerves, thus
reducing the volume required. Recent studies have shown
that, under US guidance, effective analgesia can be achieved
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with ISB using as little as 0.9 mL [88]. This smaller volume
could theoretically reduce HDP incidence to an acceptable
level; however, this is less likely when put into actual
practice.

Renes et al. [41] also demonstrated that, even when
depositing the same volumes of LA, US guidance signifi-
cantly reduces the incidence of HDP compared to NS-
guided blocks. This is due to the US allowing real-time
visualisation of LA spread, so minor adjustments to nee-
dle position can be made during injection to ensure adequate
coverage of the target nerve whilst minimising spread in the
direction of nearby structures, including the PN [44].
However, both NS and US are preferable to landmark
techniques [72]. The landmark technique consistently
produced HDP in all study subjects, likely due to the larger
volumes of LA required to ensure adequate nerve blockade
in this “blind” technique.

The extrafascial injection technique’s improved phrenic-
sparing capabilities [30, 44] make sense anatomically as, in
the intrafascial technique; the LA is injected into a more
confined space, promoting proximal spread to the PN.
Similar analgesia and block success rate to the classical
approach was achieved, attributed to the ability to view the
LA spread on US and adjust the needle as needed to ensure
coverage of the C5 and C6 nerve roots (ibid).

In summary, no single modification to the “gold stan-
dard” lateral approach of ISB has managed to fully eliminate
PN involvement. Whilst an US-guided, 10 mL lateral ap-
proach [41] has managed to reduce the incidence of HDP to
as low as 13.3%, this prevalence is still too high to be used in
clinical practice for those with respiratory compromise.
Indeed, Tran et al. [11] liken prevention of PN palsy in these
patients with prevention of pregnancy in those using con-
traception; it is an “all-or-nothing phenomenon,” so
a phrenic-sparing option must produce incidences as close
to 0% as possible. Further combining these different strat-
egies may help lower HDP incidences closer to this target.
For instance, the use of an extrafascial approach with low
volume could, in theory, cause even less HDP than the
current 20 mL extrafascial injection. However, further study
into these combined modifications is required.

4.2. Superior Trunk Block. A wide range of HDP incidences
is evident among STB studies, with incidences as low as 4.8%
[49] and as high as 76.3% [47]. This discrepancy may be
explained by the differing injection sites. However, these
studies tended to produce HDP incidences closer to the
higher end of this range. While these incidences were sig-
nificantly lower than the ISB, as was to be expected from the
greater distance between the injection site and PN, they are
still too high for the STB to be useful in clinical practice for
patients with impaired respiratory function. A possible
anatomical explanation for this is the fact that, on average,
the C5 and C6 nerve roots are only 43 mm and 50 mm in
length, respectively, before they merge [89]. As such, the
distance between the injection sites of the ISB and STB are of
a similar length. As the PN only diverges 3 mm from the BP
for every 1cm it descends, the 50 mm more distal STB
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injection site would be only 1.5mm further from the PN
than the ISB injection site. Therefore, LA can still easily
spread to the PN when injected at the superior trunk. The
additional 1.5 mm it must spread from the ISB injection site
could explain the increased rates of HDP with this block
compared to STB.

Except for the subparaneural block, different injection
sites appear to have little impact on HDP incidence, with
needle positions posterior and lateral to the superior trunk
producing similarly high results. However, there was one
aberrant result, with a two-point posteroinferior/anterior
injection technique used by Kim et al. [49] producing a HDP
incidence of just 4.8%. These findings are contradicted by
Lee et al. [50], whose study with a similar injection technique
produced an incidence of 70.8%. The lack of reduction in
HDP in this study may be partially attributed to the LA
volume used, as they injected 10 mL anterior to the trunk
rather than 5 mL, possibly increasing the risk of LA spread to
the PN which lies more anterior than the BP [23]. However,
it is unlikely that this fully explains such a significant dif-
ference in results, especially considering Robles et al. [81]
produced HDP incidences of 60% using a solely posterior
injection site (i.e., removing anterior injection completely)
with only a marginally larger volume injected posteriorly
compared to Kim et al. [49] (12mL vs 10 mL).

Another possible explanation for the reduction in HDP
incidence seen with the posteroinferior injection technique
by Kim et al. [49] over the solely posterior injection sites in
the other two studies is the existence of a fascia separating
this point from the PN.

Rather than a continuous sheath surrounding the BP, it
is believed that these nerves lie within a tissue plane, much
like the sciatic nerve, with any connective tissue taking the
form of convoluted septa, which can restrict the movement
of injected dye or LA [90, 91]. These septa, along with
variations in the muscle density of the scalene may impact
the spread of LA in this region [43]. Whilst multiple cadaver
studies have studied the connective tissue surrounding the
BP [90, 92], the exact arrangement of these septa and the
compartments they create has not been defined, only that
they can be traced from as proximally as the scalenus an-
terior and medius and as distally as the upper humerus [93].
As the superior trunk exists within this area, it is possible
that these septa are influencing LA movement during STB as
well as other BP blocks. Again, due to the miniscule dif-
ferences in these injection sites, it is unlikely this can fully
explain the large discrepancies between the posterior in-
jection sites’ results.

In contrast to this, different LA volumes appeared to
have a clear impact on HDP incidence, although only one
paper studied this factor [48]. This is in keeping with similar
studies of the impact of LA volume in ISB [73, 74].

The only study of the subparaneural approach’s efficacy
in clinical practice [19] corroborated the findings of a prior
cadaveric study of this technique [52]. A possible expla-
nation for this is that the paraneural sheath limits the spread
of LA, preventing it from reaching the PN and forcing it to
spread within the sheath cranially to the C5/6 nerve roots
and SSN and caudally to the lateral pectoral nerve. This also
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allows for much smaller effective LA volumes [19]. However,
it should be noted that this technique has the potential to
increase the risk of mechanical nerve injury, although this
did not occur in this study group. This risk likely makes the
technique inappropriate for regular clinical practice.

All but one study in Table 3 demonstrated consistently
noninferior analgesic effects and opioid consumption levels
produced by STB compared to ISB; this implies that STB is
an effective alternative to ISB. While some authors have
noted the risk of reduced analgesic effect with a lower
volume ISB [11], Kim et al. [48] demonstrated no significant
differences in pain scores and rescue analgesia use when
comparing a 5mL STB to a 15mL STB, despite the 5mL
injection having a higher median worst postoperative pain
score. As such, we can hypothesise that use of 5mL of LA is
sufficient. However, a specific investigation into the mini-
mum effective LA volume for this block is necessary to
further reduce HDP incidence whilst maintaining adequate
analgesia.

It should be noted that all published clinical trials ex-
amining STB have only used patient populations undergoing
arthroscopic procedures. As established, ISB has been used
as effective postoperative analgesia for open procedures as
well as arthroscopic [30]. Again, the fact that STB should, in
theory, block the same peripheral nerves as ISB leads us to
hypothesise that it could also provide sufficient post-
operative analgesia for more painful open procedures, unlike
the more selective SSNB. An RCT comparing postoperative
pain scores for ISB and STB in a patient population un-
dergoing open procedures could test this hypothesis.

As the literature currently stands, STB produces lower
incidences of HDP compared to ISB while maintaining
analgesic efficacy. However, incidences remain too high for
this block to be used as a phrenic-sparing block in clinical
practice, although the use of a low-volume STB appears to
have the potential to produce more clinically significant
results [48].

A clinical trial directly comparing the various needle
placements (posterior, anterior, and lateral) within one
study population would help to confirm the ideal technique
for STB and, indeed, whether needle position relative to the
superior trunk actually has any meaningful impact on the
PN. From there, determining the minimum effective LA
volume using this ideal needle position would establish the
full phrenic-sparing capabilities of this block.

4.3. Suprascapular Nerve Block

4.3.1. Posterior Approach. From an anatomical perspective,
the injection site in this approach (the suprascapular notch)
is far enough from the path of the PN that the small volumes
of LA used (the largest being 15mL) cannot spread across
the distance needed to affect this nerve [85], causing the PN
sparing seen in these studies. However, as the SSN is blocked
at a more distal point than in the ISB or anterior SSNB, it is
possible that some of its more proximal sensory branches
(e.g., the medial and lateral subacromial branches) remain
unblocked and therefore are still able to convey pain
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sensation, reducing analgesic efficacy. As such, Taha [94]
states that a combined posterior SSNB and AXNB provide
sufficient analgesia for only minor operations.

In addition, Ferré et al. [62] reported one instance of
a posterior approach causing HDP. They mention that, with
this particular patient, they were unable to identify the SSN
on US, which was likely due to its depth under the supra-
spinatus muscle, as mentioned earlier. As such, LA may have
been injected more anteriorly to the suprascapular notch
than necessary, close enough to the PN to allow LA to spread
to it.

The study of the combined posterior SSNB and supra-
clavicular BP block [68] only utilised symptoms to diagnose
HDP in their study group. As their study group was com-
posed entirely of patients who were American Society of
Anesthesiologists (ASA) status I or II, it is a possibility that
this detection method underestimated HDP prevalence as
healthier patients such as this are often asymptomatic with
unilateral HDP. The true HDP incidence is likely higher than
the 0% reported, especially considering lone supraclavicular
blocks have been shown to produce HDP incidences of
44% [95].

The infraclavicular block has previously been shown to
produce low HDP incidences (ibid). This was supported by
the studies which combined it with a posterior [67] and
anterior approach [83]. Notably, the latter reported non-
inferior analgesia compared to ISB and equivalent surgical
anaesthesia (the only SSNB study to test this), while the
former reported inferior analgesia compared to ISB but only
for the first 30 minutes postoperative, after which they were
comparable. This makes sense anatomically as the SSNB
blocks the SSN while the infraclavicular block covers the
other peripheral nerves innervating the shoulder (axillary,
lateral pectoral, and subscapular) via blockage of the pos-
terior and lateral cords of the BP from which they emerge.

4.3.2. Anterior Approach. The anterior approach has con-
sistently shown comparable analgesic effects to the ISB,
especially when combined with an AXNB, whilst also
causing significantly fewer incidences of HDP. This fact is
corroborated by a number of systematic reviews [12, 96, 97].
Again, the more distal injection site to the ISB means the
injectate has further to spread to block the PN. However,
HDP incidence still reached 40% in one study [62]. Due to
the severe risk that HDP can pose in those with compro-
mised respiratory function, incidences of this size are too
high for routine practice.

The reason for the higher HDP incidence reported by
Ferré et al. [62] compared to other studies of the anterior
approach are unclear. It is unlikely that the addition of an
AXNB influenced the result as this nerve is far enough from
the PN that LA spread is unlikely to cause HDP. A possible
explanation was later provided by Lim et al. [85], who
emphasised that, in their study, they followed the SSN as
distally as possible on US and used this point as their in-
jection site, maximising the distance of the LA from the PN
whilst still injecting prior to the take-off of the SSN’s
branches. This resulted in the anterior and posterior
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approaches having comparable HDP incidences in their
study. It is possible that Ferré et al. [62] targeted the nerve
more proximally in its course and, thus, closer to the PN.
A recent cadaveric study [98] found that the minimum
effective LA volume for complete circumferential coverage
of the SSN whilst sparing the PN was just 4.2mL. This is
significantly lower than any volume used in studies of the
anterior SSNB and has yet to be tested clinically. Therefore,
the anterior approach may have the potential to provide
equivalent analgesia to ISB (especially if combined with an
AXNB) whilst preserving patient respiratory function to the
same degree as posterior SSNB. An RCT testing the efficacy
of a low-volume anterior SSNB targeted as distally along the
SSN’s course as possible compared to a standard anterior
SSNB would help to determine whether it can be safely
recommended for routine use in vulnerable patients.

4.4. Limitations. We utilised a systematic approach to our
literature search in order to ensure we captured as many
studies on this topic as possible, but without a full systematic
review and meta-analysis, due to the broadness of the
questions we were asking, with multiple block variations
being studied and outcomes being assessed through a wide
range of modalities (e.g., PN palsy being measured via
complete hemidiaphragmatic paralysis, percentage re-
duction in hemidiaphragm excursion, changes in PFTs, or
the presence of symptoms). In addition, studies varied in
what blocks were compared, with some comparing the ISB
to the SSNB, others comparing the ISB to the STB, and
others still comparing different approaches to the same
block. As such, it would have been difficult to collate enough
homogenous data across the limited number of studies
available to perform any meaningful comparison between
the blocks as part of a meta-analysis. Although the costo-
clavicular block has emerged in recent years as a possible
phrenic-sparing nerve block, we chose not to include it in
our review due to the lack of studies focusing on its phrenic-
sparing ability, with most instead focusing solely on its
analgesic efficacy at the time of writing. As more data is
accumulated on this block, however, it is likely that a further
review incorporating it will be necessary.

5. Conclusions

While modifications to the “gold standard” ISB, such as
lower LA volumes and extrafascial injection can help to
reduce the incidence of PN palsy, none can reliably eliminate
the incidence of this side effect entirely.

Similarly, alternative nerve blocks have shown a re-
duction of HDP incidence, albeit to varying degrees. On one
end of the spectrum, posterior SSNB has consistently spared
the PN, but at the cost of adequate analgesia for all but the
most minor shoulder operations. At the other end of the
spectrum, STB appears to produce similar analgesia to ISB,
but with the downside of producing HDP incidences of
similar frequency to ISB. Notably, anterior SSNB combined
with an ICB produced significant reductions in PN palsy at
lower volumes whilst still providing adequate analgesia, with



Anesthesiology Research and Practice

studies suggesting that their minimum effective volumes are
even lower. Further studies of this block combination are
required to identify the minimum effective volumes in
clinical practice and determine their true phrenic-sparing
capabilities.
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