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Abstract

Introduction To determine whether the placement of an interscalene brachial plexus block (IBPB) with general anaesthesia
before shoulder arthroscopy would be effective in establishing a clear visual field and in shortening the surgical procedure.
Method This prospective randomized control trial study included 152 patients who had undergone arthroscopic rotator cuff
repair. Group A received IBPB and group B did not receive IBPB. A visual clarity scale (VCS) was determined by arthroscopic
visualization. The systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), duration of surgical procedure,
VCS, and medication that was administered for haemodynamic stability were recorded. Results: The VCS was improved in
group A at stages 2 and 3 of the surgical procedures (p < 0.05), but there were no significant difference at stages 1 (p = 0.288) and
4 (p=0.062). SBP, DBP, and HR were higher in group B during surgery (p < 0.05). The administered analgesics were higher in
group B (p =0.003), but there were no differences in hypotensive agents (p = 0.287). No significant difference was observed for
the duration of surgery (p = 0.704).

Conclusions Pre-operative IBPB with general anaesthesia for arthroscopic rotator cuff repair was beneficial in maintaining
haemodynamic stability and improving the VCS during surgery.

Keywords Rotator cufftear - Interscalene brachial plexus block - Visual clarity scale - Arthroscopic surgery

Introduction

A clear view of the operative field ensures successful shoulder
arthroscopy [1]. Subacromial space arthroscopy is character-
ized by (1) the inability to use a tourniquet and (2) absence of a
synovial lining to prevent fluid extravasation [2].
Epinephrine-mixed saline irrigation, infusion flow or pressure
control systems, and hypotensive anaesthesia can achieve a
bloodless operative field. Maintaining a pressure difference
of <49 mmHg between the patient’s systolic blood pressure
(SBP) and the intra-articular pressure achieves a clear opera-
tive field [2]. Therefore, maintaining low BP and minimizing
intra-operative haemodynamic changes are important for
shoulder arthroscopy.
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Painful stimuli cause sympathetic nervous system activa-
tion [3]. The degree of pain correlates with the increase in BP
and vascular resistance [4]. Pre-emptive analgesia inhibits
sympathetic nerve activity during arthroscopy and when
maintained intra-operatively, reduces the physiological conse-
quences of surgery-induced nociceptive transmission [5].
Sufficient quantities of analgesics administered before
performing the skin incision desensitize the nervous system
[6].

The shoulder is innervated by nerves from the cervical and
the brachial plexuses via the C5-T1 nerve roots. Thus, a lower
cervical plexus block via an interscalene approach is suitable
for shoulder arthroscopy [7]. Interscalene brachial plexus
block (IBPB) anaesthesia is popular in patients undergoing
shoulder surgery [8] because it maintains haemodynamic sta-
bility by preventing excessive BP elevation and provides a
clear operative field by achieving a balance between the
intra-articular and the SBP.

We compared the efficacy of general anaesthesia alone and
general anaesthesia concomitant with IBPB for arthroscopic
surgery. We hypothesize that general anaesthesia concomitant
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with IBPB is more effective than general anaesthesia alone to
reduce operative time and establish a clearer operative field.

Materials and methods
Patient selection

This prospective study recruited 152 patients who underwent
arthroscopic rotator cuff repair between April 2012 and
March 2014. All procedures performed in studies involving
human participants were in accordance with the ethical stan-
dards of the Institutional and/or National Research Committee
and complied with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This study was
performed following approval from our Institutional Review
Board.

Inclusion criteria were patients who underwent rotator cuff
repair for medium-sized tears. Tear sizes were evaluated using
pre-operative shoulder magnetic resonance imaging and cate-
gorized into small (< 1 cm), medium (1-3 cm), large (3—5 cm),
and massive (>5 cm) based on the DeOrio and Cofield clas-
sification [9].

Exclusion criteria were patients who did not provide in-
formed consent, those with hypertension, coagulopathy, a his-
tory of IBPB failure or cardiovascular disease, those using
drugs that could affect their blood coagulation profile, and
those with biceps pathology and “superior labral tear from
anterior to posterior” lesions (conditions that could require
additional procedures including biceps tenotomy, tenodesis,
or labral stabilization) (Table 1). IBPB failure was defined as
an immediate post-operative visual analogue scale (VAS) pain
score > 4.

Patients were randomized into two groups: group A (n=
73) that received pre-operative IBPB before general anaesthe-
sia and group B (n=79) without pre-operative IBPB before
general anaesthesia.

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Full-thickness tear Long head of biceps brachii disease
Partial thickness tear

Small-, large-, and massive-sized tears

Medium-sized tear
Primary repair
Subsequent surgery in the same shoulder
Hypertension
Coagulopathy
History of cardiovascular disease

Medication (affect blood coagulation cascade)
IBPB failure
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Interscalene brachial plexus block technique

Group A patients received the IBPB in the anaesthesia induc-
tion room. The IBPB was performed by a single expert anaes-
thesiologist. The patient was placed in the supine position
with head rotated to the contralateral side, and the IBPB was
performed using ultrasound guidance and nerve stimulation.
The brachial plexus was identified using a nerve stimulator
(Stimuplex-S, B. Braun Melsungen AG, Melsungen,
Germany) connected to the proximal end of the inner metal
needle of a plastic cannula (Stimuplex-A, 25G, B. Braun
Melsungen). The initial current output of the nerve stimulator
was 0.7 mA. A linear high frequency 6—13 MHz ultrasound
probe (Sonosite M-turbo, SonoSite, Inc., Bothell, WA, USA)
was used. Following contraction of the triceps muscle, the
C5-6 nerve root or the superior trunk was identified, and
10 mL of 0.25% ropivacaine with 200 mcg of epinephrine
was injected. Patients were transferred to the operating room
for induction of general anaesthesia and surgery.

General anesthesia technique

Manual ventilation with O, (6 L/min) via a facial mask was
performed in all patients prior to the intravenous (IV) admin-
istration of the general anaesthetic. General anaesthesia was
induced by the IV administration of thiopental (5 mg/kg) and
rocuronium (1 mg/kg) followed by orotracheal intubation.
Anaesthesia was maintained using a 1.5 minimal alveolar con-
centration of sevoflurane with 1 L/min each of O, and nitrous
oxide without any additional analgesics including opioids.
Anaesthesia was maintained to achieve intra-operative
bispectral index values of 40-60 throughout the procedure.
Upon completion of the operation, reversal agents (IV
glycopyrrolate and neostigmine) were administered prior to
extubation [10].

Surgical technique

All operations were performed by a single shoulder arthros-
copy specialist and one assistant who was blinded to the cir-
cumstances in which patients had received IBPB. Patients
were placed in the lateral decubitus position with exposure
of the affected shoulder. Epinephrine-mixed saline (1 mL of
1:1000 epinephrine/3000 mL of saline bag) was used for intra-
articular irrigation. The irrigation fluid was infused via a
pressure-controlled pump (Linvatec, Largo, FL, USA) set to
a pressure of 50 mmHg. Arthroscopic examination of the
glenohumeral joint was performed to identify any pathologi-
cal lesions. After the glenohumeral joint procedure, we per-
formed arthroscopic examination of the subacromial space.
Subacromial decompression and acromioplasty were per-
formed in all patients. The tear size, tendon quality, and de-
lamination of the rotator cuff were assessed. Adhesiolysis was
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performed to release the retracted tendon for tendon mobiliza-
tion, and the footprint of the greater tuberosity was
decorticated. Two medial row anchors (4.5-mm Bio-
Corkscrew suture anchor, Arthrex, Naples, FL, USA) were
inserted at the medial edge of the footprint. A Scorpion suture
passer (Arthrex, Naples, FL, USA) or a suture hook (Linvatec,
Large, FL, USA) was used to pass thefibre wire through the
tendon, close to the musculotendinous junction of the
supraspinatus.

For standardization in surgical strategy, we only included
reconstructions using the double-row technique. We conclud-
ed that the double-row technique is more reliable in terms of
initial strength, stiffness, and strain over the footprint than a
single-row technique and provides better repair [11]. Medial
row knots were tied, and the retracted tendon was reduced into
the footprint of the greater tuberosity. Lateral row anchors
(3.5 mm and 4.5 mm, SwiveLock, Arthrex, Naples, FL,
USA) were inserted 5-10 mm below the greater tuberosity
after preparing the bone sockets [12].

Data collection

BP was measured on the contralateral extremity using an auto-
matic BP cuff. The heart rate (HR) and an electrocardiogram
were recorded. The SBP, diastolic blood pressure (DBP), and
the HR were recorded every five minutes intra-operatively. The
anaesthesiologist controlled BP using a combination of analge-
sics and hypotensive agents (2 pg/kg of fentanyl and 10 mg of
esmolol, respectively). Medications were administered intra-
operatively if the SBP was > 120 mmHg to control excessive
bleeding. The frequency of administered medication was de-
fined as the number of times the medication was administered.

The surgical procedure was performed in four stages: (1)
the intra-articular soft tissue procedure, (2) acromioplasty, (3)
greater tuberosity plasty with tendon preparation, and (4) ten-
don repair using a suture bridge. The duration of each stage
and the amount of medication administered for haemodynam-
ic stability were recorded.

During arthroscopy, the surgeon and the first assistant re-
corded the visual clarity scale (VCS). The VCS score was
documented as the mean value of each operative stage and
was evaluated by the operator and the first assistant at the
end of each stage. The VCS score ranged from 1 (extremely
poor conditions) to 5 (optimal conditions) (Table 2, Fig. 1).
Each time the surgeon rated the VCS, the first assistant record-
ed the VCS score using the 5-point scale used by the surgeon.

Statistical analysis

Other than the number of patients, the sex ratio (%), the in-
jured side, and the frequency of use of additional analgesics,
all measured values were expressed as means, ranges, and
standard deviations. All statistical analysis was performed

using the SPSS software version 17.0 for Windows (SPSS,
Inc., Chicago, IL). A chi-squared test or the Fisher exact test
was performed for the sex ratio and the frequency of analgesic
use. Changes in parameters (SBP, DBP, and HR) over time
were assessed using a mixed effects linear regression model
(linear mixed model) to evaluate within- and between-group
differences. A p value <0.05 was considered statistically
significant.

Results

No statistically significant intergroup difference was observed
in demographic factors (Table 3) and in the overall operative
time or the time required for each operative stage (p =0.704,
Fig. 2).

BP and HR increased from the start of the surgical proce-
dure and peaked five to ten minutes after the start of surgery,
which corresponds to the beginning of the acromioplasty in
both groups. Throughout the surgery, the mean SBP was sig-
nificantly lower in group A. However, the mean DBP and HR
were higher in group A (p <0.05, Fig. 3).

The frequency of administration of intra-operative analge-
sics was 0.19+0.46 vs. 0.53 £0.86 and that of hypotensive
agents was 0.67+0.94 vs. 0.85+1.06 in groups A and B,
respectively. The frequency of administered analgesics was
significantly higher in group B than in group A (p=0.003,
Fig. 4). However, no statistically significant intergroup differ-
ence was observed in the hypotensive agents administered to
maintain haemodynamic stability (p = 0.287, Fig. 4). The VCS
was significantly improved in group A at stage 2 (p <0.001)
and stage 3 (p =0.035) of the operative procedures. However,
no significant difference was observed at stage 1 (p=0.713)
and stage 4 (p = 0.116). No IBPB- or procedure-related system-
ic adverse reactions were observed in either group.

Discussion

According to analysis of current trend of anesthetic method of
shoulder surgery done by Ende et al., combination of general
and regional anaesthesia is becoming predominant anaesthe-
sia method of choice for shoulder arthroscopy [13]. The IBPB
resulted in a significant decrease in both, the post-operative
pain score and the need for supplemental analgesia in patients
undergoing shoulder arthroscopy [14]. Several studies de-
scribing IBPB have focused on post-operative analgesia and
the cost-effectiveness of alternative modalities of general an-
aesthesia for shoulder surgery. No study has compared the
intra-operative effects of IBPB combined with general anaes-
thesia with those of general anaesthesia alone in patients un-
dergoing shoulder arthroscopy. We additionally assessed the
intra-operative effects of IBPB including the amount of
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Table 2 The visual clarity scale (VCS)
Score Description

Extremely poor Unable to work because of the inability to obtain a visible field by massive bleeding in the surgical field
2 Poor Severely hampered by bleeding requiring cauterization and additional administration of medication for

lowering blood pressure or increasing pressure of operative space

3 Acceptable Some impairment during procedure by bleeding requiring only cauterization in the surgical field

Good No impairment of procedure with visualization of some bleeding without cauterization

Optimal No impairment of procedure without any visualization of bleeding

bleeding, visualization quality, medications required for BP
control, and operative time.

There is general consensus that IBPB effectively maintains
haemodynamic stability during shoulder arthroscopy. Lee

Fig. 1 Arthroscopic view of the
visual clarity scale. (a) VCS 1,
extremely poor; (b) VCS 2, poor;
(¢) VCS 3, acceptable; (d) VCS 4,
good; (e) VCS 5, optimal
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et al. reported that intra-operative haemodynamic stability
was well maintained in patients who underwent IBPB before
shoulder arthroscopy [15]. Our study revealed that patients
who underwent pre-operative IBPB showed lower BP even
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Table 3 Demographic data of the
patients Group A (n=73) Group B (n=79) p value
Age (years) 56.2+8.6 57.1+7.5 0.521
Sex (male/female (%)) 40/33 39/40 0.503
(54.8/45.2) (49.4/50.6)
Height (cm) 1622+7.5 160.1 +8.1 0.177
Weight (kg) 64.8+8.9 62.8+10.2 0.210
BMI 24.6+3.0 243+2.6 0.430
Affected side (Rt./Lt. (%)) 54/25 53/20 0.567
(68.4/31.6) (72.6/24.7)

Data are presented as the mean + standard deviation and numbers of patient

without the frequent intra-operative administration of hypo-
tensive medications. Marked bleeding obscures the operative
field and necessitates lowering BP. However, increased usage
of hypotensive agents may cause significant adverse effects,
particularly in patients with cardiovascular disease.
Haemodynamic instability can compromise cerebral perfusion
with clinically significant cerebral ischaemia and consequent
stroke, visual or neurological sequelae, or even death [16].
IBPB effectively reduces the intra-operative usage of hypo-
tensive agents and the accompanying adverse effects.

Jesen et al. evaluated arthroscopic visualization using a
surgeon-rated VAS (1-10) and the haemoglobin concentration
of the irrigation fluid [1]. Harris et al. used a 3-score rating
system (1, unimpaired visualization; 2, some impairment dur-
ing specific parts of the procedure; and 3, significantly im-
paired visualization) [17]. In our study, a 5-point VCS was
used to evaluate arthroscopic visualization, as scored by the
surgeon based on surgical working conditions. We modified
the VCS proposed by Harris et al. with a detailed description
provided for reproduction (Table 2). As anticipated, the ar-
throscopic operative view evaluated using the VCS was clear-
er in patients undergoing pre-operative IBPB. It is verified that
pre-operative IBPB with general anesthesia for arthroscopic
rotator cuff repair effectively reduces haemodynamic instabil-
ity and improves intra-operative VCS. A clear bloodless

Fig. 2 The procedure of
arthroscopic surgery was divided 70
into total of four stages, and each
of durations of surgery was
evaluated against groups A and B.
Stage 1, intra-articular soft tissue
procedure; stage 2,
acromioplasty; stage 3, greater
tuberosity plasty and tendon
preparation; stage 4, tendon repair

60

50

40

operative field facilitates smooth surgery without necessitat-
ing measures to control bleeding and reduces the operative
time. Use of epinephrine-mixed saline in shoulder arthroscopy
also improves VCS as well [18]. Combination of general and
regional anaesthesia can be applied in elderly patients with
irreparable rotator cuff tears, who are at potential risk by long
period of anaesthesia, for simple arthroscopic debridement or
biceps tenotomy for symptomatic alleviation [19].

Contrary to our expectation, statistical analyses did not show
a significant reduction in the operative time in group A, which
could be attributed to (1) We attempted standardization of the
intergroup operative time by selecting only medium-sized ro-
tator cuff tears in all patients. Most medium-sized rotator cuff
tears can be repaired arthroscopically within an hour; thus, no
significant intergroup difference was observed. (2) Owing to
the nature of our study (blinded trial), the surgeon may have
requested for BP control more frequently to improve the VCS.
The frequency of analgesic administration was higher in group
B. Owing to its in vivo state, medications were administered to
maintain stable BP to minimize patient risk. Stable BP reduces
intra-operative bleeding and shortens the overall operative
time. The administration of medications controlled BP and pain
identically in both groups; thus, it is reasonable to expect a
shorter operative time in group A patients who underwent
IBPB.
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Fig. 3 Changes of systolic blood
pressure (a), diastolic blood
pressure (b), and heart rate (c)
throughout the surgical
procedures. Surgical procedure
was divided into four stages and
each change is recorded
accordingly. (1) Intra-articular
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In our study, analgesics were more frequently administered
in group B than in group A. Under general anaesthesia, pa-
tients are unconscious but continue to receive nociceptive
stimuli, particularly during painful procedures including
acromioplasty and greater tuberosity-plasty. Spinal reflexes
activate the sympathetic nervous system based on the duration
and the magnitude of the stimulus, causing increased periph-
eral resistance and stroke volume, which impair VCS. It is

@ Springer

known that patients under general anaesthesia are more sus-
ceptible to painful stimuli and more likely to show higher SBP
than those receiving a combination of general and regional
anaesthesia [3, 20].

The operative time was divided into four stages based on
operative procedures. Analysis of patients’ haemodynamic
status showed distinctive elevations in both BP and HR with
peaks observed during the acromioplasty. Based on this
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Fig. 4 Each frequency of
medication administration is
recorded and assessed against
groups A and B. Analgesics

included fentanyl. Hypotensive
agent included (3-blocker and
calcium channel blocker. *p =
0.003, p=0.287

Frequency

m Group A
= Group B

observation, improving the operative view should include
technical measures to avoid conditions that precipitate haemo-
dynamic alterations during acromioplasty or using preventive
medications including fentanyl and esmolol to avoid BP
elevations.

Clear VCS could be accomplished with the use of IBPB in
stages 2 (acromioplasty) and 3 (greater tuberosity plasty with
tendon preparation). Acromioplasty and greater tuberosity
plasty involve the use of an arthroscopic burr to remove cor-
tical bone and expose cancellous bone, which is more painful
than other arthroscopic manipulation and consequently ele-
vates SBP. Bone bleeding, which impairs VCS, cannot be
controlled by managing coagulation but requires elevation of
intra-articular pressure by increasing inflow of normal saline.
Howeyver, increased normal saline flow can cause extravasa-
tion and consequent soft tissue swelling that interferes with
arthroscopy. Preoperative IBPB can reduce elevation of SBP
and effectively control intra-articular bone bleeding after
acromioplasty and greater tuberosity plasty [21].

Confirming whether the haemodynamic peak is relevant to
acromioplasty or is merely a common phenomenon that oc-
curs approximately fiie to ten minutes after the start of surgery
is important.

Limitations of this study

1. Our study only included patients with simple medium-
sized tears. A medium-sized rotator cuff tear is defined
as a full-thickness tear showing 1-3-cm retraction.
Tendon quality is classified based on the Goutallier clas-
sification [22]. Notably, the degree of fatty infiltration in
the rotator cuff affects post-operative results and the re-
tear rate and does not affect the operative time itself.
Additionally, we only used the double-row suture tech-
nique with 2 x 2 medial row suture anchors to standardize
the operative time; thus, the correlation between fatty in-
filtration and operative time would be “irrelevant” in this

* Significant
T nsignificant

Analgesics

Hypotensive agent

study. The size of a tear affects operative times and could
significantly affect the conclusions of this study. Small-
sized tears were excluded from the study because of the
relative simplicity of the surgery, a shorter operative time,
and negligible effects on the intergroup comparison of
operative times. Large-sized and massive tears were also
excluded owing to variations in surgical procedures
employed based on tear shape, tendon involvement, and
reparability, which cannot be generalized to estimate and
compare outcomes. Thus, only patients who underwent
medium-sized rotator cuff repair were selected as the op-
timal study population to ensure a standardized operative
procedure and appropriate operative time that could be
evaluated to assess the effect of IBPB on the surgery.
However, since tendon with degeneration requires a cer-
tain amount of debridement prior to arthroscopic repair,
the subtle discrepancy between pre-operative tear charac-
teristics on MRI and intra-operative debrided tendon char-
acteristics is expected [23].

2. We excluded patients with hypertension, cardiovascular
disease, and coagulation abnormalities, who show a great-
er risk of bleeding during arthroscopy. In our view, these
limitations could lead to an underestimation IBPB
efficacy.

This study showed that a combination of general and re-
gional anaesthesia requires lesser medication administration to
maintain a favourable VCS for arthroscopic procedures.
Furthermore, combination of anaesthesia stabilizes SBP and
minimizes intra-operative blood loss, which is useful in oper-
ations performed in anatomical locations where a tourniquet
cannot be applied including the proximal humerus or the fem-
oral neck. Large-scale studies in patients with large-sized ro-
tator cuff tears, hypertension, or cardiovascular disease are
warranted.
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