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Abstract
Purpose The aim of this prospective and randomized study was to compare the effects of general anesthesia to the combi-
nation of general anesthesia and continuous interscalene block on postoperative pain and functional outcomes in patients 
undergoing arthroscopic rotator cuff repair.
Methods This study included a total of 85 patients aged 45–74 years, who were scheduled for elective arthroscopic rota-
tor cuff repair. One group consists of patients who underwent only general anesthesia (GA, N = 43), and the other group 
consists of patients who underwent a combination of continuous interscalene brachial plexus block and general anesthesia 
(CISB + GA, N = 42). Pain levels of the patients were evaluated postoperatively by a visual analog scale. Shoulder function 
was evaluated preoperatively and postoperatively using the Constant score.
Results Patients in the CISB + GA group had lower postoperative visual analog scores and less additional analgesic needs 
during the early postoperative period than those in the GA group. Constant scores of the patients in the CISB + GA group 
at postoperative week 6 were higher than those in the GA group. Evaluation of the functional outcomes at 6 months postop-
eratively showed that there were no significant differences between the two groups.
Conclusion Although CISB significantly improved postoperative pain control and early (in the first 6 weeks) functional out-
comes following arthroscopic rotator cuff repair, there was no significant difference between the CISB group and CISB + GA 
group at 6 months.
Level of evidence Level II, Randomized Controlled Trial, Treatment Study.
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Introduction

Shoulder pain is one of the common disorders of the muscu-
loskeletal system, and its prevalence increases with age [1]. 
Although there are many structures that comprise the shoul-
der joint, shoulder pain is commonly caused by the rota-
tor cuff (65–70%) [2]. In patients with symptomatic rotator 

cuff tears, the preferred treatment method to relieve pain 
and restore shoulder function is surgical repair [3]. Rotator 
cuff repair can be performed by open, arthroscopic, or com-
bined techniques. However, the popularity of arthroscopic 
shoulder surgery is increasing owing to the advances in 
arthroscopic repair techniques [4]. Among the arthroscopic 
surgical procedures for the shoulder joint, rotator cuff repair 
is one of the procedures with the highest rate of postopera-
tive pain [4]. Pain not only increases the duration of hos-
pitalization but also negatively affects patient satisfaction 
and clinical outcomes [5]. Different approaches have been 
developed to reduce postoperative pain and opioid use, and 
one of the most effective of these is peripheral nerve blocks 
[6]. Our hypothesis in this study is that functional outcomes 
can be improved in patients undergoing arthroscopic rotator 
cuff repair (ARCR) by effective postoperative pain control. 
Based on this hypothesis, this study aimed to compare the 
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functional outcomes of patients who underwent continuous 
interscalene brachial plexus block and general anesthesia 
(CISB + GA) and patients undergoing general anesthesia 
(GA) at 6 weeks and 6 months postoperatively.

Materials and methods

After obtaining approval from the institutional ethics 
committee review board (February 10, 2015/03-10) and 
informed patient consent, 122 patients aged ≥ 18 years with 
a body mass index of ≤ 35 kg/m2 and American Society of 
Anesthesiologists (ASA) physical status I or II and who had 
been scheduled for elective ARCR between February 2015 
and January 2018 were identified as suitable for this study. 
“Block randomization method” was used for this prospec-
tive randomized study. Assignment of patients to groups was 

performed using computer-generated randomization num-
bers. After confirmation of inclusion and exclusion criteria, 
the method of treatment was assigned according to the ran-
domization number obtained from a sealed envelope. A total 
of 85 patients (GA = 43 patients, CISB + GA = 42 patients) 
who met the inclusion criteria and completed the follow-up 
period were included in the study (Fig. 1).

Anesthesia and analgesia

After moving the patients to the operating room, standard 
procedures, including ECG, noninvasive blood pressure, 
pulse oximetry, bispectral monitoring, and intravenous 
infusion, were initiated. Midazolam (0.1 mg/kg IV) was 
administered to the patients in all groups for premedication. 
Intraoperative 1000 mg paracetamol IV was administered. 
Patients were monitored during surgery and recovery based 

Fig. 1  Flowchart detailing patients’ selection
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on standard guidelines published by the American Society 
of Anesthesiologists.

Patients in the CISB + GA group were administered 
blocks by an anesthesiologist with sufficient experience in 
the peripheral blocks. Blocks were administered using an 
ultrasound-guided stimulator [7]. Patients were in a supine 
position with the head facing the opposite side. A high-fre-
quency (8–12 MHz) linear probe covered with sterile sheath 
was placed on the neck, on the side to be operated. Intersca-
lene trunks were identified between the anterior and middle 
scalene muscles. After local anesthesia was administered 
to the skin with 1% lidocaine, the 50-mm 18-gauge insu-
lated block needle  (Contiplex® Tuohy, B. Braun Medical, 
Bethlehem, PA) was advanced from the lateral to the medial 
muscles so as to place the needle tip in the region between 
the upper and middle trunks (C5–C6) of the brachial plexus. 
A neurostimulator  (Stimuplex® Dig RC; B Braun Medi-
cal, Bethlehem, PA) was used to monitor motor response 
(0.5 mA, 0.1 ms) in the deltoid and biceps muscles, and 
the location of the needle tip was confirmed. The catheter 
was then advanced until it passed the needle tip, and the 
needle was withdrawn. After negative aspiration, 30 ml of 
0.25% bupivacaine  (Bustesin® 0.5%) was administered to the 
brachial plexus nerve sheath. Sensorial changes and motor 
function following the injection of local anesthetics were 
measured every 5 min for the first 30 min. Complete loss of 
pinprick sensation and motor function was considered as the 
beginning of the interscalene block. GA was administered to 
the patients following interscalene block; 1.5–2.5 mg kg−1 
propofol, 0.5 mg kg−1 rocuronium, and 3 μg kg−1 fentanyl 
were used in anesthesia induction, and 2–3% sevoflurane 
and 0.6 μg kg dk−1 remifentanil in 50%  O2 + 50% air were 
used in anesthesia maintenance. At the end of the surgery, 
patients were antagonized with 4 mg kg−1 sugammadex to 
restore spontaneous breathing and then they were extubated. 
General anesthesia was administered to the patients in the 
general anesthesia (GA) group. After extubation, the patients 
were transferred to the post-anesthesia care unit (PACU). A 
total of 5 ml/h of 0.125% bupivacaine infusion was initiated 
in patients with interscalene catheter. An infusion pump was 
used for this. Pain intensity of the patients at 1, 6, 12, and 
24 h was evaluated with a visual analog scale (VAS) (0: no 
pain and 10: worst possible pain). Interscalene catheter was 
removed 24 h after surgery.

Furthermore, 25 mg dexketoprofen (every 12 h) and 
500 mg paracetamol (every 8 h) tablets were administered 
to all patients until they were discharged. Intravenous anal-
gesics were given to patients with pain in spite of this treat-
ment, based on the pain step protocol [8]. The protocol is 
as follows: by using an 11-point numeral rating scale (NRS; 
0, no pain; 10, worst pain): step 0: NRS 0–2: no further 
analgesics, step 1: NRS 3–4: 1000 mg paracetamol IV, step 
2: NRS 5–6: 1000 mg paracetamol IV and 30 mg ketorolac 

IV, and step 3: NRS 7–10: 1000 mg paracetamol IV and 
30 mg ketorolac IV and 100 mg tramadol IV. Postoperative 
extra analgesic requirements of the patients in both groups 
were recorded.

Surgical technique

All patients were operated in lateral decubitus position 
and with 4–4.5 kg traction on the upper extremity. Normal 
saline was used as irrigation fluid in all patients, irriga-
tion fluid pump was kept within previously defined limits 
so as to maintain the pressure between 40 and 80 mm/hg, 
and the flow rate was 50–150 mL/min [9]. In total, 3 or 
4 portals were used for surgical procedures. The standard 
arthroscopic examination was performed. Bursectomy and 
limited acromioplasty were performed in all patients. The 
degree of biceps tendinopathy was intraoperatively evalu-
ated, and the patients with delamination or partial rupture 
were treated with tenotomy. The extension and retraction 
of the rotator cuff rupture were intraoperatively determined 
according to the criteria defined by Boileau et al. [10]. The 
location where the rotator cuff was attached to the greater 
tuberosity was prepared by using a shaver. Single-row repair 
was performed using knotless suture anchors and nonabsorb-
able No. 2 sutures (Footprint PK, Smith & Nephew Endos-
copy, Andover, MA, USA). A total of 1–3 anchors were used 
according to the size of the rotator cuff rupture.

Postoperative protocol

The operated shoulders were immobilized for 3  weeks 
using a sling immobilizer with abduction pad. Isometric 
cuff exercises and relaxation exercises for shoulder muscles 
were initiated on the first day after surgery. After 3 weeks of 
immobilization, passive and assisted-active exercises were 
initiated. After the sixth week, strengthening exercises for 
rotator cuff muscles and scapula stabilizers were initiated. 
Three months after the surgery, patients were allowed to 
engage in light sports activities. Full activity and heavy work 
were allowed based on the patients’ recovery at 6 months 
after the operation.

Imaging

Preoperative evaluations of all patients were performed with 
standard X-rays and MRI. Fatty infiltration was assessed by 
MRI (stage 0: completely normal muscle; stage 1: muscle 
contains striations of fatty degeneration; stage 2: marked 
fatty degeneration, but there is more muscle mass; stage 3: 
equal muscle mass and fatty degeneration; and stage 4: more 
fatty degeneration than muscle mass) [11].
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Functional outcomes

Shoulder function of each patient was evaluated using the 
Constant score (CS) [12] at 6 weeks and 6 months postop-
eratively. CS is a validated outcome score commonly used 
to assess shoulder function [13, 14]. The CS system is a 
shoulder function scale with the highest score of 100 points 
in which high scores indicate good shoulder functions [12]. 
This scoring system consists of four separate subscales: sub-
jective pain (15 points), function (20 points), objective clini-
cal assessment of range of motion (40 points), and strength 
(25 points) [12]. Visual analog scale was used to assess the 
pain level of the patients.

Statistical analysis

Statistical package for the social sciences (SPSS 21, Chi-
cago, IL, USA) was used for statistical analysis of the data. 
Categorical variables were described using relative fre-
quency, and continuous variables were described using mean 
and standard deviation (SD). Distribution of continuous var-
iables was investigated by Kolmogorov–Smirnov and Shap-
iro–Wilk normality tests. Mann–Whitney U-test was used in 

detecting the relationship between the dual groups not con-
forming to normal distribution. Chi-square test or Fisher’s 
exact test was used in the analysis of categorical variables. 
P < 0.05 was accepted as significant in all analyses.

Results

Preoperative and postoperative data of 85 patients who 
met the inclusion criteria of our study and completed their 
follow-up were analyzed (Fig. 1). There was no signifi-
cant difference between the two groups in terms of preop-
erative shoulder functions and demographic characteristics 
(Table 1). Biceps tenotomy did not influence the functional 
outcomes at 6 weeks and 6 months postoperatively in both 
groups (GA group, P = 0.33 and P = 0.32; CISB + GA group, 
P = 0.22 and P = 0.27, respectively). There were no life-
threatening complications in the intraoperative and post-
operative period. The mean intraoperative heart rate, mean 
systolic blood pressure, mean duration of surgery, mean 
pressure, and mean flow rate of the irrigation fluid used 
in the CISB + GA group were significantly lower than the 
patients’ in the GA group (P < 0.05) (Table 2). In addition, 

Table 1  Demographic variables

Data are presented as n (%) for discrete variables and mean ± SD for continuous variables
CISB + GA continuous interscalene block, GA general anesthesia
*P < .05 is statistically significant

Variables GA (n = 43) CISB + GA (n = 42) P value*

Female/male (%) 25 (58.1)/18 (41.9) 22 (52.4)/20 (47.6) 0.593
Age (years) 58.47 ± 7.18 58.21 ± 7.67 0.876
ASA physical status 1.52 ± 0.49 1.57 ± 0.51 0.094
Body mass index (kg/m2) 26.45 ± 2.56 25.32 ± 2.48 0.815
Preoperative CMS score 45 (35–54) 44.5 (35–56) 0.936
Fatty infiltration
 None (%) 20 (23.5) 17 (20.0) 0.851
 Mild (%) 15 (17.6) 16 (18.8)
 Moderate (%) 8 (9.4) 9 (10.6)

Tendon involvement
 Supraspinatus (%) 39 (45.9) 37 (43.5) 0.697
 Supraspinatus + infraspinatus (%) 4 (4.7) 5 (5.9)

Tear size of rotator cuff
 Stage I (%) 20 (23.5) 19 (22.4) 0.913
 Stage II (%) 19 (22.4) 20 (23.5)
 Stage III (%) 4 (4.7) 3 (3.5)

Biceps tenotomy
 Absent (%) 6 (7.1) 7 (8.2) 0.728
 Exist (%) 37 (43.5) 35 (41.2)

Number of anchors
 One 10 (11.8) 9 (10.6) 0.849
 Two 22 (25.9) 24 (28.2)
 Three 11 (12.9) 9 (10.6)
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the VAS scores of patients in the CISB + GA group at 1, 
6, 12, and 24 h postoperatively and additional analgesic 
requirements in the early postoperative period were signifi-
cantly lower than those in the GA group (P < 0.05) (Table 3). 
There was no significant difference between the groups in 
terms of hospitalization duration (Table 3). Comparison of 
the groups in terms of functional outcomes at 6 weeks post-
operatively showed that the CS scores of the patients in the 
CISB + GA group were significantly higher than those of the 
patients in the GA group (P < 0.05) (Table 4). The evalua-
tion of the functional outcomes at 6 months postoperatively 
revealed that there was no significant difference between the 
two groups (P > 0.05) (Table 4).

Discussion

Patients undergoing rotator cuff repair experience a higher 
level of pain than the other arthroscopic shoulder procedures 
[15]. Several techniques such as oral analgesia, cold therapy, 
local anesthetic infusion to the subacromial space, and the 

Table 2  Data obtained during 
the surgery

The values are given as the mean ± SD
CISB + GA continuous interscalene block, GA general anesthesia
*P < .05 is statistically significant

GA (n = 43) CISB + GA (n = 42) P value*

Duration of surgery (min) 101.16 ± 23.04 88.45 ± 18.98 0.004
Heart rate (beat/min) 72.44 ± 10.18 62.86 ± 8.42 < 0.001
Systolic arterial blood pressure (mm/Hg) 106.93 ± 13.83 99.6 ± 12.43 0.013
Irrigation fluid pressure (mm/Hg) 62.21 ± 10.25 54.52 ± 10.17 0.001
Irrigation fluid flow rate (ml/min) 99.07 ± 24.38 76.19 ± 18.14 < 0.001

Table 3  Postoperative pain levels, additional analgesic requirements 
and duration of hospitalization

Data are presented as n (%) for discrete variables and mean ± SD for 
continuous variables
CISB + GA continuous interscalene block and GA general anesthesia
*P < .05 is statistically significant

GA (n = 43) CISB + GA (n = 42) P value*

Postoperative VAS pain score*
 1st hour 7.33 ± 1.39 4.71 ± 1.13 < 0.001
 6th hour 5.37 ± 1.21 3.67 ± 1.16 < 0.001
 12th hour 4.79 ± 1.01 3.33 ± 1.07 < 0.001
 24th hour 3.84 ± 1.02 2.93 ± 0.84 < 0.001

Postoperative analgesic requirement (according to pain step proto-
col)

 Step 0 6 (14%) 20 (47.6%) < 0.001
 Step 1 8 (18.6%) 7 (16.7%)  > 0.05
 Step 2 2 (4.7%) 7 (16.7%)  > 0.05
 Step 3 27 (62.8%) 8 (19%)  < 0.001

Postoperative 
hospital length of 
stay, d*

2.26 ± 0.62 2.21 ± 0.60 0.738

Table 4  Functional results 
according to the Constant–
Murley score

The values are given as the mean ± SD
CISB + GA continuous interscalene block and GA general anesthesia
*P < .05 is statistically significant

GA (n = 43) CISB + GA (n = 42) P value*

Constant–Murley score (sixth week) 58.98 ± 7.96 66.64 ± 8.65 < 0.001
 Pain (maximum score, 15) 9.19 ± 3.44 11.07 ± 3.59 0.016
 Activity (maximum score, 20) 14.14 ± 1.60 14.95 ± 1.48 0.011
 Mobility (maximum score, 40) 25.21 ± 6.53 28.90 ± 6.34 0.015
 Strength (maximum score, 25) 10.44 ± 2.20 11.71 ± 2.18 0.011

Constant–Murley score (sixth month) 81.98 ± 5.50 81.62 ± 6.20 0.765
 Pain (maximum score, 15) 13.26 ± 2.41 13.10 ± 2.46 0.760
 Activity (maximum score, 20) 18.33 ± 1.44 18.38 ± 2.13 0.377
 Mobility (maximum score, 40) 36.28 ± 3.45 36.19 ± 3.82 0.946
 Strength (maximum score, 25) 14.12 ± 2.53 13.95 ± 2.22 0.854
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single or continuous interscalene brachial plexus blocks have 
been used for postoperative pain control after arthroscopic 
rotator cuff repairs [15]. Among these methods, one of the 
most effective ones is interscalene brachial plexus blocks 
[16]. The previous studies have shown that continuous inter-
scalene brachial plexus block is more effective in reducing 
postoperative pain and opioid consumption than single-shot 
interscalene block [17, 18]. The reason for this is that the 
effect of single-shot interscalene block lasts a maximum of 
12 h and then rebound pain occurs [18]. There are limited 
number of studies in the literature investigating the benefi-
cial effects of CISB on postoperative pain management in 
terms of long-term functional outcomes after ARCR. From 
this perspective, we investigated the effect of CISB on the 
functional outcomes of patients after ARCR in this study. As 
it is known, early motion after surgical intervention on joints 
has been shown to lead to improved results [19]. One of the 
most important factors that restrain early mobility is pain 
[19]. Well management of pain in the postoperative period 
encourages the patient for early mobility, which positively 
affects functional outcomes [20, 21]. In our study, patients 
who underwent continuous interscalene brachial plexus 
block had improved postoperative analgesia than those who 
underwent only GA. Almost all of the patients in the GA 
group (93%) required opioid analgesic intervention in the 
PACU, whereas none of the patients in the CISB + GA group 
required any additional opioid analgesic intervention. Simi-
larly, the VAS scores of the patients at 1, 6, 12, and 24 h 
postoperative and additional analgesic requirements were 
significantly lower in patients in the CISB + GA group than 
in the GA group. The results obtained in our study were 
consistent with those of the previous studies [17, 22]. Bet-
ter postoperative pain management in the CISB + GA group 
resulted in better adaptation of these patients to routine exer-
cise programs than those in the GA group.

Prolonged hospitalization in patients undergoing CISB 
is one of the major problems of this method. In fact, in 
a recent study, it was found that the duration of hospitali-
zation in patients undergoing CISB was 1.6 times higher 
than in those who were treated with single-shot interscalene 
blocks [18]. In our study, the duration of CISB application 
was 24 h and there was no significant difference between the 
groups in terms of hospitalization duration (P > 0.05). In the 
previous studies, it was observed that the duration of CISB 
application ranged from 24 to 72 h [17, 23, 24].

One of the rare studies investigating the long-term 
functional outcomes in the patients who were treated 
with interscalene block is the study of Stevens et al. [25]. 
In this study, interscalene block was performed by using 
two different catheters, and the functional outcomes of the 
patients were evaluated at 6 weeks postoperatively. They 
found that the functional improvement at week 6 was bet-
ter in the group treated with interscalene block by using a 

stimulating catheter [25]. Similarly, significant improvement 
was observed at 6 weeks postoperatively in the CS scores of 
patients who underwent CISB in our study. In addition, to 
determine the changes in functional improvement in the fol-
lowing periods, we evaluated the functional outcomes of the 
patients at 6 months postoperatively and found that there was 
no significant difference between the groups in this period 
(P > 0.05). The reason for this may be the decrease in the 
adverse effects of pain during the postoperative period and 
a delay in patients starting rehabilitation programs. In their 
study, Gallagher et al. [26] reported that early rehabilita-
tion provided significant functional improvement, particu-
larly in the first 3–6 months postoperatively in patients who 
underwent arthroscopic rotator cuff repair. In our study, we 
observed that the early functional improvement provided by 
early rehabilitation in the CISB + GA group was similar to 
that in the GA group at 6 months.

Intraoperative heart rate, systolic blood pressure, pres-
sure, and flow rate of irrigation fluid were evaluated in 
patients who underwent arthroscopic rotator cuff repair. 
Patients in the CISB + GA group had lower intraoperative 
heart rate and lower systolic blood pressure than those in 
the GA group (P < 0.05). In shoulder arthroscopy, con-
trolled hypotension is the most effective method that is used 
to reduce bleeding and improve arthroscopic visualization 
quality [27]. Therefore, it is recommended to maintain 
systolic blood pressure between 90 and 100 mmHg [27]. 
In our study, systolic blood pressure was more optimal in 
CISB + GA patients and intraoperative bleeding was mini-
mal. As a result, a good arthroscopic visualization was 
obtained and the mean pressure and flow rate of the irriga-
tion fluid were lower in the CISB + GA group than in the 
GA group. At the same time, mean duration of surgery was 
shorter in the CISB + GA group than in the GA group. Thus, 
keeping low irrigation fluid pressure and a short duration of 
surgery decreases fluid extravasation and also decreases the 
serious side effects associated with it [28].

In addition to these intraoperative and postoperative ben-
efits of interscalene brachial plexus block, complications 
at a rate of 2–4% have been reported in the literature [29]. 
Complications such as brachial plexus injuries, respiratory 
system complications, central nervous system complications, 
and cardiovascular complications may be noted in associa-
tion with interscalene brachial plexus block; however, almost 
all these complications are temporary [29]. In our study, 
transient ipsilateral hemidiaphragmatic paresis was observed 
in four patients. This complication recovered spontaneously 
within 12–24 h after catheter removal. It is also reported that 
this complication is frequently encountered and is observed 
almost in all patients [30]. Complications such as prolonged 
numbness, radiating pain in the distribution of the brachial 
plexus, and motor weakness were not noted in any of our 
patients.
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Our study has some limitations. First, the total sample 
size is relatively small. Second, while we define our study 
as a prospective randomized controlled trial, patients and 
observers were not fully blinded. Last limitation of our study 
is the lack of radiological evaluation of the re-rupture at the 
final follow-up of the patients. Because, re-rupture is one of 
the most important factors affecting long-term results after 
the rotator cuff repair.

Conclusion

In conclusion, in our study, CISB significantly improved 
both postoperative pain control and early functional out-
comes after ARCR. Functional improvement was more 
evident at 6 weeks postoperatively. At 6 months postop-
eratively, there was no difference in functional outcomes 
between patients who underwent CISB and patients who did 
not. Although CISB has had a positive effect on functional 
outcomes in the early period, the additional time and cost 
for CISB should be evaluated in terms of the effectiveness 
to consider it as a treatment option.
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