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pain, patient satisfaction, use of supplemental local anes-
thetic and analgesic, and complications.
Results  Needle tip visibility and needle shaft vis-
ibility were significantly better in group R (p  =  0.040, 
p  =  0.032, respectively). Block performance time and 
anesthesia-related time were significantly shorter in group 
R (p = 0.022, p = 0.038, respectively). Number of needle 
passes was significantly lower in group R (p = 0.044). Par-
esthesia during block performance was significantly higher 
in group C (p = 0.045). There were no statistically signifi-
cant differences between the two groups in terms of sen-
sory or motor block success, surgical success, block-related 
pain, and patient satisfaction.
Conclusion  The retroclavicular approach is associated with 
better needle tip and shaft visibility, reduced performance 
time and anesthesia-related time, less paresthesia during 
block performance, and fewer needle passes than the cora-
coid approach.
Trıal registry number  Clinicaltrials.gov (no. 
NCT02673086).

Keywords  Retroclavicular block · Ultrasound-guided · 
Infraclavicular brachial plexus block · Needle visibility · 
Upper limb surgery

Introduction

Infraclavicular brachial plexus block (IBPB) was described 
by Bazy in 1914 and modified by Raj in 1973 [1]. Since 
then, several approaches to IBPB have been described, 
using various surface landmarks, needle insertions, and 
recommended needle directions. The three most common 
approaches are the coracoid approach [2], lateral sagittal 
approach [3], and vertical approach [4]. Others include the 
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Purpose  This prospective randomized study compared 
the coracoid and retroclavicular approaches to ultrasound-
guided infraclavicular brachial plexus block (IBPB) in 
terms of needle tip and shaft visibility and quality of 
block. We hypothesized that the retroclavicular approach 
would increase needle tip and shaft visibility and decrease 
the number of needle passes compared to the coracoid 
approach.
Methods  A total of 100 adult patients who received IBPB 
block for upper limb surgery were randomized into two 
groups: a coracoid approach group (group C) and a retro-
clavicular approach group (group R). In group C, the nee-
dle was inserted 2 cm medial and 2 cm inferior to the cora-
coid process and directed from ventral to dorsal. In group 
R, the needle insertion point was posterior to the clavicle 
and the needle was advanced from cephalad to caudal. All 
ultrasound images were digitally stored for analysis. The 
primary aim of the present study was to compare needle 
tip and shaft visibility between the coracoid approach and 
retroclavicular approach in patients undergoing upper limb 
surgery. The secondary aim was to investigate differences 
between the two groups in the number of needle passes, 
sensory and motor block success rates, surgical success 
rate, block performance time, block performance-related 
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parasagittal [5] and pericoracoid approaches [6]. Among 
all of these approaches, the coracoid approach is the most 
widely used [7].

In the coracoid approach, the needle is inserted 2  cm 
medial and 2  cm inferior to the coracoid process and 
directed from ventral to dorsal. The plexus is encountered 
at an average depth of 4.5 cm but may be as deep as 7.5 cm 
[8]. In the retroclavicular approach, the needle insertion 
point is posterior to the clavicle instead of inferior to it. 
The needle is inserted immediately above the clavicle in the 
space between the coracoid process and the clavicle, and 
advanced from cephalad to caudal [9].

The ultrasound (US)-guided posterior approach to IBPB 
was first described by Hebbard and Royse [10]. Charbon-
neau et al. reported that retroclavicular block was a quick, 
safe, and reliable alternative for distal arm block [9]. 
Unlike the coracoid approach, the needle insertion point 
is posterior to the clavicle in the retroclavicular approach. 
Therefore, the needle shaft is aligned perpendicular to the 
ultrasound beam, thereby allowing better needle tip and 
shaft visibility.

The aim of the study reported in the present paper was 
to test the hypothesis that the retroclavicular approach 
increases the visibility of both the needle tip and shaft com-
pared with the coracoid approach (and that this improved 
visibility influences the course and result of the block). The 
primary endpoint of this study was the difference in visibil-
ity and the secondary endpoints were the number of needle 
passes, block performance time, procedure-related pain, 
sensory and motor blockade, use of additional analgesics, 
complications, and patient satisfaction.

Methods

This study was carried out in accordance with the Dec-
laration of Helsinki, approved by the Ethics Committee 
of the Training and Research Hospital, Antalya, Turkey 
(approval number 70/13), and registered in the Clinicaltri-
als.gov clinical trials registry (no. NCT02673086). Writ-
ten informed consent was obtained from all patients before 
they were included in the study. Patients who received 
IBPB for elective elbow, forearm, wrist, or hand surgery 
were randomized by means of computer-generated order 
randomization into two groups: a retroclavicular approach 
group (group R) and a coracoid approach group (group C). 
Exclusion criteria included patients <18 years old, body 
mass index (BMI) <20 or >35 kg/m2, inability to provide 
written informed consent, refusal of regional anesthesia, or 
contraindication for regional anesthesia.

On arrival at the operating room, a peripheral venous 
line was established. Standard monitoring including non-
invasive blood pressure, five-lead electrocardiography, 

and pulse oximetry was used. Patients were premedicated 
with a 0.05 mg/kg intravenous bolus of midazolam 5 min 
before the block. All IBPBs were performed by two inde-
pendent anesthesiologists who were blinded to the study 
and experienced in these techniques. A 21-gauge 100 mm 
needle (Stimuplex® A, B. Braun Melsungen AG, Ger-
many) was used for the blocks. Patients were positioned 
supine, the arm was adducted, and the head was rotated 
to the contralateral side of the blockade. Before all of 
the blocks, the skin was cleaned with chlorhexidine and 
the skin and subcutaneous tissue were anesthetized with 
2–4  ml of 1% lidocaine. A Mindray (Shenzhen, China) 
DC-T6 ultrasound machine with a 10-MHz linear probe 
with a sterile cover was used to perform the blocks.

The coracoid approach to the IBPB was performed 
according to a previously described technique [11]. The 
US probe was placed parasagittally just medial to the 
coracoid process and caudal from the clavicle (Fig.  1a). 
The needle was inserted cephalad to the ultrasound probe 
using an in-plane technique and advanced in a cau-
dal direction toward the posterior aspect of the axillary 
artery, in the vicinity of the posterior cord of the brachial 
plexus (Fig.  1b). The retroclavicular approach to the 
IBPB was performed as described by Charbonneau et al. 
[9]. The US probe was placed parasagittally just medial 
to the coracoid process and caudal from the clavicle. 
The needle insertion point was located in the supracla-
vicular fossa, just medial to the shoulder at a point suf-
ficiently posterior to the clavicle and medial to the trape-
zius muscle insertion point on the clavicle (Fig. 2a). The 
needle was inserted immediately above the clavicle in the 
space between the coracoid process and the clavicle and 
advanced from cephalad to caudal (Fig. 2b).

Fig. 1a–b   Coracoid approach for ultrasound-guided infraclavicular 
brachial plexus block. a Position of the transducer and block needle 
insertion point. b Ultrasound image demonstrating the needle tip and 
shaft. AA axillary artery
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The blocks were performed by administering 25  ml 
bupivacaine 0.5% at the 6-o’clock position with respect to 
the axillary artery with the aim of providing a U-shaped 
spread around the vessel. The procedures were recorded 
with a digital camera recorder so that they could be 
reviewed after study completion by two independent anes-
thesiologists who were blinded to the study. Needle tip vis-
ibility was evaluated using a five-point Likert scale (1: very 
poor, 2: poor, 3: fair, 4: good, 5: very good). The total block 
performance time (from skin puncture to needle removal) 
was recorded. Shaft visibility was scored as follows: (1) 
none of the shaft was visualized; (2) only a small segment 
of the shaft was visualized; (3) less than half of the shaft 
was visualized; (4) almost all of the shaft was visualized; 
(5) the entire shaft was visualized.

Sensory assessments were performed every 5  min 
after needle removal for 30  min in the regions of the 
radial, median, ulnar, and musculocutaneous nerves 
of the forearm based on a three-point scale with a cold 
test [0: normal sensation, 1: analgesia (patient can feel 
touch but not cold), 2: anesthesia (patient cannot feel 
touch)] carried out by a blinded observer. Motor block 
was evaluated for flexion of the elbow, opposition of the 
thumb, abduction of the thumb, and adduction of the 
thumb based on a three-point scale (0: no block, 1: pare-
sis, 2: paralysis). The maximal composite score was 16 
points. Block success was defined as a composite score 
of 14 at 30  min. The number of needle passes and the 
block performance time were recorded by an independ-
ent observer. Any retraction of a least 10  mm and re-
advancement of the needle was counted as an additional 
needle pass. Block performance time was defined as the 
time from the first insertion of the blocking needle to its 

removal. Onset time was defined as the time required for 
a composite score of 14 points. If the composite score 
was >14 after 30 min, the patient was transferred to the 
operating room to begin the surgery, and the onset time 
was not recorded in this case. If the composite score was 
less than 14/16, additional intravenous analgesic or gen-
eral anesthesia was administered [12]. The total anes-
thesia-related time was the sum of the performance and 
onset times.

In the case of pain during surgery, the patient was 
administered intravenous analgesic, general anesthesia, 
rescue blocks, or local anesthetic infiltration. Surgical 
success was defined as no requirement for additional 
local anesthetic, intravenous analgesic, rescue blocks, 
or general anesthesia during the surgery. The use of sup-
plementary local anesthetic and the use of intravenous 
analgesic were recorded by the blinded observer. Block 
performance-related pain was evaluated with a verbal 
rating scale (VRS) score after the removal of the needle. 
The VRS was scored from 0 (no pain) to 10 (the worst 
pain imaginable) to denote increasing pain intensity.

Postoperatively, the patients were asked to grade their 
satisfaction about the surgery under the block (1: very 
poor, 2: poor, 3: average, 4: satisfied, 5: very satisfied). 
Complications such as needle-induced paresthesia, vascu-
lar puncture, Horner syndrome, dyspnea, and symptoms 
of local anesthetic toxicity were recorded by a blinded 
observer. To rule out pneumothorax, all the patients stud-
ied were evaluated by performing bedside US examina-
tions of the chest before discharge.

Study power was based on data from the needle tip 
visibility study by Jandzinski et al. [13], using an SD of 
0.9 on a five-point visibility scale with a difference of 
one point being clinically significant. A calculated sam-
ple size of 39 patients per group was required to provide 
a statistical power of 0.80 and an alpha of 0.05. There-
fore, 50 patients per group were included to replace any 
dropouts. Statistical analysis was performed using the 
SPSS version 21 statistical software (SPSS Inc., Chicago, 
IL, USA). All numerical data were tested for a normal 
distribution with the Kolmogorov–Smirnov test. Con-
tinuous variables are presented as the mean ±  standard 
deviation (SD) and ordinal variables are presented as the 
median and range. Categorical variables are presented as 
the number (n) and the percentage (%) of patients. Dif-
ferences between mean values for normally distributed 
variables were compared using Student’s t test. Non-
normally distributed variables and ordinal variables were 
compared with the Mann–Whitney U test and the Wil-
coxon rank sum test. The chi-squared test and Fisher’s 
exact test were used for categorical data where appropri-
ate. A value of p < 0.05 was considered to indicate statis-
tical significance.

Fig. 2a–b   Retroclavicular approach for ultrasound-guided infraclav-
icular brachial plexus block. a Position of the transducer and block 
needle insertion point. b Ultrasound image demonstrating the needle 
tip and shaft. AA axillary artery
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Results

A total of 130 patients were assessed for study eligibil-
ity, 30 of whom did not undergo randomization. Eight-
een patients did not meet the inclusion criteria for vari-
ous reasons, seven patients declined to participate in 
the study, and five patients declined regional anesthesia. 
Therefore, 100 patients were enrolled, and all were suc-
cessfully followed up according to the study protocol 
(Fig. 3).

There was no difference in age, gender, height, weight, 
body mass index, and American Society of Anesthesi-
ologists (ASA) physical status between the two groups 
(Table 1).

The results for the primary endpoints are shown in 
Table  2. Significantly better needle tip visibility was 
obtained in group R than in group C (p = 0.040). Needle 
shaft visibility was significantly better in group R than in 
group C (p =  0.032). Block performance time was sta-
tistically shorter in group R (2.8 ± 1.6 vs 6.2 ± 2.2 min; 
p  =  0.022). Similarly, the anesthesia-related time 
was statistically shorter in group R (17.9  ±  2.1 vs 
23.9 ± 2.2 min; p = 0.038). The number of needle passes 
was significantly lower in group R (p  =  0.044). Two 
patients in group R and five patients in group C felt mild 

pain after skin incision, so additional intravenous anal-
gesic and 3–5  ml of additional 1% lidocaine infiltration 
was administered by the surgeon to these patients. Due 
to the level of pain felt, one patient in group R could not 
tolerate the surgery despite additional analgesic and local 
anesthetic, and general anesthesia was necessary. No sta-
tistically significant differences were observed between 
the two groups in sensory block success, motor block 
success, surgical success, onset time, block-related pain, 
and patient satisfaction (Table 2).

Fig. 3   Consort flow diagram

Table 1   Patient characteristics (values are the mean  ±  SD or the 
number and percentage)

BMI body mass index, ASA American Society of Anesthesiologists

Characteristics Group R (n = 50) Group C (n = 50)

Age, years 55 ± 7.8 53 ± 9.6

Sex (men/women), 
n (%)

28/22 (56/44) 26/24 (52/48)

Height, m 1.63 ± 0.4 1.61 ± 0.8

Weight, kg 75 ± 17 79 ± 10

BMI, kg/m2 25 ± 3 26 ± 5

ASA status (I/II/III), 
n (%)

26 (52)/20 (40)/4 (8) 23 (46)/18 (36)/9 (18)
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The times taken to develop complete sensory and motor 
block in the first 30 min after block performance are shown 
in Table  3. No differences in these times were found 
between groups. The spread of sensory block to the four 
terminal nerves after 30 min is shown in Table 4. The time 
required for the spread of sensory block to the musculocu-
taneous nerve in both groups was significantly longer than 

the times required for the spread of sensory block to the 
other nerves at 10 min.

There was no significant difference in block-related pain 
between the two groups based on VRS scores (p = 0.574). 
Paresthesia during block performance was significantly 
higher in group C (p  =  0.045). No persistent paresthe-
sia was observed in either group. Vascular puncture was 

Table 2   Anesthetic data and 
complications (values are the 
mean ± SD, the median [range], 
or the number and percentage of 
patients)

VRS verbal rating scale

Group R (n = 50) Group C (n = 50) p value

Needle tip visibility (5 points) 3.9 [3–5] 2.5 [1–4] 0.040*

Needle shaft visibility (5 points) 4.2 [3–5] 2.7 [1–5] 0.032*

Number of needle passes 1 [1–3] 3 [1–5] 0.044*

Sensory block success, n (%) 48 (96) 45 (90) 0.574

Motor block success, n (%) 46 (92) 44 (88) 0.348

Surgical success, n (%) 48 (96) 45 (90) 0.574

Onset time, min 15.4 ± 6 18.2 ± 5.1 0.125

Block performance time, min 2.8 ± 1.6 6.2 ± 2.2 0.022*

Total anesthesia-related time, min 17.9 ± 2.1 23.9 ± 2.2 0.038*

Block-related pain on VRS 2.0 [0–5] 2.1 [1–5] 0.574

Patient satisfaction 3.5 [1–5] 3.3 [2–5] 0.458

Supplemental local anesthetic, n (%) 2 (4) 5 (10) 0.268

Use of analgesic, n (%) 2 (4) 5 (10) 0.268

Complications

 Paresthesia during block performance, n (%) 0 6 (12) 0.045*

 Vascular puncture, n (%) 0 1 (2) 0.488

 Horner syndrome, n (%) 0 0

 Dyspnea, n (%) 0 0

 Local anesthetic toxicity, n (%) 0 0

 Pneumothorax, n (%) 0 0

Table 3   Time required to develop complete sensory and motor block (values are the number and percentage of patients)

Sensory block Motor block

5 min 10 min 15 min 20 min 25 min 30 min 5 min 10 min 15 min 20 min 25 min 30 min

Group R, n (%) 1 (2) 5 (10) 25 (50) 33 (66) 46 (92) 49 (98) 0 (0) 3 (6) 11 (22) 23 (46) 41 (82) 46 (92)

Group C, n (%) 0 (0) 4 (8) 22 (44) 31 (62) 42 (84) 45 (90) 0 (0) 4 (8) 12 (24) 25 (50) 40 (80) 44 (88)

p value 0.575 0.474 0.476 0.356 0.234 0.532 0.454 0.415 0.345 0.658 0.246 0.375

Table 4   Spread of sensory block (sensory score of 2/2) to the four terminal nerves (values are the number and percentage of patients)

* p = 0.028 versus musculocutaneous in intragroup comparison (group R)
β  p = 0.032 versus musculocutaneous in intragroup comparison (group C)

Group R Group C

5 min 10 min 15 min 20 min 25 min 30 min 5 min 10 min 15 min 20 min 25 min 30 min

Radial, n (%) 5 (10) 22 (44) 30 (60) 38 (76) 45 (90) 50 (100) 5 (10) 20 (40) 35 (70) 40 (80) 47 (94) 50 (100)

Median, n (%) 3 (6) 11 (22) 31 (62) 40 (80) 45 (90) 49 (98) 2 (4) 8 (16) 36 (72) 43 (86) 48 (96) 48 (96)

Ulnar, n (%) 4 (8) 13 (26) 32 (64) 42 (84) 45 (90) 47 (94) 4 (8) 15 (30) 36 (72) 44 (88) 47 (94) 49 (98)

Musculocutaneous, n (%) 0 (0) 1 (2)* 26 (52) 36 (72) 46 (92) 48 (96) 1 (2) 3 (6)β 29 (58) 34 (68) 47 (94) 48 (96)
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observed in one patient in group C, but this situation did 
not affect block success because the needle was retracted 
slightly after vascular puncture and repositioned. There 
were no other adverse effects or complications in either 
group, and no neurological deficit was diagnosed in any 
patient 24–36 h postoperatively (Table 2).

Discussion

This randomized prospective study demonstrated that nee-
dle tip and shaft visibility was significantly better with the 
retroclavicular approach to IBPB than with the coracoid 
approach. Furthermore, block and anesthesia-related times 
were significantly shorter and the number of needle passes 
and block-related paresthesia were significantly lower with 
the retroclavicular approach, though the sensory and motor 
block success rates were similar in both approaches.

The inability to accurately keep track of the needle 
tip may be a contributing factor to procedural complica-
tions. In the retroclavicular approach, the needle path lies 
in a plane parallel to the probe and the needle shaft is 
aligned perpendicular to the ultrasound beam (Fig. 4). This 
increases needle tip and shaft visibility. Better needle vis-
ibility provides guaranteed needle orientation, thereby 
avoiding injury to several critical neurovascular structures 
[14]. In their noncomparative study, Charbonneau et  al. 
[9] reported that needle tip and shaft visibility was good 
in the retroclavicular approach. The current study is the 
first clinical study to compare the retroclavicular approach 
to the coracoid approach for US-guided IBPB. In the cur-
rent study, needle tip and shaft visibility scores were sig-
nificantly higher in group R than in group C. This is con-
cordant with the results of Charbonneau et al. [19] for the 
retroclavicular approach, and significantly better needle tip 
and shaft visibility contributed to significant differences 
between the groups in block performance time, anesthesia-
related time, and number of needle passes.

The cephalic vein and acromial branch of the thoracoac-
romial artery are exposed to needle trauma during the cora-
coid approach because these structures are along the needle 
path [15]. The rate of paresthesia during block performance 
has been reported as 17.5% by Frederiksen et al. [16] and 
7.5% by Tran et al. [17]. In the current study, similar rates 
were found, with 12% of patients experiencing paresthesia 
during the coracoid approach. The retroclavicular approach 
keeps the needle well away from these neurovascular struc-
tures. Therefore, rates of needle trauma and paresthesia 
during block performance may be lower in the retroclavicu-
lar approach. In the present study, paresthesia during block 
performance was less common in group R. Charbonneau 
et al. [9] reported that in the retroclavicular approach, the 
needle path avoids the puncture of the pectoralis major and 

minor, which results in less pain during the procedure. The 
procedure-related discomfort in that study was recorded 
as a VRS score of 1.9 ± 1.2. These findings were similar 
to the results of the current study. Both the retroclavicular 
and coracoid approaches were also found to be similar in 
terms of block-related pain. This similarity may be related 
to local anesthetic use or the sedation provided before 
block performance in both groups. Due to the less painful 
procedure, the patient satisfaction scores were high in both 
groups in the present study.

Abduction of the upper arm at 90° with external rota-
tion of the shoulder decreases the distance between the skin 
and the brachial plexus, so this position is often preferred 
to the coracoid approach for IBPB [18]. Although abduc-
tion of the arm reduces the depth of the brachial plexus, it 
does not change the position of the axillary artery relative 
to the coracoid process or the pleura [19]. Retroclavicular 
block is performed without the need for abduction of the 
upper arm. Adduction of the upper arm is advantageous in 
patients with limited movement or pain of the arm or shoul-
der. In the current study, the upper arms were positioned in 
adduction in both groups.

In the present study, anesthesia of the musculocutaneous 
nerve (MCN) was observed to be delayed in both groups 
compared to other nerves. The MCN frequently branches 
from the lateral cord more proximally [7]. Pianezza et  al. 
reported that at least 35% of MCN emerged from the lateral 
cord proximally to the coracoid process [20]. The delayed 
anesthesia of MCN may be due to the early branching of 
this nerve from the lateral cord and because it is difficult 
for the local anesthetic solution to reach it.

Sutton et  al. [21] reported that if the lateral cord was 
separated from the artery by a small distance, the local 

Fig. 4   Diagram representing the infraclavicular region and compar-
ing the coracoid and retroclavicular approaches with ultrasound guid-
ance in terms of needle advancement. A axillary artery, V axillary 
vein, LC lateral cord, PC posterior cord, MC medial cord
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anesthetic failed to reach the cord. They proposed that the 
MCN anesthesia lag is due to the tendency to push the nee-
dle more caudally under the axillary artery in the retroclav-
icular approach. They reported that if the needle was with-
drawn slightly and redirected anteriorly to deposit a small 
aliquot of local anesthetic at the lateral cord, the lag time 
for a complete block was eliminated. The MCN anesthesia 
lag may be due to the reasons reported by Sutton et al.

The current study does, however, have several limita-
tions. Firstly, although the sample size was sufficient to 
evaluate needle visibility, it may not have been sufficient to 
detect rarer effects and complications of the procedure such 
as vascular puncture, Horner syndrome, pneumothorax, or 
postoperative neurological deficits. Secondly, the BMIs 
of the patients in the study were normal. Different results 
could be obtained with a study sample of obese patients.

In conclusion, the results of this study demonstrated that 
the retroclavicular approach for US-guided IBPB is asso-
ciated with better needle tip and shaft visibility, shorter 
performance and anesthesia-related times, fewer needle 
passes, and lower paresthesia during block performance 
than the coracoid approach. On the other hand, the retro-
clavicular approach was similar to the coracoid approach in 
terms of success rate and patient comfort.
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