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SUMMARY

Objectives: Lateral sagittal infraclavicular approach is frequently used because it has less risk of complications and provides rapid and ad-
equate regional anesthesia. Due to the fact that the brachial plexus is deeper in the infraclavicular region and the approach angle is sharper, 
it can be technically challenging. In this study, we aimed to compare the costoclavicular approach, which is a newly defined approach, with 
the lateral sagittal infraclavicular brachial plexus block.
Methods: This prospective, randomized, single-blind study was conducted with a total of 43 patients. There were 21 patients in the lateral 
sagittal infraclavicular approach group (Group L) and 22 patients in the costoclavicular approach group (Group C). A mixture of 10 ml 1% 
lidocaine with 10 ml 0.25% bupivacaine was given to both groups under the guidance of ultrasonography. Sensory and motor examinations 
were performed every five minutes for 30 minutes, and the results were recorded.
Results: Sufficient block formation time was 10 (5–30) minutes in Group C and 15 (5–30) minutes in Group L (p=0.010). Sensory and motor 
block formation times of each nerve (median nerve, radial nerve, ulnar nerve, and musculocutaneous nerve) were found to be shorter in 
Group C than in Group L (p<0.05).
Conclusion: The costoclavicular approach provides faster regional anesthesia formation than the lateral sagittal infraclavicular approach.
Keywords: Brachial plexus block; costoclavicular block; infraclavicular block; upper extremity surgery.
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Introduction

The infraclavicular approach stands out as an effec-
tive and safe approach for brachial plexus block and 
is used as an alternative or adjunct to general anes-
thesia in distal arm surgery. It is preferred in the upper 
extremity, especially in hand, wrist, elbow, and distal 
arm surgery.[1,2] Some complications of the supracla-
vicular approach, especially pneumothorax, can be 
avoided with the infraclavicular approach. The infra-
clavicular approach is preferred because it reduces 
complications with ultrasound, provides a more con-
venient area for catheter insertion, and facilitates 
catheter care compared to the supraclavicular ap-
proach.[3,4] The lateral sagittal infraclavicular approach 
is the most commonly used infraclavicular approach 
in recent practice.[5] This method was first introduced 
by Klaastad et al.[6] in 2004 as a low complication risk 

method with a needle insertion at the inferior border 
of the clavicle and medial to the coracoid process.

The costoclavicular approach has gained popularity 
in recent years as an effective and safe method pro-
viding brachial plexus block in the infraclavicular re-
gion.[7] In the lateral sagittal infraclavicular approach, 
the fact that the cords are 3–6 cm deep in the lateral 
fossa makes imaging and application difficult, and it 
requires the use of high-volume local anesthetic (LA) 
for a successful block because the cords are sepa-
rated from each other and cannot always be visual-
ized together. The medial infraclavicular region is the 
area where the cords of the brachial plexus are clos-
est and most superficial to each other, and the bra-
chial plexus block can be performed with LA applied 
to this area.[8] The medial infraclavicular region is 
surrounded anteriorly by the subclavius muscle and 
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the clavicular head of the pectoralis major muscle, 
and posteriorly by the anterior chest wall. In the cos-
toclavicular approach, imaging and application are 
easier, and a compact area is created for catheter use 
thanks to the intermuscular space formed between 
the subclavius and serratus anterior muscle.[9]

In this prospective, randomized, single-blind study, 
we aimed to compare the frequently used lateral 
sagittal infraclavicular approach and the newly de-
fined costoclavicular approach for brachial plexus 
block in terms of applicability and efficacy.

Material and Methods

Study Design

This prospective, randomized, single-blind study 
was conducted in Ankara Bilkent City Hospital De-
partment of Anesthesiology and Reanimation, Or-
thopedics and Traumatology operating room, after 
the approval of Yildirim Beyazit University Faculty of 
Medicine Clinical Research Ethics Committee (date: 
08.04.2021, approval number: 26379996/33). The 
study was carried out in accordance with the Prin-
ciples of the Declaration of Helsinki and was regis-
tered on clinicaltrials.gov prior to patient enrollment 
(NCT04921852).

Study Population

Patients aged 18–70 years, American Society of An-
esthesiologists (ASA) I-II group who would undergo 
elective hand, wrist, forearm, and distal humerus 
surgery were included in the study. Patients who 
did not accept regional anesthesia, had a Body Mass 
Index (BMI)>30 kg/m², were pregnant, had coagu-
lopathy, had a known allergy to local anesthetics, 
had been previously operated on from the infracla-
vicular fossa, developed neurologic deficits, or had 
an infection in the infraclavicular region were ex-
cluded from the study. As shown in Figure 1, a total 
of 50 patients were screened for this study, and 43 
adult patients who gave written informed consent 
were enrolled in the study. There were 21 patients 
in the lateral sagittal infraclavicular approach group 
(Group L) and 22 patients in the costoclavicular ap-
proach group (Group C).

Randomization

Patients who met the criteria for inclusion in the 
study were identified by interviewing the relevant 
surgical team. To prevent selection bias and increase 
the validity of the study, the patients were divided 
into two groups using the closed opaque envelope 
method after obtaining informed consent. The ran-

Figure 1.	Flow diagram of patient data distribution.

GA: General anesthesia.

Enrollment Assessed for eligibility (n=50)

Allocation

Follow-up

Analysis

Randomized (n=46)

Group K (n=23)

• Received allocated intervention (n=23)

• Did not received allocated intervention (n=0)

• Lost to follow-up (converted GA) (n=1)

• Discontinued intervention (n=0)

Analysed (n=22)

• Excluded from analysis (n=0)

Group L (n=23)

• Received allocated intervention (n=23)

• Did not received allocated intervention (n=0)

• Lost to follow-up (converted GA) (n=2)

• Discontinued intervention (n=0)

Analysed (n=21)

• Excluded from analysis (n=0)

Excluded (n=4)

• Not meeting inclusion criteria (n=2)

• Declined to participate (n=2)
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domization process was conducted by individuals 
other than the researchers, who were not involved in 
any other part of the study.

All blocks were performed by lead researchers expe-
rienced in both techniques. The outcome evaluator 
(research nurse), who conducted the sensory-motor 
evaluation after the brachial plexus block, was not 
present in the anesthesia operating room during the 
block application. The research nurse, experienced 
and trained in this field, performed sensory-motor 
evaluations while unaware of the group distribution 
and blinded to the study, and followed the patients 
on the first day after surgery.

Preoperative Preparation

The patients were evaluated at least one day before 
the operation and fasted for at least 8 hours. They 
were reevaluated preoperatively in the operating 
room, and detailed information was given to all 
patients in both groups about the procedure to be 
performed. Informed consent was obtained, and an 
upper extremity neurologic examination was per-
formed in every patient before the procedure. The 
Verbal Rating Scale (VRS) to be used in the study was 
explained to all patients as follows: According to this 
scale, a cold ice pack would be brought into contact 
with the patient’s skin, and the sensation loss would 
be assessed by comparing the same areas of the 
extremities with and without block. Cold sensation 
was evaluated as 100, and no cold sensation was 
evaluated as 0. This procedure was used for the ex-
amination of the four main nerves. For the median 
nerve, the lateral 3.5 palmar surface of the fingers 
was tested; for the radial nerve, the dorsum of the 
hand; for the ulnar nerve, the medial 1.5 palmar sur-
face of the fingers; and for the musculocutaneous 
nerve, the lateral surface of the anterior forearm was 
checked using the cold test.

Motor blockade of each of the four nerves in the 
ipsilateral upper extremity was also assessed and 
rated on a 3-point qualitative scale (2=normal motor 
strength, 1=paresis, and 0=paralysis). Motor block-
ade tests included index finger and thumb opposi-
tion for the median nerve, little finger and thumb 
opposition for the ulnar nerve, elbow flexion for the 
musculocutaneous nerve, and wrist extension for 
the radial nerve.

The patients were taken to the preoperative block 
room approximately one hour before the operation, 
and noninvasive blood pressure, electrocardiogra-
phy, heart rate, and oxygen saturation (SpO2) were 
monitored. Blood pressure was measured on the 
contralateral side of the arm to be blocked. Peripher-
al 20 or 22 Gauge (G) vascular access was established 
in the arm that was not going to be blocked, and in-
travenous fluid transfusion was not performed. The 
patients were placed in the supine position, with the 
ipsilateral arm abducted 90 degrees. A soft support 
prepared from operating room covers was placed in 
the interscapular region, and the head was turned 
slightly to the opposite side. All block applications 
were performed after subcutaneous LA (1% lido-
caine) infiltration. No sedation or analgesia was ad-
ministered before, during, or after the block.

Block Performances

Infraclavicular block procedures were performed 
using a 22 G 80 mm SonoTAP (PAJUNK®) echogenic 
block needle with ultrasonography (USG) guidance 
under aseptic conditions. A portable ultrasound (US) 
machine (Logiq E, General Electric, USA®) with a 6–13 
MHz high-frequency linear US probe was used to 
perform in-plane scanning during the guidance and 
delivery of the block needle to the target. When the 
needle tip reached the target and blood was not ob-
served by negative aspiration to prevent unwanted 
intravascular placement, a total of 20 ml of LA solu-
tion containing 0.25% bupivacaine and 1% lidocaine 
was administered over approximately 2–3 minutes.

Costoclavicular Approach (Group C)

The clavicle, the midpoint of the clavicle, and the tip 
of the coracoid process were determined. To better 
define the sonoanatomy of the region, transverse 
scanning was performed in five consecutive steps 
from five adjacent points in the medial infraclavicu-
lar fossa as follows:

•	 Step 1: The US probe was placed transversely over 
the middle of the clavicle, with the marked part of 
the probe pointing laterally.

•	 Step 2: The probe was shifted slightly caudally 
from the inferior border of the clavicle, and the 
axillary artery and vein were visualized. Maintain-
ing the probe position, the probe was slightly 
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bowed in the cephalic direction towards the cos-
toclavicular region between the posterior part of 
the clavicle and the second rib. The US image was 
adjusted to visualize the three cords of the bra-
chial plexus together lateral to the axillary artery. 
If the US image was unclear, the US beam was 
adjusted to be perpendicular to the underlying 
neurovascular structures, and the medial end of 
the US probe was rotated slightly caudally.

•	 Step 3: The probe was shifted slightly laterally, 
maintaining the same transverse orientation and 
applying minimal pressure, until the cephalic vein 
was visualized.

•	 Step 4: The probe was moved laterally until the 
thoracoacromial artery was seen originating from 
the axillary artery.

•	 Step 5: The probe was shifted laterally up to the 
lateral infraclavicular fossa.

Additionally, the direction of the probe was kept slight-
ly oblique laterally to align the US beams at right an-
gles to the underlying neurovascular structures. Dur-
ing needle insertion in the costoclavicular space, the 
cephalic vein and thoracoacromial artery were contin-
uously visualized to avoid puncture. For the same rea-
son, the subclavius muscle was always visualized along 
with the axillary artery, axillary vein, and cords.

The echogenic block needle was placed in-plane 
and directed from lateral to medial. The sonographic 
criteria used to confirm the needle tip position in-
cluded visualization of the needle tip in the center 
of the nerve cluster and dissemination of a test bo-
lus injection containing 1–2 ml of 0.9% saline in the 
center of the nerve cluster. Then, the LA solution 
was injected slowly into a single point, and the drug 
distribution was followed. The needle was removed 
from the block area, and a sterile strip was applied to 
the entry site. Five minutes after the procedure, the 
block inspection process was initiated (Fig. 2).

Lateral Sagittal Infraclavicular Approach (Group L)

After obtaining a transverse view of the axillary ar-
tery in a circle by performing a sagittal scan with US 
medial to the coracoid process, LA (lidocaine 1%) was 
administered subcutaneously on the cephalic side of 
the US probe. The echogenic needle was visualized 
in-plane from the same region and advanced poste-

riorly to the artery. When the feeling of piercing the 
nerve sheath was perceived at the six o’clock position 
(considering the axillary artery as a clock), the needle 
was stopped. It was confirmed that the needle was 
not in the intravascular position by negative aspira-
tion, and the exact position of the needle tip was de-
termined by injecting 1–2 ml of 0.9% saline.

A total of 20 ml of LA solution was injected at a single 
point under the artery, observing its distribution to 
both sides in a ‘U’ shape. Five minutes after the proce-
dure, the block inspection process was initiated (Fig. 2).

Outcome Measures After the Brachial Plexus Block

In all patients, the duration of block application with 
US was measured using a chronometer and record-
ed. Block performance time was defined as the time 
elapsed between the insertion of the block needle 
into the skin and the removal of the needle after the 
block injection was completed. The pain associated 
with the block was evaluated using VRS, and the 
presence of paresthesia after the block was evaluat-
ed with a yes or no response and recorded. The initial 
needle insertion was considered the first direction, 
and any needle advance after a retraction of at least 
10 mm was counted as a redirection. The number of 
needle redirections was recorded. Needle visibility 
was assessed using a five-point Likert scale (1: very 
bad, 2: bad, 3: moderate, 4: good, 5: very good).

Complications potentially associated with direct 
brachial plexus block, such as symptoms of vascular 
or pleural puncture, ipsilateral Horner’s syndrome, 
intraneural injection, or LA intoxication, were also 
recorded.

After the block procedure was completed, a re-
searcher unaware of the group allocation evaluated 
and recorded sensory and motor block every five 
minutes for 30 minutes. The block procedure was 
considered complete, and timing began, after LA in-
jection and removal of the block needle.

Sensory block, defined as a loss of sensation to cold 
(ice) in the cutaneous distribution of the median 
(MN), radial (RN), ulnar (UN), and musculocutane-
ous (MCN) nerves, was evaluated and graded ac-
cording to VRS (0–100, where 100=normal sensa-
tion and 0=no sensation). Motor blockade of each 
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of the four nerves in the ipsilateral upper extremity 
was also evaluated and graded on a 3-point qualita-
tive scale (2=normal motor power, 1=paresis, and 
0=paralysis). Thumb-forefinger, thumb-little finger 
opposition, elbow flexion, and wrist extension were 
used to test for motor blockade of MN, UN, MCN, 
and RN, respectively.

An overall (mean) sensory and motor score was cal-
culated for each patient, and VRS sensory or motor 
scores of all four nerves tested were calculated at 
each time point. The onset time for each nerve to 
develop sensory and motor blockade was defined 
as the time taken to achieve a VRS of 30 or less and 

a motor power grade of one or less, respectively. An 
overall onset time for sensory and motor blockade, 
considering all four nerves together, was also cal-
culated.

Time to readiness for surgery was defined as the 
time taken for the total sensory score to be VRS 30 
or less and motor power grade one or less in all 
four nerves tested. Patients who achieved com-
plete sensory (VRS=0), complete motor (motor 
power grade=0), or complete sensory-motor (sen-
sory VRS=0 and motor power grade=0) block in all 
four nerves during the study were also calculated 
and recorded.

Figure 2.	Schematic illustrations related to the injection of local anesthetic for group L and group C (a, c), and sonoanatomy relevant 
for group L and group C (b, d). (a) Schematic illustration of where to inject local anesthetic when using an ultrasound-guided the lat-
eral sagittal infraclavicular approach; (b) The sonoanatomy relevant for the ultrasound-guided the lateral sagittal infraclavicular ap-
proach; (c) Schematic illustration of where to inject local anesthetic when using an ultrasound-guided the costoclavicular approach; 
(d) The sonoanatomy relevant for the ultrasound-guided the costoclavicular approach.

PC: posterior cord; LC: lateral cord; MC: medial cord; AA: axillary artery; AV: axillary vein.

(b)

(c)

(b)

(d)
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Intraoperative Management and Postoperative 
Follow-Up

Sedation was not applied during the intraopera-
tive period. The block was considered successful if 
the surgery was completed without requiring LA 
injection into the surgical area, rescue nerve block, 
or transition to general anesthesia with loss of con-
sciousness, intravenous opioid administration, or air-
way support. This decision was entirely at the discre-
tion of the anesthetist performing the application.

Patients were seen or contacted by telephone within 
24 hours after surgery by the same research nurse 
to ensure the absence of residual block, permanent 
neurological deficit, or both. Patients were directly 
questioned about any symptoms suggestive of per-
sistent paresthesia (tingling or “pins and needles” 
sensation) or dysesthesia (abnormal sensation) in 
the ipsilateral upper extremity of the brachial plexus 
block. Additionally, any reports of persistent neuro-
logical symptoms, sensory, or motor deficits during 
the first-week follow-up visit with the surgeon were 
reported back to the investigative team.

Sample Size and Statistical Analysis

G*Power (version 3.1.9.2) was used to calculate the 
number of patients to be included in the study. A 
pilot study was conducted to calculate the sample 
size. In the pilot study, the onset time of the sensory 
block was 8.75±5.17 minutes in the costoclavicular 
approach, while it was 13.75±5.34 minutes in the lat-
eral sagittal infraclavicular approach. Based on these 
results, the estimated sample size was calculated as 
38 patients (19 for each group) with 80% power and 
a 0.05 Type 1 margin of error. Considering the pos-
sibility of exclusions, 23 patients for each group were 
included in the study.

Descriptive statistics for continuous data were pre-
sented as Mean, Standard Deviation, Median, Mini-
mum, and Maximum values, while discrete data 
were expressed as numbers and percentages. The 
Shapiro-Wilk test was used to assess the conformity 
of continuous data to a normal distribution. For 
comparison of continuous data between the two 
groups, the T-test was used for normally distribut-
ed data, and the Mann-Whitney U test was applied 
for non-normally distributed data. Chi-square and 
Fisher’s Exact tests were used for group compari-
sons of nominal variables.

The data were analyzed using IBM SPSS for Win-
dows version 20 (IBM Corp, Armonk, NY, USA), and 
the level of statistical significance was set at a p-
value of <0.05.

Results

As presented in Table 1, both study groups were 
compared according to demographic data and clini-
cal parameters, and the characteristics were found to 
be similar.

Brachial plexus block was successfully per-
formed in 22 of 23 participants in Group C and 
21 of 23 participants in Group L without the 
need for additional LA, sedation, general anes-
thesia, or rescue block. The data of all 43 partici-
pants were analyzed. Sufficient block formation 
time for surgery was 10 (5–30) minutes in Group 
C and 15 (5–30) minutes in Group L, with Group 
C providing statistically faster preparation for 
surgery (p=0.010, p<0.05). Needle visibility was 
found to be better in Group C, scoring 5 (3–5) on 
the five-point Likert scale compared to Group L 
(p=0.004, p<0.05).

Table 1.	 Patient characteristics

Variables	 Group C (n=22)	 Group L (n=21)

Age, years, mean±SD	 40.05±13.51	 44.05±15.46
Sex, M/F, n (%)	 13 (59.1)/9 (40.9)	 11 (52.4)/10 (47.6)
BMI, kg/m2, mean±SD	 26.16±3.33	 26.83±3.53
ASA class, 1/2, n (%)	 4 (18.2)/18 (81.8)	 8 (38.1)/13 (61.9)
Types of surgery, n, (hand/wrist/elbow/forearm)	 13/6/2/1	 9/8/3/1
Duration of surgery, minutes, mean±SD	 52.64±29.12	 65.10±27.91

ASA: American Society of Anesthesiologists; BMI: Body mass index; SD: Standard deviation; K: Costoclavicular; L: lateral sagittal.
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Patient satisfaction was better in Group C (p=0.016, 
p<0.05), while surgeon satisfaction was high and 
similar in both groups. There was no statistically 
significant difference between the duration of 
block performance, VRS scores, number of needle 
attempts, and needle directions in both groups. In 

Group C, paresthesia was observed in four of 22 pa-
tients, and vascular puncture was observed in three, 
whereas in Group L, paresthesia was observed in one 
of 21 patients, and vascular puncture was observed 
in four (Table 2). Horner’s syndrome and diaphrag-
matic paralysis were not observed in either group.

Table 2.	 Block performance data

Variables

Sufficient block formation time for surgery, minutes, mean±SD 
/median (min–max)
Needle visibility, Likert scale, mean±SD 
/median (min–max)
Number of needle attempts, median (min–max)
Number of needle redirections, n (%)
Block performance time, seconds, mean±SD 
/median (min–max)
VRS scores, mean±SD / median (min–max)

Patient satisfaction scores, median (interquartile range)
Surgeon satisfaction scores, median (interquartile range)
Paresthesia, n (%)
Vascular puncture, n (%)

Group C (n=22)

10.91±6.48 
/10 (5–30)
4.59±0.66 

/5 (3–5)
1 (1–1)
7 (31.8)

158.14±38.01 / 
152.5 (110–250)

22.27±9.22 
/20 (10–50)

5 (5–5)
5 (5–5)
4 (18.2)
3 (13.6)

Group L (n=21)

15.24±5.58 
/15 (5–30)
3.90±0.83 

/4 (2–5)
1 (1–1)

11 (52.4)
150.19±38.26 / 
143 (100–250)

22.38±9.43 
/20 (10–40)

4 (2.5–5)
5 (5–5)
1 (4.8)
4 (19)

p

0.010a,*

0.004a,*

1.000a

0.172c

0.498b

0.975a

0.016a,*
1.000a

0.345c

0.698c

a: Mann-Whitney U test; b: T-test; c: Chi-square test; *: Statistically significant difference between groups; SD: Standard deviation; VRS: Verbal Rating Scale; 
C: Costoclavicular; L: Lateral sagittal.

Table 3.	 The formation times of sensory and motor block in the patients in groups C and L

Variables

MN sensory block formation time, minutes, mean±SD 
/median (interquartile range)
RN motor block formation time, minutes, mean±SD 
/median (interquartile range)
UN sensory block formation time, minutes, mean±SD 
/median (interquartile range)
MCN sensory block formation time, minutes, mean±SD 
/median (interquartile range)
MN motor block formation time, minutes, mean±SD 
/median (interquartile range)
RN motor block formation time, minutes, mean±SD 
/median (interquartile range)
UN motor block formation time, minutes, mean±SD 
/median (interquartile range)
MCN motor block formation time, minutes, mean±SD 
/median (interquartile range)

Group C (n=22)

8.18±4.51 
/5 (5–10)

10.23±6.63 / 10 
(5–15)

9.05±6.04 / 5 
(5–15)

8.41±3.89 / 10 
(5–10)

12.27±4.55 / 10 
(10–15)

12.86±4.62 / 10 
(10–15)

12.86±6.99 / 10 
(10–15)

11.36±5.38 / 10 
(10–11.25)

Group L (n=21)

14.52±6.50 / 15 
(10–20)

13.81±4.97 / 15 
(10–15)

12.86±4.35 / 15 
(10–15)

12.86±6.03 / 10 
(10–15)

19.50±5.10 / 20 
(15–20)

18.25±6.12 / 20 
(15–23.75)

15.25±4.12 / 15 
(15–20)

16.43±5.73 / 15 
(12.5–20)

p

0.001a,*

0.016a,*

0.009a,*

0.005a,*

0.001a,*

0.004a,*

0.030a,*

0.001a,*

a: Mann-Whitney U test; *: Statistically significant difference between groups; SD: Standard deviation; MN: Median nerve; RN: Radial nerve; UN: Ulnar nerve; 
MCN: Musculocutaneous nerve; C: Costoclavicular; L: Lateral sagittal.
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As shown in Table 3, sensory and motor block for-
mation times of each nerve (MN: median nerve, 
RN: radial nerve, UN: ulnar nerve, MCN: musculo-
cutaneous nerve) were shorter in Group C than in 
Group L (p<0.05).

No complaints were reported by the patients at the 
postoperative 24th hour and seventh day.

Discussion

In this single-blind, randomized study, we compared 
two ultrasound-guided block methods performed 
in the infraclavicular region of the brachial plexus in 
terms of sufficient block formation times for surgery. 
We observed that the costoclavicular approach pro-
vides faster surgical preparation than the lateral sag-
ittal infraclavicular approach.

Leurcharusmee et al.[10] published one of the first 
studies comparing the lateral sagittal infraclavicu-
lar approach and the costoclavicular approach. 
They used 35 ml of LA containing 1% lidocaine 
and 0.25% bupivacaine in the study. They found 
both methods to be safe and effective for surgical 
anesthesia. Using a sensorimotor scale with a total 
of 16 points to determine the duration of surgical 
block, they found no significant difference between 
the two groups in terms of sufficient block forma-
tion time for surgery. They suggested that this re-
sult might be due to the 35 ml volume used, which 
compensates for the advantage of the compact 
area provided by the costoclavicular approach. 
They recommended clarifying this with low-volume 
comparisons.

Songhthamwat et al.[11] used 25 ml of 0.5% ropiva-
caine in their study, arguing that when a pure and 
long-acting agent is used, surgical block will occur 
faster with the costoclavicular approach. Their find-
ings indicated that the costoclavicular approach 
was faster in terms of complete sensory and mo-
tor block formation. They proposed that the rapid 
detection of the costoclavicular approach might be 
due to multifactorial reasons, such as differences 
in dose, volume, and type of LA used. Additionally, 
they noted that the 1% lidocaine used in the LA 
mixture in the Leurcharusmee et al.[10] study might 
have masked the potential advantages of the cos-
toclavicular approach.[11]

Dost et al.[12] found the costoclavicular approach to 
be faster in terms of complete sensory block forma-
tion in their study using 20 ml of 0.5% bupivacaine. 
However, unlike the other two studies,[10,11] they did 
not observe a significant difference between the 
groups in terms of motor block formation.[12]

In our study, it was shown that the costoclavicular 
approach provides surgical anesthesia significantly 
faster than the lateral sagittal infraclavicular ap-
proach using 20 ml of an equal mixture of long- and 
short-acting LA. Based on these findings, we believe 
that the volume of LA used plays an important role 
in the observed differences. Although the LA mix-
ture in our study is the same as that used by Leurcha-
rusmee et al.,[10] it was demonstrated that the costo-
clavicular approach provides faster full sensory and 
motor block despite using a smaller volume.

The use of high volumes of LA demonstrates that the 
costoclavicular approach masks the advantage of 
the compact area where the cords are close to each 
other and prevents a significant difference between 
approaches. This also supports the idea that a suc-
cessful block can be achieved with a low volume in 
the costoclavicular approach.[8–11]

Another issue to consider is the variability in measure-
ment systems used to calculate sufficient block forma-
tion times for surgery across these studies. We em-
ployed the scale used by Songhthamwat et al.,[11] but 
the lack of a standardized method to determine suf-
ficient block times for surgery may affect the results.

In the literature, there are few studies comparing 
the lateral sagittal infraclavicular approach and the 
costoclavicular approach, as the costoclavicular ap-
proach is a newly defined method. These studies 
have been conducted with varying volumes and 
concentrations of LA: 35 ml of a mixture contain-
ing 1% lidocaine and 0.25% bupivacaine,[10] 25 ml 
of 0.5% ropivacaine,[11] 20 ml of 0.5% bupivacaine,[12] 
and 25 ml of a mixture containing 1% lidocaine and 
0.2% bupivacaine.[13]

In a sonoanatomy study of the technique and block 
dynamics, Li et al.[5] reported that the costoclavicu-
lar approach is efficient with a small volume (20 ml). 
Karmakar et al.[9] stated that the costoclavicular ap-
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proach is effective with 20 ml of 0.5% ropivacaine 
in a defining study of the method. In a minimum 
effective volume (MEV) study conducted using the 
ultrasound-guided costoclavicular approach, Sotthi-
sopha et al.[14] showed that the MEV90 (the minimum 
effective volume in 90% of patients) of lidocaine 
1.5% with epinephrine 5 μg/mL is 34 ml, while Wong 
et al.[15] reported that the MEV90 of 0.5% ropivacaine 
required to produce surgical anesthesia with an 
ultrasound-guided costoclavicular approach is 20.9 
ml. Additionally, Kewlani et al.[16] reported that the 
ED50 (the median effective dose in 50% of patients) 
is 13.5 ml, and ED95 is 18.9 ml of 0.5% ropivacaine for 
surgical anesthesia in the ultrasound-guided costo-
clavicular approach.

The combination of short-acting and long-acting 
LAs is frequently used in clinical practice to acceler-
ate the onset of block while maintaining its duration. 
With such combinations, a faster onset of block is 
achieved than with a long-acting agent alone. Con-
sidering previous studies [10–17] and our clinical expe-
rience, we used 20 ml of an LA mixture containing 
1% lidocaine and 0.25% bupivacaine in our study. 
Our aim was to provide an effective and faster onset 
surgical block while avoiding the systemic effects of 
high doses and volumes of LA.

In our study, we found that the costoclavicular ap-
proach was faster than the lateral sagittal infraclavic-
ular approach in terms of readiness for surgery and 
complete sensory and motor block formation times.

Dost et al.[12] found that patient and surgeon satis-
faction were high and similar in both groups in their 
study comparing the lateral sagittal infraclavicular 
approach and the costoclavicular approach in terms 
of block dynamics, as well as patient and surgeon sat-
isfaction. In our study, patient satisfaction was found 
to be significantly higher in the costoclavicular ap-
proach compared to the lateral sagittal infraclavicu-
lar approach, while surgeon satisfaction was high 
and similar in both methods. In Dost et al.’s [12] study, 
sedation was applied during the block procedure, 
whereas in our study, sedation was not applied. This 
leads us to think that reduced needle visibility and 
greater difficulty in maneuvering during the lateral 
sagittal infraclavicular approach may cause more 
discomfort to patients.

In our study, paresthesia was observed in 4 patients 
in Group C, while it was observed in only 1 patient 
in Group L. The lack of statistically significant results 
can be attributed to the fact that the sample size 
was not calculated based on side effects. This result 
is similar to the findings of Leurcharusmee et al.’s [10] 
study. While the rate of vascular puncture was found 
to be significantly higher in Group L in Leurcharus-
mee et al.’s[10] study, we did not find a significant dif-
ference between the two groups in terms of vascular 
puncture. We associated this with the fact that the 
block procedures in our study were performed ex-
clusively by highly experienced researchers.

Leurcharusmee et al.[10] reported that Horner’s syn-
drome was observed in two patients in Group C, and 
diaphragmatic paralysis was observed in 9% of the pa-
tients in both block groups. Similarly, Songhthamwat 
et al.[11] reported that Horner’s syndrome was not ob-
served in Group L but was seen in two of 20 patients 
in Group C. In our study, we attributed the absence of 
these complications to the smaller volume of LA used.

In line with the studies by Songhthamwat et al.[11] 
and Dost et al.,[12] we did not encounter any compli-
cations related to the block during the postoperative 
24th hour and seventh-day follow-up of the patients.

Limitations

The limitations of our study include the inability to 
establish specific criteria for determining readiness 
for surgery, relying instead on waiting for surgery to 
begin. Additionally, all patients were monitored only 
during the first 24 hours and at the first-week follow-
up visit, which may be insufficient to detect poten-
tial long-term neurological dysfunction.

Conclusion

In conclusion, the costoclavicular approach, a new 
method in brachial plexus block in the infraclavicu-
lar region, provides faster surgical preparation than 
the most commonly used lateral sagittal infracla-
vicular approach. In the costoclavicular approach, 
the brachial plexus is more superficial compared to 
the lateral sagittal infraclavicular approach, which 
improves needle visibility and facilitates probe and 
needle manipulation. These factors reduce the an-
esthesiologist’s strain and allow the procedure to 
be performed more comfortably, enhancing patient 
comfort and satisfaction.
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Considering these advantages, further studies are 
needed to explore the potential benefits of the cos-
toclavicular approach in specific patient groups, 
such as obese and pediatric patients.

Ethics Committee Approval: The Ankara Yıldırım Beyazıt 
Clinical Research Ethics Committee granted approval for 
this study (date: 08.04.2021, number: 26379996/33).

Authorship Contributions: Concept – SK, MŞ; Design – 
SK, MŞ, KD; Supervision – SK, MŞ, KD; Resource – SK, MŞ, 
KD; Materials – SK, MŞ, KD; Data collection and/or pro-
cessing – SK, MŞ, KD; Analysis and/or interpretation – SK, 
KD; Literature review – SK, KD; Writing – SK, MŞ, KD; Criti-
cal review – SK, MŞ, KD.

Conflict-of-interest issues regarding the authorship or 
article: None declared.

Use of AI for Writing Assistance: Not declared.

Financial Disclosure: This study has no funding or sponsor.

Peer-rewiew: Externally peer-reviewed.

References

1.	 Park SK, Lee SY, Kim WH, Park HS, Lim YJ, Bahk JH. Compari-
son of supraclavicular and infraclavicular brachial plexus 
block: A systemic review of randomized controlled trials. 
Anesth Analg 2017;124:636-44. [CrossRef ]

2.	 Hsu AC, Tai YT, Lin KH, Yao HY, Chiang HL, Ho BY, et al. Infra-
clavicular brachial plexus block in adults: A comprehensive 
review based on a unified nomenclature system. J Anesth 
2019;33:463-77. [CrossRef ]

3.	 Abhinaya RJ, Venkatraman R, Matheswaran P, Sivarajan G. 
A randomised comparative evaluation of supraclavicular 
and infraclavicular approaches to brachial plexus block 
for upper limb surgeries using both ultrasound and nerve 
stimulator. Indian J Anaesth 2017;61:581-6. [CrossRef ]

4.	 Kumar A, Kumar A, Sinha C, Sawhney C, Kumar R, Bhoi D. 
Topographic sonoanatomy of infraclavicular brachial plex-
us: Variability and correlation with anthropometry. Anesth 
Essays Res 2018;12:814-8. [CrossRef ]

5.	 Li JW, Songthamwat B, Samy W, Sala-Blanch X, Karmakar 
MK. Ultrasound-guided costoclavicular brachial plexus 
block: Sonoanatomy, technique, and block dynamics. Reg 
Anesth Pain Med 2017;42:233-40. [CrossRef ]

6.	 Klaastad Ø, Smith HJ, Smedby Ö, Winther-Larssen EH, Bro-
dal P, Breivik H, et al. A novel infraclavicular brachial plex-
us block: The lateral and sagittal technique, developed 
by magnetic resonance imaging studies. Anesth Analg 

2004;98:252-6. [CrossRef ]

7.	 Monzó E, Hadzic A. Costoclavicular approach to the bra-
chial plexus block: Simple or double injection? Reg Anesth 
Pain Med 2020;45:158-9. [CrossRef ]

8.	 Sala-Blanch X, Reina MA, Pangthipampai P, Karmakar MK. 
Anatomic basis for brachial plexus block at the costocla-
vicular space: A cadaver anatomic study. Reg Anesth Pain 
Med 2016;41:387-91. [CrossRef ]

9.	 Karmakar MK, Sala-Blanch X, Songthamwat B, Tsui BC. 
Benefits of the costoclavicular space for ultrasound-
guided infraclavicular brachial plexus block: Descrip-
tion of a costoclavicular approach. Reg Anesth Pain Med 
2015;40:287-8. [CrossRef ]

10.	Leurcharusmee P, Elgueta MF, Tiyaprasertkul W, Sotthiso-
pha T, Samerchua A, Gordon A, et al. A randomized com-
parison between costoclavicular and paracoracoid ultra-
sound-guided infraclavicular block for upper limb surgery. 
Can J Anaesth 2017;64:617-25. [CrossRef ]

11.	Songthamwat B, Karmakar MK, Li JW, Samy W, Mok LYH. 
Ultrasound-guided infraclavicular brachial plexus block: 
Prospective randomized comparison of the lateral sagit-
tal and costoclavicular approach. Reg Anesth Pain Med 
2018;43:825-31. [CrossRef ]

12.	Dost B, Kaya C, Ustun YB, Turunc E, Baris S. Lateral sagittal 
versus costoclavicular approaches for ultrasound-guided 
infraclavicular brachial plexus block: A comparison of 
block dynamics through a randomized clinical trial. Cureus 
2021;13:e14129. [CrossRef ]

13.	Cesur S, Yayık AM, Daş AN, Ahıskalıoğlu A. A randomized 
comparison between ultrasound-guided costoclavicular 
and infraclavicular block for upper extremity surgery. Turk 
J Med Sci 2021;51:1883-8. [CrossRef ]

14.	Sotthisopha T, Elgueta MF, Samerchua A, Leurcharusmee 
P, Tiyaprasertkul W, Gordon A, et al. Minimum effective 
volume of lidocaine for ultrasound-guided costoclavicular 
block. Reg Anesth Pain Med 2017;42:571-4. [CrossRef ]

15.	Wong MH, Karmakar MK, Mok LYH, Songthamwat B, Samy 
W. Minimum effective volume of 0.5% ropivacaine for ultra-
sound-guided costoclavicular brachial plexus block: A dose 
finding study. Eur J Anaesthesiol 2020;37:780-6. [CrossRef ]

16.	Kewlani A, Bhatia N, Makkar JK, Kumar V. Median effective 
volume of 0.5% ropivacaine for ultrasound-guided costo-
clavicular block. Anesthesiol 2021;134:617-25. [CrossRef ]

17.	Vazin M, Jensen K, Kristensen DL, Hjort M, Tanggaard K, 
Karmakar MK, et al. Low-volume brachial plexus block 
providing surgical anesthesia for distal arm surgery com-
paring supraclavicular, infraclavicular, and axillary ap-
proach: A randomized observer blind trial. Biomed Res Int 
2016;2016:7094121. [CrossRef ]

https://doi.org/10.1213/ANE.0000000000001713
https://doi.org/10.1007/s00540-019-02638-0
https://doi.org/10.4103/ija.IJA_402_16
https://doi.org/10.4103/aer.AER_140_18
https://doi.org/10.1097/AAP.0000000000000566
https://doi.org/10.1213/01.ANE.0000094337.75996.AE
https://doi.org/10.1136/rapm-2019-100852
https://doi.org/10.1097/AAP.0000000000000393
https://doi.org/10.1097/AAP.0000000000000232
https://doi.org/10.1007/s12630-017-0842-z
https://doi.org/10.1097/AAP.0000000000000822
https://doi.org/10.7759/cureus.14129
https://doi.org/10.3906/sag-2011-126
https://doi.org/10.1097/AAP.0000000000000629
https://doi.org/10.1097/EJA.0000000000001287
https://doi.org/10.1097/ALN.0000000000003731
https://doi.org/10.1155/2016/7094121

