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Abstract: Objective To investigate the application of ultrasound -guided costoclavicular space brachial plexus block (BPB)
in anesthesia for patients undergoing upper limb fracture surgery, and to study its effects on block efficacy, immune function,
and postoperative pain. Methods Eighty patients undergoing upper limb fracture surgery at Anging First People's Hospital
Affiliated to Anhui Medical University from May 2021 to October 2024 were selected and randomly divided into a control
group (n7=40) and an experimental group (7=40) . Both groups received ultrasound-guided BPB and open reduction internal
fixation surgery. The control group adopted the coracoid approach, while the experimental group adopted the costoclavicular
space approach. The anesthetic block efficacy, brachial plexus block status at 5, 10, 20, and 30 minutes after drug injection
respectively, Visual Analog Scale (VAS) score at rest and during movement at 12, 18, 24, and 36 hours postoperatively, immune
function markers (CD3", CD4", CD8") before and after surgery, and perioperative side effects were compared between the two
groups. Results Compared with the control group, the experimental group had shorter block operation time [(6.14+1.35) min
vs(7.94+1.17) min, =6.373, F<0.01], longer block maintenance time [(434.51 + 20.31) min vs(412.47 + 19.63) min, t=4.935,
P<0.01], and shallower needle insertion depth [(2.58+0.22) min vs (3.36£0.27) min, =14.164, P<0.01]. Compared with the
control group, the experimental group showed higher sensory block rates of the musculocutaneous, ulnar, radial, and median
nerves at 5 and 10 minutes after drug injection (£<0.05), and higher motor block rates of the musculocutaneous, radial, and
ulnar nerves at 10 minutes after injection (£<0.05). The inter-group effect, time effect, and interaction effects of VAS scores at
rest and during movement at 12, 18, 24, and 36 hours postoperatively were statistically significant in both groups (P<0.05).
Postoperatively, immune function levels decreased in both groups, and the control group had lower levels of CD3", CD4", CD8"
compared to the experimental group (#=4.762, 7.106, 2.152, £<0.05). There was no statistically significant difference in the
incidence of perioperative side effects between the two groups [10.00% (4/40) vs 15.00% (6/40), x* =0.457, P=0.499].
Conclusion Ultrasound-guided costoclavicular space BPB demonstrates significant block efficacy in patients undergoing
upper limb fracture surgery, with rapid onset of sensory and motor blockade, lower postoperative pain levels, reduced impact
on immune function, and good safety.

Keywords: Upper limb fracture; Brachial plexus block; Costoclavicular space; Ultrasound guidance; Block effect; Immune
function; Pain
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Brachial plexus block (BPB) refers to the injection
of local anesthetics near the trunks of the brachial plexus
to block nerve conduction in the innervated area. It is
commonly used for anesthesia in upper extremity fracture
surgery, with the advantages of simple operation, minimal
trauma, and rapid postoperative recovery [1]. The
coracoid approach is a traditional approach for BPB,
which has low in vitro requirements and good analgesic
effect, but its visualization under ultrasound is unclear
and positioning is difficult, which affects the surgical
operation [2]. In recent years, with the development of
ultrasound technology and in-depth research in the field
of anesthesiology, a new surgical approach for BPB has
been proposed, namely the costoclavicular space
approach. Due to the fixed position of the brachial vessels
and nerve bundles in this region, its localization is simple,
and the brachial plexus structure is superficial, which
makes it easy to achieve a blocking effect. However, the
blocking effect of BPB in patients undergoing upper
extremity fracture surgery has not yet been clarified [3-4].
This study investigates the blocking effect of

ultrasound-guided costoclavicular space BPB in patients
undergoing upper extremity fracture surgery, with the aim
of providing a reference for improving the blocking effect
in such patients.

1 Materials and Methods
1.1 General Information

The study subjects were 80 patients with upper
extremity fractures who received treatment at Anging
First People's Hospital from May 2021 to October 2024.
They were divided into the control group (40 cases) and
the experimental group (40 cases) according to the
random number table method.

Inclusion criteria: (1) Diagnosed with upper
extremity fracture by imaging examination; (2) American
Society of Anesthesiology (ASA) classification [5] of
grade I-III; (3) Signed informed consent form; (4)
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Received open reduction and internal fixation surgery and
ultrasound-guided BPB; (5) Aged 18 years or older.
Exclusion criteria: (1) Allergy to anesthetic drugs
used in this study; (2) Suffering from mental illness; (3)
Abnormal coagulation function; (4) Infection at the
puncture site; (5) Suffering from nervous system diseases;
(6) Muscle injury on the same side as the fracture; (7)

Severe cardiopulmonary dysfunction; (8) Malignant
tumor. There was no statistically significant difference in
general information between the two groups of patients
(P>0.05), as shown in Table 1. This study was reviewed
and approved by the Medical Ethics Committee of
Angqing First People's Hospital (No.
AQYY-YXLL-LWLL-06).

Tab.1 Comparison of general information between the two groups (X +s)

Group Number of cases Male Gendel’Female Age (years) BMI (kg/m?) I ASA claIsISIﬁcatlon I
Experimental group 40 24 16 43.64+6.39 23.48+1.76 23 13 4
Control group 40 26 14 45.35+6.54 23.29+1.30 17 18 5
X/VZ value 0.213 1.183 0.549 1.541
P value 0.644 0.240 0.584 0.214
1.2 Methods

After admission, both groups of patients received
routine oxygen inhalation, with monitoring of blood
pressure, electrocardiogram and peripheral blood oxygen
saturation. An upper extremity venous access Wwas
established, and 0.1 pg/kg of sufentanil citrate injection
(National Medical Product Administration Approval No.
H20203652, Jiangsu Nhwa Pharmaceutical Co., Ltd.) was
intravenously administered 10 minutes before anesthesia.
Patients were placed in the supine position, with the head
turned to the non-operative side and a thin pillow placed
under the shoulder. A color Doppler ultrasound
diagnostic instrument (Siemens AG) was used for
localization, with a probe frequency of 5-12 MHz.

Control group: The probe was placed at the inferior
border of the clavicle adjacent to the coracoid process,
and cross-sectional scanning was performed to display the
pectoralis major/minor muscles and the three nerve
bundles of the brachial plexus. A 22G puncture needle
was inserted from the clavicular end, with the tip of the
needle reaching between the axillary artery plane and the
posterior cord of the brachial plexus. After no blood was
observed on aspiration, 15 mL of 0.375% ropivacaine
hydrochloride (National Medical Product Administration
Approval  No. H20113381, Guangdong Jiabo
Pharmaceutical Co., Ltd.) was injected. After the drug
diffused around the axillary artery, the needle was
appropriately withdrawn, and 15 mL of 0.375%
ropivacaine hydrochloride was injected around the lateral
cord of the brachial plexus adjacent to the axillary artery.

Experimental group: The probe was placed at the
midpoint of the clavicle, and sliding probe scanning was
performed to display the pectoralis major muscle,
subclavius  muscle, axillary artery and vein,
thoracoacromial artery, the three nerve bundles of the
brachial plexus, and the cephalic vein. A 22G puncture
needle was inserted from the lateral side of the axillary
artery to the position between the lateral cord and the
posterior cord. After no blood was observed on aspiration,
30 mL of 0.375% ropivacaine hydrochloride was injected.

1.3 Observation indicators

(1) Anesthesia block effect. (2) At 5, 10, 20 and 30
minutes after drug administration, the degree of sensory
block in the main innervated areas of the brachial plexus
was evaluated using the pinprick method, and motor
block was assessed using the muscle strength grading
method. (3) The Visual Analogue Scale (VAS) [6] was
used to evaluate the pain degree of patients at 12, 18, 24
and 36 hours postoperatively, with scores ranging from 1
to 10, and the score was positively correlated with the
pain degree. (4) Immune function indicators: Venous
blood samples were collected from patients before and
after surgery, and the levels of CD3*, CD4" and CD8"
were measured using a flow cytometer (Beckman Coulter,
USA). (5) The incidence of side effects such as nausea
and vomiting, skin pruritus and drowsiness during the
perioperative period was recorded and compared between
the two groups.

1.4 Statistical methods

SPSS 24.0 statistical software was used for data
processing. Measurement data conforming to normal
distribution were expressed as x +s. Comparison between
the two groups was performed using the independent
sample t-test, multi-time point comparison was performed
using repeated measures analysis of variance, and
pairwise comparison was performed using the LSD-¢ test.
Count data were expressed as case (%), and comparison
was performed using the y? test, while multi-time point
comparison was performed using the generalized
estimating equation. A P value<0.05 was considered
statistically significant.

2 Results

2.1 Comparison of anesthesia block effects between
two groups

Compared with the control group, the experimental group
had shorter block operation time, longer block duration,
and shallower needle insertion depth (P<0.01), as shown
in Table 2.
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2.2 Comparison of block rates at different time points
between two groups

Compared with the control group, the sensory block
rates of the musculocutaneous nerve, ulnar nerve, radial
nerve, and median nerve in the experimental group were
significantly higher at 5 min after drug administration
(¢°=8.538, 6.486, 7.314, 5.333, P<0.05) and 10 min after
drug administration (y?=6.667, 5.165, 6.646, 9.038,
P<0.05). The motor block rates of the musculocutaneous
nerve, radial nerve, and ulnar nerve at 10 min after drug
administration were also significantly higher in the
experimental group (y?=7.440, 6.050, 7.813, P<0.05), as
shown in Table 3 and Table 4.

2.3 Comparison of VAS scores at different time
points between two groups

There were statistically significant differences in the
inter-group, time, and interaction effects of VAS scores at
rest and during movement at 12, 18, 24, and 36 h
postoperatively  between the two  groups (F
inter-group=009.600, F ine=494.900, F ineracion=40.300,

experimental group had significantly lower VAS scores at
rest (=17.705, 13.754, 12.292, 21.157, P<0.05) and
during movement (/=22.322, 13.570, 7.490, 9.904,
P<0.05) at 12, 18, 24, and 36 h postoperatively, as shown
in Table S.

2.4 Comparison of immune function indicators
between two groups

The levels of immune function indicators decreased
in both groups after surgery, and the decrease was more
significant in the control group compared with the
experimental group (P<0.05), as shown in Table 6.

Tab.2 Comparison of anesthetic block effects between two
groups (n=40, X +s)

Block operation Block duration Needle insertion

B time (min) (min) depth (cm)

Erpediichig] 6.14+1.35 434.51£20.31 2.58+0.22
group

Control group 7.94+1.17 412.47+19.63 3.36+0.27

t value 6.373 4.935 14.164

P value <0.001 <0.001 <0.001

P<0.05). Compared with the control group, the
Tab.3 Comparison of sensory block rate at different time points between the two groups [#n=40, case (%)]
Median nerve Ulnar nerve Radial nerve Musculocutaneous nerve

Time point Experimental Control Experimental  Control Experimental Control Experimental Control

group group group group group group group group
5 min after injection 10(25.00)* 1(2.50) 6(15.00)* 0 9(22.50)* 1(2.50) 5(12.50) 0
10 min after injection 15(37.50) 5(12.50) 9(22.50)* 2(5.00) 12(30.00)* 3(7.50) 14(35.00)* 3(7.50)
20 min after injection 33(82.50)  27(67.50) 30(75.00) 24(60.00) 29(72.50) 25(62.50) 26(65.00) 23(57.50)
30 min after injection 36(90.00)  37(92.50) 35(87.50) 33(82.50) 37(92.50) 31(77.50) 33(82.50) 30(75.00)
X 7P time value 75.821/0.026 1025.884/<0.001 66.233/<0.001 885.960/<0.001
X 7P inter-group Value 4.937/<0.001 262.419/<0.001 7.911/0.005 275.579/<0.001
X /P interaction Value 5.548/0.136 6.572/0.037 5.182/0.159 5.304/0.071

Note: compared with the control group at the same time point, *P<0.05.

Tab.4 Comparison of motor block rates at different time points between the two groups [n=40, case (%)]

Median nerve

Ulnar nerve

Radial nerve Musculocutaneous nerve

Time point Experimental Control Experimental Control Experimental Control Experimental Control
group group group group group group group group

5 min after injection 1(2.50) 0 3(7.50) 0 0 1(2.50) 2(5.00) 0

10 min after injection 3(7.50) 0 11(27.50)* 2(5.00) 13(32.50)* 4(10.00) 16(40.00)* 5(12.50)

20 min after injection 21(52.50) 13(32.50) 30(75.00) 25(62.50) 29(72.50) 21(52.50) 28(70.00) 21(52.50)

30 min after injection 30(75.00)  23(57.50) 33(82.50) 29(72.50) 35(87.50) 30(75.00) 32(80.00) 27(67.50)

633.633/<0.001
879.896/<0.001
0.007/0.935 2.703/0.259

x%/P time value
X 7P inter-group Value
XZ/P interaction Value

613.899/<0.001
248.754/<0.001

287.588/<0.001
143.528/<0.001
0.886/0.642

463.000/<0.001
275.008/<0.001
2.088/0.352

Note: compared with the control group at the same time point, ?P<0.05.

Tab.5 Comparison of VAS scores at rest and exercise status between two groups (n=40, point, X +s)

Time point VAS at rest VAS during movement
Experimental group Control group Experimental group Control group

12 h postoperatively 0.261+0.05* 0.814+0.19 0.64+£0.16* 1.4940.18
18 h postoperatively 0.85+0.14* 1.69+0.36 1.85+0.312 2.97+0.42
24 h postoperatively 0.64+0.11° 1.05+0.18 1.44+0.20* 1.81+0.24
36 h postoperatively 0.1340.02* 0.5740.13 0.91£0.15% 1.3440.23
x7/P time value 804.100/<0.001 609.600/<0.001

X /P inter-group Value 415.100/<0.001 494.900/<0.001

/P interaction Value 24.660/<0.001 40.300/<0.001

Note: compared with the control group at the same time point, *P<0.05.
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Tab.6 Comparison of immune function indicators between two groups (n=40, %, X =*s)

CD3" CD4* CD8*
Group Preoperatively Postoperatively Preoperatively Postoperatively Preoperatively Postoperatively
Experimental group 73.07+11.51 62.791+10.46* 45241737 34.801+6.327 38.58+5.32 3226+524°
Control group 72,621+ 11.34 52.69£8.40? 42.94+7.45 25.29+5.63% 38.24+5.15 29.48+6.27°
t value 0.176 4.762 1.388 7.106 0.29 2.152
P value 0.861 <0.001 0.169 <0.001 0.772 0.035

Note: compared with preoperatively, 2P<0.05.
2.5 Comparison of side effects between two groups

During the perioperative period, 2 cases of nausea
and vomiting, 1 case of skin pruritus, and 1 case of
drowsiness occurred in the experimental group; while 3
cases of nausea and vomiting, 1 case of skin pruritus, and
2 cases of drowsiness occurred in the control group.
There was no statistically significant difference in the
total incidence of side effects between the experimental
group and the control group (10.00% vs 15.00%, y*=0.457,
P=0.499).

3 Discussion

Upper limb fractures are mostly caused by indirect
violence, which limits the limb movement of patients and
seriously affects their daily life and work [7]. Open
reduction and internal fixation is commonly used in
clinical treatment of upper limb fractures, and BPB is
usually performed before surgery [8]. The key points of
nerve block lie in accurate positioning and appropriate
anesthesia depth. If the anesthesia depth is too shallow,
patients will feel pain during the operation. If the
anesthesia is too deep, it may lead to respiratory
depression in patients [9-10]. In the past, BPB adopted
the coracoid approach. Since this position is located
medial to the glenohumeral joint with abundant muscle
tissue, it is easy to cause blurred imaging field of view
[11]. The three nerve bundles around the costoclavicular
space are gathered together, so only a small amount of
local anesthetic drugs can achieve a good anesthetic block
effect [12].

The results of this study showed that compared with
the control group, the experimental group had shorter
block operation time, longer block maintenance time, and
shallower needle insertion depth. The sensory block rates
of musculocutaneous nerve, radial nerve, ulnar nerve and
median nerve were higher at 5 and 10 min after drug
injection, and the motor block rates of musculocutaneous
nerve, radial nerve and ulnar nerve were higher at 10 min
after drug injection. The analysis suggests that the nerve
bundles in the costoclavicular space are gathered together
and located superficially, so local anesthetics can quickly
enter the brachial plexus for effective block. In addition,
with ultrasound guidance and the superficial block

position, it is conducive to the accurate positioning of the
block site, which can effectively avoid the deviation of
local anesthetics during injection and achieve the purpose
of precise block, thereby improving the utilization rate of
local anesthetics and prolonging the action time of local
anesthetics [1,8].

Upper limb fracture surgery is prone to acute
postoperative pain due to large incision and deep wound
surface [13]. Opioids are the most effective drugs for
clinical postoperative analgesia, but they are easy to cause
adverse reactions such as dizziness, nausea and
respiratory depression, and heavy use may lead to
addiction. Therefore, safer regional nerve block is
currently advocated in clinical practice [14]. The results
of this study showed that compared with the control
group, the experimental group had lower VAS scores at
12, 18, 24 and 36 h postoperatively in both resting and
movement states, indicating that the postoperative
analgesic effect of the costoclavicular space approach is
better than that of the coracoid approach, which is
consistent with the research results of Zuo et al. [15]. The
reason for this analysis is that during the coracoid
approach, the ultrasound imaging will be blocked by the
subcutaneous fat in the neck and chest of the patient,
which affects the anatomical operation during block.
However, the anatomical position of the costoclavicular
space approach is relatively shallow, so anesthesiologists
can perform puncture more accurately, reduce the damage
to surrounding nerves and blood vessels, and thus reduce
postoperative pain. Trauma, surgical trauma and pain can
cause the body to produce a stress response, thereby
inhibiting immune system function and increasing the
risk of infection [16]. The results of this study also
showed that the costoclavicular space approach can
reduce the impact on the immune system, which may be
because the costoclavicular space approach can reduce
the pain and stress stimulation during surgery, thereby
reducing the release of stress substances such as cortisol
and alleviating the impact on immune function. There
was no statistically significant difference in the incidence
of perioperative side effects between the two groups,
suggesting that the costoclavicular space approach does
not increase the side effects of block and has good safety.
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In summary, for patients undergoing upper limb
fracture surgery, ultrasound-guided BPB via the
costoclavicular space can improve the block effect,
accelerate sensory and motor block, reduce postoperative
pain and the impact on immune function, with good
safety.
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Abstract: Objective To investigate the application of ultrasound-guided costoclavicular space brachial plexus block
(BPB) in anesthesia for patients undergoing upper limb fracture surgery, and to study its effects on block efficacy,
immune function, and postoperative pain. Methods Eighty patients undergoing upper limb fracture surgery at Anqing
First People’s Hospital Affiliated to Anhui Medical University from May 2021 to October 2024 were selected and
randomly divided into a control group (n=40) and an experimental group (n=40). Both groups received ultrasound -
guided BPB and open reduction internal fixation surgery. The control group adopted the coracoid approach, while the
experimental group adopted the costoclavicular space approach. The anesthetic block efficacy, brachial plexus block
status at 5, 10, 20, and 30 minutes after drug injection respectively, Visual Analog Scale (VAS) score at rest and

during movement at 12, 18, 24, and 36 hours postoperatively, immune function markers (CD3", CD4", CD8") before
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and after surgery, and perioperative side effects were compared between the two groups. Results Compared with the

control group, the experimental group had shorter block operation time [ (6.14%1.35)min vs (7.94+1.17 )min, t=6.373,
P<0.01], longer block maintenance time [ (434.51£20.31) min vs (412.47+19.63) min, 1=4.935, P<0.01], and
shallower needle insertion depth [ (2.58+0.22)min vs (3.36+0.27 )min, =14.164, P<0.01]. Compared with the control

group, the experimental group showed higher sensory block rates of the musculocutaneous, ulnar, radial, and median

nerves at 5 and 10 minutes after durg injection (P<0.05), and higher motor block rates of the musculocutaneous, radial,

and ulnar nerves at 10 minutes after injection (P<0.05). The inter-group effect, time effect, and interaction effects of

VAS scores at rest and during movement at 12, 18, 24, and 36 hours postoperatively were statistically significant in both

groups (P<0.05). Postoperatively, immune function levels decreased in both groups, and the control group had lower

levels of CD3*, CD4*, CD8" compared to the experimental group (1=4.762, 7.106, 2.152, P<0.05). There was no

statistically significant difference in the incidence of perioperative side effects between the two groups [ 10.00%(4/40) vs

15.00% (6/40) , x’=0.457 , P=0.499 ].

Conclusion Ultrasound-guided costoclavicular space BPB demonstrates

significant block efficacy in patients undergoing upper limb fracture surgery, with rapid onset of sensory and motor

blockade, lower postoperative pain levels, reduced impact on immune function, and good safety.

Keywords: Upper limb fracture; Brachial plexus block; Costoclavicular space; Ultrasound guidance; Block effect;

Immune function; Pain
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