
Page 1/14

Blood Flow Changes in Forearm Arteries After
Ultrasound-guided Costoclavicular Brachial Plexus
Blocks: a Prospective Observational Study
Yang Xu 

Shanghai Sixth Peoples Hospital
Derong Cui  (  cuishuning118@163.com )

Shanghai Sixth People’s Hospital
Junfeng Zhang 

Shanghai Sixth Peoples Hospital
Qian Ding 

Shanghai Sixth Peoples Hospital
Jing Dong 

Shanghai Sixth Peoples Hospital
Yan Wang 

Shanghai Sixth Peoples Hospital

Research article

Keywords: brachial plexus block, costoclavicular space, radial artery, ulnar artery, blood �ow

Posted Date: November 9th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-103754/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-103754/v1
mailto:cuishuning118@163.com
https://doi.org/10.21203/rs.3.rs-103754/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Background

As a new approach, an infraclavicular brachial plexus block (BPB) at the costoclavicular space (CCS) has
been shown to be effective in achieving a sensory and motor blockade in the forearm. However, no
studies have assessed blood �ow changes in the forearm arteries after a costoclavicular BPB. The
purpose of the present study was to assess blood �ow changes in the distal radial artery (RA) and ulnar
artery (UA) after a costoclavicular BPB using color Doppler ultrasound.

Methods

Thirty patients who underwent amputated �nger replantation and received an ultrasound-guided
costoclavicular BPB were included in the study. The hemodynamic parameters of the RA and UA were
recorded before the block and 10 min, 20 min, and 30 min after the block using color Doppler ultrasound
to determine the peak systolic velocity (PSV), end-diastolic velocity (EDV), mean velocity (Vmean),
pulsatility index (PI), resistance index (RI) and area. The volumetric �ow rate (VFR) was calculated using
the formula Q=area×Vmean. The aforementioned parameters were compared not only before and after the
BPB but also between the RA and UA.

Results

There was a signi�cant increase in the PSV, EDV, Vmean, area, and VFR and a signi�cant decrease in the PI
and RI of the RA and UA 10 min, 20 min, and 30 min postblock compared with the respective baselines.
The increase of 30 min postblock in EDV (258.68% in the RA, 279.63% in the UA) was the most notable,
followed by that in the Vmean (183.36% in the RA, 235.24% in the UA), and the PSV (139.11% in the RA,
153.15% in the UA) changed minimally. The Vmean and VFR of the RA were signi�cantly greater than
those of the UA before the BPB, howerver, there was no signi�cant difference in VFR between RA and UA
after the BPB.

Conclusions

A costoclavicular BPB can increase blood �ow in the forearm arteries. The RA had a higher volumetric
�ow rate than the UA before the BPB; however, the potential blood supply capacity of the UA is similar to
that of the RA after a BPB.

Trial registration

This study was registered in Chictr.org.cn registry system on 12 June 2019 (ChiCTR1900023796).

Background



Page 3/14

Studies have reported that a brachial plexus block (BPB) can provide not only local analgesia but also a
sympathetic blockade, which causes vasodilatation and increases blood �ow in the forearm arteries.1-6

This anti-sympathetic effect is of great signi�cance in preventing vasospasm after vascular
reconstruction and replantation.

The traditional lateral sagittal infraclavicular BPB can provide anesthetic effects for forearm surgery.7

However, the limitation of this technique is that three cords of the brachial plexus are located deep to the
pectoral muscles, which are scattered around the axillary artery with great variability in position.
Therefore, a large dose (up to 35-40 mL) of local anesthetic and multiple injections are required to
produce a successful brachial plexus blockade.8 Recently, a new approach for infraclavicular BPBs via
the costoclavicular space9 (CCS) was proposed. At the CCS, three cords of the brachial plexus are
clustered together between the subclavius and serratus anterior muscles, which are consistently lateral to
the axillary artery. Hence, a single injection of a smaller volume of local anesthetic (20-25 mL) at the
center of the nerve cluster produces a blockade of the 4 major nerves of the brachial plexus.

Costoclavicular BPBs have been shown to be effective in achieving a sensory and motor blockade in the
forearm. However, no studies have been conducted to assess whether this technique can successfully
block the sympathetic �bers of the forearm and improve the blood �ow of the forearm arteries. The
current prospective study aimed to determine the blood �ow parameters of the distal radial artery (RA)
and the ulnar artery (UA) after a costoclavicular BPB using color Doppler sonography.

Methods
Study design

This prospective observational prospective study was registered in Chictr.org.cn registry system on 12
June 2019 (ChiCTR1900023796) and has been approved by the institutional ethics committee (Approval
Number: 2019-060-1). This study was conducted in Shanghai Sixth People's Hospital from September
2019 to March 2020.

Inclusion and exclusion criteria

After obtaining written informed consent from each patient, 32 patients aged 18 to 60 years, with
American Society of Anesthesiologists (ASA) physical status I to II, who were scheduled to undergo �nger
replantation were included. Patients who had a history of coagulation disorders, peripheral arterial
disease, heart disease, diabetes and hypertension were excluded from the study.

Interventions

After standard monitoring with noninvasive blood pressure, electrocardiography and peripheral oxygen
saturation (SpO2), an ultrasound-guided (Sonimage MX1, Konica Minolta, Japan) costoclavicular BPB
was performed. The patient was in a supine position with arms abducted at 90 degrees and a soft
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padding was placed on the back. After strict aseptic precautions, a high-frequency linear array was
placed over the midpoint of the clavicle in the transverse orientation. Then, the transducer was moved
caudally until the axillary artery and vein were visualized when it left the inferior border of the clavicle. All
3 cords of the brachial plexus were lateral to the axillary artery, which was located between the posterior
surface of the clavicle and the second rib (Figure 1A). An 18-gauge needle was inserted in-plane from a
lateral-to-medial direction after 2 ml of 1% lidocaine was injected subcutaneously. The needle tip was
placed at the center of the nerve cluster by advancing the needle through the gap between the lateral and
posterior cord and advancing it toward the medial cord. Then, 30 ml of 0.5% ropivacaine was injected at
the center of the nerve cluster to surround the 3 cords with local anesthetic under sonographic imaging
(Figure 1B). A complete block was de�ned as a loss of sensation to needle pricks in the area of the
cutaneous distribution of the radial nerve, median nerve, ulnar nerve and musculocutaneous nerve.

Outcomes

Peak systolic velocity (PSV), end-diastolic velocity (EDV), Vmean, the pulsatility index (PI), the resistance
index (RI) and the area of the RA and UA were measured at the level of the wrist in the distal forearm by
color Doppler ultrasound before the block and 10 min, 20 min, and 30 min after the block. The volumetric
�ow rate (VFR) was calculated using the formula Q=area×Vmean×ρ;ρ≈1g/cm3. One centimeter proximal
to the radial-ulnar styloid process was marked as the examination point to provide consistency among all
measurements taken. Color duplex Doppler ultrasound (Sonimage MX1, Konica Minolta, Japan) with a
broadband 12-5 MHz linear array probe was used to image the vessels; ultrasounds were performed by
two experienced physicians who had more than 10 years of experience with ultrasound. One physician
performed the ultrasound examination of the patients, while the other adjusted the equipment parameters
and performed the measurements. To maximize the intensity of the signal, the Doppler angle was
maintained at 60°. The short-axis ultrasound image of the artery was obtained for the calculation of the
artery cross-sectional area when the probe was placed at the examination point perpendicular to the
artery (Figure 2 A and B). The long-axis ultrasound image of the artery was obtained by placing the
transducer's midpoint at the examination point, parallel to the artery, and was used for the measurement
of the �ow velocity (Figure 2 C and D). Artery cross-sectional area (cm2) and �ow velocity (cm/s) were
measured using manufacturer-installed software.

Sample size

The sample size was calculated based on our pre-trial of 10 patients in August 2019, in which the mean
differences of PSV, EDV, MV, RI and PI of the forearm arteries before brachial plexus block were 7.56
cm/s, 1.65 cm/s, 4.56 cm/s, 0.12 cm/s and 0.58 cm/s, respectively, while those after block were 11.68
cm/s, 7.93 cm/s, 7.50 cm/s, 0.11 cm/s and 0.44 cm/s. A total of 32 cases are required by using standard
sample size calculation formula to achieve a power of 0.8 at α = 0.05, taking into account the 20 per cent
increase in imperfect nerve block effect.

Statistical analysis
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Comparisons of changes in the hemodynamic parameters of the RA and UA were assessed by
independent-sample t tests. A P value <0.05 was considered statistically signi�cant. Normally distributed
quantitative variables are expressed as the mean±standard deviation. The SPSS for Windows version
23.0 (SPSS Inc, Chicago,Illinois) was used for statistical analysis and graphing.

Results
Demographic data of the patients

A total of 32 patients scheduled to undergo �nger replantation signed informed consent forms to
participate in the study. After the ultrasound-guided costoclavicular BPB, failure of the ulnar nerve
blockade occurred in 2 cases. The remaining 30 patients’ blockades of radial nerve, ulnar nerve, median
nerve and myocutaneous nerve were effective and met the inclusion criteria. A description of the
demographic data is presented in Table 1.

Comparison of hemodynamic parameters before and after the BPB

Changes in the hemodynamic parameters of the RA and UA before and after the BPB are summarized in
Table 2. The relative changes in blood �ow between baseline and 30 min postblock in the RA and UA are
shown in Figure 3. Compared with baseline, the PSV (P<0.001), EDV (P<0.001), MV (P<0.001), VFR
(P<0.001) and area of the RA (P<0.05) and UA (P<0.01) 10 min, 20 min and 30 min postblock were
signi�cantly increased, while the PI and RI were signi�cantly decreased (P<0.001). There was no
signi�cant difference among the hemodynamic parameters of the RA and UA 10 min, 20 min, and 30 min
after the BPB. The relative change in the PSV (139.11% in RA, 153.15% in UA) was signi�cantly lower
than that of the Vmean (183.36% in RA, 235.24% in UA) (P<0.01), while the relative change in the EDV
(258.68% in RA, 279.63% in UA) was signi�cantly greater (P<0.05) than that of the Vmean in both the RA
and UA (Figure 3).

Comparison of the hemodynamic parameters of the RA and UA

Of all the parameters, the Vmean and VFR of the RA were greater (P<0.05) than those of the UA before the
BPB (Table 2). However, no signi�cant difference was found in between the hemodynamic parameters of
the RA and UA after the BPB. The relative change in the Vmean of the UA between baseline and 30 min
postblock was signi�cantly greater than that of the Vmean of the RA (P<0.05; Figure 3). There was no
signi�cant difference in the relative change in the PSV and EDV between the RA and UA.

Discussion
The interscalene, supraclavicular, infraclavicular and axillary approaches are commonly used for BPBs
and have been reported to achieve sympathetic blockades and vasodilation, which leads to increased
blood �ow in the forearm arteries.1-6 In this study, similar results were obtained in the RA and UA by using
the costoclavicular approach for a BPB. Blood �ow velocity and area were increased, while the resistance
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and pulsatility indexes were decreased after the BPB. Changes in these parameters eventually lead to a
signi�cant increase in blood �ow. It should be noted that from 10 min to 30 min after the BPB, the
hemodynamic parameters in the RA and UA did not change signi�cantly with the passage of time,
indicating that the sympathetic block had a capsulizing effect. Furthermore, the relative change between
baseline and 30 min postblock was compared for the PSV, EDV and Vmean to investigate the in�uence of
BPBs on blood �ow velocity in the RA and UA. The increase in EDV was most notable change after the
BPB, followed by that in the Vmean, and the PSV changed minimally. This phenomenon could be
explained by the fact that the EDV and Vmean re�ect vascular compliance and distal vascular resistance,
which can partly re�ect the degree of sympathetic block. However, PSV is mainly affected by cardiac
function and vascular anatomy, so a BPB has a greater in�uence on EDV and Vmean than on PSV.

In this study, we compared the hemodynamic parameters of the RA and UA before and after a BPB. There
was no signi�cant difference between the area of the RA and that of the UA, either before or after a BPB.
This is consistent with the results of an ultrasonography study conducted by Sunil on the size of the
distal RA and distal UA in 204 patients in southern Rajasthan.10 Recently, it was suggested that whether
the dominant artery for the hand blood supply is the RA or the UA is debatable. The UA is considered to be
the dominant artery for the blood supply of the forearm and hand according to classic anatomical
studies;11 therefore, the RA is usually used for invasive procedures such as arterial catheterization,
coronary artery bypass surgery and AV �stula formation for hemodialysis. However, Haerle's study
revealed that the ulnar artery was only dominant to the elbow, while the radial artery was the dominant
artery in the distal forearm.12 In this study, the VFR of the RA was signi�cantly greater than that of the UA
under normal circumstances (i.e., preblock), indicating that the RA was the dominant artery for the hand
blood supply, which was consistent with the conclusion of Haerle's study. However, the difference in VFR
between the two arteries disappeared after the BPB due to the signi�cant increase in the Vmean of the UA,
indicating that the UA’s potential blood supply capacity is similar to that of the RA because of the
compensatory capacity.

A recent study13 showed that compared with the supraclavicular approach, the costoclavicular approach
for a BPB was associated with a signi�cantly lower incidence of hemidiaphragmatic paralysis. According
to the experience with 32 costoclavicular BPBs in this study, this new technique can successfully block
the four branches of the brachial plexus without complications such as hemidiaphragmatic paralysis and
pneumothorax. However, failure of the ulnar nerve block occurred in 2 patients. We consider this incident
to be due to the localization of the medial cord, which is deeper and closer to the axillary artery in this
approach. After the needle tip passes through the narrow gap between the lateral cord and the posterior
cord, liquid separation should be performed between the medial cord and the axillary artery to surround
the medial cord with local anesthetic, which requires a high degree of skill. Nevertheless, the advantage of
the CCS approach over the conventional approach is still signi�cant because the three cords of the
brachial plexus are lateral to the axillary artery, which is located more super�cially. Therefore, because
there is not a need to frequently change the direction of the needle with the CCS approach, it is easier to
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operate for doctors who lack experience with the infraclavicular BPB approach, which reduces tissue
damage.

Continuous brachial plexus blocks have been found to be effective in postoperative pain management
and achievement of a sympathetic blockade, which can improve circulation in the replantation �nger,
prevent blood clots and reduce the incidence of vasospasm after replantation.14-18 However, there are still
some problems with this technique, such as the imperfect blockade and the need for �xation of a
catheter.19 In theory, the CCS approach is superior to the traditional approach for a continuous brachial
plexus block. This approach only requires a single point puncture to block the four branches of the
brachial plexus, providing effective postoperative analgesia for surgery in any part of the forearm, and at
the same time, the catheter can be �xed to the �at infraclavicular skin area to prevent detachment.
Therefore, studying blood �ow changes in the forearm arteries after continuous costoclavicular brachial
plexus blocks with lower concentrations of ropivacaine (0.2%) will be the direction of our future research.

Conclusions
As a new approach, the costoclavicular BPB can reduce peripheral vascular resistanceand and increase
blood �ow in the forearm arteries. The increase in EDV was the most notable, followed by that in the
Vmean , and the PSV changed minimally. The RA had a higher volumetric �ow rate than the UA before the
BPB; however, the potential blood supply capacity of the UA is similar to that of the RA after a BPB.
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Tables
Table 1. Demographic data of the patients

Characteristics Patients (n = 30)

Mean age (SD) in years 39.3 (18.5)

Sex, n (%)

 Male

 Female

22 (73.3)

8 (26.7)

Mean BMI (SD) in kg/m2 26.5 (4.3)

ASA classi�cation, n (%)

I

II

18 (60.0)

12 (40.0)

Replantation Digit, n (%)

D I

D II

D I+II

D I+II+III

D II+III+IV

11 (36.7)

10 (33.3)

6 (20)

2 (6.7)

1 (3.3)
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Abbreviations: SD, standard deviation; BMI, Body Mass Index; ASA, American Society of
Anesthesiologists; D I–VI, affected �ngers

Table 2. Hemodynamic parameters of the RA and UA at each time point

    PSV
(cm/s)

EDV
(cm/s)

Vmean
(cm/s)

Area (cm2) RI PI VFR
(ml/s)

RA 0
min

36.68
(7.26)

9.17
(1.71)

16.38
(4.87)Ψ

0.056
(0.011)

0.87
(0.11)

3.21
(0.60)

0.92
(0.33)Ψ

  10
min

55.07
(12.28) †

19.69
(7.45) †

27.20
(7.74) †

0.063
(0.012) *

0.74
(0.12) †

2.35
(0.49) †

1.70
(0.58) †

  20
min

57.26
(13.96) †

20.94
(8.63) †

28.43
(7.40) †

0.065
(0.014) *

0.73
(0.10) †

2.35
(0.43) †

1.87
(0.66) †

  30
min

58.97
(13.86) †

21.76
(7.11) †

29.58
(7.32) †

0.068
(0.015) *

0.72
(0.11) †

2.25
(0.37) †

2.01
(0.72) †

UA 0
min

35.29
(8.64)

8.82
(2.24)

13.38
(5.06)

0.054
(0.011)

0.87
(0.10)

3.10
(0.45)

0.72
(0.28)

  10
min

53.76
(11.98) †

18.69
(7.50) †

26.74
(6.67) †

0.063
(0.010) Σ

0.75
(0.10) †

2.22
(0.36) †

1.68
(0.51) †

  20
min

56.33
(10.79) †

20.44
(8.69) †

28.41
(7.59) †

0.065
(0.010) Σ

0.73
(0.13) †

2.10
(0.38) †

1.83
(0.52) †

  30
min

58.20
(10.72) †

22.12
(6.91) †

29.72
(7.97) †

0.066
(0.014) Σ

0.72
(0.12) †

2.07
(0.42) †

1.95
(0.62) †

Compared with the baseline (0 min) in the RA and UA, *P<0.05, ΣP<0.01, †P<0.001; Parameters of the RA
compared with those of the UA at baseline (0 min), ΨP<0.05.

Figures
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Figure 1

(A) Ultrasound image of the brachial plexus at the CCS. Three cords of the brachial plexus clustered
together lateral to the axillary artery, which shares a consistent relation with the AA. (B) Ultrasound image
of the brachial plexus block at the CCS. The needle tip was placed at the center of the nerve cluster by
advancing the needle through the gap between the LC and PC and advancing it toward the MC.
Ropivacaine was injected at the center of the nerve cluster to surround the 3 cords with local anesthetic.
AA, axillary artery; AV, axillary vein; LC, lateral cord; MC, medial cord; PC, posterior cord; R2, second rib; LA,
local anesthetic.
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Figure 2

(A) Ultrasound image of the RA cross-sectional area. (B) Ultrasound image of the UA cross-sectional area.
(C) Longitudinal duplex Doppler spectral waveform for the RA. (D) Longitudinal duplex Doppler spectral
waveform for the UA.
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Figure 3

Relative change in the PSV, Vmean and EDV 30 min postblock measured in the RA and UA. Relative
change in the PSV compared with that in the Vmean in the RA and UA, *P<0.01. Relative change in the
EDV compared with that in the Vmean in the RA and UA, †P<0.05. Relative change in the Vmean in the RA
compared with the Vmean in the UA, ΨP<0.05.


