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Abstract

Purpose Although intravenous sedation and analgesia

have been widely used as a first choice to relieve pain

during treatment of dysfunctional hemodialysis fistulas by

interventional radiology, the sedoanalgesic drugs have a

considerable risk of respiratory depression, especially in

hemodialysis patients. In this study, we compared the

utility and efficiency of ultrasound-guided supraclavicular

brachial plexus block versus sedoanalgesia for the pre-

vention of pain during endovascular treatment of dys-

functional hemodialysis fistulas

Materials and Methods Patients were randomized into two

groups: ultrasound-guided supraclavicular brachial plexus

block (n = 34) or sedoanalgesia group (n = 34). A visual

analogue scale from no pain (= 0) to worst pain possible

(= 10) was used to assess the pain intensity. Patient and

operator satisfaction were graded from 0 to 2: 0, not sat-

isfied at all; 1, partially satisfied; 2, satisfied (very well or

complete satisfaction). Both groups were compared in

terms of pain scores, patient and operator satisfaction as

well as complications.

Results The median pain score was significantly lower in

the block group compared to the sedoanalgesia group, 0

(0–4) versus 6 (2–10), p = 0.0001. Patient satisfaction and

operator satisfaction were significantly higher in the block

group than in the sedoanalgesia group (p = 0.0001). Severe

oxygen desaturation occurred in five (14.7%) patients fol-

lowing the administration of sedoanalgesia. No side effects

or complications related to block procedure occurred in any

patient.

Conclusion Ultrasound-guided supraclavicular brachial

plexus block has advantages over the sedoanalgesia during

endovascular treatment of dysfunctional hemodialysis fis-

tulas. It can provide safe and efficient analgesia with

excellent procedural satisfaction in adult hemodialysis

patients.

Level of Evidence Level 1 (randomized controlled trial).

Keywords Supraclavicular brachial plexus block �
Ultrasound-guided regional anesthesia �
Sedoanalgesia � Hemodialysis fistula � Endovascular
treatment � Interventional radiology

Introduction

Intravenous sedation and analgesia are frequently used as a

first choice for relieving anxiety and pain during the

treatment of dysfunctional hemodialysis fistulas by inter-

ventional radiology. Nevertheless, sedoanalgesia may not

always be effective in preventing procedural pain and

therefore may require higher doses with increased risk of

respiratory depression in hemodialysis patients [1–4].
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Brachial plexus block (BPB) has been used in the sur-

gical creation or revision of autogenous fistulae or pros-

thetic grafts. Its use in these procedures results in regional

anesthesia and sympatholytic effect that may offer desir-

able surgical conditions [5–7]. BPB has some potential

advantages compared with general anesthesia that includes

safety, fewer side effects, better postoperative analgesia,

decreased length of hospital stay, and relatively low cost

[8–10].

There are few studies describing the use of ultrasound

(US)-guided BPB for analgesia during hemodialysis access

procedures or endovascular treatment of dysfunctional

hemodialysis fistulas [11–13]. These studies concluded that

BPB provides excellent pain control and good procedural

satisfaction in hemodialysis patients. However, these

studies were single-arm studies, and the results were not

compared with other options.

We designed this prospective randomized study to

compare the utility and efficiency of US-guided supra-

clavicular BPB versus sedoanalgesia in the prevention of

pain during endovascular treatment of dysfunctional

hemodialysis fistulas.

Materials and Methods

Patients and Preparation

This study was approved by the Institutional Review Board

and Ethics Committee. Between 2013 and 2014, sixty-eight

consecutive adult hemodialysis patients were enrolled in

this prospective study and randomized into two equal

groups: US-guided supraclavicular BPB or sedoanalgesia

group. All demographic information of included patients is

shown in Table 1. Patients’ characteristics were evenly

distributed among the two groups (Table 1). All patients

were evaluated by an anesthesiologist and interventional

radiologist for possible inclusion into the study, potential

risk of complications, contraindications, and alternative

anesthetic techniques if required. All patients were

informed about the procedure, and written informed con-

sent was taken from each patient. Patient exclusion criteria

were: inability to cooperate with study, a neurologic dis-

order affecting the ipsilateral upper limb, contralateral

phrenic nerve damage, severe pulmonary disease, abnor-

mal coagulation parameters, any contraindication to seda-

tive/analgesic drugs and intolerance to contrast medium.

The definition of criteria for percutaneous interventions in

hemodialysis fistulas was based on reporting standards of

Society of Interventional Radiology [14].

All patients were monitored with heart rate, cardiac

rhythm, blood pressure, and oxygen saturation assessed

throughout the procedure. Intraprocedural complications

including hemodynamic and respiratory changes were

recorded. Moderate oxygen desaturation was defined as

between 90–95%, and severe oxygen desaturation was

defined as less than 90%. All patients were informed about

the symptoms of systemic local anesthetic toxicity, such as

lightheadedness and circumoral numbness. A diagnostic

fistulography was obtained in each patient to detect any

vascular problems along the entire route of the dialysis

fistula.

Sedoanalgesia Procedure

Sedoanalgesia was administered by a nurse experienced for

using sedative and analgesic drugs, their side effects and

reversal agents to be applied. Intravenous sedative and

analgesic drugs were given in incremental doses as

appropriate for the desired effect of sedation and analgesia

or the medical condition of the patient. A single dose of

1 mg midazolam was given prior to beginning fistula

treatment if a patient had anxiety. Skin anesthesia with

local prilocaine was routinely achieved during puncture of

the fistula. Throughout the treatment, patients received

incremental doses of midazolam (1 mg) and fentanyl

(50 mcg) if needed for pain control or up to desired

sedation level.

Block Procedure

Sedative and analgesic medication was not given

throughout the BPB and subsequent treatment procedure

because good patient cooperation was required. Skin

anesthesia was achieved prior to the BPB procedure, but

not applied for fistula puncture to be able to assess the

effectiveness of BPB.

US-guided supraclavicular BPB was performed by the

same interventional radiologist (first author) to achieve the

uniformity of the procedure. This operator also contributed

to the treatment of hemodialysis fistulas with other inter-

ventional radiologists. The patients were painted and

draped before positioned supine on the operating table with

the head turned to the opposite side. A high-frequency

linear transducer (Antares, Siemens AG, Erlangen, Ger-

many) was placed on the supraclavicular fossa to locate the

brachial plexus, guide needle advancement and confirm

local anesthetic spread. After the brachial plexus was

identified as lateral and superficial to the subclavian artery

(Fig. 1A), skin anesthesia was obtained by using local

prilocaine. A 21-gauge needle with a cutting tip was

advanced toward the target nerve in a plane from lateral to

medial (Fig. 1B). Once the needle tip reached the brachial

plexus sheath, a mixture containing 5 mL of bupivacaine

0.5% and 5 mL of normal saline was injected into the

sheath (Fig. 1B, C). The needle tip was redirected if the
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spread of local anesthetic was considered inappropriate. If

paresthesia occurred, the needle was withdrawn and redi-

rected along a different path until the symptom

disappeared.

Peri- and Postprocedural Management

All patients were evaluated by continual observation of

qualitative clinical signs and monitoring for the presence of

respiratory depression, Horner syndrome, and voice chan-

ges during and after interventional or other medical pro-

cedures. Supplemental oxygen was administered if oxygen

saturation fell below 90%. The complications such as

injury to blood vessels or a nerve, the side effects of local

anesthetic agents were documented peri- and

postprocedurally. Chest radiography was not obtained

routinely if the patient was asymptomatic for hemi-di-

aphragmatic paralysis or pneumothorax. The patients were

not discharged from the interventional radiology depart-

ment until their condition was stabilized. All patients were

given information about possible block resolution time and

late risks or complications of the nerve block and asked to

contact the operator if they had a problem.

Assessment of Block

The onset and extent of nerve block were observed by the

same interventional radiologist (first author) each minute

for 30 min after completion of the local anesthetic injec-

tion. A satisfactory block was considered as complete

Table 1 Patients’ characteristics and fistula treatment data

Sedoanalgesia (n = 34) Brachial plexus block (n = 34) p value

Age (years) Mean age 52.6 ± 13.5 (age range 24–77) Mean age 58.5 ± 12.2 (age range 36–77) 0.064

Gender

Male 18 (52.9%) 22 (64.7%) 0.460

Female 16 (47.1%) 12 (35.3%)

Mean treatment time (min) 52.5 ± 26.6 55.4 ± 19.5 0.606

Fistula

Forearm (radiocephalic) 22 (64.7%) 22 (64.7%) 1.0

Upper arm (brachiocephalic or

brachiobasilic)

12 (35.3%) 12 (35.3%)

Native 33 (97.1%) 32 (94.1%)

Graft 1 (2.9%) 2 (5.9%)

Occlusion or significant stenosis or both

Afferent artery 3 6 1.0

Anastomosis 25 25

Efferent vein 29 31

Central vein 3 5

Vascular sheath

Number 37 49

Mean size (Fr) 6.2 ± 0.9 6.3 ± 1.1 0.609

Conventional balloon

Number 82 78

Mean size (mm) 6.7 ± 2 6.5 ± 2 0.484

Cutting balloon

Number 12 11

Mean size (mm) 6.1 ± 1.2 6.4 ± 0.9 0.532

Aspiration thrombectomy

Number 4 11 0.079

Thrombolysis

Number 5 5 1.0

Stent placement

Number 0 1 (9 9 40 mm) 1.0

The values are shown as number, frequency (%) or means ± SD
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motor block and accomplishment of a pain-free state

without additional medications. Either analgesia or anes-

thesia was defined as indicative of satisfactory sensory

block. The quality of the motor block was tested by the

inability to lift and abduct the arm. If paresis or paralysis

was not adequate over the next 3 min, additional BPB was

provided by injecting the same local anesthetic dose. After

confirming the loss of fine motor control, the pain was

initially checked with the puncture of the fistula. Local

anesthesia was administered if the patient complained of

pain. Sedoanalgesia was provided by using intravenous

midazolam and fentanyl if the patient had pain during

hemodialysis fistula treatment.

Treatment Procedure

Percutaneous interventions for the treatment of hemodial-

ysis fistulas were performed by using our criteria based on

reporting standards of Society of Interventional Radiology

[14].

After the puncture of the fistula with a 21G or 18G

needle under US guidance, a vascular sheath in sizes

ranging from 5 to 9F was placed. Flow-limiting stenosis or

occlusion was treated with conventional balloon angio-

plasty. If postangioplasty fistulography revealed persistent

stenosis, balloon angioplasty was repeated with a larger

balloon. Cutting balloons were used for some tight stenoses

that were resistant to conventional balloon angioplasty.

Thrombosis was treated using manual aspiration

thrombectomy with or without thrombolysis. Elastic recoil

was treated with stent implantation. Covered stents were

reserved for balloon angioplasty-induced ruptures or

pseudoaneurysms.

Parameters

All data were collected prospectively. We registered the

following parameters: treatment data, time to perform the

block, the number of needle passes, amount of local

anesthetic, time to onset of complete block, need for local

anesthetic administration, the requirement for sedoanalge-

sia, pain scores, patient satisfaction, operator satisfaction,

and complications.

A 10-point linear visual analogue scale (VAS) from no

pain (= 0) to the worst pain possible (= 10) was used to

assess the intensity of pain. The patients were asked to

mark their pain intensity on VAS. Patient and operator

satisfaction with the pain management were assessed, and

this was graded from 0 to 2: 0, not satisfied at all; 1, par-

tially satisfied; 2, satisfied (very well or complete satis-

faction). VAS score and patient and operator satisfaction

were recorded immediately after the treatment procedure.

All complications were assessed based on the CIRSE

classification system for grading the complications [15].

A

B

C

Fig. 1 A 55-year-old woman with occluded left forearm hemodial-

ysis fistula (A) Ultrasound image of left brachial plexus at the

supraclavicular level. Thin arrows: brachial plexus; thick arrow:

subclavian artery; (B) ultrasound image of the needle (thick arrow)

within the left supraclavicular brachial plexus sheath (thin arrows)

during local anesthetic injection; (C) ultrasound image of the left

supraclavicular brachial plexus after completion of the local anes-

thetic injection (thin arrows). In this case, the pain score was 1 (mild

pain). Both patient satisfaction and operator satisfaction were 2

(complete satisfaction)
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Statistics

An online sample size estimator was used to determine the

necessary sample size with 95% confidence level, 80%

power, 5% significance level, and 20% margin of error.

Sixty-eight patients were allocated into two groups by

simple randomization method using web-based random-

ization program.

Statistical analysis was performed using SPSS software

(version 17.0, SPSS Inc., Chicago, IL, USA). If continuous

variables were normal, they were described as the

mean ± standard deviation (p[ 0.05 in Kolmogorov–

Smirnov test), and if the continuous variables were not

normal, they were described as the median. Comparisons

between groups were applied using Student’s T test for

normally distributed data, and Mann–Whitney U test was

used for the data not normally distributed. The categorical

variables between the groups were analyzed using the Chi-

square test or Fisher’s exact test. The level for statistical

significance was predetermined at p\ 0.05.

Results

Patient and Treatment Characteristics

The results are presented in detail in Table 1. Patient and

fistula treatment characteristics of the two groups were

similar. In both groups, all patients were treated success-

fully. No serious side effects or complications related to

fistula treatment were observed during or after the

procedure.

Parameters and Pain Control

All patients who underwent BPB had successful procedural

anesthesia without a need for supplemental intravenous

analgesia, and they were discharged the same day without

any apparent complications. Two patients (5.9%) who had

slight pain during insertion of a needle or a vascular sheath

were anesthetized with local prilocaine.

In sedoanalgesia group, all patients complained of pain

during the balloon angioplasty. All such patients required

intravenous sedoanalgesia with midazolam and fentanyl.

Midazolam median dose was 1 (1–4), and fentanyl median

dose was 2 (1–6). Severe oxygen desaturation occurred in

five (14.7%) patients who received midazolam and fen-

tanyl. Supplemental oxygen is required in all such patients.

Median pain score was significantly lower in the block

group compared to the sedoanalgesia group, 0 (0–4) versus

6 (2–10), p = 0.0001. In block group, pain scores were 0

(no pain) in 23 (67.6%) patients and 1 to 3 (mild pain) in

nine (26.5%) patients. Only two (5.9%) patients

complained of moderate pain with a score of 4. No patients

experienced severe or worst pain possible. In sedoanalgesia

group, pain scores were 1 to 3 (mild pain) in two (5.9%)

patients, 4 to 6 (moderate pain) in 18 (52.9%) patients, and

7 to 9 (severe pain) in 13 (38.2%) patients. One (2.9%)

patient had worst pain possible with a score of 10.

Patient and operator satisfaction was significantly higher

in the block group than in the sedoanalgesia group

(p = 0.0001) (Tables 2, 3).

The mean time required to perform block was

3.5 ± 1.5 min. The median number of needle passes was 3

(1–4). The mean amount of local anesthetic was

12.3 ± 3.5 mL. The mean time to onset of the complete

block was 4.4 ± 1.6 min.

Discussion

In this prospective, comparative, randomized study, our

data demonstrated that US-guided supraclavicular BPB is

more advantageous and effective choice than sedoanalgesia

in preventing of procedural pain during endovascular

treatment of hemodialysis fistulas. No patient required

additional analgesia, and no complications secondary to

block were encountered. Both patient satisfaction and

operator satisfaction were superior in the block group

compared to the sedoanalgesia group.

Our findings are consistent with other studies [11–13]

which concluded that BPB provides excellent pain control

and good procedural satisfaction for patients undergoing

dialysis access procedures or endovascular treatment of

hemodialysis fistulas. These studies had a significant lim-

itation that was the lack of a comparison group.

Endovascular treatment of the hemodialysis fistula is

usually performed on an outpatient basis. Sedation/anal-

gesia allows patients to better tolerate these stressful and

painful procedures by relieving anxiety, discomfort, or

pain. It also facilitates and may optimize imaging or image-

guided interventions throughout the procedure. The use of

sedative and analgesic drugs may potentiate respiratory

depression. This risk is more pronounced in patients with

renal failure. Thus, sedative and analgesic drugs should be

administered individually as appropriate for the desired

effect and the medical condition of the patient [1–4]. We

used midazolam and fentanyl, which are the most com-

monly used drugs for this purpose. Our results showed that

all patients complained of significant pain or discomfort

secondary to balloon dilatation. Some of them had severe

oxygen desaturation after administration of sedoanalgesia.

Simplicity, efficiency, and reliability of BPB anesthesia

have made it desirable for ambulatory limb surgery,

especially in patients with significant comorbidities such as

severe respiratory and cardiovascular disease. The use of
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BPB has also been in practice for decades in the surgical

creation or revision of hemodialysis fistulas. BPB may

offer potential benefits results in regional anesthesia,

immobility of the arm and sympatholytic effect that

achieve desired surgical conditions [5–10].

Many approaches can be used for BPB: interscalene,

supraclavicular, infraclavicular, and axillary. Each

approach has its own specific anesthetized area, advan-

tages, disadvantages, indications for use, risks, and com-

plications. The interscalene approach is the highest block

and the best option for shoulder anesthesia. The supra-

clavicular approach is ideal for procedures of the arm, from

the midhumeral level down to the hand. Nerves are

superficial and most compact at the supraclavicular level.

Because of the proximity of the pleura, the supraclavicular

approach has more risk of pneumothorax than other

approaches. Pneumothorax is possible, but rare with the

interscalene and infraclavicular approaches. The infra-

clavicular approach can produce satisfactory anesthesia for

procedures of the arm, but the plexus is not as compact as

the more proximal trunks. The axillary block remains more

appropriate approach for anesthesia distal to elbow

[8, 16–18]. Since adequate anesthesia was achieved by

using bupivacaine in our previous experience, the same

agent was preferred in this study to be consistent.

US allows direct visualization of the target nerve, needle

advancement, and local anesthetic spread. Therefore, the

risk of nerve damage and unintended vascular punctures

may be reduced by using US. The use of US also reduces

significantly the risk of pneumothorax. This makes the

supraclavicular approach a valuable alternative to other

approaches for arm procedures. Furthermore, it allows a

faster onset time of the block with a reduction in the local

anesthetic dose [16–18]. For these reasons, US-guided

supraclavicular block was considered the most appropriate

approach for our study.

This study has some limitations. First, our results reflect

a single interventional radiologist experience. To perform,

block requires precise manual skills and experience. Thus,

visualization of the nerve and resultant sensory and motor

block may be poorer in daily clinical practice. Second,

investigators who collected the data were not blinded since

the parameters had to be recorded during and immediately

after the procedure. Third, we could not record the exact

recovery time from the motor block. The patients were

treated on an outpatient basis and discharged from the

interventional radiology department when their condition

was stabilized.

In conclusion, US-guided supraclavicular BPB has

advantages over sedoanalgesia during endovascular treat-

ment of dysfunctional hemodialysis fistulas. It can provide

safe and efficient anesthesia and results in excellent pro-

cedural patient satisfaction and operator satisfaction in

adult hemodialysis patients.

Funding This study was approved by Baskent University Institu-

tional Review Board and Ethics Committee (Project No: KA 14/165)

and supported by Baskent University Research Fund.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of

interest.

Human and Animal Rights All procedures performed in studies

involving human participants were in accordance with the ethical

standards of the institutional and/or national research committee and

with the 1964 Declaration of Helsinki and its later amendments or

comparable ethical standards.

References

1. Skehan SJ, Malone DE, Buckley N, et al. Sedation and analgesia

in adult patients: evaluation of a staged-dose system based on

body weight for use in abdominal interventional radiology.

Radiology. 2000;216:653–9.

2. Martin ML, Lennox PH. Sedation and analgesia in the inter-

ventional radiology department. J Vasc Interv Radiol.

2003;14:1119–28.

3. Johnson S. Sedation and analgesia in the performance of inter-

ventional procedures. Semin Intervent Radiol. 2010;27:368–73.

Table 2 Patient satisfaction Sedoanalgesia (n = 34) Brachial plexus block (n = 34) p value

0 (not satisfied) 14 (41.2%) 0 (0%) p = 0.0001

1 (partially satisfied) 19 (55.9%) 1 (2,9%)

2 (complete satisfaction) 1 (2.9%) 33 (97.1%)

Table 3 Operator satisfaction Sedoanalgesia (n = 34) Brachial plexus block (n = 34) p value

0 (not satisfied) 11 (32.4%) 0 (0%) p = 0.0001

1 (partially satisfied) 21 (61.8%) 0 (0%)

2 (complete satisfaction) 2 (5.9%) 34 (100%)

1396 M. Gedikoglu et al.: Comparison of Sedoanalgesia Versus Ultrasound-Guided Supraclavicular…

123



4. Beathard GA, Urbanes A, Litchfield T, Weinstein A. The risk of

sedation/analgesia in hemodialysis patients undergoing inter-

ventional procedures. Semin Dial. 2011;24:97–103.

5. Mouquet C, Bitker MO, Bailliart O, et al. Anesthesia for creation

of a forearm fistula in patients with end stage renal failure.

Anesthesiology. 1989;70:909–14.

6. Laskowski IA, Muhs B, Rockman CR, et al. Regional nerve block

allows for optimization of planning in the creation of arteriove-

nous access for hemodialysis by improving superficial venous

dilatation. Ann Vasc Surg. 2007;21:730–3.

7. Malinzak EB, Gan TJ. Regional anesthesia for vascular access

surgery. Anesth Analg. 2009;109:976–80.

8. Mulroy MF, McDonald SB. Regional anesthesia for outpatient

surgery. Anesthesiol Clin N Am. 2003;21:289–303.

9. Liu SS, Strodtbeck WM, Richman JM, Wu CL. A comparison of

regional versus general anesthesia for ambulatory anesthesia: a

meta-analysis of randomized controlled trials. Anesth Analg.

2005;101:1634–42.

10. Neuman MD, Silber JH, Elkassabany NM, Ludwig JM, Fleisher

LA. Comparative effectiveness of regional versus general anes-

thesia for hip fracture surgery in adults. Anesthesiology.

2012;117:72–92.

11. Gedikoglu M, Andic C, Evren Eker H, Guzelmansur I, Oguzkurt

L. Ultrasound-guided supraclavicular brachial plexus block for

analgesia during endovascular treatment of dysfunctional

hemodialysis fistulas. J Vasc Interv Radiol. 2014;25:1427–32.

12. Chiba E, Hamamoto K, Nagashima M, et al. Efficacy of ultra-

sound-guided axillary brachial plexus block for analgesia during

percutaneous transluminal angioplasty for dialysis access. Car-

diovasc Intervent Radiol. 2016;39:1407–12.

13. Hull J, Heath J, Bishop W. Supraclavicular brachial plexus block

for arteriovenous hemodialysis access procedures. J Vasc Interv

Radiol. 2016;27:749–52.

14. Gray RJ, Sacks D, Martin LG, Trerotola SO, The Members of the

Society of Interventional Radiology Technology Assessment

Committee. Reporting standards for percutaneous interventions in

dialysis access. J Vasc Interv Radiol. 2003;14:S433–442.

15. Filippiadis DK, Binkert C, Pellerin O, et al. Cirse quality assur-

ance document and standards for classification of complications:

the Cirse classification system. Cardiovasc Intervent Radiol.

2017;40:1141–6.

16. Neal JM, Gerancher JC, Hebl JR, et al. Upper extremity regional

anesthesia: essentials of our current understanding, 2008. Reg

Anesth Pain Med. 2009;34:134–70.

17. Lanz E, Theiss D, Jankovic D. The extent of blockade following

various techniques of brachial plexus block. Anesth Analg.

1983;62:55–8.

18. Vermeylen K, Engelen S, Sermeus L, et al. Supraclavicular

brachial plexus blocks: review and current practice. Acta

Anaesthesiol Belg. 2012;63:15–211.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

M. Gedikoglu et al.: Comparison of Sedoanalgesia Versus Ultrasound-Guided Supraclavicular… 1397

123


	Comparison of Sedoanalgesia Versus Ultrasound-Guided Supraclavicular Brachial Plexus Block for the Prevention of the Pain During Endovascular Treatment of Dysfunctional Hemodialysis Fistulas
	Abstract
	Purpose
	Materials and Methods
	Results
	Conclusion
	Level of Evidence

	Introduction
	Materials and Methods
	Patients and Preparation
	Sedoanalgesia Procedure
	Block Procedure
	Peri- and Postprocedural Management
	Assessment of Block
	Treatment Procedure
	Parameters
	Statistics

	Results
	Patient and Treatment Characteristics
	Parameters and Pain Control

	Discussion
	Funding
	References




