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Abstract

Background
Ultrasound-guided brachial plexus block (USG-BPB) is widely used for upper limb surgery, but failure
remains clinically important. This study aimed to identify predictors of USG-BPB failure and develop a
clinical risk score.

Methods
We performed a retrospective cohort study of patients undergoing upper limb surgery with USG-BPB at a
university hospital from 2018 to 2023. Block failure was defined as the need for supplemental block,
additional multimple dose of analgesics or sedatives, deep sedation, or conversion to general
anesthesia. Demographic, procedural, and surgical variables were analyzed using multivariable logistic
regression. Model discrimination was assessed by the area under the curve (AUC). A point-based clinical
prediction score was derived from the regression coefficients.

Results
Of 657 cases reviewed, 606 were included in the analysis. Block failure occurred in 112 cases (18.5%).
Significant predictors of failure were liver disease (OR = 4.81, p = 0.031), humerus/elbow or forearm
surgery compared with hand surgery (p = 0.019), surgical duration > 120 minutes (OR = 3.54, p < 0.001),
block-to-incision interval > 30 minutes (OR = 1.80, p = 0.012), single local anesthetic solution versus
mixed solution (OR = 3.04, p = 0.002), and block performed by first- or second-year residents compared
with regional anesthesiologists (OR = 5.84, p < 0.001). Diabetes mellitus (OR = 0.43, p = 0.004) and larger
local anesthetic volume (OR = 0.93, p = 0.012) were protective factors. The final model showed good
discrimination (AUC = 0.75, 95% CI 0.70–0.79). The derived clinical risk score also showed good
discrimination (C-statistic = 0.75, 95% CI 0.70–0.80).

Conclusion
USG-BPB failure was associated with operator inexperience, liver disease, surgery at the humerus/elbow
or forearm, prolonged duration, delayed incision, and single-agent local anesthetic use. Diabetes mellitus
and higher block volume were protective. The point-based clinical risk score showed good discrimination
and may help identify patients at risk of block failure.

Trial registration
: Not applicable

Page 2/27



Introduction
Ultrasound-guided brachial plexus blocks (USG-BPB) have become the preferred anesthetic technique
for patients undergoing upper extremity surgery due to it has a greater benefit over general anesthesia
such as hemodynamic stability(1). While using brachial plexus block provides a high efficacy in surgical
anesthesia without additional supplemental anesthetic drugs and better postoperative pain control(2).
Moreover, regional anesthesia offers advantages over general anesthesia such as reduced opioid use(3),
shortened post-anesthesia care unit (PACU) stay(2)(4), increased patient satisfaction(5)(6) and
promoted the Enhanced Recovery After Surgery (ERAS) protocol(7).

Although, implemented ultrasound for brachial plexus block promised the direct vision of needle
advancement and real-time assessment of local anesthetic drug spreading surrounding the nerve,
However, unexpected brachial plexus block failures were up to 15% in the literature(8)(9). Previous
studies aimed to identify risk factors of failure brachial plexus block, including patient factors, procedural
and surgical factors. Patient factor high systolic blood pressure and obesity while procedural and
surgical factors consist of prolong time from block to start operation, brachial plexus block approaches,
The prolonged intervals from finish block procedure to the start of surgery, volume of local anesthetic
drugs(10)(11). Conversely, there was no significant difference in success rates between brachial plexus
block approaches (axillary, infraclavicular and supraclavicular)(9)

Therefore, this study aims to identify factors associated with USG-BPB failure, aiding in the design of
prevention strategies for regional anesthesia techniques, including the approach site, type of local
anesthetic, dose, total volume, and even the choice of the surgical procedure. This could lead to a further
reduction in the risk of unpredictable block failure, avoiding the need for general anesthesia.

Methods
This study was a single-center retrospective cohort study conducted in patients who underwent upper
extremity surgery using USG-BPB at Songklanagarind Hospital between January 2018 and December
2023. The study protocol was reviewed and approved by the Institutional Ethics Committee of the
Faculty of Medicine, Prince of Songkla University (REC-67-249-8-4) on 11 June 2024. Informed consent
and withdrawal criteria were not applicable due to the retrospective study design. The inclusion criteria
was American Society of Anesthesiologists (ASA) physical status classification I–III and aged over 18
years who underwent USG-BPB. While those who received USG-BPB for analgesic purposes only, those
with incomplete outcome records, or cases with an undetermined objective of the brachial plexus block
were excluded from the study.

All the information including patient baseline characteristics and perioperative profiles were obtained
from the hospital information system (HIS) and anesthetic records. Independent variable including 1)
Patient characteristics included age, gender, weight, height, body mass index (BMI), comorbidities, and
American Society of Anesthesiologists (ASA) physical status classification (I–III). Data on preoperative
analgesics administered before surgery (opioids, non-steroidal anti-inflammatory drugs [NSAIDs], and
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paracetamol) were recorded 2) Intraoperative variables included operator levels [regional
anesthesiologist, anesthesiologist staff (categorized as experience > 10 years, 5–10 years and < 5
years), or anesthesia residents (first-, second-, or third-year)], brachial plexus block (BPB) approach
(supraclavicular, costoclavicular, lateral infraclavicular, or axillary), urgency of surgery (elective or
emergency), type of local anesthetic used (bupivacaine, lidocaine, or mixed), volume of local anesthetic
(mL), and doses (mg/kg). Sedation and perioperative adjuvant analgesics (weak opioids, NSAIDs, and
paracetamol) were recorded. 3) Surgical variables included surgical site (hand, forearm, elbow, distal
humerus), surgical duration, tourniquet time, and time interval from block to incision. 4) Block-related
outcomes included an additional block at the surgical site by the either surgeon or anesthesiologists or a
rescue block (local infiltration, selective nerve block, or repeat nerve block) by the surgeon or
anesthesiologists due to inadequate anesthesia after surgery commenced for more than 30 minutes.
The primary outcome was blocking failure, defined as the inability to achieve adequate sensory blockade
resulting in pain or discomfort during the surgical procedure, and meeting at least one of the following
criteria: 1) Conversion to general anesthesia due to inadequate surgical anesthesia after 30 minutes
from block performance. 2) Supplemental local anesthetic infiltration or rescue block administered after
30 minutes from block performance. 3) Requirement for perioperative intravenous analgesia with more
than two doses of strong opioids (e.g., fentanyl, morphine). 4) Requirement for deep sedation equivalent
to general anesthesia (e.g., propofol infusion > 100 mcg/kg/min). 5) Requirement for combined
intravenous anesthetic drugs of more than two types (e.g., midazolam and ketamine, or fentanyl, or
dexmedetomidine infusion).

Sample size calculation
The sample group used in this study was patients who underwent surgery in Songklanagarind Hospital.
Which is taken from the incidence report of patients who received services in the month From January
2018-December2023.

Sample size was calculated from the pilot data that it was collected in patients who underwent distal
upper extremities surgery under USG-BPB between January-December 2022. The total cases were 168
patients, in which 18 cases were block failure while 150 cases were block success. From this pilot study,
the sample size was calculated using formula for cohort study that was used the proportion of brachial
plexus block failure in men (p1 = 0.56) and women (p2 = 0.39). The sample size required 546 subjects
with the ratio (1:6) to have 95% confidence and 80 power to see detect the association between the
factor and outcomes interest. To compensate with drop out the sample sized was added 10% to 601
cases

Statistical analysis
Data were entered with Kobotoolbox and analyzed in program R version 4.2.1. The categorical variables;
baseline characteristic, BPB approach, operators, type of local anesthetic drug and surgical site, duration
of surgery and time interval from block and skin incision were presented with frequency and percentage.
While all continuous variables were presented with median and interquartile range (IQR) due to non-

Page 4/27



normal distribution of the data. The chi-square test or Fisher’s exact test were used to compare the
categorical variables. While the Wilcoxon rank sum test was used to analyze the non-parametric
categorical variables.

All parameters were analyzed using univariate analysis to explore the association between independent
factors and dependent outcomes. The chi-square test and Fisher’s exact test were used to test the
association between categorical variables, Student’s t-test was used for normally distributed continuous
variables, and the Wilcoxon rank sum test was used for non-normally distributed continuous variables.

After univariate analysis, independent variables that were clinically relevant and those with a p-value < 
0.1 were selected for further analysis using multivariate logistic regression. A backward stepwise
selection process based on the Akaike Information Criterion (AIC) was then applied to determine the
final model. The final model identified predictors of USG-BPB failure in patients undergoing distal upper
limb surgery. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to indicate
the strength and direction of association between independent predictors and USG-BPB failure.
Statistical significance was set at p < 0.05. Model performance was assessed using discrimination (area
under the receiver operating characteristic curve, AUC). The optimism-corrected C-index was performed
to assess the fitness of the model with a 200-sample bootstrap dataset. The coefficients of each factor
from the final model were converted to a point-based clinical risk score, and the internal validity of point-
based clinical risk score was tested to estimate the Brier score.

Results
Data from 2018 to 2023 were analyzed, yielding a total of 657 ultrasound-guided brachial plexus block
(BPB) cases. After excluding 51 cases that were performed BPB for perioperative analgesia, incomplete
data records, and unclear objectives, 606 cases remained for final analysis. The overall success rate was
494 patients (81.5%), while 112 patients (18.5%) were experience block failure. (Fig. 1) The most
common cause of brachial plexus block failure was the need for perioperative intravenous analgesia
with more than two doses of strong opioids (54.5%), followed by the need for deep sedation (33.0%).
Other causes included conversion to general anesthesia due to inadequate surgical anesthesia (19.6%),
supplemental local anesthetic infiltration or rescue blocks (19.6%), and the combination of more than
two types of intravenous anesthetic drugs (16.2%). (Table 1)
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Table 1
The distribution of the caused of USG-BPB block failure

Cause of USG-BPB failure N = 112

Conversion to general anesthesia due to inadequate surgical anesthesia 22
(19.6%)

Supplemental local anesthetic infiltration or Rescue block after BPB block for 30
minutes

22
(19.6%)

Need administer perioperative IV analgesia More than 2 doses of strong opioids (e.g.
fentanyl, morphine)

61
(54.5%)

Need for deep sedation 37
(33.0%)

Combine IV anesthetic drug more than 2 types 18
(16.2%)

BPB = Brachial plexus block, IV = Intravenouse

The demographic characteristics and baseline data are presented in Table 2. The median age of patients
in the success group was 58 [42–69] years compared to 57 [34.5–66] years in the failure group (p = 
0.083). Male patients had a higher failure rate compared to females (54.5% vs. 43.9%, p = 0.042).
Patients who experienced block failure had significantly higher body weight (63 [54–70] kg vs. 60 [52–
69] kg, p = 0.042) and greater height (160 [154–166] cm vs. 159 [154–165] cm, p = 0.062). ASA
classification, case category (elective vs. emergency), and the presence of trauma were comparable
between groups (p > 0.05). Most comorbidities were evenly distributed; however, liver disease tended to
be more frequent in the failure group (4.5% vs. 1.4%, p = 0.052), ortherwise were not statistically
significant different between groups.
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Table 2
Patient characteristic, procedure and surgical factors according to USG-BPB failure.

Characteristic Success

N = 494

Failure

N = 112

Total

N = 606

p-
value

Patient factors

Age (years) 58.0 [42.0,
69.0]

57.0 [34.5,
66.0]

58 [41.0–
69.0]

0.083

Sex; n (%)       0.043

Female 277 (56.1%) 51 (45.5%) 328 (54.1)  

Male 217 (43.9%) 61 (54.5%) 278 (45.9)  

Weight (kg) 60 [52, 69] 63 [54, 70] 61 [53, 70] 0.042

Height (cm) 159 [154,
165]

160 [155,
169]

160 [154,
166]

0.062

ASA classification; n(%)       0.940

I 36 (7.3) 9 (8.0) 45 (7.5)  

II 217 (43.9) 50 (44.6) 267 (44.0)  

III 241 (48.8) 53 (47.4) 294 (48.5)  

Case category; n (%)       0.440

Elective 416 (84.2) 91 (81.2) 507 (83.7)  

Emergency 78 (15.8) 21 (18.8) 99 (16.3)  

Traumatic case; n (%) 147 (29.8) 42 (37.5) 189 (31.2) 0.110

Cardiovascular disease; n (%) 269 (54.5) 58 (51.8) 327(54.0) 0.610

Respiratory disease; n (%) 27 (5.5) 7 (6.3) 34 (5.6) 0.740

Endocrine disease; n (%) 144 (29.1) 25 (22.3) 169 (27.9) 0.150

Liver disease; n (%) 7 (1.4) 5 (4.5) 12 (2.0) 0.052

Renal disease; n (%) 193 (39.1) 41 (36.6) 234 (38.6) 0.630

CNS disease; n (%) 32 (6.5) 9 (8.0) 41 (6.8) 0.550

Diabetes mellitus; n (%) 122 (24.7) 19 (17.0) 141 (23.3) 0.080

Procedure factors

BPB Approach; n (%)       0.590

ASA= American Society Association, BPB = Brachial plexus block, mg = milligram, kg = kilogram
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Characteristic Success

N = 494

Failure

N = 112

Total

N = 606

p-
value

Patient factors

Axillary 276 (55.9) 58 (51.7) 334 (55.1)  

Infraclavicular 36 (7.3) 7 (6.3) 43 (7.1)  

Supraclavicular 182 (36.8) 47 (42.0) 229 (37.8)  

BPB selection appropriated to incision; n
(%)

      0.330

appropriate 470 (95.1) 104 (92.9) 574 (94.7)  

inappropriate 24 (4.9) 8 (7.1) 32 (5.3)  

Operator; n (%) 0.005

Regional anesthesia specialist 105 (21.3) 10 (8.9) 115 (19.0)  

Senior staff (expirience > 10 year) 44 (8.9) 7 (6.3) 51 (8.4)  

3rd yr resident to staff expirience < 10 yrs 200 (40.5) 50 (44.6) 250 (41.2)  

Resident under supervision 57 (11.5) 12 (10.7) 69 (11.4)  

First&second years of resident 88 (17.8) 33 (29.5) 121 (20.0)  

Type of local anesthesia for BPB; n (%)       0.047

Mixed (Lido/Bup) 443 (89.7) 93 (83.0) 536 (88.5)  

Single local anesthetic 51 (10.3) 19(17.0) (5.1)  

Bupivacaine 28 (5.7) 11 (9.8) 39 (6.4)  

Dose of local anesthetic drug        

Lidocaine (mg/kg) 3.45 [2.71,
4.35]

3.03 [2.53,
3.70]

3.37 [2.67,
4.25]

0.005

Bupivacaine (mg/kg) 0.83 [0.69,
1.00]

0.77 [0.62,
0.93]

0.82 [0.67,
0.98]

0.010

Volume of local anesthetic drug; (ml) 20 [20, 25] 20 [20, 20] 20 [20, 25] < 
0.001

Intercostobrachial block; n (%) 129 (26.1) 28 (25.0) 157 (25.9) 0.810

Preblock sedation; n (%) 175 (35.4) 40 (35.7) 215 (35.5) 0.950

Preblock narcotic; n (%) 304 (61.5) 83 (74.1) 387 (63.9) 0.012

ASA= American Society Association, BPB = Brachial plexus block, mg = milligram, kg = kilogram
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Characteristic Success

N = 494

Failure

N = 112

Total

N = 606

p-
value

Patient factors

Preblock narcotic report as morphine
equivalence dose (mg)

2.5 [0, 5] 2.5 [0, 5] 2.5 [0,5] 0.006

Paracetamol preemptive; n (%)       0.032

None 420 (85.0) 94 (83.9) 514 (84.8)  

1 tablet 49 (9.9) 6 (5.4) 55 (9.1)  

2 tablet 25 (5.1) 12 (10.7) 37 (6.1)  

Surgical factors

Department of surgery; n (%)       0.560

General surgery department 209 (42.3) 44 (39.3) 253 (41.8)  

Orthopaedic department 285 (57.7) 68 (60.7) 353 (58.2)  

Surgical site; n (%)       0.003

Hand 158 (32.0) 20 (17.9) 178 (29.4)  

Forearm 203 (41.1) 52 (46.4) 255 (42.1)  

Humerus/Elbow 133 (26.3) 40 (35.7) 173 (28.5)  

Duration of surgery; n (%)       < 
0.001

< one hour 129 (26.1) 16 (14.3) 145 (23.9)  

One hours – 2 hours 262 (53.0) 49 (43.7) 311 (51.3)  

> 2 hours 103 (20.9) 47 (42.0) 150 (24.8)  

Tourniquet use; n (%) 195 (39.5) 50 (44.6) 245 (40.4) 0.310

Duration of tourniquet; n (%)       0.028

Not use 299 (60.5) 62 (55.4) 361 (59.6)  

≤ one hour 79 (16.0) 12 (10.7) 91 (15.0)  

One hour – ≤ 2 hours 91 (18.4) 25 (22.3) 116 9.1)  

> 2 hours 25 (5.1) 13 (11.6) 38 (6.3)  

Duration from block to surgery; n (%)       0.011

ASA= American Society Association, BPB = Brachial plexus block, mg = milligram, kg = kilogram
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Characteristic Success

N = 494

Failure

N = 112

Total

N = 606

p-
value

Patient factors

≤ 30 minutes 303 (61.3) 54 (48.2) 357 (58.9)  

> 30 minutes 191 (38.7) 58 (51.8) 249 (41.1)  

ASA= American Society Association, BPB = Brachial plexus block, mg = milligram, kg = kilogram

Procedure factors
The distribution of block approaches (supraclavicular, infraclavicular and axillary approach) and
appropriatness of block selection did not significant different between groups. Howevever, Operator
experience showed a significantly association with the block failure (p = 0.004). Failure, was more
frequent when block were performd by junoir residents 1 and 2 compared to regional
anesthethesiologists (29.5% vs 8.9%). In term of dose of local anesthethetic drugs there were significant
both volune of local anesthetic (p < 0.001) and dose (mg/kg) of local anesthetic drugs (Bupivacaine; p = 
0.01 and Lidocaine; p = 0.005). While, mixed local anesthetic solutions (lidocaine and bupivacaine) were
most frequently used. Inaddtional, adding intercostobrachial nerve block and sedation supplement
during procedure were not different between the groups. However, pre-emptive paracetamol and opioids
before the procedure was higher in failure groups. (Table 2)

Surgical factors
The type of surgery (orthopedic vs. general) was similar between groups. However, surgical site
distribution was significantly different (p = 0.003), with elbow and humerus surgery more frequent in the
failure group (9.8% vs. 3.8% and 25.9% vs. 23.1%, respectively), while hand surgery was lower in failure
group (17.9% vs 32.0%). The duration of surgery was significantly longer in the failure group (p < 0.001),
with 42% of failed blocks occurring in cases lasting more than 120 minutes compared with only 20.9% in
the success group. Tourniquet application did not significantly differ, but prolonged tourniquet duration
(> 120 minutes) was more common in the failure group (11.6% vs. 5.1%, p = 0.028). Additionally, the
interval from block to surgical incision was longer than 30 minutes is more occur in the failure group
(51.8% vs. 38.7%; p = 0.011). (Table 2)

Univariate Analysis
Univariate analysis identified several significant predictors of block failure (Table 3). Patient weight
showed a borderline significant association (OR 1.02, 95% CI 1.00-1.03, p = 0.051). Liver disease was
associated with increased odds of failure (OR 3.25, 95% CI 0.95–10.4, p = 0.060), while diabetes mellitus
appeared protective (OR 0.62, 95% CI 0.36–1.04, p = 0.072). Operator experience remained highly
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significant (p = 0.004), with first- and second-year residents having the highest odds of failure (OR 3.94,
95% CI 1.90–8.84) compared to regional anesthesia staff. Surgical site was also significant (p = 0.004),
with hand surgery showing the lowest odds of failure compared to elbow surgery (OR 0.22, 95% CI 0.09–
0.53).

Duration-related factors showed strong associations: surgery duration > 120 minutes (OR 3.68, 95% CI
2.01–7.04, p < 0.001), prolonged tourniquet use (OR 2.51, 95% CI 1.19–5.10 for 120–265 minutes, p = 
0.041), and delayed surgical start > 30 minutes after block (OR 1.70, 95% CI 1.13–2.58, p = 0.011).
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Table 3
Univariate analysis of independent variables.

Characteristic OR 95% CI P-value

Patients      

Weight (kg) 1.02 1.00, 1.03 0.051

Type of surgery; general = ref     0.560

Orthopedic surgery 1.13 0.75, 1.73  

Case category; elective = ref     0.450

Emergency 1.23 0.71, 2.07  

Liver disease; no = ref 3.25 0.95, 10.4 0.060

Diabetes mellitus; no = ref 0.62 0.36, 1.04 0.072

Trauma; no = ref 1.42 0.92, 2.17 0.110

Approach; axillary approach = ref     0.590

Infraclavicular 0.96 0.36, 2.07  

Supraclavicular 1.22 0.80, 1.88  

Operator; regional anesthesiologist = ref     0.004

Senior staff (experience > 10 yrs) 1.67 0.57, 4.63  

3rd years resident - staff experience < 10 yrs 2.62 1.33, 5.68  

Residents under supervision 2.21 0.90, 5.54  

First&second year residents 3.94 1.90, 8.84  

Surgical site; Hand = ref     0.007

Forearm 2.02 1.18, 3.60  

Humerus 2.38 1.34, 4.33  

Duration of surgery; ≤ 60 min = ref     < 0.001

one – 2 hours 1.51 0.84, 2.83  

> 2 hours 3.68 2.01, 7.04  

Duration from block to surgery; ≤ 30 min = ref     0.011

> 30 minutes 1.70 1.13, 2.58  

BPB = brachial plexus block, OR = odd ratio, CI=confidence interval, cm= centimeter
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Characteristic OR 95% CI P-value

Patients      

Preblock narcotic; none = ref 1.79 1.14, 2.87 0.011

BPB volume (ml) 0.94 0.89, 0.98 0.009

Additional block; none = ref 1.31 0.72, 2.27 0.360

BPB = brachial plexus block, OR = odd ratio, CI=confidence interval, cm= centimeter

Multivariate Analysis
After adjusting for confounding variables in the multivariate logistic regression model (Table 4), several
factors remained independently statistically significant associated with block failure: 1) Patient factors
including weight, each kilogram increase in body weight was associated with a 2% increase in failure
odds (adjusted OR 1.02, 95% CI 1.00-1.04, p = 0.034). In addition, Patients who has liver disease had 5-
fold higher odds of block failure (adjusted OR 4.81, 95% CI 1.16–19.6, p = 0.031). While patients who has
diabetes had significantly lower odds of block failure (adjusted OR 0.43, 95% CI 0.23–0.76, p = 0.004) 2)
Procedure factors includes; operator experience remained the strongest predictor of block failure. For
the first- and second-year residents had the adjusted OR 5.84 (95% CI 2.447–14.9). While, the third-year
residents/young staff had adjusted OR 3.09 (95% CI 1.40–7.46) and Residents under staff supervision
had adjusted OR 3.21 (95% CI 1.19–8.96) compared to regional anesthesiologist. Single local anesthetic
drug was associated with higher risk of failure rates compared to mixed solutions (OR 3.04 95% CI 1.49–
6.12). 2), while local anesthetic volume increasing reduce the risk of block failure by 7% (OR 0.93, 95% CI
0.87–0.98). 3) Surgical Factors; the following factors; surgical site, surgical duration and duration from
block to skin incision were found significant association with block failure. Forearm and
humerous/elbow surgery increased the risk of block failure (OR 1.94 95% CI 01.07–3.62 and 2.72 95% CI
1.42–5.32, respectively) compared to hand surgery. Surgery duration longer than 2 hours and delayed
skin incision increased risk of block failure (OR 3.54 95% CI 1.82–7.19 and OR 1.80, 95% CI 1.14–2.87).
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Table 4
Univariate and multivariate logistic regression analysis of possible factors associated USG-BPB failure,

and a clinical risk score
Characteristic Unadjusted Adjusted clinical risk

score
OR 95%

CI
p-
value

OR 95%
CI

p-
value

Weight (kg) 1.02 1.00,
1.03

0.051 1.02 1.00,
1.04

0.034 + 2 per 10
kg

Emergency vs elective (ref) 1.23 0.71,
2.07

0.450 1.55 0.83,
2.86

0.17 + 4.5

Trauma case; No = ref 1.42 0.92,
2.17

0.110        

Liver disease; No = ref 3.25 0.95,
10.4

0.060 4.81 1.16,
19.6

0.031 + 16

Diabetes mellitus; No = ref 0.62 0.36,
1.04

0.072 0.43 0.23,
0.76

0.004 − 8.5

Approach; Axillary = ref     0.590        

Infraclavicular 0.93 0.36,
2.07

         

Supraclavicular 1.23 0.80,
1.88

         

Inappropriate BPB approach 1.51 0.62,
3.31

0.350 1.11 0.39,
2.93

0.840 + 1

Operator; Regional
anesthesiologists = ref

    0.004     0.002  

Senior staff (expirience > 10
yrs)

1.67 0.57,
4.63

  2.55 0.79,
7.93

  + 9.5

3rd residents – staff
expirience < 10 yrs

2.62 1.33,
5.68

  3.09 1.40,
7.46

  + 11.5

Residents under supervision 2.21 0.90,
5.54

  3.21 1.19,
8.96

  + 11.5

First, second year residents 3.94 1.90,
8.84

  5.84 2.47,
14.9

  + 17.5

Single drug vs mixed LA (ref) 1.77 0.98,
3.10

0.057 3.04 1.49,
6.12

0.002 + 11

BPB volume 0.94 0.89,
0.98

0.009 0.93 0.87,
0.98

0.012 - [volume
(ml)

USG-BPB =. Ultrasound-guided brachial plexus block, BPB = brachial plexus block, OR = odd ratio, CI = 
confidence interval
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Characteristic Unadjusted Adjusted clinical risk
score

OR 95%
CI

p-
value

OR 95%
CI

p-
value

x 0.728]

Preblock narcotic; No = ref 1.79 1.14,
2.87

0.011        

Orthopaedic vs General
surgery (ref)

1.13 0.75,
1.73

0.560        

Surgical site; Hand = ref     0.004     0.019  

Forearm 2.02 1.18,
3.60

  1.94 1.07,
3.62

  + 7

Humerus/Elbow 2.38 1.34,
4.33

  2.72 1.42,
5.32

  + 11

Duration of surgery (min); ≤ 60
min = ref

    < 
0.001

    < 
0.001

 

One – 2 hours 1.51 0.84,
2.83

  1.41 0.75,
2.75

  + 3.5

> 2 hours 3.68 2.01,
7.04

  3.54 1.82,
7.19

  + 13

Duration of tourniquet (min) ;
No = ref

    0.041        

≤ one hour 0.73 0.36,
1.38

         

One – 2 hours 1.32 0.78,
2.21

         

> 2 hours 2.51 1.19,
5.10

         

Duration from block to
surgery(min); ≤ 30 min = ref

    0.011     0.012  

> 30 min 1.70 1.13,
2.58

  1.80 1.14,
2.87

  + 6

Additional block; No = ref 1.31 0.72,
2.27

0.36        

USG-BPB =. Ultrasound-guided brachial plexus block, BPB = brachial plexus block, OR = odd ratio, CI = 
confidence interval

Logistic regression and derivation of clinical risk score for USG-BPB
failure
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The receiver operating characteristic (ROC) curve of the final logistic regression model was shown in
Fig. 2A. The performance of the model demonstrated a good discrimination to predict the USG-BPB
failure with the apparent area under the curve (AUC) was 0.747 (95% CI 0.700-0.794). The internal
validity also was performed using boostsrap resampling 200 dataset demonstrated fair discrimination
with optimism-corrected C-index of 0.70. The internal validity with calibration curve of multivariated
regression model for predicting BPB failure was shown in Fig. 2B. It showed good agreement between
predicted and observe propability of brachial plexus block failure. Calibration matrix found the average
calibration error 0.036 (95% CI 0.021–0.068) which mean that it has error around 2.1 to 6.8%, and the
expected calibration index (ECI) was 0.220 (95% CI = 0.074–0.746).

Table 5
The cut-point of clinical risk score and a probability of USG-BPB failure.

Clinical prediction score Probability of BPB failure 95% CI

0–25 0.047 0.023, 0.076

25–35 0.189 0.138, 0.236

35–45 0.254 0.181, 0.339

45–70 0.622 0.457, 0.757

USG-BPB = ultrasound-guided brachial plexus block, BPB = brachial plexus block, CI = confidence
interval

The Point-base clinical score which was generated from the coefficients of regression of the final model
shows in Table 4. The summation of the point-base clinical score is used to predict the risk of USG-BPB
failure, and it is classified according to the probability of brachial block failure and 95% confidence of
interval (Table 5). The performance of this classified risk group of point-base clinical score was
determined using the receiver operating characteristic (ROC) and found that the apparent C-index was
0.749 (95%CI=0.700-0.797). (Fig 2C) Again, the internal validity was performed using bootstrap dataset
and the corrected C-index (CI) was 0.75. The calibration of risk classification was performed and found
that the calibration was adequate with the average calibration error of 0.035 (95% CI=0.019-0.064) with
estimate calibration index of 0.210 (95% CI=0.060-0.649). (Fig 2D)

Discussion
This retrospective study aimed to identify the risk factors of USG-BPB failure and to develop a clinical
risk score to estimate the probability of brachial plexus block failure. Under our conditions the failure rate
of USG-BPB was 18.5%, with operator experience emerging as the strongest independent predictor of
block failure. Our findings revealed a complex interplay of patient, anesthetic, and surgical factors
influencing block failure, providing valuable insights for clinical practice and training programs. The
clinical-based risk score demonstrated good predictive performance for USG-BPB failure across multiple
approaches - supraclavicular, costoclavicular, lateral infraclavicular, and axillary approaches – in upper

Page 16/27



extremity surgery (apparent C index = 0.749). To our knowledge, this is the first study to predict the risk
of USG-BPB failure using a comprehensive set of clinical factors encompassing patient, anesthetic and
surgical variables.

The failure rate of 18.5% observed in this study is higher than the range reported in contemporary
literature, where the ultrasound-guided brachial plexus block failure rates vary from 7% to15% depending
on the approach, operator experience, and definition of failure (9)(11)(10). Prospective studies
specifically examining ultrasound-guided techniques have reported success rates exceeding 90% -
corresponding to failure rates below 10% - for supraclavicular (12)(13)(14)(15), infraclavicular (16)(17)
and axillary (9)(12) approaches, all of which are lower than the 18.5% observed in our study. The
variation in reported failure rates likely reflects differences in study populations, block failure definitions,
and outcome measurements.

The most common cause of block failure in our study was the need for perioperative intravenous
analgesia with multiple doses of strong opioids (54.5% of failures), followed by the requirement for deep
sedation (33.0%). This pattern suggests that inadequate analgesia rather than complete block failure,
was the predominant clinical problem. Conversion to general anesthesia was required in only 19.6% of
failed blocks, indicating that most failures were partial rather than complete. In this study, all the cases
requiring extensive pain treatment or deep sedation after skin incision were classified as a block failures,
given their clinically singnificant impact on perioperative management. Although a standardized
definition of block success following brachial plexus block remail lacking, a systematic review by
Abdallah et al (18) identified that the most commonly used criterion for a successful block was the
achievement of surgical anesthesia within a designated time frame. Most study employed a varities
criterion includeing complete sensory amd motor block assessment, with or without general anesthesia
conversion and comfortable during surgery (18). In the context of this retrospective study, block failure
brachial plexus block was dfined in accordance with the review by Bottomley T et al., as a block that
does not provide the antecipated level of anesthesia or analgesia sufficient to allow planed procedure to
proceed without additional intervention. (19)

Operator experience was identified as the strongest independent predictor of block failure, consistent
with established literature on regional anesthesia learning curves (19)(20). First- and second-year
residents had a 6-fold higher risk of block failure compared to regional anesthesia staff (adjusted OR
5.84, 95% CI 2.47–14.9), representing the highest risk category in this study. This finding underscore the
importance of adequate supervision and structured training programs in resident education. Evidence
from the literature suggests that the learning curve for ultrasound-guided axillary brachial plexus block
developed rapidly, with steep improvement in the early phase. Success rates approaching 90% have been
achieved within as few as 14 attempts in anesthesia residency traing programs. (21) Several educational
methods have been evaluated for their impact on the learning curve; ultrasound workshops
incorporateing a cognitive flamwork have been shown to improved both knowledge and confidence
among residents, (22) while simulation-based practice has demonstrated improvements in residents’s
proficiency in ultrasound-guided peripheral nerve block. (23) These finding support the implementation
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of structured educational strategies to enhance residents’ competency in ultrasound-guided regional
anesthesia. Notably, with adequate training and supervision, the performance gap between supervised
trainees and consultants may be smaller than commonly assumed. (24)

The association between increased body weight and block failure (adjusted OR 1.02 per kg increase) is
supported by previous research demonstrating that obesity can complicate ultrasound-guided regional
anesthesia (25). Our findings extend this relationship across all brachial plexus approaches and
suggests that even modest increases in body weight may adversely impact block success. The
protective effect of diabetes mellitus against block failure (adjusted OR 0.43, 95% CI 0.23–0.76) is an
intriguring finding that warrants further discussion. Previous studies have demonstrated that femoral
and scaitic nerve blocks in diabetic exhibit a higher threshold of current required for nerve stimulation,
faster onset of sensory block, and prolong duration of both sensory and motor blockade compared to
non-diabetic patients produced had higher testhole of current to stimulate, faster onset of sensory
blockade and prolong duration of motor and sensory blockage compard to nondiabetic patients. (26–
28). Several mechanisms have been porposed to explain these findings, particulary in patient with
diabetic nerve blockk with diabetic neruopathy: 1) Peripheral nerves demonstrate increased sensitivity to
local anesthetics, resulting in faster onset and prolonged duration of nerve block; 2) altered pain
perception and elevated stimulus thresholds reduce analgesic requirements; 3) diabetic induced
microvascular dysfunction promote local retention of local anesthetic agent, prolong duration of
blockade; and 4) local anesthetics carry a higher risk of neurotoxicity in diabetic nerves, increasing
potential for nerve injury. (29) Taking together, these mechanisms may contribute to the lower observed
failure rate in diabetic patietns, though this finding should be interpreted with caution given the
retrospective nature of the study.

Conversely, liver disease emerged as a strong independent predictor of block failure (adjusted OR 4.81,
95% CI 1.16–19.6). This association may be attributable to altered drug metabolism, coagulation
abnormalities affecting block placement, or fluid retention affecting tissue anatomy. The relatively wide
confidence iterval reflects the small number of patients with liver disease in this cohort, suggesting this
finding should be interpreted cautiously.

This study also found that mixed local anesthetic solutions (lidocaine combined with bupivacaine) were
superior to single agents (adjusted OR 3.04) supporting the theoretical advantage of adding rapid-onset,
short-acting agents to long acting local anesthetic to achieve faster onset and more reliable blockade.
However, the systematic review and meta-analysis demonstrated that while mixed local anesthetic
solutions provided faster onset of block,(30) they were associated with shorter duration of sensory and
motor blockade compared to long-acting local anesthetic alone. (30–32) Furthermore, that systematic
review found no significant difference in block success rate between combinded and long-acting local
anesthetic regimens. (30) The contradictory results observed in our study may be attributable to
differences in outcome definition; our study used clinical criteria to determine block failure, whereas the
randomized controlled trials included in those systematic review employed onjective outcomes
measures.
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The inverse relationship between local anesthetic volume and block failure (adjusted OR 0.94 per ml
increase) aligns with dose-response principles in regional anesthesia, consistent with previous study
demonstrating that higher doses were associated with higher success rate of brachial plexus block (33).
However, increasing volume must be balanced against the risk of local anesthetic systemic toxicity.

The significant variation in block failure rates by surgical site reflects the differential innervation patterns
of upper limb regions. Humerous/elbow carried approximately twice the risk of USG-BPB failure
compared to hand surgery, likely because humerous and elbow are supplied by proximal branches of
brachial plexus that may not be completely anesthetized by more distal approaches (34). Elbow surgery
in particular often required adequate coverage requires adequate coverage of the radial nerve and
posterior cutaneous nerve of the arm, which may be insufficiene blocked with certain approaches. (11)
Additionally, anatomical variations of intercostobrachial nerve, which provides sensory innovation
extending to the elbow, may contribute to incomplete blockde in this region. (35).

The strong association between surgical duration and block failure (adjusted OR 3.54 for procedures
exceeding 120 minutes) is consistent with the pharmacokinetic properties of local anesthetics. Even
with long-acting agents like bupivacaine, sensory block duration typically ranges from 8–24 hours
depending on the dose and injection site. Our findings suggest that the procedures anticipate to exceed
2 houirs may be benefit from continuous perineural catheter techniques or supplemental analgesic
strategies.

The association between delayed surgical start – defined as more than 30 minutes from block
performance to skin incision – and increased block failure risk (adjusted OR 1.80) may reflect several
contributing factors. Prolonged delays may allow partial regression of sensory blockade before sugical
stimulation begin, paticulary when blocks were assesedas adequate at early time point. Additionally,
extended waiting time may indicate logistical challenges or greater case complexity, both of which could
indepenently contribute to adverse block ouctcomes

Although the clinical-based risk score requires several variables to calculate, it demonstrated good
discrimination between successful and failed brachial plexus blocks in the bootstrap validate analysis.
This score may assist anesthesiologists in predicting block failure in routine ultrasound-guided brachial
plexus block practice. While its discreminative accuracy may be lower than that of the perfusion index
(36,37), it may nonetheless offer practical value in clinical settings where perfusion index monitoring is
unavailable.

The clinical implication of our findings are several. First, our results strong support the implementation
of structured training programs for regional anesthesia, with particular emphasis on adequate
supervision for junior residents. The 6-fold difference in failure rates between first- and second-year
residents and experienced staff suggests that current training models may reuire enhancement.
Simulation-based training, which has demonstrated success rate of 96% in controlled settings [24],
should be considered as a valuable supplement to direct clinical experience. Furthermore, the
identification of specific patient-related risk factors enables more informed consent and individuallize
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perioperative planning. Patients with higher body weight or underlying liver disease may benefit from
alternative anesthetic techniques or additional intraoperative monitoring.

Second, The protective effect of diabetes, while unexpected, suggests that these patients may be
particularly suitable candidates for regional anesthesia, and this consideration my be incorporated into
preoperative anesthetic planing.

Third, the superiority of mixed local anesthetic solutions and the important of adequate local anesthetic
volume provide actionable guidance for clinical practice. However, the optimal combination and volume
should be individualized based on patient charecteristics, surgical requirements, and institutional
protocols while strictly adhering to maximum safe dose threstholds to minimize the risk of local
anesthetic systemic toxicity.

Lastly, the strong association between surgical duration and block failure suggests that procedures
expected to exceed 2 hours should be carefully evaluated for alternative or supplementary anesthetic
strategies. These may include continuous perineural catheter technique, combined regional-general
anesthesia, or, where feasible, modified surgical approaches aimed at reducing operative time.

Strengths & Limitations
This study benefits from a relatively large sample size (n = 606) and comprehensive data collection
including patient, anesthetic, and surgical variables. The multivariate analysis allows identification of
independent risk factors while controlling for confounding variables. The inclusion of multiple operators
and approaches enhances the generalizability of findings and it represent the real-world setting in the
university hospital. Several limitations should be acknowledged. First, this is a single-center study, which
may limit external validity due to institutional practices and patient populations. The definition of block
failure, while clinically relevant, may not be directly comparable to other studies using different success
criteria. Second, the retrospective design limits our ability to assess certain variables that might
influence outcomes, such as specific anatomical variations, needle trajectory, or real-time decision-
making during block placement. The relatively small number of patients in certain subgroups
(particularly those with liver disease) results in wide confidence intervals for some estimates. Third, we
did not assess long-term outcomes or patient satisfaction, focusing primarily on immediate block
success. The learning curve analysis is limited by the cross-sectional nature of the data, which does not
capture individual operator progression over time.

Conclusion
This study identifies operator experience as the primary determinant of ultrasound-guided brachial
plexus block failure, with first-year residents having 6-fold higher failure rates than experienced staff.
Patient factors including higher body weight and liver disease increase failure risk, while diabetes
appears protective. Technical factors such as local anesthetic selection and volume, along with surgical
factors including site and duration, significantly influence outcomes. These findings support the
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implementation of structured training programs with adequate supervision, careful patient selection and
counseling, and consideration of alternative anesthetic strategies for high-risk scenarios. The
identification of modifiable risk factors provides opportunities for quality improvement initiatives aimed
at optimizing regional anesthesia outcomes.
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Figure 1

Diagram demonstrates number of patients recruited and success rate and failure of ultrasound-guided
brachial plexus block.
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Figure 2

Receiver operating characteristic curve of multivariable logistic regression model (A) and the clinical-
based risk prediction score (C) of USG-BPB failure, and calibration plot between predicted and estimated
probability of brachial plexus block failure of both logistic regression model (B) and clinical point-based
prediction score (D)
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